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Oxy stands for oxycodone, a narcotic agomst used to lreat moderate
to high level pain for the past century. Tt used in the ireatment of pain
associated with arthrilis, neuralgia, migraines, bursitis, dislocalion,
cameer, back pain, post eperative pain, pain following child birth, etc.
{Might also be effective in the treatment of severe obsessive-compulsive
disorder.) Tt like many narcolies, has also heen used and abnwed 25 a
peychowropie substance. Prior to the development of modern psycho-
tropics, narcotic substances werce used to
ireat many conditions. Today, most of these HiCO
conditions are commeonly treated with =
more effeelive medications and psycho-

therapy- O
Nareolics can produce cuphoria in
“NINCH
J

L) ‘\\O

patients suffering from depression. They ;
have a depressant elfect on the central
nervous system which allows Lthese drugs
1o have an anti-anxicty effect. Opium
produces sleep and has heen nsed for
thousands of years as a hypnotic

The dewnsiude to the wonderful
medicinal effects of narcotics is that they cause severe constipation. They
are respiratory depressants and can kill by cauging respiratory failure.
They are addictive and tolerance develops rapidly.

Oxycodone is a semi-synthetic drug. Many semi-synthetic narcot-
ics have less toxic effeets 1than merphine or opnam, yet they are poisons
like all drugs and have the same ability to addict and kill as thewr
natural parent substances.

The effecliveness and safety of any drug or substance for Lhat
matler is dependent. on 1ts appropriate use

AL the tarn of the 19th century, one and m every three women were
addieled Lo opium and opum products teg. morphine). Tt was used Lo
treat depression, anxicly, insomnia, as 2 cough supressant and for pain
reliel. The Harrison Drug Act stopped the adulteration of narcolics in
food products and centeols were placed to allow palients 1o obtain
narcolics only by prescraption. People were able to obtain narcolics Lo
treat the sume symptoms that they were usced prior Lo the Harrison Drug
Act.

Following the passage of the TTarnsen Thrug Aet, jail penallics were
imposed on those who were addicted to narcotics or ip possession of

3

Oxyeodone
{narcolie agonist)

x  OXY

READER’S NOTICE

Fhis book is for information purposes only. No person is allowed 1o
produce controlled substances withoul proper permils and authoriza-
tion. 'To tuke/give substances for human consumption whether legal or
illegal without a very therough knowledge of Lhe substance and the health
imental as well as physical) condition/s ef the individual is destined Lo
produce eatastrophic results and legal ramifications.

Publisher and auther take no responsibility for inaccuracies,
omissions, or Lypographical errors. References are included for Lthose
seeking greater detail/descriptions.

\

Papaver somaiferum
Sced Capsule

Somae ol graphic. Seeds and Fonts of North Amenean Papaveraceae: Tee binical Bullenn
No 1517, by Charles B Gunn and Margarer 3. Seldin, published by Agncaltunal Research
Senvice Linital States Departent ol Agnculiure, prblished Tuly 1976



2 OXY

narcolics outside of legal channels. While women remained the largest
population of those addicted to these drugs. The primary addicts were
physicians, wives of physicians and housewives, When arrested, those
wealthy enough were admilled to private rehabilitation hospitals

individuals who could not afford trealment in private facilitics, were
jailed or sent to mmearceration hospitals such as the federal hospital in
Kentucky. Tnmates in thesc detention cenlers could not leuve, they were
feneed and caged in, all trealed ag prisoners; their addiction being the
crime. There was a 100% rclapse rale with both these jailed and ‘treated
in inearceration hospitals. 1 would not be until the woman’s rights move

ment in the 1960’s that attention would be given to treatment of women
addicled to drugs.

Where Lthere 1s war and injustice there will be narcotics. They are
used Lo easc the pain of both psychological and physical injury. Narcot-
ics are used Lo brunt physical exhaustion and psychological trauma
enenuntered with war. Following the civil war, heroin and morphine
addiction were called the soldiers’ discase,” both drugs were used to
treal those injured during the war, al this time, drugs could be
obtained over the counter or through mail order without a prescriplion.

Richard Nixon was the first president to recognize the need for
scientific investigations into the biochemistry of addiction and treatment
for those who are addieted to narcotics. Only a few patients were treated
eompared Lo all those aftlicted with the soldiers disease. The fortunate
ones were helped by their famulies and friends. Many war vets would ga
for 4 second tour so as net. Lo run out of heroin.

It has been estimated that 2047 1o 173 of all relurning Victnam
veterans were addicted to heroin

In Lthe 1980 several discoverics were made concerning narcolic
receptors in the human body.  An endogenous (naturally oceurring in
the body) nareotic substance was discevered called endorphin.  The
discovery would revolutionize eurrent understandings of addiction and
several mental illnesses.

It was found that patients who exhibit self mulilation behavior
showed elevated endorphin levels. Patients will cut themselves with
knives, bite and Lear flesh from themsclves. When the patients were
given a narcotic antagonist (eg. naltrexone) Lhis sclf mutilation stopped.
Victims of ¢hildhood scxual abuse have clevated endorphin levels. Tt
was discovered that individuals who developed PTSD (Post Traumatic
Stress Nisorder) also had elevaled endorphin levels.

3

Today the drug is being prescribed to paticnis with PTSD, self
mutilation behavior, aleoholism, narcotic addiction, obsessive-compul-
sive digorder, dermatitis and also reduces flashbacks in vielims of'tl_‘auma.
It iz not a eure, bul a little relief m a world marred by torture, vielence
and injustice.

Naltrexone crosses the blood
barrier and blocks Lhe pain
Killing effects of narcotics and also
induces withdrawal in heroin
addicls. Methylualtrexone is used o
in combination with narcotics as = ~
it blucks narcotic receptors in the N/V
intestine and reduces Lthe severe
constipation caused by narcotics.

Melihylnaltrexone does nol cross Naltrexone )
the blood brain barrier and does {narcotic anagonist)
not bleck the pain killing elfects

of the narcotic.

Oxycodone has been in the attention of the media for L%lc past year
and I speculate will be making the news more untlil Ll?(zre is a compre
hensive palients’ rights bill. Patients can become addiected to narcotics
if they do not discontinue the narcotics when the pain hlas su‘bsu?ed.
Approximately 757 of people addicled Lo narcolics are self medicating,
yet witheut help they are likely 1o turn to street heroin vyh(-_n t]_'ley can
not. obtain drugs through legal channels. Street heroin i, in most
communilies, much less expensive than diverted pharmaceuticals on
the street.

The primary source for pharmaccuticals that r(?ach the sirect 1s
from physicians called ‘script doctors.” They are sociopaths that Lake
money to wrile preseriptions, are generally addicted to drngs themselves,
sexudlly assault palients, commit insuranec fraud and are a Lthreat to
the safety and welfare of any commuruty.

Physicians who are committing crimes are allowed to do so by the
medical community that protects them. So called ‘conspiracics of
silence’ (obstruction of justice} only oceur when other physicians have
skelelons in their closcts and are all parties 1o insurance fraud and/or
bumsn rights violations.  Legml aclions should be hand!ud Lhmug.h the
state attorneys offices or the districl atlorneys office instead of peer
review by medical boards. Tn areas of the country that have_been a

haven for seript doctors, there is a need for expansion of diversion and
insurance fraud units.

H4CO
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“Tonghen federal eriminal laws and enlorcement tools for the
milenbional bealth care fraud, Speafically, create @ federal health care
Lz oflense; provide eriminal forfeiture and civil injunctive relief for
Liealth vare (raud offenses; establish health care lraud as a predicale 1o
the Racketeer Influenced Corrupt QOrganizations Act (RICQO); and
expand the avil False Claims Acl to cover claims presented Lo health
plans..

PPatients - and, in the ease of Medicare and Medicaid, Laxpayers -
pay i1 high price for health care fraud and sbuse in the form of higher
health care cosls, higher premiums, and al Limes, scrious risks to
patientis’ health and safety...

In one ol the largest Iraud cases ever in New Hampshire, a
pharmacist stole almost $375,000 from the States’s Medicaid program
and private heallh insurance plans. Over a two-year period, the
pharmacist systematically hilled over one thousand times for prescrip-
tion drugs Lhat he did not actually dispense....

Since Medicare and Medicaid lose as much as $31 billion annuaally
Lo fraud and abuse, the savings from reducing fraud in these programs=

would go far toward paying for much needed reforms in our health care
system, such as providing aceess to health care coverage for the ammn-
surced, preseription drug benefil for the elderly, or fong-Llerm care for the
elderly and individuals wilh disabilrties.”

Source: Senator William 3. Cohen, Investigative Stalf Report July
7, 1994

When diversion unils shut down seript doclors, they nol only stop
the supply of pharmaceuticals on the street, but also fraud being
committed apgainst private insuranes companies, Medicaid, CHAMPUS
and Medieare.

“a White Sulphur Springs, West Vinnma, physician was senteneed
on Octoher 24, 2000, and will spend more than 2 years in federal prison
for Medicaid fraud and for dispensing prescription sedatives and pain-
killers in exchange for sex.”

Source: NDIC Info. Bulletin January 2001,

“A DEA investigation of a preseription drug distribution group led
Lo Lthe identification of the gronp’s supplier, a loeal Portland (Maine}
nenrologist.  The doclor diverled large quantities of pharmaceuticals,
including OxyContin'®™, to this group in order to support his own erack
habit. The neurologist. committed suicide before Lhe investigation was
completed. but the distribution group was suecessfully disbanded.”

Sonrce: NDLIC April 2001

=
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OxyContint® is a time relcase ta_hlct of oxyco(?mne. 1t is (i '111’21‘_|(t):
breakthrough in the treatment of paimn s0 thal patienis do i\r/l[ot,“nt;_ Lthe
take mulliple lablets of nxycndone_ﬂmmghm{t ithe day. L (_)::_.n( g
oxycodone medrcations arc mixed with ac_etammophcn |('):|—dhf)‘r:] 1;1 L
the patient who is in pain, Laking multiple table‘ts o uilse . l-\t;?l.mi:
common and can lead to liver damage or ulcers. bup_pustL;' Y, d:( lt 4 K.
nophen and aspLrin are added to narcoties Lo s,u_)p addicls 1 onl rl );uf;ﬂiﬁ
the drug. The prablem is thal when cancer I_Jaheuts ()I’“ pfat l'|e~“tE :11 ]uw ’
car’t get appropriate treatment from physicians or hOE-;plLB- .st e r:,i
have to take what they can get. An ;m;ﬂng_}' would be a pfm‘err:]‘ ol i ; ‘:0
ral trap underneath the cookies in a cookic jar and telling Ltheir ohe

-hi o cat any cookies. ) .
Chlld(])];:'ct((:]r:.‘lll:"b riight bc a saler ch(}icr-fhr any patient on multiple
medications (polypharmacy} which may effect the _Ilvcr. S

Siate consumption statisties indicatce that in some hl‘d“f‘h :ed
preseriplions are being filled than the average (tfmnstlnlpl}nr: .um[qE):m.F
against olher states Florida and NI are two of those slates. 1‘ < y
pret this to the faet that in Florida, there are more clderlylanf1 (d:‘l(!(‘. ‘
paticnls who need pain reliel. In southern INH it 1= be¢ause there are

* S . LOrs. ] .
mnnl\?:g())lti(:::c;iln produce euphoria in p;al_ticnt.s who are n()tt_lg pa::.

Many people becorne addieted because l-][ ll?n:'. effect. N(‘w(;r anti r.e:?:,ﬁ(.
sants maybe more alfective lor these individuals . S(-l‘“o urAn]nd:-,}L); poih
reuptake inhibitors have adverse effects (aggressmn,l s-,fax1(11c1_ Fh Ll
tion, sleep disorders cle.) which make t_hcm intolerable ‘_m‘L 11:( [ t‘;x“,
for many patients. Older designed ﬂnt1d(-pr-ps;.‘_;ants; :lTL‘ _};:.s ..p an:: A uf-
and also preduce disease in patients. Drugs which bllotik’t e.'e.'a}:(jt‘, ol
epinephrine and norcpinepherine may !mvc Ic?‘s a \erse (d 'l.mmc
patients. There are also several medications which ll‘lLl‘t‘-d.L_s‘l—‘ z)p e
i Lhe brain to help people addicted to alcohol and narcotics. ]vu"‘ 1 [
pitst decade, many new and wondertul molecules have heer] dc_v;z. up: (l ],] 4
speculate we will sce many more in _l.he near futurie that, w1l¥ ld e.l le:'{“.,
wtlfermg of the these with biochemical dlsm'dc‘rs mclut_hn,r_,.r ade 1; ,10“5.{,0
1t 15 importaut for physicians who preseribe any narmh]:: ¢ rlu;,t, °
Inve the Lrairang Lo be ahle to prescribe appr_opnaloly. Int Elb‘ a: Ud
Ilowkelst, thuere e many clderly cancer pat._;ents whe are pre f-,uhl w
n.lrt'uli(,':-. There are many gualified physicians, yet there are ‘p \‘ﬂ'
et who do not lave the Lrning nr vx;)cn(-_uc(l Lo l-]"(‘z.l't l.)E-itl(,Il'llhhlll:
e leg Tylenol and codeme for termnnal spinal cineer pain Wit

braken leg)
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Heospital physician referral lines knowingly refer patients to physi-
ciang on stalf who are unqualified to treal a condition or the el(_icrly
(False advertising). All Americans must have the right 1o the National
Physicians Database as hospitals conceal when Lhere are dangeroas ot
unguahfied physicians on staff. _ ‘

1 is wise for all people Lo keep medications 10 the ¢vent of_ an
emergency. Medications are good for many years and can be ::-;tm'-:xd n g
enol dark place or a refiygerator. A desiceant will absorb {1101st.u1‘(z and
keep the medications dry. Do not slore medications in bathroom
medicine cabinet as the drugs will absorh water and deteriorate.

Keep all medications oul of childrens reach. )

Is a erime committed by our socicly when addiels can not get
rehabilitation (methadone) and help with psycholugical/sucivlogical
dvsfunction. Addiction destroys the lives of those addicled, and also
t]; ose who love them. Program admission should be readily availlable _ln
all these who are addicted or need long term nareotic drugs for pain
relicf.

NIH Panel Calls for Expanded
Methadone Treatment for Heroin Addiction

By Robert Mathias, NIDA NOTES Stalf Writer

An cxpert panel at a National Institutes of HMealth (NTH)
Consensus Development. Confercnee on Effective Medical ’I‘r(aatmpu.l ol
Heroin Addiction has eoncluded that heroin addiction is a medical
disorder that can be elfectively treated methadonc trcatmt_}nt
programs. The consensus panel strongly recommended expanding
access to melthadone treatment by eliminating excessive Federal and
State regulations and inereasmg Amding for methadene treatment. The
conference, which was cosponsored by NIDA, along with the NIH Office
of Medical Applications of Research and the NTH Offiec of Research on
Women's 1Tealth, was held in Bethesda, Maryland, last November

Mt hadene is the medication used most frequently to treat heromn
addietinn Outpatlient methadone treatment programs administer
mielhidane 16 reduce patients” eravings for heroin and block 1ts effects,
herehy ensblings patients ro lead productive lives, These programs a_]so
oy pravole vommseling, develop vaeatinnal skills, and/or pl'O‘Vld(‘.
p vebuweral aned medreal supporl servives Lo rchabilitate I)Eillel.’lts_ bm_ne
patnnl Ly on putlidom: milefinitely, while olliers move from with

e thnlome ta abalnenee
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NIH consensus conferences constibute a science forum where a pancl
ol 1ndependent nongovernment experts examimmes the scientific evidence
and makeg recommendations on an area of medicine. During the course
of the conference on treating heroin addiction. the consensus panel.
cluired by Dr Lewis L. Judd of the University of Califorma at San
Iiego School of Medicine, focused on delermining Lthe elfectiveness of
methadone treatment. After conducting a thorough review of the
accumulated data and listening to expert Lestimony and public debate
i Lhe issues, the panel stated uncquivocally that addiction to opiate
drugs such as hervin is a disease of the brain and a medical disorder
that can be effectively treated. Methadone treatment significantly
lowers illicil. opizle deug use, reduces opiale-related illness and death,
reduces crime, and enhances social productivity, the panel concluded.

Despile methadone’s effecliveness, less than 20 percent of the
estimated 600,000 heroin addicts in the United States are bemg treated
in methadone treatment programs, the panel noted. Many barriers limit
1he availability of methadone treatment.

These barriers include unnecessary laws administered by =a
number of Federal agencies and many State and local governments that
burden Lreatinent programs with excessive regulatory requirements and
duplicative inspections. Some of these regulations restrict treatment
programs’ ability 1o tailor methadone doses to the needs of individual
paticnts. Other regulations require physicians 1o oblain a special
Federal registration to use methadonc to treat narcotic addiction, thus
limiting the numher of physicians who are available Lo treal heroin
addiction. Wider use of methadone trealment also is resiricted by a
shortage of physicians and other health care professionals who are trained
Lo treat heroin addiction, and inadequalc funding to provide methadone
treatment slots for all these who require them.

The Recommendations

The panel recommended a number of steps to improve aceess to
methadone treatment for all people addicled Lo heroin and other opiatle
drugs. The panel’s recommendations include the following

" eliminating unnecessary layers of Federzl and State regulation
for methadone and similar opiate treatment medications,

* institutmg means other than regnlation Lo improve the gqualily of
methadone trealment, such as accreditation of methadone treatment,
programs;

* improving Lhe Lraining that physicians and other health care
professionals recewve in the diagmosis and Ureatment of patients with
heroin addiction; and
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¥ jncreasing funding for methadone treatment, mcludi1_1g providing
benefits for methadene Lreatment as part of public and private health
INSUTrance Programs.

The panel also recommended that additional research be cnn:luct_,ed
on faclors thal lead to heroin use; changes the bra{_n l.hfit oceur with
repeated heroin use and result m addiction; Ll?e neurobiological processes
of craving; and the differences among 1ndw1d51£'1[s whe are able to (‘ljd
opialc addiction and those whoe cannol. In additien, t:hc_ pu_nel callod_ for
anatienal study to assess the prevalence ofheron addiction n the U_n ;Fed
Spates and for rigorous studies of the finaneial costs of heroin addiction
to soviety and the cost-cltectivencss of methadone Lreatment.

Source: National Institule on Drug Abuse - NIDA Notes News
Volume 12. Number 6 Novem ber/December 1997

revention and Treatment Programs; Heroin Abuse Declines in
Woestern Furope; Cocaine Abuse Declines in the US

Ahuse of heroin (Western Europe) and cocane {North Americal,
however, is slagnaling or declining in some of the main consumcer
markels:

In the United States cocaine use fell - based on monthly pr(-vakm(;v
data revealed in household surveys - by some 70 per cent over the 1985-
04 period (from three per cent of the population :}ged 1? and aboveto 0.8
por cent), more than overall drug use (reprosenling a fau ol 40 per al-nL).

In Germany, heroin abuse remained siable at 0.2 percent of the
general population (agred 18 Lo 59y over the 1995-97 [je[‘lod.

l Surveys m Spain showed a decline in the usc of heroin amongrthe

general population (aged 15 Lo 64) from 0.5 pereent 1n 1995 Lo
ent in 1999.

= pli;:)dr;ls hased on treatment data fer laly indicated a herom

epidemic mn Lhe late 1980, which peaked at. areund 1991; abuse levels

fell thercalter and stabilized at lower levels alter 1893. ]

The mean age m treatment umousily heroin-related in Europel
inercased throughoul Western Enrope, suggesting that, [cwer younger
uscrs were entering the treatment system. Strongincereases m th(-‘ mean
age of people treated (for more Lhan one year) were reporied from Greece,
Spain, laly. Portugal, France, Relgium and D_vnmark.‘ -

There was also a strong decline in the ineidence of HIV/ATDS cases
related to injecting drug use, falling REU-wide from 28 cases per million
whabitants in 1994 to 11 in 1998, with reductions rcpurt_ud by all EU
cotmiries. The strongesl declines were reporled by Spain, Haly and

Iy anee

9

Declines in drog-relaled death cases (mostly related Lo abuse of
opales m Western Furope) over the 1992-98 period were reported by
FFranece, Spain, Germany, Haly, :nd il the 1994-98 period is considered,
by Austria, Luxembourg and Switzerland.

Prevention and treatment. inlerventions seem to have contributed
in the progress made. The 40 per cent decline mn overall drug
consumption and the 70 per cent dedine in cocaine consumplion in the
lInited States over the period 1985-99, for instance, went parallel with
an inereasc in demand reduction expenditure (research, prevention and
treatment) from $0.9 billion in 1985 to $5.6 billion in 1999 ($20 per
inhabitant), a more Lhan four-fold inercase after adjusting lor inflation.

There is increasing evidence that both prevention and treatment
do play a significant role in reducing drug demand:

Following large-scale prevention campaigns in the United States,
for instance, the upward trend of drug ahuse ameng 8th graders was
reversed.

TFollow-up studies in the United Kingdom (ound that two years
alter the end of Lreatment, regular heroin use as well as acquisitive erime
were halved; similar studies in the United States also showed that
mvolvement in illegal aclivities could be halved; weekly heroin and
cocaine use were dewn by as much as twe-thirds one year afier the end
of treatment.

Source: UN OBCCE World Drug Report 2000 - Highlights

High-Dose Methadone Improves Treatment Outcomes
By Patrick Zickler, NIDA NOTES Stall Writer

Methadone has lwen used effectively for more than 30 years as a
treatment for heroin addiction. The medication blocks heroin’s narcotic
eflects without ereating adrug “high,” climinates withdrawal symptoms,
and relieves the eraving associated wilh addiction. Methadone is
administered orally 1 licensed clinics and its effects typically last 24 to
36 hours.

Although methadone has been used for decades, no clinical
consensus has been reached about the mest. elteclive daily dose Many
clinics do not adjust dosages according to the needs of individual
patients. Instead, they admimster fixed doses. One clinic might use doses
of 25 millisrams (mg} per day for all patients; others may administer
dmly deses of 60 ng. “Federal regulations reguire that a clime receive a
special exemption in order Lo provide patients with doses greater than
100 mg per day, but no contemporary studies have examimed the
eflectiveness of daily doses grealer than 80 mg,” says Dr. Eric Strain, a
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NIDA-supported researcher at The Johns Hopkins University Medical
Center in Baltimore.

Dr. Strain and his colleagues investigated the effectiveness ol
high-dose 80 to 100 mg per day-methadone treatment and found Lhis
dosage to be more elfective in reducing hervin use than treatment with
a moderate dose of 40 to 50 myg per day. The study involved 192 patients.
Sixty-five percent of participants werc male; pregnant women were
excluded from the study group.

Following a 1-weck orientation period, patients receiving high-dose
{B0-100 mg) methadone treatment had less seH-reported heromn use and
lower rates of drug-poesilive urine samples than patients on
moderate-dose 1 40-50 mg) treatment. Urine resulls are shown as 3-week
averages of twice-weekly samples.

During the first week of treatment all patients received 30-mg daily
methadone doses. Daily doses were increased until, by the &th week,
half the patienils were receiving a moderate dose of 40 to 50 my per day
and the nther half were receiving a high dose of 80-10-100 mg per day.
These doses were maintained through the study’s 30th week. Dosages
were then decrcased by 10 percent each week during the final 10 weeks
of the program. Patients were encouraged Lo enrall in long-term
commmunity-based ireatment programs following completion of Lhe
40-week study.

Dr. Strain and his collcagues cvaluated the cffecliveness of
treatment through analysis of twice-weckly obscrved urine Llesting,
weekly palient reports of heroin use, and the lenglh of time patients
remained in treatment. “The high-dose group used opiales significanthy
less during treatment than did the moderate-dose group on average,”
Dr. Stram says. “Patients m Lhe high-dosc group reporled using oplates
no more than once a week. The moderate-dose group reported using drugs
two Lo three Limes per week on average.” Among patienis who completed
the 30-week aclive phase, 33 percent of high-dose paticnts remanied in
treatment throughoul a 10-week methadone phasc-oul, compared with
20 percent of moderate-dose palients. There were no gender-related
differences in outcome for high- or moderale-dose groups, and no
difference was reported belween Lhe high- and moderate-dose patients
for side effects such as grogginess or constipation

In an carlier study, the researchers found that moderate-dosc
trealment of 50 mg per day was more effective than lew-dose treatment
of 20 mg per day, *The current study provides strong evidence that we
ean achieve much hetter outcomes at dose rates much higher than
50 myr per day.” Dr. Striain says.

11

Dosages exceeding the currently regulated ceiling of 100 mg per
day may provide the best result for some patients, Dr. Strain says, but
he notesi that clinical trials would be needed Lo support changing’this
regu]atlo_n_ “The most important aspect of our research from a
therapeutic and public health perspective is that methadone treatment
over & broad range of doses results in significant clinical improvement
for vpioid-addicted patients,” he says. ‘

Sources:

Stram, L ¢, Bigelow, G E.. Lichvon, 1 A | and Sttrer. M 1. © Moderate- v high
dose methadone m the treatment of opnd dependence. A randamized tral. Fonrmal nl‘}]u’
Amencan Medreal Association 281(1T) [000-1005. 1909

. Slr:un, L €. Stitrer, ML . Lichson, 1A and Bigelow, G E . Dose response
etfeets of methadone m the neatment of opiod dependence: Arnals of Intemal Medicine
1923 271993, Article Source. National Instilute on Drug Abuse - NIDA ‘\-lulcs ’Fncut
on Trearmenr Rescarch Volume 14, Nuinber 5. ) -

“Office based methadone treatment would represent an enormous
step forward in treating heroin addiction,” said NIDA Director Alan I
Leshmer, Ph.D). “This study shows thai practitieners understand thal-
thewr addicted patients are suffering from a treatable disease, and Lhe
are witling Lo provide that ireatment.” ' Y

Methadone is a synthetic opiate, similar to heroin, that blocks the
elivets of herain and eliminates withdrawal symptloms. It has been vsed
rfectively and salely in addiclion treatment for more than 30 Years, a.md
has been shown Lo increase the retention of patients who cnler t;*cqtv
ment, re(!uc_e rates of intravenons drug use and HIV infection a‘nd
reduce eriminal aclivity by allowing patients Lo enhance their e’;ucial
productivity.

“The principal Fnding of our study is that these practitioners, who
ure :tlma(‘iy caring for the populations and comrmumities most in n(:.ed of
ware addiction trealment, are supportive of extending methadone {reat-
mcenl Lo mainstream medical practice.” Dr. Drucker said... -

Ilul.f of the practioners expressed some voncern thal the multiple
wireds of methadone patients would be difficull to meet, but 66 percent
~ind that. they would preseribe MMT (methadoene mai’ntenance lreat-
menty for their patients, given proper treaining and support. l

“For these practitioners, methadone is not laden with stereolymic
I_u.lnrs abuut bringing drug addicts into their practice,” Dr. Drucker said

Ihey see methadime as another useful tool for managing the overa]i
Lusalth ol their pationts.”

M ]Hnnr('v: NIDA News Relense 3/1/2000 Boverly Jackson, Michelle
T ' ‘
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In Florida, many physicians arc alraid Lo prescrihe appropnate
schedule 2 and 3 drugs because of an unnecessary fear of harassment
from the DEA. This ‘tear” appears to be a result of not knowing how to
preseribe these drugs and an unwillingness to learn. 1t is Lerrible that
those who use drugs properly and gain benelil from them are having a
hiard time gelling appropriate medications. Many palicnis are forced o
purchase medications on the street. The crime isn’l the drug, its when
patients suffer becausc they ean’t gel medications when they need them.

“Portenoy, a nalional leader m the field ol pain management, has
heen usked 1o serve as a consultant to a US. Food and Drug Administra-
tion panel that will meel in the fall 1o consider whether oxycedone. the
generic name for OxyContin®, znd other opinids need more restriclions.

He says patienis have reason Lo warry.

“Because of Lhe pervasive fear of these drugs in this couniry, what |
would call the stigmatism of these drugs, slorics about (misuse) may
drive regulalors and those in law enforcement to take actions thal are
not wartanted and wonld have the uninten ded offeel of reducing access
to patients who need them,” Porlenoy sand.”

Sonree; St Pelersburg Times; 5727/01; Wes Alhson

Nureoties can be used to case pain and Lo help those who coutd
benehit fram management of their addiction (methadone). 1t s impor-
tant for people to educale themselves about narcolics. The majority of
people who use nareolics, nse them appropriately and effectively. They
should not have to suffer for the actions of those who do not.
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1983, ISBN: 0-553-23137-5
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Suppression ol Poppy Cultivation in the United States

Narcotic Antagonists: Naltrexone Progress Report (NIDA Resea
Monograph 9} (1977) . »
Narcotic Antagonists: The Search for Long-Acting Preparations
(NIDA Research Monograph 4} (1978) I |
Buprenorphine: An Alternative Treatment for Opioid Dependence wnild il be necessary for the United States, in a time of crisis, to
(NIDA_ Research Monogr aphcﬁ\/[l)((llggf )ns (NIDA Researcti Monos its awn opiates, it is thought that about 600 pound_s of poppy-
Discovery of Novel Opioid Medicatio 1 be abtained per acre, and about 400 pounds of dried capsule
1473 (1995) | 0.5 Lo 0.3 per ecent morphine content in the chaff, a little over
Mechanisms of Tolerance and Dependence (NIDA Research Mono- 000} Lo 22,000 acres would be needed to filt the needs of the
graph 54) (1984) - " ) Stules for morphine, codeine, etc.,-425,000 ounces in terms of
Etiology of Drug Abuse: Implications for Prevention (NIDA Research The minimum area needed, 13,000 acres, would yield about
Monograph 56} (1985) 0 pounds of poppy-seed, as compared with normal imports of
Relapse and Recovery in Drug Abuse (NIDA Research Monograph 1 to 8 million pounds. More seeds could be used for oil. The
72) (1986} i nts of the United States for the two products of the poppy
Progress in Opioid Resﬁﬁ}?"gh('légg? Narcotics Research Conference ulil therefore very well be brought into balance, on perhaps 15.000
(NIDA Research Monograp! ) ) . ) iicres, if domestic cultivation should ever be necessary.
Opioid Peptides: Molecular Pharmacology, Biosynthesis, and Analy- IR - iovcver, hios no present intention of entering
sis (NIDA ReBEEFCh Mnno_gr'aph 70 (1_957) M B uf poppy cultivation. On the contrary, this field was abandoned
Opioid Peptides: Medicinal Chemistry (NIDA Research Monographt iter of national policy, and commercial poppy cultivation
691 (1987) ) ] NIDA R = d even during the war: for it is the conviction of the narcotics
Opiate Receptor Subtypes and Brain Function ( " 15 of the United States that only by striking at the source can
Monogr.a[_)h 'ifl) { 1985_5) i — 1 62) (1988) puiten evil finally be overcome. It may be that in some countries the
Opicidsinthe Hippocampus (NIDA e.?earch Monogr:ph 87) (1989} ‘wom he grown for seed alone, or for seed and alkaloids, without the
Opioid Peptides: An ['deat.;e(NIDA R@bei;;‘té} ld(l))nogT ([i988) - y ol narcotic addiction spreading among the population. Certain
Anatomy of a Scientific Discovery, by Jeff Goldberg; pub. =8 ever, that, in some countries, opium is produced far in excess of
Bantam Book; 1SBN: 0 553 17616 1 te needs. It is the belief of the United States that the only way
quer the opium evil is by restricting, and, where necessary,
lely abolishing, the cultivation of the opium poppy plant itself.
ireotics authorities of the United States have expressed their
inn that the United States can contribute, by its own sacrifice
umple, to this end. Source: Bulletin on Narcteics (1950/01/01)
ikl Cunsumption of Morphine in 1950 5615 kg.
kI Cunsumption of Morphine in 1954 5150 kg.
Il Cunsumption of Metadon in 1954 553 kg,
W1t Consumption of Morphine in 1999 245.3 tons
e Bulletin on Narcotics 1956, Isuue 3: INCB 2000
U Bpilation 1950: 152,271 417 (Juty t, 1950}
15 ('epulanion 1954, 163,025,854 (July L. 1954}
108 Poguilation 2001: 284.837.915 (Aug 06 2001}
Svmnee US Census Bureau
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Global Production and Consumption of Derivatives
of Opium Alkaleids, 1957-1961 in Kilograms
1957 | 1958 | 1959 | 1960 @ 1961
" Kilograms-Kilogrammes-Kilogramos

=" : Production 1963 | 2516 @ 2362 | 28B4 | zu02
e Commmption 2001 | 2370 | 2078 | 2467 | 2685
; 948 1215 = 1353 | 1565 | 1612
Rl e 953 | 863 | 1249 | 1507 | 1857
4 4 Production 1301 1432 1258 1041 T65
Eydracocare Eensumpiion | 1036 | 1053 | 1106 | 826 | 817
Producton | 344 462 520 647 476
eaofing. gt | 435 | 426 | 453 | 508 | 470
: Productivs B8 102 119 81 117
Renzylmophine ey oot o ) 56 80 79 83
Produchion BS 04 25 76 91
Evdromorihone .~ G| e | 8 6a | 86 64
140 188 147 150 58
Thi=en 130 128 131 130 111
. 49 73 27
Dihydromorphine ... .Lrrduter 22 |
= g Production ] € 7 3 n
Acetyldihydrocodeine e | . 3 H -
Ni hine el 2 3 4 7
COTOTPRIEE oo st | 1 2 3 3
b
Hydrornorphinol Protucn
8 14 3
Oxymorphone .. 1 ; ; s
3
Normorphme ...............THRRT0L

Consumption of methadone, which reached » maximum of57() Kg. in 1954, l:]is sInce
decreased. This trend was apparent in 17 oft_he 20 countries in wlm:_h a;m:.\ =
consumplion has reached 1 kg at least once; in terf countries it remaine fl a m}_ﬁ.’ﬁ'.
leaving only two counlries in which it increased These vanalions resulte in fh A
of 212 kg. between 1954 and 1961, which brought Lhe total dnwn Lo 358 kg.t;:l ) ia]s
Ietter year. Between 1954 and 1861 production a_lso decreased by 233 kg, the tof

for those two years being 608 and 376 kg. rospectively.

Source: Bulletin on Narcotics 1963 [ssue 1,

Work of the Permanent Central Opium Board in 1962

The United States continued 1o be the largest consumer of oxycodene (11.6 tons).
accounting for 90 percent of the global total. Over the last 20 years, global manu-
facture of oxycudone increased gradually, from an average of_2. 1 tons per annum at
the beginning of the 1980°s to 11.5 tons in 1998, In }999_. il reached an 'dll_-llrnc
high of 17.6 tons. The rising trend bas again reflected ongoing deve}op_ments in the
United States. the leading manufacturer, where oxycodone has been increasingly
manufactured o meet growing demand, particularly since 1994,

Source: INCB Narcoties 2000
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Learning to Make Opiates Without Flowers

In the early 1970's. a severe opium shortage was ereated by increased
demand, poor poppy crops, a Turkish ban on poppy cultivation, and the
Soviet Union's entry as a buyer of opium on the world market. In 1973,
45% of the United States’ stratsgic stockpile of opium had to be released
for domestic use, Finding a way to manufacture totally synthetic opium
products from readily available materials became imperative.

On January 22, 1979, Dr. Kenner Rice of the LMC discovered the
critical chemical reaction enabling large-scale production of totally
synthetic morphine, codeine, and thebaiune, the three basic raw
materials in opium. As shown in his laboratory journat, the initial sign
of success was the identical chromatographic behavior of Dr Rice’s
product and an authentic sample from opium. Dr. Rice's method, now
internationally known as the NIH Total Opiate Synthesis, is still the
only practical process available for making large quantities of opium
products from synthetic materials, guaranteeing reliable supplies of
opiate pain relievers. Source: Laberatory of Medicinal Chemistry,
National Institute of Diabetes and Digestive and Kidney Diseases.

Poppy cultivation under properly controlled conditions so as to meet
the world’s reguirements of opium for medical and scientific purposes

(Twenty-sixth session of the Commission on Narcotic Drugs)

According to the request made at its Third Special Session, the
Commission had at its disposal to study that question a note describing
important developments which had taken place within the year, the
Report of the International Narcotics Control Board setting out certain
elements of the problem and details of the scientific research initiatod
by the UN Narcotics Laboratory...

As for the scientific research, it included investigations on Papaver
somniferumn as well as Papaver bracteafurm: international collaboration
in that research work had been established on a broad scale, and impor-
tant investigations were being carried oul in many countries. For
Papaver somniferum, projects included research on the improvement of
the yield of phenanthrene alkaloids from the vpium poppy and also on
the use both of lanced and unlanced poppy straw as an important source
of these alkaloids. As for Papaver bracteatum, research was carried out
on the most suitable conditions for the eultivation with a high yield of
thebaine, also on methods for the determination of thebaine in the
various parts of the plant, etc...

Present research into cobtaining codeine from Papaver bracteatum
should be vigorously pursued.. 1975/01/01
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MANUFACTURE OF OTHER NARCOTIC DRUGS
FABRICATION DES AUTRES STUPEFIANTS
FABRICACION DE OTROS ESTUPEFACIENTES
1. Derivatives of opitm alkaloids- Dérivés des alcaloides de l'opium
Derivados de los alealoides del opio N
1994 1995 1996 1997 @ 1998

Acetyldihyvdrocodene-Acélyldihydrocodéine-

Acelildihidrocodeina ............... e 13 - 10 -
Dihydromerphine-Dihidromerfina ... [ 249 92 117 282 430
Heroin-Hervoine-Heroina .......... 193 423 420 304 188
Hydrocodone-Hidrocodona ............-... 8382 10700 10407 12651 16934
Hydromorphone-Hidromorlona ... .| 436 483 R22 02 1023
Nicocodine-Nicocodina = 12 14 - 14 14
Nicomorphine-Nicomorfina .. — 1 | - 72 - 51
Oxymorphone-Oximorlona ... ' 2 7 4 40 55

‘Thebacon-Thebacone-Thebacon .......... - B4 , 161 -
_ 2. Synthetic opiods-Opiaces synthethue%()placeos smtetlcos
1994 1995 | 1996 1997 " 1998
| Kilograms- Kllogrammes—KJlogramos

g T T [ 19 22 41 20 2
Amieridine- A.rulerldml.--mulendma 125 104 177 142 163
Bezitramide-Bocitremide ... .. ... ap 12 - 28 - -
Dextromoramide-Dextromaramida 114 89 a5 34
Difenoxin-Difenoxine-Difenoxina . ... - 9 - 4
Dipipanune-Dipipaenona . el BT 73 69 B5 -
Funtunyl-Feotanil ...eoeeea 170 133 187 203 374
Ketobemidene-Cétobemidone- |
Cetobemidono .. i St | 22T 203 276 377 339
Levorphanol Lévurphanul

Lovorfemol .. . it 8 8 12 J 9
Methadone intermediate-

Mecthudone, intermédinire de la-

Metadona. intermedhairinde la- .. .| 4757 5400 6578 8404 11074
Normethadune-Norméthadone-

NerTIEEOIME ..o gessinsnceries opeed - 54

Puthidine intermediate A-Péthidine. mterméd. A de la-

Petiding, intermed Adels ... 2018 2081 1004 2073 1562
FPhenezocine-Phénazocine-

Fennzocina ... ... - 5 5 -
Pmlramldn-Plrltram.lda : - 356 a9 395 - 400
Sufontanil .......... 1 4 3 1 3
Tilidine-Tihding ..coeeceeeee A 16926 15712 19253 28033 27816
Trimeperidine- Trimcpéridine

'Pl"lmEpE‘I]d.lﬂd 363 126 338 148 9

‘Souree: INCB Narcotic Drugs 199‘) (‘ultwﬂlmn af Papaver Semorterum for the
Pruduetion of Opium, Statisties from 1994-1998.

Kilograms-Kilogram mes-Kilogramos
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Narcotics and Narcteic Antagonisty Irom Thebaine
by Anthony Juhn Fist el al.. May 3. 2000

“The 14-hydroxymorphinans, such as, oxycodone, naloxone,
paltrexone, nalbuphine and nalmefene are important opiate derivatives
due to their bebavior as potent analgesics and/or narcotic antagonists.
The most practical synthetic routes to the preparation of these
pharmaceuticals have utilized the alkaloid, thebaine, as a starting
material. Other important opiate derivatives such as the ring-C bridged
compounds buprenorphine and etorphine are also most practically
prepared from thebaine...

Oxycodone is a product sold for use as an analgesic and its produc-
tion consumes large amounts of thebaine...

A second reason for the limited availability of thebaine, and its high
cast, is that the primary source of thebaine is extraction from the poppy
plant, Papaver somniferum. Morphine is the major alkaloid that
necurnulates in capsules of Papaver somniferum. Thus, the supply of
lhebaine is to a great degree Himited to some fraction of the demand for
morphine...

Oripavine has not been used as a starting material for the
14-hydroxymorphinans in any practical sense because it is not recover-
pble from Papaver somniferum in any practical yield. Thus, there is now
no real shortage of this material, bul only because there has never
developed any dsmand for it...

‘While thebaine has been obtained as a by product during the
extraction process from opium, it is mainly obtained, in the United States,
from concentrate of poppy straw of a new variety of Papauver somniferum
L., cultivated in Austratia. Thebaine is not itself used in therapy. but it
1# an important material for the manufacture of a number of opoids,
namely oxycodone, oxymorphone, etrophine and buprenophine, the later
substance being under the controt of the 1971 Convention. Thebaine is
also the starting material for the syntheses of substances not under
international control, such as the derivatives naloxone, naltrexone,
nalorphine and natbuphine, scme of which are used in the tratment of
opiate poisoning and opiate addiction.

Having fluctuated widely between 6 and 10 tons during the
period 1980-1996, global manufacture of thebaine has increased
progressively over the last three years, amounting to 28 4 tons in 1999,
and increases of 27 per cent over the previous year. That increase was
cxclusively attributable to the United States, which reported the manu-
facture of 21.6 tons, accounting for 76 per cent of the global total in
1999. Source: INCB 2000
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Thehaine from Oriental Poppies

Thebaine is found in traces in many species of Papaver. Thebaine
is a major alkaloid in both Garden Poppies (Papaver somniferum) and
Popaver vrieniale var. bracteatum (also called the Great Red Oriental).
Several other varieties of Papauer orientale also contain thebaine as the
major altkaloid. A new strain of garden poppy was developed in Tasma-
nia which produces more thebaine than the original garden poppy and
is grown alongside the opium poppy fields of Tasmania. The Great Red
Oriental (Papaver bractectum} also called the Scarlet Peppy and the
Bloed Poppy has been evaluated as a thebaine source as oxycodone
demands are putting a strain on thebaine supplies. Oriental poppy pods
are one third the size of Garden poppies and produce one third the amount
of seeds. Although Oriental poppies have not been developed for
thebaine or seed production, labor costs are much lower for Orientals as
they are perennial (zones 5-8; will not flower without winter cold) and
Garden poppies are annual and have to be replanted every year.

In the Great Red Oriental, thebaine
concentration reaches a peak in capsules 3 to
4 weeks {latex 28-53% thebaine} after the
petals open and then two weeks later it peaks
again. Fully mature capsules (dried) produce
higher yields as thebaine is ‘unbound’ at this
stage and is more completely extracted, plus
seeds can ba used for food. The alkaloid yields
are from 0.32% to 3.75% thebaine for capsules
(dried capsules weigh from 2.5 to 9 grams
each). Alkaleid production increases with the
age of plants. Plants which are several years
old (3-4 years) produce more flowers and
contain higher concentrations of thebaine than
younger plants. Pretreatment of seeds with
colchicine increases thebaine production in
plants.

The United States, France and England
grow Scarlet Poppies for horticultural purposes, but this meager
harvest will not sustain a nation in case of a war, epidemic, nuclear or
biological attack. A few acres of poppies may sustain a small town with
medications both for pain and PTSD patients, but not the nation.

Capsule on left. Petals on right. Top: Papaver bracteatum.
Middle: Papover pseudo-orientale. Bottom: Popaver orientale.

e
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In leng term survival of your family, the nation and the world may
depend on a few flowers growing in your garden. According to DEA
intelligence there is no cultivation of opium in the northeast of the US.
Although Garden Poppies can be lanced to produce opium, it is very
lubor intensive. The few sornniferurn poppies that grow in grandmoth-
ers’ gardens could not support the needs of a patient in severe pain never
mind a community after 2 major emergency.

Modern narcotics are produced by processing multi-tons of poppy
straw. This method was discovered by Jédnos Kabay to prevent the
diversion of narcotics to illicit narcotics brokers, This method is one of
the greatest discoveries in the manufacture of narcotics. Following a
major catastrophe, plague. terrorist attack or meteor striker; the entire
IS stockpile of narcotics would disappear in a few days. ‘There would
be no pain relief for small communities unless they are cultivating fields
of poppies now and have the knowledge to process them.

Timely provision of controlled drugs in
acute emergency situstions

“The apphication of the export and import authorization system
makes the quick international transportation of controlled drugs to sites
of acute emergencies virtually impossible. Recognizing the difficulty
involved, the Board in its report for 1994 proposed that the control
obligations eould be limited to the competent authorities of exporting
countries in such situations. That proposal was endorsed by the
Commission on Narcotic Drugs at its thirty-cighth session.”

Seurce: INCB Annual Report 1995

Analogs, homologe and congeners of etorphine have been found that
ure 8000 times more activie compared to morphine. The problem with
etorphine type molecules is that they are so potent. that they have to be
evenly tritrated into a inert carrier. An example of this would be much
like the tritration of LSD into an inert carrier. This is done by diffusing
the drug into a solvent and reabsorbed into an inert carrier. Doses
would have to have to be uniform much in the way that LSD-25 is on gel
sheets or blotter paper. (see LSD-25 & theses).

At 0.025, 0.050, and 0.100 mg, etorphine has been found to have
morphine effects. 1t is a fast acting, short duration narcotic providing
2 hour pain relief equal te morphine. It has been patented for use in a
transdermal patch much like that of fentyl patches. 1t might be the
only safe way in which the drug could be administered and provide slow
release for sustained pain rehief.
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OXYCODONE
{14-Hydroxydihydrocodeinone;
Dihydrohydroxycodeinone;
Eucodal; Dihydro-oxycodeinone)

Pharmacology of Oxycodone

by Hugo Krucger. Nathan B. Eddy and Margaret Sumwalt

Narcotic Effect (desenbed in some instances as depression or motor
paralysis) Man: A narcotic effect was seen (Freund and Speyer, 1917;
Hesse, 1917; Merck, 1919; Mayer, 1927; Boyer, 1929 with 5-30 mg. T,
in 300 cases (Falk, 1917); with 5.0-7.5 mg. T (Eibuschitz, 1927).

Analgesia Man: An analgesic effect was seen (Merck, 1919; Mayer,
1927; Boyer, 1929; Mutch, 1934); with 5-30 mg. T, sc (Falk, 1917); with
5-20 mg. T (Keim, 1923}, with 10
mg. T, o (Heinroth, 1926).

Straub Tail Reaction
Mouse: The tail reaction was
veen {Okuda, 1931, 1932;
Schubel, 1934; Juan, 1937); in 29
out of 50 animals with 1.4 mg. K,
8¢, in 44 out of 50 animals with
2.5 mg. K, sc (Keil and Kluge,
1934).

Respiration Man: The
respiration decreased (Mayer,
1927; Boyer, 1929) Cough was
relieved (Hecht, 1923; Mayer,
1927; Boyer, 1929).

Metabolism Man: An addict to eucodal, receiving 450 mg. T, sc.
daily, showed no evidence of liver damage (Haug, 1934).

Blood Pressure Man: The circulatory changes were insignificant
(Mayer, 1927).

Oxycodone

Source: The Pharmeology of the Opium Alkaloids; Part 1 & 2 (1941}

T=per ammal (tetal dose); K=per kilogram; o=oral; v=iniravenous;
sc=subcutaniously: m= intramuscular; p= intraperiioneal; r= rectal
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Heart Man: The circulatory changes were insignificant (Mayer,
1927). Eucodal was no more harmful to the heart than morphine (Boyer,
1929).

Gastrointestinal Tract Man: The flow of bile into the duodenum
diminished with 20 mg. T, s¢ and afterward neither subcutaneous
injection of hypophysin, nor placing oil in the duodenum increased the
flow (Schondube and Liirmann, 1927}, Constipation was seen (Alexander,
1920); constipation was less with eucodal than with morphine (Boyer,
1929).

Other Smooth Muscle Man: The action of eucodal on the uterus
was “unsalislactory” (Falk, 1917),

Toxicity Man: Patients, presumably not addicted, survived 40 mg.
and 100 mg. T, o; in the case when 100 mg. was taken, the stomach was
washed (von Wild, 1924).

Tolerance and Addiction Man: Tolerance developed iHecht, 1923;
Hildebrandt, 1929); to a daily dose of 200 mg. T, in one case and 300 mg.
T in another (Konig, 1919); of 300-350 mg. T (Frensdorf, 1924); of 2g. T
{Klee and Grossmann, 1925); of 2.4 g. T (Lemperg, 1926). Addiction
developed (references on Tolerance, above; also Alexander, 1920; Meyer,
1924; Stern-Piper, 1925; Berliner, 1926, Wolff, 1928; Rosenfeld, 1928;
Grunthal and Hoefer, 1929; Hoefer, 1929; Menninger-Lerchenthal, 1930;
Schottky, 1931; Dansauer and Rieth, 1931; Haug, 1934; Meyer. 1936,
Pilez, 1937). Addiction acyuired to morphine was supported with about
one and a half times as much eucodal, administered at the same inter-
vals of time; after withdrawal of the substituted eucodal the syndrome
of abstinence resembled that [vllowing withdrawal of morphine
{Himmelsbach, Eddy, and Davenport, 1938). In a eucodal addict, the
threshold for pain was higher than in normal individuals; during the
first 5 days of withdrawal the threshold dropped below normal; during
the next month it approached normal {Grunthal and Hoefer, 1929). An
addict to eucodal, receiving 450 mg. T, sc, daily, showed no evidence of
liver damage (Haug, 1934). In a case addicted to eucodal, the sedimen-
tation rate of the blood was normal (Schottky, 1931); in 6 cases addicted
to eucodal the sedimentation rate increased when the drug was with-
drawn (Stern-Piper, 1925).

Fate of Eucodal Man: Eucodal was recovered from the urine of
addicts (Panse 1933); was looked for vainly in the urinc of an addict
(Schiibel, 1934).
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14-Hydroxycodeinone Oxycodone

Preparation of Oxycodone
(in English and German)

by Martin Frennd (1924) US 1,479,293

10 grams oxycodeinon (14-hydroxycodeinone) are heated with a
solution of 20 grams sodium hydrosulphite (Na25204) in 60 mL. water.
After a short time complete solution takes place. Upon supersaturating
with soda or ammenia 8 grams oxycodone are separated in crystalline
form

Dihydrooxycodeinon (Oxycodone)... crystallizes from alcohel in long
jagged columns melting at 222° C. and yields well erystallized salts. Its
hydrochloride C18H20NO4*HCI crystallizea from water or diluted
alcohol in columns melting at 268 to 270° C. Its free base is precipitated
from solutions of the salts by ammonia, soda or alkalies; it is in-scluble
in excess of alkalies.

by Martin Freimd and Edmund Speyer (1916} DE 296916

10 g Oxycodeinon werden mit einer Ldsung von 20 g
Natriumhydresulfit in 60 ccm Wasser gekocht, wobei nach kurzer Zeit
alles gelost ist. Beim Uberséittigen mit Soda oder Ammoniak fallen 6 g
Dihydrooxycodeinon inkristallinischem Zustande aus.
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Frcund, Walter (1924} Produet of Reduction of Oxycodemon and Process of Preparing the
Sume. Merck Index 131h edition {1996) Oxyeodone: Dihydrothebenine from thebemne and
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Note: Other sulfites might alsa work. Sce page 47.
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14-Hydroxycodeinone from Thebaine
and Hydrogen Peroxide (in English)

Hydrogen Peroxide.
Glacial Acetic Acid

“SNCH,

H.CO
Thebaine
{Paramorphine}

Research on this reaction was done by Robert E. Lutz and Lyndon
Small. It is based on the method of Freund and Speyer. The project
was funded by The Rockeffer Foundation, University of Michigan,
U5, National Research Council, U.S. Public Health Service, and the
U.S. Bureau of Narcotics. The original paper was authorized by the
Surgeon General of the Public Health Service.

14-Hydroxycodeinene

50 Grams of thebaine are mixed with 200 mL. of glacial acetic acid.
The solution is rapidly heated to boiling with a Bunsen burner. The
flame s 1mmediately removed when the solution reaches hoiling.
25 mL. of 30% hydrogen peroxide is added to the solution. The reaction
occurs quickly (comes to a boil) and is maintained by heating for
another ten minutes. The mixture i1s poured onto a quantity of ice and
neutralized with concentrated ammonia (ice addition). A crude dark-
brown solid is filtered from the solution. Trituration of the product with
several portions of ethanol removes the resinous impurtities The yield
ranges from 36-40% theoretical. Fel'dman and Lyutenberg report a yield
of 76.5% theoretical. The product is brown and can be futher purified by
transforming into the hydrochloride. Base: m.p. 275°-276 [0]25/D=-
111° (10% acetic acid, c=0.90). Hydrochloride dihydrate: m.p. 272°-274
|ct]24/D=-89 (water, c=0.86). Monchydrate salt. [x]20/D=-149.7
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|4-Hydroxycodeinone from Thebaine
and Hydrogen Peroxide (in German)

by Martin Freud und Edmund Speyer
1914 DE 286.431

\NCH;.; Hydrogen Peroxide
Glacial Acetic Acid

O
14-Hydroxycodeinone

Thebaine
{Paramorphine)

100 g Thebain werden in etwa 400 ccm Eisessig gelist und zu der
heifen Lésung 50 ccm 30 prozentige Wasserstoffsuperoxydlosung
zugegeben, wobei sofort eine heftige Reaktion eintritt. Nach deren
Beendigung wird die Losung mit 400 ccm Wasser versetzt und mit
Ammoniak iibersittigt. Die ausgeschiedene Base wird abfiltriert, mit
heilem Wasser, dann mit Alkohol gewaschen und aus Alkohol unter
Zusatz von wenig Chloroform umkristallisiert; Zersetzungspunkt 2757
Die Ausbeute betragt etwa 70 g (das gleiche Oxydationsprodukt bildet
sich beim Erhitzen von festem Thebainchlorhydrat mit 30 prozentiger
Wasserstoffsuperoxydlosung oder bei der Oxydation des Thebains mit
Kaliumbichromatlésung bei Gegenwart von verdinnter Schwefelssiure).
Dic Base gibt gut kristallisierte Salze. Das Chlorhydrat CisH1sNO4
HCI + H20 kristallisiert aus Wasser in Saulen vom Zersetzungspunkt
285 bis 286°. Die Basc liefert ein Oxym von der Zusammensetzung C18
H20N204 und dem Zersetzungspunkt 279 bis 280 und ein Acetylderivat

C18H18(CO . CH3)NO4+ Vom F. 185 bis 186°.
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Preparation of 14-Hydroxycodeinone
from Thebaine and Sodium Dichromate
(in English)

Acetic Acid,
Sodium
dichromate

O
(Pursrsett bine] 14-Hydroxycodeinone

by Lyndon F. Small and Robert E. Lutz (1932)

HYDROXYCODEINONE: (B=C:8H1904N}; prep. by treatment of
thebaine with 30% hydrogen peroxide in acetic acid, or with potassium
dichromate and sulphuric acid.

20 grams thebaine in 80 g. water with 25 g. acetic acid is treated
cold with a solution of 20 g. Na2Cr207 in 25 g. water. An oily ppt. forms,
which becomes cryst. after short warming. The mixture is heated to 80°
with stirring until the solid goes into solution; the temperature rises
spontaneously to 90°. After short standing, the base is precip. from the
cold solution as the dichromate by adding excess of chromic acid
solution.

Cryst. from alcohol with a hittle chloroform, plates, decomp. 275°,
sol. chloroform, ligroin, ethyl acetate, sparingly in aleohel, insol. in ether
or water. Stable to strong acid or alkali.

—HYDROCHLORIDE, B»HC1+Hz20, decomp. 285° to 286°;
| ]2D=—149.7° (water, C=2.502)

References
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Preparation of 14-Hydroxycodeinone
from Codeine or Codeinone
and Sodium Dichromate
(in German)

\NCH;; Acetic Acid,
Sodium
H,CO dichromate
Thebaine 14-Hydroxycodeinone
{Paramorphinel

by Firma E. Meik, Chemische Fabrik in Darmstade
DE 411530 (1923)

20 Teile Kodein werden in 80 Teilen Wasser unter Zusatz von 25
Teilen Eisessig in Lasung gebracht und die abgekiihlte Flussigkeit mit.
einer Losung Von 20 Teilen Natriumbichromat in 25 Teilen Wasser
versetzt. Es entsteht ein oliger Niederschlag, der nach kurzem Erwéarmen
fest und kristallinisch wird. Das Reaktionsgemisch wird auf dem
Wasserbade langsam unter stindigem Rithren auf 80° erwarmt, wobei
sich der Niederschlag auflost. Nunmehr unterbricht man das Erwamen;
infolge einer Nachreaktion steigt dic Temperatur bis etwa 90°

Nach kurzem Stehen kuihlt man stark ab und fillt die neugebildete
Base durch Zusatz von tiberschussiger Chromsaurelosung als Bichromat.
Die aus dem Bichromat in ublicher Weise isolierte Base kristallisiert
aus Alkohol in Blattchen vom Zersetzungspunkt 273° und zeigt die
Eigenschaften des von Freund und Speye r beschriebenen Oxykodeinons.

Teile Kodeinon werden in 80 Teilen Wasser unter Zusatz von 25
Teilen Eisessig in Lisung gebracht und dann eine Lisung von 8 Teilen
Natriumbichromat in 25 Teilen Wasser hinzugegeben. Der weitere
Verlauf der Reaktion gestaltet sich, wie in Beispiel 1 angegeben. Man
erhélt eine Ausheute von 8 bis 10 Teilen Oxykodeinon.
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Preparation of 14-Hydroxycodeinone
from 8:14-dihydroxydihydrocodeinone

5

20% HC1 3
@ 100° C for 2
20 minutes

HsCO

O

# 14 Dhhydroxydihydrocedeinone 14-Hydroxycodeinone

14-Hydrexycodeinone is prepared by heating 8:14-dihydroxy-
ilihydrocodeinone with 20% HCI for 20 minutes at 100° C.
References: Viebock (1934) Ber. 67, 197

Preparation of 8:14-dihydroxydihydrocodeinone
from
8-(or 14-) Acetyl-8:14-dihydroxydihydrothebaine

20% HCI
@ 100" C for
3 minutes

‘ (8 OH
2 for 14-} Acetyl-B-14 dihydrothebaine 8 14-Nihydroxydihydrocodemnone

8:14-Dihydrexydihydrocodeinone is prepared by heating 8- (or 14-}
acetyl-8:14-dihydroxydihydrothebaine with 20t HCI for 3 minutes at
100° C.

References: Viebock (1934) Ber. 67, 197
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Preparation of
8-(or 14-) Acetyl-8:14-dihydroxydihydrothebaine
from Thebaine

Mn (OAc)H

HCO”" X
Thebaine

{Par amorphin e) B- {or 14-) Acetyl-B:14-dihydrothebane

8 (or 14-) Acetyl-8:14-dihydrothebaine canbe produced from the
oxidation of thebaine with manganic acetate.

References: Viebick (1934) Ber. 67, 197

Etorphine 43

ETORPHINE
Process of Purifying Oripavines

by William R. Hydro,
assignor to the United States of America
as represented by the Secretary of the Army
US 3,763,167

ABSTRACT OF THE DISCLOSURE

The process of purifying oripavines, tranquilizers for animals,
comprisng the contacting highly colored oripavines with a liquid
comprising an immiscible solvent
and aqueous solution of sulfur
containing compounds, separat-
ing the solvent phase with sub-
sequent drying and recovering
the oripavines.

DEDICATORY CLAUSE

The invention described
herein may be manufactured,
used, and licensed by or for the
Government for governmental
purpoeses without the payment to
me of any royalty thereon.

Etorphine

SPECIFICATION

This invention relates to a novel process for preparing orpavines in
higher yields.

The object of this invention is toutilize sulfur containing compounde
as the purification vehicle in preparing oripavines.

It is a further object of this invention to employ a less cumbersome
purification process.

This invention relates to a novel purification process for 7-o11-
hydroxy-1, 4-dimethylpentyl}-6, 14-endoethenctetrahydrooripavine and
7-e(1-hydroxy-1-methylbutyl}-6, 14-endoethenotetrahydrooripavine.
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These compounds have been reported in a series of papers by K. W.
Bentley et al., J. Am. Chem. Society 89, (1967), pages 3267 et seq. K. W.
Bentley et al. purified the oripavines utilizing refluxing conditions of
agueous 2-ethoxyethanol and activated charcoal treatment followed by
the recrystallization in hot agueous 2-ethoxyethanol.

The oripavines of Bentley et al. supra, have been employed as
tranquilizers in gas propelled dart guns to subdue wild animals thus
enabling their capture without harm and transport to a game reserve or
for examination and care by a veterinary. In addition, the oripavines
can be administered subcutaneously by a veterinary.

Pharmacological evaluation of 7-oi1-hydroxy-1, 4 -dimethylpentyl )-
6, 14-endoethenotetrahydrooripavine and 7-o( 1- hydroxy-1-methylbutyl)-
6, 14-endoethenotetrahydrooripavine for potency was determined by
administering intravenously various proportions (mg./kg.) of the
compounds in mice using the method described in “The Search For and
Selection of Toxic Chemical Agents for Weapons Systems,” disclosed in
the Edgewood Arsenal, Maryland Publication (CRDL SOP 70-3 May 6,
1965). LD50 is the lowest dose in milligrams of compound per kilogram
of animal required to be lethal in 50% of the tested animals. MEDS50 is
the minimum effective dose in milligrams of compound per kilogram of
animal required to give any visible physiological effects (e.g. decreased
locomotive activity, aimless wandering and glossy-eyed stare in 50% of
the tested animals). The guotient of the ration LDS0/MEDS0 described
in Table 1 below in the margin of safety, that is, the higher numerical
guotient, the greater the proportion of agent can be used before causing
death and therefore a more effective tranquilizing agent.

TABLE I
EDS0 MEDS0 LDSO/MEDS0
Compound:
Ao B9 o 0.00075 - 12000
B 20.0 0.00056 ------- 36,000

Note: A= 7-o(l-hydroxy-1, 4 -dimethylpentyl}-6, 14-cndoethenotetrahydrooripavine;
B= 7-0( | -hydroxy- |-methylbutyl)-6, 14-cndoethenotetrahydroonpavine

THE GENERAL PROCEDURE

Thebaine was reacted with methyl vinyl ketone forming 7-c-acetyl-

6,14-endoethenotetrahydrothebaine, thevinone. Then the Grignard |

reaction of said thevinone with n-propylmagnesium iodide or
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issamylmagnesium bromide (other alkylmagnesium halides can also be
utillized if desired) gave the corresponding thebaines (a) 7-o(1-hydroxy-
I-methylpentyl)-6, 14-endoethenctetrahydrothebaine and (b) 7-o(1-
hydroxy-1, 4-dimethylpentyl) -6, 14-endoethenctetrahydrothebaine. The
aforesaid compounds (a) and (b) were O-demethylated in the 3-position
Lo the corresponding crude (), 7-o(1-hydroxy-1-methylbutyl)-6, 14-endo-
ethenotetrahydrooripavine and (d) 7-a(1-hydroxy- 1, 4- dimethylpentyl)-
6, l4-endoethenctetrahydrooripavine. The product (¢} and rd) were
extracted with ether. The ethereal extract was shaken at room tempera-
Lure with an agueous solution eentaining 0.5 to 4.0 g of a sulfur contain-
ing compound. The ether extract containing the decclorized product was
evaporated giving rise to a solid which is dissolved in 2-ethoxyethanol at
60" C. or below, then adding water to effect precipitation of the final
orpavines.

The purification step at reom temperature is carried out in a
solution compompsing 80-120 mL. of water and. 0.5 to 4.0 g. of a sulfur
containing compound of an alkali metal, i.e. Na or X, salt of metabisulfite,
bisulfite, sulfite, hydrosulfite or thiosulfate followed by recrystallization
in 2-ethoxyethanol at a temperature of 60° C. or below. In this inven-
Lion, it is critical for the purification procedure that ambient conditions
are maintained during the step employing the aqueous sclution
comprising the sulfur containing compound and that the temperature of
the 2-ethoxyethanol not rise above 60° C. in the recrystallization step in
order to achieve the high yields.

EXAMPLE 1

{a) A solution comprising thebame, paramorphine (141.7 g.) and
425 ml. methyl vinyl ketone was refluxed for about 1 hour. Excess
ketone was removed by distillating for about 1 hour from a hot water
bath followed by distillation at L50 mm. pressure. The hot reacted
mixture, a dark brown colored syrup, was disszolved in hot methyl
alcohol followed by rapid cooling giving rise to fine brown crystals.
Recrystallization from methy] alcohol afforded fine white crystals, M.P
114.5°-118° C. Infared analysis confirmed the proposed structure of
T-v-acetyl-6,14-endoethenotetrahydrothebaine.

Analysis.-Caled. for C23H27NO4, (percent): C, 72.42; H, 7.13; N, 3.67;
0. 16.78. Found (percent). C, 72.1; H, 7.3; N, 3.6; O, 16.8.

(b} Magnesium 18.35 g.) was treated to remove grease by washing
with ether and drying overnight in vacuo at 85° C. The magnesium was
covered with sudium-dried ether, heated to reflux with vigorous
stirring, followed by the addition of a solution of 58.5 g. of freshly
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distilled n-propyl iodide in 400 mL. of sodium dried ether over 1 hour
period and refluxed an additional 40 minutes.

A filtered solution comprisimg 50.0 g. of 7-o-acetyl-6, 14-endoetheno-
tetrahydrothebaine, from (a} supra in 250 mL. of sedium-dried benzene
was added over a period of 20 minutes forming a reaction mixture which
was refluxed for an additional 30 minutes. The reaction vessel was cooled
to 0° C._ and the reacted mixture, black, was decomposed with a solution
comprising 22.4 g. of ammonium chloride in 76 mL. of water. The
organic layer, upper, was removed leaving a paste-like residue which
was washed three (3) times with 50 mL. portions of benzene and the
combined said portions were washed three (3) times with water, dried
over anhydrous magnesium sulfate, filtered and evaporation of the pale
yellow portions in vacuo afforded 54.6 g. of white solid which was recrys-
tallized ftom ethyl alcohol yielding 253 g. of white cystals, M.E. 173°-
176° C. The infrared analysis confirmed the proposed structure of 7-a{1-
hydroxy-1-methylbutyl)-6, 14-endoethenotetrahydro-thebaine.

Analysis_-Caled. for Cz6H3sINO4 (percent): C, 73.38; H, 8.29, N, 3.29,
0, 15.04. Found (percent): C, 73.5; H, 8.0; N, 2.3; 0, 15.2

tc) In accordance with the procedure as outlined in (b} supra, with
the exception of substituting 52.0 g. of freshly distilled isoamyl bromide
for the n-propyl iodide 43.8 g. crude end-product was obtained which
was recrystallized 4 times from ethyl aleohol giving rise to fine white
crystals. M.P. 126°-127° C. The infrared analysis confirmed the proposed
structure of 7-o(1-hydroxy-1, 4-dimethylpentyl -6, 14-endoethenotetra-
hydrothebaine.

Analysis -Cled. for C28H39NO4 (percent): C, 74.14; H, 8 67; N, 3.09;
0, 14.11. Found (percent): C, 742; H, 8 2, N, 3.2; O, 14.1.

EXAMPLE 2

{a) A stirring solution comprising bubbling a stream of nitrogen
through 300 mL. of diethylene glycol in a container was heated to and
discontinued at 55° C., adding 120 g. of potassium hydroxide forming a
mixture which was heated to 200° C., adding 16.0 g. of 7-a(1-hydroxy-1,
4-dimethylpentyl}-6, 14-endoethenctetrahydrothebaine, Example 1{c),
then fitting the container with a condenser and heating to 203°-205° C.
for about 1.25 hours resulting in O-demethylation in the 3-position which
was considered complete when a one mL. sample of the reacted mixture,
dark reddish-brown colored solution, diluted with 10 mL. of water
producing a clear, homogeneous solution. The reacted mixture was cooled
to 100¢ C., diluted with water to five times its volume and filtering
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through diatomaceaus earth, Celite, producing a clarified dark reddish-
brown solution, adding a precipitating soution comprising 125.0 g of
ammonium chloride in 375 mL. water forming the insoluble desired
product which was extracted once in 500 mL. diethylether, and if
desired the ether extract can be further treated with water, the
diethylether extract, dark reddish-brown solution, was shaken with a
solution comprising 0.5 to 4.0 g. sodium metabisulfite in 100 mL. of
water for about 3-6 minutes with the ethereal phase converting to a
very pale yellow color. The ethereal phase was washed with water,
separated, dried over anhydrons magnesium sulfate, filtered, and
evaporated in vacuo to give 12.4 g. (80.0%) of a pele yellow solid, M.P.
200°-202° C. Three recrystallizations were carried out with the yellow
solid the steps comprising the adding 90-110 mL. of the 2-ethoxyethanol
warmed to 60" C. or lower sufficient to dissolve the yellow solid, then
adding about 35 to 40 mL. of water to the ethancl solution for the
formation of pale yellow crystals 9.5 g. (61.3% ), M.P. 200°-204° C. The
infrared analysis confirmed the proposed structure of 7-oi1-hydroxy-1,
4-dimethylpentyl}-6, 14-endoethenotetrahydrooripavine

Analysis.-Caled. for C27C37NO4 (percent)y: C, 73.77; H. 849: N. 2.19;
0, 14.56. Found (percent}: C, 73.9; H, 8.4; N, 3.1; O 14.5.

(b) The procedure in (a} was repeated with the substitution of
sodium bisulfite, sodium hydrosulfite, sodium sulfite or sodium thiosul-
fate for the corresponding metabisulfate with the decolorization of tha
ethereal solution and solid as described in Table 1.

TABLE 1.
COLOR OF ETHER EXTRACT CONTAINING
COMPOUND AFTER TREATMENT

Sulfur compound Ethereal solution Solid

Sodium metabisulfite --------- Very pale yellow -——--——-—-- Pale ycllow.

Sodium bisulfite ---------—-—-Very pale yellow — ---- Pale yellow.

Sodium hydrosulfite --—------ Colorless -—-—-—- ---- Snow white.

Sodium sulfitc --====--=-——--- Colorless --——--—-———-—-—- Snow white.

Sodium thiosulfite -------—-—-- Dark yellow -——--------———- Light yellow.
EXAMPLE 3

(a) The procedure m Example 2 was followed with substituting
7-at(1-hydroxy-1-methylbutyl}-6, 14-endoethenotetrahydrothebaine,
Example I(b}, for the corresponding 7-0(1-hydroxy-1, 4-dimethylpentyl)-
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6, 14-endoethenotetrahydrothebaine. After the precipitation step with
the aqueous ammonium chloride solution and the separated diethylether
extract, the etheral extract, reddish-brown color, was shaken for 3-6
minutes with a solution comprising 3.2 g. of sodinum metabisulfite in 100
mL. of water with the ethereal phase converting to a pale yellow color.
The latter ethereal phase was also treated as in Example 2. The recrys-
tallization from agueous 2-ethoxyethanol yield 3.8 g. (24.6%) of white
crvstals, M.P. 214°-217° C. The infrared analysis confirmed the
proposed structure of 7-cu1-hydroxy-1-methylbutyl)-6, 14-endoetheno-
tetrahydrooripavine.

Analysis.-Caled. for C25H33NO4 (percent): C, 72.96; H, 8.08; 0, 15.15.
Found (percent): C, 72.8; H, 8.0; O, 15.6.

{b) The procedure in (a) was repeated with the substitution of
sodiurm bisulfite, sodium hydresulfite, sodium sulfite or sodium thiosul-
fate for the corresponding metabisulfite with the decolorization of the
ethereal solution.

Example 4, below, illustrates the purification procedure described
in the series of paper by K. W. Bentley et al., J. Am_ Chem. Soc., Vol. 89
(1967). page 3267 et al.

EXAMPLE 4

Employing the general procedure, that is, proportions, reactants
and conditions as set forth in above Example 2, up to and including the
diethylether extract, dark reddish-brown extract from the inscluble
product precipitated by the aqueous ammonium chleride step, was
washed with water dried over anhydrous magnesium sulfate and evapo
ration of the ether leaving a very dark brown solid. Refluxing, about 30
minutes, a solution comprising the latter dark brown selid
2-ethoxyethanol and activated charcoal, filtering, washing the charcoal
cake with boiling temperature (135" C.} 2-ethoxyethanol, combining and
washings, and then adding water to the boiling 2-ethoxysthanel washings
to effect crystallization and yielding 9.4 g. (60%)} of a dark brown solid
and recrystallization of the later brown solid from refluxing activated
charcoal and 2-ethoxyethenol and precipitation upon the water addition
yielding 4.2 g. (27.1%, a medium brown colored solid, M_F. about 198°-
202° C., 7T-o(1-hydroxy-1, 4-dimethylpentyl}-6. 14-endoethenotetrahydro-
oripavine.

References :US 3,433.791; US 3,442,900; US 3,464,992; US
3,464 994; US 3,474,101; US 3,562,279 Canada 487,263
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THEBAINE

Discovery and chemical properties

By Lyndon E Small :ind Robert E. Lutz

Thebaine was discovered in 1835 by Pelletier and Thiboumery (1)
(2) who believed it to be an isomer of morphine, and gave it the name
“Paramorphine.” The name thebaine was introduced by Couerbe (3) {(4)
icf. Kane (5)). The correct composition of the base, corresponding to the
formula C19H2103N was first determined by Anderson (6) (7), whose
analyses were later confirmed by those of Hesse (8) and Beckett and
Wright (9).

The separation of thebaine from opium extract usually takes place
after morphine, codeine, narco-
tine, and papaverine have been HsCO
removed. The alcoholic mother
liquor from which narcotine and
papaverine have crystallized is
concentrated and taken up in
acetic acid. Basic lead acetate is
added to alkaline reaction,
whereby narcotine and resinous
materials are precipitated; the
filtrate is freed from lead with
sulphuric acid, and the crude H;CO
thebaine precipitated with
ammonia (7).

Hesse (8) treated the mother
liquors from morphine-codeine
separation with excess of alkali, and dissolved the heavy precipitate in
dilute acetic acid; narcotine and most of the other alkaloids remain
undissolved. By addition of tartaric acid to the acetic acid solution, the
thebaine was precipitated as the sparingly soluble acid tartrate. Plugge’s
(10) methed makes use of thebaine salicylate. A review of these
separations, as well as the description of a new method, which depende
upon the differences in basicity of the opium alkaloids, is given in the
discussion by Kanewskaja (11); see also Ishikawa (12). Gulland and
Robinson (13) have observed cryptopine as an impurity in commercial
thebaine.

Source: Chemmstry of the Opium Alkaloids (1932)

Thebaine
(Paramorphine)
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Thebatne occurs chiefly in Papaver sormniferum, where it appears
to be the last alkaloid formed by the growing plant (14). The amounts
found in opium vary from 0.2% to 0.3% (15) to 0.8% (16) or 1% Gadamer
and Klee (17}(18} observed that thebaine is present in Papaver orientale
during the period of growth, but appears to be changed to the isomer,
isnthebaine, as the plant withers. Isothebaine is an isoquinoline
derivative of the apomorphine type.

Thebaine crystallizes from alcohol in shining leaflets, from dilute
aleohol in rectangular plates (6), often associated in tufts more or less
radiating from a center {Deane and Brady (19), illustraticn). Thebaine
melted and cooled forms highly refracting biaxial crystals; at low
temperatures it crystallizes in two kinds of spherulites (20). Thebaine
crystallized from solvents has the density 1.305 (1.282) (21), the
refractive indices 1.63 and 1.69 (14), and melts at 193° (8).

Blyth (22) observed sublimation of thebaine at 135° under
atmospheric pressure in needlelike crystals; at higher temperatures,
cubes and prisms were formed. Sublimation and micro sublimation in
vacuum are described by Kempf (23) and Heiduschka (24). Vacuum
sublimed thebaine melts at 192.5° (196.2" corr.) (23).

The thermochemistry of thebaine has heen studied by Leroy (25)
(267 who found the heat of combustion at constant velume to be 2439.9
Cal., at constant pressure 2441.8 Cal.; this is in good agreement with
the values expected of a dimethyl ether of morphine less two hydrogen
atoms.

The absorption spectrum of thebaine was investigated by Hartley
(27) and Kitasato (28), the ultraviolet spectrum by Steiner (29) .

Thebaine is levorotatory: in 97% aleohol, Hesse (30) found [o]15/D=
-218.64° (p=2). The rotatory power is affected but little by change in
concentration, but decreases rapidly with rise in temperature. In
chloroform, [©]22.5/D= -229.5° (p=5). Thebaine hydrochloride in
agueous solution gives the value [0]15/D= -163.66° (p = 2).

Thebaine is a strong monoacid base, whose salts with strong acids
are stable and neutral in reaction. An aqueous suspension of the base
turns litmus blue (8), or helianthin to yellow; the aqueous suspension
does not affect phenolphthalein, but addition of water to alcoholic
thebaine solution contaimng phenclphthalein gives a rose color (26).

Thebaine is scluble in alechol, ether, benzene, chloroform (2} (7)
{8), aniline, pyridine, or piperidine (31), practically insoluble in water,
ammonia, or alkalies (6). One part of thebaine dissolves in 140 parts of
ether (10°) (8) in 10 parts of cold alcohol (2), in 59 parts of amyl aleohol
(32), 19 parts of benzene (32), 18 parts of chloroform, or 11.1 parts of
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pyridine (20" to 25°) (33) ; it is insoluble in petroleum ether (34).

The following reactions have been proposed for the identification or
detection of thebaine :

Thebaine color and precipitation Lesla

Rangent Reastion Obsorver
Cono. Had0 m hecomlng yellow. . _ = - | Eease (8); 'Relehlrd @5).
lmulcq Ihtil'llwnmnln.g yellow fo thiulayemn . .- .. —— ) Cawerbe ('

H]
Canc. HNO: = Colorless, 10 min. yellow, 60 min. du-lt yellow  __ | Refchard {35).
Care. AGL____ ... Yn].luwtownhh for-l e Do. B85}
Li8" Temgent. Hed .- - - — | Piser {36).

B TeREOL ndo.. - Do,
Mrandelin's reagant. . . do T - b Dhin.
2%, agusons furfurol Transient re

Do. B
B A (baalo magnesl- | Alkaloj:d lnxn =, acelic ackd cont 025 | nu.\ ul n'nd David (30,
a'fﬁlﬁy(mm"mw Iayrced onlo cone. L0, fapma & ed
74 hourn tho test shows a layer ol Lbe cu'lar Echnr-
urh €1 over & yellaw xone over & broad Sohwrlach

ﬁ Dver n ollow layer.
ZnOls Indil BCL Rnnlu Ismdd iuthudryhydmlmldn. ndevap | Jorlssan  (38), Oxumpe-
d on porcelain to drypsss on the watsr bath- ez {30).
n]]

O Froclp, senh:oanﬂ.CrD. o, Flugge (40} {41).
HoifnOp. . _ Precip. neadles of BaBhyCrily. __  _ = ugge (440).
Ha#lCNh or KFa | Precip. ol Lydeofarti= o7 hydrnhrro—rynmdm Fluggs (#)) {41).
POy PRy . | Thehaine taboiled with BhOyinacetloactd, filteced, | Dotz 2.

and the filtrats ireaisd with sacoss cone. HeBO4

Mltrate is o 1urnlng golden-yellow whan

ihe Ha304 la
Fodine chloride - Yigllow melp which gives o fodine ¥epor op boll- { Dittmer {43).

W RLET.

8nCh. . = W& bius color, which dlsapPéers 00 WAIMING- . Smith {#4).

The sensitivity of thebaine to a large number of precipitants is given
by Kerbosch (14). Wagenaar (45) claims that preapitation as the free
base is more delicate than as the salicylate, acid tartrate, or periodide.
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Pharmacology of Thebaine

Thebaine is not a narcotic, but in its effects on the system is closely
analogous to strychnine, producing tetanic spasms in a dose of 60 mg.
{E. Fullerlon Ceok and Eric W. Martin (1948))

bv Hugo Krueger. Nathan B. Eddy andd Margaret Sumwalt

Nervous System and Skeletal Muscle: Although thebaine may
be slightly depressant and analgesic, its predominant tendency without
doubt is excitant, often convulsant. Man is the only animal studied in
which this type of effect is not recorded; he probably was spared the
giving of large enough doses.
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Central Nervous System: Narcotic Effect Man: Drowsiness was
seen with 20-97 mg. T, sc (Harley, 1871). An hypnotic effect of at least
some slight degree was seen in 19 out of 25 cases (Fronmiiller, 1869). A
soporific effect was looked for vainly (Rabuteau. 1872): in children with
500 mg. T, o (Bouchut, 1872).

Analgesia Man: An analgesic effect was seen (Rabuteau, 1872);
an “anodyne effect” upon a case of sciatica was seen (Harley, 1871).
Analgesia was looked for vainly, and a very slight hyperalgesia was seen
with 10 mg. T, sc (Macht, Herman and Levy, 1915, 1916). Analgesia
was looked for vainly in children with 500 mg. T, o (Bouchut, 1872).
Slight local analgesia was seen in hand, lips, or tongue, with direct
application of 5 percent solution (Macht, Johnson and Bollinger, 1916a).

Effect on the Pupil Man: Myosis was seen with 1 drop of 25
percent (Bono, 1979).

Metabolism; The body temperature increases in most animals with
sufficient doses of thebaine.

Man: The glycosuria due to epinephrine was not affected with
thebaine (Lewysohn, 1914). The cicatrization of ulcerated neoplastic
growths of skin was not affected with thebaine apphed locally, the
author attributing this failure to the lack of hyperglycemie effect of
thebaine (Gomés Da Costa, 1932). The urinary output of urea increased
from a normal of 60 mg. per 100 g. of body weight per 24 hours to 76 mg.
with 10 mg. T, sc {Fubirn, 1880, 1888) .

Emesis Man: Nausea or vomiting was seen in 3 out of 25 cases
{Fronmiiller, 1869) Emesis was looked for vainly in a single patient
with 20-100 mg. T, sc (Harley, 1871).
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The Dependence Potential of Thebaine

United Nations: Report of a WHO Advisory Group*
Creation Date: 1980/01/01
Introduction

This study was initiated by WHO when concern was expressed by
the UN Commission on Narcotic Drugs about the intention to utilize,
instead of Papaver sormniferum, the poppy species Papaver bracteatum
with its main constituent thebaine as raw material for the manufacture
of opioid agonists, especially codeine and antagonists (1). The subject
had temporarily aroused considerable concern. The increasing
waorld-wide legitimate demand for codeine would have had to be met by
either the increased production of alkaloids from Papaver somniferum
with the ensuing increased risk of its diversion into illicit channels or,
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preferably, the cultivation of the species bracteatum, instead of
sumniferum, provided that thebaine had no, or at least appreciable lower,
dependence and abuse potential than the opium alkaloide, morphine
and codeine.

The present report addresses itself to the question of the
pharmacological profile of thebaine with particular reference to its
dependence potential. No documented information was available on the
occurrence of abuse of thebaine or Papaver bracteatum.

With financial support from the United Naticns Fund for Drug Abuse
Control (project No. ACB-80117) a literature review and a study of the
dependence potential of thebaine was carried out by WHO, Division of
Mental Health, with the assistance of a Group of Advisors, several of
whom contributed ad hoc experimental work. *

Data available prior to this study

Chemistry

Thebaine is one of the phenanthrene alkaloids contained in the
opium poppy and constitutes usually about 0.3 to 1.5 per cent of opium,
but. figures up to 6 per cent have been reported. Thebaine is the major
alkaloid in Papaver bracteatum and can readily be extracted from the
capsules and roots of that plant.

Thebaine is dehydromaorphine 3,6-dimethyl ether. Its hydrochlo-
r1de salt is sparingly soluble in water up to about 8 w/v%. Thebaine can
be converted into drugs of abuse, such as oxycodone and hydrocodone.
Furthermore, a series of thebaine derivatives with very high analgesic
potency, such as acetorphine and etorphine (known as “Bentley
compounds”) has been developed. However, there are considerable
problems in connexion with the conversion of thebaine into these
substances, especially into the Bentley eompounds.

An Expert Group was convened by the United Nations Narcotics
Leboratory in January 1976 to consider the feasibility of the eonversion
of thebaine into drugs of abuse and the potential of abuse (2). Having
evaluated the problems associated with the possible use of thebaine in
the production of such drugs, the Expert Group considered that these
are not such that they should prejudice the manufacture of thebaine
and its use as a commercial source of therapeutically useful substances.

General pharmacology Most of the facts were obtained from two
extensive reviews (3, 4) Unless otherwise indicated.

Central nervous system. The predominant effect of thebaine is
central nervous system stimulation. In the mouse, rabbit, cat and dog,
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hyper-irritability and increase in motor activity as well as reflex
excitability were observed at doses around 2-10 mg/kg s.c. or i.m. The
Straub-tail reaction was noted only occasionally. In rabbits, thebaine
antagonized the effects of phenobarbital and potentiated those of
caffeine.

Convulsions were observed in almust all species of animals
including the skate, frog, sparrow, pigeon, mouse, guinea pig, rabbit, cat
and dog. In the rhesus monkey, transient tremors, restlessness,
hyper-irritability and convulsions were observed (5). The convulsive doses
were around 20 mg/kg s.c. in mice, rabbits, cats, dogs and rhesus
monkeys.

Naloxone, a known morphine-antagonist. antagonized the
convulsions induced by thebaine in mice (convulsive dose 7.4 mg'kgiv.).
However, it was 10 times less effective against thebaine than it was
against heroin. In mice, treated with 30 mg/kg of thebaine s.c.. neither
sotalol nor propanolol changed the survival rate; propanclol (25 mg/kg
s.c.} prevented the tonic phase of the convulsions, but did not prevent
death.

The respiratory effect of the drug was usually observed to be
stimulatory in mice, rabbits, cats and dogs. In rabbits, thebaine in doses
of 2 mg/kg antagonized the respiratory inhibition caused by 5 mg/kg of
morphine. Mixtures of narcotine {15 mgfkg i.v.)and thebaine (1 mg/kg
i.v.) strongly stimulated respiration.

The analgesic effect varied, depending on the investigetor, method
applied and animal species. While positive effects were reported for mice
and cats, some reports were negative for mice and dogs. A “narcotic”
effect, as judged by the over-all depressive manifestation mcluding
drowsiness was not observed in the mouse, guinea pig, rabbit, cat or
dog.

Electrophysiologically, the spasmolytic effect of thebaine was
different from that of morphine and codeine, but similar to that of strych-
nine.

Cardiovascular system. Decreased blood pressure and heart rate
in the dog were reported in several studies. In one study with anaesthe-
tized dogs, a fall in blood pressure, continuing for 1-3 hours was reported.

Gastro-intestinal system Many studies indicated an increase in
the tone and activity of the intestine in situ by thebaine. In the isclated
intestine of the guinea pig, however, the tone diminished and peristalsis
was inhibited. In anaesthetized rats. thebaine had no effect on the
central vagal stimulation of pancreatic secretion induced by 2-deoxy-D-
glucose in doses up to 17 mg/kg s.c. Inhibition of this stimulation has
baen suggested to be specific for morphine agonists,
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Biochemical pharmacology

Thebaine caused a slight decrease in heart and brain catechola-
mine levels. It had an inhibitory effect on human, guinea pig and horse
cholinesterase, as well as on human procain-esterase; neither lactic and
citric acid, nor glucose dehydrogenases were inhibited.

Toxicity )

Thebaine is far more toxic than morphine. The LD 50 in mice is 31
mg/kg s.c. and 20 mg/kg i.p.; other authors have reported an intraperit(_)-
neal LD 50 of 42 mg/kg in mice (7). In rabbits, the intravenous LD 50 is
3-4 mgfkg and is dependent on the age of the animals (7). In th_e dog the
lethal doses are reported to be 10-30 mg/kg s.c. and 5-7 mg/kgiv. (3). In
chicken embryo. thebaine has been reported to induce pseudo-
hyperfeminization.

Tolerance and dependence

The only documented indication for tolerance was the report that
in anaesthetized dogs, a single dose of thebaine decreased the b](fud
pressure for 1-3 hours; after that, it did not change signiﬁcant,l_y with
additional doses of thebaine, nor with morphine (3). However, this may
be more indicative of tachyphylaxis than of tolerance.

The physical dependence potential of thebaine h_ad not belze‘n
systematically investigated, but was believed to be non-existent untll_lt
was first reported at the 5th International Congress of Pharmacology in
San Francisco in 1972. Rhesus monkeys manifest severe withdrawal
signs upon abrupt withdrawal fullowing intravencus self-administra-
tion of thebaine at a daily dose level of 10-30 mg/kg for one month.
However, thebaine not only failed to suppress the morphine withdrawal
signs in monkeys physically dependent on morphine, b_ut served to
precipitate the signs as well (5). Such seemingly contradictory effects
are known with many of the partial antagonists

The reinforcing effect of thebaine was not evident in the cross
self-administration experiments, but was clearly demonstrated in a
continuous intravenous self-administration experiment (5). The
average daily doses ingested were 20-35 mg/kg at a llmit dose of 1 mg/kg/
injection. During the active self-administration period, no marked drug
effects were observed.

Metabolie studies

The metabolism of thebaine in rats has been studied by Misran et
al. (8, 9). In the urine from rats treated with thebaine at a sing_]e
subentaneous dose of 5 mgfkg, several metabolites, though only in
residual amounts, were found by thin-layer chromatography. The
possibility that these metabolites were codeinone, codeine, morphine and
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14-hydroxycodeinone was suggested. The mvestigaters discussed the
possible cause of the difference in the dependence potential of thebaine
between the rat and the rhesus monkey and attributed it to different,
metabolic pathways of thebaine.

Data collected in this study

General pharmacology

Studies on isolated organ preparations. The morphine-like
character of the guinea pig ileurn and the mouse vas deferens by
Kosterlitz (10). In the former preparation the maximum inhibiting
potency of thebaine was 0.32 + 0.07 per cent of that of morphine, was
much slower in onset, and only partially reversed by naloxone. A similar
profile was obtained with the mouse vas deferens preparation. The very
weak morphine-like action of thebaine and its mmcomplete reversal by
naloxone as shown in these tests permit the interpretation that these
are not specific morphine-like effects.

Analgesic tests in mice. Aceto et al. (11} reported that thebaine was
inactive as an analgesic in the tail-flick and phanylquinone abdominal
stretching tests. It was also inactive as an antagonist of morphine in the
tail-flick test. Thebaine was active in the hot place (ED 50=8.2 mg/kg
s.c.)and Nilsen (ED 50=4.4 mg/kge.c.) tests. However, doses in the higher
range of the dose responses curves produced convulsicns.

Gross behavioural ohservation of acute effects of thebaine in rhasus
monkeys. In a preliminary test for a tolerance study, Yanagita and
Miyasato (12) studied the effects of single intravenous injections of
thebaine to rhesus monkeys. The results were: no effect at 1.0 mglkg:
tremor at 2.0 mg/kg; and convulsions and drowsiness at 4.0 mg/kg. The
convulsions cccurred a few minutes after the injection, but drowsiness
followed much later, becoming prominent about 2 hours after adminis-
tration and continuing for another 2 hours. This delayed onset of the
depressant effect may be attributed to the metabolic breakdown of
thebaine.

Behavioural pharmacology

Operant bahavioural effects of thebaine in rats. Takada et al. (13)
studied the operant bahavioural effects of thebaine, pentazocine and
codeine in rats using FR 30 and DRL 20 seconds schedules with food
reinforcement. At subcutaneous doses of up to 16 mgrkg, thebaine did
not exert much influence on responding generating by the FR 30 sched-
ule, but did depress the responding at 64 mg'kg In the DRL experi-
ment, thebaine increased the number of responses at 16 mg/kg and short-
ened the modal inter-response time at 4 mg/kg but not at 16 mg/ke.
Since 64 mg/kg is a near-lethal dose, the effect observed in the FR
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experiment may be unspecific. In contrast, a mild stimulatm:y effect by
the drug was observed in the DRL experiment. In Fhese experiments the
order of potencies was pentazocine—codeine-theb::une_.

Effect of thebaine on food-reinforced responding in rhesus rr}onkeys.
Hartel et al. (14) studied the effects of thebaine on fond-remforct_ad
vesponding rhesus monkeys, and their modification by nalaxone. A chain
DRO 30 seconds FR 30 schedule was used. Saline as well as 9.32 and1.0
mg/kg thebaine had no effect on the response ratfzs during the FR
component of the schedule while 3.2 mg/kg of thebaine reduced them.
Naloxone had no influence on the above results. It was concluded that
naloxone does not antagenize the effects of thebaine on operant respond-
ing for food.

Tolerance

In an attempt to produce tolerance to the convulsant effect of
thebaine in rhesus monkeys, Yanagita and Miyasato (12) repeatedly
administered 2 mg/kg of thebaine 6 to 24 times dsily for_ 6 weeks or
longer to 4 monkeys by programmed injection through intravenous
in-swelling catheters. Every two weeks the monkeys were c_hal]enged
with 4 mg/kg of thebaine which is the convulsant dose. No ev1dt.ance for
the development of tolerance to the eonvulsant effect of thebaine was

ined. ]
ObtaPhysical dependence studies in doge. Gi]be_rt :fnd Maljtm (‘16)
studied the physical dependence potential of thebaine in cl'Eromc spinal
dogs. In the first experiment, thebaine or naloxope were given t_o mor-
phine dependent and non-dependent dogs. Thebaine Tild not precipitate
morphine withdrawal signs. In the second experiment, dogs were
chronically treated with thebaine or morphine, and challenged with
naloxone or naltrexone. Thebaine was administered mtl_'a_venously,
initially al 1 mg/kg/day and finally at 22.5 mg/kg/day divided over

injections. ;

- lHJNalt.rexone produced very mild withdrawal signs in the thebaine-
treated animals. Thus, unlike the findinge I‘Epﬂ]‘-ted for the.rhesus
monkey, in the dog the physical dependence potentl_al of thebaine was
found to be very low and its antagonistic action lacking.

Subetitution studies in morphine dependent monkeys. Aceto_ et al.
{11) and Swaine et al. {17) investigated the ability of thebaine to
substitute for morphine in physically dependent rhesus monke_:ys.
Subcutaneous doses up to 9.6 mg/kg failed to support physu-:al
dependence on morphine. This confirms the previous report by Yanagita
(5).
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Development of physical dependence on thebame by subcutaneous
administration in rhesus monkeys. Yanagita et al. (18) studied the
physical dependence putential of thebaine in rhesus monkeys by
subcutaneous injections of the drug at doses of 3 mg/kg every six hours
for 31 days. In confirmation of a previous study (5) with intravenons
self-administration, definite withdrawal signs were observed in the
monkeys upon abrupt withdrawal of thebaine and also following the
administration of naloxone.

Development of physical dependence on thebaine by intravenous
self-administration in rhesus monkeys. In the course of a contimied
intravenous self-administration experiment with thebaine, Hartel et al.
{14) attempted to precipitate withdrawal signs by administering
naloxone at 1.0 mg/kg to three monkeys. The monkey which ingested
thebaine at the highest daily close level tabout 30 mg'ke/day) manifested
severe withdrawal signs including retching, acute sensitivity to abdomi-
nal pressure and violent thrashing about in her cage. The animal was
found dead the next morning, clearly not due to convulsions or thehaine
overdose. However, the two remaining monkeys did not manifest any
withdrawal signs following naloxone injection.

Reinforcing effect

Experiment of cross and eontinuous self-administration of thebaine
in rhesus monkeys. Hartel et al. (14) conducted experiments with both
cross and continuous intravencus self-admiunistration of thebaine in
rhesus monkeys. In the cross sell-administration experiments saline or
thebaine in unit doses ranging from 0.0003 to 1.0 mg/kg/infusion were
substituted for codeine, but little, if any, reinforcing effect was demon-
strated with thebaine. In the continuous self-administration experiment,
an increase in the injection rate was observed in three out of four mon-
keys when they were allowed to take thebaine instead of saline, When
each response was followed by the injection of 1.0 mg/kg of thebaine, the
animals self-administered an average of 15-32 mg/kg/day. When the
numbar of responses required for each injection was increased to 10 the
number of injections earned decreased in two of the animals but increased
in the third. In all instances, however, the lever-press responding gener-
ated by thebaine was higher than that obtained with saline., This
definitely demonstrates that thebaine can serve as a reinforcer in the
rhesus monkey.

Progressive ratio experiment in rbesus monkeys. Yanagita and
Miyasato (19) assessed the reinforcing intensity of thebaine by the
progressive ratio technique in rhesus monkeys. In this experiment, the
ratio of lever-presses to injections gradually increased by a factor of 4/2
after each injection. When the number of lever-presses for the last 48
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hours diminisbed to less than 50 per cent of the number required for the
next injection, the monkeys were considered to have reached t.he
hreaking point. Using these procedures two monkeys were t:es:t,ed with
low and high unit doses of thebaine (0.25 and _1.0 mg/]_(g/m]) _and of
pentazocine (0.06 and 0.25 mg/kg). The final ratios ()bt,::-uned with the
high unit doses of thebaine and pentazocine were respectlve!y 1,900 and
1.900 in one monkey and 2,260 and 2,610 in the other. Thus it was found
that the reinforcing intensity of thebaine in rhesus monkeys is high and
comparable to that of pentazocine.
Metabolic studies ) _ )
Yanagita et al. (20) studied the metabelism of thl:,‘bﬂ]l_’le using urine
abtained from rhesus monkeys treated with thebaine at single
subcutaneous doses of 8 mg/kg. Thebaine and its metabolites were
extracted from the urine and separated by thin-layer chrornatogp'aphy_
Five spots including thebaine itself were detected, and their RF values
were 0.39 (M 1),0.23 (M 2) and 0.1-0.2 (M 3 and M 4). M 1 has bee‘n
identified as oripavine by gas chromatographic-mas:s spectrographic
analysis. Later, a supply of authentic oripavine ( _prowc_led. thrcugh_ the
courtesy of Mr. K. C. Reid of MacFarlan S_mlth_ Limited, .Umted
Kingdom) was compared with and found to ba identical to M 1 in mass
spectra, GC-retention time and TLC-Rf values. M 2 appeared to be. a
codeme-like substance, but has not yet been identified becau_se of _lts
very limited availability. M 3 was positive in_the colour Treaction v.\nth
phosphomaolybdic acid-ammonium hydl_'oxlde and nitroprusside,
indicating the existence of a phenolic functional group and_a seandary
amine group. The chemical structure of M 3 has since been identified as
nororipavine by GC-mass spectrographic analysis, M 4 has not yet been
identified.
Discussions and conclusions
Thebaine was long believed to have no morphine-like ag_om_suc
properties and many studies, old and recent, are supportive of this view,
However, it is now evident that it has a meaningful deptlandence
potential, both physical and psycholegical, when large doses are ingesied
over a certain period in the thesus monkey. As one of the eauses of th_ese
discrepancies, contamination by morphine-like substances of tht_sbame
used for the monkey studies was suspected. Since, however, in the
analysis by Dr. Jacobhson (National Institutes of Health, I.JSA)_, the samp.le
was found to be free from significant impurity, the species differences in
metabolism of thebaine might well explain the discrep‘«':mcy as_already
postulated by some investigators. There are some ﬁndmgs wlhlch tend
to support the idea that the agonistic property of thebaine in rhesus
monkeys may ba attributable to its metabolites:
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1. Thebamne is devoid of opiate agonistic effects as shown in the
guinea pig ileum longitudinal muscle and the mouse vas deferens.

2. The depressant effect on the gross bahaviour of rhesus meonkeys
appears after a time delay in contrast, to the immediate onset of the
stimulating and eonvulsant effects.

3. The reinforcing effect, which has been found to be equally strong
as tl}at of pentazocine, could not ba demonstrated in cross self-adminis-
tratlfm experiments, probably because of the delayed onset of the
agonistic effects.

} 4. The initiation of self-administration requires a longer time
period with thebaine than with other opioids.

Some metabolites of thebaine, such as oripavine, nororipavine and
probably codeine, are detectable in the urine of the rhesus monikey. The
question arises as to whether these metabolites have a dependence
potential and are biosynthesized in sufficient quantities to produce
dependence.

In this connexion the pharmacological profile and dependence
potential of oripavine deserve particular attention because:

1. Oripavine may ba the pharmacologically must actjve metabolite
of thebaine;

2. it may ba biosynthesized by ingestion of other npium alkaleids as
well; and

3. it may become available in the future as a therapeutic agent or a
substance of abuse.

For these reasons, the Group concluded:

L that thebaine has a meaningful dependence potential, both
physical and psychelogical, when large doses are ingested over a certain
period in the rhesus monkey;
pr 2. it is desirable to investigate the dopendence potential of oripavine
n view of its baing a most active metabelite of thebaine; and

3. the findings in this study apply to animals; whether or not they
would apply to humans requires further study. From the maonkey
studies it would appear that large doses of thebaine are necessary to
produce dependence. It is unlikely that comparable doses could ba given
tt_) humans experimentally or would be self-administered in an abuse
situation.
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Thebaine Extraction and Purification

By Howard Ellis Jones  GB 1.586,626 (1961)

Thebaine has become an important starting material for the
synthesis of various pharmaceuticals, including codein_e, oxycodone, and
hydrocodone. Thebaine is naturally present in various poppy plant
materials in relatively low concentrations. Accordingly, recovery of
thebaine form such materials is difficult, time and energy consuming,
and expensive.

Originally, thebaine was obtained as a by-product during the
extraction of morphine from Papaver somniferwm. It was then found
that thebaine is present in higher concentrations in Papaver_bmcteatum
than in other poppy plants such as the somniferum variety. Thus,
recent attentions have focused on the bracteatum variety as a source fl.JI‘
thebaine. However, even in Papauer bracteatum, thebaine is present in
concentrations of only 3-6% in the ripened seed pods, and in even lower
concentrations in other plant parts. The importance of deve10p1r‘1g an
efficient process for extraction of thebaine in high yielde and purity is
apparent. ) )

One of the earliest processes developed for extraction of thebaine
from Papaver bracteafum is described in East German P’atent No.
112,648, granted April 20, 1975 to H. Bohm et al. Bohm’s process
involves harvesting, drying the roots and/or poppy heads, dry grinding
of the plant parts to a powder, moistening the powder with NazCO3
solution, and extracting with methylene chloride under reﬂux,
evaporatling the extract to dryness under vacuum, stirrin:g the residue
with 1% sulfuric acid, filtering the aqueous phase, adjusting the pH_to
about 9-10 with ammeonia, and filtering the precipitate. The sulfur:ic acid-
ammonia-filtration sequence is repeated, and the precipitate is then
dried.

The filtrates are extracted with ether to recover thebaine not
precipitated by the ammonia. The product obtained is crude thejba.me
which must be further purified before use in the preparation of
pharmaceuticals. )

Additional developments in this area by Fairbairn and Caldvyll have
been published in Untied Nations Reports. Fz_lirbairn describes an
analytical procedure for determination of thebaine in Papaver bmctean:em
(1.8, Reports, ST/SOA/SER. J/3; October 16, 1_973) and starts with
Papover bracteatum plant material that is air dried and powdered. He
then extracts four times with progressively smaller amounts of
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MeOH/NH41OH (98:2), collects the scparated supernatant, concentrates
the supernatant by evaporation, dilutes the concentrate with acetic acid,
cools, filters and washes the filter with additional acetic acid. The
filtrates are combined, made basic with NH:OH, extracted three times
with CHCI3, and the combined CHCl3 extracts are evaporated to
dryness. The thebaine thus produced is then ready for chromatagraphic
analysis.

Caldwell describes another assay procedure for determination of
thebaine in Papaver bracteaturn which is similar to Fairgbairn’s
procedure in that both use 2 MeOH/NH4OH (98:2) extractant. Caldwell
merely agitates plant material with MeOH/NH4OH extractant for
20 minutes with occasional ultrasonification, separates by centrifuge,
and then analyzes samples of the liquid layer for thebaine content by
liquid chromatography.

According to the present invention we now provide a process for
extraction of thebaine from Papaver brocteatum which comprises
contacting Popaver bracteatum plant material in particulate form with
an extraction solvent comprising methanal, 5 to 155 by weight of water
and sufficient of a weak base to free that, portion of the thebaine which is
apparently bonded to an acidic substrate in the plant tissue, while
maintaining a temperature below 50° C.

The process of the present invention provides great improvement
over previously known processes, particularly with regard to process
efficiency and purity of product. In addition, the present process
eliminates many of the disadvantages of the previously known processes
with respect. to material handling, occupational safety and health of
personal operating the production facilities, and envircnmental
exposure.

The process of the present invention utilizes, in a preferred
embodiment, simultaneous grinding and extraction of plant materials,
including the capsules and, optionally, the uppers stems of Popaver
bracteatum. The extraction stage is preferably run countercurrent,
thereby reducing problems of solvent handling and recovery, and also
permitting the use of smaller, vessels. Extraction efficiency can approach
99 and overall yielde of pure product can exceed 80%. A flow diagrem
of a preferred embodiment. of the overall process is shown below.

Preferably the Papaver bracteatum plant material in particulate
form is of a particle size of less than 1.25 mm. diameter, and the process
further comprises forming a thebaine sale solution by acidification of
the thebaine resulting form the contacting to a pH of 4-7 with a dilute
aqueous acid having a pKa of 5 or less, filtering acid-soluble impurities
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aut of the solution, tuntacting the filtered solution witl_] activated
charcoal, removing the charceal, adjusting the pH of the solution toabout
9-10, and separating the thebaine thus precipitated.

Capsuies
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I 1 5 Liguid phase
Hz0. NHsOH ——) {Extract: filter} -
Make-up McOH I_N 3 quullf.l phase
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¥
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A preferred embodiment of the process of the present invention will
now be describad.

The process utilizes countercurrent batch extraction of thebaine from
plant material and simultaneous grinding and leaching. The Papaver
bracteatum is ground in a liquid medium to a particle size of less than
1.25 mm in diameter using a high-intensity mixer which cuts and shreds
the plant tissues while temperature is maintained below 50° C. At the
same time, the high degree of turbulence promotes rapid mass transfer
of thebaine form the interior of the plant matter to the surface and across
the liquid film boundary into the body of the extraction liquid. The health
and explosion hazards encountered are avnided by this wet-grinding
procedure.

The extraction solvent is methancl. A small concentration of weak
Pase with a pKb 1.4-5 is added to free that portion of the thebaine which
is apparently loosely bonded to an acidic substrate in the plant tissue.
A.mmonia and calcium hydroxide are preferred. Extraction efficiency is
significantly improved by the inclusion of 5% to 15% water in the
solvent mixture, in accordance with the invention The extraction js
preferably performed as a batch, multi-stage (e.g. three-stage), counter-
current extraction.

The thebaine is isolated in semi-pure form by transferring inte an
aqueous medium as the sulfate salt, filtering out acid-insoluble
impurities, and precipitation with base.

Final purification is usually achieved by redissolving the thebaine
in dilute sulfuric acid, treating with activated charcoal, and
reprecipitating with base. The pure thebaine is isolated by filtration. If
necessary, ultra-pure thebaine is obtained by redissolving in dilute acid
and repeating the charcoal treatment.

The accompanying drawing summarnizes one embodiment of the
process of the present invention; “Celite” and “Darco” are registered Trade
Marks.

Referring to the accompanying drawing the process is operated as
follows (all parts and percentages are by weight unless stated
otherwise): :

Step 1

The plant parts are previously field- or kiln-dried to contain less
than 20% water. The capsules, with seeds removed, and, optionally,
the upper portion of the stem are charged to a high-intensity mixing
vessel, such as an industrial laboratory blender, equipped with a jack-
eted container for removal of mechanical heat by water cooling, or a
similarly constructed production size vessel, such as a Daymax® mixer.
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The mixture is maintained at a temperature below 50° C. Three to six
parts by weight of selvent consisting essentially of methanol and 0.1%
to 2% of a base, preferably ammonium or caleium hydroxide, are added.
This solvent also contains 5-15% water. To increase operation efficiency
and overall economy, this solvent will have been used in the second
extraction of a previous batch of capsules and will contain about 0.3 to
0.5¢% thebaine. This mixture is stirred for about § to 25 minutes,
preferably about 15 minutes, to ereate a shurry during which time the
plant matcrial will be reduced in particle size so that it passes a
10-mesh sieve (U.S. Series #10 screen; 2 mm opening) with most of the
particles being less than 0.5 mim in size. After initial size reduction in a
high intensity mixer, the resulting slurry is pumped through an in-line
wet pulverizer or disintegrator fitted with a screen with 0.5 mm to 1.25
mm diameter perforations. This will assure that no particles above such
diameter will survive. This is particularly important because after
extraction, smaller particles hold substantially less residual thebaine
than larger particles. The slurry is then passed to a basket centrifuge
or filter to separate the partially exhausted, ground plant material from
the solvent.

Step 2

The filter cake from Step 1 is recharged to the mixing vessel where
it is combined with wash liquor from the previous batch. Makeup water,
base, and alcohol are added to give the concentration renge specified
above. The mixture is agitated as before for § to 25 minutes.
Substantial additional thebaine is extracted even though there is
relatively little size reduction. Optionally, the slurry can be passed
throngh the pulverizer as before and filtered. This filtrate is set aside to
gerve as the initial extraction medium for the next batch of capsules.

Step 3

The resulting pulp or mare is given a final wash in a mixing vessel
for 2 to 10 minutes with 3 to 6 parts of methanol per part initial dry
capsule charge. The slurry is again filtered and wash serves as part of
the extraction medium for the second extraction of the next batch of
capsules to be processed. The exhausted plant material now contains
less than 0.2 parts thebaine per 100 parts of dry marc The recovery
based on 4% thebaine in the initial charge is over 95%. The wet cake
can be dried to recover methanol, it can be incinerated to take
advantage of its high fuel value; or the wet or dried cake can be
composed.
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Step 4
The extract from Step 1 is acidified to a pH of 4 to 7, preferably 4 to
4§ with dilute acid, preferably sulfuric acid and is filtered to remove
precipitated ammonium or calcium salts and any finely divided plant
material.
Step 5
The methanol is removed by vacuum distillation, preferably in a
fractionating column. Al or a portion of the heat and the water needed
to replace the methanol may be added by direct injection of steam. Water
15 added to provide a dilution of about 50 parts water per part of
expected thebaine and the pH is adjustad to within the rage of 2.0 to 4.0
by the addition, if necessary, of a water-soluble acid having a pKa of 5.0
of less.
Step 6
Diatomaceous earth filter aid is added in the amount of 1 to 5 parts
per 100 parts of solution, and the solution is filtered to remove
acid-insoluble pigments.
Step 7
Semi-pure thebaine is precipitated by adjusting the pH to 9 to 10
with the addition of an aqueous base such as an alkali metal hydroxide
or ammonium hydroxide. A 10% solution of sodium h ydroxide is
preferred.
Step 8
The thebaine is collected on a filter and washed with a little water,
Step 9
The wet thebaine is dissolved in an aqueous acid having a pKa of
5.0 or less, such as sulfuric acid, at a pH of 3 to 5. A PH of 4.0 is
preferred. Water is added to give a strength of about 50 parts water per
part thebaine.
Step 10
One-half part of activated charcoal, such as Darco® G-60, per part
thebaine is added to absorb the remaining impurities. The mixture is
stirred for 10 minutes to 30 minutes. Fifteen minutes is preferred.
One-half part diatomaceous earth filter aid per part thebaine is
advantageously added and dispersed, and the solution is filtered.
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Steps 11-13
The pH of the filtrate is adjusted to 9 to 10 as in Step 7. The
precipitated thebaine is collected, washed with water, and dried. The
ubove purification may be repeated if necessary to produce thebaine of
very high purity, greater than 99%.

EXAMPLE 1
Extraction of Crude Thebaine from Papaver bracteatum

The following materials were charged to a Waring Blender®
equipped with a jacketed, stainless steel mixing chamber.

100 parts P. bracteatum capsules assaying 3.5% thebaine
366 parts methanol

46 parts water

3.6 parts conc, ammonium hydroxide.

The mixture was blended at high speed for 15 minutes with cooling
water flowing through the jacket to absorb mechanical heat. The shirry
waas centrifuged and the filtrate saved. The centrifuged cake was repulped
in the blender for 15 minutes with an identical second batch of sclvent
mixture, again centrifuged, and then repulped a third time in 450 parts
of methanol. After a final centrifugal filtration, all the filtrates were
combined.

The damp filter cake was vacuum dried at 60° C. The dry cake
weighed 74 parts and analyzed as containing 0.04% thebaine. A
calculation shows that 99% of the original thebaine was extracted.

The combined filtrates weighing 1061 parts were acidified to a pH
of 4.5 with 16.3 parts of 25% H2504 and evaporated in vacuo to recover
methanol while simultaneously adding 300 parts of water. The aqueous
residue was acidified to pH 2, and filtered through diatomaceous earth
to obtain a clear amber solution. Acid insoluble residue and alkaloids
amounting to 1.69 parts were removed in the filtration.

The pH of the solution was adjusted to 9.5 by the gradual addition
with stirring of 17.2 parts of 10% NaOH thereby precipitating crude
thebaine. The solids were collected on a filter and dried to a weight of
3.143 parts, which assayed as 92.3% thebaine. The overali calculated
yield was B3% based on the content of the original capsules.
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EXAMPLE 2

The following marerials were charged to a Wering Blender® and
stirred at high speed for 15 minutes at 32° C to 34° C.

100 parts P, bracteatum capsules assaying 3.5% thebaine
356 parts methanol

48 parts water

2 parts calcium hydroxide.

The slurry was centrifuged, then re-extracted twice more with
identical mixtures of fresh solvents and calcium hydroxide. The
combined filtrates were acidified to a pH of 4.5 with 4.6 parts of 25%
H280)4, concentrated under vacuum while adding 300 parts of water,
filtered through diatomaceous earth to remove 0.6 parts of solid
Impurities, and adjusted to a pH of 9.5 with the addition of 6.4 parts of
10% NaOH. The resulting crude thebaine, after collecting on a filter
and drying, weighed 3.09 parts and analyzed as 98% thebaine. The
calculated overall yield is 86.5%.

The dried pulp weighed 81 parts and analyzed as 0.13% thebaine.
It is calculated that B7% of the thebaine was extracted from the
capsules.

EXAMPLE 3
Countercurrent, batch extraction

To a Daymax® high intensity mixer were charged 4.55 parts of
capsules of E bracteatum poppy (assaying 3.5% thebaine), 16.84 parts
filtrate (analyzing 0.17% thebaine) from the second extraction of a
previous batch of capsules, and 1.36 parts of make-up methanol. The
mixture was mixed for 15 minutes at 13% C to 15° C then discharged
through a Rietz disintegrator for further size reduction and centrifuged.
The partially extracted poppy meal was next re-extracted for
15 minutes with 17.18 parts of wash liguor form the third extraction of
the previous batch of capsules containing trace quantities of thebaine,
plus 1.18 parts of additional water and 0.64 parts of concentrated
aqueous ammonia, and centrifuged. For a final extraction, the pulp was
mixed with 15.9 parts of pure methanol, centrifuged, and rinsed in the
rotating centrifuge with 2.27 parts of fresh methanel, 6.23 parts of wet
pulp, which dried to 2.95 parts and analyzed 0.15% as thebaine, was
recovered. A calculation shows that 97% of the original thebaine in the
capsules was removed,
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EXAMPLE 4

Ten parts of crude thebaine, prepared as in Example 1 and
nnalvzing 92% pure, was added to 916 parts of water in a beaker, 6.5
puris of 25% sulfuric acid was then added. After stirring briefly, a clear
umber solution of the sulfate salt of thebaine was obtained. Filter acid
und Darco® G-60 decolorizing charcoal were added. The mixture was
stirred 15 minutes and filtered. The filtrate was made alkaline to
pH 9.5 by the slow addition of 10% NaOH. The resulting precipitate
was collected on a filter, washed with a little water and dried.
H.79 parts of nearly white product, which exhibited a melting point of
194° C indicating a purity of over 98%, was obtained.

Extraktion von rohem Thebain aus Papaver bracteatum
DE 2808905

BEISPLEL 1

Die folgenden Materialien wurden in einen WaringMischer gegeben,
der mit einer ummantelten Mischkammer aus nichtrostendem Stahl
versehen war:

100  Teile B bracteatum-Kapseln mit 3,5% Thebain
366 Teile Methanol

46 Teile Wasser

3.6 Teile konzentriertes Ammoniumhydroxyd

Das Gemisch wurde 15 Minuten bei hoher Geschwindigkeit
gemischt, wahrend Kiithlwasser durch den Mantel geleitet wurde. um
mechanische Warme zu absorbieren. Die Aufschlammung wurde
zentrifugiert und das Filtrat gewonnen. Der beim Zentrifugieren
erhaltene Kuchen wurde im Mischer erneut 15 Minuten mit einer
gleichen zweiten Charge des Losunpsmittelgermisches angeteigt, erneut
zentrifugiert und dann ein drittes Mal in 450 Teien Methanol
aufgeschlammt. Nach einer abschlieflenden Filtration durch
Zentrifugieren wurden alle Filtrate verelnigt. Der feuchte Filterkuchen
wurde im Vakuum bei 60" C getrocknet. Der trockene Kuchen wog 74
Teile und enthielt laut Analyse 0,04% Thebain. Eine Rechnung ergibt,
dsB 99% des urspriinglichen Thebains extrahiert worden waren.
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Die vereinigten Filtrate in emer Menge von 1061 Teilen wurden
mit 13,6 Teilen 25%iger H2S04 auf pH 4.5 angesauert, zur
Riickgewinnung des Methanols im Vakuum eingedamp, wihrend
gleichzeitig 300 Teile Wasser zugesetzt wurden. Der wassrips Ruckstand
wurde auf pH 2 angesiuert und durch Diatomeenerde filtriert, wobei
eine klare, bernsteinfarbene Losung erhalten wurde. Ein in Siure
unloslicher Riickstand und Alkaloide, die It 69 Teile ausmachten, wurden
bei der Filtration entfernt.

Die Losung wurde auf pH 9,5 eingestellt, indem 17,2 Teile 10%iges
NaOH allmihlich unter Ruhren zugesetzt wurden, wodurch rohes
Thebain ausgefallt wurde. Die Feststoffe wurden abfiltriert und bis zu
einem Gewicht von 3,143 Teilen getrocknet. Die Analyse ergab 92 39,
Thebain. Die berechnete Gesamtausheute betrug 83%, bezogen auf den
Thebaingehalt der urspriinglichen Kapseln .

BEISI'LEL 2

Die folgenden Materialien wurden in einen WaringMischer
aufgegeben und mit hoher Geschwindigksit 15 Minuten bei 32° bis 34°C
geriihrt:

100 Teile Kapseln von Pbracteatum, 8,5% Thebain
356  Teile Methanol
48 Teile Wasser 2 Teile Calciumhydroxyd

Die Aufschlammung wurde zentrifugiert und dann noch zweimal
mit gleichen Gemischen aus frischen Lésungsmitteln und
Calciumhydroxyd extrahiert. Die vereinigten Filtrate wurden mit 4,6
Teilen 25%iger H2S04 auf pH 4,5 angesauert, unter Vakuum eingeeng
wihrend 300 Teile Wasser zugesetzt wurden, zur Entfernung von 0,6
Teilen fester Verunreinigungen durch Diatomeenerde filtriert und durch
Zusatz von 6,4 Teilen, 10%igem NaOH auf pH 9.5 eingestellt. Das
erhaltene rohe Thebain wog nach Isolierung auf einem Filter und
Trocknen 3,09 Teile und enthielt laut Analyse 98% Thebain. Die
berechnete Gesamtausbeute betrug 86,5%.

Der getrocknete Rickstand wog 81 Teile und enthielt laut Analyse
0,18% Thebain. Eine Rechnung ergibt, dafl 97% des Thebains aus den
Kapseln extrahiert worden waren.
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BEISI’LEL 3
Chargenexiraktion im Gegenstrom

In eien Intensivmischer “Daymax” wurden 4,55 Teile Kapseln
der Mohnsorte P bracteatum (laut Analyse 3,5% Thebaine), 16,84 Teile
Filtrat (laut Analyse 0,17% Thebaine), aus der zweiten Extraktin einer
wvorherigen Chartge von Kapseln und 1,36 Teile Methanol zur Erganzung
pengebe Das Gemisch wurde 15 Minuten bet 13° bis 157°C durchgemischt,
dann zur weiteren Zerkeinerung durch einen Rietz-Zerkleinerer
nusgetraben und zentrifugiert, Das teilweise extrahierte Kapselmehl
wurde anschlieBend erneut 15 Minuten mit 17,18 Teilen Spurenmengen
von Thebain entheltender Waschiliissigkeit aus der dritten Extraktion
tler vorherigen Charge von Kapseln, 1,18 Teilen zusatzlichem Wasser
und 0,64 Teilen konzentriertem wiissrigem Ammoniak extrahiert und
zentrifugiert. Fiir eine abschlielende Extraktion wurde der Riickstand
mit 15,9 Teilen reinem Methanol gemischt, zentrifugiert und in der
laufenden Zentrifuge mit 2,27 Teilen frischem Methanol gespult. 6,23
Teile nasser Riickstand, der auf 2,95 Teile getrochknet wurde und laut
Analyse 0,15% Thebaine enthiclt, wurden gewonnen. Eine Berechnung
zeigly, daB 97% des urspriinglichen Thebains in den Kapseln entfernt
worden waren.

BEISPLEL 4

LO Teile rohes Thebain, das auf die in Beispiel 1 beschriebene
Weise hergestellt worden war und dessen Analyse eine Reinheit von 92%
ergob, wurden zu 916 Teilen Wasser in einem Becherglas gegeben. Dann
wurden 6,5 Teile 25%ige Schwefelsiure zugesetzt. Nach kurzem Riihren
wurde eine klare bernsteinfarbvene Lisung des Sulfatsalzes von Thebain
erhalten. Dann wurden Filterhilfsmittel und Entfarberkohle “Darco G-
607 zugesetzt. Das Gemisch wurde 15 Minuten gerithrt und filtriert.
Das Filtrat wurde durch langsame Zugabe von 10%igem NaOH bis pH
9.5 alkalisch gemacht. Die hierbei gebildete Fallung wurde abfiltriert,
mit wenig Wasser gewaschen und getrocknet. Hierbei wurden B.79 Teile
eines fast weilen Produkts mit einem Schmelzpunkt von 194°C, der eine
Reinheit von memr als 89% anzeigte, erhalten.
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Papaver Sommniferum Strain with
High Concentration of Thebaine and Oripavine
by Anthony John Fist: Christopher James Bymie and Wayne Lvle Gerlach

Thereis disclosed an improved Poppy straw of a stably reproducing
Papaver somniferum for the extraction of thebaine and/or oripavine, the
threshed straw having thebaine and oripavine constituting about 50%
by weight or greater of the alkaloid combination consasting of morphine.
codeine, thebaine and oripavine...

Recovering thebaine and/or oripavine from either the dried straw

or from the opium of Pepaver somniferum is a process well estahlished
in the art. Until now, thebaine has been extracted from this plant as a
part of the process of extracting morphine and codeine. In one pracess,
the straw is treated with a small amount of lime and water to soften the
capsules and to form a free base of the alkaleids. Countercurrent
extraction of the softened straw with methanol, cthanol or other
suitable solvent forms a solvent/water extract or “miscella” containing
the alkalmds, with morphine at a concentration of about 1 g/Lwhere the
straw i from standard Papaver somniferum. The volume of the miscella
is reduced about 30 x under vacuum to produce an aqueous concentrate.
Thebaine is extracted from aqueous concentrate using a liquid/liquid
extraction with toluene, adjusting pH for the best separation of thebaine.
The thebaine is recovered from the toluene. OF course, recovering
thebaine from the improved Papover somniferum provided herein will
be facilitated by the fact that the concentration of the thebaine in the
miscella will be much higher than that of other alkaloids and thus ean
be more easily collected by precipitation. Also, in the substantial
absence of morphine and codeine. the thebaine might be directly
extracted from the straw using toluene. 1n the case of oripavine, it has
not been separately recovered on a eormmercial scale, however, oripavine
may be recovered from an aqueous concentrate by adjusting to basic pH
and extracting with organic solvent such as toluene, The oripavine will
remain in the aqueous layer and the thebaine will be found in the
organic solvent. The oripavine can then be recovered from the agqueous
phase by adjusting the pH to precipitate the oripavine.
Source: US 6.0167.749 References: Aceta Pharmzcentiva Nordicz, vol. 4(1). 1992, Wald.
TK.etal. pp. 31-34. “Increase in thebane content of FPapuver bracteainm Lindl. after colchi-
cine treatment of seeds™.: Planta Medica, vol. 46(4). 1983, Niclsen B. o1 al, pp. 205-206.
“Onpavine-A New Alkaloid” Hercditas. vel 93(11. 1980, Nymam U pp. 121-124, * Selec-
uon far high thebame/low morphine content 1n Peapaner sapmufcriem L. Hereditas, vol
89(1). 1978. Nyman U, pp. 43-50. “Selection tor high thebane/low morphine content (cpv.
Morph: The) in Papaver semmiferum 17,
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MORPHINE

Discovery and Chemical Properties
by Lyndon E. Small and Robert E. Lutz

In 1803 Derosne (1), by extraction of opium with watt?r and
precipitation of the extract with potassium ca!rbm:ate. obtamed_ a
piystalline substance which he named “salt of opium, He observ_ed }ts
anjubility in acids and precipitation by bases, but failed to recognize its
lusic character. Sertiimer (2) believed that Derosne’s salt of opium was
morphine acid meconate: Pelletier (3) and Robiquet (4) (5) considered it
Lo have been narcotine.

in a little-noticed paper (6) (7) (B) the pharmacist Sertumer, of
Einbeck in Hannover, deseribed the
1solation of the pure base in 1805.
In later papers (2} (9)(10)(11) (1817)
he again called attention to his
discovery of a vegetable base which
was capable of neutralizing acids
nnd forming salts. The publications
aroused immediate interest, and
Sertiimer's results were verified by
Robiquet (12} (13) within the same
year.

Pelletier (3) points out that his
compatriot Seguin, in a report
before the Academy of Sciences in

1804 descrihed the isolation and ) X
properties of morphine and even suggested its basic nature. This paper
was first published in 1818 (14).

Further researches by Robiquet (15} (16), Pelletier(3)(17), Couerl_)e
(18), Duhlanc (19) (20}, Duflos (21}, and Robinet (22) Tesulfjed in
improvement in the methods of separation, as well as the isolation, of
new substances (narcotine, narceine, meconin, ete.). )

Pelletier (3) investigated the colored material formed in the
reaction between ferric chloride and morphine. He isolated a clolored
crystalline substance which he called iron morphite. He a.lso s_tudled the
action of iodine and chlorine on morphine (23). Determinations of the
hydrate water and acid equivalent of morphine were carried out by
Robiquet (15} { 16). Choulant (24) (25) prepared and analyzed 4 number
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of salts; Serullas (26) investigated the action of 1dic acid, an

determined its sensitivity as a reagent for morphine. Robinet (22} noted

the solubility of merphine in lime water, but did not realize its phenoli
nature.

The first elementary analyses by Liebig (27} (1831} gave morphine
the formula C34H3606N2. Regnault (28) (29) found values for CasH40

08IN2. (Cf. Dumas (35), Pelletier (36).} In 1847 Laurent (30) publishe

the formula C34H3806N2, corresponding to the now accepted formul :

C17H1903aN. Raoult (31) found a molecular weight in acetic aci

corresponding to (C17H1903N)2. Later determinations by Eykman (32)
and Von Klobukow (33) showed the simple formula te be the correct one.

(See also Bertrand and Meyer (34).}

Table of solubililies
[Grams of morphing hesa £n 100 g, solvant]

Solvent Boludility Obsgrenr
Wabter e 001 {i0°), D.U4 {#F), 0.08 0135 | Chpataing (74).
2‘11) (uJ ), 0217 Eogc?i LTy
DO - = ((x] oz s - | Dufior €21).
- - e o ?;’"'ll" ('Jb)
wWater) saturatad wilk athar - 7 Dosd | iR
Ether satursted with wnuL 000 _ _ _ Da, 3
u:g_ W lie of nmﬂ {balling) Il\'mar.-utt .
Elber (absoly Doy 07 Hete g
Aleohol 759, | o223 oy 108 78y Do. 5
Alcobol 0055, _ 0.377 {10 6%), 3.09] (3 Do 5
1132 (10.8%), B,621 Do, 3
‘lj.gs‘ﬂos iﬁiﬁﬁ (58" v I:l} 3
.20 {col ol . Freecott {75
ol.IJng') 28 (ﬂ“) i’ Fnhny I L
o e K?J?le ().
. vl 43 er (76).
Ol {c Id) Hurg (Sg?
0.025 (bolling), _ FTescotl {Th).
D &0 9. -l") 1235 [56“) aaﬂ: {78).
Ch]orel‘orm+m% aleohol LY A— Burg rss;.sj-
Clrl]))on tatrachlorida [} ﬁ? a7 Behindelmaizer (82).
0. it “ 3 --.| Maller .
Benzene 7| 030 (.6 Z| Flurta :g?

Do 0.01] {bol Dx) - 1 {38).
Anialgﬁ" = 06 fo- <}, 095 (mr) 490 (150%) Foutoet (3
Nitrobenizons D51 £30°), 15 (boillng) Eabto oy
Fetrolaum ether.. 0088 . _ s - | Miiller (76).
Oliveoll 000 _ - . ——-| Pettenkofer {53).
Ammona 0.] N, oo | DEOAS (BT . % -| Helduachica (54
Ammenla 0.2 N 0.123 25‘}, e ey e Do, (1.
Ammonla N S S LONTLORT):. S T : Do
Ammonla, & gr 087 .. SN |15 O ~ - | Dnflos {21)

Morphine is obtained from opium, the dried juices which exnde from
the scratched unripe seed-capsules of the opium poppy, Papaver
somniferum. The amount of morphine present in opium varies between
wide limits; m a good grade of opium it averages 10%, although samples
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gontaining over 20% have heen reported. (For a full discussion see
Jermstad (37).) Poppy seede are alkaloid-free; morphine is first
detectable in the plant 36 days alter sprouting of the seeds (38}

Morphine crystallizes from dilute alcohol in small rhomhic prisms

i 18). often having the appearance of needles (49); crystal measurements

hiave been published by Brooke (50), Schabus (51), Rammelsberg (52),
1 ang (53), Decharme (54), and Wherry (55). The hydrated crystals have
the specific gravity 1,317 to 1.326 (56), (1.32 (55)). The refractive indices
were found by Kley (57} (58) to be 1.63 and 1.62; Keenan (59) gives n/D=
1.580; Wright (60} and Wherry and Yanovski (55) find n/D: c=1.580,
[\= 1.625, y= 1.650 (1.645}). The base usually crystallizes with one
molecule of hydrate water, which is lost at about 100° (61) (62). The
anhydrous substance melts at 247° to 248° (2537 to 254° corr.) (63} with
decomposition.

Morphine sublimes crystalline at temperatures between 150° and
200° (64) (65). Vacuum micro-sublimation methods for identification of
the alkaloid are described by Tunmann (66} and Heiduschka and Meisner
167). Krafft and Weilandt (68) observed smooth sublimation in high
vacuum at 191° to 193°. (Cf. Kempf (63).) Morphine has been shown
present in the smoke from the upium pipe (69)

Methyl aleohol (55) (70) or amyl alcohol (71) are recommended for
recrystallization; from anisole the base crystallizes in anhydrous prisms
(72). Tt is very slightly soluble in alkali carbonates, readily soluble in
alkali hydroxides (73), sparingly in alkaline-earth hydroxides (74).
Ammonia precipitates the base crystalline from solutions of its salts with
acids; it is somewhat more soluble in ammonia than in water. The
solubilities of morphine in various media are tabulated below. It should
be noted that the state of aggregation influences the sclubility of the
alkaloid markedly; amorphous or freshly precipitated it is said to be
many times more soluble than when crystalline (75).

Morphine is levorotatory, lc:[23/D = -130.9°, in methyl alcoholic
solution (C=2.292) (70); laID = -131.7° (methyl aleochol, p =1) (55); in
aqueous solution as the sodium salt, [o]22.5 = -70.23° (p=2) (85) (cf.
Bouchardat (86)). For morphine hydrochloride (hydrated) Hesse (85)
found [e]15/D = -99.54° {p=1), and for the hydrated sulphate, the same
value. The rotatory power decreases with increasing concentration of
the solution. Tykociner (87) reported values for a large number of salts,
all in the neighborhood of [¢]D = - 1287; for the base he gave [¢|D=-140.5°
{absolute alechol, p = 0.25 to 0.45)

The absorption spectrum has been studied by Hartley (88} and
Kitasato (89), that in the ultra-violet by Brustier (90), and Steiner (91).
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Gompel and Henri (92} compared the ultra-violet absorption spectra
morphine, codeine, and apomorphine with that of phenanthrene. Meyer
(93} examined the absorption by the colored solution of morphine in
Erdmann's reagent (sulphuric-nitric acid).

The heat of combustion of morphine hydrate is 21452 Cal. at
constant volume, 2146.7 Cal. at constant pressure; the heat of hydration
is 3.6 Cal. The heats of reaction of the base with a number of acids and
with alkali have also been determined (94) (95).

Morphine is a monoacid base, whose salts react neutral to litmus or
methyl orange. The free base turns litmus blue (95}, and red heliznthin
to yellow; in aqueous solution it does not affect phenolphthalein, but
when water is added to an alcoholic solution of morphine containing

Color and precipiialzen reaclions

Rengant Reagtion Obsarver
Robiguet's test, Farrin chloride _ ‘neep blun dlsn.ppmrlnunnwnrmlmor with | Pollatier {LT).
Nurlesoid, {ap.gr. 1420 .. “ilh sollﬂ bm or naltz, Ini Duflos {21).
oolor, destrpyed by rllum thioaulp
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Ni Reagent ndfod L0 o wirin solution of tha | Erdmenn (124), Huse-
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arke
Terchiorlo eo Un l:astl.ng. Flolet, becoming brown__ _._ Fraude {120
Potassinm pem‘hlnmu Tree from | R o buse in oo HE0g | Grove ual,). Biabold
chlorate, browp. c._‘,‘ Ruwnl.hnlur [(ES 1133).
Indine in potassinm indids solu- | Brown Gryal. precip e e .| JOUgoOsen (125), Wag-
tion (Wmer‘s:eaumt) ner (1)
Brominswaler. . ______ | Bofl golution of morphine nalt with on excese | Flloart (135,

ol reagent, veulrallza with CaCOs, and

—__—

volor and prenjaianon rsmiieye

Renguat 1

Yamsin oc piperonal ‘

h i1 mestate or Teric scetate
wde
"lnw’!lni

nfdmfarmci'unlcm‘hl, hydroter-
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Obsarver
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with s few drops of 0.5V HafQ; oo stsam;
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Addd morphing sall 10 reagent ansl warm; per-
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Apomorphine glves orange color, prher
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1 ‘1 ng, In 3 B
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Van ifallls and Biesn-
haner {140)

Aloy {152).
Elksrt (153),

Cn.rr)lhlng and Broon

(l-'!rJ. P%mnd {138).
F.'::;:':E:E‘&é!f"’-
Raichard (142).

Ta. (lag). |

Jorizsan (141),
Ekiert (163).
Fleary (104).
H (1853
R:ﬁ!"l;ard LER)_

Duflos (20, Nadler
{167}, Lindo (16%)
Ullear (160).

Davia (10,

phenolphthalein, a rose color appears. The phenolic hydroxyl of
morphine is sufficiently acidic to turn Poirrier's Blue (C4B) reddened by
alkali to violet (94). The pH value for morphine salts averages 4.68;
methyl red should be used for titrations involving morphine (96) (97)

boil; BHEhL rer), scwdive 1:1,200
Chlorine waler . ... mnn-j'n!]uw golor; _cMdlition "ol NE(OH Muerma ng’ Flilck-
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| ()n hcal.inx,
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| Donatt (140), Tatter-
Ball (147).
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.| Beoneiner (143),

(98} The iscelectric point for morphine lies at pH 8.96 (Kolthoff (99)
1100), but the base shows its minimum solubility in the range pH 8.4-9.4
1101). For titration methods and use of indicators see further refs. 102-
113 (not a complete bibliography of the subject).

A large number of color and precipitation tests for morphine have
been described; in the Lable are given the most important, and those
having especial historic interest.
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1) Robiguet, §. Pharm. (1) 17. 637 (1831)

33 Robiquet, Ann. 2, 267 (1832).

4 Sestisrner, Trommsdorff's Jouraal der Pharmazie 13, (1) 234 (1805}
11 Suniiirner, TrommsdorfTs Journal der Pharmazie 14. (1) 47 (1806).
(K3 Sertormer. TrommsdorfT's Journal der Pharmazie 20 (1) 99 (1811}
M) Serturner, Gilbert's Ann. der Phvsik 55. 56 (1E17).

1 114 Serturner. Galbert's Ann. der Physik 57,192 (1817}

111} Sertumner, Gilbert's Ann. der Physik 59, 5G (1818).

1121 Robuguet. Ann. «him. phys. (2} 5, 275 (1817)-

111 Robiguet, Gilbert's Ann. der Physik 57. 163 (1817).

{14) Séguin. Ann_ chum. 92, 225 (1814).

{151 Robiguet, Ann. chim. phys. (2) 51,225 (1B32).

t16) Robiquet. Ann. 5, 82 (1833).

{17} Pelletier, Ann. 5, 150 { |B33).

{18) Couerbe, Ann. chim. phys. (2} 49, 45 (1832).

119) Dublanc, Ann_ 3. 121 (1832).

t 4 Dublanc, Ann. 4, 232 (1832).

121) Duflos, I. Chen. Phys. (Schweigger-Seidel) 61, 105 (1831).

| 123 Robinet, J. Pharm. (2} 13. 24 (1827).

| 13) Pelletier, Ann. chim. phys. (2) 3. 164 (1836).

(24) Choulant, Ann. der Physik (Gilbert} 59, 412 (1818).

| 15) Choulunt, Ann. der Physik (Gilhen) 56, 342 (1817).

126) Serullus, Jahresber. Fortschr. phys. Wiss. {Berzehus) 11. 238 [l_83| )
|*7) Lichig Ann. der Physik (Poggendorff) 21, | (1831) Ann. chim. phys. (2) 47, 147
{1831},

{28) Regnault, Ann. chim. phys. (2) 68. 113 (1838).

{29) Regnaull, Ann. 26, 10 (1838).

{30) Laurent, Ann. chim. phys. (3} 19, 359 (1847).

(31} Raoul, Ann. chim. phys. (6} 2. 66 (1E84).

(32) Eykman. Z. phys. Chem. 2,964 (1888}

{33) Von Klobukow, Z. phys. Chem. 3. 476 (1889).

(34) Bertrand and Meyer, Ann chim. phys. (8) 17, 501 (1909).

(35) Dumas and Pelleticr, Ann. chim. phys. (2] 24, 163 (1823).

(136) Pelletier and Caventou, Anu. ehim. phys. (2) 12, 113 (1819}
{37) Jermstad, Das Opium (Verlag Hartleben, Waen. 1921).

(38) Kerbosch. Arch. Pharm. 248. 536 (1910).

(39) Charbonnier. J. pharm. chim. (4) 7, 348 (1868}

{401 Drapendorff. Die Heilpflanzen, p. 249 (Enke, Stungan, 1RO8).
{41} Baudet and Adrian, Pharm. Zig. 34, 23 (1889).

{42} Ladenburg. Ber. 19, 783 (1886).

(43) Wilhamson, Chem. Ztg. 10, 20, 38, 147, 238, 491 (1886}

(44} Dieterich, Pharm. Zeit. Russ. 27, 269 (1888).

(45) Hesse, Arch. Pharm. 228, 7 (1890).

(46) Hesse, Ann. suppl. 4, 50 (1865-66).

(47) Hesse, Ann. 140. 145 (1866).

A sensitive biological test is described by Hermann (171), wherein
as little as 0.01 mg. of morphine injected subcutaneously on the back of
a white mouse causes the mouse to lay its tail up over the back. (Straub
test.)

Quantitative determinations of morphine in opium, as well as for
forensic purposes have been described in great number. These depend
mostly upon isolation of the morphine itself (Dieterich (172), Pape (173},
upon its precipitation quantitatively by some reagent as Mayer’s (see
Heikel (174), Ionesco-Matiu (175), or Wagners (Prescott and Gordin
(176)), and upon its reducing action, as in Kieffer's (177) ferricyanide
method, or in the iodic acid method. Colorimetric determinations using
iodic acid or Marquis’ reagent are described by Heiduschka ( 178), Miller
(179), Stein (180), and Van Itallie (181). For a critical discussion of
methods of estimation see Taylor (182) or Schmidt (183).

MORPHINE SALTS

MORPHINE: (B=C17H1903N}.

—HYDROCHLORIDE: B» HCI=3H20, silky needles from water (29);
cryst. anhydrous from aleohol; m. p. 200°. [¢]25/D=—111.5° (C=2.240}
(703, cf: Hesse (85) (263). Sol. in 17.5 parts water 25°, 0.5 parts at 100%
41.5 parts alcohel 25°, 37 parts at 60°; (anhydrous) in 51 parts methanul
at 15° sol. in 19 parts glycerine, insel. in ether or chloroform. The
hydrated salt loses its crystal-water in vacuum or on drying at 100° (264)
(265).

—HYDROBROMIDE: B=HBr+2H20, tufts of long white needles
from water; loses its crystal-water at 100° (271). Crystallizes anhydrous
from alcohol. [o:]15/D= —100.4° (C=2.49) ( 70). Soluble in hot water, spar-
ingly in cold.

—SULPHATE: B2H28504+5H20, white needles (radiating tufts of
flat-ended prisms, illustration (49)) sol. in 23 parts cold water, 15.5 parts
at 25°, (.7 parts at 80%; soluble in 452 parts aleohol at 25°, 192 parts at
60°; insol. in chloroform, ether (29) (36) (282). At 110° it loses 3H=20, the
remaining 2H20 at 1807 with partial decomp. Thermochemistry, Leroy
(94). n/D-1.545 (59).

Bibhography (Morphinc)
(1) Dcrosne, Ann. chim. 45, 257 ( 1803).

(2) Sertirmer, Ann. chim. phys. {2} 5. 21 ([817)
(3} Pelletier, Ann. chim. phys. (2} 50.240 { 1812)
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Morphine Extraction from Opium
Preparations of Morphia. (1800°s)

MORPHIA: U.S. Morphia.

“Take of Opium, sliced, twelve troyounces; Water of Ammonia six
fluid ounces; Animal Charcoal, in fine powder, Alcohol, Distilled Water,
each, a sufficient quantity. Macerate the Opium with four pints of
Distilled Water for twenty-four hours, and, having worked it with the
hand, again macerate; for twenty-four hours, and strain. In hike
manner, macerate the residue twice successively with the same
guantity of Distilled Water, and strain. Mix the infusions, evaporate to
six pints, and filter; then add five pints of aleohol, and afterwards three
fluid ounces of the Water of Ammonia, previously mixed with halfa pint
of Alcuhol. After twenty-four hours, pour in the remainder of the Water
of Ammonia, mixed, as before, with half a pint of Alcohol; and set the
liquid aside for twenty-four hours that erystals may form. To purify these,
boil them with two pints of Alcohol until they are dissolved, filter the
solution, while hot through animal charcoal, and set it aside to
crystallize.” U.S.

Sertiirner the discoverer of morphia, made an infusion of opium in
distilled water, precipitated the morphia by ammonia in excess, dissolved
the precipitate in dilute sulphuric acid, precipitated a new by ammonia,
and purified by sclution in boiling alcohel, and crystallization.

The process of the French Codex is a modification of that of
Sertiirner. It is as follows. “Take of opium 1000 parts, solution of
ammonia a sufficient quantity. Exhaust the opium, by means of cold
water. of all its parts soluble in that menstruum. For that purpose, it is
sufficient to treat the opium, four times consecutively, with ten parts of
water to one of the drug provided care be taken to macerate the opium
for some hours, and te work it with the hands. Filter the liquors, and
evaporate them to a quarter of their volume. Then add sufficient
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ammonia to render the liquor very sensibly alkaline. Boil for some
minutes, always maintaining a slight excess of ammonia. Upon cooling,
the morphia, impure and much coloured, will be precipitated i
granular crystals, which are to be washed with cold water. Reduce thi
colored morphia to powder, macerate it for twelve hours in alcohol of 24°
Cartier [sp. gr. about 0.900]; then decant the alcoholic liquid; dissolve

the residual morphia, already in great measure deprived of colour by

the cold alcohol, in boiling alechal of 83° Cartier [sp. gr. about 0. 850 ﬁ
add to the solution a little animal charcoal and filter. Upon cooling the

maerphia crystallizes in colourless needles. In this state the morphia
always retains some narcotina, to free it from which, boil it with sulphurie

ether in a matrass with a long neck surmounted by a refrigator.”
Morphine Extraction 1920
by M. Barrowcliff, M.B.F.. F1.C. and Francis H. Carr, C.BE_, F1C.

NOT WITH STANDING the many rivals to morphine which
organic chemistry has provided of late, none has supplanted it. For its
value in allaving pain, morphine is probably still to be regarded as
superior to every other drug. However, the danger of inducing the habit
of taking morphine and the other disadvantages of its use are serious
drawbacks, and with the advance of knowledge of pharmacology it must
be regarded as probable that by the combined use of antipyretic and
narcotic synthetic drugs, morphine and its analogues will ultimately be
replaced.

The isolation of alkaloids from plant materials follows to a certain
extent the same lines whatever the nature of the alkaloid, but some
being more prone to hydrolysis than others require expensive low-
boiling solvents for their extraction; while many, as for instance
strychnine and quinine, may be boiled with water with relative
impunity, so that they are extracted by less expensive methods.

Speaking generally, the procedure is to remove by means of a
solvent the bases present in the plant. leaving the sugar, starch,
protein, and pectenous matter unextracted. Fats, if present, accompany
the bases; chlorophyll may or may not do so, according to the solvent.
The solvents employed are very numerous; alechol, fusel oil, benzene,
solvent naphtha, ether, and petroleum being variously employed accord-
ing to the circumstances. If benzene, solvent naphtha, or petroleum is
used it is necessary to set free the bases in the plant by treatment with
lime or alkali, since the alkaloids are present in combination with weak
acids and are as a rule insoluble in this condition in these solvenis. Many
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wuitable extraction plants for use with volatile solvents have been

designed. That illustraled, by the Standard Chemical Engineering Co.,
» economical as regards heal consumption and solvent losses. It is
vonstructed on the principle of the well-known Soxhlet extraction, the
swplvent refluxing from the
vondenser into the material packed
in the upper part of the lower
vessel. The extract percolates
through into the lower half of this
vessel, from which it is vaporised
1o the condenser, leaving the
extract.

The solvent 1s next extracted
with dilute acid; in some cases it
is unnecessary first to distil away
any of the solvent, but usually the
greater part is first removed. The
weak acid extract is frequently
concentrated in vacuoc before
neutralization. and thus is
nbrained in very crude form the
total alkalotd of the plant, admixed
with a certain amount of sugar and
so forth, Fat is removed at this
stage by extraction with benzene
or petroleum, in which the salts of
the alkaloid are not soluble. The
further treatment and the long and
tedious separation and purifica-
tion of the alkaloids must be
varied not only with each kind of
material, but with every batch, and
requires great skill and experience
and extremely careful workers.

For the extraction of an aqueous liquid with ether, petrol or other
light immiscible solvent the apparatus shown in Fig. 9 is suitable. The
liquid to be extracted is placed in A, which is fitted with an eflicient
cooling coil. The solvent enters at B either as a liquid or vaper and
overflows into the still C, from which the extract is finally removed

Morphine C17H1903N. 285.—By the assiduous work of many
chemists the constitution of morphine has been in the main eluctdated;

Fig.5.-Extraction plant-Fischer type
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Fig.9-Exiraction of aqueous liquids with Light solvents.

there remains, however, a choice to be made between several formulae
which explain satisfactorily its known reactions. Of those formulae, the
two following are of chief importance:

H N-CH,
M TS
H H CH,
UH'\ ~
l H
0— H
H OH

b CH,

Knerr's formule.

O—CHCH,
(&
H OH

Puckorr's formula.

Morphine is obtained
from opium, the dried
latex or sap of the unripe
fruit of Papaver somni-
ferum. the opium poppy.
which is cultivated in
Asia Minor, Persia,
India, and China.
Twenty-five alkaloids
have so far been isolated
from opium, the most
important, medicinally,
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heing morphine, next to which comes codeine. Smyrna opium, which
vomprises the bulk of that employed for manufacturing purposes,
vontains 9-12% of morphine, 0.3-1.0% of codeine, and 4-6% of narcotine.
The recorded alkaloidal content of India, Persian, and Chinese opium is
ns follows:—

Cplum. Percent. morphine. Per cont. narcotine.

For the extrac-
tion of the alkaloids Indian
Lhe opium is worked s I

o nesc 431z

town to a thin paste i
with calcium chloride

eolution and then

extracted with warm water. By this treatment the morphine and other
binses are converted into their respective hydrochlorides, whilst the acids
with which they were combined in the drug, such as meconic acid, are
precipitated as insoluble calcium salts. The insoluble matter is
separated by means of a filter press or suction flter, and to prevent
oxidation sodium sulphite is added to the filtrate, which is then
concentrated, preferably irn vacuo, to the consistency of a thin syrup.
Addition is then made of a concentrated sodium acetate solution, which
precipitates narcotine and papaverine. These are filtered off, a small
proportion of aleohel is added and the morphine is precipitated from the
warmed filtrate by the careful addition of lime in presence of
ammonium chloride or by the addition of caustic soda. It i1s allowed to
gtand and is removed by filtration. The filtrate is extracted, after
cooling, with benzene or chloroform, whereby codeine is removed. It is
isolated by extraction with acid and regenerating and crystallizing as
base from water.

The crude morphine is freed from traces of codeine by washing it
with benzene. It is then mixed with thrice its weight of boiling water
and treated with the exact quantity of 25% hydrochlorie acid required
for naturalization. To prevent atmospheric oxidation the solution is
covered with a layer of petroleum. Morphine hydrochloride crystallizes
out on cooling, is filtered off, recrystallized from water till pure, and
dried at atmospheric temperature. From an agueous solution of the
pure hydrochloride, pure morphine may be obtained by precipitation
with ammonia

Anhydrous morphine melts at 230°. It is soluble in 5000 parts of
water at 15°, in 500 parts at 100°, in 300 parts of cold 90% alechol, and
in 30 parts of boiling alcohol. It dissolves in 200 parts of chloroform and
1s only very slightly soluble in ether, ethyl acetate, or benzene.

3'::31: 371

3-7
1°0-40
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0.2 gram of morphine should form a clear solution in 4 c.c. of

caustic potash solution (5% w/w). A solution of 0.1 gram morphine in 11
c.c. of 10% hydrochloric acid should afford no red coloration with ferri
chloride solution (absence of meconates).

Treated with concentrated sulphuric acid meorphine should dissolve

to a colorless solution.

Salls of Morphine

Morphine hydrochloride C17H1903NHCI +3H20. 375.4—White,

lustrous, silky needles. Dissolves in 24 parts of water, giving 2 neutral
solution. It should contain 75.5% of anhydrous morphine. It may bsst
be crystallized from water or dilute alcohol; the presence of ammenium

sulphite is of assistance in preventing coloration.

Morphine Acetate C17H1903N, CH3COOH +3H20. 399. —For
the preparation of this salt 10 parts of pure powdered morphine are
mixed with 30 parts of hot water and 7 parts of 30% acetic acid. The
solution is filtered hot and evaporated in vacuo at 50° to 20 parts. It is
cooled, seeded with a crystal of morphine acetate and kept in a cold
place. Access of air should be prevented, by a layer of petroleum or by
other means. Morphine acetate crystallizes out and is dried at
atmospheric temperature,

Alight, white, crystalline powder. Dissolves in 3 parts of water toa

solution which bscomes perfectly clear on addition of a small quantity of

acetic acid. To cbtain the salt completely soluble in water it is necessary
to crystallize it from a slight excess of acetic acid and to dry with great
caution.

Morphine Acetate should contain at least 71% of morphine.

Morphine Sulphate (C17H1903N)2, H2S04+5H20. 758. —Forms
colourless acicular crystals, soluble in 21 parts of water. It is prepared
in the same way as morphine hydrochloride and is erystallised from water
in the presence of ammoenium sulphite.

Morphine Tartrate (C17H1903N)2, CaHsOs +3H20. 774, is
prepared by dissolving morphine in the theoretical quantity of tartaric
acid in water, from which it separates on cooling as a white crystalline
powder, soluble in 10 parts of water. Excess of tartaric acid must be
avoided because the acid tartrate which is then produced is sparingly
soluble and separates with the neutral tartrate on cooling.

Morphine possesses the power simultaneously to exercise a
depressant, narcotic action on the brain and a stimulating action on the
spinal cord. 1t is also analgesic, slows the respiration, but has little
effect on the circulation.
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It is widely employed as an hypnotic, being usuallv administered
hy hypodermic injection of one of its salts. Morphine acts more quickly
than opium, and is less likely to disturb the digestion or to cause
headache and nausea.

Codeine Ci1sHz103N. 299.—

H NCH, \/xy\-c_ux
el ’f{ etz g H
CH,O\ . . CH; CHLO, A AH
H l (]
o 'm o o KCHCH,
HOH C
HOH
Knarr s formula. Prchor's lurmuls.

Codeine is a methyl ether of morphine. It occurs in opium in amounts

varying from 0.1% to 3.0% and is isolated therefrom in the way already
described (see Morphine).

Much of the codeine of commerce, however, is prepared

synthetically by the methylation of morphine.

The following methylating agents have been proposed:

Methyl odide (Compt. Bend. 92, 1140, 1228; 93. 67, 217, 581).
Salts of methyl sulphuric acid (D.R.F. 39887).
Nitrosomethyl urethane, or dizzomethane, (D.R.PE. 92789, 95644,

96145).

Dimethyl Sulphate {D.RP. 102634).

Methyl phosphate (D.R.P. 107225).

Methyl nitrate (D.R.P. 108075).

p-toluene sulphon nitrosomethyl amide (D.R.P. 224388)
Methyl sulphite (D.R.P. 214783).

Methyl benzene {or toluene), sulphonate (D.R.P. 131980)

Source: Industrial Chemistry: Being a Series of Yolumes Giving
a Comprehensive Survey of the Chemical Insustry;

by M. Barrowchiff and Francis H. Carr;

pub. by D. Van Nosrand Company, NY (1920)
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Pharmacology of Morphine

by Horatio C. Wood, Chardes H. LaWall, Heber W. Youngken,
John E Anderson, Ivor Griffith

Uses.— There canbe no doubt that morphine is the chief narcatic
prineiple of opium, from which, however, it differs somewhat in its mode
of action. The effects of morphine are so protean that they can best be
considered by taking the different functions of the body seriatim,

Nervous System.— Morphine is a cerebral depressant but a
spinal stimulant. The relative predominance of one or the other of these
actions depends upon the relative degree of development of the brain or
spinal cord; thus in the frog it produces violent convulsions of the
strychnine type, but in man the spinal symptoms are usually impercep-
tible and for medical purposes we may regard it as a general depressant
as far as the nervous system is concerned. The primary action upon the
cerebrum seems to be a diminution in the powers of perception
especially of pain, although there is often an evident lowering in the
acuity of the special senses. With somewhat larger doses intellection
becomes depressed and a tendeney to drowsiness is manifest, and after
toxic doses & deep comatose sleep may follow. When locally applied in
sufficient concentration morphine lowers the functional activity of the
peripheral nerve endings both motor and sensory. In this way it may,
under certain conditions 2s shown by Wiki (J. de P P, 1913, xv, p. 845,
exercise a local anesthetic action. It is, however, less active in this
regard than some of the other allied alkaloids, notably ethyl-morphine
or methyl-morphine (codeine). Among the other actions of morphine
which are to be attributed to its influence on nerve centers is the
contraction of the pupil. due to stimulation of the eculo-motor center,
slowing of the pulse from stimulation of the cardio-inhibitory center,
slowing of the respiration from depression of the respiratery center, and
overcoming the action of nauseants from its action on the emetic center.

Cushny and Lieb (J. P Ex. T., 1915, iv, p. 4501 have found that in
the period of respiratory depression produced by morphine there is not
the same sort of insensibility to carbon dioxide that is caused by some
other respiratory depressants, and according to Macht (J. P Ex. T. 1915,
vii, 339) small doses of morphine may lessen the sensitiveness of the
respiratory center to carbon dioxide without reducing the normal
volume of air breathed. Cohen and MeGuigan (J. P. Ex. T., 1924, xondiii,
145) believe that the diminution of respiration is not due to a true
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ilepression of the respiratory center but simply to a blockage of the
aflerent impulses which ordinarily excite this center. These cbserva-
tions are obviously of considerable importance in connection with the
tlinical use of this remedy in dyspneic states.

The influence upon the unstriped muscles, especially upon the
intestines, is so complex that its accurats analysis i3 still semewhat
doubtful Macht (J. P Ex. T., 1918, xi, p. 389) has shown that morphinehas
un exciting action upon unstriped muscle. On the other hand, it is well
known that morphine, in the human being at least, lessens intestinal
peristalsis—a fact which Macht in an earlier communication admitted
and attributed to an action upon the central nervous system. In dogs
defecation is a very frequent sequela after the administration of
morphine. This, however, is probably due te the difference in dosage
cemployed in dogs and man; Uhlmann and Abelin (Zeit. E. P. T, 1920,
xx1, 75) from experimental studies have found that while small doses of
opium diminish intestinal peristalsis, larger guantities increase.
Morphine causes, certainly in the lower animals and probably alzo in
humans, a spasmedic contraction of the pylorus, which may perhaps
oxplain the nausea that often follows its use.

Circulation.— The action of morphine upon the circulation is quite
subsidiary te its effects upon the nervous system. In therapeutic doses
the only manifestation of its effects on the part of the cireulatory
apparatus 1s slowing of the pulse, due, as mentioned above, to
stimulation of the inhibitory center, and flushing of the skin which
appears to be the result of a special action on the cutaneous blood
vessels. After large doses the blood pressure is generally somewhat
lowered, probably from the combined weakening of the heart and
vasomotor system.

Nutrition.— Merphine affects the nutrition both through its
action upon the digestive processes and through a direct influence on
the bodily chemistry It appears to lessen all the digestive secretions
including salivary, gastric, and enteric, also to diminish the peristaltic
movements. The direct influence of morphine upon metabolism is not
clearly understood, but there is reason te believe that it has some such
action.

Elimination.— A large part of the morphine is detoxicated in the
body passing out as a dioxymorphine. Some of it, however, is eliminated
unchanged, more through the intestinal glands than the kidneys.
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Clinical Uses.— Morphine may be used in medicine to fulfil any of
seven imdications;

(1) In its power to relieve pain morphine is without rival. Becaus
however, of its unpleasant action upon the digestive organs and th
everpresent danger of formation of the habit, it should be reserved fi
the more severe degrees of suffering, such as in gall-stone or renal colie,
or when other analgesics have failed. In this connection it should be
noted that the analgesic action of morphine is greatly enhanced b
combining it with even relatively feeble synergists, such as the coal tar
series or scopolamine, and by recourse to this principle of eombination
the physician is often able to assuage the suffering with comparatively
small doses of the alkaloid.

(2} As a hypnotic morphine is useful, especially when the insomnia
is due to suffering. In the purely nervous types of sleeplessness it is less
valuable than the aliphatic narcotics, hut is often of service as an
adjuvant.

(3) As a sedative to the respiratory center it is a remedy of much
value in asthma and certain types of cough, such as whooping cough. In
true bronchitis, however, it must be used with circumspection. In the
acute stage or where the mucous membranes are dry, it often does great
harm by a further checking of the bronchial secretions; on the other
hand, when the secretions are very profuse it may so benumb the
respiratory center as to stop their expectoration and thereby lead to a
dangerous retention of fluid in the chest.

(4) In intestinal conditions it is used for its influence both on secre-
tion and peristalsis. For the latter action it is of much service in serous
diarrtheas but when the diarrhea is due to irritation of the intestinal
tract it is generally te be avoided, as 1t defeats nature's purpose to gel
rid of the irritant. For its influcnce upen the musecular movements of the
buwel it is useful in various forms of intestinal spasm, such as lead colic,
and also te keep the bowels at rest in certain types of peritonitis and
other inflammatoery conditions. Whole opium is usually preferred to
morphine when an action upon the intestines is desired.

(8) For the purpuse of aiding in the production of diaphoresis it is
used, especially in the form of Doverts powder, in the early stages of
colds, in rheumatism, influenza, ete.

(6) To allay vomiting, especially of reflex origin.

(7) By its calmative effect it protects the system against exhaus-
tion in debilitated conditions, as certain forms of typhoid fever. For the
same purpose it is also a very valuable drug in the treatment of internal
hemorrhage.
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In cases where it is desired to make a profound impression

uponthe general system, merphine should be given hypedermically. The
ilose varies encrmously, according to the susceptibility of the patient
und the purpose for which it is used. In a general way the dose of the
‘marphine salts, by mouth, may be given as from one-eighth to one-half

grain (0.008-.032 Gm.), and one-twelfth to one-fourth grain (0.005-0.016
Lim.) hypodermically.

In consequence of its insolubility in water, morphine in its pure
ulate is less convenient than its salts, which are therefore always
preferred. The acetate, sulphate, and hydrochloride, which have been
employed, act precisely alike therapeutically, and differ from opium
thiefly in being less disposed to constipate the bowels. They are also
rmomewhat less likely to cause disagreeable after-effects than is opium,
but the decdorized tincture is certainly preferable te them for many
purposes. They are further adapted for hypodermic use. Oleic acid has
nlso been proposed as a vehicle for morphine externally used, as it
dissolves both the alkaloid and its salts perfectly in considerable propor-
tion. A liniment of oleate of morphine has been proposed, consisting of
300 parts of cleic acid and 1 part of morphine scented with a Little oil of
bergamot. As the proportion of acid necessary te neutralize morphine is
very small, the dose of the alkaloid is practically the same as that of its
salts.

Dose, one-fifth of a grain (0.012 Gm.), equivalent to a gran of
powdered opium.

Source: The Dispensatery of the United States of America 21st ed;
by Horatio C. Wood, Charles H. LaWall, Heber W. Youngken, John F.
Anderson, Ivor Griffith, pub. by J.B. Lippencott Company (1926)
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A Process for the Extraction of Alkaloids from
Poppy Straw and/or Capsules

By T. and H. Smith L imited, Blandfield Chemical Works,
LE MacFarlan and Company Limited and Geroge William Walker
Aug_ 18, 1954 GB 713.689

This invention relates to a process of extracting alkaloids from
poppies and particularly to a process of extracting morphine from

poppies. A number of methods have been proposed for extracting
morphine from poppies, but hitherto all these proposals have entailed
the manipulation of large quantities of liquors. It is known to extract
the vegetable matter of the poppy with organic solvents, but such
methods result in an extract containing many substances other than
morphine and its accompanying alkaleids and render purification trouble-
some and expensive.

It is also known to subject the vegetable matter of the poppies to
the action of chemicals capable of forming water-soluble salts of
merphine such as mineral acids or slaked lime. Morphine, an amphot-
eric substance, is capable of forming salts with acids and strong bases.
These methods have the disadvantage of requiring dilute extractants
and hence large volumes of solution. The morphine is liberated from the
salts by neutalization and exiracted with organic water immisable
solvents such as fusel oil or methylene chloride.

The present invention now provides a process for extracting
morphine from poppy straw and capsules in which the whole of the
materials are kept in substantially solid form during extraction with
agueous hiquids.

The process of the present invention comprises mixing dry, finely
ground poppy straw and/or capsules with lime and just sufficient water
to wet the mass, separating the agueous extract by pressing the mass,
adjusting the pH of the extract to between 4 and 5.5 by means of sulphuric
acid, evaporating the thus acidified extract under reduced pressure until
it has a firm conistency when cold but is fluent when hot, making the
evaporated extract alkaline with an alkaline substance other than a
caustic alkali and then extracting the alkaloids therefrom by means of a
water immiscible organic solvent.

It is preferred, during the acidification stage of the process, to keep
the pH at 4-5. When the acidified extract is being made alkaline before
it 15 extracted with organic solvent the degree of alkalinity is not
critical, but the presence of free caustic alkalis must be avoided and we
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therefore prefer to employ sodium carbonate. Alternatively, however,
the evaporated, acidified extract may be adjusted te a pH between 6 and
7 with caustic soda and then made alkaline with a weaker alkali, such
ut sodinm carbonate. Any organic solvent which is immiscible with water
und which will dissolve the alkaloids will serve for the solvent
extraction, but we prefer to use a mixture of equal proportion of xylene
und fusel oil and to carry out the extraction at 100° C.

The morphine may be recovered from the solvent by extraction with
R Buitable guantity of hydrochloric acid and precipitation of the thus
vbtained solution with ammonia.

A prefered form of the process comprises mixing dry, finely ground
poppy straw and/or capsules with 5% of its weight of calcium hydroxide
und a gquantity of water equal te subetantially four times the weight of
the poppy straw and/or capsules used, allowing the mass to stand for a
period of 2 hours, separating the aqueocus extract by pressing the mass,
adjusting the pH of the extract te 5 &+ 0.5 with sulphuric acid, evaporat-
ing the thus acidified extract under reduced pressure until it has a firm
consistency when cold but is fluent when hot, making the evaporated
extract alkaline with sodium carbonate, extracting the morphine there-
from by means of a mixture of equal proportions of fusel oil and xylene
at a temperature of 100" C. extracting the morphine from the fusel
oil-xylene mixture by means of sufficient hydrochloric acid to combine
with substantially all of the morphine and precipitating the morphine
from the thus obtained solution by means of ammoma,

During the extraction process, substantially the whole of the
morphine estimated to be contained within the poppy straw and/or
capsules 1s dissolved, and the recovery up to the hiquid stage is limited
only by the efficiency of the pressing, in practice, 80-85%; of the
estimated morphine being obtained. The overall yield is however
limited by mechanical and solubility losses and is usually about 60%.

The process, according to the invention, has a number of
advantages over processes heretofore employed. Principal amongst these
i= the advantage that the bulk of liquid to be manipulated is kept to a
minimum. It is not necessary to remove the calcium sulphate formed in
acidification from the liquor as its presence does not interfere with the
subsequent evaporation and extraction.

The evaporation of the extract down te a firm consistency has the
further advantage that it reduces solvent losses and elliminates the
formation of emulsions.

The following example will serve to illustrate more fully the
manner in which the process of the invention may be carried out. Inthis
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example, the relationship of parts by weight to parts by volume is that
of grams 1o cubic centimetres.

EXAMPFPLE

330 parts by weight of poppy capsule (the ripe head of Papaver
somniferum), from which seed has been removed, are ground to pass a
1/16” mesh, mixed with 16 parts by weight of lime, and the mase moist-
ened with 1,320 parts by volume of water. The well mixed mass is left
for two hours at a temperature in the neighborhood of 15° C. The mass
is then pressed, for example in a hydraulic press, and the expressed
liquid collected. 1,000 parts by volume of liguor
are obtamed. Dilute sulphuric acid is added
until the pH has been reduced to 5.0 The liquor
is concentrated under a vacuum of about 20° of
mercury until it has been reduced to 125 parts
by volume. 20 parts by weight of anhydrous
sodium carbonate are added and 150 parts by
volume of a mixture of equal volume of fusel oil
and xylene are added. The mixture 1s stirred at.
the boil for one hour. The upper layer of solvent
separated, and the alkaloids removed by treat-
ment with 1 parts by volume of 10% sulphuric
acid followed by washing twice with 12 parts by
volume of water. The oil from which the
alkaloids have been removed is again added to
the mass to be extracted and stirred at the boil
for a further hour. The separation, extraction
with acid, and washing with water are repeated. The acid and aqueous
extracts are reduced to 25 parts by volume by evaporation in in vacuo,
ammonia liguor is added until a slight excess is present, and crude
morphine allowed to precipitate on standing in the cold. The weight of
crude morphine obtained is 0.508 parts by weight of purity 85%, calcu-
lated as morphine alkaloid. The yield of pure morphine isolated is there-
fore 62.5% of the morphine estimated to be present in the poppycapsule.
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HYDROCODONE
(Dihydrocodeinone; Dicodid)

Pharmacology of Hydrocodone

by Hugo Krueger. Nathan B. Eddy and Margaret Sumwalt

Nervous System Man: A narcotic or depressant effect was seen
{Schelenz, 1927: Mayer, 1927); with 10 mg. T, o (Meyer and Pfaffenholz,
1932); with 15 mg. T (Rommelt, 1927); with 100 and 500 mg. T, suicidal
attemps with recovery after prolonged daily use of 10-20 mg. T
{Sametinger, 1935). An analgesic effect was seen (Mayer, 1927; Griinthal
and Hoefer, 6836); with 15 mg. T (Kleinschmidt, 1923); with 15 mg. T, sc
or o (Seiferl, 1924); with 5-10 mg. T (Heinroth, 1926). Excitement and
convulsions were seen in some cases with excessive doses (Sametinger,
1935).

Respiration Man: The
respiration was depressed HSCO
{Mayer, 1927); wasrelatively nol
much affected with toxic doses
1Sametinger, 1935). Cough re-
lief was obtained with 20 mg_ T,
per day {Hecht, 1923); with 15
mg. T, sc or o1Seifert, 1924).

Circulation Man: Circu-
latery changes were insignifi-
cant (Mayer, 1927).

Blood Man: In one case of (9]
addiction to dicodide, the rate of
sedimentation was normal, un-
ti] after withdrawal when it be-
came less then normal: in another case, the rate was faster than normal
during addiction and became normal after cure (Schottky, 1931).

Digestion Man: The tone of smooth muscle in the gastrointestimal
tract increased (Mayer, 1927). Consitipation did not develupe with 15
mg. T, sc (Rommelt, 1927)

Emesis Man: Nausea and vomiting occurred (Schelenz, 1927); with

L5 mg. T, sc (Rommelt, 1927 5; with 100-120 mg. T, sc{Sametinger, 1935);
but seemed te be less frequent than with morphine (Kleinschmidt, 1923).

Hydrocodone
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Other Smooth Muscle Man: Urinary retention was seen and the
tone of smooth muscle in general increzsed (Mayer, 1927).

Toxicity Man: Two individuals accustomed to 20 mg. T, daily,
survived 100 and 200 mg.; 6 accustomed individuals taking single doses

of 80-200 mg. showed no symptoms; a child of 14 months and another of

7 years survived 20 mg. T; the only fatal case was that of 2-year old child
after 5 mg. T (Sametinger, 1935).

Tolerance and Addiction Man: Cases of addiction to dicodide
have been reported (Wollf, 1928); Hoefer, 1929; Richtzenhain, 1930;
Menninger-Lerchenthal, 1931; Dansauer and Rieth, 1931; Langeliiddeke,
1932; Meyer, 1935; Pilcz, 1937). Neither tolerance nor euphoria
accompanied the use of dicodide (Herz, 1924; Rommelt, 1927); telerance
and euphoria were striking 20 mg. per day (Hecht, 1923); euphoria was
felt with 10 mg. T, o, but with 20-40 mg_ T, o, the sensations were not
pleasant (Meyer and Pfaffenholz, 1932). No abstinence symptoms
followed the use of 15 mg. of dicodide per day for 9 days (Rommelt, 1927).
Tolerance developed for the depression by dicodide of sensitivity to pain,
but not for the depression of sensitivity to pressure (Griinthal and Hoefer,
1929).

References

Dunsauer, Frieduch and Rieth, Adolf. (1931). Uber Morphinismus bein Kriegsbeschidipten.
Nach amthichen Unlerlagen bearbeilet. Arbeit und Gesundheit Schrifienreihe zum
Reichsarberisblati. Issued under the auspices of the Reichsarbeitsmimsterium. Berlin.

Gaupp. R. (1932) Deutsche med. Wchnschr., 58, 1574,

Griinthal, E. and Hoefer, P. (1929) Untersuchungen uher akute und chronische
Morphnwirkungen. Klin, Wehnschr.. 8. 104-107

Hechu, Paul. (1923) Uber Khnische Prufung von Hustenmitteln. aus der Morphingruppe.
Klin. Wehnschr, 2. 1069.

Hewroth, Hans. (1926) Uber die Wirkung verschicdener Arzneimitlel auf die
Schmerzempfindfichkeit der Zahnpulpa. Arch. . exper. Path u.. Pharmakol., 116, 245,

Herz, Emst. (1924) Erfahrungen mit Dicodid in der Psychiatrie und Neurologie. Deutsche
med. Wehnschr., 50431

Hoeler, Paul (1929) Uber die Beenflussung der Hautsinnesqualititen durch Morphin und
ahnhehe Praparate. zugleich ein Benrag 2ur Kenntnis des Marphinissmus. Zischr. F. Biol.,
89.21.

IHydrocodone 103

Rivmschmidt, K. (1923} Uber clie schmerzstiillende Wirkung eines morphinartig wirkenden
Rady inderivats "Dicodid.” Miinchen. med. Wchnschr., 70, 391.

Mluyer. Richard E. (1927) Vergleichende Beobachtungen uber dic Wirkung der wichhigsien
Nurcobea der Opiumgruppe. Minchen. med Wekmschr., 74, 1657.

Sunmnger-Lerchenthal, E. ([931) Rauschgifigesetz und Suchtkrankheit {Dicodidismus).
Wiun. med. Wehnschr.. 81, 431,

Mcyer. F and Pfaffenholz, W. (1932) Die psychischen Wirkungen des Dicodids und ihre
Nekmmpfung. Zischr. . khin. Med,, 120, 634,

Muyer, Froz M. (1935) Uber emmge seltencr vorkommende Formen von
R wechgifisucht. Miinchen. med. Wchnschr, B2, 617.

Inlcz. Alexander. Arziliches tiber Rauschgifte. (1937) Wien. med. Wchnschr.. 87, 998,

Richizenhain. Erfabrungen {1930) mit Dilaudid und Divadid in der Nervenpraxis. Therap
d Gegenw., 71, 431-32.

Rinnmelt. W. (1927) Uber die Beeinflussung des Seelenlebens durch Dicodid und Dilaudad
I'sychol. Arb.. 9. 435,

Sametinger. F. Dicoddvergiftung. (1935) Deutsche med. Wehnschr.. 61, 2009.
Schelenz. {1927) Nebenwirkungen durch Dicodid. Miinchen. med. Wehnschr, 74. 244

Schottky. Johannes (1931) Die Blutkorperchensenkung bei Geistes- und Nervenkranken
Ztschr. I d. ges. Neurol. u. Psychial., 133 631.

Seifert, Otio. (1924) Nebenwarkungen der modernen arzneimitiel. Wiirzb. Abhandl. a. d
ges. d. Med | 21, 195,

Wolft, P. (1928) Zur Behandlung und Bekampfung der Alkaloidsuchten {Morphinismus,
Kokamismus usw.). Deutsche med Wehnschr., 54, 7, 51, 134, 224, 266 349, 347,




{[2]

OXY

Codemne 108

CODEINE

Discovery and Chemical Properties

By Lyndon E. Small and Robert E. Lutz

Codeine, C18H2102N, the methyl ether of morphine, was first
olated in 1832 by Robiquet (1) {(2), who found it as an impurity
atcompanying merphine which had been extracted from opium by the
{;rcgory process. Analyses by Regnault (3) (4), Liebig (5), and others (6)
7) (8) resulted in the proposal of various empirical formulas; Gerhardl
1K) 110y (1842) first obtained values corresponding to C1a8H210:N + H20.
Gerhardt’s analyses were confirmed by Anderson (11). Wright (12)
Ielieved that this formula should be doubled; his view has not been
nceepted.

Codeine is found in opium in far smaller amounts than morphine,
ueually between the limits 0.2% to 0.8% (13). It has not been reported as
“wccurting in any plant other than the poppy. Codeine is the second alka-
" loid to appear in the young plant,

being first detectable about 30

days after the seed has sprouted; H3CO
poppy sceds contain no codeine
114). Its character as the methyl
viher of morphine was first estab-
Jished by Grimaux (15) in 1881,
ulthough speculations to this ef-
fect (16) (17) had appeared pre-
vious to this time. Since the de-
velopment of practicable alkyl-
ntion methods, it has heen HO“‘-
vbtained largely from the more i
nbundant morphine by methyla- Codeine
tion.

.‘\‘o
/
=
O
ne
[~]

Of the numerous separation procedures, those based en the Gregory (18) methed
have prabably found the most application. The concentrated :aqueous extract fram fincly
powdered vpium is treated with strong caleium ehloride solulion, which removes as
calcium salts the meconie acid, lactic scid. and sulphuric acid. Fram the mother liguor the
wo-called Gregory-salt, a mixture of the hydrochlorides ol morphime and codeine.
crystallizes. Ammonia precipitates the morphine from a selution of the punfied Gregory-
alt, while the codeine remains mn solution fiam which it may be separated hy exiracting
with benzene or by cancentrating to the pomt where a mixture of ammoriuin chloride and
codeine hydrochloride crystallizes.

Source: Chemistry of the Oprum Alkaloids (1932)
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Other metheds ,which have been propased for the separation of codeine are thost
of Merck (19) (20). Mohr (21). Hesse (22) {23}, and Plugge (24) (25). A recent paper by
Kanewskaija (26) reviews these procedures and describes a newly developed process which
permits the isolation of 87% of the codeine present in opiwm.

The preparation of codeine by methylation of morphin
wasaccomnplished independently by Grimaux (15) (27) (1881) and Hess
{28) by the action of methyl iedide on morphine in the presence of alkali
Since the morphine and codeine are converted in large part to th
methiodides, the yield of codeine base is very small. A number of mor
advantageous methods have been developed in factery practice, and are
reported in the patent literature as follows :

Methylaton of morphine or morphine alkali salts with salts of methyl sulphuri
acul. A, Knoll (29) (30) .

Methylation in the presence of sodium methylate or sodivm ethylate usng
dimethyl sulphate (31). trimethy] phosphate (32), or methy] nitrate (33), E. Merck.

Methylation of morphine alkali salts with dimethyl sulplite. Gerber (34),
Methylabon of morphine-N-oxide with dimethyl sulphate and alkali, and reduction of the
resulting codeine-N-oxide to codeine, E. Merck (35)

The vse of diazomethane was covered in 1896 by patents of Farbenfabr. vorms.
Friedr. Bayer & Co. (36) (37) (38). which included modifications using
nitrosomonemethylurea {(39), p-teluenesulphonitrosomethylamide or nitroso-
methylbenzamide (40).

Methylation with eslers of sulphonic acids, as methyl benzene sulphonate, E. Merck
41).

The most advantageous methylation process has proved to be that
using phenyltrimethylammonium hydroxide (Boehringer Sohn (42)) as
methylating agent:

HO(C17H170N)OH+ CsHsN(CH3)30H »

Morphine
CHz0(C17H170NYOH+ CeHsN(CHz)2 + H20
Codeine

There is no loss of morphine or codeine through formation of
quaternary N-alkyl compounds, and the dimethyl aniline formed during
the reaction is readily removed by steam distillation. A modification of
this method, due to Rodionov {43), may be operated conveniently and
economically on a laboratory scale.

Codeine crystallizes from dry ether or benzene in small anhydrous
prisms of m.p. 155°. From water or dilute alcchol large clear rhombic
prisms (44) holding one molecule of crystal-water are obtained; the
hydrated base sometimes shows a melting point below that of the
anhydrous (6), depending upon the mode of heating. Transparent
rhombic octahedra separate from :rnoist ether. Dezne and Brady (45)
describe the crystals from alechol or water as octahedra running to

Cadcine 107

four-sided prisms (erystal drawings given). The base crystallizes from

wbon disulphide in anhydrous rhombchedra (46). Crystal measure-

nu=nis have been published by Keferstein (47), Senarmont (48), Arzruni
1463, Wherry and Yanovsky (49}, and Heydrich (50). Hydrated codeine
erystals effloresce somewhat on exposure to air, and lose their erystal-
witer completely at 100°. The hydrated base also becomes anhydrous in
builing water, melting to an oily liquid.

Gaubert (51) states that codeine crystallized above 60° forms

rhombic hemihedral crystals, the stable (o) form. At lower tempera-
lures it exists in four kinds of spherulites, viz, a f-form at ordinary
temperatures, a y-form at about 40° and two other spherulite forms
hetween 45° and 60°. These modifications differ in their power to rotate
the plane of polarization. Kremann and Schniderschitz (52) could find
ne evidence in the cooling curve of codeine for the existence of Gaubert’s
apherulites.

Codeine is sparingly soluble in water; it in much more scluble than

morphine in most organie solvents, One gram of codeine dissolves, in

120 g. of water, 1.6 g. of alcohol, 0.75 g. chloroform or 13 g. of ether, at
26°: in 0.96 g. of alechol at 60° (53). Other values for the solubility are
given in the accompanying tahle.

Table of solubilitiea

[Grams o codeine in 100 g. nf sclvenl]

Balvenl Bolobility Ohwrver
Water .. . 0. FO0F) - | Bakahit
Do. I .5.35 {1007} ]lEumﬁ;uotJ
1 5
De. [iX Tambu-b lnd Henks (84).
Ammonin 1077 wjv [if Rahl]l
Atechal 0072 o ( 4)
Amyl alcohul. 1588 ub (5@.
Ether - 34 5 It (B4
08— 20.4 { g, E g Do ?m.
Chlnmlnrm 228 m;sm .4 {40°), 474 (50" 54),
(‘nrbon tocrachloride 1328 (1 ScMndelmeL!er 157,
it _ | B3 (20°y, 198 40°3, T3 (RF) - )
n S LN ] lmnlperllture not gl vur? ](ubb' (.!I'l)
Anisole_ -.| 7.8 (9%, L5.25 e®), 165.0 ¢l06) Fouquet (5H).

Codeine which has been crystallized once from aniscle becomes more
goluble in this medium, dissolving to the extent of 10.7 g. per 100 at 0°
58).
i For the density of codeine erystals (thydrate), Schroder (59) found
the values 1.323 and 1.311; Wherry (49) gives the specific gravity of
anhydrous or hydrated crystals as 1.31 The refractive indices (Kley
{(60) ) are 1.66 and 1.56; Wherry and Yanovsky (49) give for anhydrous
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codeine crystals n/D: a = 1.62, = 1.63, y = 1.65; for the monohydrat:
n/D: a=1.54, =164, y=1.69. (CL. Wright(61).}) In a cathode-light vacuul

codeine hoils and distills at 179 (62), Kempf (62} sublimed codeine i
L5 mm. pressure at 1407 to 145% the sublimed product showed th
melting point 157°. Eder (64) accomplished the sublimation at 10 mm
100° to 130°. Microsublimation methods are described by Heiduschl

Ileodeine prepared from morphine) and |o[D=—133.18° (C=1.43) for
natural codemne. Tykociner (6% reperted values for numerous codeine
Its, all in the neighborhood [aIN=—134°. The absorption spectrum of
wadeine solutions was studied by Hartley (70), and Kitasato (71), that in
{he ultra-violet by Brustier { 72) and Stener (73). Gompel and Henri (74)
compared the ultra-violet absorption spectrum with that of other

{65). ithenanthrene alkaloids and of phenanthrene itself.
Codeine is a strong mono acid bese; in aqueous solution it turns
Codrine precspilation and color reactions lll.r_nus bh{e: colors phenol_phthalem .and turns red hellani_;hm yell_ow (75).
i, ” i li is precipitated (often in crystalline form) from soluticns of its salts
Hesgant Resction whserver pinly incompletely by ammonia. Electrometric titration of codeine
e L BT S | ey, h!vdrochlon_de shows the neut.ra_l p(':)mt to lie at pH_ 4.9?3 ( 76).( T7), Swhenlze
e T “‘2{.2;"?“““' wih sty cne, . | Sekamder 1. methyl red is recommended as indicator !'or codeine titrations. ee also
B L i D Rolthoff (78), Miller (79), Kebler (80), Kippenberger (81}, Masucci and
Tattersall test Sodiom orsenate | Oren of bins, dlluunnjndd 'N,:OH, yeblow | Tallersall (B3}, Vitall
I‘I“ cont ;111 UHINO B o Ial ‘. - W'hn - M()ﬁ'at (82)
2 Laliu Ale en, mlog v .m ouer - . - . -
’Ko' 4 liowed by nloobatic | Druttmd . s Vikali (36). Thermochemical studies on codeine were carried out by Leroy (75)
“‘}'L}t:';'ﬂ,{’:g’,{',‘;‘gg‘?“"“’“ {,,,,,13‘,‘.’,,’;.‘;'.?'{,“ Eaammiineinithe |t (L) {83). The heat of combustion at constant volume is 2325.8 Cal,, at
RE S INT ek Ban sl lminlipe ShiS Bﬂﬁé{”&?ﬁﬂﬁﬁ constant pressure 2327.7 Cal.; heats of hydration, solution, and
liosphotungstle acd _ Frocipltste. . . o nEfl:;mfu and Wolf neutralization were also measured.
Uil or o i | Evas, diyoy S acisibluegslolon) AL losed Bambaer The more important color and precipstation tests which have been
kLA }3,,‘{;';,2‘.?‘{,‘{“, T g e o8 ol BT praposed for codeine are outlined in the folIm_aving tabl_e. —
Agmeplum seenite 10 oo riliirat groen, given sl by moiptine { Lajon 00, & Bllsn Wagenaar (114) describes numerous microchemical precipitation
Narquls' Reagant. fire. cono | Sied-viclel, bacoming blus-viclet. . Egbert (2, Linke (100 reactions for codeine; Kerbosch ( 14) gives the action of a large number of
HsM1d 3 drmps 307, HOHO Ellaa (104). ., y i f d i t = d]d
i R i e i (e, pr ec1p1tar]ts. Tl_.lnma.nn (115) describes the use of codeine triiodide as a
; E{ﬂ:&éﬁﬁi}dﬂ.,wm‘mm“;ﬂ: means of identification.
Sudum Eypociduite sclution gl e Rsby [108). The estimation of codeine in the presence of morphine and in opium
Am Jm':;:' pede_ | Fei &~ Lo I preparations is discussed hy Tavlor (116) ; see also Rakshit (54).
Iudlnaﬂjlmidn | Precipliate Lattmar {19,
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un with morphine, care should be exercised as to the commencing dose,
il no marked effect is to be expected, if the alkaloid be pure, from less
N one grain (0.065 Gm.), and this dose may be rapidly increased until
me symptoms are produced. It may be given in pill or in syrupy
lution.

' The symptems of codeine poisoning in may differ cansiderably
parn those of morphine. There is usually narcosis, sometimes preceded
4 o fecling of exhilaration and followed by convulsions. In most of the
norted cases nausea and vomiting have been prominent symptoms
1l there has also been evidence of airculatory depression. The pupils
¢ contracted, the pulse rate usually increased. We are not familiar
®i1h any case of fatal codeine poisoming, but alarming symptoms have

Iullowed the ingestion of 4 grains (Myrtle, B. M. J., 1874), and Boissonnas
t. M. S. R., 1918, xxxix, 581} reports a case of violent poisoming in a
plild of 3 years from 0.04 Gm. (3/6 of a grain). The treatment of codeine
puisoning should be along the same lines as that of morphine poisoning.
- Dose, one-fourth to two grains (0.015-0.13 Gm.).

Pharmacology of Codeine

by Horatio C. Wood. Charles H. Lawall, Heber W. Youngken,
Joho E Anderson, Iver Griffith

Uses.—Codeine resembles morphine in its general physiological
action. Von Schroeder (A. E. P. P 1883, xvii) has shown that it heightens
the reflex activity of the spinal cord. It also exerts a depressant effect on
the higher cerebral centers; Macht (J. P. Ex. T, 1916, viii, p: L)has shown
that it lowers the threshold of pain perception, the efficient dose being
approximately 3 or 4 times as large as that of morphine. Its sedative
action upon the respiratory center is similar in type to that of morphine,
although it requires. according to the observations of Macht (J. P Ex. T,
1915, viii, 339), almost ten times as much codeine as it does morphine to
produce a eorresponding effect. Like morphine it also tends to increuse
the tone of unstriped muscle tissue (Macht, J. P Ex. T, 1918, xi, 389).
Its narcotic action differs in type from that of morphine. especially in
the fact that. it is much less Likely to give rise to habit.

It has been highly lauded in the treatment of diabetes mellitus,
and cases of recovery under its use reported. In the grave form of this
disorder we have seen it fail to exert any perceptible influenee, but the
evidence is sufficient to demand a fair trial of the remedy in any
individual case. Medical practitioners often use it to quiet cough, to
allay intestinal pain, and to fulfil various other of the minor narcotic
indications for which opium is commonly administered. Although less
efficient than morphine it has the advantage of being less constipating
and less liable to habit formation. On account of its frequent contamina-

Codeine
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PREFACE

pyridine

hydraochloride Q This paper was called into being by the passage of the Opmam Poppy
y % D P

\NCH_g * \NCH;, untrol Act, which made necessary a better understanding of the poppy

that produces opium, and the potentialities of other poppies. It was

HOW prepared by Charles C. Fulton, chemist in charge, Aleohol Tax Unit,

Codeine Morphine Bureau of Internal Revenue, St. Paul, Minn. at the direction of Mr. H.J.

Anslinger, Commissioner of Narcotics. The author is greatly indebted
Lo Dr. Rogers McVaugh, Bureau of Plant Industry, for checking the
pntire article to bring the usage of botanical names into conformity with
that of the United States Department of Agriculture.

When first listed, the biblicgraphic references have been given very
fully. When repeated, they have been abbreviated somewhat, and the
rhapter and reference number of the first citation noted in parentheses.
It is hoped that this paper will be internationally useful.

Rapoport et al. (J.A.C.S. 5485 and 5900, 73, 1851) have claimed a
229 yield of morphine from codeine employing pyridine hydrochloride
as the cleavage agent. 1.00g codeine was heated with pyridine
hydrochloride for six minutss under nitrogen. The reaction mixture was
dissolved in 20 ccm water, basified with 10cem 4N NaOH and extracted
with chloroform to yield (.210g morphine.

PARTI THE OPIUM POPPY

I. Distinction of the opium poppy
from other commeonly cultivated poppies

{a) Papaver sormniferum

Opium is the dried or partially dried latex of a particular species of
puppy, the “sleep-bearing” poppy, Papaver somniferum L. The latex as it
flows from the wounded plant is milky white, but it turns brown on
exposure to the air, and opium has a dark brown color. Definitions
usually include the statement that the latex or milky juice is obtained
by incising the unripe seed-capsules. This is-quite true, as regards the
opium of commerce; but opium, though it would probably be less potent,
could be made of the latex from leaves, stems, or buds. Opium is
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frequently described as the inspissated juice, the term inspissated mean-
ing no more than “concentrated by evaporation.” The United State
Pharmacopoeia officially defines opium as “the air-dried, milky exuda’
tion obtained by incising the unripe capsules of Papaver sornniferum
Linne or its variety album De Candolle (Fam. Papaveraceae).” (1)

Opium owes its narcotic properties principally io the alkaloi
morphine. To meet the standard of the U.S. Pharmacopoeia it must
yield, in its normal, moist condition, not less than 9.5 percent ul
anhydrous morphine. The granulated and powdered opiums of the
Pharmacopoeia are dried more thoroughly, and brought to a standard of
10 to 10.5 percent of anhydrous morphine, opium of a higher percentage
being reduced either by admixture with opium of a lower percentage, or
with some inert diluent. (1) The morphine is actually present in the
drug as sulfate and meconate salts, but its proportion is determined in
terms of the anhydrous free base.

Some 20 other alkaloids are also formed by Papaver somniferu

and are present in opium. Other poppies have milky juices, but these do

not contain the same constituents as opium.

The Opium Poppy is the same as the common “garden poppy” of

Europe, and is not the same as the Oriental Poppy. The latter name
rightfully belongs to Papaver orieniale, a perennial poppy often grown
in this country for its showy flowers. The garden or opium poppy is an

annual; but where climatic conditions are suitable is often sown in the

fall, and harvested the following summer.

Papaver somniferum is extremely variable. The flowers, the color of:

the seeds, the shape of the pud, and so on, differ greatly. Numerous
varieties are grown for the seeds, for opium, or merely for the flowers.
However, the general appearance of the plant itself does not vary so
much. When well-grown it is tall. generally 3 to 4 feet, and the {lowers
are large, 4 to 5 inches across, largest of any annual poppy. It can gener-
ally be recognized by its foliage, which is smooth and of a characteristic
whitish dull green color, called “glaucous.” The leaves are oblong,
clasping the stem by a cordate base, 4 to 10 inches long, 2 to 4 inches
wide, wavy, lobed or toothed. (2) More detailed description of the
variations will be given later.

(b) Other commonly cultivated poppies

The opium poppy 15 quite distinct from the three other poppies of
the genus Papaver most commonly grown for their flowers in the
gardens of this country. These are; (2)

Il Origin of opuwnn poppy cullure 17

Papauer rhoeas, L., annual; the common - “corn poppy” or “field
oppy” of Europe, where it grows wild in the grain fields and other places.

Ieswers commaonly bright red, but there are numerous color varieties of

hich the most popular are the Shirley poppies. The plant is much
naller than the opium poppy, the fohage hairy and a strong green.
Papaver ortentale L., the Oriental poppy, perennial; flowers quite

Inrpe, commonly orange-scarlet. Papover bracteatum Lindl. is a near

wpelative. Hybridization of tha two species with selection has produced
luwer-varieties of various colors which are becoming fairly common in
llower gardens. These and these only are known to flower gardeners as

Onental poppies.

Papaver nudicaule L.. the Iceland poppy, perennial; but often grown
us an annual or biennial, frequently in rock-gardens. The plant and
llowers are small, the flowers typically yellow but ranging in cultivated
arieties from white to orange-red. A near relative or subspecies,
wpaver alpinum L., the Alpine poppy, 15 sirnlar and even smaller;
llowers white.

The opium poppy of course differs still more widely from the well

kuown poppies of other genera, such as the California poppy (Eschischol-
win colifornica ), the Mexican poppy (Argemone mexicana), etc. In Part

11 “Other poppies,” these and such others of the Papaveraceae, as have
heen chemically analyzed will be discussed with reference to their pro-
tluction of alkaloids.

1. REFERENCES

| The Pharmacopoeia of the United States ol America, Twelfth Revision By authority of
the Unnted States Pharmacopoeial Convention. Prepared by the Committee of Revision and
PPublished by the Board of Trustees. Official from November 1,1942.

. Baley. L. H. The Standard Cyclopedia of Horaculwre. New York. The Macmillan Co.,
1935, Volume 111, armicle Papaver.

II. Origin of opium poppy culture

Much confusion has arisen from the erroneous suppoesition that the
opium peppy, Papouer somniferum, 1s a native of the Far East. It is not
g native of China but of the Mediterranean region. It has been known
#nd, it would appear, cultivated in Eurcpe for at least some 4,000 years,
since remains of poppy seed cake and poppy capsules have been found in
the Swiss Lake Dwellings of Neclithic Age. This does not indicate with
any certainty the place of origin of the cultivated plant, for the Neolithic
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“Age” in Central Europe developed from a cultural movement up the
Danube Valley, emanating from Asia Minor.
The poppy was probably first cultivated for its edible and oil
producing seed, as it still is throughout Central Eurcpe. (1) (2)
Our earliest literary references are in the Iliad of Homer (about the
9th century B. C.), and these apparently relats to the culture for seed.
- In Book VIII:
And now he bowed his head as a garden poppy in full bloom when it 1s weighed
down by showers in spring—even thus heavily bowed his head beneath the weight of
helmet. (3)
- In Book XIV:

Penelos then drew his sword and smote him on the neck, so that both head and!

hehmet came tumbling down 1o the ground with the spear still sticking in his cye; he then
held up the head. as though it had been a pappy-head, and showed it 1o the Trojans, vaunting
over thein as he did so. (3)

This latter simile obvicusly relates to the large, round, and hign

held fruit of the domesticated Papaver somniferum, for none other would

suggest such a comparison.
In the Odyssey of Homer is the following interesting passage,
- In Book IV:

Then Helen. daughter of Zeus, turned to new thoughts. Presently she cast a diig
1o the wine whereof they drank, a drug te lull ull puin and anger. and bring torgetlulniss

of every sorrow. Whoso should drink a draught therenf, when It is nungled In the bowl, wa
that day he would let no tear fall down his checks, not though his mother and his father died,

nol though men slew his brother or dear son before his fuce, and his own eyes beheld it. (4)
Considering the familiarity of the Greeks with the opium-bearing

poppy, the drug referred Lo can scarcely be anything other than opium,

or an extract of the poppy plant, though the knowledge is poetically

attributed to the Egyptians in following lines. Opium is the grea
reliever of pain, whether of physieal or emotional origin; and an infusion
of opium is a beverage of hospitality, even to this day amongst the
Rajputs of India. (5)

Poppy culture was also alluded to by Hesiod (ca 8th century B. C.).
If Homer may possibly have referred to something else in the Odyssey,
the drug from the poppy was certainly known to Theophrastus (lived 37-
287 B.C.) and other ancient Greek writers. TDioscorides in the first
century A. D. gave a complete account, and drew a distinction between
meconion (the name used by Theophrastus), made from an extract or
the expressed juice of the whole plant, and opion, made from latex from
the capsule alone, add exactly Lthe same as our medern opium. (1) (6) (7)
Doubtless “poppy tea” was used many hundreds of years before meconion
was prepared.
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Thus opium was known to the ancient Greeks some 2,000 years
0, and the opium poppy grown long before Homer's time, probably
lhnost from the first beginning of civilization 1n that part of the world.
In contrast, the opium poppy was apparently unknown in ancient times
her India or China, and its present widespread cultivatien in those
Waintries for opium has been a development of fairly recent historical
mes. Poppy culture was first introduced into the Far East about the
seventh century A. D, but opium did not become the scourge of China
11l aboul 1650 A.D. Machiguchi states that, although there are no
tien records covering its introduction, poppy culture is believed to

‘huve first begun in Japan about 500 years ago. (1) (2) (8)

Poppy culture is no doubt at least as ancient in Asia Minor as in
Furope In Anatalia, from whence the best medicinal opium largely comes
Lmlny, it goes back beyond recorded history. Our earliest literary data,
im the ancient Greek writers, pertain as much te their colonies on the
nnds and shores of Asia Minor as to Greece proper. The native habitat
Papover somniferum is usually given as “Greece and the Orient,” the
ent meaning in this case (as it ulways did until recent times) the
ar East. At any rate it was somewhere in this northeastern corner of
Mediterranean lands that the opium poppy was first reduced to
iltivation, and opium first produced. (2)

Papaver somniferum today is wholly a cultivated plant. To be sure

‘rome plants are found growing wild, but they are simply escapes from

tultivation. or at any rate 80 crossed with escapes and cultivated plants

“un tobe essentizally the same as the cultivated deliscent varieties. There
has been much speculation as to the original wild form. A elose relative,
Vapaver setigerum DC., grows wild throughout southwestern Europe to

this day, in Italy, France, and Spain; and also in Moroceo and Algeria,
nnd the islands between, and even in the Canaries. The older botanists
penerally considered this the “living ancestor” of the cultivated poppy,
and many considered it merely a variety or subspecies of Papaver
somniferum being the truly wild form. Recent studies by Russian
investigators, however, have upheld the claim that it is a distinct
species, and have shown that it ean hardly be the ancestral form of the
tultivated poppy. Still it is such a cluse relative as to show that the
wriginal wild Papaver somniferum was truly a European plant,
vxtending, very likely, eastward inte Asia Minor. (9)(10)
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IIL. Culture for seed, flowers, opium, alkaloids

(a) Poppy seed

Throughout Central Europe Papover somniferum is grown as the

“garden puppy” in enormous acreages. The term “garden poppy” relates
to the kitchen garden rather than the flower garden, and to the culture
for seed with no production of opium. The northern limit of successful

cultivation on a large scale is said to be 56° or about “the latitude of

Moscow. In southern Europe the plant, as an oil producer, cannot
compete with the olive.

The seed is eaten both raw and cooked, especially in pastry, and is
alsu pressed for oil. The seed is often called “Maw” seed, a word related
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u ar a corruption of Lthe German Moln, poppy. The seeds have a sweet,
uily {lavor. They are not really a spice, thaugh commercially handled
the United States by the spice trade. They contain some 40 to 50
porcent oil. The oil is used for culinary purposes, as an artists’ eil, and
-uther purposes. It is classed as a “drying oil,” and has high value for
mne uses in that it does not readily turn rancid. The residue or cake
fum rich oil has been pressed is used for cattle feed. In Europe
immercial poppy growing primarily for the seed is on a huge scale in
sia, Austria, Czechoslovakia, Hungary, Poland, Belgium, and
lland. (1)(2)(3)

Immigrants to the United States from the countries mentioned have
rought. their liking for poppy seed with them, and in many instances
wd continued to grow the poppy in this country. This is particularly

Irue of the Czechs. It is natural that these people, whose families and

uncestors have cultivated Lthe poppy for generations without ever
lecting opium, often have no realization that their “garden poppy” is
. upium poppy, nor that it is Papaver somniferum. Such, however, 1s

Lhe fact.

Before the outbreak of the present war most of the poppy seed used

pmnmercially in this country was imported, chiefly from Holland apd
T'oland. The following figures from the Bureau of Customs Statistics

thow the amount imported for three years, in pounds:

1937 1938 1939
loal for all countries ——-—-7.609.019  9.649.164 5.814.884
Trom the Netherlands --——-——- 4,956.136 6.719478 3776218
Trom Poland and Danzig -—-- 2,641,653 2.743.486 989,559

Generally over 8 000 tons were imported annually; in 1938 over
4 B0OO tons.

The Czech plantings in the United States were then chiefly home
pardens. After the war broke out the large importations were cut off,
1he price rose from about 7 cents a pound to 50 cents or more a pound,
and many farmers began commercial plantings of large acreage of the
upium poppy for the sake of its seed production. This culture is now
furbidden in the United States, except under license.

The blue or slate-colored seed is favored for culinary purposes. Many
of the Czechs in this country believe that only the white seeded poppy
will produce opium, although this has no foundation whatever in fact.
The United States Dispensatory under “Turkey Opium” mentions that
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in the exportation of the seeds of the poppies actually producing opiur
in Turkey, the United States importers will take only the blue seed
although the properties of the white seeds are exactly the same. (4) It #
now impossible, because of the war, to import enough of the blue or dark
seeds to mect the demand, and as the white seeds are sometimes obtain
able there have been instances, discovered by the U. S. Food and Druy
Administration. of the white kind being dyed in imitation of the slate
blue seeds, to make them acceptable. The preference may have a ba
in that the blue or dark seeds are easier to see or more attractive ir
appearance when dusted on a poppy-seed roll; but the idea that either
the seed or the plant is essentially different has no basis. '

(b) Flowers

Throughout Western Europe and in the United States varieties of

Papaver somniferum are frequently grown as ornaments of the flower
garden. In cultivation the poppy readily develops varieties with “double’

flowers, that is, flowers that have a multitude of petals instead of four

apiece. The petals may be plain or fringsd. They show a wide range of

colors from white through numerous tints and combinations to red or

dark violet. The floral varieties will be more particularly described and

also given by name in later chapters. They were carried by all American

seedsmen prior to the enactment of the Opium Poppy Control Act

generally listed merely as “Tall Annual Poppies” At least one English
company listed them frankly as varieties of Papaver somniferum, (5§

and they are so described in horticultural reference books. (6) (7) (8

Apparently only some of the single varieties are used for the commercial
production of edible seed or for opium. The ability of the fancy flowering
varieties to produce morphine is the same as for plainer kinds, as was

found in analyses made for the Bureau of Narcotics on specimens grow
by flower-seed producers 1n California.

{c) Opium

The opum production of the world is chiefly in Asia, especially in
China, India, Iran, Asia Minor, and Afghanistan. also in French
Indo-China, S8emiretchie (in Asiatic Russia), Korea, and Japan., China
is by far the largest producer and also the largest consumer. Various
Chinese governments have attempted o suppress poppy cultivation, as
well as opium smoking. In the past the efforts generally broke down at
times of weakness of the central government, especially when the
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innncial necessities of rival “war lords” caused them to encourage poppy
awing. The present government of Chiang Kai-shek inaugurated
-year plan in 1935, for the suppression of opium. However, since
111 the Japanese have encouraged, protected, promoted, and even forced
“hinese opium production and use; and the situation in Manchukuo and
ke rest of occupied China is far worse than ever before.

In Europe there is considerable opium production in the Balkans,
n Yugoslavia and Bulgaria. Egypt was famous for its opium from
wncient times to within the present century, but now prohibits poppy

Sulture, Our name for one of the opium alkaloids, thebaine, goes back to

fuyptian Thebes. In recent years the clandestine production of opium

In Mexico has become a serious problem.

Much of the legitimate (medicinal) opium for the United States has
wen imported indirvectly, and prior te 1932 the producing country was
t always known. Since then the statistics show that by far the most of
has come from Turkey and Yugoslavia, the greater proportion from

Purkey. In 1933 and 1934 a very little came from Greece. From 1935 to

1939 importations from England have included sume opium produced in
Bulgaria, in 1936 a little produced in Persia, and in 1937, 1938, and
L1139 a little produced in Afghanistan. (9)

Opium has been produced experimentally in the United States quite
il number of times. There is no difficulty in obtaining it with a high
morphine content. However, human labor is too large a part of opium
production for any possibility of legitimate commercial suceess n this
country. Also, in most sections there i1s danger that rain might come at
the time the capsules are incised and wash the opium away.

(d) Alkaloids

In Europe, except in the Balkans, the production of opium is
negligible. However, about 10 years ago (1932-33), the process of a
Hungarian scientist, Janos von Kabay, was put into commercial
vperation, for the direct extraction of morphine from poppy plants, or
from the dry chaff of capsules and other parts of the plant left from the
separation of the seeds, without passing through the intermediate stage
of opium. The poppy capsules, exclusive of the seeds, contain about 0.3
1o 0.6 percent morphine. The raw material was extremely cheap, for it
vonsisted of the chaff of the garden poppies, which was ordinarily thrown
away or burnt. The process proved adequate to meet the needs of
Hungary for medicinal morphine. Thas or a modified direct extraction
process was svon taken up by Poland and then by Germany and Russia
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and other European countries. The use of direct extraction has
doubtless been greatly expanded as a result of the war. (10) (11)

It iz of interest to note that the direct extraction of alkaleids fro
the poppy plant or chaff was suggested in this country back in 19086,
Dr. Rodney H. True of the U. 8. Department of Agriculture. (12) He mad
some experiments, but there was no commerecial production.

In most countries selection of poppy varieties has been chiefly con
fined to deciding on the varieties best adapted to the climate, soil, ant
growing conditions. Such other selection as there has been in opi
producing countries has been chiefly for an abundant flow of latex.
statement occasionally met with that the garden poppy produces very
little opium apparently has reference only to the flow of milky juice from
which the official optum is made by evaporation. Feldman and Klyatch:
kina report that the garden poppy variely grown in Russia has heads
with just as high a content of opium alkaloids as the heads of poppies
grown specifically for opium; and that, while the alkaloidal content o
poppyheads varies to some extent with different plants or varieties, therg
is no apparent connection between this and the production of opium
(3. e., of mlky juice, or latex). (11) Of course the plants of the garden o
opium poppy come under the Opium Poppy Control Act whether the flow
of latex is scanty or abundant. The “garden poppy” is simply 4
horticultural variety of Papaver somnifertm, and produces the sar
alkaloids in about the same amount in the capeules as do the varicties
used primarily for opium preduction.

(e) General remarks as to culture

The opium poppy will grow almost anywhere and is or has been
commercially grown over most of the world, frem latitude 56° N. to the
equator. It will grow at any altitude at which any crops can be grown,
and in almost any seil. It responds well to fertilizers or a rich suil,
nevertheless in some places il is found the most profitable crop for the
poorer soils. Occasionally trouble with fungus disease is encountered.
For opium or extraction of alkaloids from the chaff it is best to grow the
poppies in a dry region where they can be irrigated, especially because
rain at the wrong time will wash the opium away from incisions, or leach
morphine out of the capsules after they are dry. Both the U. S. Depart-
ment of Agriculture and farmers growing the poppy commenrcially for its
seed have proved that it can be grown very successfully in many parts ol
the United States.
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V. The alkaloids of Papaver somniferum
(a} In opium

The virtues and faults of opium alike reside in its content of
nlkaloids. Of these morphine is the chief, both in amount and impor-
iance. In fact, opium is generally evaluated solely on its morphine
wontent, although it is recognized that this basis is inadequate. When
the opium is used as such, the other alkaloids have some effect,
particularly the highly poisonous thebaine. When used as a source of
alkaloids, the codeine, thebaine, and papaverine are valuable products.
Codsine and papaverine are themselves used medicinally, while thebaine
15 used to manufacture encodal and other drugs.
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Codeine has about one-third the physiological effect of the sa
quantity of morphine, and of a sirmlar nature. Thebaine has an actic
rather hike that of strychnine. Papaverine has some narcotic effec
Narcotine and narceine are the other chief alkaloids. In fact narcoti
1s usually second only to morphine in amount, but its physiologie
effect is comparatively small. In spite of its name it has almost n
narcotic action, but is a spinal stimulant and (in opposition to morphing
a respiratory stimulant. Narceine. usuallv sixth of the chief alkaloi!
seems 1o be almost inert. (1)

Morphine constitutes 10 percent of standardized opium or th
pharmacopoeial dry, powdered opium. In the crude gum opium ¢t
percentage varies widely, with varieties of the plant, environmenid
factors, and methods of collection. It varies also, of course, with thi
moisture content, but if the moisture is determined, the morphini
percentage can be calculated to the dry basis. The highest grade
contain over 20 percent of morphine. In some countries the capsules a
lanced repeatedly, as long as they will yield any latex. Opium fron
successive lancings of the same capsules was shewn by Annett to bi
much lower in morphine and relatively (sometimes actually) higher i
some of the secondary alkaloids. By collecting separately the juice fror
successive lancings he found the opium from first lancings to be nearl}
always above 10 percent, while from sixth lancings a typical value w.
only 1.6 percent of morphine. (2) Arima and Iwakir give for Manchu!
rian opium of inferior value (perhaps obtained in the same way) 3.7
percent morphine in one case and 2.65 percent in another. (3)

Each of the other alkaloids also varies, almost independently of the
morphine. When the morphine content is abnormally low, that of the
other alkaloids is likely to be higher than usual; but this inverse
correlation is not very definite, even in the case of codeine, which,
because of its close relationship (it is methyl-morphine) might be
expected to take the place of morphine.

Although tens of thousands of analyses of opium have been made,
most of these have been solely for the morphine content, as far as the
alkaloids are concerned. Moreover, there is not yet complete agreement
on the best method for determining even this, the chief alkaloid. The
secondary alkalmds have been occasionally determined, by various
methods, some having but little value. It is certain that the figures
generally given are too low, both for average contents and for range,
except perhaps for morphine itself, and possibly narcotine. Rakshit has
pointed out that a determination of total alkaleids in the average Indian
opium gives just about double the amount that would be expected from
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wlding together the “nverage” values for the separate alkaloids, as given

Pictet and others. These “average” values were originally based on
lhe amounts of the pure alkaloids 1solated by various experimenters and

e were naturally underestimates. (4)

Pictet’s “average values,” given in “The Vegetable Alkalmds,” have

heen copied into a number of other reference books. Those values
mclude codeine 0.8 percent, thebaine 0.4 percent. (5)

Alternative
values given by Allen's Commercial Orgenic Analysis show codeine

$.2-0.4 percent, thebaine 0.1-1 percent. (6) But analyses in recent years
rhow usually about 1 to 4 percent of each, or up to about ten times as

much as would be expected from these figures Apparently something
like 1.5 percent of each should be expected. Thus, Anneler reports over
I percent of each of these alkaloids in Turkish, Russian, and Persian

wpium; Arima and Iwakin show over 2 percent of each in Manchurian
wpium of the first class; and Chassovnikova's figures for opiums
wxperimentally obtained from Turkish, Tianshan, Chinese, Tarbagatai

and Djunger varieties of opium poppies show that even if these were
reduced to the standard of 10 percent morphine (the morphine content
w6 reported on the dry basis being quite high) all would still be above 2
pereent in combined codeine and thebaine, with only the Turkish a Little
below 1 percent in codeine, and only the Djungar slightly below
1 percent in thebaine. (7) (3) (8) Annett found from 1.8 to 4.8 percent
cudeine in Indian opium. (2) Arima and Iwakiri alse report 3.98 percent
codeine and 4.26 percent thebaine in third class Manchurian Kirin opium,
along with 9.11 percent morphine. (3) This will show how excessive the
vontent of secondary alkaloids may sometimes be. The pharmacopoeial
apium in Eurcpe and America is generally of Turkish or Balkan origin,
and possibly these kinds have a lower content of secondary alkaleids
than most other kinds. However, they probebly average considerably
more than is generally said.

Even if the “averages” are made more nearly correct they are often
meamngless because the alkaloids vary se independently of one ancother.
Following are some broad statements of the usual range for the chief
alkaloids, and the names of rmnor alkaloids, with comments on seme.

Morphine—3 to 23 percenl.

Narcotine—1 to 11 percenl.

Caodeine—from several tenths of 1 percent up to 4 percent.
Thebaine—from several tenths of | percent np to 4 percent.
Papaverine—from a few tenths of 1 percent up to 2 percent at least.
Narceine—tfrom (L1 pereent or so, probably up to 1 percent.
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The above are the six chief alkaloids, usuvally the only alkaloids
individually accounted for in analyses. In fact, narceine is often omitted.

Cryptopine—from several hundredths up to a few tenths o
1 percent. According to most textbooks, this alkaloid is likely ta
accompany papavering; but in extraction methods it is found with
codeine or thebaine. Cryptopine is related to protopine, and is found
{along with protopine) in several other plants besides Papaver
somniferum.

Meconidine has been reported several times as occurring up to a
few tenths of a percent, but there is considerable doubt as to its
existence as a distinct alkaloid.

Porphyroxine may occur in similar amount. It was apparently
isolated as a pure alkaloid by Rakshit, and its characteristics described
in 1919; later it was further investigated and found to be closely related
to codeine. (8) (10) Nevertheless there seems to be still some question as
toits existence. The most recent investigator suggests a pessibility that
Rakshit's porphyroxine may have been merely impure codeine. (111

Protopine or fumarine is a very minor alkaloid in opium but of
interest in that it oceurs in a great many other plants. (See chapter XVI).
It is said to constitute about (.003 percent of opium.

Other minor alkaloids of opium are: Psendomorphine, codamine,
lanthopine, laudamne, laudanidine, (1-laudanine, tritopine), laudanosine,
oxynarcotine, gnoscopine (r-narcotine), hydrocotarnine, neopine (an
1somer of codeine), papaveramine, and papaveraldine (xanthaline).

For information as to the constitution and relationships of the opium
alkaloids the books by Small and Lutz, and Henry, should be consulted.
(12)(13)

The oxidation of morphine may begin, as frequently happens with
phenols, by the addition of a second phenolic hydroxyl adjacent to the
first. A substance which apparently is this o-diphenol-oxymorphine has
been readily produced from morphine in the laboratory; but it seems
never to have been recognized as an alkaloid present in opium.

The writer has recently found choline present in opium: identified
in solution by microcrystal tests after separating it from the other
constituents so far as possible by simple extraction metheds. It consti-
tutes probably a few hundredths of & percent. Choline is not, strictly
speaking, an alkaloid.It is one of the simpler natural bases related to
the alkaloids, but is occasionally spoken of as an alkaloeid. Its oceurrence
in opium is not especially surprising except that it has not been previ-
ously reparted, for choline has a widespread distribution threughout the
vegetable kingdom, and indeed in the animal kingdom also.

(b} In the plant

The alkaleids of the plant are the same as those of opium, since
pum opium is simply the air-dried latex. and smoking opium a
hoiled-down agqueous extract thereof. There may be two or three trifling
xceptions to this statement, as a few minor alkaloids which occur only
In traces may be formed from the major alkalvids, generally by
pxidation, in the course of evaporation. There have been scarcely any
sxaminations of absolutely fresh latex, even for morphine alone.

Morphine, codeine, thebaine, narcotine, papaverine, and narceine
have all been isolated from the dried capsules; and the first four of these
pven gquantitatively determined in some lots, though how accurately it
w difficult to say. The European factories using capsules or poppy chaff
for alkaloid extraction have by now doubtless made many obeervations
which have not been published. A new alkaloid, narcotoline, (closely
related to narcotine), was isolated from the capsules by the firm of C. H.
Boehringsr Schn, in Germany. It was reported on by Wrede in 1937.
114)

The writer has found cheline m the capsules of the opium poppy, as
well as in opium. If is a substantial constituent of the capsules of
Papaver glaucum and Papaver rhiweas (Chapter XVII). In the opium
poppy capsules its proportion is minute.

The yuantitative analysis of the capsules, even for morphine alone,
is difficult, and years ago was probably inaccurate more often than not,
the results usually being much too low. Madern analyses agree fairly
well as to the morphine content of the capsules (exclusive of the seeds),
generally showing 0.25 to (0.5 percent though the varation may extend
well beyond these limits. Wiiest and Frey reported a rangs of 0.18 to
0.89 percent morphine, with average values of (.37 to 0.53 percent. (15)
Chemical Abstracts incorrectly stated their figures as “up to 9 percent
morphine and average 3-5 percent.” (16) Actually the figures were
reported in “0/00", or parts per 1,000. Analysts still differ greatly in
regard to the content of the stalks, some reports showing morphine
0.01-.05 percent, others about 0.1-0.15 percent. (17} (18} (19)

Probably the most thorough study so far of alkalmds in the plant is
the one made by Kerbosch over 30 years ago, reported in 1910, (20) His
results were not quantitative (except a few for narcotine), but they rest
on the solid basis of positive and sure identification of each alkalmd n
every case. In the blooming plants of a variety from Asia Minor (seed
from Smyrna) he found not only morphine but also narcotine. codeine,
and papaverine in all parts except the stamens, that to say in leaves,
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The above are the six chief alkaloids, usually the only alkaloids
individually accounted for in analyses. In fact, narceine is often omitted.

Cryptopine—from several hundredths up to a few tenths o
1 percent. According to most textbooks, this alkaloid is likely ta
accompany papaverine; but in extraction methods it is found with
codeine or thebaine. Cryptopine is related to protopine, and is found
{along with protopine) in several other plants besides Papaver
somniferum.

Meconidine has been reported several times as occurring up to a
few tenths of a percent, but there is considerable doubt as to its
existence as a distinct alkaloid.

Porphyroxine may occur in similar amount. It was apparently
isolated as a pure alkaloid by Rakshit, and its characteristics described
in 1919; 1ater it was further investigated and found to be closely related
to codeine. (9 (10} Nevertheless there seems to be still some question as
toits existence. The most recent investigator suggests a possibility that
Rakshit’s porphyroxine may have been merely impure codeine. (11)

Protopine or fumarine is a very minor alkaleid in opium but of :

interest in that it occurs in a great many other plants. (See chapter XVI).
It is said to constitute about 0.003 percent of opium.

Other minor alkaloids of opium are: Psendomorphine, codamine,
lanthopine, laudsnine, laudanidine, (1-laudanine, tritopine), laudanosine,
oxynarcotine, gnoscopine (r-narcotine), hydrocotarnine, neopine (an
isomer of codeine), papaveramine, and papaveraldine (xanthaline).

For information as to the constitution and relationships of the opium
alkaloids the books by Small and Lutz. and Henry. should be consulted.
(12)(13)

The oxidation of morphine may begin, as frequently happens with
phenois, by the addition of a second phenolic hydroxyl adjacent to the
first. A substance which apparently is this o-diphenol-oxymorphine has
been readily produced frem morphine in the laboratory; but it seems
never to have been recognized as an alkaloid present in opium.

The writer has recently found choline present in opium: identified
in solution by microcrystal tests after separating it from the other
constituents so far as possible by simple extraction methods. 1t consti-
tutes probably a few hundredths of a percent. Choline 18 not, strictly
speaking, an alkaloid.1t is one of the simpler natural bases related to
the alkaloids, but is occasionally spoken of as an alkaloid. Its occurrence
in opium is not espeeially surprising except that it has not been previ-
ously reported, for choline has a widespread distribution throughout the
vegetable kingdom, and indeed in the animal kingdom also.

—
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(h) In the plant

The alkailoids of the plant are the same as those of opium, since

gum opium is simply the air-dried latex. and smoking epium a

boiled-down aqueous extract thereof. There may be two or three trifling

rxceptions to this statement, as a few minor alkaloids which occur only

In traces may be formed from the major alkalvids, generally by
pxidation, in the course of evaporation. There have been scarcely any
sxaminations of absolutely fresh latex, even for morphine alone.

Morphine, codeine, thebaine, narcotine, papaverine, and narceine
have all been isolated from the dried capsules; and the first four of these
pven quantitatively determined in some lots, though how accurately it
w difficult to say. The European factories using capsules or poppy chaff
for alkaloid extraction have by now doubtless made many obeervations
which have not been published. A new alkaloid, narcotoling, (closely
related to narcotine), was isolated from the capsules by the firm of C. H.
Boehringer Schn, in Germany. It was reported on by Wrede in 1937.
114)

The writer has found choline m the capsules of the opium poppy, as
well as in opium. It is a substantial constituent of the capsules of
Papaver glaucurn and Papaver rhoeas (Chapter XVII). In the opium
poppy capsules its proportion is minute.

The yuantitative analysis of the capsules, even for morphine alone,
is difficult, and years ago was probably inaccurate more often than not,
the results usually being much too low. Muodern analyses agree fairly
well as to the morphine content of the capsules (exclusive of the seeds),
generally showing 0.25 to 0.5 percent though the variation may extend
well beyond these limits. Whiest and Frey reported a range of 0.18 to
0.89 percent morphine, with average values of 0.37 to 0.53 percent. (15)
Chemical Abstracts incorrectly stated their figures as “up to 9 percent
morphine and average 3-5 percent.” (16) Actually the figures were
reported in “0/00", or parts per 1,000. Analysts still differ greatly in
regard to the content of the stalks, some reports showing morphine
0.01-.05 percent, others about 0.1-0.15 percent. (17) (18) (19)

Probably the most thorough study so far of alkalmids in the plant is
the one made by Kerbosch over 30 years ago, reported in 1910. (20) His
results were not quantitative (except a few for narcotine), but they rest
on the solid basis of positive and sure identification of each alkaloid in
every case. In the blooming plants of a variety from Asia Minor (seed
from Smyrna) he found not only morphine but also narcotine. codeine,
and papaverine in ail parts except the stamens, that to say in leaves,
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stems, roots, carpels, and petals. His method was weakest for thebaine,
which he did not detect in the plants (except in some large extractions.
made for the quantitative narcotine determinations). The varietics
studied may probably have been low in thebaine enyway. A variety
yielding opium with a high thebaine content doubtless has it in all the
parts that contain the other alkaloids. Narceine, generally the least in
amount of the six chief alkaloids of opium, Kerbosch found in the
capsules, leaves, and roots when the plants were 66 days old. The
unripe seeds (at 76 dsys age) contained only narcotine. (20)

Some very interesting chservations were made on the development
and distribution of alkaleids in the plants. Narcotine was present asa
mere trace in the ripe seeds, but was already present in greater amount
three days after sprouting. The sprouting seeds manufacture
narcotine, doubtless from their protein reserve, even when germinated
in a nitrogen-free environmeni. Codeine, peculiarly enough, next
developed. In some plants 21 days oid and only 4 em. long, narcotine,
codeing, and morphine couid all be detected. In another variety these
three alkaloids and also papaverine could be found at 36 days age. Some
conclusions such as that thebaine develops last, were probably due to
the method or the particular varieties used. but the foregoing seem
established. Morphine greatly exceeds narcotine and codeine in the
developed plant, so should be detected first unless the cthers really
precede it. However, it was already present in plants only 4 cm. long
(20)

In 1987 Peter Valaer, chemist for the U. S. Internal Revenue
Bureau, examined seedlings pulled up three weaks after planting the
seed. These tiny plants were about an inch (2.5 em.) tail, above ground
and were proved to contain morphine.

There seems tobe no doubt that morphine accumulates in the heads.
They have been found richest in merphine in the bud stage as well as in
the later capsule stage. (21} (22) Kerbosch found that the fruits from
green immaturity to ripe dryness always contained any alkalowd that
could be detected elsewhere in the plant at the time. Moreover, he showed
that the latex itself was different, in appearance and in morphine
content, if obtained from the capsule or the lower part of the plant. (20)

Annett came to this same conclusion in a different way. He showed
that opium from successive lancings of the same capsules showed a large
and steady deeline in morphine content, for instance from 13.9 percent
from first lancings to 1.6 percent from sixth lancings. Thus latex
flowing into the capsule from other parts after a lancing, or newly formed
by the plant, had less and less morphine content. Annett 1s sornetimes
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roted as showing that codeine increased as morphine decreased, but
actually his article demies this. Morphine always showed a marked
Jllecline while the changes in narcotine and codeine content were not
repular. Codeine usually increases but in comparatively small degree.
Narcotine often declines considerably but sometimes increases. (2)
Machiguchi confirms the decline in morphine, stating for one example
that when opium from the first lancings contains 20 percent morphine,
that from the fifth lancings contains about 5 percent. (23)

Annett, Sen, and Singh make a remarkable statement in regard to
thiz phenomenon, that “the percentage of total nitrogen in the opium of
the successive scarifications remains practically constant.” (24) Some
vlher nitrogenous substance must be present in place of the morphine,
but whether it is ordinarily a precursor, or is an alternative the plant
may form, or is a decomposition product of morphine, remains entirely
unknown. There are in fact many puzzles in connection with the
alkaloids in the growing plant that still remain unsoived.

(¢) In the seeds

The seeds have been examined quite a number of times by U 8.
Treasury chemists, and no morphine could be found in them. They
contain mere traces of basic material which could not he identified with
any of the alkaloids known in opium.

Some early investigators reported traces of morphine in the seeds,
but this was aseribed by Clautriau and by Kerbosch to contamination
with latex. This might occur particularly with seeds from capsules
incised for opium, for if a capsule is cut through it “bieeds” internaily.
(This is said to prevent development of the seeds, but probably it could
occur to a slight degree.) The morphine content when reported at all
was only 0.003-0.005 percent. Clautriau reported clean seeds alkaioid-
free. Kerbosch tested washed seeds and found slight traces of narcotine
and emorphous basic material. (20) As some varieties, particularly of
the European garden poppy, scarcely form narcotine even in the latex, it
is probably absent from most seeds. Anyway, in slight traces it could
have no narcotic effect.

Miilier {1914 ) reported the seeds as alkaloid-free. Chistori (1931)
and Fuchs (1932) found traces of basic material which could not be
wdentified with any alkaloids of opium. Chistoni reported this 1solated
basic material as toxic to mice, but Fuchs denied this. Arima and
Ninomiya (1938) reported the seeds of the Manchurian opium-
producing poppy as practically alkaloid-free. (25) (26) (27) (28)
These are the more recent investigations.
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In 1935 Chemical Abstracts showed R. Bunge as reporting a

toxicity to mice of poppy-seeds, and daiming to find in them morphine,

codeine, and thebaine. (29) Actually this was a mistranslation. His
article was about poppy-heads. not seeds (Uber die Giftigkeil reifer

Mohnkipfe). (30)
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V. Poppy capsules
{d} In medicine

If the flow of 1atex of some variety of Papaver somniferum is scanty
or even lacking (supposing that to be possible) it is only necessary to
extract the heads with water and evaporate the extract to obtain a
product that is essentially a kind of opium. The ancient Greeks were
acquainted with this method alsc of obtaining medicine or narcotics from

the poppies, they did not know, of course, our modern pure salts of

alkaloids. The use of a tea of poppy capsules has always continued in
folk-medicing; and the use of a syrup or tincture of poppy capsules was
continued in official medicine in the United States until recent vears.
A syrup of poppy capsules, and also the poppy capsules themselves
(Papaveris Fructus) were official in the National Formulary I'V (1916-
1926). The dose of the dried capsules was 16 grains, equivalent probably
to about one-fifteenth grain of merphine. The syrup was rather weak.
(1) The National Formulary III (1906-1916) had a stronger syrup, and
also a tincture of poppy capsules. A mere teaspoonful of the latter
probably yielded nearly as much morphine as the present average dose
of the sulfate sait of merphine (one-sixth grain); the dosage listed was
2 cc.(2)

The capsules for the official N. F. drug were directed to be picked in
the unripe stage. It was formerly assumed that at the proper stage for
opium production the alkaloidal content would be at its maximum. This
is nol quite correet; the real difficulty was that once the capsuie dries
out, and the flow of 1atex to the poppy-head ceases, any rain will leach
out the merphine without any chance for it to be replaced. Hence a dry
climate where the poppies are watered by irrigation is desirable if the
alkaloids are to be extracted from the dry chaff left from the separation
of the seeds.

The capsules were probably dropped from official medicine in this
country and Britain chiefly because of the variability and great
uncertainty as to their content of morphine. It was formerly considered,
too, that the alkaloidal content was almost negligible, and this has been
proved not to be the case. For example, Merck’s Index as recently as the
4th edition (1930) stated the narcotic content of poppy capsules as “opium
bases (chiefly morphine) combined with meconic acid; very small
quantity present, however, at all events not over 0.12 percent alkaloids
or 0.03 percent (0.16-0.28 percent B. P. C.) morphine (in the seediess
capsules).” The present (5th) edition of The Merck Index (1940) states
the content as 0.15 0.5 percent morphine. (3) (4)
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A W. Blyth and M. W. Blyth state that “the ignerant use of poppy
tn has frequently caused the death of young children” in England. (5)

{b} As a problem in antinarcotics enforcement

The present (23rd) edition of the United States Dispensatory states,

*nppy capsules contain the same active ingredients as opium but in
ich very minute proportion that they do not come under the anti-
rcotic legislation.” (6) This is copied from the preceding edition, and
now more erroneous than ever, since the Opium Poppy Control Act of
912 covers the capsules clearly and unmistakably. The statement never
us entirely correct. The morphine content of the capsules is by no
icans insignificant or negligible, since a single medium-sized capsule
Inbout the size of a small hen’s egg) may contain an average dose of
iwrphine; nor were the capsules exempted from antinarcotics enforce-
ient because of a belief that the narcotic content was too small to
1atter. They were exempted for a time, but have been held subject to
ntinarcotics laws ever since 1932.
i The question of the capsules came up before the Internal
{evenue Bureau (then administerng the law) in 1921, and it was then
reided. not upon chemical but upon legal grounds, that the poppy
npsules themselves did not come under the Harrison Act. It was
ronsidered that the capsules are distinct from opium itself and are not
derivatives of opium. The ruling then was, that “Poppy heads m their
natural state do not come within the purview of this act, and as long as
they remain 1n such condition are not taxable thereunder.” However, if
A compound, preparation or remedy is made from poppy heads, or, as an
tract thereof, which contains opium or a salt or derivative thereofin a
sufficient quantity to bring it within the seope of the act, such product
‘will be subject to all the provisions of the act and the regulations
promulgated thereundsr.” (7i For the sake of anyone who may be puzzled
pver the meaning of “a salt of opium™ it may be mentioned that the
lenguage follows that of the law and 15 probably not just as a chemist
would have stated it.

It may be of interest to note here what was written at the time by
one of the U. 8. Internal Revenue chemists, Peter Valaer, regarding a
possible use of capsules by narcotics addicts:

One of the dried poppy capsules represented by Lab. No. 79817, an
vge-shaped capsuie, about the size of 2 small hen’s egg, was powdered
and extracted with boiling water and the extract evaporated to the
1onsistency of thick molasses or when it would just drop off 2 yen hook
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or opium needle, a test frequently made by illicit manufacturers «
smoking opium from the crude gum. This residue showed th
characteristic taste, odor and appearance of smoking opium before an
after burning, the amount obtained from the capsule being about th
guantity commonly sold by illicit dealers for one dollar (approximatel
four pills for smoking). (7}
No doubt the “smoking opium” se prepared was of an inferio
quality, and could hardly have commanded the price mentioned, whicl
was that of good opinm in 1921. However, there is no doubt, either. thi
this capsule extract contained morphine and the other alkaloids «
smoking opium in substantial proportion; in fact the morphine conten
of the capsules then in question was proved by analysis.
The Harrison Act exempts preparations containing no more Lha
one-fourth of a grain of morphine in one fluid ounce, or jn the case ¢
solid preparations, one avoirdupois ounce, provided these are medicing
and not for the purpose of evading tha intentions and provisions of thi
Act. In a prosecution in Oregon in 1923, of a Hindu narcotic addict wh
was making a “tea” from poppy capsules by extracting them with hg
water, the tea on hand was found to contain 1.8 grains morphine p
fluid ounce. In another similar case in the state of Washington in t
same year, the tea contained 0.44 percent morphine, or 2.0 grains pe
fluid ounce. (7) The tea cannot be concentrated to a very much highe
percentage of morphine without further manipulation, for wate
dissolves considerable material from the dried capsules, and even whe
the extract is evaporated until fairly solid, the morphine percentage is
not likely to be quite as much as three times that of the original capsule
(not including the seeds). However, the teas actually made far exceede
the exemption, and certainly an addict ean get plenty of morphine b
drinking enough poppy tea.
In 1932 it was discovered that numerous narcotic addicts on thy
West coast, chiefly Hindus in British Columbia, were drinking tea o
poppy capsules, which were then sold without restriction in the drug
stores of Vancouver. Some Hindus were also growing fields of the poppy:
Most ofthe capsules in question had been imported into the United State:
at New York, and re-exported to Canada; some were also sold in the
State of Washington, and there used, in part, by narcotic addicts. Mosi
of the addicts known to use the capsules were Hindus, with so
Chinese and others, who, if they had not ailready known, were rapid
learning the properties of poppy tea.
This time it was ruled that the capsules come under the Narcotic
Drugs Import and Export Act, and their importation into the Unite
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Lules was entirely forbidden. Canada at the same time subjected them
y all the controls required for other narcotics. In most countries they
re still sold freely, and are used in home-mads medicines.

One peculiar result of the United States ruling was the discovery

hat there had been a considerable importation of unbroken poppyheads

the tens and hundreds of thousands for use as decorations. The

e psules were gilded and otherwise painted and used for funeral wreaths

d Christmas or winter decorations. One may suspect that the use for
itnerals was the original one, and that it was symbolic of sleep.
In 1941 a ton of poppy-heads was sent to a leading United States

np()rter of crude drugs by mistake for an order for a ton of dried poppy
flower-petals. The poppy flower-petals used in certain herb medicines

are not from the opium poppy but are the red flowers of Papaver rhoeas.
‘hey contain a little rhoeadine, an alkaloid, but their principal use is

nmeerely in coloring the preparation.

The Opium Poppy Control Act of 1942 now forbids any domestic

production of the opium poppy, save under license in case this is
neessary for medical supplies of opium or opium alkaloids.
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V1. Variations in flowers, seed colors, and capsules
(1) Causes of Varalion

The most widespread plants are tha most variable, and Pepaver
somniferum 18 spread all over the world. Variations are greater in
widespread than in localized plants, for (a) There are more individual
plants in which variations may oceur; (b) The species grows under widely
different geographical and climatic conditions; (c) Widely separated and
mulated areas may more readily develop local races.
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In addition, cuitivated plants vary more than wild ones, an
Papaver somniferum is almost wholly a cultivated plant. The cultivate
plants vary more because (a) They are living under unnaturs
conditions; (b) Aberrations may be preserved by the intervention of mai
{c) Slight variations may be developed into distinct varieties b
horticultural selection.

De Vries calls Popaver somniferum “many-formed” remarking tha
it is “so-called very variable, but in all its forms very constant.” (|
However, many of the forms now considered constant were doubtles
developed by selection from slight variations, as were the Shirle
Poppies from Papaver rhoeas. (2) The Poppy flower is readil
self-fertile, so that a variety may tend to perpetuate itself, but it shoul
never be overlooked that the opium poppy is almost wholly a cultivate
plant.

Bailey states in one place that the flowers are not yellow or blue (2),
but this statement requires some modification. The white flowers of a
ieriain kind may have a yellowish-greenish tint (3); and Bailey admits
that a yellow variety has been advertised, though of doubtful authentic-
ty. Moreover, Fedde remarks that the color of the petals may even be
urange. (7) Thus the opium poppy flower colors do not include a pure,
bight yellow, but the color may approach seme kind of yellow. On the
uther side of the color range the violet flowers may approach blue quite
tlosely, so much so that the flowers of a certain shade would without
fleubt be called “blue” by most people. A colored illustration of this
ety will be found in “Familiar Garden Flowers” by Hulme and
1libberd. (8)

However, the cormmon garden variety known as the “Blue Poppy”
¢'Dutch Blue,” “Holland Blue,” or “Moravian Blue Poppy,” etc.) seems to
be 50 named only from its seed color and not from the color of its flowers.
|t is also, and more accurately, known as the “Blueseeded Poppy.” The
nst common flower variety of the garden poppy is probably the single
‘kind having large white petals each with a viclet spot at the base.

(b} Flowers

Under the conditions mentioned above it should not be surprisi
that the opium poppy has varieties so different from each other that 3
first glance they would hardly be thought to belong to the same species

As previously mentioned, tha flowers may be either single or double
and the petals either plain or fringed. The double fringed kinds ar
called “carnation flowered,” the double plain “pacony flowered.” The
are also double kinds with the inner petals fringed. the outer plain; A
there are single kinds with fringed petals. Moest reference books givin
information relative to opium or seed production describe only the
commonly grown single varieties. Botanies generally describe the forg
that may be found growing wild in the territory covered. The best ide
of the floral varieties can, therefore, be gained from horticultura
reference books, such as The Standard Cyclopedia of Horticulture by
Bailey. (2}

The petals may be white, pink, lavender, red, purple, or viclet, oF
various combinations of these. The single varieties, at least, generally
have either a white or a violet spot at the base of each petal. Two colored
plates given by Vesselovskaya show fourteen of these variations,
including the pure white petal. (3) The very common single variet;
white with large violet spots, is well illustrated by a colored plate i
Hegi's “Illustrierte Flora von Mittel-Europa.” (4) The red double fringred
variety is beautifuily illustrated by a colored plate in “Atlas des Plantes
de Jardins” by D. Bois, and the same plate is also used in “Favorite
Flowers of Garden and Greenhouse” by Edward Step. (5) (6)

(c} Seed colors

Other kinds of variation usually noticed or used as the basis for
tlnssification do not affect the production of opium or alkaleids anymere
‘than the color of the flowers, and that 15 not at all.

The seeds, according to various authors who state their colors, may
he white, yellow, pink or red, gray or slate-colored, pale or dark blue,
glaucous, greyish purple, brown,, or black. According to Melville the
‘grey, blue, and brown seeds contain only brown pigment. “The blueness
¢ due to an optical effect caused by the scattering of light from a muiti-
tude of small crystals of calcium oxalate present in the subepidermal
cells of the seed coat. This phenomenon is comparable with that
responsible for blue eyes, and the blueness of pools conteining finely
suspended matter, such as are found in limestone districts.” (9) At any
rate, sumetimes the seeds of the blue kind certainly look quite blue.

There is little connection between tha color of the seeds and the
general color of the flowers; possibly more between the color of the seeds
and the color of the spots at the base of the petals (as to whether light or
dark).

A varictal classification frequently used divides the poppies
nctually used for opium production into just two kinds: the white poppy,
variety album DC., with white seeds and generally white flowers, and
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the black poppy, variety nigrum DC., with dark seeds and generall () Capsules

violet or red flowers. (Used, for example, by the United State
Dispensatory.) (10) The people of Central Europe also generally divid
the poppies into just two kinds, the “white poppy” and the “blue poppy
these being distinguished by seed color chiefly if not entirely. Howeve
there are any number of intermediate forms and also those with pink g
red seeds; and this kind of classification has no significance for opiun
morphine, or seed production, save by reason of human preference. Th
white-sceded kind seems to be often preferred for opium production; o
at least, those who grow the “garden poppy” think it ought to be. Th
dark-seeded kind is nearly always preferred for seed production. Stat
ments of the kind preferred for oil (from the seeds) are contradictory

The United States Pharmacopoeia XII includes mention of variet
album in the official definition for opiumn, as follows: “Opium is th
air-dried milky exudstion cbtained by incising the unripe capsules ¢
Papaver somniferum Linné or its variety album De Candolle (Fan
Papaveraceae).” (11) Mention of the variety is superfluous—as wa
peinted out by Rusby, Bliss, and Ballard in “Tha Properties and Uses
Drugs” (12)—since a species includes its varieties, unless they ar
specifically excluded from use for the official drug. Possibly t
definition was intended to give official recognition to the fact that
“Papaver album” is variety album, of Papaver somniferum.

In former years some United States sced companies frankly liste
the white poppy in their catalogues as the opium poppy, Papaver soni
niferum. At the same time they would list half a dozen floral varieties g
“tall annual poppies” without anything to indicate that these belonge
to exactly the same species. There seems to be a strong feeling that
pure white poppy—white in flowers and seed—is the “true” opium poppy
It is difficult even to guess at the origin of the unfounded idea, for th
countries actually producing opium grow poppies with seeds and
flowers of nearly all the colors that have been mentioned.

Basilevskaja lists for the seed colors of opium-producing poppies i
Semiretchie (in Asiatic Russia) the following: white, pink, yellow, grey
glaucous and dark blue. (131 Zhukovsky and collaborators include in La
Turquie Agricole a colored plate showing the seed colors of the opium
poppies of Anatolia (Plariche II). This shows the following six colorss
white, brownish yellow or ochre, pink-red, light blue, dark biue, and
black or extremely dark blue. (14)

The capsules may be of different shapes; elongate, egg-shaped,
luhular, oblate-depressed, etc. Three very different shapes are
Justrated in the National Standard Dispensatory. (15) Pieper gives a
igrammatic classification of the capsules into six types (Abb. 10) and
picture of each type (Abb. 12). (16) Vesselovskaya illustrates
imerous shapes in her monograph, “The Poppy,” both by photographs
ned by a “Schema of the shapes shown by the capsules of the poppy”
K1z, 12), which gives diagrammatic differentiation of twelve types. (3)

Aside from providing varietal distinctions the shape of the capsules
peans nothing, save possibly that some shapes may make more
liractive decorations and some may be a little easier than others to
wise for opium.

A very interesting monstrosity has been grown, and probebly still
m some parts of Europe. n this variety, a number of secondary pistils
velop around the main capsule, springing from its base at just about
the same place the stamens are attached. Earlier writers stated that the
inner stamens were converted into pistils, but Roelofs (1937) describes
thus: “In this variety there occur in the flower between the stamens
ind the pistil little organs which as to position and number much
ssemble the former, but in a morphological respect are to be entirely
garded as pistils.” The number of these secondary pistils varies from
e to une hundred or more, it being impossible to count thern exactly in
the latter ease as they are grown together, forming a crown around the
ain capsule. Roelofs llustrates six degrees of polycephaly. (P1. V) (17)

This variety was described, probably for the first time, by Prof.
tioeppert of Breslau in 1851— “on a constant variety of poppy in which
‘the anthers are transformed into carpels.” It was designated as
Pupaver officinale Gmel. (a synonym for Papaver somniferum) variety
monstrosum Goepp. The article includes an illustration. (18)

The illustrations of course show the capsule, with the cluster of
hiitle capsules around it, after the petals have fallen. Bailey incorrectly
states that there are no petals. (2) This aberration has also been
illustrated by de Vries and by the Revue Horticole. (1) (19) It is known
us variety Monstrosum, Monstruosum, Polyeephalum or Proliferum.
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VI Agricultural varieties
{a) Dehiscent and indehiscent vareties

A differentiation of greater practical importance 15 that between
drhiscent and indehiscent varieties. In the dehiscent varieties
tucattering their seed at maturity) pores open at the top of the capsule,
underneath the margin of the stigma, and between its rays, when the
seed is ripe. Then by inverting the capsule and shaking, the seeds come

it like salt from a shaker. In the indshiscent varieties the pores do nol

open, at least not on the majority of the capsules. There are intermedi-
ste forms in which the pores may or may not open depending on weather
vonditions and other factors; or the pores may enly half-open. Perhaps
no varieties are absolutely indehiscent under all conditions.

The indehiscent varieties, which do not lose any seed until the
cupsule is broken, are naturally best for seed production. They are the
lnrgest and most highly cuitivated forms, and have the largest capsules.
Some varieties mainly dehiscent are also known chiefly as cultivated
forms, generally for opium rather than seed. The halfwild kinds that,
when cultivated, readily escape, and now grow wild more or less through-
out Europe and other parts of the world, are naturally fully dehiscent.
Their capsules are comparatively small. They show, however, the same
wide range in color of the flowers, etc., as the highly cultivated kinds.
There is every reason to believe that the indehiscent varieties have been
developed from the dehiscent forms. Both kinds produce morphine or
opium. (1)

(b) Ecological varienes; geographical races

There are also ecological varieties. The poppies grown for hundreds
of years In a certain region become adapted to it, to the length of
growing season, length of day, rainfall, etc. The adsptation is reflected
n the appearance of the plant, the vegetative characters, period of growth,
vte., so that tha different ecotypes or climatypes can be distinguishad, at
least for some years, when all are grown in the same region. Moreover,
[rom the accident of the first introduction of a particular type into a
region, a certain geographical area may have poppies showing a certain
combination of characteristics, including those that are not at all
dependent upon elimate. Natural selection, and still more, human
selection will also operate differently in different regions, even on those
characteristics independent of climate, and upon those that are really
unessential, but which may catch the fancy of the cultivator. It seems
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reasonable. therefore, that the classification intoe subspecies should be
largely gevgraphical, as Vesselovskaya contends.

Perhaps “gecgraphical races” would be a better term than
“subspecies,” but Vesselovskaya uses “race” for the smallest
subdivision. She classifies the cultivated varieties on the ecological basis
into seven groups: northern, Central Asiatic, Mongolian, Tian-Shaman,
Asia Minor, southern, and subtropical. The “half-wild” dehiscent
varieties are allowed three groups: northern (European), intermediate
(Asma Minor), and southern (Indian). Taking stated characteristics into
consideration she then divides the species-Papaver somniferum inte
seven subspecies, agreeing in the main with the ecological groups. He
subspecies are: eurasiaticum, centroasiaticum, mongolicum, tianshani-
cum, anatalicum, indicum, and subspontaneur. The southern and
sub-trepical ecotypes are both included in the sixth subspecies, while
the seventh (subspontaneum) comprises the semi-wild completely
dehiscent forms. The subspecies are then divided into varieties
according to the colors of flowers and seeds. These in turn, if desired,
may be divided inte “types” by other characteristics. “Race” 15 used for a
smallest or homogeneous subdivision. (1)

The subspecies differ markedly in various respects. The difference
in height or size of the plants is sometimes quite striking. Basilevskaja
gives two pictures showing tha low character of the opium poppies of th
Tian-Shan race, cultivated in Semiretchie. The plants hardly come above
the knees of the cultivators. She also illustrates the taller condition of
the Djungarian poppy race. (2) Vesselovskaya gives measurements and
photographs for typical plants of the various subspecies. (1) However,
there is hardly a better picture of the tall large type of opium poppy
plent (though not labelled Papaver somniferum, and in fact over a
misleading line) than the full page photograph in The Worid Book
Encyclopedia, article “Poppy.” (3)

The ecotypes are naturally of great importance to the commercial
grower. If the secd he uses comes from a region too dissimilar, especially
in length of growing season, the poppies will not do well. However, all
the ecotypes produce morphine or opium.
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VI11. Chemical variations
1a) In regard to opium and merphine

It is doubtless apparent from the discussion to this point that the
different kinds of variation in Pepaver somniferum are, in general, so
independent of each other, that only the particular kind of variation we
ure really interested in has significance. If we are primarily interested
in flortculture then the floral variations are significant; otherwise not.
Il the poppies are grown for edible seed and oil then the only variations

1l significance are the quantity of seeds produced, their oil content, and

passibly their color. If grown for opium then the yield of latex and its

tontent of morphine are the significant characteristics. Likewise ifopium

poppies are ever grown in this country for direct extraction of alkaloids
il will be the chemical variations that count. Unfortunately almost
nothing 1s known about them except. that they do eccur.

In considering chernical varieties, we must make allowance for
snvironmental factors, particularly the seil and fertilizer. Light and
welil-drained but fertile il is most desirable, but the plants will grow in
BlmosL any type of soil. They respond well to fertilizers, especially
nitrates, and Lthen pruduce moro opium.

Annett considered the total morphine preduction proportional to
Lhe growth of the plant. He also showed that opium from successive
lancings of the same capsules declined steadily in morphine content.
3ome, at least, of the secondary alkaloids increased in relation to the
morphine, or even, in many cases, in actual percentage in the opium.
Moreover, the opium from the main or terminal capsules was somewhat
higher in morphine than that from the lateral capsules. (1)

Making all allowances necessary for such factors, there are still
hereditary chemical variations. They are not closely connected with any
distinction between seed-producing poppies and the varieties grown
primarily for opium. Varieties are known with a high yield of both opjum
and seed. Moreover the yield of opium does not indicate the percentage
[ morphine in the capsule. Some varieties of the “garden poppy” (that
18, varieties of Papaver somniferum, grown exclusively for seed) have a
high morphine content, others comparatively low.

No variety is known in which morphine is absent. Possibly such a
variety could be produced by selective breeding. This would take a
number of years ifit could be done at all. The variety might be subject to
“relapse” and the strain would have to be kept pure, necessitating
rechecking every year or so. Consegquently it is not intended here that
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any hope be held out to farmers who want to grow their own poppy seed,
that any variety of Pupaver somniferum can be found or developed within
any reasonable number of years, that could be grown under the Opium
Poppy Contro] Act.
Varieties have been segregated and established, in Turkey at least,
that yield opium with 20 percent morphine, as long as the strain is kepi
pure. Also there are varieties with a low morphine content in the opium;
but generally selections have been made with a view to increasing the
yield of opium and morphine.
The morphine content of the opium does not give us a great deal of
information about the actual production by the plant. First, the yield o
latex has to be taken into consideration, for abundant latex, with a low
morphine content, may be equivalent to scanty latex with a high
morphine content.
Moreover, Vorozhtsov and Troshchenko reported (1935) that &
considerable part of the morphine present in the fresh latex is
decomposed during the usual evapaoration of the juice on the capsule,
They attribute this to the air (oxygen) and enzyme (oxidase) in the latex.
The Tianshan race of opium poppy was used, ordinarily yielding opium
of 11-13 percent morphine. The fresh juice when analyzed within 2 hours
and calculated to the dry basis contained about 20 percent morphine,
but the opium contained only 11.6 percent. By collecting the latex in a
vessel with a little potassium flucride, which inactivated the enzyme
22 percent morphine was found (calculated to the dry basis), and the
latex remained stable at this content for several months. (2) (Further
reported by Nilov, Nilova, and Troshchenko.) (3)
If this is all correct, varieties yielding opium with a high morphine
content may merely lack oxidase in the latex (or have something present
that inactivates the oxidase) instead of reaily producing more morphine
than other kinds. They would stiil be chemical varieties, at any rate
The guestion of the alkaloids in the really fresh plant and latex badly
needs more investigation. True and Stockberger back in 1916 even
concluded that alkalmds are not present as such in the fresh latex, buf
are formed From something else by oxidase action! (4) This conclusion
seems maost doubtful
It is very possible that the ancient and orthodox method o
collecting opium should be greatly modified. Two thousand years ago it
was the only way known of cbtaining a concentrate of high morphine

content. Todsy, especially for legitimate use, the opium is usually just

an intermediate step in manufacturing the pure alkaloids.
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(b} In regard lo secondary alkaloids

The chemical variations that have actually become established—

Wy accident—as distinet varieties, pertain to the secondary alkaloids.
A [act that stands out is that papaverine, which is often the fourth
alkaloid in amount. or even the third, is sometimes found completely
nhsent in some kinds of opium, while the same methods show its
presence in other kinds.

Thus, van Itallie and Kerbosch examined qualitatively 19 samples
of opium from 7 different regions of the world. for the 6 principal
itlkaloids. They found all 6 in all of them except that 4 of the 5 sampies

from India coentained no papaverine. (5)

Chassovnikova found that opium frem a Chinese variety of Papaver

somniferum contained neither papaverine nor even narcotine, whereas

hoth were present in the opium from four other subspecies investigated.
In fact, narcotine was the second alkaloid for tha other subspecies, and
the same method of analysis which showed none at ail in the Chinese
subspecies yielded 4.8 to 7.6 percent in the other kinds. (6)
Manchurian opium, while containing both narcotine and
papaverine, is low in the latter and exceptionally high in both codeine

and thebaine, as shown by the analyses of Arima and Iwakiri. (7) The

same is true of Tianshan opium, which in Chassovoikova’s analyses
showed over 3 percent of codeine and over 4 percent of thebaine. (6) A
very different variety is grown in India, for Rakshit remarks that
thebaine is only nominally present in Indian opium. (8)

Feldman and Klyatchkina, from analyses of the eapsules, remark
that “all kinds of poppies™ (that is, all varieties of the species Papaver
gormniferum) contain morphine and codeine, but that “the presence of
narcotine and papaverine depends on the kind of poppy.” They also
slate that the “garden poppies” are low in narcotine as compared with
the “opium poppies.” (9). Kerbosch found similarly that poppies from
Eurcpean seed produced much less narcotine than those from Smyrna
seed. (10)

On the other hand Kiissner’s report on the alkaloid content of the
capsules of a variety grown in Germany shows almost as much
papaverine as morphine, with high narcotine, scarcely any codeine, and
no thebaine. (11)

In the summer of 1943 the writer examined capsules of a garden
poppy grown in Minnesota, with the extraordinary result of finding
narceine (usually sixth) as the second alkaloid, along with no
papaverine at all. Moreover, an alkaloid was separated, which, within
Lhe limits of the method, had the solubilities of papaverine, but gave the
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color reactions of narceine. This may possibly have been methyl-
narcotine. Currently, methyl-narcotine is not supposed to exist m opium,
although it was reported by two early investigators. (12) No doubt it is
usually absent, but it is in just such plants as these, with abnormally
high narceine, that it might be present. Lack of material and lack of
time prevented any extensive investigation.

It is evident that in growing popptes either for opium or for the
direct extraction of alkaloids a great deal more attention should be paid
to the variations from the chemical standpont, and to the established
chemical varieties.
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IX. Names for varieties
(a) Gevgraphical, national, and provincial names

Although the geographical races or subspecies of Papaver
nomniferum may correspond to major geographical areas, the use of the
numes of minor units, as countries, states, and provinces, to designate
varieties, has never been anything but a source of confusion. If seed is
ubtained from Macedonia or Persia, then the plant is called “The
Macedonian Poppy” or “The Persian Poppy.” Yet, according to the
Encyclopaedia Britannica, there are four varieties grown in Macedonia,
nnd six “forms”™—all attributed to variety elbum, but differing in color
ul flower and guality of opium—in Persia, (1)

On the other hand, exactly the same variety of the northern ecotype
may be grown in Holland, Moravia, Hungary, and elsewhere. When
sned is obtained from these places and grown in the United States, the
kame poppy is variously known as “The Dutch Poppy,” “The Moravian
Poppy,” “The Hungarian Poppy,” etc.  Still worse, if the plant has been
grown in Oregon for a time, then seed sent from there to California, it
becomes “The Oregon Poppy” in California. This has already occurred.

There are two totally different poppies of other genera rightfully
known as the California Poppy and the Mexican Poppy, since their
reientific names are Eschscholzia californica and Argemone mexicana,
respectively; yet already we have opium poppies known as “California
Poppies” and “Mexican Poppies” merely because they have been grown
in those places.

The poppy immortalized by the First World War and the poem “In
Flanders Fields” is the red corn poppy, Papaver rhoeas, which grows
wild in Flanders. However, the opium poppy is cultivated there, and
the name “Flanders Poppy” has already caused some confusion. The
article “Poppy” in The World Book, an encyclopediz, states correctly that
“the common red poppy, a species that grows wild in the grain fields and
grassy meadows of Great Britain and the continent of Europe, is the one
referred to in the popular wartime poem, In Flanders Fields, by John
McCrae”; nevertheless the accompanying full page illustration, over the
line, “In Flanders Fields the Poppies Blow,” shows an unquestionable
field of opium (garden) poppies, with an old peasant woman cultivator.
(2)

The name “Flanders Field poppy” is not ohjectionable as is “Flanders
poppy,” since it both relates the kind of poppy more specifically to the
poemn, and also indicates the distinction of the “feld poppy,” Papaver
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{The name Papaver glabrum has also been applied to a variety of

Pupaver dubium.)

hortense Hussen. Chard. Nane. FI. 39. 1835,

indehiscens Dum. Fl. Belg. Prod. 130. 1827.

officinale Gmel. Fl. Bad. 2: 479. 1806.

opitferum Forsk. Fl. Aegypt-Arab. p. 113, n. 336. 1775.

nigrum, Bub. Fl. Pyren. 3:267. 1897-1901.

nigrum Garsault, Fig. Pl. Anim. Med. t. 440. 1764.

polycephalum Hort. ex Vilm, Fl. Pl. Terre. ed. 1: 594. 1863.

{Vilmerin merely gave Papaver polycephaium Hort. as a synonym

for Papaver somniferum var. monstruosurm & Hort. (4) See Chapter VI,
'

rhoeas, which grows wild in Europe, from the “garden poppy” which i8
Papaver somniferum.

It is hoped that the naming of vareties of Papaver somniferum for
minor geographical or political areas, such as countries, states, and
provinces, will be entirely abandoned.

The name “Oriental Poppy” as intended to distinguish the Chinese
or Far-Eustern variety of opium poppy has been a source of extreme
confusion for years. First, the name already rightfully belonged to
FPapaver arientale, an entirely different species native to the Near Ea
Secondly, there is often doubt as to whether “The Orient” signifies &
Far or the Near East. Thirdly, the name was generally used on the
erroneous supposition that the opium poppy is a native of the Far East
Fourthly, in extending the term to all opium-producing poppies it was
commonly opposed to “The Domestic Poppy,” although whether this lask
name was intended for Papaver rhoeas or the European “garden popp
is by no means clear. If by “The Domestic Poppy” was meant Papauver
rhoeas, it was not sufficiently distinguished from the opium poppy; while
if the term meant the European garden poppy there was made an
apparent distinction, in fact an opposition, without any real difference.

Let us hope that in the future the term “Oriental Poppy” will be
reserved for the use Aower-gardeners always give it; that is, that it be
applied only to Papaver orientale and its near-relative Papaver
bracteatum and their hybrids.

setigerum DC. F1. Fr. § (suppl.}, 585 1815
{Now held to be a distinct species.) and finally,
somniferurn L. Sp. Pl. 508. 1753.
The Index Londinensis, with its supplement, lists 161 sources of'
lustrations of Papaver somniferum, including many colored plates
aliowing the flowers with stalk, leaves, etc. (5). Some of the illustrations,
huwever, show only the fruits (capsules) or other parts. In addition there
uire seventeen sources for illustrations of the following varieties:

var. album DC. (the “White Poppy").

var. glabrum Boiss.

var. lactniatum Reichb.

var. leptocaulotum Fedde.

var. nanum, Hort. (double fringed; “Chamois-rose” color).

var. nigrum DC. {the “Black Poppy™).

var. polycephafum Hort. (The name probably should be var
onstrosum Goepp. See chapter VI, d).

(b) Botanical names

The following specific names of the genus Papaver are listed in the
Index Kewensis as equivalent to Papaver somniferum. (3) They apply to
varieties or subspecies, or even, In many cases, the typical form. being
then mere synonyms for somniferum. The only exception appears to be
setigerum, which is listed in the Index as equivalent to somniferum. It
was considered by many botanists to be the truly wild subspecies, but
others considered it a distinct species, and recent work indicates that
the latter view is correct. The names are given with reference to thei
authur and the publication in which first described.

{¢) Horticultural names

The following are some of the names applied to foral varieties of
the opium poppy. Sometimes Latin names are used in the style of
hotanical names. These are occasionally stated, rather carelessly, as if
they were specific names, as for instance “Papaver murselli”; or they
may be given more fully and correctly, as for example “Papaver som-
miferum var. murselli, Hort.” The English language names are the ones
that were found in most seed cataloge, prior to the passage of the Opium
Poppy Control Act. In the seed catalogs the foral varieties of Popaver
somniferum were generally listed merely as “Tall Annual poppies.”

album Mill. Gard. Dict. ed. 8, n. 9. 1768.

album & nigrum Crantz, Stirp. Austr. ed. 1, fasc. 2: 129. 1763,
amoemum Lindl. Bot. Reg. Mise. 56. 1839.

amplexicaule Stokes, Bot. Mat. Med. 3:181. 1812.

glabrum Gilib. Fl. Lituan. 213 1781.
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Latin names.
Giganieum.
Magnificum
Paeonifloruim (peony-flowered  or double plain).

Strains of deuble fringed kinds:

Cardinale {Scarlet. A salinon-pink of the “Cardnal™ strasn was also oftered)
Fimbriatum.

Murselli ("Mikado™ 35 4 representative of this strain)

Nanuen (origunally “chasnois-rose™ color).

Various names for the abernnion with supernuimerary carpels
Monstrosuen (appurently this was the name first used. See chapter V1. d).
Monstruosum (Vilmerin's spelling (4)

Polycephalumn (apparently botanists mmost otten use thys name)
Prolifere (P. prolilere Hort, Revue Horlicole 65 348.1893) .
Proliferum (name used by Fedde, Das Pllanzenrcich 4
English Limguage names
Single kinds:
Admiral ¢white. banded scarlet)
Charles Darwin (dark purple with black spots).
Dainty Lady (rosy-masuve with darker spots).
Danebrog or Damsh Flag (bright red with white spots at the base
of the petals forming a cross).
Flag of Truce {pure white).
King Edward (scarlet red).
M:ud of the Mist (white, fringed petals).
Mephisto (scarlet, spotted black).
The Bride (pure white).
Victona Cross (same as Danebrog)
Chinese poppies (dwarf kinds).
Double Plain kinds:
Paeony-flowered (mixed. or 1n separate color strans as):
Scarlet
Chamois-tnse.
Raspberry-rose.
White.
Mauve.
Mauve Queen.
Black (double and semmi-double; probably an exiremely dark violet)
Double Fringed kinds:
Camaunon-flowered.
Cardynal (searlet; also salmon-pink of the same strain)
Mikado (whate. crimson striped or Upped)
Pink Gem.
‘While Swan
Reterences: (&) (7) (B} {9).
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The reference book, Standardized Plant Names, has apparently
mfused the Opium Poppy with the Oriental Poppy and mingled the
mes of the two together. Most of the names given above are marked
1 it as “Or.” for Oriental (10)
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X. The closest relatives of Papaver somniferum
{a) Botanical opinions on species

It often happens in regard to a widespread and variable plant, or in
regard to closely related plants, that botanists disagree as to whether
there is only one variahle species, or several which should be regarded
us distinet. In the case of the cultivated poppy the question seems to be
well settled. Although several other specific names have been bestowed
nnd were often used in the past, such as Papover officinale, P hortense,
nnd P opiiferum, botanists now seem well agreed that there is only one
poppy cultivated for either opium or edible seed, and that is Papaver
somniferum.
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The haploid number of chromosomes in Pepaver somniferum is 11
Tuhara, 1915) and in Papaver setigerum is 22 (Ljungdahl, 1922). These
pinmbers were verified by Kuzmina (1935). The fact that one number is
n multiple of the other shows a close genetic relationship between the
jwo species, but if P setigerum were the ancestor the numerical relation
wuld be the other way around. “It has been proved experimentally
Mt the evolution of polyploid relations proceeds from lower to higher
numbers. Reversion would only mean return to the initial form with few
iromosomes.” (Kuzmina). (3)

Papaver sefigerum grows wild in the Mediterranean region, chiefly
n the western part, and more in southern Europe than in North Africa.
Inolated specimens have been found in Greece and Cyprus. It has been
pometimes grown in gardens for its flowers, but apparently has not been
earried nor advertised by American seedsmen within recent years.
The flower is generally described as violet, but the colored plates
purporting to illustrate it do not show this. Thompson illustrates a red
wppy, Bonnier a purple-red with viclet spots, and Sweet a flower chiefly
‘white, with very dark violet spots surrounded by light lavender. The
plant is of smaller size than Papaver somniferum and more hairy, the
leaves greener and more deeply incised, the capsules much smaller and,
of course, completely dehiscent. (4) (5) (B) (7)

Of some twenty-eight species of Papaver that have been examined
fur chromosome numbers, only P somniferum and P, setigerum have the
number 11 or a multiple. (8) Perhaps these are the only opium poppies.
It seems fairly certain that Papaver setigerum is a true opium poppy;
nnd yet there do not seem to be any reports of actual chemical analyses.

Popaver glovenm Boiss. & Hausskn,
in Boiss. Fl. Orient 7:116.1867. The Red Tulip Poppy

This plant, though it has been considered to be a very close relative
of Papaver somniferum, or even a subspecies, has now been found not to
be an opium poppy.

Papaver glaucum is a native of the Near East, the region of Syria,
Assyria, Persia. It is cultivated in the United States for its flowers, and
has been listed by 2 number of seed companies. The flowers are scarlet,
the two inner petals spotted black or purple-black inside at the base.
The inner petals stand up in cup form, so that the flowers strongly
tesemble red-tulips. The foliage much resembles that of Papaver
sornniferum, but the habit of growth is different. The plant branches
Just above the tap reot into 2 number, sometimes a large number, of
nearly equal stalks. (P, somniferum produces a main stalk and capsule,
with side branches bearing smaller capsules.) The capsules of

There are, of course, poppies cultivated for their flowers which
belong to quite distinet species and even to other genera. It is also tru
that the seeds of some other species may be eaten, and possibly such
poppy may have been grown for that purpose at one time or anothes
However, the only poppy grown commercially anywhere or known
have been grown in the United States for edible seed, is Papauve
somniferum, the Opium Poppy.

The numerous strains or races of poppies actually used for opi
production all belong to the one species, Popaver somniferum. It i
probable enough, however, that among its closest relatives there may
found at least one (Papaver setigerum) that produces morphine @
perhaps even yields a true opium of similar composition to that fros
Papaver somniferum.

It is in regard to these closest relatives that there have beel
differences of botanical opinion. Seme botanists have lumped togethe
five more or less different poppies, considering the other four of them
merely subspecies of Papaver somniferum. Many have considered
least one of them, Papaver sefigerum, as no more than a subspecie'
Others, however, have considered P sefigerum, as well as P gloucuon
F. gracile, and P decaisnei, as distinct species, belonging, along with
F. somniferum, to the section Mecones of the genus Papaver. Recen
work indicates that these species are quite distinct. In fact, it seem
possible now that one or more of them ought not to be assigned to t!
section Mecones. ‘

A

(b) The species setigerum, glaucum, gracile, and decaisnei

Fedde in his monograph en the Papaveraceae in Das PAanzenreick
distinguishes five speeies which he assigns to the section Mecones of the
genus Papaver. These are somniferum, setigerum, glaucum, gracile,
and decaisnei. (1)

FPapaver setigerum DC. Fl. Franc. 5 (Suppl.): 585. 1815

Of the species named above, P setigerum is most closely related te
P. somniferum and has been frequently considered a subspecies. Even
those botanists who considered it distinct usually, in the past, regarded
it as a species ancestral to the cultivated poppy. Vesselovskaya decided
that it is distinet, although she found that it will cross quite readily with
P. somniferum. (2) Kuzmina pointed cut that the chromosome numbers
indicate not only that Papaver sefigerum is distinet but also that it ca
hardly be regarded as the ancestor of Papaver somniferum.
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Papaver gracile Auch.
m Boiss. Pl Aucher ex Ann. Se. Nat. 2. 16:372. 1841
Papaver decaisnei Hochst, & Steud.
in Schimp. Pl. Arab, exs. (1835) n. 125 ex. Boiss. Fl

P. glaucum are completely dehiscent and are small, only about the siz
of Papaver rhoeas, though the plant is considerably larger and talle
than P rhoeas. Descriptions and illustrations of the flowers and plan
as intreduced into horticulture will be found in the following references
(9)110)(11).

Balley s referring to Papaver glaueum as “the plant sold under .
name” (4) seems to imply a question in his mind of the identification ¢
Papaver gloucum of the seed cataloge with Papaver glaucum. of
botanists, but no one else seems to have questioned this.

This “Tulip Poppy” should not be confused with the “Mexican Tul
Poppy” or “Giant Yellow Tulip Poppy,” Hunnemannia fumaricefoli
Sweet.

In the summer of 1943 the wrnter was supphed with a few plantse
the cultivated Papever glaucum of floriculture, for chemica
examination. These were kindly supplied the Bureau of Narcotics b
the Waller-Franklin Seed Company, Guadalupe, California. N
morphine whatever could be detected in these plants. In fact, n
evidence was observed of any opium alkaloid. Instead, the chemics
analysis revealed the principal alkaloid as similar to rhoeadine, ane
indicated a much closer relationship of this plant to Papaver rhoeas thas
to Papaver somniferum. Consequently the analysis will be more fully
dealt with in Part II, “Other Poppies”

When first introduced into floriculture Popaver glaucum wa
described as resembling a cross between P rhoeas and P, somniferum,
Maorphologically, it is much like the latter. However, from the fact tha
an attempted cross between B glancum and P somniferum did nol
succeed, Basilevskaja in 1928 concluded that the likeness is only
exterior. (12) Kuzmina in 1935 pointed out that the chromosome
number of E glaucum is 7 (Sugiura 1931), while that of P somniferum
11 (Tahara 1915), and that “these data exclude B glaucum from the
ancestors of £, somniferum and even raise the question as to the
appurtenance of this species to the section Mecones.” Only P somniferus
in the genus Papaver has so far been found with the chromosome
number 11, but P sefigerum, its closest relative, has a multiple of this,
22. The twe other poppies assigned to the Mecones, P gracile and
P, decaisnei, have not been examined. On the other hand numerous pop-
pies of other sections of the genus have the number 7 or a multiple,
neluding P rhoeas with the number 7. ]

Adding the chemieal evidence to the vther points to be considered
it would seem that Papaver gloucum does not even belong in the same
section of the genus Papaver (Mecones) with Pupaver somniferum.

These can be dismissed briefly as little 1s known about them and
hey do not seem 10 have been grown in the United States. Papaver
racile is found In the Anatolian peninsula and Cyprus. Papaver
ecaisnet 1s found in Egypt, Armenia, and Persia. They are small plants
e compared to Papaver sormniferum. Their relationship to the latter
does not seem to have been further studied in recent years. FPapaver
Wecaisnei has been considered least closely related to P somniferum of

he poppies of section Mecones. Apparently nothing whatever is known
f the chemical composition of B gracile and P decaisnei, and their
yhromosome numbers are also unknown.

Basilevskaja gives a map of the distribution of the close relatives of
wpaver somniferum. (12) Fedde should be consulted for the botanical
lescriptions. He alse illustrates the capsules and buds, both in Das
MNanzenreich and in Die natiirliche Pflanzenfamilien. (1) (13).

{c) Hybrids ot Papaver somniferun with quite different species

Some remarkable crosses have been made between species within
‘the same genus but not. of particularly close relationship. When the
pecies differ considerably, the plants of the first hybrid generation (F1)
e often sterile, so that the cross cannot be propagated further, at any
rate not by seed. However, in some cases the F2 generation has been
raised. and a hybrid race can be obtained.

One of the most successful crosses between quite different species
seems to have been that of Papaver somniferum an annual, with
Prpaver bracteatum, a perennial. This was first accomplished by Henry
de Vilmorin in 1880. He used pollen from a double garden variety of
Pepaver somniferum, obtaining the seed from Papaver bracteatum. The
first hybrids were sterile, but later some hybrd races were obtained,
both annual and perennial. (14} Whether any of them tock any
permanent place in floriculture seems rather doubtful.

The cross was repeatedly made at Verrieres for the firm of Vilmorin-
Andrieux et Compagnie. The hybrids were further reported on by
PPhilippe L. Vilmorin in 1906. He said that best results had been
abtained with pollen from a horticultural variety Double Mauve of
Chinese Poppy (Papaver somniferum). (15)
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Rather recently (1930) Kasseyeva failed to obtain the hybrid b
pollination of Papaver bracteatum, as the resultant seed did ne
germinate; but obtained quite fertile seeds from the pollination
Pepaver somniferum with pollen of Papaver bracteatum, and reared
second hybrid generation. This cross showed a marked patrocli
(dominance and prevalence of paternal characters); that is, the hybri
plants resembled Papaver bracteaium rather than Papaver somniferum
(16)

Somewhat earlier the crossing of these two species was studied |
Pirovano (1926), who gives illustrations of some of the hybrids. (17)

Apparently nothing whatever is known as to the inheritance of th
capacity to produce opium alkaloids in such crosses.

Papaver rhoeas is reported to have been crossed with Papau
somniferum, and also (variety pinnalifidum) with Papaver sefigerum
(12) Hybrids of Papaver somniferum have alsoc been obtained w
Poparer orientale (Yasui 1921; Ljungdahl 1922), and with Papauve
nudicaule (Yasui, 1927). (3)

To what extent such hybrids may be introduced into floriculture i
speculative. It is quite likely that eventually some hybrid of marke
floral value may be obtained. It will be most interesting to learn whethe
such hybrids form the alkalods of Papaver somniferum, if only this
determined. They are mentioned here chiefly to call attention to them
They are not a present problem; neither is anything known of theil
chemical or narcotic properties.
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XI. Determination of opium poppies

It is expected that the determination of opium poppies, under the
law, will be primarily chemical. The Opium Poppy Control Act provides
that the term “opium poppy” “includes the plant Papaver somniferum,
any other plant which is the source of opium or upium products, and any
part of any such plant.” (1) Botanical preof that a plant is Papaver
swomniferum, would be satisfactory, but it is thought that by using a
chemical proof, the definition will forestall arguments as to whether a
particnlar kind of poppy found growing in a certain field does or does not
belong to the species Papaver somriferum. If it is proved to contain
morphine, the most essential narcotic component of opium, that is
sufficient to bring it under the Opium Poppy Control Act.

With the fresh plant the chemical identification of the true Opium
Poppy is quite easy. A few drops of fresh latex shaken up with several
nils of water or dilute acid and filtered will yield a clear and colorless
solution containing the zalkaloidal salts, from which morphine can be
isolated in a high degree of punity In fact, the writer has found it
possible to identify morphine with certainty by tests on a single drop of
latex from a capsule, without even the necessity of making any
extractions. The drop was smeared on a microscope slide and on several
spote of a spot-plate. Iodine Reagent M-2 gave unmistakable
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morphine-iodine crystals, and Frohdes, Marquis’ and Mecke's reagents
yiclded their characteristic color reactions. (2) (3) Such experiments show
in a remarkable way how the true Opium Poppy bleeds morphine from
every wound.

When the plants, as received by the chemist. are not fresh enough
for the latex to flow, or when dried material is submitted, it 1s necessary
to make an extraction. When quantitative results are not needed, the
following rapid procedure can be used for a small quantity of either green
or dried parts of the poppy plant. such as capsules, leave, or petals.

METHOD FOR THE 1SOLATION OF MORPHINE FROM PARTS OF
THE TRUE OPIUM POPPY FOR IDENTIFICATION

Break or tear up the material and digest it three times successive
with enough alcohol to cover it, warming on the steam bath. Filter the
extracts into an evaporating dish and evaporate off the alcohol. Treat
the residue with ether and pour off the solvent through a filter and
discard it. This will remove chlorophyll. as well as the plant resins, etc.
that are soluble in organic solvents. Treat the residue with 5 to 15 mils
water slightly acidified with acetic acid. and filter this extract into a
separatory funnel. Make the solution slightly ammomacal, using
litmus paper indicator, and extract with an equal volume of (2+1]
chloroform and isepropyl alcohol solution, filtering into another
separatory funnel. Extract twice more with (3+1) chloroform and
isopropanol, and discard the aquecus solution. Extract the chloroform-
isopropanol solution with a total of 8 to 15 mils sodium hydroxide
solution (about 2%, in three portions. Combine the first two alkaline
extracts in separatory funnel A, leaving the third in separatory funnel
B. Discard the chloroform-isopropanol sclution or use it for
examination as to the presence of other alkaloids. Wash the alkaline
solution in funnel A free of nonphenolic alkaloids by shaking it with an
equal volume of chloroform, twice; and each time shake the chloroform
with the alkaline solution in funnel B, then discard it. Acidify bot
alkaline solutions, using litmus paper indicator. While acid, they can be
apain washed with chloroform, if it is thought that this will help purify
the morphine extract. Make the sclution in funnel B slightly ammonia-
cal, pour it into funnel A, and replace it with 2 mils water. Make the

solution in funnel A slightly ammoniacal and extract once with (2+41)

and twice with (3+1) chloroform-isopropanol. Wash each extract by

shaking with the slightly ammeniacal water in funnel B, filter into an
evaporating dish, and evaporate off the solvent on the steam bath. The
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sidue is sulfiiently pure morphine fur easy identification. Scrape up

A very little and test on the microscope slide with Todine Reagent M-2.
121 Test. other scrapings on the spot plate with Frohde's, Marquis', and
Mecke’s reagents; and make other color tests if desired. (3) Dissolve the
‘remaining residue in a little dilute acid and test with Marme'’s reagent
1 K2CdI4) for other crystals. Bouchardat's reagent (agueous iodine in KI
wolution, also known as Wagner’s reagent) can alse be used. (3) (4)

The whele procedure can be carried out within two hours, and has

Inen used for the certain identification of morphine in a single green
Jeaf of no great size, in half a gram of the dried flower petals, etc.

This method requires numerous minor medifications to be made

strictly quantitative, but can be made at least semiquantitative by
making the extraction of the original matenal fairly exhaustive (in some
Llype of continuous extractor), and following through with care not to
Inse any appreciable part of the morphine in the residue or sohutions
discarded, increasing the quantities of reagents when necessary. As
anme neutral substances may be carried along, the guantitative
determination is probably most accurate when the morphine is titrated,
 using methyl red indicator, and on a small scale. hundredth-normal acid.
While a quantitative or semiquantitative determination is not needed
for the purpose of identifying opium poppies, it serves to show that some
substantial proportion of morphine is present, not just a mere trace. I
examination of the other alkaloids is desired, petroleum ether instead of
pthyl ether should be used to remove the chlorophyll, resin, ete.; and it

may even be best to recover traces of alkaloids from it by shaking with
dilute acetic acid Moreover, in taking up the alkaleids in water.
pufficiently strong acid must be used to dissclve the narcotine.

The Iodine Reagent M-2 is applied to a very little of the dry
alkaloid, and gives the most characteristic and sensitive micro-crystal
test known for morphine, and also the readiest crystallization. Four
kinds of crystals are produced and usually all can be found in the same
test drop at different concentrations of morphine. Under the microscope
they appear as black needles; brown threads; minute brown or orange-
hrown rod-plates; and moderately large red, red-brown, or red-black
square-cut or irregular plates. The last-mentioned crystals are gener-
slly considered the characteristic morphine-iodine crystals, and regarded
as one of the best micro-crystal tests for any alkaloid. They require the
highest concentration, but still only about a microgram of morphine.
The black needles require the least concentration, and afford a limiting
sensitivity for the test of 0.1 microgram (one ten-millionth of a gram),
when this minute amount of morphine can be concentrated in one spot.
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(2) The reagent will keep for at least two or three months in a rubber-
bulb dropping flask.

For doubtful poppies and to establish negative results with
completa certainty, the chemist must have sufficient plant material,
perhaps 50 or 100 grams, or more. He should then use a quantitative
method for morphine that seems the best available for the material et
hand With a quantitative method substantially all the morphine will
be obtained, if any is present, separated from nearly all the other
alkaloids. The analyst will then be sure of its absence, if the residue
gives no morphine reaction; and he will have enough to be sure of it if if
is present, utilizing further metheds of purification if necessary.

A guantitative method devised by Mallory and Valaer has been
published. (5) It was recommended for poppy capsules, although this
does not sufficiently appear from the title. The “acid hydrolysis’
treatment was considered necessary to get all the morphine out. It i
too drastic for some of the opium alkaloids, and a less severe treatment
with some kind of continuous extraction may be preferred. Another
method, as used at the Washington Laboratory by Levine, chemist for
the Bureau of Narcotics, has heen supplied the Alcohol Tax Unit Branch
Laboratories. (6) These Laboratories make the enforcement examina
tions for the Bureau of Narcotics throughout the United States.

The morphine must be identified beyond doubt. Many other plants
contain alkaloids, and some others contain phenclic bases which may be
extracted in the same way as morphine and be found in the final residue
in which the analyst expects to find morphine. Such bases will give
precipitates with alkaloidal reagents, and various color reactions with
such reagents as Marquis’, Frihde’s, and Mecke’s. Therefore in
identifying morphine it is essential that any reactions en which reliance
is placed be exactly like those of known morphine. An inexperienced
analyst should compare the reactions directly with those of known
morphine. It is neither necessary nor desirable to rely wholly on any
single test, even the most characteristic microcrystals, for one can use
both the best crystal tests and some of the most characteristic color
reactions.

Narcotic agents or others desiring a test should submit sufficient
material, including at least cne whole plant, preferably several, if
possible with a pressed or fresh flower, in order that the chemist may
see what it looks like. When a quantitative determination of morphine
in the capsules of Papaver somniferum is desired, a sample of about four
ounces (dry weight! should be submitted, if possible; and these should
be picked before they become leached out by rain, following maturity.
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In the case of cluse relatives of Papaver somniferum which have not

heen previously examined, something more than just the morphine
examination may be needed. A complete examination to determine
wxactly what alkaloids are present, and their nature, is outside the scope
ol the ordinary enforcement work; but any chemist who examines
different kinds of poppies will have opportunities to make some
wcientifically valuable observations, provided the chemical results are
varefully tied to the right botanical names. The alkaloidal constituents

ol various poppies, so far as known. are given in Part I1. Chapter XVII.
XI. REFERENCES

1. U. 8. Treasury Department, Bureau of Narcotics. Regulations No. 7. relaling to
1he Production. Manutacture, Purchase, Sule, and Giving Away of Opitn Poppics and Opium
nnd Opium Preducts, under the Opium Poppy Control Act of 1942, Washington: 1943. This
publicanon includes the text of 1he Law.

2 Fulton, Charles C. “Crystal Tests for Minute Amounts of Morphine.™ The Journal
of Laburatory and Chnical Medeine 23, no. 6.622-626 (1938).

3. Fulten, Charles C. *The Principal Chemical Tests for Morphine.” The Amencan
Joumal of Pharmacy. vol. 109, no. 6, May 1937,

4. Stephenson, Charles H. Some Microchermical Tests for Alkalowds. Including
thumical tests of the alkalowds used, by C. E. Parker. J. B. Lippincott Co  Philadelphia and
London, 1921

3. Mallory, G. E.. and Valaer, Peter (Jr.). “Detailed *Acid Hydrolysis Method for
Opium Analysis™.” American Jouroal of Pharmacy 107, no. 12, 515-525 (1935).

6. Determination of Morphine Content of Poppy Capsules. (Photostat distributed
0 Alcohol Tax Unit Branch Laboratories by U. 8. Bureau of Narcotics  Procedure writlen
ay Joseph Levine.)

PART II OTHER POPPILS

IDistinct from Pepaver somniferum: their status under the Opium Poppy
Conrrol Act in the light of our present knowledge of their constituents]

XII. Plants coming under the Opium Poppy Control Act

The Opium Poppy Control Act of 1942 prohibits the cultivation of
the opium poppy in the United States, except under license; and licenses
may be issued only for production of opium or opium products to meet
the medical and scientific needs of the nation

Ae explained in Part I, the only plant used for actual production of
opium is Papaver somniferum. However, it has numerous varieties and



164 The Opium Pappy and Other Poppies

in the past has sometimes gune under several different names, even.
amongst botanists, Moreover, its closest relative, Papaver sefigerum,
may be capable of producing true opium, although apparently it has
never been analyzed. Possibly a few other species also produce morphir

In order to forestall arguments as to whether opium-produci
poppies in a particular case do or do not belong to the species Papav
somniferum, as well as to include other poppies which may be capable
producing opium or its narcotic principle, morphine, the Act defines
“opium poppy” and “opium products” quite broadly, as follows:

“The term ‘opium poppy’ includes the plant Papever somniferum,
any other plant which is the source of opium or opium products, and any
part of any such plant.”

“The term ‘opium products’ includes opium and all substances
obtainable from opium or the opium poppy. except the seeds thereof.”

Of course it is not intended to stretch this definition over the whele
vegetable kingdom by reason of common substances obtainable fro
opium which have nothing to do with its narcotic action, such
moisture; acetic, lactic, and sulfuric acids (which are present in the form
of acetates. lactates, and sulfates); plant wax, resin, fat, gum; or choline,
etc. The physiological action of opinm depends on its content o
alkaloids, especially morpbine, which is the chief in amount, importance,
and narcotic effect. Of the other alkaloids of opium (about 22 are known}
codeine most closely resembles morphine in chemical structure, and
physiclogical effect 1s similar but much weaker.

Most of the other opium alkaloids are present in insignifican
proportions. The other principal alkaloids are narcotine, narceine
thebaine, and papaverine. None of these is used as such by drug
addicts. Narcotine has comparatively little physiological effect, and tha
mainly stimulative rather than narcotic. Narceine is almost inert.
Thebaine is probably the most poisonous opium alkaloid. Although
chemically related to morphine it has a very different effect, more like
that of strychnine. It is of no use to addicts as such, although it can be
converted by chemical industry into habit-forming derivatives.

The plants, if there are any such, that may belong under the Opium
Poppy Control Act along with Papaver somniferum, are congidered ta
£all in the following groups:

(a) Plants producing “opium™:

Any plant, if any other than Pepaver somniferum should be found,
having a narcotic juice of use to opiate addicts, and containing compounds
chemically identical with some of the compounds essential or peculiar to
opium.

. »
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At the present time no plant other than Pepaver somniferum is

knuwm to yield a latex actually used by any opiate addicts. Hence this
proup is only a speculative possibility except as chemical analysis for
upium products may reveal some plant as a potential source of a product
sufficiently similar to true opinm.

(b) Plants producing “opium products”™
1. Any plant found to be a source, actual or potential, of morphine.
11. Any plant which could constitute a real source of codeine even if

it produces no morphine.

IIT. Any plant which may hereafter be found of actual use to

nddicts, by reason of the extraction or production therefrom of a
campound of narcotic action which otherwise is obtainable from opium.

Groups II and I11 are hsted chiefly fur completeness. No plant is
known that produces codeine without morphine, but it is conceivable
that this might be the case with some close relative of Papaver

comniferum, unanalyzed as yet—or, that some strain or hybrid of F
wormniferum might be developed which would do this. No plant cther

than Paopaver somniferum is known that has been actually used to
produce any narcotic opium product for drug addicts.

This leaves Group 1. The determination of opium poppies, under
the law, is primarily chemical, and in practice resolves itselfinto proof of
the presence or absence of morphine. If morphine is extracted from the
plant, or from its latex, and identified with certainty, the plant is proved
Lo be an “opium poppy” under the Act.

The clozest relatives of Papaver somniferum have been discussed
in Chapter X None of the doubtful ones is cultivated in this country.

The question now to be considered is whether any of the quite
distinct poppies, so frequently grown for their flowers, such as the
('alifornia Poppy, the Mexican Poppy, the Oriental Poppy, the Shirley
{’oppies, and others, may be found to come under the Act. The genera
and then the cultivated species of poppies will be given in the next two
chapters. In Chapter XV the question of morphine in other plants than
Papaver somniferum is discussed at length. Chapter XVI tells what is
known about the occurrence of certain secondary opium alkaloids and
characteristic but nonnareotic opium products in some other plants. In
Chapter XVII the alkaloidal components of “Other Poppies” are given,
s0 far as known.
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C. Fumarioxdeae.
a_ Corydaleae

I Burcan of Narcotics Regulations No. 7. Washington. 1943, (This publication
includes the text of the “Opium Poppy Conrol Act of 1942.') (XL 1).

XIII. The genera of the family Papaveraceae

28_ Dactyhcapnos
29 Dicenlra

30. Corydalis

31. Roborowskia

The family of Papaveraceae is given by Fedde in Die Naturliche
Pflanzenfamilien as comprising the following genera: (1)

A. Hypecoideae
1. Pteridophyllium
2. Hypecoum
B. Papaveroidae
a Platystemoneae
3. Hesperomecon
4. Meconella
5. Platystemon
b. Romneyeae
6. Rommeya
1. Arctomecon
c Eschscholziea:
8. Pendromecon
9 Hunnemannia
10. Eschscholzia
11. Petromecon
d Chelidomeae
2. Sanguinaria

13
14.
15.
16.
17.
8.
19.
20.

Eaniecon
Stylophorum
Hylomecon
Coreanomecon
Dicrancstignma
Chehdonium
Macleaya
Boccoma

e. Papavereae
21. Glaucium

2.
23,
24,

Roemena
Cathcartia
Meconopsis

25, Argemone

26.
21,

Fapaver
Canbya

32. Phacocapnos

33. Cyshicapnos

34 sarcocapnos

35. Adlumia

36. Ceratocapnos

b. Fumarieae

37. Tngonocapnos

38. Rupicapnos

39. Fumaria

40. Fumariola

41. Platycapnos

42 Discocapnos
Not all botanists recognize all these genera, and some use a genus
I'feetysticma, the species of which are referred by Fedde to genera given

ove.

Most American botanists separate the Fumarioideae from the
paveraceae, distinguishing them as a separate family, the
mariaceae. The Fumariaceae, while closely related (botanically) to
lhe restricted family of Papaveraceae, are not commonly known as
"Pouppies”. In the following pages chief attention will be given to tha
pstricted family of Papaveraceae.

XIN. REFERENCE

| Fedde. Frniedrich. “Papaveraceae”, in Die naturliche Pflanzenfamiben, vol. 17b.
Laipzig, 1336. (VL 7).

X1V. Principal species of poppies in American Horticulture

The principal species of poppies grown in the United States for their
Mlowers are given in the following list. For the most part the information
w taken from the Standard Cyclopedia of Horticulture, by Bailey. (1)
“This Cyclopedia should be consulted for more complete descriptions, as
well as mention of a number of other species which may be occasionally
It not commonly cultivated. In regard to illustrations, those in the
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- Papaver glowcum Boiss. & Hausskn. “Tulip Poppy.” Annual;
lowers red, tulip-like. Has been considered by botanists one of the
plosest relatives of B somniferum. See Chapter X (Part 1)
Papaver orientale L. “Oriental Poppy.” Perennial; flowers
prerally flaming orange-scarlet with large black spots at the base of
e petals. Native of eastern Mediterranean region to Persia and
nucasus; introduced from Armenia. The most commonly grown
¢rennial poppy in the United States. (Illustrations; the one on p. 2459
i much the better). Colored plate, (5); but. this shows a pure red rather
han the commoner orange, Papaver bracteatum and its hybrids with P
entale are also known as “Oriental Poppies.”
Papaver bracteatum Lindl. Perennial, flowers blood-red, not
mtted or claw dark violet. A close relative of the preceding species, also
nown as Popaver orientale var. bracteatum (Lindl.) Ledeb. Colored plate,
The genus Argemone must not. be confused with Popaver argemon ) Hybrids with P. orientale have been obtained in color varneties, as
Numerous species of the genus Papaver are cultivated, at le white, salmon, pink, pure red, etc. These are all known as “Oriental
occasionally. For others besides those listed here consult the referen fappies.” Colored plates, (6) .
(Bailey, Standard Cyclopedia of Horticulture). Pepaver alpinum L. “Alpine Poppy.” Flowers white, fragrant.
Papaver argemone L. Flowers red A European plant. Not to ntive of the Alps, Apennines. Cultivated in rock gardens. Sometimes
confused with the genus Argemone. Not given by Bailey. Colors msidered a sub-species of the following:
illustrations, (3) (4). Popaver nudicaule L. “lceland Poppy.” Perennial, often grown as
Pepaver dubium L. Annual: flowers rose, vermillion, occasional in annual or biennial. Flowers commonly yellow; in cultivated varieties
white. Native of Europe, North Africa. Uncolored illustration, (3). lhe range extends from white to orange-red or even scarlet. Plant small.
Papaver rhoeas L. “Corn Poppy,” “Field Poppy,” “Common R Netive of the Arctic regions. One of the poppies most commonly
Poppy,” “Shirley Poppies,” etc. Annual, very commonly grown. Flowe ultivated in the United States. (Illustration.)
cinnabar-red, deep purple to scarlet,; white, and varicusly margina Papaver keterophylium (Benth.) Greene, “Wind Poppy,” “Flaming
Native of Europe and Asia. Called “corn poppy” because it. common P'oppy.” Annual, flowers red. California, Nevada, Oregon. Meconopsis
grows wild in the grain fields in Europe. The wild flowers are comnon keterophylia Benth. is a synonym. (Ilustration. )
red, most often with black spots at the base of the petals. The Shirle P heterophylium var. crassifolium (Benth. } Jepson, “Blood Drops.”
Poppies, the most, popular poppies in American flower gardeus, are col Flowers red. California. Meconopsis crassifolic Benth. is a synonym.
varieties of this species, developed at Shirley, England. (Tllustratio Less than half Of the above-named poppies are discussed in the
Colored pictures of these poppies are frequent in seed catalogs. Color liter chapter, XVIL, with respect to their alkaloidal constituents. This is
illustrations, (3} (4). use less than half of them have been chemically investigated. On
Papaver pavontrnum Fisch. & Mey. “Peacock Poppy.” Annua lir other hand, Chapter XVII includes mention of the alkaloidal
flowers scarlet, dark spotted. Native of Turkestan and Afghanistan. Al ponstituents of a few poppies that are scarcely, if at all, known in
known as P. pavonium Stschegl. “American flower gardens.
Papaver floribundum Desf. Biennial, flowers vermillion. Native
the Cucasus region.
Papaver somniferum L. “Opium Poppy,” “Garden Poppy.” (Tllustr
tions of some floral forms). Colored plates, references (2) (3) (4). S
Part I for descriptions of varieties, etc. Floral varieties discussed
Chapter VI, b, with references to colored plates.

Argemone mexicana L. “Mexican Poppy,” “Prickly Poppy.” Flows
orange or lemon colored. Native of Mexico, Tropical America. Cultivati
as an annual. Also known as A. speciosa Hort. ex L. H. Baili
(TNustration). Vanety ochrolenca (Sweet) Lindl. has the petals yellowi
white, is a native of Texas.

Argemone alba Lestib. Sometimes considered a variety of tl
preceding, A. mexicana var. elbiflora (Hornem ) DC.

Argemone grandiflora Sweet. Flowers white. (Illustration). Colon
plate, (2).

Argemone platyceras Link & Otto. Typically, the flowers are whi
or rarely purple. Includes varieties hispida (A. Gray) Prai
hispido-rosca Fedde (flowers rose or rosy white), kunnemannii (Otta
Dietr.) Fedde (flowers white). The last named variety affords a chan
of confusion with Hunnemannic fumariaefolia.
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FUMARIACEAE hus been definitely found, moerphine and true opium are peculiar to
ni plant, Papaver somniferun the Opium Poppy.
At most, two or three very close relatives of P somniferum (in the
tLion Mecones of genus Papauver) possibly alsc produce merphine, but
{hey have not been analyzed even this extension is in doubt: and it is
=1tly probable unly for Papaver sefigerum. (Chapter X).
Frank O. Taylor, writing on the Opium Alkaloids in Allen’s
mmmercial Organic Analysis (5th edition, 1929), stated:
“With one or two exceptions, the alkaloids of opium are strictly
culiar to Papaver somniferum; whilst, on the other hand, the
wisonous alkaleid Sanguinarine, which is present in all other
paveraceous plants, does not appear to exist. in Papaver. Indeed, with
e exception of Protopine, which has been found in numerous other
ants, and i1s also known as Macleyine and Fumarine, none of the
Lrogenized substances found in oprum appear to be identical with any
il Lhose extracted from other plants of the family.” (1)
This statement of the case requires several amendments, chiefly
sm additional knowledge gained since 1929. It is, however, true in
jpirit, sc far as opium is concerned.
Sanguinarine is generally accompanied by chelerythrine, a related
lkzloid, and in fact both names seem to have been originally applied to
nuxture of the two. Formerly, even when the distinction was made,
Mmoguinarine was poorly defined, or some confusion existed, and it was
robably reported present in some cases on inadequate evidence.
nguinarine has been reported from certain plants that have been
Investigated, belonging to the following genera: Eschscholziea,
anguinaria, Stylophorum, Chelidontum, Bocconia, Glaucium and
heentra, but not be correct to say that it occurs in every species of these
pricra. In fact, Dr. R. H. Manske, referring to the alkaloid now strictly
fefined as sanguinarine, writes: “Sanguinarine has been reported from
variety of plants but it is positively present only in genera Sangui-
naria, Chelidonium and Bocconia (Macleya); not in Eschscholtzia,
vlophorum, Glaucium or Dicentra. You will notice that its occurrence
i restricted to the tribe Chelidonieae.” (2) The present writer assumes
at by “positively present” Dr. Manske means, “known with certainty
Lo be present.”
Even including chelerythrine with “sanguinarine,” the statement
dhnt it “is present. in all other papaveraceous plants” is far too broad.
llowever, these are alkaloids characteristic of certain Papaveraceae
‘which, as yet, have never been reported found in any species of the
grnus Papaver; nor, for that matter, in Argemone or Roemeria.

As previously stated, American botanists generally consider tl
Fumarineeae a separate family. In any case they are not. commonly kne
as “poppies”; hut a few of the species may be mentioned:

Dhcenira spectabilis (1..) Lem. “Bleeding Heart”
Dicentra canadensis (Goldiel Walp. “Squirrel Corn”
Dicentra cucullaria (L.) Bernh. “Dutchman’s Breeches”
Dicentra chrysantha (H. & A) Walp. “Golden Eardrops”
Corvdalis nobilis (Jacq.) Pers. “Corydalis”

Adlumia fungosa (Ait.) Greene, “Climbing Fumitory”
Fumaria officinalis L. “Common Fumitory”
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XV. The question of morphine (and narcotine)
in other plants than Papaver somniferum

(2) The unigueness of opium

Opium is remarkable for the large number of different kinds
atkaloids that it contains. Moreover morphine, its chief alkaloid, has
very complex chemical constitution, so much so that a laborato
synthesis from simpler materials has never been attained. Thes
complexities doubtless partially account for the fact that, so far at leas
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Protopine or fumarine occurs in insignificant proportion in opiu
but is of interest because it is found in so many other plants. With
recent years cryptopine, another minor alkaloid of cpium, close
related to protopine, has also been found in several species of Dicent
and Corydalis. The ouly other exception that need be made with respe
to the natural occurrence of alkaloids, so far as our present knowl
goes, is for thebaine, reported as cccurring in Papaver orientale. Tayk
however, used the term “nitrogenized substances.” This would certain
include choline, which cecurs in a host of other plants. (3)

We may say, at least, that the alkaloids of epium are high
characteristic of one plant. With three exceptions these alkaloic
numbering more than 20, are strictly particular to Papaver somniferi
so far as we yet know. Morphine in particular has not. been prove d
occur in any other plant.

The United States Dispensatory (23rd edition) in its useful b
occasionally inaccurate article on Opium, contains at the outset
careless misstatement, as follows:

“Opium is generally believed to be derived exclusively fro
Papaver somniferum and its variety album - although every species
poppy is capable of yielding it to a greater or less degree.” (4)

No evidence or authority is given for this statement. Of cour
almoat any poppy has a milky juice, or latex, which will doubtless dry 1
into something superficially resembling opium: but produced from oth
species it would be entirely devoid of the morphine eontent and ot
properties thet distinguish real opium.

Occasionally one meets with statements that “all kinds of poppiet
produce opium, when what is meant is, all varicties of Papaver sor
nifernm. Such statements either have that meaning, or they are e
tirely incerrect.

As recently as the 20th edition of the United States Dispensatol
the above-quoted sentence appeared as follows:

“Opium is generally believed to be derived exclusively from Papars
somniferum, though every species of poppy is capable of yielding it to
greater or less extent, and some authors assert that Papaver orienia
is its real source.” (5) This combined two misstatements into one. Th
second part, regarding Papaver orientale, can hardly have anything me
substantial for its basis them confusion of the Opium Poppy with th
Criental Poppy, and of the Far Eastern with the Near Eastern “Orie :
along with the delusion that the Opium Poppy is a native of the Fs
East. This second part of the statement was dropped in the 21st editio
of the Dispensatory, and it will be a great improvement when the rest.g
the statement is also dropped.
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{b) Reports of Morphine in Other Planis

In the very early days of alkaloidal chemistry morphine was

reported on insufficient evidence as oceurring in 3 or 4 species of poppies
other than Papaver somniferum. Later investigators were unable to
gunfirm any such finds. It is also the common belief, enshrined, too, in a
wumber of reference books. that morphine has been found or at least
yeported as occurring in hops.

The following table shows the plants other than Papaver somniferum

i which it has been claimed that morphine is present, together with the
names and dates of investigators who made such claims, and of the other

mvestigators, most. of them of later date, who reported that these plants

eontain no morphine whatever. This table was originally compiled from

references given by Small and Lutz (6} and Wehmer (3), but has been

varrected, so far as mistakes were discovered, from sore of the original

references, and also brought up to date; and Filhol, who is cited by the
Il S. Dispensatory for morphine in Papaver rhoeas, added to it.

In

harredns tupndus

|Hops).

Pupaver vhoeas

\Com poppy. Field poppy).

Papaver orientale
tOriental poppy).

e hscholzia californica.
\California poppy).

Arpemone mexicana
tMexican poppy}).

MORPHINE REPORTED

By

Filhol (1842) (8)
heterich -(7-Pharm.
Zeytschrift

Russland 27,269 (1888)

Petit (1B27) (9)

Bardet & Adrian (1888)

(10)

Charbonnier ( 186B) (11)

Deried by
Chapman (1914) (7}

Riffara (1830)
Meylink & Stratnik (1831).

Hesse ( 1865-69, 1877

and again in 1¥90).

Schmi (1876) Awe (1941).
Klee & Gadamer (1914).
Konovalova, Yunusov, and
Orekhov { 1935)

Reuter { IH89).
Danekwortt (1890).
Wintgen (1898).

Schmdt (1901),

Fischer (1901 ).

Frscher & Tweeden (1902).
Schmidt (19(1).
Schlotterbeck (1902).
Bloemendahl (1906},

Le Prince (1909}

Santos & Adkilen (193Z).
Almeada Costa (19351
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ctually consisted chiefly of morphine. The story of “hopeine” is a very
ange one, which will be related here because nearly all reference books
rat. mention the subject at. all have it exactly wrong.

As this table was first made up, the central column contained near]
twice as many names of investigators who had supposedly reported th
presence of morphine in other plants. On looking up the references ab
this, as given in several books, it was found that three of these inves
gators had made no such claims. Consequently the table has been free
of some erroneous entries commonly found in reference books. It ha
not been feasible at. the present time to check the reference to Dietrich!
article, given by Wehmer, Small & Lutz, etc., so it can only be hoped tha
this one is correct. The probability is not too high, since three of seve
such references were incorrect, and another not what it claimed to be.
few of the old references in the right hand column have not been checkeg
but. since they accord with modern results this probahly does not. matte
much.

Tilloy (1827} and Selmi (1876) are supposed to have reporte
finding morphine in Puparer rhoeas. (3) (6) (12)As a matter of fact Tilloy?
procedure for extracting morphine from poppy capsules referred to the
“indigenous poppy”, which was none other than Papaver somuniferu
cultivated in France for its seeds from the earliest. times. (13) The refe;
ence given for Selmi is not to his original article, which was 1n Italian
but. to the German abstract— which, however, makes it quite clear tha
Selmi made no claim to the extraction of morphine frem Popaver rhoeas
He said, according to this summary, that he had extracted an alkaloié
from the green capsules of the corn poppy, which showed certais
sinmlarities to morphine, but which he specifically denied was morphine
(14) It is practically certain now that what he really referred to wa
choline with an associated impurity, very likely gallic acid. (See chaptel
XVII.) Selmi was one of the first to use micro-crystal tests for th
identification of alkaloids (prohably the first discoverer of the valuabl
iodine-iodide test for morphine). He and Tilloy deserve honor for thei
work rather than the doubtiul treatment they have had at the hands o
later commentators.

The space in the table for the name of claimants to the discovery o
morphine in hops has been left blank for the sufficient reasen that
investigator made any such claim. The two references given in regwd
to the claim of morphine in hops are to articles by Williamson and
Ladenburg, or sometimes Ladenburg alone; never any others. Williams
son claimed to have isolated from hops a new alkaloid which ke called
“hopeine”; he did not. say that this was morphine but denied that it wasg
Ladenburg had nothing whatever to do with hops, but was one of those
who proved that the “hopeine.” then being sold throughout Europe

{¢) The story of “Hopeine™

“Hopeine,” as it. appears from contemporary accounts, never was
ything but a blatant fraud; an attenpt to pass off a mixture of
inurphine and cocaine as a new alkaloid from hops. In this ease fraud
and fiction have shown immensely more vitality than the truth, and the
+urrent reference booke cite Williamson and Ladenburg as proving the
presence of morphine in hops, or at least as having extracted an

ikaloid, similar to morphine, from hops. (3) (6) (12) (15} (16).

The discovery of hopeine, claimed to be a natural alkaloid obtained
im hops, was announced in 1885, and it was soon put on sale by the
(Concentrated Produce Company of London (and Brooklyn). Some other

pated Produce Co.

(Apparently the asserted discovery was first. published by William-

on in the Pharmazeutische Zeitschrift fir Russland, in the latter part
W[ 1885, and was also given in the Pharmazeutische Zeitung of 1885. Tt
hiws not, been feasible to check these articles, but the French and English
ccounts in 1885 (17a) (18a) show that they contained about the same
slntements as Williamson's first article in the Chemiker-  Zeitung, which
the source usually cited. This does not affect the later developments,
unyway.)
On January 6,1886, an article by Williamson was published in the
Chemiker-Zeitung, in which he announced himself as the discoverer of
hopeine, claiming he had extracted it from “wild American hops.”
European hops, he said, contain se little hopeine that it was not worth
while to try to extract it from that source. (19a) This article, though
puhlished in a (German magazine and in the German language, was
Irom London, under date of November 1885; in fact Williamson had some
wort of connection with the Concentrated Produce Co.

A scientific controversy broke out almost. at once. In France, Bardet
und Petit had each found that “hopeine” from the drug companies gave
ull the reactions of morphine. On January 27th Dr. Dujardin-Beaumetz,
lo whom they had communicated their results, at a meeting of the French
Academy of Medicine stated that “hopeine” presented all the character-
istics of morphine, except for an odor of hops, and he did not hesitate to
mdicate his own opinion that. it was a fraud. (18b, ¢) Later the French
made some severe comments about. English drug companies sending such
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a product to France and selling it at a higher price than was commanded

by merphine.
Petit in the meantime had prepared his observations

publication in the Journal de Pharmacie et de Chimie, and he added 5

footnote (as another article by Williamson had just appeared) to the effed
that no matter what Williamson might say, the “hopeine” he hag
examined was unquestionably morphine; and had even been tested
conversion to apomorphine. (20a) Bardet also published his results
(Referred to in (18c).)
Williamson in another article in the Chemiker-Zeitung said that b
himseff had noticed the similarity between morphine and hopeine, bu
the elementary analysis had shown that hopeine was different; and b
described some other differences. (19b) Petit. tried the tests claimed 1«
distinguish hopeine, and reported that there was not the leas
difference between the “hopeine” that he had, and morphine. Hi
remarked that the asserted mode of preparation was bizarre—a f:
statement. (20b) In Germany, Ladenburg analyzed seme of the “hopeine
that was being sold or offered for sale, and recrystallizing it from
alcohol, showed that it consisted maiuly of morphine. (21a) Paschkis ir
Austria eame to the same result. (Referred to in (22a).)

Williamson now claimed that, the drug companies were not cffering
the pure alkaleid, the one he had extracted. They precipitated out gl
the alkaloids from hops, he said—probably one of them was identies
with morphine, but his hopeine was not. (19d) (From this doubtiul bean
as planted--—according to commentators—hy Ladenburg, has grown the

enormous bean-stalk of the tradition of morphine in heops.} Peti
remarked, that if these were now the claims made, it was for Williams:
to prove, first, that American hops contain morphine “or an identi

substance,” and secondly, that ancther alkaloid has the formula assigned

by Williamson to hopeine. He repeated that the compound he hag

analyzed contained morphine and no considerable amount of

impurities. (20b)
Ladenburg tested a small sample subnutted by Williamson.

weighed 0.47 gram; by recrystallization from amyl alcohol he obtaine

0.1 gram alkaleid which he showed to be morphine. The remainder

showed cunsisted of a different alkaloid, which he did not identify. (21 |
or c¢). Ladenburg’s article in Berichte der Deutschen Chemischen
Gesellschaft is sometimes the ouly source cited for the evidence of
morphine in hops. To be sure, he stated at its face value Wilhamson's
claim that the material had been extracted from hops, but. this is hardly

sufficient reason to make him responsible for the story of its origin.
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Willianison conceded, in his final article, that the hopeine of “wild
Amvrican hops” (from Arizona!) was divisible into two parts by means of
amyl aleohol; one, however, he would designate “isomorphine,” the other
sx pure hopeine. (19e) He even submitted some further samples for
xamination.

It the meantime, however, Paul in England had shown the second
alkaloid in “hopeine” was cocaine. (23) (In various examinations there
¢re also indications of the presence of a [ittle atropine or hyoscine, as
well as odorous substances, usually smelling of heps, semetimes of
intergreen. Moreover, the material was not. always the same.) (22a}
123) (17b) In Germany, Leuken examined a sample submitted by

Williamson, and found it to consist essentially of morphine and eocaine.

tuken concluded his article—in the same journal usually cited for the
¢vidence” of morphine in hops as follows:

“We are faced with the alternatives, either in some of the Urticaceae
‘ve find the active constituents of two absolutely different plants united,
Wr we must accept, that the manufacture of ‘Hopeing—has been made
with very impure materials." (24)

Paul, after some cautious provisos (after all, a number of reputable
ilrug eompanies were involved), had remarked that “the attempt. to
introduce upon a pseudo-scientific basis an articla that is only a mixture
ol two well-known substances, 15, | may say, a piece of foolish impudence
that almost passes belief.” (23)

Messrs. Christy, a reputable English drug firm, had been involved
in the sala of “hopeine,” and when it was first publicly questioned had

wbtained a “guarantee” from the Concentrated Produce Company that.

the hopeine supplied them was prepared exclusively from hops. (18c)
But after writing Professor Gray in the United States, and receiving a
reply from him in regard to wild American hops, particularly of the
Anzona variety, Mr. Thomas Christy was about. ready to concede that he
and his customers had been victimized. (18d)

July 17, 1886, the Austrian minister of commerce and the interior
irsued a decree forbidding the carrying of hopeine in the drug stores,
likewise the sale of hopeine and all preparations containing it, including
“hopeine-beer.” {(22¢) (18e) The editor of the Deutsche Chemiker-Zeitung
vxpressed the wish that Germany would take similar action. (22¢)
However, in 1887 he had oceasion te write of “The Hopeine Swindlein a
New Edition™ the Concentrated Produce Company of London had sent
wut a “Prize Announcement,” inviting research on the physiological
elTect of the narcotic principle of hops! The editor appealed to German
physicians and professors, and warned them to have nothing to do with
this brazen attempt. to revive the Hopeine sensation. (22d)
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have a mmlky juice, to which they owe their name. This juice of the
trong-scented wild lettuce dries up inte a product somewhat
sesembling, or thought to resembla, opium, in odor and appearance. The
ancients beleved that lettuce has soporific properties, and the belief
‘survives to modern times. In fact, Lactucarium, the dried milky juice,
wes an official drug as recently as the U. 8. P. TX_ (1916) {26). but has
ow been dropped from official medicine. It contains some bitter
pnnciples and possibly a small amount. of alkaloid, but certainly not an
‘ulkaloid of opium. Merck’s Index credits it with containing hyoscyamine.
127) This statement seems to be due to the work of T. S. Dymond (18913,
though it. does not correspond with his findings. Dymond was inter-
‘esled in the extract of lettuce, then in official medicine, obtained by
pressing the juice from the whole plant when in flower, coagulating the
proteid, and evaporating to dryness at. 60°. He examined both Lactuca
virosa and Lactuca setiva L. ( ordinary lettuce) and in both found small
yuantities of a mydriatic alkaloid which he identified as hyoscyamine,
‘nut exceeding 0.02% in the extract of common lettuce, or not more than
0101 percent in the plant itself. In Lactucarium, however (the dried milky
lutex of Lactuca vitrose, corresponding to opium), he could find no
nlkaloid at all. (28) The presence of a mydriatic alkaloid in Lactuca
virosa was denied for a time (29), bul was confirmed by Farr and Wright
13904), (30). Hyoscyamine, if it is the alkaloid present, is in exceedingly
small amount; and in any case this is a far cry from morphine.
Apparently the attribution of morphine to this plant has never received
any support from chemists. Modern medicine considers its sleep-pro-
ducing qualities a superstition, its therapeutic action doubtful or nil. (4)

No doubt numerous other references to the great “Hopeine Swindle
could be found in the European journals of 1886 to 1887, but tim
considerations have prevented an exhaustive study. A definit
conclusion to the story in England, France, and Germany has not b
found as yet in the journals. Perhaps “hopeine” died a natural de;
after such numerous exposures. The laws 1n those days did not rest.
morphine a great deal, and the price at which “hopeine” had bee;
offered was much above that of morphine.

The foregoing will probably suffice as a sufficiently complets
account of the true story of “Hopeine,” but. what the reference boc
have done to it “almost passes belief.” In them, Ladenburg, who was on
of the exposers of the fraud, appears as one who found, or claimed
have found, morphine in hops! (16} (12) (15) {3) (6) Williamson appea
in the same light {15} (3}, or even as a more conservative scientist, wh
had extracted something from hops, but was net quite satisfied that 1
was murphine! (6}

{In 1887 the editor of the Deutsche Chemiker-Zeitung inquired in
footnote, when the Concentrated Produce Company cited Williamson
an autherity, “Was fiir ein Williamson 9 (22d) What,, indeed, when th
scientific reference books treat the story in this fashion!)

The current.Allen’s Commercial Organic Analysis actually include
under “Constituents of the Hop” the folfowing (references and all):

“In addition to carbohydrates and [ibrous matter (6.11%}), moisture
and traces of diastase, there is also evidence of the presence of morphi
and choline. Certain American wild hops certainly do contain morphins
and ancther substance of atkaloidal character to the extent of 0.1
but. not more than infinitesimal traces of these substances have bee
found in cultivated hops (Williamson, Chem. Zeit. 1886,10, 20, 38,147
and Ladenburg, Berichte, 1886,19,783)." (15}

Strangely enough, the 4th edition of Allen’s (1912, vol. VI), in th
article on Cocaine (by a different author, Sadtler) contained a footnoti
referring to Paul's exposure of the fraud. (25) This was an unusual ex:
ception. Apparently, as soon as “hopeine” died, the myth of morphine &
hops sprang up to take its place. Peculiarly enough, there is no trad#
tional belief that cocaine also uccurs in hops!

(e) Narcotine

Narcotine will be summarily dealt with here, as it would not make
~0 much difference if it were found in some other plant. Before
disposing of 1it, a vague report of narceine may be mentioned. In 1912
Dawson reported on an exanination of the fruit of the bush honey suckle.
131) An alkafoid found was tentatively identified as narceine, but on
such inadequate grounds as not to merit consideration until we have
something further.

In 1863 T. and H. Smith separated an alkaloid from Aconitum
napelius (aconite), which they distinpuished from “aconitina.” They called
il “acenella,” but thought it. was the same as narcotine. (32) Subeequent.
investigators have found no narcotline in this species of aconite, nor in
nny of its relatives.

In a remarkably recent, ease a group of writers reported narcotine

(d) Wild tettuce

There seems to be a popular folk-belief that wild lettuce (Loctue
wvirosa L.) eontains morphine; and some people even assign the notion B
ordinary lettuce. The plants of the genus Lactuca (family Compositae
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alauon ol references and statenicnts as o what the articles contain s full of errors.)

13 Journal de Pharmig e, series 11, 13, 31 (1827). Note from Robiquet, enclosing
mithod by Tillay (pp. 31 12} See also the note by Pelletier on p. 184.

14. Berichte der Deutschen Chemischen Gescllschaft, 9. 195 (1876). This is not
arigind article bul a communication from H. Schifl. aus Florenz. The ongnal is given
“Nuove ricerche tossicologiche per riconoscere gli alcalndi venefici” by E Selmi
Akien der Akad. su Bolugna Ser 1L, vol. V1. )

15. Grant, Julivs. “Non-Glucosidal Bitter Prninciples,” “Constituents of the Hop,”
Allun’s Commercial Organic Analys)s. 5Sth edion, vol. VI, p. 117, P. Blakiston™s Son &
v, 1930.
16. Picicl, Ame. The Vegetable Alkalowds. Rendered anto knghsh, Revised and

nluged by H. C. Biddle. 1st edition. John Wiley & Sons. New York, 1904,
17. Journal de Pharmacie et de Chimie.

(). “Hopene, alcaloide narcotique du houblon, Hurmedes hupufn L. Vol
[ 1Sth series) 460-462 ( 1885).

(b). Vol. 13 (51h series), p. 513 (1B86).
I18. The Pharmaceunical Journal and Transactions

(a). 16, 185 (1885). “The Month.™

{b). 16, 669. Feh. 6, 18E6.

(c). 16, 687, Feh, 13, 1886, "Hopeine.™

as found in green oranges, lemons, potatoes, and cabbages. (331 (34) The
claimed that it was the precursor of vitamin C, which, they said,
methyl-nor-narcotine. As their claimed results were soon disproved b}
others (30) {36); and vitamin C, now known as ascorbic acid, soon show
to be entirely unrelated to narcotine or methyl-nor-narcotine, the whol
affair seems to have been something of a brainstorm.

Since narcotine is truly related, quite closely, to hydrastine, fo
in Hyvdrastis canadensis L., fanuly Ranunculaceae, there is a got
possibility that it may be found sometime in some other plant, not eve
a member of the Poppy family. If we enter the field of pure conjecture,
is even possible that morphine may be found in some plant unrelated ¢
hardly related to the opium poppy; but at present we have no evident
at, all of such a eontingency.
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X VL Opium alkaloids and characteristic opium products
which oceur in other plants

(2) Protopine or fumarine

One alkaloid which oceurs in opiun is known to occur in a great
my other plants. This is protopine or fumarine. In opium it occurs in
aeigmifieant proportion, said to be about .003 per cent, but. in numerous
iher plants it is one of the chief alkaloids. It occurs in the great
mujority of papaveraceous and fumariaceous plants that have been
nvestigated.

This alkaloid was originally named fumarine, as the principal
alkaloid of Fumaria officinalis L. Hesse did not recognize it as an
ulkaloid already known when he found it in opium and called it
protopine in 1871. (1) It seems, indeed, to have been very inadequately
tharacterized prior to Hesse’s work. References to the alkaloid of
Feumaric officinalis go back to 1829: Peschier, Trommsd. N. J. Pharm.
7, 280 (1829); Dana, Mag. Pharm. 23, 125 (1829); later, Hannon, J.
thim. méd. (3) 8, 705 (1852). It was probably Hannon who gave the
name “fumarine.” It has not been feasible to check the original articles,
‘hut it.is probable that these early accounts contained nothing that could
uve enabled another investigator to recognize the same base in
‘nnother plant; if they did, the Jahres-Bericht, summaries of Peschier’s
‘and Hannon's work do not indicate it. (2) (3) Even in 1866 the report of
‘the work of Preuss contained, at least in summary, little enough to char-
‘Beterize the atkaloid, merely the rather striking sulfuric acid reaction,
nd mention of some solubilities, and the crystalline form of some salts.
14} Battandier, in 1892, apparently before the identity of fumarine with
‘protopine was recognized, considered that the sulfuric acid reaction, the
chioroplatinate crystallizing in octahedra (mentioned by Preuss), and
‘aulubilities, proved the identity of fumarine from Fumaria officinalis
with that from Glaucium corniculatum L. Very likely he was right thus
far, with direct laboratory comparisons; but he seemed to think the
sutfuric acid reaction by itself sufficient to show the presence of
lumarine in the alkaloidal mixtures from a large number of plants, and
8o he has been considered a rather unsafe guide. Although his evidence
was inadequate, fumarine or protopine probably is present in all the
rpecies and genera he named. (5)

Hesse characterized protopine so that other investigators were able
in recognize it, and did recognize it when they found it in other plants
than the Opium Poppy. By the time the identity of protopine and
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Il se:ems to be used only experimentally, and probably only as a control
nlkaloid for chemical-botamcal researches. A too rigid or too extensive
mlerpretation of the Opium Poppy Control Act would bring under it not
naly virtually all poppies, but even many plants which are not known as
poppies, but which contain protopine.

Protopine has been reported in the following genera: (101 (11) (12}

fumarine was established, the name protopine had more recognition i
scientific articles, and prevailed.
The question of which name should be used is perhaps not ver
important, unless too much stress 1s laid, legally or in interpretation |
the law, on protopine as an “opium alkaloid”. However, the doubl
nomenclature has somewhat confused the history. A number
reference books state that Hesse discovered protopine in 1871. It ma
be possible to argue that fumarine was so poorly described, and perha
s0 contamnated with impurities as obtained, that it was not real
“discovered” prior to Hesse’s work. Probably Schmidt in 1901 thou,
so, for when he mentioned that Trowbridge had proved its identity
protopine, he only referred to “Fumarin” in quotation marks.
mentioned the names of earlier investigators but did not give thoir dai
nor citations to their arlicles. (6} Fumaria officinalis contains no les

Papaveraceae (restricted family):
Hypecoum
Hunnemannia
Eschschelzia
Sanguimana
Stylophorum
Dicranosbpma
Chelidonjum

than six other alkaloids besides protopine, but in much smaller amour Macleaya
(7. Bocconia
It 1g difficult to see. however, how Hesse could have discovered Glaucum
alkaloid already known, merely by giving it 2 new name and describin Argoimone
it better; and the statements that he was the discoverer seem to k Fapaver

Fumanacese:

usually due to 2 misunderstanding of the dates. For this Danckworf
Dactyhczpnos

seems to be chiefly to blame. In a long article on protopine ani

= : 2 R ] Dicentr:
cryptopine in 1912 he proclaimed Hesse the discoverer of protopin C:;;Z:ﬂs
saying that while Hesse did not specifically designate it as a newl Adlumia
discovered opium alkaloid, no previous mention of it was detectable i Furmaria

the literature. He gave a list of plants in which the presence of protopir
had been proved, with a bibliography for each, but simply omitte
Fumaria officinalis and its investigators, and mentioned this plant. &n
its alkafoid only to say that fumarine was “soon” found identical wit
protopine. (8) Really this took place some 70 years after the earlie
reports. Schlotterbeck in 1900 had already said, “Since fumarine
discovered and named long before its discovery in opium by Hesse, it.
but proper that the name protopine be dropped”; but he did not folly
his own recommendation. (9)

The name protopine is now the accepted one, perhaps wi
sufficient. reason. This name, moreover, indicates its close chemica
relationship to cryptopine, which really was first discovered in opium
Cn the other hand, the name fumarine better indicates that it is the
characteristic alkaloid of the Fumariaceae and Papaveraceae, was firs|
discovered in Fumaria officinalis, and is only incidentatly found in opium
There is a scanty commercial supply, not obtained from opium, but. fron
plants ofthe Fumariaceae. Dicentra spectabilis is said to be a good soure

Platycapnos

There is also Battandier’s rather vague report of its presence in the
following genera of the Fumariaceae: (5)

SArcacapnos
Leratocapnos
Petrocapnes (?—nol a genenc name now Used)

Fellowing are species in which protopine has been found,
necompanied by other alkaloids but not by any other opium alkaleids:
(113 ¢12} (13} (14) (15)

Papaveraceae (restricted family):
Argemone mexicana
Boceonia arborea
Boceonia cordata (Maddeva vordata)
Boccoma frutescens
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Chelidonium majus

Eschscholzia californica

D ranosugra francheticnum

Glawe ivm cornic tifaiim

Glaucivm fimbrilligerum

Glaic jurn flavum (G. lutevrn)—(also G. flenvumg var. serpieri)
Hunnemannin fisnaridefolo

Hypecoun: procumbens

Suniguinaria canadensis

Stvlophorant diphviium

Fumariaceae:

Adlusnia fungosa (A. cirrhosa)
Corydalis cnhigna
Corvdalis curea

Corvdalis cuseana
Corydalis ¢ heillantheifolia
Corvdules claviculaia
Corvdales erystallina
Corvdalis decunibens
Corvdalis lutea

Corvdulis micrantha
Corydalis moptanad
Corvdalty ochotensis
Corvdales ochrodeuca
Corvidulns ophiocarpa
Corvdalis pallida

Corvdalis plotyearpa
Corrvddulis selida

Corydalis lernala

Corvdalis thelictrifola
Cordales tuberosa {(C. cava)
Dacrylicapnos macrocapuos
Dicentru conadensis
Dicentra eximin

Dicentra formosa

Dicentra aregana

Dicentra pusitle

Diucentra specrabilis
{Diclytrg and Dielytra—erronecus names for Dicentra)
Furieiria offic inalis
Platyeapnos spicatus

This list is believed to cover practically all the definite information
So far this alkaloid has been found only in the two related families
Papaveraceae and Fumariaceae. Numerous species of Corydalis and
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ntrae have been examined by Manske in recent years, hence the
preponderance of these genera in the table.

{b) Cryptopinc

Some plants of the Fumariaceae contain other alkaloids chemically
ted to protopine, and in recent years this has been found to include
yptopine, another opium alkaleid. Cryptopine is also 8 minor alkaloid
In upium, but by no means so negligible as protopine. In some samples
)] npium it may come to at least 0.3 percent. It has been found in the
fullowing species: {10} (11b).

Corvidalis unbilis
Corydalis scauleri
Corvdulis sempervirens
Corvdulis sibirica
Dicentrv « hirysantha
Dicentra cucullaric
Dicentra ochrojenca

These plants contain both protopine and cryptopine, and also other
alkaloids, but no other opium alkaleids.

{c) Thebaine, opianic acid. hydrastinine. meconin. and meconic acid

Completion of the list of protopine-hearing plants requires the
following:

Popaver orieniule
Papaver somniferint

Thebaine, as well as protopine, has been reported found in Papaver
orieniale. An alkaloid related to thebaine, named sinomenine, is found
in Sinomenium acutum {Thunb.) Rehd. & Wils., of the Family
Menispermaceae. (10}

The alkaloid hydrastine, found in Hydrastis canadensis (family
Ranunculaceae) is very closely related to narcotine. Narcotine by
hydrolytic oxidation yields opianic acid and cotarnine. Hydrastine in
the same way yields opianic acid and hydrastinine, and the latter is
allied to cotarnine and can be prepared from it. Thus two substances
which could be called “opium products,” namely opianic-acid and
hydrastinine, can be obtained from an entirely different plant
tHydrastis canadensis, “Golden Seal”™), which does not even belong to
the same family as the Opium Poppy. Meconin, a neutral substance
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found in opium, has alse been found in Hydrastis canadensis. (10)

Meconic acid is often said to be “peculiar” to opium—presumably i
comparison with other drugs, since scarcely any attsmpts have be
made to find out what other plants may contain it. It is nonnarcot
anyway. The fact to be borne in mind until we learn more is that tk
presence of meconic acid in a poppy, even if proved conclusively and n
just by the ferric chloride reaction, does not prove that the plant
question produces any real opium, morphine, or other narcotic princ
Meconic acid has been reported in Popaver rhoeas and Papa
orieniale. The evidence seems inadequate, but it may be present im ther
and perhaps in many other species,

XV1. REFERENCES

1. Hesse, O “Chemische Studien iiber die Alkakiide des Opiums.” Berichte
Dewmschen Chumischen Gesellschaft 4. 693-697 (1871,

2. Juhres-Bericht uber die Fortscheitie der physischen Wassenschafien. Tiibj
1832, Peschier. page 245,

3. Jahres-Bericht dber die Fortschrive der Chermie, 1852, p 550. Harno
“Fumann.”

4. Preuss. Gustav. “Ueber das Fumarin.” Zeitschrifi fur € heniie 9. 414 (1966
From Gesellschalt der Wissenschaften in Gomngen, 1866, 206

5. Battandicr, ). A. “Présence de la fumarine dans une Papavéracée.” Comp
Rendus Hebdomaires des Seances de L' Académie des Sciences 114, 1122 (1892).

6. Schmidt, EmsL. “Ueber Papaveraceen Alkaloide.” Archiv der Pharmazie 236
395-408 (1901).

7 Munske. Richard H. F “The Alkaloids of Fumariaceous Plats. XVI11. Furnaf
officinalis L.~ Canadian Journzl ot Research 16 B. 438-444 (1938).

8. Danckwortl, P. W. “Zur kenntnis des Protopins und Kryptopins,™ Archiv de
Pharmazie 250. 590-646 (1212,

9. Schloterbeck, ). O “Adlumia Cirrhosa—A New Protopine-Bearing Plank
American Chemical Juurnal 24, 249-263 (1900).

10. Herwry, Thomas Anderson. The Plant Alkaloids, 3rd edition. Philadelphiz. 1939
(V. 13).

11. Manske, Richard H. F “The Alkaloids of Fumariaceous Plants ™ (XX L XXX
XXXIV, and XXXVIIL “of Papaveraceous Plants.™} (Starting st XVII: previous artc les 8
the series are covered by Henry.} Camadian Journal of Rescarch: [6 B, 153 and 438 (1938
17 B, 51.57.89. 95, and 39911939); 18 B. 75, 80.97. and 288.({1940); 20 B, 49, 53_and 5]

(1942) 21 B. 13, ILL, 117, and 140 (1943). XXVIL XXIX. and XXX are omitted fom

these cutations as not directly concerned with the plants. XXXIV, reference 12
(a) With Miller, M. R. “X VIl Corydalis ciseana A. Gray ™ C. 1. R. 16 B, 153- 153
(1938).
(D) "XXVIN. Corvealis nobilis Pers.” C.).R. |8 8, 288 292 {1940).
(€} For Manske’s method of separation see Canadiun fournal of Research B, 210
(1933)

XV:II‘} ; alkalowdal constituents of some poppes. 191

12. Manske. Richard HLI - Marion, Léo, and Ledmgham. Archie E. “The

Alkaluids of Papaveraccous lanis. XXIY. Hunnemannia fumariacfolio Sweet and the
 onstitution of a New Alkaloid, Hunnemannine.” Joumal of the American Chemical
Society. 64, 1659-1661 (1942)

13. Manske, Richard H. E. *The Alkaloyds of Papaveraceous Plants.” (Same series

with Fumariacecus Planis.) Canacian Joumal of Research.

{2} "X XUl Glaucium flavem Crantz~ C.L.R. 17B. 399-403 (1939}, (Cf. XXXV,

C LR 21 B, 13(1943))

(h) XX XA Sevlophorum diphvilion (Michx. NutL} Dicranostigma frane hetranm

1Plain} Fedde. and Glaucium serpieri Heldr.” C. ). R. 20 B. 53-56 (1942} (CF. XXXV.C 1.
R 21 B, 13 (1943})

(<) “"XXXVII. Boceonia arborea Wats” C. 1. R. 21 B, 14(-143 (1943},
14. Small, Lyndon . and Lulz, Robert 1& Chenustry of the Opium Alkaloids.

Washington, 1932, (Iv, 12

15. Konovalova. R. A.. Yunusov, S.. and Orekhov. A. P. “Alkaloids of the family

Papaverae. VI. Alkaloids of Glaw ium fimbriffigerum.”  J Gen. Chem. (U. S. 5. R} 9,
19%9-44 ( 1939). Chemical Abstracts 34, 4072.

XVII. The alkaloidal constituents of some poppies.

Following is some account of what is known at the present time of

alkaloids present in poppies other than Papaver somniferum. Henry in
“The Plant Alkaloids,” third edition, summarizes in excellent fashion
the constituents found in species examined up to that time, 1939. (1}
Wehmer may also be consulted. (2) The attempt has been made to bring
this information up to date.

Hyvpecoum procumbens L.

Contains protopine; very likely other alkaloids as well; has not been
investigated since 1901. (1)

Hunnemannia frumariaefolia
Sweet Mexican Tulip Poppy, Giant Yellow Tulip Poppy, elc.

This plant was recently, and apparently for the first time,
examined by Manske, Marion, and Ledingham, 1942. (81 It was found to
contain 0.14 percent protopine, 0.03 percent allocryptopine, traces of a
nonphenolic alkaloid not fully characterized, and 0.18 percent of a new
alkaloid, hunnemanine {9-desmethylallocryptopine), the first known
example of a phenolic base of the cryptopine type. Analysts who may
possibly be called on to test this plant under the Opium Poppy Control
Act, and who are merely looking for morphine, must take care not to
confuse hunnemanine with morphine.




192 The Opium Poppy and Other Poppies

Eschscholzia celifornica Cham, California Poppy

Most of our knowledge of the alkaloidal constituents of this popu
lar poppy comes from Fischer and Tweeden (Fischer 1901. with Tweedes
1902). (4} They found in it protopine, o and [ allacryptopines (f and
homochelidonines} sanguinarine, and chelerythrine. It has beer
examined several other times (Henry's references, by insertion of a wro
number, are somewhat confused with those for Dicentra spectabilis ) (1
A reference to an investigation apparently hitherto unnoticed
compilers was noted in the Deutsche Chemiker-Zeitung for 1889 {vol.
L. Reuter (Heidelberg), Pharm. Ztg. 1889, 5. 635. The original referen
could not be checked. Apparently he found, but did not identify, twi
alkaloids (one surely protopine) and traces of others; he did show thal
none of them was morphine (see table in Chapter XVI, b). Brindejon
(1911} reported finding in the roots of the variety grown in Brittany onl
one alkaloid, which he named 1omidine. (53 The constitutional formula
was not determined. The uncertainty as to species of Esclischolzia is se
great that analyses may not all relate to the same species, nor to the
true species caltfornica. If there are a number of distinct species o
Eschscholzia in cultivation, commonly lumped together as Eschscholzi
californica, it is quite likely that they do not all have the sam
alkaloidal constituents; but there is no hkelihood that any of them
contains morphine. None of the alkaloids mentioned above as being
present, except protopine, corresponds Lo any alkaloid of opium.

Sanguinaria canadensis .. Bloodroot

This flower 1s not commonly called & poppy. but it is 2 member of
the restricted family of Papaveraceae. The alkaloidal constituents of the
plant have been investigated a number of times. It contains sanguinarine,
chelerythrine, protopine, and ¢ and § homochelidonines. (1} Protopine is
the only opium alkaloid present.

Snviophorum diphyvifum (Michx.) Nutt. Celandine Poppy

Recently investigated by Manske (1942), this plant was found to
contain protopine, 1-stylopine, and chelidonine. (6) Schlotterbeck and

Watkins (1902) reported also diphylline and sanguinarine. Diphylline

is probably dl-stylopine, but neither it nor sanguinarine was found by

Manske. (1} (2} (6} None of these is an opium alkaloid except, of course,
protopine.

.
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Dicranestigema franchetiesm (Prain) Fedde

This plant was also investigated by Manska (1942} and reported on

nlung with the preceding one. It was found to contain protopine.
dl-stylopine, and chelidonine. (6)

Chelidonitm majus .. Celandine

This contains numerous alkaloids and has been investigated a
number of times. As summarized by Henry, it contains o homochelido-
nine, hydroxychelidonine, methoxychelidonine, sanguinarine and
chelerythrine as cne group of related alkaloids; protopine and o and 3
allocryptopines as another; and perhaps berberine, sparteine, and
nnother base. {1) None of these except protopine is an opium alkaloid.

Bocconia arborea Wats.,

This plant, the only real tree of the Poppy family, has been first
reported on just last vear, 1943, by Manske. (7) It contains chelerythrine
as the principal alkaloid (0.86%), and very much smaller amounts of
protopine and allocryptopine. Ancther alkaloid, related to cheleryth-
1ine but not fully identified, was also found.

Bocconia cordata Willd.
Plume Poppy. Tree Celandine

This has been investigated a number of times. The alkalmdal
constituents as given by Henry are protopine, o allocryptopine,
chelerythrine, and perhaps sanguinarine and another base. (1) Protopine
is the only opium alkaloid.

Bocconia frutescens L.

The alkaloidal constituents are given as protopine, o and f§
allocryptopines, and perhaps chelerythrine. (1}

Glaucium flavem Crantz (G. utewn Scop.)
Horn Poppy. Sea Poppy, Yellow Homed Poppy

This has been investigated by Manske, both the typical plant (1989}
and variety serpieri (1942).(8) The alkaloids are protopine, glaucine,
isocorydine, aurotensine, and another in guantity too small for complete
characterization. (Protopine is the only opium alkaloid.)
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Glaucium corniculatum (L..) Curt.

Contains protopine; probably other alkaloids but has not been
investigated since 1901. (1)

Giaucium fimbrifligerum Boiss.

Investigated by Konovalova, Yunusov, and Orekhov {1940); found
to contain protopine, corydine, allocryptopine, chelerythrine, and
bsanguinarine. (9) { Protopine is the only opium alkaloid.)

Roemeria refracta DC.

Konovalova, Yunusov, and Orekhov report remerine, d-pseudo-
ephedrine, and l-ephedrine in this plant. The last mentioned is widely
distributed but this is the first report of its cccurrence in a member of
the Papaveraceae. (10) None of those mentioned is an opium alkaloid.

Argemone mexicana L.
Mexican Poppy, Prickly Poppy

This was investigated by Almeida Costa (1935). (11) He reported
that it eontains protopine and berberine, but no morphine, confirmin,
earlier results of Santos and Adkilen (1932), and the still earlierx
researches of Schlotterbeck (1902). {12) (13) Morphine had at first been
reported, back in 1868 (probably protopine was mistaken for it), but
Schmidt, Bloemendahl, and Le Prince also reported it is not present. (1)
Berberine is not. an opium alkaloid. but is very widespread in numerous
families of plants.

There have been reports of Mexicans obtaining “opium” from this
plant. However, it appears that any attempts in that direction, whi
really had illicit purpose, were due to the belief (unfounded) that th
plant produces morphine. Descriptions of symptoms of those who were
supposed to have used it indicated that they had poisoned themselves to
a degree, rather than obtaining the effects of real opium. (14)

In this connection, however, it should be notsd that in Mexico,
Brazil, and other Latin-American countries, Argemone mexicana is
considered a valuable medicinal plant. Cases of the use of it, even to
incising the green capsules and using the spurious “opium” obtained,
may be solely for medicinal purposes, and have no relation to drug.
addiction.
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Argemene atba | estib. White Mexican Poppy

Sometimes considered a subspecies of A. mexicana, has also been
shown to contain berberine. (1}

Papaver dubnon L.

This poppy was investigated by Pavesi, first in 1905, and again in
1907, and was found to contain an alkaloid, aporeine, and another
alkaloid. aporeidine, which is apparently formed from aporeine.
Aporeine has not been found in opium, and no upium alkaleid is known
Lo exist in this plant. (1) (15)

Papaver glaucum Boiss. & Huusskn.
The Tuhip Poppy. Red Tulip Poppy

In the summer of 1943 the writer examined this species, as known
in floriculture, to determine if it should be considered an opium poppy.
Not much material was available, as it is not commonly grown. Several
plants were kindly furnished the Bureau of Narcotics by the Waller-
Franklin Seed Company of Guadalupe, Califorma. An extraction of some
mixed parts of the plants was first made. No morphine was found, and
it was discovered that the chief alkaloid is not one of the familiar opium
alkaloids. An extraction of the capsules alone was then undertaken,
using 18 grams dry weight, almost the entire amount available at the
time. While not. very large, this amount of material is at least 50 or 100
times as great as needed for the identification of morphine in the true
Opium Peppy by the procedure used. As a result of extractions which
would have separated morphine, if any were present, a residue of
alkaloidal material weighing 7 mg. was obtained. Whatever this may
have been, it certainly was not morphine. It yielded no striking
reactions, so far as examined. No indication of the presence of any other
opium alkaloid was observed.

The chief alkaloid, present to the extent of about 0.45 percent in
the capsules, is a weak base. It can be extractsd by ether or carbon
tetrachloride from weak acetic acid solution, and by chloroform even
from 1 n sulfuric acid. It is also soluble in petroleum ether. It is
precipitated from acid solution by the addition of ammonia or alkali, in
which it is inscluble. In diluts sulfuric acid (0.5 nermal) this alkaloid
gradually develops a purplish-pink or deeper color, exactly as does
rhoeadine, the alkaloid of Papaver rhioeas. A thin film of the dry
alkaloid on white porcelain yields the following characteristic color
reactions:
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Concentrated Sulfuric acid—sirikes red. at once changing to intense brown:
yellow, gradually to intevse green,

Fuming Sulfuric acid (15 percent free SO3)—a strong dull purplish red color

Marquis® reagent (Formaldehyde i Sulfuric acid)—sirikes orange-red. at one
changing to intense green,

Rhoeadine gives somewhat similar color reactions, but can hbe
distinguished. It is less soluble in organic solvents than the alkaloid
Papaver glaneum, but was extracted by the same procedures. Also, th
rhoeadine at once crystallized when precipitated by ammonia, whereg
the alkaloid from P glaucum yielded only minute spheres or droplets
which probably were not erystals. Rhoeadine from the capsules of Shirley
Puppies was used for direct comparisons.

There is also present in the capsules of Papaver glayrcum a fairly
large proportion of choline. This was identified by microcrystals with
KI3 (Wagner's No. 1), Reinecke’s salt, brom-auric acid in concentrated
HCI or in (2+3) H2804, platinic iodide. and Mayer’s reagent. these
various reagents being added to an agueous acidified solution of the base.
(161 KI3 reagent gave the most sensitive and characteristic test.
Reinecke’s salt was equally sensitive, but the crystals were very
distorted until with much difficulty a purer sclution was obtained. Th
identification has been kindly confirmed by Mr. Keenan of the U. S. Fond
and Drug Administration, using the optical properties of the crystals
with Reinecke’s salt. The same base was found in similar amount in the
capsules of Papaver rhoeas, and in very minute amount in the capsules
of Papaver somniferum. Choline is very widespread in the vegetable
kingdom, but, seems not to have been previcusly reported from the
Papaveraceae. (2}

The chemical affinities of this plant are obviously with Pupaver
rhoeas rather than Papaver somniferum

Papaver rlioeas L.
Corn Poppy. Field Poppy. Common Red Poppy. Shirley Poppies, cic.

This poppy has been investigated a number of times. The most
recently published article was by Awe, 1941. He reported that
rhoeadine appears to be the only alkaloid. (17) Rhoeadine was
dizcovered by Hesse in this poppy in 1865. In his method of obtaining
rhoeadine (1866), Hesse mentioned the separation from it of a very slight
amount of another base, which he thought was thehaine. (18b} Besides
being somewhat uncertain in the first place, thebaine is unconfirmed by
any subsequent investigator, and apparently was not mentioned again

throvas, finding rhoeadine (15}
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by Hesse himself. (18} Pavesi (1906) has also investigatsd Papaver
' Rhoeadine yields rhoeagenine by
{reatment with acids.

in 1943 the writer found that in addition to rhoeadine the capsules
paontain a substantial proportion of choline. This without doubt is the
“alkaloid” showing certain similarities to morphine which Selmi found
in the green capsules in 1876. (Chapter XV.) Apparently, it has usually
heen overlocked. Selmi noted that iodine in hydriodic acid yielded
crystals which, as distinguished from those of morphine, formed
immediately but soon redissolved. (19} (This is due to evaporation of
indine, and the crystals are more permanent. if a cover glass is applied.)
Such slight resemblance as choline shows to morphine would not be
considered worth mentioning today. Some associated gallic or tannic
acid probably was responsible for reduction of iodic acid and a blue color
with ferric chloride in Selmi’s experiments, thereby adding to the
resemblance.

This poppy probably contains no oprum alkaloid. A color reaction,
like the purplish red developed by rhoeadine with dilute mineral acids,
has been ubserved with alkaloidal extracts from some kinds of opium,
necording to various authors. This probably is not due to rhoeadine but
to meconidine or porphyroxine.

Papuver orientale L. The Oriental Poppy

The most thorough examination of this species thus far was made
by Gadamer and Klee. The investigation was begun by Gadamer and
extended over several years. Klee in 1914 published his results on the
presence of the two principal alkaloids at different stages of growth, as
well as his researches on the constitution of isothebaine. Professor
Gadamer at the same time contributed a short article on the associated
alkaloids. (1) (20} The principal alkaloids were found to be thebaine and
isothebaine, the former an alkaloid found also in opium, the latter a
previously unknown phenclic alkaloid. Protopine was present, a
phenolic alkaloid named glaucidine from its resemblance to glaucine,
and several other alkaloids which were not fully characterized
nor identified.

This plant was more recently investigated by Konovalova, Yunusov,
and Orekhov (1935). (21) They reported that it contained enly 0.16%
total alkaloids, and that the chief alkaloids are thebaine and a new
phenolic base which they named oripavine. They were unable to find
the isothebaine previously reported. However, Klee had shown that
thebaine and isothebaine replace one another at different stages of
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14 extracted by alkali from chloroform-isopropanol; and by carbon
Arvtrachloride from ammoniacal solution,

Concentrated Nuric acid - strong brown.

Frithde’s reagent--strong gray-blue-green gradually changing to intense violet

Mecke’s reagent—bright blue-green gradually changing o intense violet.

Sulfuric acid containing a little ferric sali—bright blue-green, gradually greenish
blue slowly dark violer.

Fuming Frihde's reagent strikes greenish at once changing 1o intense maroon red
lowly dark viole).

lodine reagent C-1 (24)—erystallization 1n dark needles. similur to those given by
arphothebaine. which is undoubtedly related.

Apparently this is the alkaloid named glaucidine by Gladamer. The
writer found several other alkaloids present, hut not so readily
characterized.

Thebaine 18 an opium alkaloid related to morphine, but its
physioclogical action is altogether different from morphine. Itis extremely
puisonous, and its action is similar to strychnine. Isothebaine,
wripavine, and glaucidine are not known to oceur in opium or Papaver
somniferum, and apparently nothing is known of their physiological
properties. Isothebaine is related to thebaine, or more closely to
morphothebaine, a laboratory derivative of thebaine. (20) It may also
he described as an isoquinoline derivative of the apomorphine type. (15}

growth. At the period of most vigorous growth thebaine was presen
almost exclusively, both in the leaves and the roots, while in the late fal
and earliest spring, and also in the semidormant stage in midsummer
the total of these two alkaloids was chiefly isothehaine. Klee's analy:
of the dormant stage were chiefly made on the roots of Iate autumn, but
the predominance of isothebaine extended also to the old leaves,
The writer recently made an examination of 20 grams of the dri
mature capsules. About 0.59 percent total crude alkaloids was obtained,
but this probably includes a little non-alkaloidal material. Choline was
present, and an indication of meconic acid was obtained (ferric chlori
test), but the latter was not positively identified. The principal alkal
was isothebaine, 0.22 percent of the capsules, while no thebaine at a
could be found. Klee did not give an analysis of the eapsules when ﬁl“ y
mature and dry, but showed for the withered vegetation at the end of
dJuly 0.052 percent isothebaine (no thebaine), the roots at this staga
containing 0.599 percent iscthebaine and 0.031 percent thebaine, und
young leaves of the second vegetative period 0.122 percent isothebaine
and 0.116 percent thebaine. On the other hand ha reported capsul
sampled 10 days after the blossoms as containing 0.057 percen
isothehaine and (0.342 percent thebaine. Presumably this would be the
ratio of these alkaloids in “opium” from Papaver orientale.
The writer’s isothehaine gave the following characteristic reactions
Pupaver armeniacum Lam.
Concentrated Nitric acsd-—antense purple.
Muarquis’ reagent—almost negalive; with addition of nilric
acid oxidizang solution (22) a strong beautiful purplish red coler.
Fuming Frithdes reagent {23)—stnkes green and blue, dissolves blue.
Buckingham's reagent—strikes intense blue-green, dissolves green.
Gold cyanide reagent (16a}—the precipitate from agueous solulion of the
alkalosdal sali erystallizes readily and completely in rosettes of threads.

This poppy is prohably not. cultivatsd in the United States. It was
another investigated by Konovalova, Yunusov, and Orekhov, (1935). They
reported that it contains 0.65 percent total alkaloids, chiefly
armepavine (not an opium alkaloid). Other alkaloids were present, but
not enocugh of them could be obtained for complete identification. (21}

: : : . Papaver flovibundum Desf.
The reaction with nitric acid, as mentioned by Klee, is very striking e 1

and unlike that given by other natural papaveraceous alkaloids,
Apomarphine, a laboratory derivative of morphine, gives a similar but
less persistent color.

Isothebaine, although a phenol, is not extracted by alkali from
chloroform-isopropancl; in fact even ether will extract it from alkaline
solution. It therefore would not accompany morphine in the usual
extraction. Petroleum ether extracts it readily from ammoniacal
solution.

The writer obtained another alkaloid which is readily character-
ized and constituted 0.035 percent. of the capsules. It is a phencl which

This plant was also investigated by Konovalova, Yunusov, and
Urekhov (1935) and was found to contain 0.36 per cent total alkaloids.
They isolated from it armepavine, floripavine, floribundine, floripavi-
dine, oripavine, and another base probably related to protopine. Most of
these were newly discovered alkaloids. Protopine itself was absent, and
so0 were all the other opium alkaloids. (25)
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This possibility was mentioned in Chapter VITI, but, as there pointe
out, we have strong reasons to doubt ifit 1s very practicable. We have ni
knowledge of any present variety that Fails to produce morphine, and w
do not know whether such a variety could be obtained merely b
selection. If obtained, we do not know whether it would continue t
breed true. If selection were based solely on low morphine it is Likel
enough that plants would be obtained which would elaborate primari
codeine instead of morphine. '

24

Fapaver somniferum can ba hybridized with some very differen
poppies. Unfortunately, we know nothing at all about the inheritane
the capacity to produce morphine in these hybrids, If the attempt §
made to develop some poppy not producing narcotics from Papave
somniferum, it would seem that hybridization together with selectio
would be logical, and the most hopeful procedure.

3

The chief trouble with using some other kind of poppy is that non
other has been cultivated for 4000 years or more. If the other poppi@
available to us had to stand comparison only with the miserable wilg
specimens of Papaver somniferum, the task would seem far fron
hopeless. When we look at the finest specimens of the “garden popp
with their huge indehiscent capsules, we realize that the gap is one thal
cannot be overcome in just a year or two.

The other ecommon annual poppy, Papaver rhoeas, is a much smallel
plant. The seeds are probably edible, but they are quite minute.
seeds of Papaver somniferum are small enough; with Popaver rhoeol
they are almost dust-hke.

The writer has, in former years, eaten the seeds of the Orienta
Poppy, Papaver orientale, though only in small amount. They have &
sweet, nutty flavor, somewhat lika that of hazelnuts, and probabl;

indistinguishable from that of the opium poppy seeds. They are
somewhat smaller, but not too small. Papaver orientale is a perennial,
and it may be questioned whether it could be made so prolific of seeds ag
an annual plant. The capsules are large, but prohably do not average
even half, perhaps not a third, the size of the highly cultivated varieties

of opium poppy. A great deal rnlght be done here by selective breeding. 1

the attempt were made. It is just possible that Papaver orientale even
as it is at present might not be altogether unsatisfactory for home
gardens. It would probably require about four times as much space, but
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perhaps less labor than P. somniferum for the same amount of seed.
Naturally its seed production could not compete commercially with the
unportation of seed from the opium and garden poppies grown in other
countries.

The seeds of Glaucium flavum (G. luteum), the Yellow Horned Poppy,

nre said to yield an oil with properties similar to that from the seeds of
the opium poppy. (1) It seems impossible to learn much about this oil,
snd probably it has not been an article of commerce. However, Hegi states
that it is edible. (2)

The seeds of Argemone mexicanae are not edible, for they have a

purgative action. This is also true of the oil from the seeds; and the cake
li-ft from pressing out the oil is uselass for cattle feeding. (3)

On tha whole the best chance would seem to be Papaver orientale

rome similar poppy, or the development of a suitable hybrid of Popaver
somniferum, in which the morphine-forming quality would not be
inherited, or from which it could be bred away.
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PART III XIX. SUMMARY

[With regard to the poppy covered by the Opium Poppy Control Act]

1. The Opium Poppy is Papaver somniferum L., an annual, which is
also cultivated for seeds, flowers, capsules, and alkaloids, as well as
spium. It can be recognized by the large size of the plant and flowers
and its smooth glaucous foliage. (Ia, II1).

2. Pepaver somniferum is a native of the Mediterranean region
tsouthern Europe, Asia Minor), and was first reduced to cultivatien,
prabably for its seeds, in the northeastern corner of the Mediterranean
lands (Greece, Anatolia). It has been cultivatsd in Europe for at least
gome 4000 years. (II).

3. The “Garden Poppy” of Central Europe is a variety, or an
ceological group of varieties, of Papaver somniferum, cultivated for the
edible and oil-producing seed It is not essentially different from the
varieties actually used for opium production. It produces the opium
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alkaloids and if incised will yield opium. (II1, a, d).

4. The Opium Poppy should not be confused with the Oriental Popp
That name rightfully belongs to Pepaver orientale L., a perennial popg
grown for its flowers. To the flower-gardener unly Papaver somuifer:
its near-relative Papaver bracteatum Lindl., and their hybrids,
“Oriental Poppies.” (1 b, IX a, XIV).

5. The Opium Poppy should not be confused with the other comme
annual poppy. Papaver rhoeas L, the “corn poppy” or "field poppy”
Europe, grown in this country for its flowers. Papaver rhoeas is a srall
plant, more hairy, and the foliage is a strong green. (I b, XIV3.

6. The Opium Poppy is cultivated in many floral forms
varieties. The flowers may be single, double plain, or double fringe
white, pink, red, mauve, purple, violet, and combinations; the single k
generally with either a white or a violet spot at. the base of each p
American seedsmen generally listed them as “Tall Annual Popp
single, “paeony-flowered.” “carnation-flowered,” and various na ;
varieties. These different forms are still the same poppy. (111 h, VI
IXce).

Opium Poppy Cultivation
and Heroin Processing in Southeast Asia

Drug Entorcement Adnunistration
Intelligence Division
Strategic Intelligence Section
Scptember 1993

7. The variations of the Opium Poppy with respect to seed colon
capsule shapes, floral varieties, and agricultural varieties have T
significance with regard to its eapacity to produce morphine ana opi
The seeds may be white, yellow, pink, red, blue, gray, brown, ur blac|
The so-called “Blue Poppy” of Europe is so named from the color of if
seeds. There is no basis for the idea that only the white-secded kin
produces opium and that the blue-seeded or some other kind does nol
(VL VIIL

8. There is only the one poppy cultivated now for opium ¢
commercially cultivated for edible seed, although it has sometimes gon
under a variety of names. That is Popaver somniferun:, the Opium Poppy
(IX, Xa, XVa,K XVIII).

9. The determination of opium poppies will be chemical. Positiv
proof of the presence of morphine will show that a poppy is an opi
poppy within the meaning of the Opium Poppy Control Act. It need n
be proved to belong to the species Papaver somniferum (XI, XII),
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medicinal purposes. ln Chinese hiterature, however, there are earlier
1eferences to its use. The noted Chinese surgeon Hua To of the Three
Kingdoms (220-264 A.D.) used opium preparations and Cannchis indica
lor his patients to swallow before undergoing major surgery.

The beginning of widespread optum use in China has been
aesociated by some historians with the introduction of tobacco into that
country by the Dutch
from Java in the 17th
century. The Chinese
were reported to mix
opium with tobacco.
The practice was
adopted throughout the
area and eventually re-
sulted in increased
opium smoking, both
with and without to-
bacco.

In 1803, the
German pharmacist
Serturner isclated and
described the principal
alkaloid in opium,
which he named mor-
phium after Morpheus,
the Greek god of
dreams. The inven-
tion of the syringe and
the discovery of other
alkaloids of opium scon
followed: codeine in
1832 and papaverine
in 1848. By the 1850%,
the medical use of pure
alkaloids rather than

crude opium prepara-
tions was common.

In the United
Statss, opium prepara-
T - tions became widely
Flowenng poppy plant with two younger flower buds available in the 19th

Executive Summary

The opium poppy has been cultivated in China and mainlan
Southeast Asia for more than two centuries. The mature plant produce
a highly addictive latex which may be refined to produce opium fe
smoking, or treated with certain chemicals to produce morphine or heroi
This report focuses on the necessary steps in this process—takin,
mature but raw opium poppy plant and synthesizing it's contents
finished heroin.

This report gives a brief history of the opium poppy plant an
analyzes the plant in botanical detail. Cultivation methods are describi
to include field selection, land clearing and soil preparation. It furthe
explains the method of extracting morphine from opium, as th
operation typically occurs in clandestine jungle laboratories i
Southeast Asia. Finally, the intricate procedures used by hernis
chemists to convert morphine to heroin are depicted step by-step

A glossary of terms related to opium poppy cultivation and her
processing in Southeast Asia is included for reference,

ORIGIN AND HISTORY OF THE OPIUM POPPY

The sole source of opium is the opium puppy. The plant is believet
to have evolved from a wild strain, Pepaver setigerum, which grows if
coastal areas of the Mediterranean Sea. Through centuries o
cultivation and breeding for its opium, a species of the plant evolvet
that is now known as somniferum,. Today, Papaver somniferum. is th
only species of Papaver which produces opium. The genus, Papaver, i
the Greek word for “poppy.” The species, somniferum, is Latin for “slee
inducing.”

The psychological effects of opium may have been known to the
ancient Sumerians (circa 4000 B.C.) whose symbol for the poppy wa
hul (%oy”) and gil (“plant”y. The plant was known in Europe at leas
4,000 years ago as evidenced by fossil remains of poppy seed cake and
poppy pods found in the Swiss Lake Dwelings of the Neolithic Age
Opium was prohably consumed by the ancient Egyptians and was known
to tha Greeks as well. The poppy is also referred to in Homer's works
The [had and The Odyssey. In addition, Hippocrates (460-357 B.C.), the
father of medicine, recommended drinking the juice of the white poppy
mixed with the seed of nettle.

The opium poppy probably reached China about the 7th century
AD. through the efforts of Arab traders who advocated its use for
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century and morphine was used extensively as a painkiller for woundes
soldiers during the Civil War. The inevitable result was opium add
tion, contemporarily called “the army disease” or “soldier’s dise
These opium and morphine abuse problems prompted a scientific sear
for potent but nonaddictive painkillers. In the 1870’s, chemists devi
oped an opium-based and supposedly non-addictive substitute fo
morphine. The Bayer pharmaceutical company of Germany was 1k
first to produce the new drug 1n large quantities under the brand nam
Heroin. This product was obtained by the acetylation of morphine. Soor
thereafter studies showed heroin to have narcotic and addictive proper
ties far exceeding those of morphine.
Although hercin has been used in the United Kingdom in th
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reatment of the terminally ill, its “medical value” is a subject of intense
controversy.

THE OPIUM POPPY PLANT

The opium poppy, Papaver sormniferim, is an annual plant. From a
emall seed, it grows, flowers, and bears fruit (a “pod” only once. The
entire growth cycle for most varieties of this plant takes about 120 days.
The tiny seeds, like the seeds on a poppy seed roll, germinate quickly in
warmth and sufficient moisture. In less than six weeks, the young plant.
emerges from the soil, prows a sel of four leaves, and resembles a small
cabbage in appearance. The lobed, dentate leaves are glaucous green
with a dull gray or blue tint.

Within two months, the plant will grow from one to two feet in
height, with one primary, long, smooth stem. The upper portion of this
stem is without leaves and is called the “peduncle” (see Figure 1). One
or more secondary stems, called “tillers,” may grow from the main stem
of the plant. Single poppy plants in Southeast Asia often have one or
more tillers.

The main stem of a fully-matured Paopaver somniferum ranges
between two and five feet in height. The green leaves are oblong, toothed
and lobed and vary between four to fifteen inches in diameter at
maturity. The matured leaves have no commercial value except for use
as animal fodder.

As the plant grows tall, the main sterm and every tiller terminates
in a flower bud. During the development of the bud, the peduncle
portion of the stem elongates and forms a distinctive “hook” which causes
the bud to be turned upside down. As the flower develups, the peduncle
straightens and the buds puint upward. Aday or two after the buds first
point upward, the two outer segments of the bud, called “sepals,” fall
away, exposing the flower petals. The exposed flower blossom is at first
crushed and crinkled, but the petals soon expand and become smooth in
the sun. Poppy flowers have four patals. The petals may be single or
double and are either white, pink, reddish purple, crimson red, or
variegated.

Opium poppies generally flower after about 90 days of growth and
continue to flower for two to three weeks. The petals last for two to four
days and then drop to reveal a small, round, green fruit which continues
to develop. These fruits or pods (also called “seedpods,” “capsules,”
“bulbs,” or “poppy heads”} are either oblate, elongated, or globular and
mature to about the size of a chicken egg. The cblate shaped pods are
more common in Southeast Asia.
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Only the pod portion of the plant can produce oprum alkaloids. The
skin of the puppy pod encloses the wall of the poud ovary. The ovary wi
consists of three layers: the outer, middle and inner layers. The plants
latex (opium) is produced within the ovary wall and drains into the mid
layer through a system of vessels and tubes within the pod. The cells
the middle layer secrete more than 95 parcent of the opium when the
pod is scored and harvested.
Cultivators tap the opium from each pod while it remains on the
plant. After the opium is scraped, the pods are cut from the stem ane
allowed to dry. Once dry, the pods are cut open and the seeds am
removed and dried in the sun before storing for the following year
planting. An alternative method of collecting planting seeds is to collect
them from intentionally unscored pods, because seoring may diminish
the quality of the seeds. Aside from being used as planting seed, !
poppy seeds may also be used in cooking and in the manufacture of paint:
and perfumes, Poppy seed oil is straw-yellow in color, odorless, and has
a pleasant, abmond-like taste.

OPIUM POPPY GROWING AREAS

The opium poppy does best in temperate, warm climates with low
humidity and requires ouly a moderate amount of water before and
during the early stages of growth. In addition, the opium poppy 1s a
“long day” photo-responsive plant. As such, poppies require long days
and short nights before they will develop flowers.

The cpium poppy plant can be grown in a variety of soils—clay,
sandy loam, sandy, and sandy day—but it grows best in a sandy loam
soit. This type of scil has good meisture-retentive and nutrient-reten-
tive properties, is easily cultivated and has a favorable structure for
root development. Clay soil types are hard and difficult to pulverize into
a good soil texture, The roots of a young poppy plant cannot readily
panetrate clay soils, and growth is inhibited. Sandy scil, by contrast,
does not retain sufficient water or nutrients for proper growth of the
plant.

Excessive moisture or extremely arid conditions will adversely
affect the poppy plant’s growth, thus reducing the alkaloid content. Poppy
plants can become waterlogged and die after a heavy rainfall in poorly
drained soil. Heavy rainfall in the second and third months of growth
can leach alkaloids from the plant and spoil the harvest. Dull, rainy, or
cloudy weather during this growth stage may reduce both the quantity
and the quahity of the alkaloid content

OPHIM 1POPPY GROWING ARFAS  2HE

The major legal opium poppy growing areas in the world today are
in government-reguluted opium farms in India, Turkey and Tasmania,
Australia. The major illegal growing areas are in the highlands of
mainland Southeast Asia, specifically Burma, Laos and Thailand (the
Golden Triangle), as well as adjacent areas of southern China and
northwestern Vietnam (see Figure 2 and Map 1); in Southwest Asia,
specifically Pakistan, Jran, Afghanistan and in Mexico. Opium poppy is
also grown in Lebanon, Guatemala, and Colombia.

Shan State
Kachin State
Kokang Area

Chung Mu Provmes
Chusng Rus Provinca
Muc Hong Soa Province

Nar Provinca
Tak Provmee.

Figure No. 2. Major Opium Pappy Growing Areas in Southeast Asa

Opium poppies were widely grown as an ornamental plant and for
seeds in the United States until the possession of this plant was
declared illegal in the Opium Poppy Control Act of 1942

The highlands of mainland Southeast Asia, at elevations of 800
meters or more ahove sea level, are prime poppy growing areas.
Generally speaking, these poppy-farming areas do not require
irrigation, fertilizer, or insecticides for successful opium yields. Most of
the opium poppies of Southeast Asia are grown in Burma (Myanmar),
specifically in the Wa and Kokang areas which are in the northeastern
quadrant of the Shan State of Burma Lagcs is the second-largest illicit
opium-producing country in Southeast Asia and third-largest in the
world, In this country, poppy is cultivated extensively in Houaphan and
Xiangkhoang Provinces, in addition to the six northern provinces of
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Bokeo, Louanguamtha, Louangphabang, Oudomxai, Phongsah an
Xaignabouli. Poppy is also grown in many of the remote, mountainor
areas of northern Thailand, particularly in Chiang Mai, Chiang
Mae Hong Son, Nan and Tak Provinces,

In China, opium poppies are cultivated by ethnic minority group
in the mountainous frontier regions of Yunnan Province, particularl
along the border area with Burma's Kachin and Shan States. Son L
Provinge, situated between China and Laos, is a major opium popp!
cultivation area in Vietnam. :

Guolden Triangle Area
of Southeast Aala

It is noteworthy that the dominant ethnic groups of maintand South-
east Asia are not poppy cultivators. The Burmans and Shan of Burma,
the Lao of Laos, the Thai of Thailand, the Han Chinese of Yunnan, China,
and the Vietnamese of Vietnam are low landers and do not traditionally
cultivate opium poppies.

Rather, it is the ethnic minority highlander groups, such as the Wa
Pa-0, Palaung, Lahu, Lisu, Hmong, and Akha who grow peppies in the
highlands of the countries of Southeast Asia. (See Figure 3.}
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Opium Poppy
Growers & Smokers

Kachin; Palaung; Wa; Opium Traders & Middlemen

Lahu (Musser. Musoe),
Lisu (Lisor, Lisaw); Kachin; Palaung; Wa;
Akha (I-kor, Fkaw); Shan (Tai Yai),
Hmong (Meo, Miao); Yunnanese Chinese (Haw);
Mien (Tu Mien. Yao); el al, Guokang Chinese (Kokang);
Lahu (Musser, Musoe); Lisu (Lisor. Lisaw):
Akha (I-kor, I-kaw);
Hmong (Meo, Miao); Mien (fu Mien. Yao);
Lao; Thai; eral.

A typical nuclear family of Southeast Asian highlanders ranges
between five and ten persons, including two to five adults. An average
household of poppy farmers can cultivate and harvest about one acre of
opium poppy per year. Most of the better fields can support opinm poppy
cultivation for ten years or more without fertilization. irrigation, or
insecticides, before the soil is depleted and new fields must be cleared.

FIELD SELECTION AND LAND CLEARING

In choosing a field to grow opium poppy, soil quality and acidity
are critical factors and experienced poppy farmers choose their fields
carefully. In Southeast Asia, westerly orientations are typically
preferred to optimize sun exposure. Most fields are on mountain slopes
at elevations of 1,000 meters (3,000 Feet} or more above sea level. Slope
gradients of 20 degrees to 40 degrees are considered best for drainage of
rain water.

In Mainland Southeast Asia, virgin land is prepared by cutting and
piling all brush, vines and small trees in the field during March, at the
end of the dry season. After allowing the brush to dry in the hot sun for
several days, the field is set afire. This method, called “slash-and burn”
or “swidden” agriculture, is commonly practiced by dry field farmers—
hoth highland and lowland—throughout Mainland Southeast Asia in
order to ready the land for a variety of field crops.
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Guolden Triangle Area
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It is noteworthy that the dominant ethnic groups of maintand South-
east Asia are not poppy cultivators. The Burmans and Shan of Burma,
the Lao of Laos, the Thai of Thailand, the Han Chinese of Yunnan, China,
and the Vietnamese of Vietnam are low landers and do not traditionally
cultivate opium poppies.

Rather, it is the ethnic minority highlander groups, such as the Wa
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A typical nuclear family of Southeast Asian highlanders ranges
between five and ten persons, including two to five adults. An average
household of poppy farmers can cultivate and harvest about one acre of
opium poppy per year. Most of the better fields can support opinm poppy
cultivation for ten years or more without fertilization. irrigation, or
insecticides, before the soil is depleted and new fields must be cleared.

FIELD SELECTION AND LAND CLEARING

In choosing a field to grow opium poppy, soil quality and acidity
are critical factors and experienced poppy farmers choose their fields
carefully. In Southeast Asia, westerly orientations are typically
preferred to optimize sun exposure. Most fields are on mountain slopes
at elevations of 1,000 meters (3,000 Feet} or more above sea level. Slope
gradients of 20 degrees to 40 degrees are considered best for drainage of
rain water.

In Mainland Southeast Asia, virgin land is prepared by cutting and
piling all brush, vines and small trees in the field during March, at the
end of the dry season. After allowing the brush to dry in the hot sun for
several days, the field is set afire. This method, called “slash-and burn”
or “swidden” agriculture, is commonly practiced by dry field farmers—
hoth highland and lowland—throughout Mainland Southeast Asia in
order to ready the land for a variety of field crops.
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The slash and-burn method is also used to clear fields for popp;
cultivation. Before the rainy season in April, fields by the hundreds

thousands all over the region are set ablaze, A fog-like yellow haze hangi
over the area for weeks, reducing visibility for hundreds of miles. In
mountains, the density of haze blocks out the sun and stings the eyes.
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A typical highlander family will plant an area of two or three rai m
opium poppy (2.53 rai is equivalent to one acre). (See Figure 4)

LAND PREPARATION AND CULTIVATION METHODS

In August or September, toward the end of the rainy season,
highland farmers in Southeast, Asia prepare fields selected for opium
poppy planting. By this time, the ash resulting from the bum-off of the
previous dry season has settled into the soil, providing additional
nutrients, especially potash, The soil is turned with long-handled hoes
after it is softened by the rains. The farmers then break up the large
clumps of scil. Weeds and stones are tossed aside and the pround is
leveled off.

Traditionally, most highland and upland farmers in Southeast Asia
do not. use fertilizer for any of their crops, including the opium poppy,
but in recent years opium poppy farmers have started using both
natural and chemical fertilizers to increase opium poppy yields. Chicken
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manure, human feces or the regions’s abundant bat droppings are often
mixed into the planting soil before the opium poppy seed is planted. The
planting must be completed by the end of October in order to take
ndvantage of the region’s “long days” in November and December. (See

Figure 5.}

Opium poppy feld clearsd by "slash-and-burn® methed

The opium poppy sted can be sown several ways: broadcast or tossed
by hand; or fix-dropped by hand into shallow holes dug with a metal-
tipped dibble stick, About one pound of opium poppy seed is needed to
sow one acre of land. The seeds may be white, yellow, coffee-color, gray,
black, or blue. Seed color is not related to the eolor of the flower petals.
Beans, cabbages, cotton, parsley, spinach, squash or tobacco are usually
planted with opium poppy. These crops neither help por hinder the
cultivation of the opium poppy, bul instead are planted solely for
personal consumption or as a cash crop.

In the highlands of Southeast Asia, it is also common practice to
plant maize and opium poppies in the same fields each year. The maize
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keeps down excessive weeds and provides feed for the farmer’s pigs a
ponies. It is grown from April to August. After harvesting the mai
and with the stalks still standing in the fields. the ground is weeded ant
pulverized, Just before the end of the rainy season, in successive sowing
throughout September and October, the poppy seed is broadcast amon
the maize stalks, These stalks can protect young opium poppy plant
from heavy rains.

RAINY SEASON

COLD SEASON
[ SEP OCT NOV DEC JAN_FEB |

Figure 5. Cpum poppy culivalion n Southeas At

The opium poppy plants form leaves in the first growth stage, called
the “cabbage” or “lettuce” stage. After a month of growth, when the
opium poppy 1s about a foot high, some of the plants are removed (called
“thinning”) to allow the others more room to grow. The ideal spacing
between plants is believed to be 20 to 40 centimeters, or about eight te
twelve plants per square meter, although some researchers in norther 1
Thailand have reported as many as 18 plants per square meter,

During the first two months, the opium poppies may be damaged or
stunted by nature through the lack of adequate sunshine, excessive
rainfall, insects, worms, hail storms, early frost, or trampling by
animals. The third menth of growth does not require as much care as
the first two months.

Three to four months after planting, from late December to early
February, the opium poppies are in full bloom. Mature plants range
between three to five feet in height. Most opium poppy varieties in South-
east Asia produce three to five mature peds per plant.

A typical opium poppy field has 60,000 to 120,000 poppy plants per
hectaro, with a range of 120,000 to 275,000 opium-producing pods. The
actual opium yield will depend largely on weather conditions and the
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precautions taken by individual farmers to safeguard the crop. The
farmer and his family generally move into the field for the final two
weeks, setting up a small field hut on the edge of the opium poppy field.

Opmum poppy fald shawing
fowars_. pods and leaves

OPIUM HARVESTING METHODS

The scoring of the pods talso called “lancing,” “incising,” or
“tapping”) begins about two weeks after the flower petals fall from the
pods. The farmer examines the pod and the tiny crown (see figure 1)
portion on the top of the pod very carefully before scoring. The grayish-
green pod will become a dark green eolor as it matures and it will swell
in size. If the points of the pod’s crown are standing straight out or are
curved upward, the pod is ready to be scored. If the crown’s points turn
downward, the pod is not yet fully matured. Not all the plants in a field
will be ready for scoring at the same time and each pod can be tapped
more then once.

A set of three or four small blades of 1ron, glass, or glass splinters
bound tightly together on a wooden handle is used to score two or three
sides of the pod in a vertical direction. If the blades cut too deep into the
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wall of the pod, the opium will flow too quickly and will drip to the groune
If the incisions are too shallow, the flow will be too slow and the opil
will harden in the pods. A depth of about one millimeter is dssired
the incision. Using a Wade-tool designed to cut to thet depth, scorin
ideally starts in late afterncon so the white latex-like raw opium car
ooze out and slowly coagulate on the surface of the pod overnight. If
scoring begins too early in the afterncon, the sun will cause the opium
coagulate over the incision and block the flow. The opium oxidizes, da
ens and thickens in the cool night air. Early the next morning, the opiug
gum is scraped from the surface of the pods with a short-handled
iron blade three to four inches wide.

Opium harvest
ers work their w
backwards across the
field scoring lower,
mature pods befo
the taller pods, so a
not to inadvertent],
spill the sticky ooze.
The pods  will
continue to secrete
opium for several
days. Farmers will
return  to these
plants—sometime
up to five or six times-
to gather additional
opium until the pod is
totally depleted. T
opium is collected ina
container  which
hangs from the

farmer’s neck or waist..

The opium yield from a single pod varies greatly, ranging from 10
to 100 milligrams of opium per pod. The average yield is about 80 milli-
grams. The dried opium weight yield per hectare of opium poppies ranges
between eight and fifteen kilograms of opium.

As the farmers gather the opium, the larger or more productive
pods are tagged with colored string or yarn. These pods will later be cut
from their stems, eut open, dried in the sun and their seeds will be used
for the following year’s planting.
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The wet opium gum collected from the pods contains a relatively
high amount. of water and needs to be dried for several days. High-
quality raw opium will be brown (rather than black) in color and will
retain itg sticky texture. Experienced opium traders can quickly deter-
mine if the opium has been mixed with tree sap, sand or other such
material.

Standard Units of Weight used in
Opium Trafficking in Southeast Asia

[ pong {Thai-Shan-Lao} ] I 3750 gms. I 13.23 0zs. ]
[m 253592 gms[ 1600zs. |

pound
Jinlchin (Chinese) T [ sooogms [ 1.1023ms. |
lulogram kg [ 1.0000gms.] 2.2006ms. |

[chovjor(Tha-Shan-Lao) | T 16xps. | 35281ms. |
[ viss (Tamit- Burmese) | [1657xes. | 3652ms. |
| T |907.184 kgs.| 2.00001bs_]
[MT ] 1.0000kgs. [ 22046165, |

Raw opium in Burma, Laocs and Thailand is usually sun-dried,
weighed in a standard 1.6 kilogram quantity (called a “viss” in Burma; a
“choi” in Lacs and Thailand), wrapped in benana leaf or plastic and
then stored until ready to sell, trade, or smoke. Opium smoking s

common among most adult opium poppy farmers, whereas heavy addie-
tion is generally limited to older, male farmers. The average yearly con-
surnption of cooked opium per smoker is estimated to be 1.6 kilograms,

200000

375kg. 454kg. 050kg. 1 0kg. 1.6 kgs. 1.657 kgs.
pong pound Jin/chin  kilogram choi/jol viss

Figure 8 Unita of opium wenght in Southeast Asiz
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The process of extracting morphine from opium involves dissolv
opium in hot water, adding lime to precipitate non-morphine alkaloid
and then adding ammonium chloride to precipitate morphine from the
solution. An empty vil drum and some cooking pots are needed. Follo
ingis a step-by-step description of morphine extraction in a typical South
east Asian laboratory:

|. An empty 55-gallon 0il drum is placed on bricks about a foot zbove the EFOury
and a fire is built under the drum. Thirty gallons of water are added 1o the drum and hrou
1o a bail. Ten ko fifeven kilograms of raw opiun are added 1o the bailing water.

2. With stirrmg, the raw opium eventually dissalves in the bailing water, wi
soil. leaves. twigs, and other non-soluble materiats floal in the solution. Most of the
mzlerials are scooped aut of the clear brown “liquid epyum™ solution.

3. Slaked lime {calcium hydroxide) vr more ofien a readily available chemica
fernlizer with a high content of lime 1s added 1o the soluton, The lime will convert fl
water nsoluble morphine into the water soluble calcium morphenate. The other opiun
alkaloids do not react with the lime to form calcium salls. Codeine is an opium aikaloi
whichis slightly water soluble and which will be carried over with the caleiom murphenate
wn the liquid. For the maost part, the other alkaloids will become a part of 1he “sluge.™

4. As the solution coels. the morphine salution is scosped from the dram an
poured through 2 filier of some kund. Burlap rice sacks ar: often used as filters and can thes
be squeezed in a press to remove most of the solunon from the wet sacks. The solution
then poured into large cooking pots and re-heated, but not bosled,

3. Ammonium ehloride 15 added to the heated calcium morphenate solulion t
adjust the atkabnily 1o a pH of 8 10 9, and the soluion is then allowed to cool. Within o
or twa hours. the morphine base and the unreacted codeine hase precipilate oul uf
solufion and settle to the bottom of the cooking pot.

6. The salution is then poured of] through cloth filters. Any solid morphine bise
churks in the sulution will remain on the eloth. The morphine hase 1s removed trom both
the conking pot and from the filter cloths, wrapped and squeeed in cloth, and then doed in
the sun  When dry, the crude morphine hase is a coffee colored powder.

7. This “crude”™ morphine base. commonly known by the Chinese term pi-fzu in
Southeast Asia. may be further punified by 1is dissolution in hydrochloric acid, adding
activated charcoal, re-heating and filtering. The sulution is Giltered several rimes. and 1h
morphine (morphine hydrochloride) is then dried in the sun. (See Figure 8.)

8. Morphine hydrochlonde (1ainted wath codeine hydrachloride) is usually pressed
into small brick-sized blocks in a press and wrapped in paper or cloth, The most common
block size s 2 inches hy 4 inches by 5§ snches weygling abow 1.3 kilograms. The bricks are.
dried for transport 1o heroin processing laboratones.

Approximately 13 kilograms of opium, from one hectare of opium
poppies, are needed to produce each morphine block of this size. The
morphine blocks are then bundled and packed for transport to heroin
laboratories by human couriers or by pack animals. Pack mules are
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able to carry 100 kilogram payloads over 200 miles of rugged mountain
trails in less than three weeks.

CONVERSION OF MORPHINE TO HEROIN BASE

ACETIC ANNYDDRIOE,
CALCIUM HYDROXIDE,
AMMONIUM CHLORIDE,
ALCOHOL, ETHER,
ACETONE

Figure & Process of Acatylaten of Morphina

The conversion of morphine to heroin base is a relatively simple
and inexpensive procedure. The necessary chemicals for conversion to
heroin are commonly available industrial chemicals. (See Fig. 10.)
The equipment is very basic and quite portable. Heroin conversion
laboratories are generally located in isolated, rural areas due to the tell-
tale odora of the lab’s chemicals. Acetic anhydride, in particular, is a key
chemical with a very pungent odor resembling pickles.

Chemicals used to isolate the morphine from the opium includa
ammonium chloride, calcium carbenate (limestone) and calciom hydrox-
ide (slaked lime). The preferred chemical normally used in the
conversion of morphine to heroin is acetic anhydride. Chemical ree_lgents
used in the conversion process include sodium carbonate and activated
charcoal. Chemical solventa needed are chloroform, ethyl aleohol
{ethanol), ethyl, ether and acetone. Other chemicals may be substituted
for these preferred chemicals, but most or all of these preferred
chemicals are readily available through smugglers and suppliers.
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When cooking is completed, the pot is cooled and opened. During t_his
step, morphine and the anhydride become chemically bonded. creating
an impure form of diacetylmorphine (hercin). (See Figure 9.)

Laboratory equipment includes measuring cups, funnels, filter
paper, litmus paper and a stainless steel pot. Only the most sophisti-
cated heroin labs use glass flasks, propane gas ovens, Bunsen burners,

vacuum pumps, autoclaves, electric blenders, venting hoods, centrifuges,
reflux condensers, electric drying ovens and elaborate exhaust systems.
It is also possible to find portable, gasoline-powered generators at
clandestine heroin conversion laboratories used to power various
electrical devices.

Heroin synthesis from morphine is a two-step process which
requires twelve to fourteen hours to complete. Heroin base is the inter-
mediate product. Typically, morphine hydrochloride bricks are pulver-
1zed and the dried powder is then placed in an enamel or stainless steel
rice cook pot. Acetic anhydride is then added. The acetic anhydride
reacts with the morphine to form diacetylmorphine (hergin).

ra*iwn
MORPHINE LAB

Key Chemicals

morphghe base
heroi! base
base v

TaW uprum
waler supply
sluked lima
empry ol drum
firewoad waler heromn base
ammonium chloride wctivaind charcoal inclicator (himus) paper
ecud chlorofarm ot creso) iyl slcohal
cheesecloth Mler sodium cerbonate activaied chacoal
morphuna press enamel poi hydrochlone scid
tirying boxeu. lume rock
funnels heskers
covking aven
Tilter cloths or paper
Bunsen burmer

Figure 10. Kay chamicals used in hgmin PrOoR g

This acetylation process will work either with morphine hydrochle-
ride or morphine base. The pot lid is tied or clamped on, with a damp
towel for a gasket. The pot is carefully heated for about two hours.
below boiling, at a constant temperature of 185 Fahrenheit. 1t is never
allowed to boil or to become so hot as to vent fumes into the room. It is
agitated by tilting and rotation until all of the morphine has dissolved,

Standard Unlts of Yolume usedin
Heroln Magufacturing in Southeast Asia

Liguid Chemicals

Y e sy 10000ms. | 1057 s
thng’” Woters | 5285gis. |
barel 13626kiers | 360
[us gaonggal) | 3785mers | 0 |
* The/Lso term, cometzmes nged mormally

tomesn » “baerel il or “Lank-full”
Key Liquid Chemlcals,
expressed In dry weight equivalents

ane | 3000 | 4 oo [[ 15000 [33059
gallons bningrams | pounds

eher | 5000 27 13640 130071
(ethvl ether) | gallons | ™ Tnlogroms | pounds

Figure 11 Units of liguxd messursment.

Water is added at three times the volume of acetic anhydride and
the mixture is stirred. Activated charcoal is added and mixed by stirring
and the mixture is then filtered to remove colored impurities. Solids
remaining on the filter are discarded Sodium carbonate at 2.5 pounds
per pound of morphine is dissolved in hot water and added slowly to iihe
liquid until effervescence stops. This precipitates the heroin base which
is then filtered and dried by heating in a steam bath for an hour. For
each pound of morphine, about 11 ounces of crude heroin base is fbrme_d.

The heroin base may be dried, packed and transported to a hergin
refining laboratory or it may be purified further and/or converted to_heroi.n
hydrochloride, & water-soluble salt form of heroin, at the same site.
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Southeast Asian heroin base is an intermediate produet which can

be further converted to either smoking heroin (“hercin no. 3”) or
injectable hercin (“heroin no. 47).

CONVERSION OF HEROIN BASE TO HERQIN

(CAFFEINE, QUININE, STRYCHNINE)

CONVERSION TO SALT

DRYING

Figuae 12 Comension Frocess e Southoast Asian Heroin No_ 3

Heroin No_ 3

(Smoking Heroin)
HYDROCHLORIC ACID tHeroin
bydrochloride)
HEROIN

BASE To make heroin no.
3, the crude base is mixed
ADULT&ATION with hydrochloric acid

resulting in heroin hydro-
chleride. Adulterants
including caffeine are
added after this conver-
sion. For each kilogram
of crude hercin base
about one kilogram of
caffeine is used. Various
“flaverings” such as
quinine hydrochloride or
strychnine hydrochloride
may be added in 7 gram
or 14 gram increments.
Next, the wet paste mix
is stirred to dryness over
the steam bath.

The resulting dry heroin no. 3 will he in the form of coarse lumps.
These are crushed and passed through a no. 8 to no. 10 mesh sieve, and

the grains (pieces) are then packaged for sale.

The entire procesg takes about eight hours and requires only
minimal skill. While extra attention to stirring is required to assure
dryness, one man can prepare a one-kilogram block of heroin no. 3

during this time.
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Heroin No 4 (Injectable Heroin)

To the heroin base
mixture in the pot, wa-
ter is added at three
times the volume of
acetic anhydride and
mixed by stirring. A
small amount of
chloroform is added.
The mixture is stirred
and then allowed to
stand for twenty
minutes, Doing so
precipitates highly-
colored impurities and
a red, greasy liquid
The water layeris care-
fully poured off and
saved in a clean pot,
Figure 13. Conversion procass 1o Southeast Asian heroinna. 4. leaving the red grease

in the pot.

HEROIN
BASE

S0DRIM CARBONATE

HYDROCHLORIC ACID

SE ASIAN
HERCIN
NO. 8

In a clean pot, activated charcoal is stirred into the agueous
solution and is filtered to remove solid impurities. The decolorizing
effects of the charcoal, eombined with the chloroform treatment, will
leave a light yellow solution. The use of charcoal is repeated one or
more times, until the solution is colorless.

Approximately 1.1 kilograms of sodium carbonate per 0.5 kilograms
of morphine is dissolved in hot water and added slowly to the mixture
until the effervescence stops. This precipitates the heroin base which is
then filtered and dried by heating on a steam bath. The heroin base is
heated until dryness is complete, an imperative for the preparation of
heroin no. 4. The powder should be very white at this stage. If not
white, the base is redissolved in diluted acid, treated repeatedly with
activated charcoal, reprecipitated and dried. The ultimate purity and
color of the resulting heroin hydrochloride depends largely on the
guality of the hercin base.
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An optional step taken by skilled heroin chemists to increase the
quality of the heroin follows:

For each pound ot hersin
base. 1100 miililiters of ethyl
aleohol is heated 10 boiling.

The heroin base is added and
stirred unhill completely
dissolved. The heated solutien
is then quickly filtered through
4 Buchner funnel that has been

heuted flask. This hot liltcation
removes the traces ol sodium
carbunate that remuined in the
hane. The solution 1s quickly
cooled 1 an ice bath. where it
becomes very thick like ice
crcam. The substance is pul
into @ pan and set i u large
refrigermtor. A fan is set 10 blow
across the pan to cause slow
evaporation of the alcohol
while the paste crysiallizes
Afier several hours. it is
vacuum-filtered. The filirate,
pure ethyl alcohol, 1s reused.
The solid material, “alechol
morphine base.” is aclually re-
crystillized heroin base.

The heroin prod-
uct, either heroin base
or re-crystallized heroin
base, i1s weighed. For
each pound of sclid
product, 3,000 milliliters of ethyl alcohol, 3,000 milliliters of ether, and
102 millikiters of concentrated hydrochloric acid are measured out. The
sohid is dissolved by heating with one-third of the alechol and one-halfof
the acid. Another one-third of the acid is added and mixed by stirring.
Next, acid is added slowly, drop by drop, until the produet is completely
converted to the hydrochloride. Two methods of testing this end product
may be used. Either a drop of solution evaporates on a clean glass plate,
leaving no trace of cloudiness in the residue, or a drop of the solution
placed on Congo red paper causes the paper to turn blue.

Steel press used to eompact hervin into blocks,
Nate the dry chemical eontamers in foreground.

preheated and poured into &
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Once the acid is added, the remaining alcohol is stirred in. Then,
half of the ether is added with stirring and the mixture is allowed to
stand for fifteen minutes. It must be examined with great care since it
is extremely volatile and flammabte. Once the first small crystals are
detected, the remaining ether is added at once. The vessel is stirred,
covered and allowed to stand for twenty minutes to one hour.

Ne 4 heron in cardbgard erywng box.

The mixture becomes nearly solid after an hour. At this point, it is
fittered and the solids are collected on clean flter paper. The paper is
wrapped around the crystals and placed on wooden trays, usually over
lime rock, to dry. When the crystals of pure heroin hydrochloride are
dry, they are packaged. Batches of 5 to 10 kilograms are commonly
made at one time, the largest batch being an estimated 20 kilograms.
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n Poppy Cultivation Areas -~
of Southeast Asia

Figure 15 Deouble U-O Glabe rademark ol Southgas! Agian heroin

CONCLUSION

'] Southeast Asia, especially the Gotden Triangle area, is ideally suited
o for the propagation and synthesis of the opium poppy—geographically,
el | topologically and culturally.

Although the opium poppy plant will grow remarkably well with
little tending, farmers in recent years have introduced the use of
fertilizers that have produced bumper crop yields. In addition, the
chemicals used in the synthesis of heroin are inexpensive and readily
available. At the same, the time laboratory equipment needed to
synthesize heroin is very basic and easily obtainable.
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GLOSSARY OF TERMS

acetic acid, glacial

Also known as ethanoic acid or vinegar acid. Glacial acetic acid is
the pure compound, as distinguished from the usual water solutions
known as acetic acid. A clear, colorless liquid with s pungent odor
Miscible with water, alcohol, glycerin, and ether. Highly-concentrated,
produces hurns on the skm Chronic exposure may cause ercsion of
dental enamel, bronchitis, eye irritation. Exeellent solvent for many
organic compounds. Widely used in commercial organic synthesis
Normally contained in 5-1b bottles (corrosive higuid). Can be used in
place of ammonium chloride or ammonia solutions as a reagent ¢
adjust alkalinity in the precipitation of morphine (as crude morphin ]
base) from an opium solution.

gcetic anhydride

Also known as acetic oxide; acetyl oxide. A colorless liquid with &
strong, pickle-like odor. Fumes in moist air, and its vapor is extremely
irritating to eyes, nose, and throat. Not readily miscible with water,
forming a separate layer on the bottom, but will eventually form acetic
acid. Soluble in ¢hloroform or ether. Readily combustible (fire hazard).
Normally contained in various sizes of glass or plastic bottles, 5-gallon
glass carboys, and 55-gallon metal drums lined with stainless steel or
polyethylene. Used in the textile, leather tanning, pbarmaceutical (par-
ticularly aspirin), and photography industries. Under strict government
regulation in some countries. Manufactured in Urited States, Western
Europe, and Japan. Acetic anhydride is also the most commonly used
acetylating agent in the acetylation of morphine. A key precursor
chemical and reagent in heroin synthesis.

acetone

Also known as 2-propanone or dimethyl ketone; pyroacetic ether. A
volatile, highly flammable liquid with a mildly pungent and somewhat
aromatic odor. Acetone vapor is irritating to the eyes and nose in high
concentrations. Miscible with water, alcohel, chloroform, ether, etc. Must
be stored in closed containers and kept away from fire. Industrial uses
as a solvent include manufacture of rayon, photographic films, paint
and varnish removers. Shipped in cans, steel drums, barrels, and tank
carg. Can be used as a solvent, in processing opium and in the purifica-
tion of morphine base, but is not commonly used in Southeast Asia.
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acetyl chloride

Also known as ethanoyl chloride. A flammable, fuming, colorless
liquid with a pungent odor. Soluble in ether, acetone, acetic acid. Highly
toxic and corrosive. Extremely irritating to the eyes. Dangerous fire
risk. Reacts violently with water and alcohol. Used as an acetylating
agent; in testing for cholesterol, determination of water in organic
liquids. Shipped in polyurethane-lined iron drums and 110 1b glass
carboys in cool, dry area with adequate ventilation. Protect from
moisture. Controlled or regulated in Hong Kong and Thailand. Can be
used in place of acetic anhydride as an acetylating agent in the
acetylation of morphine, although it is more hazardous to use.

acetylation

The key chemical process in converting morphine base to heroin.
Can be accomphished using either acetyl chloride or acetic anhydride.
Acetyl chloride is flammable, irritating to the eyes, reacts violently with
water or alechol, and requires careful bandling in laboratory processes.
For these reasons, acetylation using acetyl chloride is not favored by
processors of heroin, Although acetic anhydride is corrosive and requires
care in handling, it is less hazardous to the user than acetyl chloride
and hence is the key chemical used in processing of baroin.

adulterant

Substance added to heromn after the heroin conversion process is
completed. Adulterants are pharmacologically active. Quinine and
procaine are typical adulterants added to baroin.

alcobol (ethyl alcohol)

An anhydrous aleohol, also known as ethanol, grain aleohol,
fermentation alechol, “drinking alcohol,” anhydrous alcohol, ethyl
hydroxide, and methyl carhinol. A clear. colorless, volatile, ﬂammab_le
liquid with a pleasant, sweet odor. Absorbs water rapidly from air.
Miscible with water. Must be stored in tightly closed container, cool,
and away from fame. Most ethyl alcohol is used in alcoholic beverages
in suitable dilutions. Shipped in metal or plastic contsiners, such as
55-gallon drums, gerry cans, etc. Some drums may be lined with
phenalic resin. Used as a solvent during purification of heroin base and
in conversion of heroin base to heroin hydrochloride.
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atkaloid

Any of various physiologically active, nitrogen containing organic
bases derived from plants. Common alkaloids include atropine, caffeine,
cocaine, codeine, mescaline, morphine, narcotine, nicotine, noseapine,
papaverine, quinine, strychnine, and thebaine.

armmonium chloride

Also known as ammonium muriate, sal ammoniac, salmiac.
Colorless, odorless erystals or erystalline chunks; may also be a white,
granular powder. Tendency to cake. Soluble in ethanol; near-insolubl
in acetone or ether. Cooling, saline taste. Major industrial uses are il
manufacture of dry cell batteries; dyes; fertilizers; washing powders
etc. Medical use as an expectorant. Normally packaged in barrels o
muttiwall paper er polyethylene sacks. Ammonium chloride can be used
as a reagent to adjust alkatinity in the precipitation of morphine {as
crude morphine base) from an opium solution.

benzene

Also known as banzol. A colorless to light-yellow liguid with an
aromatic odor. Its vapors bum with a smoky flame. Highly flammable:
dangerous fire risk. Toxic by ingestion, inhalation, and skin absorption.
A carcinogen. Commonly used in petroleum industry for use in
anti-knock gasoline. Shipped in drums, tanks, and on barges with
adequate ventilation. Can be used to initially extract morphine alkaloid
from opium, but its high flammability and acute toxic properties make
it a poor choice for this process.

brown sugar heroin

A common name for heroin (any source) which has the appearance
of light brown, granulated sugar. Used in contrast with the white, fluffy
powder or crystals form of heroin, such as Scutheast Asian “China White®
heroin. Injected, snorted, or smoked.

caffeine

White, fleecy masses of long, flexible, silky crystals. A bitter, white
alkaloid found in coffee. tea. and cola nuts. Calffeine is generally used in
combined forms, as a monchydrate, acetate, or other compounds. In
addition to its use as a stimulant and diuretic, crystalline caffeine is
commonly used as an adulterant in heroin hydrochloride, or as a
necessary ingredient in “smoking heroin” (e.g., Southeast Asian heroin
no. 3).

(3]
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GILOSSARY OF TIRMS
calcium hydroxide. See “hime, slaked™
carbon, activated. See “charcoal, activated.™

chandu

A Hindi-Bengali term for cooked opium (“smoking opium”). Term
used in India and some parts of Burma. Term is used in some reports on
Southeast Asian opium.

charcoal. activared

A fine black carbonaceous powder prepared commercially from wood
and vegetables. Also known as “activated carbon” or “animal black.”
Highly adsorptive. Used in medicine as an antidote and in treatment of
diarrhea. Used in laboratories for clarifying, deodorizing, decolorizing,
and filtering various chemicals. Marketed under trade names as Norit,
Carborafffin, Ultracarbon, Opocarbyl, etc. Used as a reagent in the
purification of heroin.

China White

Southeast Asian heroin no. 4, in white powder form. Term is used
by English-speaking westeners to contrast the white powder form with
the light brown, granular form of heroin (see “brown sugar heroin,” sbove).
May ba injected, snorted, or smoked. The term “China White” has also
been used in recent years as an alternate name for fentanyl, a
synthetically-produced compound with baroin-like properties.

chloroform

Also known as trichloromethane. A clear, colorless, heavy, and very
volatile liguid with a characteristic sweet odor. It is an irritant to the
skin and eyes and may also ba carcinogenic. Not miscible with water,
forming a separate layer on the bottom. Miscible with aleohel. Shipped
in bottles, tins, or drums; stainless steel for very high-purity products.
Used in industry as a solvent for fats, cils, rubber, alkaloids, waxes, and
resins. Used extensively as a solvent in the rubber industry; used to
make the refrigerant Fluorocarbon-22. Can be used as a solvent in the
synthesis of heroin

choi
A standard unit of weight used in Southeast Asia for opium (only).
Equivalent to 1.60 kilograms (3.528 pounds). See Figure 7.
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conversion (heroin conversion)

A chemical conversion process wherein heroin base is converted int )
a soluble salt form of heroin, generally heroin hydrochloride.

diluent

A chemical diluent is an ingredient used to reduce the concentra-
tion of an active material. Another common definition of diluent is ]
substance added to finished product (e.g., hercin) to increase bulk  In
this sense, there is no elear distinction between a dituent and an
extender. In heroin manufacture, “diluents” refer to extenders. Typical
diluents for heroin are mannitol, sucrose, lactose, and starch.

ether (ethyl ether)
Also known as diethyl ether; ethyl oxide; diethyl oxide; sulfuric ether,
anesthetic ether, or simply “cther” A colorless, mobile, very volatile and
highly flammable tiquid. Characteristie, sweetish, pungent odor, more
agreeable than chloroform. Ether vapors are heavier than air: tends to
form explosive peroxides under the influence of air and light. When
shaken under absdlutely dry conditions, ether can generate enough statie
electricity to start a fire. Shipped in cans, drums, barrels, and tank
cars. Not miscible with water, forming a separate layer on the surface.
In addition to its well-known use as an anesthetic, ether is used as a
solvent in fats, waxes, dyes, perfumes, cils, resins, ete. Ether is also
used as a solvent in conversion of heroin base to heroin hydrochloride.

ethyl alcohol. See “alcohol.™
ethyl ether. See “ether.”

Golden Triangle

Area of mainland Southeast Asia comprising the Shan Plateau snd
Kachin Hills of northesastern Burma, the highlands of northwestern Laos,
and the highlands of northern Thailand. Term was popularized by
Western journalists in the 1970 to designate one of the principal source

areas in the world for illicit opium and its derivatives, morphine and
heroin.

gram
A standard unit of weight in the metric system equal to one-
thousandth of a kilogram. 28.350 grams equal one ounce,
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b - -
Northern Thai-Shan term used with land areas. See “rai” and “lai

(Lao).

hecrare
A metric unit of area equal to 2.471 acres (10,000 square meters).
See Figure 4.

herom
Also known as diacetylmorphine. A highly-addictive synthetic
narcotic derived from morphine.

heroin base (Southeast Asia) )

Diacetylmorphine. Also known as “crude heroin.” Actu::\lly, T
morphine base that has undergone acetylation. Formed asa prempit?te
(solid) by adding soda ash (sodium carbonate) to an acetylated morphl_ne
solution. Sometimes called Southeast Asian heron no. 2. Not readily
soluble in water, and therefore not injectable in this form. This form of
heroin can be smoked. However, heroin base 1s generally considered an
intermediate form of heroin which may be further refined to either no. 3
or no. 4 heroin.

heroin hydrochloride )

A chemical salt form of heroin, usually powder or crystal, that is
water soluble and therefore suitahle for injection. Sometimes called
Southeast Asian heroin no. 4. Formed when heroin base is treated with
hydrochloric acid. This type of heroin is most commonly used by heroin
ahusers who inject the drug.

Southeast Asian heromn no. 3

A smokeable form of Southeast Asian heroin. Not as highly refined
as no. 4. Color rangos from purple to tan to off-white. Although consi(_i—
ered a smoking heroin, it may also be injected intravenously. Caffeineis
a necessary component of heroin no. 8. In contrast, strychnine or
quinine are adulterants which are sometimes added to heroin no. 3,
allegedly to modify the taste of the product

Southeast Asian berom no. 4 }
Aninjectable form of Southeast Asian herein. Also known as heroin
hydrochloride or “China White” Highly refined heroin produced from
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Southeast Asian opium. Usually a fine white powder, flakes, or erystals.
May be smoked or snorted, although, from the standpeint of the abuser,
these are expensive and wasteful uses of this form of heroin. Diluents,
such as lactose, are not normally added until the heroin is diluted, or
“cut.”

highlander (Southeast Asia)

Ahill dweller. Hill tribesmen are a typical example of highlanders
in Southeast Asia However, some hill tribasmen have migrated into the
lowlands, and are now permanent dwellers in lowland communitie
Conversely, some members of ethnic groups which are generally
lowland dwellers have permsamnently settled in highland areas in
maintand Scutheast Asia

hill tribe (Southeast Asia)

Any one of numerous ethnic groups which share a distinct culture,
language, and social structure and who are regarded, as a group, to be
hill dwellers or montegnards (French). The Hmong (Miag), the Tu Mien
(Yao), Lahu (Musoe), infer alia, are hill tribe groups in maintand South-
east Asia

hydrochloric acid

A solution of hydrogen chloride gas (HCI) in water. Also known as
muriatic acid. Fumes in the air. A colorless liquid (sometimes yellow)
with an acrid odor. Acid is poisonous and corrosive. Shipped in glass
bottles or glass carboys, or rubber-lined steel drums. Used in petroleum
production, as a chemical intermediate, and in ore reduction, food
processing, pickling, and metal cleaning. Hydrochleric acid is used to
convert morphine base to morphine hydrochloride (e.g., ‘999’ morphine
blacks or bricks) or to convert heroin base to heroin hydrochloride

Jin

A metric unit of weight in Chinese system. Equivalent to one-balf
kilogram (500 grams). Chinese term, romanized: jin (Pinyin) or chin
(Wade-Giles Mandarin). See Figure 7.

Joi
Standard unit of weight for opium. See “choi.”
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kilogram
A metric unit of weight equal to 1,000 grams, or 2. 2046 pounds.

lactose

Also known as milk sugar, saccharum lactis. Present in milk in
mammals. White, hard crystalline mass or white powder, sweet taste,
odorless. Stable in air. Soluble in water; insoluble in ether and chloro-
form; very slightly soluble in aleohol. Used commercially in infant foods,
baking and confectionery, margarine and butter manufacture, ete.
Shipped in multiwall paper sacks or bulk. Commonly used as a diluent
(or “extender”) by heroin dealers to increase bulk of “injectable heroin”
(e.g., Southeast Asian heroin no. 4).

lai

A standard unit of land area measurement in Laos equivalent to
1,600 square meters. Corresponds to rai measurement used in
Thailand (see balow). See Figure 4.

lime, slaked

Also known as caleium hydroxide. calcium hydrate. caustic lime,
hydrated lime. Crystals or soft, cdorless, granules or powder, with a
slightly bitter taste. Slightly soluble in water. Readily absorbs CO2 from
air, forming CaCO3. Used in industry to manufacture cement,
pesticides, fertilizers, and in water treatment. Normally packaged in
tightly closed and dry containers, such as wooden harrels or multiwall
paper sacks. Used as a reagent in the extraction of morphine from opium
by forming an intermediate calcium salt (caleium morphenate).

liter '
A metric unit of volume. Equivalent to 1.056 liquid quarts. See
Figure 11.

low lander (Southeast Asia)

A lowland dweller, in either a rural or urban community. The
ethnic Lao are a typical example of low landers in Southeast Asia.
However, some Lao have migrated into the highlands and are now
permanent dwellers in highland communities. Conversely, some
membars of ethnic groups which are generally highland dwellers (e.g.,
the Hmong hill tribe) have permanently moved into lowland areas in
Laos and Thailand.
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mannitol

Also known as mannite, manna sugar. A white, crystalline, sweet-
ish, water-soluble carbohydrate aleohol. Used as a nutrient, a dietary
supplement, and as the basis of dietetic sweets. Mannitol is commonly
used as a mild laxative for infants. Shipped in multiwall paper sacks or
bulk. Commonly used as a diluent (or “extender”) by heroin dealers to
inerease bulk of “injectable herdin” (e.g., Southeast Asian heroin no. 4).

morphine

An organic compound (alkzloid) found in the Popaver somniferum
(opium poppy). Morphine must first be extracted from opium. The soluble
salts of morphine (morphine carbonate, morphine sulfate; morphine
hydrochloride, etc.) are used in human and veterinary medicine as a
hght anesthetic or as a sedative.

morphine base

Morphine base is an intermediate product between morphine
alkaloid in opium and a morphine brick (morphine hydrochloride). The
base is formed as a precipitate (solid) when ammonium chleride is added
to a solution of ealcium merphenate. This base 18 usually quite crude
(60% to 70% pure} because of the marginal conditions under which it is
prepared. Morphine hase is not easily soluble in water, and 1hus is not
readily absorbed by the human body. Morphine base must therefore be
converted to a (water-soluble) salt form, viz., morphine hydrochloride or
herein hydrochloride, by treating with hydrochloric acid.

morphine brick

Morphine hydrochloride, compressed (by a morphine press) into a
standard-sized brick shape measuring approximately 2 inches by 4 inches
by 5 inches and weighing approximately 1.8 kilograms (about 3 pounds).
Also known as a morphine block. Properly compressed morphine
hydrochluride is very dry and hard.
morphine press

A metal or wood piece of equipment which can squeeze water from

morphine hydrochloride. leaving the morphine dry and in uniform, brick
sized blocks.

morphine salt
A\»\{ater-soluble chemieal form of morphine. Inextracting morphine
from opium, slaked lime (calcium hydroxide) powder is added to opium
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dissolved in water. Lime reacts with morphine in opium (morphine
content ranges from 9% to 16% by weight of the opium) to form caleium
morphenate in solution. Calcium morphenate is a chemical salt form of
morphine. Other morphine salts include morphine sulfate, morphine
hydrochloride and morphine acetate—all legitimate compounds used in
medicine.

nui

A general, non-specific term in Thai-Lao-Shan which means “unit.”
However, has special meaning when used in reference to heroin. Anual
is a standard unit of weight for Southeast Asian heroin, equivalent to
700 grams (.7 kilogram).

opium

A hitter, yellowish-brown, strongly-addictive naturally-occurring
narcotic derived from the dried latex juice of the opium poppy, Papaver
sommniferum. Svurce of morphine and hercin. Opium poppy 18 cultivated
legally in India, Turkey, China, Commonwealth of independent States
(formerly the Soviet Union), and Tasmania, Australia; and is cultivated
illegally in Afghanistan, Burma, Colombiz, Guatemala, Iran, Laos,
Lebanon, Mexico, Pakistan and Thailand.

liguid opium

Also known as “opium solution.” Refers to opium which has been
dissolved in water. either to prepare the opium for smoking, 1.e., “cook-
ing” the opium, or as the first step in extracting morphine from the opium.
Liguid opium is usually a clear, brown liguid.

prepared opum

Also known as “cooked opium,” “processed opium,” and “smoking
opium.” Rew opium is dissolved in hot water in order to remove impuri-
ties and vegetable matter. It is heated to reduce its water content. As
the solution cools, the opium reverts to a solid. Most opium smokers
prefer to smoke prepared opium. By contrast, morphine and heroin
laboratory operators can process both cooked and raw opium.

raw opium

Also known as “opium gum,” “crude opium,” and “opium sap.” Opium
which has not been “cocked.” Cften contains plant scraping, leaf pieces,
and other impurities Initially, is soft and pliable due to high moisture
content, but may be dried to a hard consistency. Has strong odor. Does
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not ke?ap as well as prepared opium. Weighs more than prepared opium
(eontains more water). It is smoked or eaten by addicts.

pilzu

A (-)hinese term used to refer to impure, or “crude,” morphine base.
Romanized spellings include pizi (Pinyin) and p%i-tzu (Wade-Giles
Mandarin).

pong

_A standard unit of weight used in Southeast Asia for opium only.
Equivalent to 0.375 kilogram (13.23 ounces). Thai-Shan-Lao term. See
Figure 7.

POppy {(optum poppy)

_An ann}lal plant, Papaver somniferum, originally of Asia Minor,
having grayish-green leaves and variously colored flowers. The sole
source of opium_

poppy pod

Sometimes called the “seedpod,” “capsule,” “bulb.” or “head.” Refers
to the egg-sized fruit which enlarges as the flower petals fall from the
plant. The poppy pod is the mature ovary of the opium poppy plant. The
ovarian wall produces the white latex (opium).

scoring of poppy pod

d Cutting into the surface of an opium poppy pod, using a sharp bladod
instrument, in order to allow the opium to exude from the pod. Also
known as “lancing,” “incising,” or “tapping.”

scraping of poppy ped
Using flat-hladed instrument to collect gummy opium from pod
surface.

weeding & thinning of poppies
_Remnving weeds, grasses, and some poppy plants in order to
provide more growing space for remsining poppies.

precipitation {chemical precipitation)
The separation of a solid from a solution. The resulting solid is
caused the precipitate.
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precursor
A precursor is a chemical that is the raw material for a new
product. Morphine is a precursor in the production of heroin.

processing (heroin processing)

A general term which refers to the overall process of manufactur-
ing baroin. Includes the acetylation process, a number of intormediate
purification and precipitation processes, and the process of chemically
converting heroin base to a soluble salt form ef heroin, generally heroin
hydrochloride. Heroin processing can also include the extraction of
morphine from opium, and may include other operations, such as
filtering, drying, pressing, and packaging the finished heroin product.

purification (chemical purification)

The removal of extraneous materials Gmpurities! from a substance
or a mixture by one or more separation technigues. Such techniques
include crystallization, precipitation, distillation, adsorption, extraction,
etc. For example, heroin base is usually treated with decolorizing
charcoal (a purification process) after it is acetylated from morphine base.

rai

A standard unit of 1and area measurement in Thailand equivalent
to 1,600 square meters. Corresponds to lei measurement used in Laos
(see ahove). Raiis also a general term in Thai-Lao-Shan for cultivated
land (except irrigated ricefields). Called hai in northern and northeast-
ern Thailand. Called hai in Laocs only when used to refer to cultivated
fields. See Figure 4.

reagent (chemical reagent}

Areagent is a chemical which reacts with a precursor to form a new
compound. For example, acetic anhydride is a reagent used in the
manufacture of heroin.

slush-and-burn agricutture

Also known as “swidden” agriculture. Agricultural method of
clearing farmland. Involves cutting down all the trees and underbrush
on a wooded hillside and, when it is thoroughly dried, burning it off in
preparation for planting. This type of shifting eultivation is widely used
by highland tribal groups in Southeast Asia.
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soda ash

Crude, anhydrous sodium carbonate. Also known as Solvay soda;
washing sods; soda. A white or transparent, odorless, crystalline
powder with a salty, bitter taste. Shipped in 25-1b, 50-1b, and 100 1h
bags; 275-1b and 400-1b drums, or bulk. An industrial chemical used in
manufacturing sodium bicarbonate, sodium nitrate, glass; ceramics;
water softening agents; detergents; and soaps. An alkaline material
commonly used in the production of heroin base.

solvent (chemveat solvent)

A solvent does not react chemically with a precursor chemical or
reagent and does not become part of the finished product. Solvents are
used to dissolve sohd precursors or rengents, todilute reaction mixtures,
and to separate and purify other chemicals.

strychnine

Strychnine, or its salts, has been used as an adulterant in the illicit
manufacture of “smoking heroin” (e.g., Southeast Asian heroin no. 3).
Strychnine salts most commonly used are the nitrate or sulfate.

swidden agriculture
An agricultural method. See “slash-and-burn™ agriculture.

tergl See “nuai.”

unit  Special meaning when used in reference to heroin. A “unit” is a
standard unit of weight for Southeast Asian heroin. Called nuai in Thai
and Lao; chien in Chinese. Equivalent to 700 grams (.7 kilogram). Deri-
vation of use not known.

rivy

A standard unit of weight used in southern India and Burma Equiva-
lent to 1.657 kilograms (3.652 pounds). Commenly used when weighing
meat, flour, rice, and other such bulk items. In Burma, the viss is also
used in the opium trade. Burmese term: beittha. {The term viss is not
used in Thailand, Laos, or China.) Derived from Tamil term, visai. Also
spelled vise (Telugu) and vis. Often rounded to 3.6 pounds in modem
usage. See Figure 7

GLOSSARY O TERMS 245

DISTRIBUTION

The White House
National Security Council
Office of National Drug Control Policy
Department of Justice
Federal Bureau of Investigation/D1U Federal Bureau of Prisons
Imumigration and Naturalization Service
INTERPOL/USNCB
Organized Crime Drug Enforcement Task Forces
U.S. Marshals Service
Department of the Treasury
Bureau of Alcohol. Tobacco and Fircarms
Internzal Revenue Service
U.S. Customs Service
US. Secret Scrvice
Departiment of Defense
Defense Inelligence Agency
National Security Agency
Central Intelligence Agency/CNC
Departinent of State
U.S. Coast Guard
DEA Headguarters
DEA held Offices
DEA Laboratories
El Paso Intelligence Center
Financial Crimes Enforcement Network
Nationat Drug Intelligence Center
International Association of Chiefs of Police (Narcotics Commitiee)
National Alliance of State Drug Enforcement Agencies
National Sheriffs™ Association




