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Abstract vestigated f o r  15 years, A review of 
recent investigations in the fields of 

Increasing abuse of opiates has made botany, genetics, cytology, biochemistry 
it necessary to  obtain alternative sour- and pharmacognosy is given in this sum- 
ces to Papaver somniferum as raw ma- mary. The closely related P. orientale 
terial for the pharmaceutical industry. and P. pseudo-orientale are briefly 
One suitable source is Papaver bractea- reviewed. Other alternative sources to  
tum LINDL. which has been closely in- P. somniferum are also discussed. 
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Introduction 

Plants of the genus Papaver have 
many different uses [I]. The most im- 
portant species, Papaver sornniferum L., 
is an outstanding medicinal plant which 
has been associated with man for thou- 
sands of years. The products of P. som- 
niferurn, opium, morphine and codeine, 
are indispensable medicinals, used for 
their analgesic and hypnotic effects [2]. 
The seeds are also used as a flavour in 
baking and for oil production in some 
countries. 

But opium, morphine, and especially 
the semi-synthetic derivative heroin, 
also have narcotic and addicting effects, 
which have led to a substantial world- 
wide social problem. Today, the major 
part of the illicit morphine of the world 
goes into the production of heroin. Legal 
production of morphine from opium and 
poppy straw amounted to 170 tons in 
1972 [3] and has continued to rise since 
then. About 90 per cent of this morphi- 
ne was converted into other bases, 
mainly codeine, which is the medicinal- 
ly most important opiate with a very 
low abuse potential. 

In spite of the enormous efforts to 
find a superior synthetic codeine substi- 
tute, this has not yet been achieved. In 
their extensive survey of this whole 
field EDDY et al. [4] reached the follow- 
ing conclusions: ". . . there ,are other 
substances available'that could be used 
as alternates for codeine, . . . but the 
use of  these other substances would 
result in no particular gain and probab- 
ly  no particular loss." 

As long as codeine has not been sur- 
passed by cheaper and better synthetic 
compounds (the total synthesis of co- 
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deine has been reported by GATES and 
TSCHUDI [5] but is not economically 
feasible), there is an obvious need for 
additional and better sources of raw 
material, sources that eliminate the 
risky opium and morphine production. 
One such source is the alkaloid thebaine 
which is a minor component of opium 
(2 to 5 per cent) [6] and which has been 
used for many years in the production 
of additional codeine. 

The reports of some varieties of Pa- 
paver bracteaturn LINDLEY where the- 
baine constitutes 98 per cent of the 
total alkaloids [7] with a content of 0.7 
to 1.3 per cent in the roots, 26 per cent 
in the dry latex [8] or 3.5 per cent in the 
dry, ripe capsules [9], have made this 
species most interesting as a potential 
new raw material for opiate production 
[3,10, 111. 

The last 15 years have seen an in- 
creasing number of studies concerning 
P. bracteaturn. In 1972 the U.N. Divi- 
sion of Narcotic Drugs initiated a spe- 
cial project called "Scientific Research 
on Papaver bracteatum" and since 
then international conferences have 
been held regularly. This coordination 
of botanical and phytochemical research 
has proven most important, and one of 
the major sources of information on P. 
bracteaturn today is the series of papers 
published by the U.N. (United Nations. 
Division of Narcotic Drugs. "Scientific 
Research on Papaver bracteaturn." ST/ 
SOA/SER.J./ 1-23, Geneva, 1973- 
1976; "Scientific research on Papaver 
Species as Sources of Codeine, Morphine 
and Thebaine. " ST/SOA/SER.J/ 24-28, 
Geneva, 1976-1 977). 

This accumulation of information 
and the now greatly increased know- 
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Papaver bracteatum 

ledge of the taxonomy of P. bracteatum 
and alkaloid production from this spe- 
cies induced us to prepare the following 
summary of what is currently known 
about this plant. 

Botanical investigations 

Taxonomy o f  section Oxytona BERNH. 
Papaver bracteatum was first accep- 

ted by LINDLEY [12] as an independent 
species, and it belongs together with the 
closely related P. orientale L. and P. 
pseudo-orientale FEDDE to section Oxy-  
tona BERNH. ( = Macrantha FEDDE). 
The natural habitat of this section co- 
vers the mountainous regions of Iran, 

99 

eastern Turkey and the Transcaucasian 
USSR (Fig. 1). 

The species in section Oxytona are 
very much alike, and incorrect botanical 
identifications resulted in much confu- 
sion in earlier literature with regards to 
their alkaloid contents and chromosome 
numbers. A close investigation of the 
species in their natural habitats [I 31 has 
revealed important characteristics for 
the identification of the species and a 
reevaluation of the taxonomy. 

All species in section Oxytona are 
perennial and are easily distinguished 
from other Papaver species, with the 
exception of Papaver monanthum sect. 
Pilosa. In earlier taxonomic treatments 
of this section [14-181 four to five spe- 

B L A C K  S E A  

I R A N  

\ 
\ 
I 

P P bracteaturn 

* P pseudo-or!entale  

Fig. 1. Distribution of species of section Oxytona. 
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100 Nyman, Bruhn 

cies have been recognized. MEDWEDEV 
[I91 recognized only three species: Pa- 
paver orientale, P. pseudo-orientale and 
P. bracteaturn, and later work [13] con- 
firms the existence of only three species. 
A complete review of older taxonomic 
treatments is given by GOLDBLATT [13]. 
The varieties of P. bracteaturn studied 
up till now originatemostly from two se- 
parate areas in Iran, the Alborz moun- 
tains and the Mahabad region. 

The following characters are consi- 
dered typical of the different species: 
1) the position of the insertion of leaves, 
2) the bracts, 3) the flower buds, and 4) 
the petals. 

The uppermost leaf is found on the 
upper third of the stalk in P. bractea- 
turn and P. pseudo-orientale, while in 
P. orientale it is situated around the 
midline and often as three leaves grou- 

the base, but as this can be absent in 
some individuals, other characters must 
be used for identification. The pigments 
of the petal do not fade on storage in P. 
bracteaturn whereas the petals of P. 
orientale and P. pseudo-orientale fade 
[20]. Some of the taxonomic characters 
mentioned are summarized in Fig. 2. 

Paper chromatography of the petals 
can be used to distinguish the species 
[21], since P. bracteaturn petals contain 
pelargonidin-3-glucoside while P. orien- 
tale petals contain pelargonidin-3-so- 
phoriside-i'-glucoside [22,23]. 

For species identification in the seedl- 
ing stage chromosome numbers can be 
utilized, but this procedure is time con- 
suming and another way for identifi- 
cation has been developed [24]. Cello- 
phane impressions of the true leaves from 

ped together. 
Bracts are found only in P. bractea- 

turn and in some individuals of P. pseu- 
do-orientale, but those found in P. brac- 
teatum are larger and more numerous 
(3 to 8). 

The flower buds of P. bracteaturn and 
P. pseudo-orientale are erect through- 
out their growth, but the calyx bristles 
of P. pseudo-orientale are more sparsely 
spread compared to  the broad based 
bristles of P. bracteaturn. The bud of I i 

P. orientale is pendulous during deve- 
C 1  

lopment, and straightens just before the rB) 

flower opens. 
The ~ e t a l s  of P. bracteaturn are deep- , 

ly red-coloured with square or long 
blackish stripes from the base to midline. , A n I ,,.-*.ri- 

P. pseudo-orientale and P. orientale 
Fig. 2. Taxonomic characters of Papaver brac- 

have orange-red petalsy but teaturn [I], P. pseudo-orientale [2] and P. orien- 
is without basal spot. P. pseudo-orien- 13,. (A = bud: B = petals; c = mature 

- A  . 
tale has a dark rectangular blotch above capsules). After GOLDBLATT [13]. 
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Papaver bracteaturn 101 

seedlings are taken and the size of the 
epidermal cells, particularly the stoma- 
ta, is measured under a microscope. 
FAIRBAIRN and WILLIAMSON [25, 261 
have developed a similar method using 
the stomata of-the cotyledons at  a de- 
finite stage of seedling development. 

Growth and vegetative propagation o f  
Papaver bracteaturn. 

The plant develops from a rosette 
stage very similar to other perennial 
Papaver species. The rosette consists of 
long, pinnately dissected, deeply incised 
leaves [I 31. Reproductive stages are 
rarely reached until the second year, 
when a flowering stem begins to elon- 
gate shortly after full development of 
the leaves. The stem is unbranched and 
covered with white bristles. The plant 
enters dormancy in that the flowering 
stem and other plant parts die out [27]. 
After fruit ripening innovation shoots, 
covered with leaves, are formed below 
the soil level. Only tissues connecting 
innovation shoots and root parts sur- 
vive. Independently growing indivi- 
duals arise from each innovation shoot 
and new rosettes are formed shortly 

after dormancy. These remain during 
the following winter and a flowering 
stem is produced from each rosette in 
the spring. A schematic growth model 
of the plant is given in Fig. 3. 

The most suitable time for vegetative 
propagation is when the plants are dor- 
mant. The root is then cut in 15 to 20 
cm pieces as in Fig. 4 and the root parts 
are placed upright 5 to 10 cm below soil 
level [28, 291. 

GREPPIN et al. [30] have cultivated 
P. bracteaturn in controlled environ- 
ments. The best developments up to the 

age of 78 days was found with a 20 h 
photoperiod and light intensities of 8000 

Fig. 3. Habit of Papaver bracteaturn, a) 2nd 
year flower, b) 3rd year flower and c) 4th year 
flowers. 
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Dormant root s y s t e m  

Fig. 4. Vegetative propagation of Papaver 
bracteatum. 

lux or above. At a photoperiod of 24 h 
an inhibiting effect appeared. 

Characteristics of the seeds 

The seeds of Papaver bracteatum 
have a dark brown to black colour and 
the thousand seed weight varies be- 
tween 0.20 to 0.41 grams [31] compared 
to 0.40 to 0.64 grams for P. somni- 
ferum [32]. The lipid content, obtained 
as an ether extract, varies between 18 
and 43.3 per cent [33, 341 but the lower 
figure was obtained from not quite ripe 
seeds raised in Norway. The fatty acid 
composition given in Table I [33, 361 
shows great similarity with that of P. 
somniferum [35]. The protein content is 
reported to be 26 to 27.3 per cent [34] 

and amino acid analysis has shown that 
P. bracteatum contains twice the 
amount of methionine found in seeds of 
P. somniferum [37]. Carbohydrates are 
present in amounts between 40.4 to 49.9 
per cent 1341. The seeds have thus a 
favourable composition, in regards to 
the oil and protein, and in Central 
Anatolia the seeds are used as food [38]. 

Maximum germination of the seeds 
occurs with a constant temperature of 
I0  to 25O C,  and seedlings emerge from 
soil depths of 0.5 cm or less. Good ger- 
mination and seedling growth is obtai- 
ned within a wide p H  range (5.1 to 10) 
but the salts affecting the p H  are of 
great importance as some of them e.g. 
sodium salts, inhibit germination. The 
best establishment and growth are ho- 
wever obtained with a p H  of 6.5 to 7.0. 
The germination period can be decrea- 
sed by soaking the seeds in water for 
24 hours at  room temperature prior to 
sowing [33]. 

Irradiation experiments with seeds, 
utilizing y-rays, have shown that above 
40 Rad germination is inhibited, but 
flowering plants have been obtained 
with doses of 20 to 40 Rad [34]. 

Cytology, cytogenetics and 
reproduction 

Cytological studies have shown that 
the chromosomal base number in section 
Oxytona is 7 and the chromosomes show 
a close resemblance to those of other 
Papaver species [13, 39, 401. Charac- 
teristics of the chromosomes from P. 
bracteatum are given in Table I1 and 
idiograms of P. bracteatum, P. rhoeas 
and P. somniferum are given in Fig. 5. 
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Papaver bracteaturn 103 

Table I 
Fatty acid composition of seed oils of Papaver bracteatum [33, 361 and P. somniferum 1351. 

Fatty acid Per cent of total fatty acids in 
P .  bracteatum P. somniferum 

Palmitic 7.1 - 12.5 4.8 - 11.1 
Palmito-oleic 0.3 - 0.5 0.8 - 1.6 
Stearic 1.4 - 2.5 1.2 - 4.2 
Oleic 8.7 - 12.5 11.0 - 30.1 
Linoleic 76.1 - 80.8 62.2 - 73.0 
Arachidic 0.5 - 0.7 0.1 - 0.4 

Table 11 
Chromosome maracteristics of Papaver bracteatum, after SAIDABADI and GORENFLOT [39]. 

Chromo- Long arm Short arm Total Relative Ratio Type of 
some pair (pm) length length longlshort chromosome 

(pm) - 
I 2.53k0.42 1.23k0.26 3.76 15.9 2.1 Submetacentric 
I1 2.56k 0.46 1.06k0.40 3.62 15.3 2.4 Submetacentric, satellite 
I11 2.50k0.43 1.08k0.28 3.58 15.1 2.3 Submetacentric 
IV 2.67k0.44 0.89k 0.18 3.56 15.1 3.0 Subtelocentric 
V 1.80k0.41 1.44k 0.30 3.24 13.7 1.2 Metacentric 
VI 2.09k0.30 1.02k 0.19 3.11 13.1 2.0 Submetacentric 
VII 1.93k0.35 0.87k0.17 2.80 11.8 2.2 Submetacentric 
I - VII - - 23.67 100.0 - - 
-- 

P. bracteatum (diploid) has the chromo- 
some number 2n = 14 (= 2 X), P. 
orientale (tetraploid) 2n = 28 (= 4X), 
and P. pseudo-orientale (hexaploid) 2n 
= 42 (= 6 X). In some of the natural 
habitats hybrids between the species 
occur, but these are mostly sterile, due 
to the different ploidy levels. Papaver 
pseudo-orientale is intermediate in 
many features between P. bracteatum 
and P. orientale, and the chromosome 
number suggests that P. pseudo-orien- 
tale may have arisen as an allohexaploid 
from these two species. 

Artificial production of hybrids be- 
tween P. somniferum and both P. brac- 

teatum and P. orientale have been re- 
ported. LJUNGDAHL [41] obtained a 
hybrid with 32 chromosomes, 11 from 
the somniferum mother and 21 from the 
orientale father, which indicates that in 
the cross P. orientale had been confused 
with P. pseudo-orientale. KAWATANI 
and ASAHINA [42] also used P. pseudo- 
orientale, described as P. orientale, as 
the chromosome number was 42, and 
the petals were scarlet with purple- 
black spots at  the base. The hybrid ob- 
tained had 32 chromosomes, was peren- 
nial and had stems, peduncles, flower 
buds and petals like the female parent, 
P. pseudo-orientale. In the early stages 
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I !I !I1 IV v VI VII VIII I X X XI 

Fig. 5.  Idiograms of Papaver bracteatum (A) ,  
P. rhoeas (B) and P. somniferum (C).  

of growth the leaves varied in their 
resemblance to the parents. YASUI [43] 
found in the offspring from the cross P. 
somniferum X P. bracteatum that no 
homologous chromosomes existed be- 
tween the two species. The hybrid ob- 
tained had 18 chromosomes and in stu- 
dies of the pollen mother cell 4 biva- 
lents and 10 univalents were observed. 
The bivalents were ascribed to the hap- 
loid constitution of 411f 31 in P. somni- 
f e r~m [44, 451. 

Hybrids between P. bracteatum and 
P. somniferum have also been reported 
by PIROVANO [46], unfortunately with- 
out any botanical descriptions of the par- 
ents used in the study. KASAEVA [47] 
obtained no seeds when P. somniferum 
was the pollen donor, but the reciprocal 

cross was succesful, and fertile hybrids 
were obtained. Fertile hybrids have also 
been described by VILMORIN [48]. BOHM 
1491 made a reciprocal cross between P. 
somniferum and P. bracteatum. With 
somniferum as mother plant an average 
of 530 seeds/capsule was obtained and 
the reciprocal cross yielded 760 seeds1 
capsule. No differences in the off springs 
from the reciprocal crosses could be 
observed. The hybrid was sterile, and 
polyploidisation failed in so far as fully 
developed polyploid plants were never 
obtained.. Crosses with tetraploid P. 
somniferum and tetraploid P. bractea- 
tum are probably necessary to obtain 
fertile hybrids [50]. 

With regard to sexual reproduction, 
BOHM [50] considers P. bracteatum to 
be self-incompatible as 394 self-pollina- 
ted plants resulted in 64 capsules con- 
taining on an average 314 seeds over a 
3 year ~er iod.  Twelve ~ l a n t s  gave on 
self-pollination 57, pollination with a 
neighbouring flower from the same 
plant 80, and cross-pollination 4360 
seeds/capsule. YASUI [44] found a high 
sterility when the plants were selfed, 
but intercrossing yielded a good seed set. 

Alkaloid production in Papaver 
bracteatum 

Biosynthesis and structure. 
In Papaver bracteatum thebaine pre- 

dominates and only small amounts of 
alpinigenine, orientalidine and isothe- 
baine seem to be present in certain strains 
like Halle I11 [51] and material from 
the Polour region of Iran [52]. In ma- 
terial from Tunceli (Turkey) 0.225 per 
cent of salutaridine and 0.3 per cent of 
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thebaine is reported from the dry cap- 
sules 1531. Biosynthetically thebaine has 
been demonstrated to be derived exactly 
in the same way as in P. somniferum 
[54] i.e. via 3,4-dihydroxyphenylalani- 
ne and (-)-reticuline. As precursors of 
thebaine NORDAL et al. [55] also found 
phenylalanine, tyrosine, glycine and 
urea. Isothebaine has been demonstra- 
ted to be derived from (+)-orientaline 
via (-)-orientalinone [56, 571 and no 
significant conversion of isothebaine 
into thebaine occurs. Alpinigenine and 
the rhoeadine type alkaloids are derived 
from (+)-reticdine via tetrahydropal- 
matine [58-611 An outline of the alka- 
loid biosynthesis in P. bracteatum is 
given in Fig. 6 and for comparison P. 
orientale and P. pseudo-orientale are 
included. Species names within paren- 
thesis denote that the alkaloid is a minor 

one in this species. The outline is partly 
hypothetical as some of the intermedia- 
tes, e.g. norreticuline and reticuline, 
have not yet been isolated. 

The alkaloids are present mainly in 
the latex, and vesicles, similar to those 
in P. somniferum [62, 631, have been 
found [64]. Whether these are the site 
of biosynthesis, as in P. somniferum, or 
not, is however not yet known but they 
represent the major component of the 
exuded latex. 

A total of 27 alkaloids, belonging to 
10 of the 14 alkaloid groups described 
for the genus Paparver 1571, have been 
found in P. bracteatum, and besides the- 
baine, alpinigenine and isothebaine, the 
following have been reported: 

(Pro-) Morphinanes: 
Oripavine [65], salutaridine [66], co- 

DOPA 

3,4~DIHVDROXIPHENnPYRW~ NORLAUDANOMLINE 
ACID I 

t 

"'=HI 
HO 

CHjO CHjO 

On (-)-RETICULINF \ NORRETICULINE (+I -  RET CULINE 

A 
ISOTHEBAINE 

P. PSEUDO-ORIENTALE 
I P. s n A c r r n r u m  r 
I P. o n a n r A r r )  

HO 

CHjO CHjO 

O SALUTARIDINF 3.2-DEHYDRORETICULIN€ TETRAHYDROPALMITINE 

I n 

NCHj 
CHjO CHjO HO 

OH "C"3 
CHjO OCHj 

YLUTARlDlNOL rHEBAINL ORIPAWNE ORlENTALlOlNE ALPINIGENINE 
# ERACTEATUM P. OR#ENTALE /P. PSEU~O-ORIENTALE1 IP. ERACTEATUMI 
k ORIENTALE) /r! E~ACTEATUM~ 

Fig. 6. Biosynthesis of some major alkaloids of section Oxytona. 
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deine, neopine [67], a- and ,8-thebaine- 
N-oxide [68], 14-,8-hydroxycodeinone, 
and 14-pcodeine [69]. 
(Pro-) Aporphines: 
Bracteine 1651, bracteoline [70], orien- 
talinone [66], and nuciferine [71]. 
Protoberberines: 
Mecambridine (oreophiline) [66], orien- 
talidine (bractavine) [72], and copti- 
sine [57]. 
Protopines: 
Protopine [49]. 
Benzophenanthridines: 
Oxysanguinarine [71]. 
Rhoeadinelpapaverrubines: 
Alpinine [67], epialpinine [73], papa- 
verrubine B, D, and E [74], and papa- 
verrubine C [75]. 
Isoquinolines: 
N-methylcorydaldine 1691. 
Unknown structure: 
Bractamine [65]. 

The alkaloid earlier described as al- 
kaloid E has been found to be identical 
with alpinigenine [76]. Fairly high 
amounts (0.053 per cent in the dry cap- 
sules) of a non-alkaloidal compound, 
a-thebaol, closely related to thebaine 
[77] have been found in certain strains 
of P. bracteatum [67]. 

As discussed by GOLDBLATT [13], it 
is possible that plants used in some of 
the cited alkaloid studies were incor- 
rectly identified. Until plants from all 
natural habitats of P. bracteatum (espe- 
cially Turkey and USSR) have been 
more thoroughly investigated with 
respect to their alkaloid content, a more 
critical survey of the cited studies is, 
although probably justified, impossible 
to make. 

~ l k a l o i d  content and production. 
In Papaver bracteatum several races, 

based on alkaloid content and accumu- 
lation sites for thebaine, seem to exist. 
The German strain, Halle 111, consists 
of two different alkaloid races: the the- 
baine race, with only thebaine present, 
and the alpinigenine race, with thebaine 
and small amounts of alpinigenine (al- 
kaloid E) [51]. The Halle 111 strain is 
further characterized by a high thebaine 
content in the roots, 0.7 to 1.3 per cent, 
compared with 0.05 to 0.3 per cent in 
the vegetative parts [7,78]. Ontogenetic 
studies revealed that 2 week old plants, 
of the thebaine race, contained 6 to 8 
alkaloids with alpinigenine as the major 
one. During the following two weeks 
isothebaine appeared and the thebaine 
and alpinigenine amounts increased. In 
the following month the alkaloids re- 
mained unchanged, but afterwards 
alpinigenine decreased and disappeared 
after 3 months. At a very characteristic 
stage (at most 4 months after germina- 
tion) isothebaine also completely dis- 
appeared, and the time between its pre- 
sence and absence may be as short as 3 
days (Fig. 7). Feeding of the direct pre- 
cursor~alpinigenine, tetrahydropalma- 
tine, to old plants resulted in formation 
of alpinigenine in the leaves [79]. The 
alpinigenine race differs from the the- 
baine race in that alpinigenine remains 
and isothebaine slowly disappears and 
is totally absent in the second vegetation 
year. 

Another spectrum of alkaloids was 
observed by CHENG [31] in an Iranian 
wild type of P. bracteatum where orien- 
talidine was the major alkaloid up till 
the age of 3 months (Fig. 7). Thebaine 
showed a steady increase during growth 
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Fig. 7. Alkaloid content of Papaver bracteatrm during ontogenesis. From A: BOHM [51] (relative 
alkaloid content in total plants) and B: CHENG [51]. 

and reached a peak just before the onset 
of dormancy. Isothebaine was never 
detected. In plants derived from 8 dif- 
f erent seed sources CHENG [3 11 observed 
a wide variation of thebaine, isothe- 
baine and orientalidine contents in the 
roots and vegetative parts (Table 111) 
of 7-month-old plants. 

Orientalidine and alpinigenine are 
both derived from (+)-reticuline and 
their presence as major alkaloids during 
the first months indicate that theconver- 
sion of (+)-reticuline to (-)-reticuline 
has not reached full efficiency during 
this period. 

Thebaine contents in young plants 
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Table 111 
Alkaloid content in 7-month-old plants of Papaver bracteaturn from different seed samples, after 
CHENG [31]. 

Thebaine Orientalidine Isothebaine 
Seed content per cent content per cent content per cent 
samples -Roots Leaves Roots Leaves Roots Leaves 

Norway 0.16 trace 0.28 trace 0.20 0.05 
Denmark 0.15 0.02 0.18 trace 0.10 0.13 
Poland 0.20 0.02 0.34 - 0.21 0.01 

Leningrad 0.18 0.004 0.40 trace - 0.08 
Moscow 0.13 0.07 0.12 - 0.12 - 
Halle I11 1.30 0.32 - - - - 
Wild type 0.61 0.27 0.09 0.04 - - 

(Iran) 
Liverpool trace trace 0.02 0.06 0.02 trace 

from different germplasm sources have containing 0.05 per cent. In 37-week- 
also been studied by COFFMAN et al. old plants the roots contained 0.47 per 
[SO], and they found a thebaine content cent and the vegetative parts 0.1 per 
of 0.48 per cent in the roots from 18- cent. 
week-old plants, the vegetative parts Cultivation in controlled environ- 

Thebaine 
content  t % \ I 

I 
I I 

I ARYA I 
I \  '. 
' \ ,- UNB 2 '- - 

MH 3 

I m I * 
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1 Thebaine 
content 

% 

? Leaves \ 

Roots 

Capsules 

flowering 

Fig. 8. Thebaine in different plant parts after flowering in Papaver bracteatum. From A: FAIR- 
BAIRN and HELLIWELL [82] (fruiting tops) and B: AYNECHI and JAFPARIAN [8l]. 

ment has revealed a maximum in the 
thebaine content (0.55 per cent in dry 
matter) from the leaves of 120-days- 
old plants cultivated with 20 h photo- 
period and a light intensity of 6000 lux 
[30]. A broader maximum (from 120 to 
180 days) was found with a photo- 
period of 24 h. A minimum in the the- 
baine content ,(around 0.1 per cent) was 
found in 170-days-old plants with 
photo-periods of 12, 16 and 20 h. 

In investigations of wild material 
from Iran the new types "Arya I" 
(from the Alborz mountains) and "Arya 
11" (from the Mahabad region) have 

been found. The thebaine content in the 
dry, ripe capsules from plants of Arya 
11, in their natural habitat, is as high as 
3.5 to 5.8 per cent [9, 331. Other aerial 
parts contain thebaine in large amounts 
e.g. the stems have a content of 1.6 to 
2.1 per cent prior to flowering. 
AYNEHCHI and JAFFARIAN [81] have in- 
vestigated different partsof plants, from 
Polure in Iran, at  some stages after 
flower initiation. Their results are sum- 
marized in Fig. 8. The thebaine content 
in the leaves was too low for determi- 
nation, with the method used in the 
study, except for 8 weeks after flower 
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initiation when they contained 0.09 per 
cent. The thebaine content in the cap- 
sules shows a remarkable decrease dur- 
ing the month prior to dormancy. A 
similar, but less pronounced pattern 
was obtained by FAIRBAIRN and HELLI- 
WELL 1821 in a comparative trial with 
some different races in England (Fig. 8) 
when capsules and 15 to 20 cm attached 
pedicel were analysed. 

Latex samples were drawn at  diffe- 
rent intervals after flowering, and the 
thebaine content was found to increase 
rapidly (from 8 to 15 per cent in fresh 
latex) during the first two weeks after 
flowering. A peak of around 18 per cent 
thebaine was reached 4 weeks after flo- 
wering. One of the investigated strains 
differed however in that maximum con- 
tent of thebaine was found during the 
first week and then a continuous de- 
crease followed. This strain behaved si- 
milarly in an earlier investigation [20]. 
Latex samples were also taken at  2 
hourly intervals during a 24 hour 
period. Maximum content of thebaine 
was found to occur around 15.00 h. The 
morphine variation in P. somniferum 
has been investigated in a similar man- 
ner [83] and a distinct peak before noon 
was found, but the thebaine content in 
P. somniferum reached a peak in the 
afternoon. The diurnal variation in the 
thebaine content found in P. bractea- 
tum was much smaller (+  20 per cent 
of the daily mean value) compared to 
the morphine variation found in P. 
somniferum (k 90 per cent). 

To investigate the possibilities of col- 
lecting an equivalent to opium, called 
bractium, latex samples were drawn 2 
to 4 weeks after flowering between 
14.00 and 15.30 h. As an average 49.4 

mg/capsule of dry latex was obtained 
at the first lancing and 38.1 mg/capsule 
at  the second lancing. Between 32.7 and 
54.5 per cent thebaine was found in 
bractium and in all cases a higher the- 
baine content was found in the samples 
from the second lancing [82]. In earlier 
investigations of the thebaine content in 
the dry latex values between 26 and 45 
per cent have been reported [8, 31, 521. 
Storage of bractium led to losses of the- 
baine varying between 0 and 8 per cent 
after six months and 12 to 20 per cent 
after one year. 

From an agricultural point of view 
the collection of aerial parts is to  be 
preferred especially as some experience 
can be gained from straw collection of 
P. somniferum. After combined har- 
vesting capsules with 20 to 30 cm ad- 
hering stem probably will be obtained. 
FAIRBAIRN and HELLIWELL [82] investi- 
gated the thebaine content in this pro- 
duct from 3 different varieties at differ- 
ent intervals after petal opening. A peak 
in the thebaine content occurred during 
the first three weeks, but in some varie- 
ties a second peak was found 5 to 6 
weeks after petal opening. Maximum 
values for the thebaine content of the 
fruiting tops, when unthreshed (includ- 
ing seeds), varied between 1.0 to 1.35 
per cent (Fig. 8). 

FAIRBAIRN and HELLIWELL [84] found 
in some samples that after extraction 
with ammoniacal methanol, further 
thebaine could be extracted if dilute 
acetic acid was used. These results indi- 
cated that thebaine is present in two 
forms, a normal thebaine salt and a 
"bound" form. Some of the thebaine salt 
present in the latex appears to be meco- 
nate as meconic acid has been identified 
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in P. bracteatum and P. pseudo-orientale 
1851. Both forms are not always present 
and mostly the bound form is found in 
the capsule. On closer investigation 
FAIRBAIRN and HELLIWELL [82] found 
30 to 70 per cent bound thebaine (of 
total thebaine content) in bled capsules 
and 18 to 36 per cent bound thebaine in 
the whole capsules .In fully ripe cap- 
sules practically no bound forms were 
present. 

The most suitable material for com- 
mercial production seem to be the 
"fruiting tops" of the plants, harvested 

, 5 to 7 weeks after petal opening. FAIR- 
BAIRN et al. [20, 821 have found with 
a plant spacing of 625 plants/100 m2, 
50 kg of thebaine/ha can be produced if 
each capsule yields 40 mg thebaine and 
20 capsules/plant is obtained. If strains 
with high thebaine content in the roots, 
like Halle 111, are used, an additional 
25 kglhectare can be obtained if the 
roots are harvested as well. Roots from 
normal strains would yield around 8 
kg/ha. The figures given are theoretical 
and must be considered optimal, but 
even with losses around 50 to 65 per 
cent in practical agriculture the yield of 
around 20 kg thebaine/ha is quite 
interesting. 

Collection of bractium would yield 
58 kg of dry latex/ha if the capsules are 
scarified twice. From P. somniferum the 
opium yield varies from 1.5 to 26.5 kg/ 
hectare [86]. 

Analysis of the alkaloid composition 
in P. orientale and P. pseudo-orientale 
has been performed on well identified 
plants from their natural habitats [87]. 

Dried latex from P. orientale contai- 
ned 20 per cent oripavine and 9 per 
cent thebaine. Traces of isothebaine 

were found in plants from Khalkhal 
(northwest Iran). Analysis of dry, ripe 
capsules from P. orientale has revealed 
the existence of 5 different chemotypes 
[88]: A. oripavine; B. oripavine and 
thebaine; C. oripavine and isothebaine; 
D. oripavine and alpinigenine; E. ori- 
pavine, thebaine and alpinigenine. Ori- 
pavine was the major alkaloid in all 
chemotypes; dry capsules (without 
seeds) contain 0.5 to 1.25 per cent ori- 
pavine. 

The alkaloids present in the dry latex 
of P. pseudb-orientale were [87] 11.7 
per cent isothebaine, 0.5 per cent orien- 
talidine and small amounts of brac- 
teoline, salutaridine, Or 1 and 2 [72], 
P O  4 [89], and 11-demethylmecambri- 
dine (aryapavine). 

In a Turkish sample of P. pseudo- 
orientale, salutaridine and macrantaline 
were found to be major alkaloids and 
macrantoridine was found in minor 
amounts [90, 911. 

Spontaneous hybrids between P. brac- 
teatum and P. orientale, occuring in 
natural habitats, contain both thebaine 
and oripavine as dominant alkaloids 
[13]. Hybrids between P. orientale and 
P. pseudo-orientale had an analogous 
composition with isothebaine as major 
alkaloid and oripavine in significant 
amounts. 

BOHM 1491 produced the hybrid be- 
tween P. somniferum and P. bracteatum 
to study the alkaloid production in the 
progeny. The hybrid contained 1.5 per 
cent morphine, 0.1 per cent thebaine 
and traces of alpinigenine in the dry 
capsules. The extra thebaine produced 
by the bracteatum genome was thus 
converted into morphine by the de- 
methylating-reducing system of the 
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somniferum genome. The presence of 
alpinigenine suggested that all bractea- 
tum alkaloids were formed in the hy- 
brid. 

GREPPIN et al. [30] found a high the- 
baine content in some hybrids between 
P. somniferum and P. bracteatum. 

Tissue culture of Papaver 
bracteaturn 

Callus cells derived from sterile 
seedlings have been cultured on agar 
medium [92] containing 3 per cent suc- 
rose, 1 mg/litre NAA, 0.1 mg/litre kine- 
tin and 10 per cent coconut milk. The- 
baine was found at the early stages of 
growth in these cells (0.002 to 0.006 per 
cent in dry matter) but was almost ab- 
sent a t  the later stages of development. 
Addition of some amino acid precursors 
(tyrosine, DOPA) stimulated thebaine 
formation to some extent [93]. Stylo- 
pine and protopine were produced in 
amounts of 0.01 to 0.02 per cent .in dry 
matter [94] and their formation was 
more stimulated than that of thebaine 
by the addition of some amino acid pre- 
cursors. 

Thebaine in tissue cultures of plants 
from the Arya I1 population has been 
reported [95] but no amounts are given. 

IKUTA et al. [96] investigated 11 re- 
presentative species of Papaveraceae for 
their alkaloid contents in the callus 
cells. All were similar to each other and 
the alkaloids found were benzophenan- 
thridines, protopines, and aporphines. 
Morphinanes were not produced in any 
of the callus cells derived from the 
Papaver species investigated. P .  brac- 
teatum contained norsanguinarine, oxy- 

sanguinarine, dihydrosanguinarine, san- 
guinarine, chelirubine, protopine and 
magnoflorine. 

The occurrence of thebaine in other 
Papaver species 

Recent investigations have shown 
that thebaine is the major alkaloid in 
other Papaver species. PHILLIPSON et al. 
[97] investigated material of Papaver 
fugax POIR. collected in mountain re- 
gions near Bingo1 (Turkey) and found 
thebaine as the major alkaloid. P. fugax 
belongs to section Miltantha, and some 
confusion exists regarding the taxonomy 
of the three closely related species P. 
fugax, P. caucasicum, and P. floribun- 
dum. FEDDE [I41 considers them to be 
distinct species but according to CULLEN 
[I 71 P. caucasicum and P. jloribundum 
are synonyms to P. fugax. 

In a perennial plant, morphologically 
very similar to P. fugax and P. cauca- 
sicum, thebaine is reported to consti- 
tute 95 per cent of total alkaloids [64]. 
All parts of the plant contain approxi- 
mately 1010 thebaine, with small 
amounts of fugapavine and two or 
three additional minor alkaloids. In a 
herbarium material of P. armeniacum 
(L.) DC. thebaine has also been found 
to be the major alkaloid, as confirmed 
by thin layer chromatography and gas 
chromatography - mass spectrometry 
~981. 

Section Miltantha apparently con- 
tains some members with high thebaine 
content, but the absence of a concise 
taxonomy of this section has resulted in 
confusion in the literature, with regards 
to the alkaloid content of the species 
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[71, 99-1031. The situation is compa- 
rable to that in section Oxytona before 
1974. 

In P. somniferum thebaine is normal- 
ly present in small amounts (1/10 of the 
morphine content). By individual plant 
selection, a strain has been obtained, 
that contains thebaine as major alkaloid 
and only minor amounts of morphine 
[6] .  Further selections have resulted in 
a breeding line with 90 per cent plants 
with high thebaine/low morphine con- 
tent [104]. The fresh latex from plants 
with high thebaine content shows a 
reddish colour. 

Environmental factors have a great 
influence on the alkaloid content in 
P. somniferum. TOOKEY et al. [lo51 ob- 
served an increased production of 
codeine (0.26 per cent in the dry cap- 

sules) and a codeine:morphine ratio of 
0.42 when the plants were grown in a 
controlled environment. Normally the 
codeine:morphine ratio varies between 
0.032 and 0.077 in P. somniferum but, 
after selection, high ratio values up to 
0.98 were achieved in controlled envi- 
ronments. 

Thebaine is also found, as mentioned 
above, in some of the chemotypes of P. 
orientale. 

Thebalne as a raw material for drugs 

Most of the interest in thebaine cen- 
ters on its potential as an additional 
and alternative raw material for the 
manufacture of codeine. Already, 10 
tons of thebaine annually are being pro- 

O X Y C O W N E  T H E M I N E  CODEINE 

HYDROCODONE ETORPHINE 

Fig. 9. Drugs currently produced by conversion of thebaine. 
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duced from P. somniferum and mainly 
converted into codeine [106]. This con- 
version is a simple two-step process 
which does not involve morphine [64]. 

Also manufactured currently from 
thebaine are the antitussive and anal- 
gesic derivatives oxycodone, hydroco- 
done, and dihydrocodeine (Fig. 9). An 
interesting product obtained from the- 
baine is the highly potent analgesic etor- 
phine [107-1081 (one of the "Bentley 
compounds"), which is used as a seda- 
tive to assist in the control of large ani- 
mals. The total world production of 
etorphine amounts to 3 to 4 kg annually 
C861. 

In  contrast to morphine, there is no 
medical use and no abuse of thebaine. 
Heroin and morphine may be pre- 
pared from thebaine (via codeine), but 
this is a low yielding, difficult, and 
consequently very unlikely method. 
However, because of the abuse poten- 
tial of several of its derivatives, the- 
baine has been placed under internatio- 
nal control. 

A U.N. expert group has also con- 
cluded [I 061 : 
1) As long as the supply of illicit mor- 

phine is available, the choice of drug 
for abuse is heroin. 

2) Should heroin cease to be available, 
it would be most likely to be replaced 
by wholly synthetic materials whose 
potency, pharmacological effects 
and ease of preparation from uncon- 
trolled materials would make them 
more attractive to illicit operators 
than compounds preparable from 
thebaine. 

3) Nevertheless, any cultivation of P. 
bracteatum and other plants produc- 
ing thebaine should be controlled in 

such a way as to avoid leakage of 
thebaine into the illicit traffic. 

Addendum 

During the preparation of this review the 
following additional information has appeared. 

Feeding of labelled precursors (1,2-dehy- 
droreticuline and (f )-reticuline) to P. bractea- 
turn establ'ished a biosvnthetic route for the for- 
mation of thebaine, similar to that in P. somni- 
ferurn. Further feeding experiments revealed 
the ability of P. bracteaturn to reduce codei- 
none into codeine, but the plant was unable to 
demethylate codeine into morphine. Further 
metabolism of thebaine was observed but not 
by demeth~lation to oripavine or northebaine 
[I 091. 

In  P. orientale demethylation of oripavine 
into oripavidine (nororipavine) occurs to some 
extent, as imndicated by the isolation of this 
later alkaloid from the species [110]. 

Several of the alkaloids earlier described 
from P. bracteaturn have been isolated and 
characterized in Russian material of the species 
[I l l ] .  

Further studies of various strains of P. brac- 
teaturn for theicr thebaine content in roots and 
aboveground portions during ontogenesis have 
been performed [112]. In selecting P. bractea- 
turn for high thebaine yield, total thebaine con- 
tent should be considered rather than high the- 
baine concentrations in various parts. I t  was 
thus shown, at the prevailing c1,imatic condi- 
tions of Beltsville, USA, that Arya I produced, 
as an average in mature plants ,for all plant 
parts (root, leaf, stem, capsule) 161 150 pg  the- 
baine and Arya I1 97 540 pg. The thebaine 
distribution within the plant was for Arya I: 
root - 60°/o, leaf - 13 Ole, stem - 12010, and cap- 
sule - 15O10, for Arya 11: root - 47O/o, leaf - 
14 Ole, stem - 13 O/o, and capsule - 26 Ole. 

Acknowledgement 

The authors wish to thank Dr. 0. BRAENDEN, 
U. N. Narcotics Laboratory, Prof. J. W. FAIR- 
BAIRN and Dr. J. D. PHILLIPSON, the School of 
Pharmacy, London, for valuable discussions 
and supply of material. 

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Papaver bracteatum 

References 

1. Duke, J. A., Econ. Bot. 27, 390 (1973). 
2. Bezanger-Beauquesne, L., M. P,inkas and 

M. Tordc, in S. A. Maloine, (Ed.), Les 
Plantes dam la Therapeutique Moderne. 
Paris, 1975. 

3. Fairbairn, J. W., Planta Med. 29, 26 
(1976). 

4. Eddy, N. B., H. Friebel, K.-J. Hahn and 
H. Halbach, Codeine and its alternates for 
pain and cough relief. WHO, Geneva, 
1970. 

5. Gates, M. and G. Tschudi, J. Am. Chem. 
Soc. 74, 1109 (1952). 

6. Nyman ,U. and 0. Hall, Hereditas 84, 69 
(1976). 

7. Neubauer, D. and K. Mothes, Planta Med. 
11, 387 (1963). 

8. Sharghi, N. and I. Lalezari, Nature (Lon- 
don) 213, 1244 (1967). 

9. Lalezari, I., P. Nasseri and R. Asgharian, 
J. Pharm. Sci. 63, 1331 (1974). 

10. Anonymous, Science 190, 1274 (1975). 
11, Szyrmer, J. and J. Krz~manski, Biul. Inst. 

Hodowli i Aklim. Roslin 516, 95 (1974). 
12. Lindle~, J., Coll. Bot., London 1821, Tab. 

23. 
13. Goldblatt, P., Ann. Mo. bot. Gdn 61, 264 

(1 974). 
14. Fedde, F., i'n A. Engler (ed.), ,Das Pflan- 

zenreich", 4, 364 (1909). 
15. Popov, M. G., Papaveraceae, in V. L. 

Komarov (ed.), ,Flora of the USSR" 7, 
470 (1937), Jerusalem 1970. 

16. Grossheim, A. A., Flora Caucasica 4, 93 
(1950) Moscow & Leningrad. 

17. Cullen, J., Papaveraceae, in P. H. Davis 
(ed.),, ,Flora of Turkey", 1, 221 Edin- 
burgh 1965. 

18. Cullen, J., Papaveraceae, in K. H. Redjtn- 
ger (ed.), .Flora Iranica", 34, 12, Graz 
1966. 

19. Medwedev, J. S., Isv. Kavkazk. Mus. 11, 
204 (1918). 

20. Fairbairn, J. W. and F. Hakim, J. Pharm. 
Pharmac. 25, 353 (1973). 

21. Gunther, K. F. and H. Bohm, Usterr. Bot. 
Ztg. 115, 1 (1968). 

22. Harborne, J. B., Comparative Biochemis- 

try of the Flavonoids, pp. 149-152, Aca- 
demic Press 1%7. 

23. Yaklich, R. W. and W. A. Gentner, Phy- 
siol. Plant. 31, 326 (1974). 

24. United Nations. Division of Narcotic 
Drugs. Scientific Research on Papaver 
bracteaturn. STISOAISER.JI 19 (1975). 

25. Fairbakn, J. W. and E. M. Williamson, 
Planta Med. 33, 34 (1978). 

26. Fairbairn, J. W. and E. M. Williamson, J. 
Pharm. Pharmac. 29, Suppl., 15 P (1977). 

27. Giinther, K. F., Flora (Jena) 164, 393 
(1 975). 

28. Curtis, A. E., Natl. Hort. Soc. 24, 128 
(1945). 

29. Curtis, A. E., Plants & Garden 5, 89 
(1949). 

30. Greppin, H., B. Delessert, A. Rossier, F. 
J. Kuppers and C. A. Salemink, Saussurea 
6, 253 (1975). 

31. Cheng, P. C. Cultivation and analysis of 
Papaver bracteaturn Lindl., M. Sc. Thesis, 
Univ. Mississippi 1972. 

32. Pieper, H., Landw. Jahrb. 333 (1939140). 
33. United Nations. Division of Narcotic 

Drugs. Scientific Research on Papaver 
bracteatum. STISONSER. JI 15 (1974). 

34. United Nations. Division of Narcotic 
Drugs. Scientific Research on Papaver 
Species as Sources of Codeine, Morphine 
and Thebaine. ST/SOA/SER.Jl 24 (1976). 

35. Sengupta, A. and U. K. Mazumder, J. Sci. 
Fd. Agric. 27, 214 (1976). 

36. Denisenko, 0. N. and G. A. Stepanenko, 
Khim. Prir. Soedin. 573 (1977). 

37. United Nations. Division of Narcotic 
Drugs. Scientific Research on Papaver 
bracteaturn. ST/SOA/SER. Jl 2 (1973). 

38. Lawrence, E., Nature (London) 256, 248 
(1975). 

39. Saidabadi, H. and R. Gorenflot, C. R. 
Acad. Sci., Paris 280, 2109 (1975). 

40. Grover, I. S. and C. P. Malik, Genet. 
Iber. 21, 115 (1969). 

41. Ljungdahl, H., Sv. Bot. Tidskr. 16, 103 
(1922). 

42. Kawatani, T. and H. Asahina, Jap. J. 
Genet. 34, 353 (1959). 

43. Yasui, K., Cytologia 8, 331 (1937). 
44. Yasui, K., Cytologia 7, 533 (1936). 

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Nyman, Bruhn 

45. Yasui, K., Cytologia Fujii jub. vol. 1101 
(1937). 

46. Pirovano, A., Ann. di Botanica 17, 171 
(1927). 

47. Kasaeva, M. A., Acad. Sci. Ukraine Bull. 
C1. Sci. Phys. Math. 4,  220 (1929). 

48. Vilmorin de, H., J. Roy. Hort. Soc. 24, 
203 (1900). 

49. Bohm, H., Planta Med. 13, 234 (1965). 
50. Bohm, H., Planta Med. 19, 93 (1970). 
51. BGhm, H., Planta Med. 15, 215 (1967). 
52. Lalezari, I., P. Nasseri and R. Asgharian, 

J. Pharm. Sci. 62, 1718 (1973). 
53. Sriyar ,  G., Chemical investigation on the 

alkaloids of Papaver section Macrantha 
(P. bracteatum, P. orientale and P. pseu- 
do-orientale). Dissertation, University of 
Istanbul, Faculty of Pharmacy (1975). 

54. Neubauer, D., Arch. Pharm. 298, 737 
(1965). 

55. Nordal, A., B. Smestad Paulsen and J. K. 
Wold, Acta Pharm. Suec. 64, 541 (1977). 

56. Battersby, A. R. and T. H. Brown, Chem. 
Commun. 171 (1%6). 

5%. €-am+, F, in R. q; F. Manske (ed.), 
"The Alkaloids", 12, 333 Academic Press 
1970. 

58. Bohm, H. and H. Ronsch, Z. Naturforsch. 
23, 1552 (1968). 

59. Riinsch, H., Eur. J. Biochem. 28, 123 
(1972). 

60. Ronsch, H., Pharmazie 29, 71  (1974). 
61. Ronsch, H., Phytochemistry 16, 691 

(1977). 
62. DiQenson, P. and J. W. Fairbairn, Ann. 

Bot. 39, 707 (1975). 
63. Nessler, C. L. and P. G. Mahlberg, Amer. 

J. Bot. 64, 541 (1977). 

64. United Nations. Division of Narcotic 
Drugs. Scientific Research on Papaver 

- bracteatum. ST/SOA/SER.JI 23 (1976). 
65. Kiselev, V. V. and R. A. Konowalowa, 

Zh. Obschch. Khim. 18, 142 (1948). 
66. Heydenreich, K. and S. Pfeifer, Pharma- 

zie 21, 121 (1966). 
67. Kuppers, F. J., C. A. Salemink, M. Bas- 

tart and M. Paris, Phytochemistry 15, 444 
(1976). 

68. Phillipson, J .  D., S. S. Handa and S. W. 
El-Dabbas, Phytochemistry 15,297 (1976). 

69. Theuns, H. G., J. E. G. van Dam, J. M. 

Luteijn and C. A. Salemink, Phytoche- 
mistry 16, 753 (1977). 

70. Delenk-Heydenreich, K. and S. Pfeifer, 
Pharmazie 22, 124 (1967). 

71. Preininger, V. and F. Santavjr, Pharmazie 
25, 356 (1970). 

72. Delenk-Heydenreich, K. and S. Pfeifer, 
Pharmazie 24, 365 (1969). 

73. Shamma, M., J.  A. Weiss, S. Pfeifer and 
H.  Dohnert, Chem. Commun. 212 (1968). 

74. Pfeifer, S. and S. K. Banerjee, Pharmazie 
19, 286 (1%4). 

75. Kuhn, L., D. Thomas and S. Pfeifer, Wiss. 
2. d. Humboldt-Univ. Berlin, Math. Nat. 
R. 19, 81 (1970). 

76. Guggisberg, A., M. Hesse, H. Schmid, H. 
Bohm, H. Ronsch and K. Mothes, Helv. 
Chim. Acta 50, 621 (1967). 

77. Reisch, J., M. Gombos, K. Szendrei and I. 
Novirk, Arch. Pharm. 307, 814 (1974). 

78. Bohm, H., Pharmazie 29, 70  (1974). 
79. Bohm, H., Biochem. Physiol. Pflanzen 162, 

474 (1971). 
80. Coffman, C. B., C. E. Bare and W. A. 

Gentner, Bull. Narcotics 27, 41 (1975). 
81. Aynehchi, Y. and S. Jaffarian, Lloydia 

36, 427 (1973). 
82. Fairbairn, J.  W. and K. Helliwell, J. 

Pharm. Pharmac. 29, 65 (1977). 
83. Fairbairn, J.  W. and G. Wassel, Phyto- 

chemistry 3, 253 (1964). 
84. Fairbairn, J.  W. and K. Helliwell, J. 

Pharm. Pharmac. 27,217 (1975). 
85. Hell~iwell, K. and J. W. Fairbairn, J. 

Pharm. Pharmac. 28, 940 (1976). 
86. United Nations. Estimated World Requi- 

rements of Narcotic Drugs and Estimates 
of World Production of Opium in 1977. 
gnternational Narcotics Control Board 
EIINCBI 34 (1976). 

87. Shafiee, A., I .  Lalezari, P. Nasseri-Nouri 
and R. Asgharian, J. Pharm. Sci. 64, 1570 
(1975). 

88. Shafiee, A., I. Lalezari, F. Assadi and F. 
Khalafi, J. Pharm. Sci. 66, 1050 (1977). 

89. Simanek, V., V. Preininger, P. Sedmera 
and F. Santavjr, Coll. Czech. Chem. Com- 
mun. 35, 1440 (1970). 

90. Sariyar, G. and J. D. Phiaillipson, Phyto- 
chemistry 16, 2009 (1977). 

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Papaver bracteaturn 

91. Sariyar, G. and J. D. Phillipson, J. Pharm. 
Pharmac. 29 Suppl., 14 P (1977). 

92. Kamimura, S. and M. Akutsu, Agr. Biol. 
Chem. 40, 899 (1976). 

93. Kamimura, S., M. Akutsu and M. Nishi- 
kawa, Agr. Biol. Chem. 40, 913 (1976). 

94. Kamimura, -S. and M. Nishikawa, Agr. 
Biol. Chem. 40, 907 (1976). 

95. Shafiee, A., I. Lalezari and N. Yassa, 
Lloydia 39, 380 (1976). 

96. Ikuta, A., K. Syono and T. Furuya, Phy- 
tdemis t ry  13, 2175 (1974). 

97. Phillipson, J. D., G. Sariyar and T. Bay- 
top, Phytorhemistry 12, 2431 (1973). 

98. Phillipson, J. D., J. Pharm. Pharmac. 25 
Suppl., 113 P (1973). 

99. Yunusov, S. Y., V. A. Mnatsakanyan and 
S. T. Akramov, Dokl. Akad. Nauk USSR 
8, 43 (1961). 

100. Kiihn, L. and S. Pfeifer, Pharmazie 20, 
520 (1965). 

101. Pfeifer, S. and L. Kuhn, Pharmazie 23, 
199 (1968). 

102. Pfeifer, S. and L. Kiihn, Pharmazie 23, 
267 (1968). 

103. Preininger, V., V. Tosnarova and F. San- 
tavjr, Planta Med. 20, 70 (1971). 

104. Nyman, U., Unpublished results (1978). 
105. Tookey, H.L., G. F. Spencer, M. D. Grove 

and W. F. Kwolek, Planta Med. 30, 340 
(1976). 

106. United Nations Narcotics Laboratory. 
The Feasibility of the Conversion of The- 
baine into Dwgs of Abuse and of Poten- 
tial Abuse. Report of an expert group, 
Geneva (1976). 

107. Lister, R. E., J. Pharm. Pharmac. 16, 364 
(1964). 

108. Bentley, K. W. and D.G. Hardy, J. Am. 
Chem. Soc. 89, 3281 (1967). 

109. Hodges, C. C., J. S. Horn and H. Rapo- 
port, Phytochemistry 16, 1939 (1977). 

110. Israilov, I. A. and 0. N. Denisenko, Khim. 
Prir. Soedin. 714 (1977). 

111. Denisenko, 0. N., I. A. Israilov, D. A. 
Muraveva and M. S. Yunusov, Khim. Prir. 
Soedin. 547 (1977). 

112. Vincent, P.G., C. E. Bare and W.A. Gent- 
ner, J. Pharm. Sci. 66, 1716 (1977). 

Address: Dr. U .  Nyman 
The Swedish Seed Association 
S-268 00 - Svalov - Sweden 

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


