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APRTRACT, — Seedlings of the commer-
cial “blue” strain of Papaver somnif-
erys L. were germinated In culture
dishes on wet ganze. Eleven gram or
larger samples (f.wt.} were Lkilled on
successive days, extracted and chromat-
ographed on silica gel G plates (0.25
mm.) in the following system: xylene,
ethylmethylketone, methanol and die-
thylamine {(20:206:3:1). Color develop-
ment was with Dragendorft’zs reagent.

By the 3rd day of germination traces
of moerphine, codeine, thehaine, papa-
verine and narcotine could be detected.
On the 5th day traces of possible reticu-
line eould be seen, and narcotoline was
sugpected on the 6th day. Though all
of the compounds increased in the ex-
tracts with imereasing davs up to the
9th day, the largest spots were thebaine,
papaverine and narcotine. Difference in
alkaloid compesition between seedling
and capsule wasz largely that of coneen-
tration. The seedlings contained much
lower concentrations of all nlkaloids ob-
gerved,

Attempts were made to study devel-
opment of these compounds hy feeding
C* gucrose and tyrosine at the begin-
ning of germination, but Incorporation
into theso alkaloids was so slight that
resulis were not conclusive.

The alkaloids of poppy (Pepover
somnpiferum L.) are loeated in the
laticifers of the plant, Tdentification
and study of these compounds gen-
erally involves isolation from the
vegetative parts (root, stem, leaves)
and especially the developing cap-
sriles. Tt ie commonly believed that
poppy seeds do not contain alka-
loid eompounds, probably related to
the fact that laticifers have not de-
velaped in the embryo of the mature

seed. By far the greatest amount
of latex and alkaloid content is
present in the pericarp and placen-
tac during the period in which fer-
tilized ovules are developing into
seeds. Speenlation.on this eondition
has led to the idea that substances
non-alkaleidal in nature must be
passed from the placenta fo the de-
veloping seeds. Aleoholic extracts of
poppy seeds do not contain any sub-
stanee which reacts with Dragen-
dorff’s reagent,

Germinated seedlings contain al-
kaloids beginning at the 3rd day
after water is applied to Lthe seeds.
Though the scedling is very small
(average weight per seed 0.54 mge.;
average dimengions of seed 0.96 x
1.5 x 0.0 mm.) large numbers of
seadlings of a single strain may be
pooled for experimental work since
developmnent is very uniform. Many
studies have been made of the alka-
loidal composition of the matnre
plant {Mary, N.Y, and Brochmann-
Ilanssen, 1963; Cenest, K. and
Farmilo, 1962} while very few have
attempted to characterize the alka-
loids of the secdling (Massicot, J.
1961)

In this present work we have re-
examined the changing alkaloidal
picture during seedling development
and attempted to disecover whether
the alkaloids arc synthesized from
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glucose or tyrosine in these early
stages of growth and to relate our
results to work on the possible im-
portance of alkaloids to seed via-
hility.

MATERIALS AND MunTIops

Beeds of the commercial Blue
Strain of poppy were soaked In 1-10
hypochlorite-water for 10 minutes
and washed with 5 ehanges of dis-
tilled water. Your grams of seed
were ovenly spread on the water
moistened surface of cotton gauze
on the bottom of a deep 6 diameter
eulture dish, The glass cover was
get. in place and the dishes were
located on & laboratory windowsill
so that they wonld reccive sunlight,
Covers were removed periodically to
allow air change, and water was
added by pipette to keep the gaure
moist but aveid pooly of water. Sun-
licht for short periods was desir-
able, but cansed condensation which
was harmful If dripped directly on
the seedlings. Dishes were observed
and adjusted several timez daily.
Emergence of the root began by 48
hours after water was added, and a
root system was observed by 3 days.
Cotyledons eould be seen at 4 days.
Grermination proceeded until the
cotvlodons svere 7 em, above the root
at 9-10 days,

At harvest, the seedlings were im-
mersed in a killing bath of 5 ml. 5%
aectie aeid in 100 ml, 709 methanol.
Carc was taken to remove roots from
the gauze with fine forceps. Macera-
tion in the fixing bath continued for
48 hours after which scedlings were
triturated in a mortar and pestle
or ground in a blendor, then filtered
through a Biichner funnel combin-

10 ml,

ing all washings. The solution was
made alkaline to pH 8. with dry
powdered sodium hicarbonate in a
geparatory funnel. It was then ex-
tracted with 4 to H suecessive 30 ml
portions of ethyl acetate. The com-
bined ethyl acctate cxtraet was evap-
orated to drymess at reduced pres-
sure and the methanol-water extract
was also evaporated, X '

© An alternative system uscd for ex-
traction of seedlings included the
followine, Seedlings were killed in
495% ethanol, macerated, ground and
filtered. The pll was adjusted to
acid range with 0.1 N hydrochloric
aeid and the solution was extracted
with several portions of ethyl ace-
tate to remove pigments and lipids.
Ammoniun hydroxide was added 1o
bring the pH above 7.6 and 5 sue-
cessive extractions were made using
chioroform 3 parts te isopropanol
1 part, the aliquots 30, 20, 20, 20,
These fraclions were com-
bined, were washed with water, then
evaporated to dryness under reduced
pressure. The water-soluble extract
was also reduced to dryness. Hach
of the dried extracts were taken up
in 2.0 ml. of inethanol and held for
chromatographie separation.

Iixtracts were chromatographed
on thin layer plates of wilica gel G
{250 microns) spread by the DeBaga
apparatng and activated at 105° for
30 minutes. One-tenth to 4.2 of the
2 ml, of extract (representing about
1000  geedlings) ehromatographed
satisfactorily.

Plates were developed in the fol-
lowing solvent system in a saturated
atmosphere of xylene, ethylmethylke-
tone, methanol, diethylamine (20:
20:3:1). Development occurred in
8540 minutes. The seclvent front
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was marked immediately upon re-
moval of the plate from the devel-
oping tank.

Color was revealed by use of
the modified Dragendorff’s solution
which was sprayed lightly over the
entire plate, followed by mild heat-
ing. Alkaloids appeared as orange-
red spots against .a yellow - back-
ground. Concentrations required
that certain alkaloids receive a sec-
ond spraying with Dragendoxrff’s
reagent. Spots were circled imme-
diately after development.

ResuLrs anp DIscUSSION

Seeds were originally soaked in
dilute hypochlorite solufion and
rinsed to eliminate molds which hin-
der germination. During the 24
hours the seeds had swollen to ap-
proximately double their original
gize. On the second day of germina-
tion cmergence of the root oecurred
as enlargement of the germinafing
seed continued, Root length was
about 2 em. on the 3rvd day and the
cotyledons had begun to emcrge from
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Frouse 1. Growih of seedlings and production of alkaloids during the course

of germination of poppy (Papaver somniferum L.).
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the seed coat, Fourth day seedlings
bore roots of 3.4 cm. length and
shoots of 5.6 mm. On the 5th day
the shoot stood erect, asbout 2 cm.
in height; the root was 5-6 em. in
length. The 6th day seedlings had
cotyledons well expanded, were
green in color, and were about 3-4
em. tall. Roots were 6-8 cm. in
length and lLad grown intertwined
through the gauze substrate. Sev-
enth, 8th and 9th days saw seed-
lings continne to the extent of their
growth in the dishes. Maximum
shoot length was around 5 em. and
maximmm root length was 8 cm, At
no time did the primary growing

point give rise to leaves beyond the
stage of expanded eotyledons.

The presence of alkaloids in the
seedlings followed the pattern shown
in Figure 1.

No Dragendorff reactive material
was found present in ground seeds
of Blue Strain poppy regardless of
the amount of seed used. This was
also true after 24 hours of germina-
tion. On the 2nd day of germination
the extract from a very large num-
ber of seedlings contained substances
which reacted with the Dragendorff
reagent but these were not resolved
as discrete spots. Several samples
of this extraet were chromatograph-
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ed, but the streaks were not re-
solved. '

“Third day seedlings contained
small but definite amounts of co-
deine, thebaine, papaverine, and nar-
cotine with traces of presumably
narcotoline and retieuline. Narceine,
a water-soluble alkaloid, was also
present in trace amount at the orig-
inal point of application on the
chromatogram (Figs. 2 and 3).

OCH3
HARCEINE

FieUsRe 3.
{Papover somniferum L.).

NARCOTIRE
NOSCAPINE

Chemical structure of alkaloids present in seedlings of poppy

Extracts from 4th day seedlings
produced larger, more definite spots
of thebaine, papaverine, narcotine,
narcotoline and reticuline, and in
addition had small amounts of co-
deine and morphine present.

TFifth day seedlings contained all
of the alkaloids previously men-
tioned in larger amounts for the
amount of extract used to prepare
the plates was half of that for the

"NARCOTOLINE
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3rd day group.

Seventh, 8th and 9th day seedlings
contained the same compounds as
reported present in the previous ex-
tracts, but in still larger amounts.
This was indicated by spots more in-
tense as well as of larger total area.
The extract from 8th day seedlings
had in addition to the other com-
pounds another spot below morphine
and below codeine. These spots were
not seen on plates from the other
extracts and their identity was not
known. In another confext ‘‘mor-
phine like’’ and ‘‘codeine like’’ sub-
stances are reported (Fairbairn and
El-Masry, 1968). These compounds
might he of this type.

Tt is interesting to note that the
alkaloids present in the early devel-
opment of the seedling of poppy are
the same as those present in the
developing eapsule—the period when
production is at its peak. This is true
not only for the major alkaloids, but
also for minor ones that might be
expected to vary widely dnring on-
togeny of the plant, This might im-
ply that the effect of environment
on alkaloid production is not as
great as i3 encountered in some of
the other plants studied, and may
even Indicate that envirenmental
variubles sueh as fertilizer treat-
ments that often merit major con-
sideration in influencing alkaloid
synthesis is of less importanee where
poppy alkaloids are coneerned.

It is of interest further fo note
that Fairbairn and Kapoor (1280}
who worked with the anatomy of
poppy seedling, growing plant and
developing eapsule, found latex ves-

sels at the stage where cotyledons’

oxpandoed and became green. They
did not find any in scedlings young-

er than this stage. They indicated
the appearance of these vessels as at
8 days, although this- stage of
ecotyledonary development was
reached by the 4th day. This would
imply that the synthesis of alka-
loids is intimately associated with
the development of the latex vessels.
In contrast to certain other alkaleid
produeing plants where synthesis
is associated with actively dividing
root apical cells, it would appear
that deveolping laticifers are the
site of synthesis of the poppy alka-
loids. '

It was not pessible to measure ac-
eurately the amounts of alkaloids
present in the extracts that were
chromatographed. Massicot (1961)
reported measurement of 16 pg. of
thebaine from 100 7th day seedlings.
He applied the separate compounds
which result in the Dragendorfl-
alkaleid ecomplex to filter paper
sheets separately, allowing the com-
plex to form on the paper at the
point where alkaloids were loeated
after chromatography, thus making
a far more sensitive measure than
usual. Several careful attempts to
repeat his method on paper and ap-
ply it te thin-layer determination
were unsuceessful. Though concen-
trations of morphine and ecodeine,
and ‘the high concentration of the-
baine reported by Massicot appear
to be in agrecment with our results,
it appears strange that he did not
report also the large amounts of
papaverine and narcotine which were
also found by the thin-layer method
of separation.

Altempts were also made in this
study to feed (' smerose and tyro-

sine to seedlings during a period of

growth followed by killing, extrae-
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tion and meparation by TLC, and
the determination of radicactivity in
various congtitnents. Though large
amounts of radioactivity from su-
crose and tyrosine were fixed into
tissue constitucnts, the amount in-
corporated into alkaloids was so
small that this means of measurc-
ment was not considered satisfac-
tory.

Of particular interest to workers
in the area of public health is the
observation of Fairbairn and TI-
Masry (1968) that a form of
“bound” morphine is present in
the seed of poppy. Though Ilarge
amounnts of poppy seeds are com-
moniy used in cooked and baked
foods, few references have heen made
to untoward pharmacological effects,
and these are presumably due to
latex .of the frnit wall contaminat-
ing geeds in preparation. Where
clean seeds were ground and ex-
posed to vigorous acid hydrolysis or
acid-pepsin digestion for several
hours, eodeine and several morphine-
like smbstances were shown to be
present in the secds. These com-
pounds are presumably bound to a
protein or other large molecule and

Academy of Secience

are probably not hydrolyzed by
stomach aecid in a ghort time. Wide-
spread interest will attend farther
reports of this seed-alkaloid relation-
ship.
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