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IN A pmnmous communication l it was shown that remarkably rapid changas in the alkaloidal 
picturetookplaceinthefYuitsofhcmlock(C~iummuu&tum L) during development of the 
puiauj3. Ifthese~~~~typicalof~~in~then~~yhald~that 
alkaloids are slowly accumulating waste products would seem unxkely. It was the&ore 
decided to investigate the a&&Bids of opium poppy (Papam somnif?wnl L), especially as 
Pfeifera has recently analysed poppy plants collected at 6-hr intervals and showed that 
markedvariationsinthecontentofallthealkaloidsoaxrred. l?&ifer’ssamplingmethod 
involved collecting whole plants on each occasion; this ckarly limits the mnnber of plants in 
6achsamplewithaconsequent hxrease in sampling error. To eliminate this error as far as 
possible we decided to use the same plants for all the samples. For each sample minute 
quantities of latex were withdrawn from every plant of a & This enabled suaxed& 
samplestobecollectedfromthe~plan~at~~~ofl or2hr,withoutsignScantdamage 
to the plants. 

RESULTS 

~os~ofpoppywere~;~softhefirst(PapiovcrgormdfsMnLsub9p.rmatoUcrrm 
M. Vesel, var. u&sce~ M. Vesel) wexe obtained from Turkey in 19563 and plants were 
raised from their own seed in the experimental gardens at E&cl& MUlcse& each -n 
af&wa&. This strain is referred to as ‘Turkey’. The second strain, (P. 8om#mm L 
subsp. eurasiuricum var. glauctrm Rothm.) was grown from seeds obtained ftom Berlin in 
MOandisrCferredtoaS‘Berlin’. 

1 J. W. F- and P. N. SUWAL, l’hm 1.38 (l%l). 
~S~PEZlFER8lMlK. Eimmmm& ski. PhQam. 36,164-73 (1962). 
3l.W.F~amiL.D.~P~~~~8,49(1960). 
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During 1961 prclimbary work was carried out using two series of Turkey capsules 
sampled every 3 hr (series T1 and Tz) and one series of Berlin capsules sampled every 2 hr 
(series B3. Samples were collected from dawn to dusk on one day except in series T2 where 

TABLE 1. ANALYSSOF sAMPLEsoFLAmDBAwNFRoMcApwRHil 2vaEKsAEmRPRrALPALL. 
Redtsexpmsedasmg/100mg~latex 

!hliE!STZ . 

,li~Zl) 
I \ 

(13 July 1961) (14 July l%l) 
t \ -- 

The Total Total 
of day Morphiue Molphine solids Morpbille solids 

4.00 
6.00 
8.00 

1~~ 
Nib 
14.00 
15.00 
16.00 
18.00 
20.00 
21.00 

12.4 
11.4 z: 7.2 15.2 57.0 11.3 39.0 
59 54.1 

5.4 14.6 63.0 8.3 41‘0 
134 52.5 
*:.: 61.0 63.8 12-l 156 58.0 7.2 31.0 

10.0 144 77.0 
11.1 69.6 
103 z*: - 114 8.4 429 
9.4 

7.1 7.8 4O+l 
13.1 57.0 
10.7 53.0 

sampling was continued the following morning. In all samples the morphine content only 
wasdetermined. In1~Turlreyplants~nlywereused;twostrieswith~~e~ery2hr 
(TTs and TJ and two with samples every hour (T, and T6) were collected. All samples were 

ScrieaT~(25July1962) Series T4 (31 July 1962) 
Time, , , I 

Total 
Morphine codeine Thebaine solida Morpltine Cdciae Tldahe Z!Z 

6.00 
8.@I 

10.00 

14.00 
16.00 
18.00 
20.00 

;:; 
4-o 

:s ;:f 
2.5 

0.76 
0.74 
0.66 
la 
098 

E 
0.73 

0.55 44.6 34 
0.66 45.8 
@55 67.4 ::; 

089 30.0 2.6 

:z 36.2 * 2.7 1.2 

0.60 it.26 046 33.2 ;:: 

collected between dawn and dusk on a given day and the content of morphine, codeine and 
thebaine determined in each. The results are summarized in Tables l-3. In Fig. 1 the results 
for T, are rqrescnted as percentage variation from the average alkaloidal conht present 



duringtheday. ~cnablesthevariationoftbr:three~oidstobt~m~onacommon 
basis, since the absohste amounts of codeine and thebaine are considerably lower than those 
of morphine. Figure 2 shows similar results but calculated on the basis of dry weight of latex. 

4.00 
5.00 
6.00 
7.00 

iii 
10.00 
11.00 
NOOIl 
13.00 
14.00 
15.00 
16.00 
17m 
18.00 
19.00 
2Om 
21.00 
22.00 

Ei 
O-35 2Q.3 4-O 
0.41 296 41 

O-14 O-11 376 3-l 
O-10 z 37.2 2-7 
O-50 35.1 
O-45 Om 35-l $I; 
066 O-45 360 22 
O-54 051 ti8 49 
2.15 O-44 38.1 2-7 

iz 
O-73 36-6 3% 
O-74 32.6 3-3 

O-73 O-65 265 
D53 O-42 314 $:i 
O-Q3 O-63 33-5 
O-75 31-s t: 
O-83 E 31.7 

ii: 
27-O 

:z 299 
;; 

O-88 096 2Q-1 :z 

o-53 0.47 2Q-2 
O-64 O-49 
078 O-59 ii: 
0+71 O-53 M-8 
O-95 0.68 32-O 
094 O-58 31.9 

:z O-75 O-60 33.5 32.5 
Et 083 085 2Q-2 

@76 Q81 iti 
074 0.70 
o-74 0.59 

ii-; - 

092 @85 - 
O-65 z-t 
O-76 E - 

is 
O-51 it.: 

O-88 Et z 

DISCUSSION 

Ba@d Varkrtion in the AIkdotddPictum 
The resub of all series of experiments show that marked variations in the amount of 

alkaloids in the latex takes place at short intervals. The extent of these var&ions is indicated 
in Fig. 1; for morphine -51 per cent to +% per cent of the daily average; for codeine 
(omitting the very high value at noon) -90 per cent to +80 per cent; and for thebaine 
- 84 per cent to -t 41 per cent.. These variations far exceed those involved in the analytical 
techniques and are unlikely to be due to sampling errors in view of the precautions taken in 
sampling and the fact that the variations are exhibited in all seven series. Neither are the 
variations due to fluctuations in the water content of the latex, since Figs. 1 and 2 show that 
similar variations OccuT whether the alkaloidal contents are calculated on a fresh- or dry- 
weight basis. (For some of the other series, greater variation is shown when the results are 
cakulated on a dry-weight basis than on a ftesh-weight basis.) Pfeifer’s work,* based on 
ana&ses of whole capsules sampled every 6 hr, show the following variations from the daily 
average;formorphine -3Opercentto -f-16percent;forcodeine, -83pcrcentto +46per 
cent; for thebaine -84 per cent to +64 per cent. The8e variations agree well with ours but 
they are not so marked (probably because only 4 samples per day were involved as against 
8-19 per day in our work) nor do they illustrate so well the rapidity of the changes. Both sets 
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ofresultssuppart~condasiollcldcrivcdftorn~~~onhwalock,thatthe 
alkaloidaplayadynamicrolcinthemetabolismoftheplant. ThelaWhsthadcfore~t 
beco~~aatfapsor‘drainpipes’itlwhi& lmwante&ahloidsare slowly 
accum~tAldashasbeenpreviouslysu,ggested, 3.4 but rather a~ actively metabolizing tissues. 
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Bascdonf~shwe&htofwa. 

This is conkned by the remarkable results reported by IEn&midt and Moths5 that 
isolated poppy latex is able to synthesize morphine from glucose or tyroshe. 

Disappearance of Morphine 

The periodic tiamasc in morphine content, shown in all series, is probably the most 
sign&ant observation, as it is the reverse of what would be expected. It has been clearly 

4 A. A. ~AKSWA, ibran. ZIwRlcllM, 156747 (1959). 
Scs.K~~M,~~.PRmnr.l0,293,W8(1960). 
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~that,intbeplant,~~~~~e-*~~mo~~imvtrsiblc.6 
Ourresultsahow, however,thatwhenth&aineandwd&eaccum”lationanddisappearance 
areptocseding~~isnoaccumvlationofmorphine;infad,a~contentof 
~~andcodeine~~correspondswithamarkadfaninmorphinecontent(Fig. 1). 

Itisveryunlikelythatthisfallisduetotranaferofthemorphinetootherpartsoftheplant 
as a developing fruit acts as a ‘receiving’ organ. Furthermore, PfW”‘s work* indicates 

L I----- ___ fs‘- ------_ 
/2/“‘ fhddnq daily avuogO*2-21 

tllatmorp~is2yil-inthcrootovcmi~axld- totheaerialpar@butnever 
in the reverse direction (our results for T2 series (Table 1) are consis@nt with his suggestion 
dncethemorphinecontentofthe~~~latex~~from7.8percentto11.3petcent 
overnight). His work on decapitated plants’ also indicates that the developing capsule acts 
as a receiver of We, produced in the vegetative parts, and transformed into codeine and 
morphine in the cap&L 

6F.RS~aumrzandH. -T, Nature I@, 310-11(1%1). 
7 K. -and s. PFmml, scf. Phamf. 30,17-25 (1962). 
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A~n~ti~ou~neofthesituationwouldtherefotebethatthebainc,codeineandmorphine 
are formed in varying amounts during the day and, at certain times, the morphine is converted 
into a non-alkaloidal molecule which remains in the latex or passes into s&ne other tissue of 
the capsule. It is interesting that a similar conclusion can be drawn from our work on hem- 
lock,1 where the decrease in coniine content at certain periods far exceeds the corresponding 
increase in y-coniceine. 

Sam&g Techniques 
EXPERIMENTAL 

FOr~sericsCTf ~ts2O-3O&nverswereseM~~Iimmediatelyafterpetalfalland 
labelled ‘Week O’.3 Two weeks later (week 2), when the laticifer deusity in the capsules is at 
a maximum,3 samples were drawn at l- or 2&r intervals on a given day. Each capsule was 
gently pierced with a needle about four times (the position of the pricks was varied throughout 
the 20 or 30 capsules in the se&es) and the exuding latex was scraped into a special cup as soon 
as possible. (The cup was made of aluminium or stainless steel, about 2 cm dia., with one side 
dented inwards so as to fit the convex shape of the capsule. Before use it was transferred to a 
squat-shaped weighing bottle and the whole weighed.) After collecting the latex droplets the 
cup and weighing bottle were reweighed. Immediately afterwards about 5 ml of acid methanol 
(hydrochloric acid 1 ml, water 30 ml, methanol to 100 ml) was stirred into the latex and 
filtered through a tared filter paper into a N-ml volumetric flask. The cup and filter were 
washed with more acid methanol and the filtrate made up to volume. The filter paper was 
dried and reweighed to give the dry weight of the methanol insoluble solids (which was 
mainly caoutchouc, whose presence at subsequent stages in the assay would be inconvenient). 
The filtrate was used for determina tion of alkaloids and methanol soluble solids. The results 
of alkaloidal assay could then be expressed in terms of fresh or dry weight of latex. 

Determination of Morphine, Codeine and T,Maine 

The medmds of Pfeifer * and h&s9 were used initially but gave variable results on replica- 
tionandweretedioustousewithlargenumbersofsamples. Accordinglyaquantitativepaper 
chromatographic method was devisedlO which gave the following limits of error (P = 0.95) 
with replicate determinations; morphine and codeine St 5 per cent; thebaine f 7 per cent. 
For each determination a low and high ‘dose’ of standard solution of alkaloid and a low and 
high ‘dose’ of a suitable extract of the latex are applied to the paper. The chromatogram is 
run in n-butanol-acetic acid-water (5:1:2) at 18” (+ 1) for 18 hr and the spots revealed by 
sprayingwithDragendorff’sreagent. Theareasofthespotsaremeasuredplanimetricagyand 
the amount of alkaloid present calculated on the basis that area of spot is proportional to the 
logarithm of the quantity of alkaloid originally applied. 
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