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Aktrwt In Colbonrhlrs roseus indok alkaloid formatton was monitored under drought and wounding stress 
(caused by cutting off plant parts) with the purpose of characterizing chemical dcfcnce strategy under these conditions. 
Drought stress etTc.cts a decrease of the relative ( % dry wt) alkaloid content, but concentration in the living tissue difTcrs 
littk from non-stressed plants. The effectiveness of chemical dcfcna is therefore not alEcted. In growing tissue 
wounding stress kads to an increase (up to 100%) in alkaloid accumulation, but under very severe stress conditions 
(when more than 50% of the plant biomass was detached), alkaloid formation is greatly rcduccd during a period of 
recovery ttmc. In non-growing tissue alkaloid accumulation is not enhanced by wounding. Variation of the alkaloid 
content of stress-exposed plants decreases, Indicating a very economic allocation of energy and/or nutrients. 
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lSTR00LCTl0N 

Carharanrhus roseus is a soura of pharmaceutically 
Important indolc alkaloids. Great efforts are being made 
to improve their production in all culture systems. Sina 
many secondary plant compounds may protect plants 
against the phystcal and biotic environment their forma- 
tion is greatly influenced by external factors. We have it m 
mmd to take advantage of these ecological connexions 
with regard to production of CarImrarrrhus alkaloids. 
Plants livmg under stress, for instana in unfavourabk 
climatic conditrons, wrth a nutrient deficit or in com- 
pctitron with other plants, are preferentially attacked by 
predators. These obscrvattons are explained by a 
weakened chemical dcfena system [I, 21. However, xv- 
cral reports exist on more or less unchanged [3,4] or even 
increased kvels of chemical defencc compounds under 
envnonmental stress condittons [>9]. Additionally, in 
all culture systems the application of stress factors may 
promote secondary product formation [IO, I I J. A stress- 
mduccd increase of allclochcmtcals is mtcrpretcd as a shift 
from effective but costly defence systems to less costly but 
less specific defencc systems [2]. We assume that the 
response in a particular plant organ is the result of the 
stress mtcnsny and of the value of that organ for the plant. 

The two stress factors applied in these studies were 
drought stress effected by limited water supply and 
wounding stress cfkctcd by cutting off plant parts. 
Although no reportsexist on thealklochcmkal properties 
of the Corhoronrhus alkaloids general deterrent activities 
against herbivores may be assumed. In field experiments 
we observed a molluricidal effect. The clinrcal studies 
dcmonstratmg pharmaceutical activities for a number of 
alkaloids [ 121 indicate their potency as dcfcnce com- 
pounds against mammahan herbivores. 

RESCLTS AND DISC’CSSION 

lndok alkaloid content (% dry wt) m the green part of 
C. roseus increases during plant development from 0.24 7; 
(S.D. + 0.04) in young 2-month-old plants with six kaf 
pairs to 0.47% (S.D. 2 0.058) in flowering bmonth-old 
plants. An analogous increase of the alkaloid content 
(serpentine and ajmalicinc) was observed in roots during 
the same developmental period [ 131. Shoot tips, i.e. 
leaflets of kss than co SO mg fr. wt. have an alkaloid 
content of l-1.37’ a value which is independent of the 
developmental stage of the plant (Fig. I). From the top to 

Fig. I. Alkaloid content ( % dry wt) of the shoot tip (St) and the 
five coruacutive Lal prrin of 2-month&l non-Rowerin pknnts 
with a total of YX hf pGn and of bmoath4d flowering phna. 
Bu3 of the non-flowering plants are the mean of YX plants 
analyscd individually. bus of the flowering pIants arc the mean of 

three plants analyscd at a time. 
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the ba.se the alkalotd content of consecutive leaf pairs 
decreases. In the flowering plants this alkaloid gradient is 
less pronounad that in the non-flowenng plants. Thus, 
fully developed kavcs of flowering plants have a IWO IO 

three urna higher alkaloid content which leads IO the 
hrghcr average alkaloid content mentioned above. In the 
very youngest parts of the shoot tips (fr. wt < 10 mg) an 
alkaloid content of more than 39; was found. Very 
similarly, in CO&I arubica a purine alkaloid content of cu 

4”0 has been determined in emerging kaflets [143. 
Cocticnts of variation of the alkalotd content of the kal 
pans (3&70. calculated for the non-flowering plants) are 
constdcrably htghcr than those of the whok plant. 

The alkaloid decrease during leaf development may 
partly be explained by dilution as a result of growth. but 
SI~KX the absolute alkaloid amount per leaf pan starts IO 

decrease already in the second youngest kzaf pair. other 
phystologkal and/or metabolic processes are involved, 
c.g. alkaloid transport, increased catabolism, lowered 
synthesis. The alkaloid pattern also changes during plant 
development (Tabk 1). Mainly in older kavcs, however, 
cocffiaents of variation of the relative alkaloid parts arc 
htgh (up to 100, calculated for non-flowering plants). The 
relative part of catharanthine tends IO increase with 
plant age and that of vindoline decreases with leaf age. 

Based on dry WI the alkaloid content of water-stressed 
plants is lower than that of non-stressed plants. There IS a 
positive correlation bctwan the alkalotd and the water 
content of the IISSU~ (Fig. 2). Based on fr. WI. however. the 
alkaloid content and alkaloid pattern of well-irrigated 
plants is not significantly dlffertnt from plants with 
reduced water supply (Fig. 3). During the experiment the 
alkaloid content increases slightly probably due to plant 
development. Sina for a predator only the living tissue 
conantration of a toxic compound is of importance, 
clfectivcncss of chemical defena was not changed by the 
different water conditions investigated in the present 
experiment. It is most remarkabk that under stress 
variation of the alkaloid accumulation d&ream con- 
srderably. The cocfficicn~ of variation ranged between 5 
and 10 compared to IS20 m control experiments. 

To test the cffcst of woudmg stress of low intensity 
(loss of biomass c I 7,) halves of young expanding kavcs 
and of fully developed leaves of flowering plants (co 6 
months old) were GUI off and analyscd; after I I days the 
second halves of the kavcs were analysed (always without 
the middk vein). Assuming that mainly the damaged 
organ exhibits a stress reaction, leaf halves of the opposite 
leaf of a pair were used as a control to monitor develop- 
mental changes. In damaged leaves a compensatory 

I21 

Fig. 2. Correlation bctwan the water ~XIICOI (la3 - [dry wt/fr. 

wt] 100) and the alkaloid content (Ye dry WI) of 6-month-old 
plants. CoctIkknt of dctcrminauon: 0.94. Each point represents 

the IWan of ox analyses. 
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FIN. 3. Alkaloid content (‘T; fr. wt) of &month-old plants under 

different water conditions Plants with IOO?, water were kept in 

pcrmancntly water saturated soil (control). the analyses (mean of 

PX plants) were carnal out after 10 days. 20 days (337. of the 

water of the control) and 30 days (SOO”. of the water of the 

control). 

rabk I. lndok alkalold pattern m kavcs of non-flowcnng (ntl) 2-month- 

old plants and flowcnng (fl) bmonth-old plants. Mean of ux plants (nA)and 

three plants (11). rcspcctlvcly 
-~ ._ -. -- --,_. _-_- 

Alkaloid compositmn (“,.) 
Catharanthme Vindolutc others 

Leaf pair nfl 11 ntl fl nfl fl 
-- _ .-- .-- -- 
Shoot up 27 48 48 40 25 12 

1. Leaf pour 38 49 38 37 24 14 
2. Leafpr 33 51 43 32 24 17 
3. Leaf pair 9 so 36 30 55 20 
4. Leaf polr 25 45 17 21 56 28 

5. Leaf pair 33 2x 0 23 67 39 
~.._ .-- ~---.- - -.- 
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growth of ca l@ 20% was observed (Tabk 2). The fr.idry 
wt ratio was not affoctcd. In fully developed kavcs 
alkaloid metabolism seems not to be changed by the 
experimental treatment. According to lcafagcingabsolutc 
alkaloidcontent decreases within 11 days from 69 to 56 pg 
m dama,@ and in control leaves. Due to compensatory 
growth the relative alkaloid content is 20:/, lower in the 
damaged kavcs. In expanding kaves alkalotd formation is 
stimulated by kaf injury, the absolute alkaloid amount is 
60% higher compared to the control leaves. In a second 
experiment damaged leaf halves were analyscd after 4 
days, but within this time no signifmt change of alkaloid 
content was observed. 

Wounding stress of high intensity (loss of biomass 
z= 93 YO) was applied by cutting off stems and five leaf pairs 
of plants with six leaf pairs. The plants regenerated two 
lateral shoots, one being considerably more vigorous than 
the other. The dominating shoots were analyscd after IS 
and 30 days, respectively. having developed two and five 
kaf pairs. rcspoctrvely. Fresh and dry wt were co 109, 
lower in the regenerated kaf pairs than in the corrcspond- 
ing original leaf pairs The dry WI to fr. wt ratio was also 
IS- 20?, lower in the newly developed kava; this means 
that lamina rigidity is reduced. Alkaloid formation (Ftg. 4) 
IS strongly inhibited at the beginning of the regeneration 
procas: after IS days, when two leaf pairs were rc- 

Fig. 4 Alkalord content (“/, dry WI. mean of sir analyses) of 

shoot ups (SIJ and hve consau~~vc leaf parrs of plan1s wnh srx 

leaf parrscompared wi1h regenerated leaf paus of plants of whrh 

the shoot and five kaf pairs were cut off (mean of three analyxs). 

generated alkaloid content (‘5, dry wt) is -70 “0 lower 
compared to corresponding original leaf pairs. but after a 
period of recovery of 30 days the alkaloid content of the 
regenerated kaf pairs cxacds that of the corresponding 
original leaf pairs by 100% at the most. The degree 
increases with leaf age. Therefore. the stress cffccts a 
slower decrease of Lhe alkaloid content during leaf agcrng. 
The alkaloid pattern is not significantly different from the 
control. Comparing alkaloid variation after the rccovcry 
time of 30 days the coetient of variation is constdcrably 
lower in the stressed leaf pairs (IO 23) than In the non- 
stressed kaf pairs (30 70). 

In conclusion, the results allow us to postulate hy- 
pothcscs co~rning strategies of optimizing chemtcal 
dcfcncc: (I) Variation of alkalotd accumulation in leaves 
decreases during stress. Whereas under non-stress con- 
dittons alkaloid levels m C. roseus may fluctuate to a high 
dcgra. severe stress conditions impose a very cconomtc 
allocation of energy and/or nutrtents and therefore rc- 
due the degree of metabolic ‘varrattons’. (2) 
Commitment to chemical dcfena IS tncrcased in kavcs 
which are growing at the moment of stress (ttuuc of htgh 
value) and unchanged in leaves fully developed (trssue of 
low value). (3) Very vtgorous stress conditions exhaust the 
energy and/or nutriuonal reserves of a plant and may 
greatly rcdua the chemical potential. 

EXPFBIMHCSTAL 

f%U,, “WCM/ and CU/llD,l~iOfl COdituwU. c. IO.W,U (L) (i. h,, 

with red eyed or pink corolta (drought strcs expcrmcnl) grown 

from seeds (Alto&r Samen, Zurich. Swttzcrtand) were cuhiva1ed 

m the greenhouse with day/n@ 1empera1ures of 28 3@:21 23’ 
and 70 80”; humrdny. Plants were suppln~I with nu1nen1 soln 

once a week (WuxalO.3 Y’ Maag. Drekdorf, Swrtzerland) For rhc 
drought strc~ cxpr plants were transferred IO a conirolkd- 

environment chamber and cullivated under lhc following con- 

dntons: l2-hr hgh1 penod. pho1osyntherlcally act~vc raduuon at 

the lop of the planis of 4fIX500~1rnol. m’;.sec, day:‘nighl lemp. 

241 IX’ and day:rught HJO vapour dcficrts of 6.0:3.0 mgil. After I 

month of acchmatuatton planis were culrivated under three 

dilferent HrOcondmons: the firs1 group was kep1 m permanently 

Hz0 satd ml. the saxnd group was cul~~vared wnh SO “; and the 

thud group wnh 33”, of UK HrO of rhe firs1 group. Before 

rmgation (every 2nd day) the stressed ptanu looked w~lrcd. but 

leaf ttr0 po1entral mcreased only shghtly from 10 bar IO - I2 

bar(~a”.H,O)aficrU)daysand~o - 13bar(33”,Il,O)aha20 

days. respectrvely. 

Tabk 2. Effect of wounding stress. One half of a youngcxpndmg kd (kaf pair no. I)and of 

a fully develotxd leaf (leaf parr no. 4) were GUI off and analysed (firs1 halfk after I1 days the 

second halves of the leaves were analysod and compared with leaf halves of the opposite leaf of 

a pan (control). All values are mean of three analyses 
---.-. -- __ _~_ _ .- 

Leaf pan Dry wl: abs. rel. Alkabid contcn1 

no.. Pos. (mg. z s.d J (“J (rg) (“.) ( O0 dry WI. k sd.) 
-__. _ - - .- - .--- _~. 
I. Frrst half 4.6? I.5 100 80 IOU 1.8_cO.21 

1. Second hatf 6 8 t 2.7 I48 I343 163 2.0+0.55 

I. Control 6 3 2 3.7 I37 84 IO5 I 4 0.43 2 

4. Firs1 half 8.7 2 3.4 100 69 100 0.8 I 0.04 t 

4. second half 9.8 2 4.6 112 56 81 0.58~O.ll 

4. Control 8.0 2 2.9 92 56 81 0.74 0.24 k 
- - - .- -_ ~. ._ --.- 
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Dry WI dcrtnninurion. Since alkaloid anaIyus was carried OUI 
wiIh fresh planI material, dry wt of control plants was dc- 
Iermined. Multiplication of the fr. ti of the experimental plants 
with dry wtifr. wt ratio of thecontrol plantlgave the dry WI of the 
expenmental planIs. 

AUaloid determinarbn. Fresh plant material was homogenued 
~mmrdiately after fr. wt detemunarion with 0.1 M HCliMeOH 
(]:I) and cxmcted at 65” for 20 mm (5&15Omg plmt ma- 
terlol~ml~ Afar cooling an aliquor was made alkaline IO pH 9.6 
and pun&d on a Extrelu~ column (Merck, Damtstad~. War 
Germany). ScpsraIcon and quanIitaIion were performed with a 
HPLC system equip@ w,Ih a photcdtode array de~cctor and a 
dale processing unit which allows Intcgratron of the signal aI 
oght dllTerent wavelengths and an auIomatK: purity chazk. For 
peak identlficatlon UV-spectra were recorded from 240 IO 
400 nm vntha band w&h of2 nm. Thecolumn (IS cm x 4.6 mm) 
and the pre-column (3 cm x 4.6 mm) were packed with 5 pm 
Supckoul LC-l8-DB (Supeko Inc.. Belkfonte. U.S.A.) whKh is 
apeclally suitabk for the sepn of bgslc compounds. As mobk 
pha_u M&N aq. 0.05 M KH,PQ buffer (pH 5.6) was used at a 
flow ralc of 0.9 ml;min in Ihe following proportions ( a0 M&Y): 
0 I mm isocralk 35.5”, I 30 min hnear gradient 35.5 54”:. The 
xpn was carnal OUI at a column Kemp. of w Under these 
chromatographK condlrlons the following k’ values were ob- 
Iamed for our ref. substances: serpentine 2.1. catharanrhinc 3.2. 
ajmaltcmc 4.1. vmcnrrine 4.5, vinblasrme 6.2, wndolm 6.8, 
Ietrahydroalstonme 11.9. tatxrsomne 15.9. Vmdolmeand cathar- 
anrhine were obtamcd from Ely Lilly & Co (Indrrnapol~s. 
lJ.S.A.), Iabersonme was a gift from Mr. A. Guggisberg (Organs: 
Chcmwry Institute of the Umversity of Zurich. Switzerland). all 
orher reference substances were purchased from Roth GmbH 
(Karlrruhc. War Germany). 
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