
Strychnopentamine, a Potential Anticancer Agent 

J. Quetin-~eclercq'~~, B. ~ o u z a h z a h ~  A. Pans. R. ~ r e i m e r s .  L. Angenot:', R. Bassleer3 andH. ~arbason' 
' Laboratoire de Pharmacognosie. Institut de Pharmacie, Université de Liège. rue Fusch. 5, B-4000 Liège, Belgium 

Département d'Anatomie Pathologique. Université de Liège, Tour de Pathologie B23. B-4000 Liège. Belgium 
Laboratoire d'Histologie et de Cytologie. Facuité de Médecine, Université de Liège. rue de Pitteurs. 20, B-4020 Liège. Belgium 
Address for correspondence 

Received: January 27.1992; Revision accepted: June 14,1992 

Abstract 

We analysed the effects of strychnopen- 
tamine, an alkaloid isolated hom Strychnos usamba- 
remis,  on an Ehrlich ascites tumor growing in the 
m o u e  after inoculation. Four subcutaneous injections 
of 1.5 mg strychnopentamine (1 per day) induce a signifï- 
cant decrease of the nurnber of tumor cells and a signi6- 
cant increase of the survival of the treated mice. Observ- 
,ed side effects are partial haemolysis and some liver 
damage. 
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introduction 

Strychnopentamine (SP) (1) is a dimeric in- 
dole alkaloid isolated hom the leaves and stem bark of an 
African Loganiaceae: Strychnos usambarensis Gilg (1, 2). 
Our group showed that, in vitro, it can exert a relatively 
strong cytotoxic activity on cancer and non-cancer cell 
lines, apart hom a concentration as low as 0.5 pg/ml(3,4). 
The present paper is devoted to preliminary studies per- 
formed in vivo on mice bearing an Ehrlich ascites tumor in 
order to analyse the activity of strychnopentamine on this 
tumor and its eventual toxicity in the animal. 

Materials and Methods 

Strychnopentamine (SP) was extracted and puri- 
fied foiiowing methods we previously described (1.2). It is used in 
its diacetate form in solution in purifïed distüied water. 

AnUMls used were 2 to 3 months old male C57BU 
65 (Jackson) mice weighing approx. 25 grams. 

Analysis of the effects of SP on the tumor 
in the mouse 

1 106 Ehrlich tumor ce& (ELT line) are Aocu- 
lated (i.p.1 into 48 mice. Three mice are sacrinced on days 2. 4.6, 

and 8 after the graft. On day 10. 1 ml of a solution containing a 
q-~&$ntity of SP corresponding to 1.5 mg base is injected subcuta- 
neously into 24 of these mice bearing a tumor. One ml of a normai 
saline solution is injected into the 12 control mice. Three treated 
mice are sacrinced 1 hour after the injection and 3 others 5 hours 
later on. Three control mice are also sacrinced 3 hours after the in- 
jection of the normal saline solution. The next day. the remaining 
treated mice received one S.C. injection of 1.5 mg SP and control 
mice. one S.C. injection of 1 ml of a normai saline solution. Three 
treated mice are s a c d c e d  1 hour after this second injection. and 3 
others 5 hours later. Three control mice are also sacrinced 3 hours 
after their second injection. The same procedure is repeaîed dur- 
ing 2 other days on the remaining mice after a third and a fourth 
injection of 1.5 mg of SP or 1 ml of a normal saline solution. 

Flow cytometry and DNA analysis 

The ascites cancer ce& are coiiected from the 
peritoneai cavity by successive washings with a solution of heparin 
in PBS (12 Wml). The DNA was stained with propidium iodide 
(Sigma) with or  without previous lysis of the ce& using the de- 
tergent-trypin method of Videlov et ai. (5). This procedure ai- 
lowed to distinguish between surviving and dead ce&. For each 
sample, 20,000 nuclei were run on a flow cytometer FACS 440 
(Becton Dichson, Mountain View, CA, USA) equipped with a Con- 
sort 30 management system. See Melamed et ai. (6) for a complete 
review of this technology. The excitation source was an argon-ion 
laser emitting a 488 nm beam at 200 mW of power. T>e red fluo- 
rescence of the DNA-propidium iodide complexes was coiiected 
throueh a 620/25 band-~ass  fiiter. The DNA content of the nuclei 
was dkplayed on a line& scaie as monoparametric histograms of 
255 channels of resolution. The GO. G1. S and G2M fractions were 
then mathematicaiiy extracted b y  the 'sum of broadened rect- 
angle" aigorithm (7). 

Detection of mitotic and pycnotic cells 
(Feulgen) 

An aliquot of each ceii suspension is centrifuged 
with a cytospin and the ce& spotted on a slide and fixed for 24 
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hours in a mixture of absolute ethanol-acetone = 1 : 1 and then for 
48 more hours in methanol. The cells are then stained with the 
Feulgen reaction. On these slides, we calculated the number (L) of 
pycnotic and of mitotic cells and the percentages of the different 
phases of mitosis. For each condition, at least 1500 cells were 
counted. The results were compared to control values by the 
statistical Mann-Whibey test. 

Effects of SP on the suruiual of the mice 
bearing a tumor 

1 . 106 Ehrlich ascites tumor cells are inoculated 
(ip.) into 16 mice. Eight of them are treated with 4 successive in- 
jections of SP on days 10, 11, 12. and 13 (see above). The 8 other 
animais (controis) receive a saline solution. The number of sur- 
viving mice is noted every day. Survival c w e s  are established in a 
Probit-Log grid of coordinates. We put the survival fraction of mice 
in ordinates and the number of days afkr  inoculation of the tu- 
mors in abscissae. This graph d o w e d  us to determine the mean 
survival time (50 % survival) for treated and control mice. 

Possible toxicity of SP 

4 healthy mice receive 4 subcutaneous injections 
of SP (as above) and are sacrificed 1 hour after the last injection. 
The blood is collected and aliquots are prepared for cell counts or 
quantitative measurements of creatinine, GOT (glutamic-oxalo- 
acetic transaminase) and GPT (glutamic-pymvic transaminase) 
using automatized methods as  those used for human blood ana- 
lysis on an ERIS' apparatus. The concentration of creatinine is 
measured following the JaEé reaction (8). Enzyrnatic methods are 
used for GOT and GFT (9). 

I Mutagenic or antimutagsnic effects 

These tests are performed in vitro according to 
the Ames test (10) as modiiïed by De Meo et al. (1 1) on Salmonella 
typhimurium with a solution of SP, (final concentration: 500pg/ 
ml). The çtrains used for the analysis of the potential mutagenic 
effect of SP areTA97, TA98, TA100, and TA102 S. typhimurium 
with or wiQout addition of a metabolic fraction (S9 MIX) extracted 
from a rat liver induced by Aroclor 1254. The antimutagenic effect 
is measured with benzo[a]pyrene and smoker urine as standard 
mutagens. The Ames test is used on TA98 S. typhimurium with the 
S9 MM metabolic fraction. 

I Haemolytic properties 

36.000 mouse red blood cells in 0.21111 PBS 
(phosphate butfer solution) are inoculated into a NUNC 24 well 
plate. 0.2 ml of a solution of SP in a TGL solution (Tyrode-glycosol) 
containing 300.150.100,50.30,15.7.5. or Opg SP/mlare added. 
Erythrocytes are then observed under an inverted phase contrast 
microscope 1 hour and 24 hours later. 

1 Statistical analysis 

For comparing control values to values obtained 
for treated mice, the non-parametric Mann-Whitney test was ap- 
plied. P values lower than 0.05 were considered as  significant. All 
these analyses were performed on a PS2 (mode1 60) computer with 
Statgraphic software. 

! Results and Discussion 

Figure 1 shows that 4 daily S.C. injections of 
i 

I 
1.5 mg of strychnopentamine (SPI induce a s i m c a n t  de- 
crease of the number of living Ehrlich ascites tumor cells. 

! According to results obtained by FACS analysis, a decrease 
of the percentages of celis in S phase but an increase of the 
percentages of celis in G2M are observed in ELT ceii 

populations treated with SP (Figs. 2 and 31. These results 
could be interpreted as a sign of a disturbance in the celi 
cycle, probably due to an increase of the duration of G2 
and/or to some inhibition at the G2M transition. Further- 
more, we did not observe any significant moecation of 
the nurnber of mitotic cells (i.m. treated: 34.9 f 2.9. con- 
trols: 29 f 7.3) and of the percentages of cells in each 
phase of the mitosis, thus indicating that the M phase is 
also longer. However, we did not h d  any s i w c a n t  modi- 
fication of the number of pycnotic nuclei in the treated tu- 
mors even after 4 injections of SP (i.p. treated: 25 f 0.93, 
controls: 19.6 f 2.1). The discrepancy between the results 
of the pycnotic indexes and the increase of the number of 
dead cells by FACS analysis could be explained by the fact 
that most ofthese cells are lysed and undetectable on slides 
after staining. 

nurnber of 
, turnor cells x 105 injections of  S.P. 

o control turnor - O P  
a treated turnor 
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Fig. 1 Effects of 4 successive s.c. injections of 1.5 mg of SP (on days 
10, 11, 12, and 13  after the gram on the number of suiviving Ehrich 
ascites turnor cells: treated -O-, controls +. 

0.- I 
9 10 11 12 13 14 

days after t h e  graft 

Fig. 2 FACS analysis of the effects of 4  successive S.C. injections of 
1.5rngof SP(ondays10, 11, 12, and 13afterthegraft)onthe 
percentages (rneans t standard errori of ELT cells in S phase of the 
cycle: treated: -A-, controls: -A-: 'p < 0.05. 
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Fig. 3 FACS analysis of the effeds of 4 successive S.C. injections of 
1.5 mg of SP (on days 10, 11, 12, and 13 after the grafü on the 
percentages (means 2 standard error) of ELT cells in G2M phases of 
the cycle: treated: -A-, controls: -A-; 'p < 0.05. 
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Fig. 4 Effects of 4 daily S.C. injections of 1.5 mg of SP (on days 10, 11, 
12, and 13 after the grafü on the survival of mice bearing an ELT 
ascites: treated: -O-, controls 4-. 

AU these results agree with those we ob- 
tained for cells cultures in vitro and treated with SP (3) ac- 
cording to which the major cytotoxic effect of SP is a strong 
decrease of the number of cells. 

Figure 4 shows that SP induces a sigr&- 
cant increase (P c 0.001) of the mean survival tirne of the 
animals bearing an Ehrlich ascites (treated: 18.75 days + 
0.45/controls: 13.25 days + 0.59). 

Altogether, these results indicate that SP 
could well have an interesting antitumor activity in mice 
bearing an Ehrlich tumor. 

We also performed some preliminary tests 
in order to detect passible signs of toxicity due to a treat- 
ment with SP. Previous studies had showed that one i.p. in- 
jection of 2 mg SP is quite toxic for the mouse (4) while sub- 
cutaneous injections of 1.75 mg SP given during 3 conse- 
cutive days were apparently much less toxic (12). After re- 
ceiving SP, mice were less active irnmediately after the in- 

jections but this transient apathy disappeared after a few 
hours and the mice were still alive thereafter. 

We messured the amounts of creatinine, 
GOT, and GPT in the plasma of mice injected with SP in 
order to detect possible rend and hepatic lesions. Blood 
cell counts were also realised. These measurements were 
performed 1 hour after the fourth injection of 1.5 mg SP on 
day 13. The results given in Figure 5 indicate that a treat- 
ment consisting of 4 injections of 1.5 mg of SP induces a sig- 
niticant increase of GOT and GPT, related to some liver 
damage. No effect on glomerular filtration (level of creati- 
nine not mod$ed) could be suspected. We also noted a 
slight modification (not signincant) of the percentages of 
leucocytes and platelets. The major effect is a considerable 
decrease of the haematocrit and of the number of erythro- 
cytes. but without any decrease of total haemoglobin, sug- 
gesting a probable haemolysis. So we realized a test in 
vitro on mouse blood cells. The results (Table 1) show that 
SP effectively has haemolytic properties but at higher con- 
centrations than 30 pg/ml. Such a hi& concentration could 
nevertheless be obtained for a,short tirne in the blood of the 
treated mice, just after the injection of 1.5 mg of SP, which 
can explain the observed haemolysis. 

V 

E L Hb Ht P TG0 TGP Crea 

Fig. 5 Effects of 4 daily S.C. injections of 1.5 mg of SP (on days 10, 11, 
12, and 13 after the grafü on the number of erythrocytes (El, leucocytes 
(L) and platelets (P), on the quantdy of haemoglobin (Hb), on the 
haematocrit (Hu, and on the amount of GOT CTGO), GPT CTGP), or 
creatinin (Crea) in plasma. Values (means 2 standard error) are ex- 
pressed as percentages of the conesponding control values considered 
as 100 %; 'p < 0.05. 

\ L 
Table 1 Haemolytic activity exerted by SP on mouse erythrocytes in vitro. 

Concentration(pg/rnI) 300 , 150 100 75 50 25 15 7.5 

after 1 hour + + C C - - - -  

after 24 houn + + + + + - - -  
+ = total haemolysis; 
f = partial haernolysis; 
- = no haernolysis. 

The in vitro experiments (3) also indicated 
that a cytotoxic activity was already detected at 0.5 pg/ml, 
that is the reason why experiments are in progress in order 
to lower the concentration of SP in the blood of the treated 
mice so reducing or avoiding any haemolysis. This could 
perhaps be achieved by using repeated injections of smaller 
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quantities of SP or another mode of admuiistration. It is 
also interesting to note that experirnents performed on S. 
typhimurium indicate that S P  is devoid of any mutagenic or 
antimutagenic effects. 

Conclusions 

These preliminary experiments indicate 
that strychnopentarnine which has been previously shown 
by our group to be able to inhibit ceii proliferation in uitro 
can also exert an anticancer activity in rnice bearing an 
Ehrlich ascites tumor (ELT). ~trychnopentamine can de- 
crease the number of these turnor cells and increase the 
duration of suMval of animals inoculated with ELT ceiis. 

However, strychnopentamine, like many 
other substances used in cancer chemotherapy, is not de- 
void of toxicity. The major side effect detected in our study 
are liver damage and haemolysis occurring at much higher 
concentrations than those n e c e s s q  to obtain a cytotoxic 
effect in the tumor. Experiments now in progress are plan- 
ned in order to define better therapeutic schemes. This 
probably could be achieved by using either lower doses 
given several tirnes a day or another route of adminis- 
tration of the substance. 
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