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Abstract--Ellipticine derivatives or analogues, tetracyclic alkaloids used in human cancer treatment, 
have been evaluated with regard to their interaction with several neurotransmitter receptors, in order 
to explain or to predict the side effects which occur in man. These drugs were recently found to be 
reversible non-competitive inhibitors of cholinesterases. In this study, we have shown that cllipticines 
are also potent muscarinic antagonists, only 100-fold less active than atropine in inhibiting 50% of the 
specific binding of (3H) quinuclidinyl benzilate on rat brain preparation of muscarinic receptors. That 
the interaction with muscarinic receptors is quite unique has been demonstrated by the lack of interaction 
with three other neurotransmitter receptors. Tertiary amines show relatively less blockade of muscarinic 
receptors, while substituted ammonium ions are better inhibitors of the QNB binding. The possible 
mechanisms of in viuo action of these alkaloids is discussed. 

Ellipticines are tetracyclic alkaloids with significant 
antineoplastic activity. Although the mechanism of 
action remains unclear, it has been demonstrated 
that these drugs are DNA intercalating agents in 
vitro. Among the numerous synthetic derivatives of 
ellipticine, some have been the subject of further 
preclinical and clinical study on the basis of their 
high therapeutic index and broad spectrum activity 
[1]. The most active members of this series are: 
elliptinium N (2-methyl 9-hydroxy ellipticinium, NSC 
264137), with established activity in human breast 
and kidney cancer; 9-methoxy-ellipticine with 
activity in human acute myeloblastic leukemia; and 
an ellipticine isomer, 9-hydroxy olivacinium. Their 
structural formulas are shown in Fig. 1. 

These drugs possess a lipophilic skeleton with 
hydrophilic substitutions. The most important sub- 
stitution is that occurring on the nitrogen of the 
isoquinoline ring: 9-methoxy-ellipticine does not 
possess any such substitution and acts as a teritary 
amine in contrast to the two other compounds, which 

, have substituted ammonium ions. 
In a previous study, we have shown that ellipticine 

and derivatives are reversible non-competitive 
inhibitors of true and pseudo-cholinesterases [2]. 
The quaternary ammonium derivatives produced sig- 
nificant inhibition of these enzymes, whereas tertiary 
amines are only poor inhibitors. These results are in 
good agreement with previous observations, indi- 
cating that positively charged drugs may interact with 
cholinesterases. Several cholinesterase inhibitors 
which possess a charged pole are also described to 
be muscarinic ligands [3]. 

The purpose of the present study, therefore, was 
to determine the in vitro interactions between key 

t To whom correspondence should be addressed. 
1! Celip tiuml~ (Institut Pasteur Production). 

ellipticine derivatives and neurotransmittcr recep- 
tors. Since ellipticine side effects seem to involve an 
interaction with acetylcholine, the study of musca- 
rinic receptors and nicotine acceptors sites were 
included in this work. The study of two other types of 
receptors (/3-adrenergic and benzodiazepine, central 
type) was performed in order to determine the speci- 
ficity of the interaction described. 

MATERIALS AND METHODS 

Drugs. Radioactive ligands: (3tt) quinuclidinyl 
benzilate (ONB), (3H) dl-nicotine, (125[odo) cyan- 
opindolol (CYP) and (3H) diazepam, were obtained 
from New England Nuclear Co. (Boston, MA). 
Ellipticine derivatives were provided by Institut 
Pasteur Production (Paris, France) and by Dr. N. 
Dat-Xuong (Gif-sur-Yvette, France). Atropine, pro- 
pranolol, diazepam were obtained from Sigma 
Chemical Co. (Saint-Louis, MO). Nicotine was a 
generous gift of Pr. M. M. Plat. The source of (14C) 
elliptinium acetate (sp. act. 55 mCi/mmole) was 
SANOFI Recherche (Paris, France). Bio-Rad pro- 
tein assay kits were obtained from Bio-Rad Lab. 
(Mtinchen, F.R.G.).  All other compounds were of 
the best grade available and were obtained from 
commercial sources. 

Membrane preparations. Male Wistar rats were 
decapitated and their brain and lungs were removed 
rapidly. Cerebral cortices and striata were separated 
from other cerebral structures and placed in 0.1 M 
phosphate buffer, pH 7.4 (Buffer A), for the study 
of muscarinic receptors, in 20 mM Hepes buffer, 
pH 7.5 (Buffer B) for the study of nicotine acceptors 
sites and in 50 mM Tris-HCl buffer, pH 7.4 (Buffer 
C) for benzodiazepine receptors. The three prep- 
arations were then homogenized by Polytron action 
at 4 °, followed by slow centrifugation (150 g, 10 min, 
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Fig. 1. Structure of ellipticine derivatives included in the 
study: methoxy-ellipticine, elliptinium and 9-hydroxy- 

olivacinium. 

4°). The supernatants were removed and centrifuged 
once (25,000g, 30 min, 4°). The resulting pellets 
were resuspended in their respective ice-cold buffers 
and adjusted for a final protein concentration ranging 
from 0.5-1 mg per ml. Rat lungs were placed in 
50 mM Tris-HC1 buffer, pH 7.5 (Buffer D), and after 
two washes, were subjected to the same steps as 
above in order to obtain a lung membrane prep- 
aration for the study of fi-adrenergic receptors. 

Binding assays. All binding assays were performed 
in triplicate in 3-6 separate experiments. 

The binding to muscarinic receptors [4] was deter- 
mined by (3H) QNB binding, 0.5 nM, in a final 
volume of 0.5 ml (Buffer A). Incubation was carried 
out for 45 min at 37 ° and terminated by rapid filtra- 
tion through Whatman GF/C glass fibre filters. The 
filters were washed with ice-cold buffer until dryness 
and counted in scintillation fluid, on a Beckman 
counter. Each drug included in this study was tested 
in concentrations ranging from 10 -9 to 10 -3 M, and 
compared with atropine. Non-specific binding was 
determined with atropine, 10 -6 M. 

The binding to nicotine acceptors sites was deter- 
mined with (JH) nicotine, 40 nM in a final volume 
of 0.14ml (Buffer B). The incubation time was 
45 min, at 20 ° [5]. Non-specific binding was deter- 
mined with the reference drug, d/-nicotine, 10 -5 M. 
The methodology was the same as described above. 

Benzodiazepine receptor binding was performed 
using (3H) diazepam, 2.0 nM in Buffer C with incu- 
bation for 30rain, at 20 ° [6]. Non-specific binding 
was determined with the reference drug, diazepam, 
10-5 M. 

The binding of (~:51) cyanopindolol, 0.1 nM to [3- 
adrenergic receptors on rat lung membranes was 

conducted at 20 ° for 30 min [7], using propranolol as 
the reference drug (non-specific binding: propranolol 
10 6 M). 

The binding of (14C) elliptinium to rat brain was 
determined using the same conditions as described 
above for (3H) QNB. When this binding was per- 
formed in the presence of (3H) QNB. the fixation of 
each ligand was separately counted. 

Receptor data analysis. The 50% inhibitory con- 
centration (Its0) defined as that concentration of 
drug which reduced specific binding by 50%. was 
corrected for radio-ligand occupancy shift according 
to the equation: K i = ~c50 (1 + C/Kd), where Ki. K,~ 
and C represent the inhibition constant, the dis- 
sociation constant and the concentration of the radio- 
ligand. The binding parameters were determined 
from the experimental data by non-linear least- 
squares regression analysis. 

R E S U L T S  

Muscarinic receptors 
Inhibition plots of (3H) QNB binding to muscarinic 

receptors are shown in Fig. 2. The Ki value for 
atropine was 7.8 -+ 2.4 10 10 M, whereas methoxy- 
ellipticine, elliptinium, and 9-hydroxy olivacinium 
inhibited 50% of the binding at 1.5 -+ 0.3 10 ~ M, 
4.9 + 2.2 10-SM and 1.6-+ 0.6 10-7M respectively. 
Thus, elliptinium and 9-hydroxy olivacinium demon- 
strated considerable affinity for muscarinic recep- 
tors, only 100-fold less than that of the standard, 
atropine. Furthermore, in the case of elliptinium, 
the K i value represents a concentration of the same 
order as that achievable in man following a standard- 
dose elliptinium infusion [8]. Hill plots of these data 
indicated that the binding of ellipticines to muscarinic 
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Fig. 2. Inhibition of (-~H) QNB binding by elliptieine deriva- 
fives: comparison with atropine. The reference drug atro- 
pine (O) has a K i value of 0.78 nM, while elliptinium ((3) 
and 9-hydroxy-olivacinium (A) have comparable values 
(K~ = 49 and 160nM, respectively), Methoxy-ellipticinc 
(•), a tertiary amine compound, is only a poor inhibitor 

of the binding (K 15 HM) 
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receptors was not consistent with a two-site binding 
equation. The Hill coefficient (slope of the Hill plot) 
for atropine was 0.94-+ 0.08, a value commonly 
obtained for muscarinic antagonists [9]. Hill coef- 
ficients for the ellipticine derivatives were as follows: 
9-methoxy ellipticine, 1.06 -+ 0.14; elliptinium, 
0.89 -+ 0.12; and 9-hydroxy olivacinium, 0.95 -+ 0.05. 
These data could suggest that the compounds behave 
as muscarinic antagonists. Further experiments on 
isolated organs are in progress in order to confirm 
these results. 

Nicotine sites 
all-Nicotine exhibited a K i value of 3.5 10-8M, a 

value in good agreement with previous observations. 
Ellipticine derivatives failed to inhibit (3H) nicotine 
binding at concentrations below 10 -4 M. Only 10% 
of the total binding is inhibited at this concentration. 
Furthermore.  these compounds were unable to inter- 
act with ct-bungarotoxin binding sites (data not 
shown). However,  nicotine sites are not directly 
reliable with nicotinic receptors, nicotinic com- 
pounds always inhibit the binding of (3H) nicotine 
with its sites [5]. The negative result obtained with 
ellipticine derivatives could indicate that these com- 
pounds are not nicotinic ligands. 

Benzodiazepine receptors 
The reference drug, diazepam, was determined to 

have a Ki value of 1.25 10 -8 M. No displacement was 
observed when the binding was conducted with the 
ellipticine derivatives. 

[~-adrenergic receptors 
However, (lzsI) CYP does not discriminate 

between the two subtypes, i.e. /31 and /3z, adreno- 
ceptors, the binding of this ligand indicated pre- 
dominantly the presence of/32 receptors, according 
to the fact that the ratio/32//3 , in rat lungs is about 
3. Propranolol inhibited 50% of (125I) CYP binding 
at 4.0 10 9 M. The Kis of the ellipticine derivatives 
were as follows: 9-methoxy ellipticine, 1.25 10 -4 M;  
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Fig. 3. Binding inhibition obtained with elliptinium 10 -6 M 
(hatched bars) in comparison to the inhibition induced by 
the respective reference drug 10-8M (open bars). This 
figure indicates that ellipticine derivatives interact only with 

muscarine receptors. 
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elliptinium, 8.2 10 -5 M, 9-hydroxy olivacinium, 9.2 
10 -5 M. Thus, only poor affinity of ellipticines for 
adrenergic receptors could be demonstrated. 

Figure 3 indicates the binding inhibition obtained 
with elliptinium, 10 -6 M (therapeutic levels), as com- 
pared to the inhibition induced by the respective 
reference drugs (atropine, nicotine, diazepam, pro- 
panolol), all at a concentration of 10- s M. The speci- 
ficity of the interaction of ellipticine derivatives with 
muscarinic receptors is significant. No notable inter- 
action was observed with the three other receptors. 

Thus, it seems evident that the cholinergic system 
is a target for ellipticines, since interaction with two 
components of this system (cholinesterases and 
muscarinic receptors) has now been clearly demon- 
strated. It is possible that ellipticine derivatives react 
with the anionic site of the muscarinic receptor via 
the quaternary nitrogen group [10]. Furthermore, 
the lipophilic nucleus of the ellipticines may be easily 
attracted to the hydrophobic zones of the muscarinic 
receptor, and by this means, may block such 
receptors. 

The study of elliptinium binding to the rat brain 
preparation was performed using (~4C) elliptinium 
as tracer (1%), resulting in a total elliptinium con- 
centration ranging from 10 -7 to 10-5M. Figure 4 
shows the fixation of elliptinium compared to the 
fixation of (3H) QNB, as a function of the total 
elliptinium concentration. There was a certain non- 
specificity of the fixation, because of the interaction 
with phospholipids. (3H) QNB binding was blocked 
by elliptinium, but, in addition, for each molecule of 
QNB which was displaced, approximately 300 mol- 
ecules of elliptinium were bound. This result is in 
good agreement with the observation that ellipticine 
derivatives interact in a very important way with 
membranes [11]. This study shows that, although 
the interaction of ellipticines with neurotransmitter 
receptors is quite specific for the cholinergic system, 
the fixation of these drugs to membranes is even 
more important. 
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Fig. 4. Fixation of elliptinium vs (3H) QNB to rat brain, as 
a function of the total elliptinium concentration (10 s to 
10 7 M), using (3H) ONB 0.5 nM and (14C) elliptinium as 
tracer (1%). The fixation of elliptinium (©) is approxi- 

mately 300-fold greater than that of QNB (0) .  
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DISCUSSION 

The results  of the present  s tudy allow for some 
i m p o r t a n t  clinical cor re la t ions  with regard  to ellip- 
t in ium,  the m e m b e r  of this series with the greates t  
clinical use and  least toxicity. Two obse rved  side 
effects of e l l ip t in ium may involve the  chol inergic  
system: asialia, which occurs  in approx imate ly  40% 
of the pa t ien ts ,  and  d ia r rhoea ,  occurr ing in as many  
as 80 -100% of pa t ien ts  [12]. Asial ia  is a c o m m o n  
side effect resul t ing f rom the admin i s t r a t ion  of para- 
sympatholy t ic  agents .  In addi t ion  to the p resen t  dem- 
ons t ra t ion  of significant affinity of ell ipticines for 
muscar in ic  receptors ,  e l l ip t in ium is known to con- 
cen t ra t e  significantly in salivary glands [1], a l though  
no resu l tan t  his tologic abnormal i t i e s  occur. 

Genera l ly ,  the  d i a r rhoea  associated with cytotoxic 
c h e m o t h e r a p y  is re la ted  to a non-specific act ion of 
such drugs  upon  intes t inal  muscosal  cells, t t oweve r ,  
in the  case of e l l ip t in ium it is possible tha t  this 
side effect is also re la ted  to an in terac t ion  with the 
chol inergic  system. Dur ing  chronic  toxicity s tudies 
of rats receiving el l ip t inium,  cons iderab le  d ia r rhoea  
was consis tent ly  obse rved  in associat ion with intes- 
tinal d i la ta t ion.  

Studies are in progress  to de t e rmine  the in v i v o  
act ion of el l ipt icine der iva t ives  upon  marker s  of the 
chol inergic  system. 
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