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Several antitumor drugs (actinomycin D (1,2), daunorubicin (2,3), adriamycin (4), 

ellipticine derivatives (5) ) interact with DNA by intercalation between two adjacent base 

pairs. Although the relation between DNA intercalation and antitumor activity is not completely 

understood, the design of DNA intercalating compounds binding to DNA with high affinity appears 

to be an efficient approach for the search of new antitumor drugs, as discussed recently (6,7, 

8). 

In order to obtain compounds of high affinity for DNA, a number of bisintercalating drugs, 

mostly in the series of acridine, phenanthridine, quinoline or ellipticine have been synthe- 

sized in our laboratories (9,10,11,12,13) and in others (14,15,16,17,18,19). These studies have 

recently led to the discovery of compounds having a significant activity on P388 leukemia (17, 

20). 

In previous works (11,12,21), the conformation of several bifunctional intercalators was 

studied. It was observed that these molecules tend to be folded in solution because the two 

aromatic rings exhibit a great tendency to stack on each other. The result of such an autosta- 

eking is a large decrease of the basicity of the nitrogen on the aromatic ring (21) followed 

by a dramatic decrease of the DNA affinity near the physiological pH (21,22). 

Consequently our approach was to synthesize new derivatives made up of potentially active 

intercalating moities having a quaternary ammonium group linked by more rigid chains in order 

to prevent as much as possible the folding of the dimer. Various 7H pyridocarbizoles (23) were 

linked with different cyclic aminoalkyl chains (24) allowing the study of the importance of 

the nature and the position of the connecting chain in the dimer. In this preliminary communi- 

cation we report the antitumor activity of some of these dimers as an ilIustration of the 

potential interest of these compounds. A more detailed study concerning the synthesis, the 
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physicochemical properties, the DNA binding characteristics and the biological properties of 

the pyridocarbazole dimers will be reported later. 

L 1210 murine leukemia was used for antitumor evaluations because of its good predicting 

value for human cancer (25). Determination of the antitumor activity was performed as reported 

earlier (26). IO5 cells were intraperitoneally inoculated to female DRA/2 mice (15 animals per 

grow). The compound under study was injected intraperitoneally 24 hours later. Deaths were 

recorded every day at the same hour. Animals which survived for more than 45 days were consi- 

dered as cured. The mean survival time of treated animals (T) was compared to that of control 

animals (Cf. The increases in life span (ILS) were calculated as g x 100. The acute toxicity 

of the compounds was determined by the usual procedure. The highest dose which could be admi- 

nistered without causing animal death (LDo) was taken as unity, and dosages were expressed in 

fraction of LDo to appreciate the chemotherapeutic indexes. The statistical significance of 

the results was determined using the test of Student. Unless otherwise stated all ILS values 

were statistically significative (p < 0.05). 

The activities of the monomers and the corresponding dimers are reported in table 1 and 2, 

respectively. 

Table 1. 

Activity of monomeric 7H pyridocarbazoles on L 1210 mice leukemia. 

- 

Compound R, 
R2 R3 

LDO 
Dose ip 

a,fi Control Treatefi5)T,C 9C 

(mg/kg) Fraction LDo 
survival survival ’ ’ 

time (days) time (days) 

I H OCH3 -CH3 60 0.5 8.8iO.4 9.ako.4 1 I I 

2 H OCH3 -(CH2)2-N3 IO 1 9.2iO.9 8.Si0.3 ns 

3 CH3 OCH3 -CH3 25 0.7 9.6+0.7 11.720.9 122 

4 CH3 OCH3 -(cH,)~-~3 5 0.5 8.4io.9 a-4+0.4 n.5 

5 H OH -CR, 25 1 9.6iO.7 9.3iO.5 ns 

r2 : mean survival times are given with f twice the standard error. 

b .' IO5 cells are inoculated ip to female DBA/2 mice (I5 animals per group). The product is 

injected ip 24 hours later and deaths are recorded every day at the same hour. 

c : T/C X = 
treated survival time 
control survival time 

X 100. ns = statistically not significant. 



Table 2. 

Activity of 7H pyridocarbazole dimers on L 1210 mice feukemia.a 

_^ --. 

Compound RI IS 
LDu Dose Control Treated 

(mgikgf Fraction LDo 
survival survival T/C X 

time (days) time (days) 

7 

8 H OH 50 

50 0.4 

0.25 

0.2 

0.1 

0.02 

25 0.8 8.3f0.4 32.9~1,9 

a-4 8.3N.4 11.8f0.9 

0.05 8.31tO.4 11.9itI.2 

0.4 8.4kO.6 13.2~~1.9 

0.2 8.4~0.6 12.9kl.5 

0.02 7.9kO.7 9.4k1.2 

9.9tl .a 
8.6iO.7 

9.9t1.0 

9.9kl.O 

9,9*1.0 

18.li4.7 182 

18.624.7 216 

14.3it2.6 144 

13.6*2.9 137(?/15? 

12.2io.9 23 

153 

119 
-. 

a : same conditions as in table 1. 

b : 45 days survivors. 

These results show clearly that in this series, a considerable increase in the antitumor 

activity is induced by the dimerization process. The DNA binding affinity of the dimers is ala 

100 to 1000 times higher than that of the monomers (results not shownf. 

While the monomers 1 to 5 demonstrate practically no valuable activity, the corresponding 

dimers exhibit T/C up to a value of 216. A substantial percentage of cured animals is obtained 

with compound 7. In addition, the therapeutic indexes of all dimers appear to be remarkably hig 

Compound 6 is still active at a dose 50 times smaller than the LIlo. 

The dimerization of 7H pyridocarbazales appears therefore to enhance considerably the ant 

tumor activity. 

According to our primary assumption, the design of compounds with high affinity for DNA 

seems thus to increase the chances of getting more potent drugs. A more extensive study of a 

large variety of monamers and dimers with various experimental tumors is still necessary to ge 

a better undestanding of the mechanism of action of this type of agents. 

Nevertheless these preliminary results emphasize the potential interest of bifunctional 

intercalators in the field of antitumoral drugs. 
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