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serum free fatty acid concentration which, as reported [18]. 
blocks phosphohpid methyltransferase Whether  the high 
serum levels of free fatty acids are responsible for the 
Impaired phosphollpid methyltransferase response to glu- 
cagon in diabetes remains to be determined 
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Interaction between ellipticine derivatives and circular supercoiled DNA as revealed 
by gel electrophoresis. Possible relationship with the mechanisms of cytotoxicity 

(Received 7 August 1985, 

Certain elliptlclne derivatives are DNA intercalating cyto- 
toxic agents with antitumoral activity against experimental 
tumors [1] and in chnical cases [2] Their mechanisms of 
action have been related to their DNA affinity as measured 
by competit ion with ethldium bromide [1], to their ability 
to be oxidized and to generate electrophdic intermediates 
[3] and lastly to their capacity to Inhibit topoisomerase II 
acuvlty [4] However,  no relaUonshlp between cytotoxic 
activity and the above mentioned biochemical properties 
has been demonstrated for various substituted compounds 
Two possiblhtles should, therefore,  be taken Into con- 
slderation (1) modifications in different regions of the 
elhptlclne molecule induce different series of compounds 
with different mechanisms of action, and (2) some bio- 
chemical property of the elhptlcine structure, related to its 
cytotoxic effect, remains unknown In this paper,  we report 
the ability of different substituted derivatives of elllpnclne 
to modify the electrophoretic migration of circular super- 
coiled DNA This effect 1s due to unknown properties of 
the DNA-el l lpt lc lne binding, which may be related to the 
mechanism of cytotoxiclty 

Materials 

The elhptlclne derivatives were synthesized by Dr Dat- 
Xuong (Glf/Yvette) ,  Dr Vlel (Chf~tenay-Malabry) and Dr 
Lesco (Vllleluif) PM2 supercolled DNA was either pre- 
pared according to the method of Espelo [5], or purchased 
from Boehringer (Grenoble.  France) 

Methods 

(1) Electrophoreszs Sample preparation a PM2 stock 
solution was diluted in 1 mM EDTA,  10 mM sodium phos- 
phate (pH 7) for (1) drug Interaction, (10 opttcal density 

accepted 11 December 1985) 

measurements DNA (3 7 x 10 • M in bases) was mixed 
at 4 °, with elhptlcine derivatives (5-25 × 10 6 M) Before 
loading the samples into the gel slots, the solution was 
mixed with a six-fold concentrated solution ot 0 25 mg/ml 
bromphenol  blue and 40% sucrose, as previously descrtbed 
[6] 

Etectrophorests was carried out for 18 hr m an (/8% 
agarose horizontal gel (Model H1, BRL, Rockvllle, MD) 
in Gary's buffer (36 mM Trls, 30 mM Na:HPO4, l mM 
EDTA,  pH8)  at 60V A photograph of the ethtdmm 
bromide stained gel was taken under u v excttatlon A 
densltometrlc scanning of the DNA bands on the negative 
of this photography was then carried out with the Joyce 
Loebl apparatus 

The width of the DNA bands was evaluated by measuring 
the bases of the densitometric peaks The DNA mlgratmn 
was obtained by measuring the &stance between the ~lot 
and the peak of the densitometrtc DNA band 

(2) Cytotoxlc effects on L1210 cells in culture qhe expel- 
lmental protocol has been previously reported [7] The cells 
were exposed to mcreaslng concentrations of drug during 
48 hr and incubated in a 5% CO2 atmosphere al 37 ° Yhc 
drugs were dissolved in dlmethylsulfoxide (1~4 final) The 
cell concentranon was determined wtth a ZBI ( 'oulter 
Counter The cytotoxlcity was evaluated by measuring the 
drug concentration which decreases by 50% thc L1210 cell 
growth rate after 48 hr All experiments were pertormed 
within a period of 8 mo 

Results and discussion 

The electrophoretlc migration of PM2 circular DNA was 
studied when DNA and elhptlclne derivative were both 
present m the gel slot (0 13 < drug/base < I)65) The 
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major  observat ion was a broadening of the supercolled 
D N A  band (cf Fig 1) as compared  with that of a control 
D N A  unmixed with drug before electrophoresls The 
importance of the effect depended  on the type of elhptlcme 
denva twe  A second observaUon was a decrease in elec- 
trophoretlc mobility, roughly correlated with the band 
broadening effect Max i mum effects were obtained wah  
2CH3-6CH3-9OH-elhptlcme broadening of the D N A  
band,  280%, decrease in electrophoretlc m o b d n y  25% 7- 
OH-elhpt lcme and 6-1sopentyl-elhptlcme had no effect 
When the agarose was mixed with the same active con- 
centraUon of 2CH~-6CH3-9OH-elhptlclne before addmon 
of D N A  in the gel slot and electrophoresis,  the broadening 

of the D N A  band could no longer be observed, indicating 
that the latter effect was due to a non steady state of  
the d r u g - D N A  relationship Depending  on the denva twe  
studied, elhptlcmes have either one positive charge,  or 
a fraction of a positive charge The bound molecules,  
therefore,  lower the negatwe D N A  charge However,  their 
known affinity for double-s t randed D N A  cannot  explain 
the observed range of effect (for instance, the affimty for 
derivatives 5 and 25 is 1 x 10~/M whde that for derivatives 
7 and 20 is 1 2 x 106/M) A m o n g  other  posslbxlltles one 
may consider a two-step explanation to account for the 
observed effects on D N A  migration (1) the binding of 
elhptlcme on some D N A  sites is very stable and has not  

Fig 1 Effect of  six elllptlcme derivatives on the electrophoretlc mtgratlon of PM2 D N A  Electrophoresls 
was c a m e d  our m agarose gel. as described m Methods  The different D N A  bands are, from top to 
bot tom open c~rcular, linear, supercoded circular D N A  The elhpt~cme denvatwes  are used at a 
concentrat ion of 2 5 × 10 ' M According to the classification of Table l the different compounds  tested 

arc, from right to left no drug, 5, 1. 8, 23, 21, 20 
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been revealed by the techmques employed to measure the 
affimty constant and (2) the number of bound molecules ~s 
dafferent depending on the hnkmg number 

We have described above the observed effect with 2CH3- 
6CH3-9OH-elliptacme Thas compound as actave on L1210 
leukemia [7]. We have, therefore, beeen led to mvesngate 
the relatmnshlp between the broadening of the supercoded 
DNA band by elhptmme derivatives and their antatumoral 
actlvaty on L1210 leukemia cells We have studied 23 deriva- 
tives, whose actavxty on L1210 leukemm cultured cells was 
known (cf Table 1) We have measured the broadening 
effect on the supercofled DNA band, m relation to the drug 
concentratmn in the electrophoreuc slot (cf Materials and 
Methods) Thirteen compounds reduced a concentratmn 
dependent effect The broadening extent decreases from 
compound 1 to compound 13, but cannot easily be quan- 
tailed by one figure (cf Fig 2) These compounds belong 
to class I Compounds 5 and 6 are not very cytotoxac but it 
should be noticed that they reduce a broadening of DNA 
at a higher dose (cf Fig 2) Further stu&es are undertaken 
to correlate the mmal slope of broadening curves with 
cytotoxscltxes Class II compounds e~ther reduce a weak, 
non dose dependent broadening between 5 × 10 -6 M and 
25 × 10 6 M or do not modify the DNA mlgranon Table 
1 shows (1) the classlficauon according to electrophoretlc 
parameters (I or II), (2) the concentratmn which mhlNts 

by 50% the growth of cultured L1210 cells after 48 hr 0Ds0) 
The IDs0 of 13 derivatnves among the 23 tested, is lower or 
equal to 0 15 gM Such a cytotoxac effect as related to a 
slgmficant antltumoral effect on murme L1210 leukemm 
[7] Eleven of these 13 denvataves belong to class I It had 
prevmusly been shown that the cytotoxlcaty of elhptncme 
derivatives on cultured L1210 cells was roughly correlated 
to the antltumor acuvaty on murme L1210 leukemia [7] It 
as not, therefore, surprising that, among class I denvauves, 
only one (No 6) as not efficxent m v a v o  on L1210 leukemia 
([7] and unpubhshed data), whereas only one (No 18) is 
efficaent among class II denvataves 

The modaficataons of DNA electrophoretac parameters 
of DNA by antabaot~c agents wath antatumoral properties 
have prewously been found to be related to their ant~- 
tumoral acnvmes [8] Our study confirms this observanon 
w~th an addmonal set of anntumoral agents 

The posmons on the ellipt~cme molecule most often used 
for substatut~on are 2, 6, 9 CH3 m posmon 6, and OH m 
posmon 9 are reqmred to get a wsde broadening effect It 
has already been shown that OH m posmon 9 increases the 
antltumoral actlvaty of elhptlcme derivatives [7] This effect 
was supposed to be related to oxldatmn reactions [3] 
However, our results indicate that OH m posmon 9 
mo&fies the binding properties of the elhptlclne molecule 
on purified DNA One may, therefore, suggest that revers- 

Table 1 Comparison of the broadening of carcular supercolled PM2 DNA bands during electrophoresas 
wath the cytotoxlc actlvatles against cultured L1210 leukemm cells 
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" Indicate a vemcal contmmty X, subsntuents are on the right hand s~de 
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Fxg 2 DNA form 1 broademng is a function of the elliptlcme denvatwe concentration Compounds A 
(No 1) and B (No 6) belong to class I Compound C (No 15) belongs to class II The DNA band 

width at &fferent concentrations of elhptlcme is dwlded by the width of control DNA 

lble drug-DNA interactions contribute to the better anti- 
tumoral efficiency of 9-hydroxylated derwatlves of 
elhpticme 

Acknowledgements--The techmcal assistance of G Fran- 
Cois and M Pottier are gratefully acknowledged We thank 
Dr Y Lanm for enghsh corrections This work was sup- 
ported by grants from the "Association pour la Recherche 
sur le Cancer" and by CNRS and INSERM 

LA 147 CNRS, U 140 Inserm, 
Instttute Gustave Roussy 
Rue Camtlle Desmouhns 
94800 Vdlelut f, France 

CLAUDE MALVY 
SUZANNE CROS* 

* Laboratozre de Pharmacologw et 
Toxtcologw Fondamentales 

205 route de Narbonne 
31400 Toulouse, France 

REFERENCES 

1 J B Le Pecq, N Dat-Xuong, C Gosse and C Paolettl, 
Proc natn Acad Sc~ U.S A 71,5078 (1974) 

2. P Juret, A Tanguy. A Girard, J Y Le Talaer, J S 
Abbatuccz, N Dat-Xuong, J B Lepecq and C Paoletn, 
Eur J Cancer 14, 205 (1978) 

3 J Bernadou, B Meunler, G Meumer, C Aucla]r and 
C Paolettl, Proc natn Acad Sct U S A  81, 1297 
(1984) 

4 S Douc-Rasy, E Multon, A Kayser and G Rlou, C r 
hebd S~anc Acad Sct Parts, 296, 899 (1983) 

5 R. T Espejo. E. S Canelo and R L Smshelmer, Proc 
natn Acad. Scz U S A 63, 1164 (1963) 

6 T Manlatls, E F Fntsch and J Sambrook, Molecular 
Clomng, A Laboratory Manual (1982) 

7 C Paolettl, S Cros. N Dat-Xuong, P Lecomte and A 
Molsand, Chem. btol Interact 25, 45 (1979) 

8 S Mong, J. E Strong. J A Bush and S T Crooke. 
Antlmzcrobtals and Chemotherapeutlcs 16, 398 (1979) 


