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Fig 2 Log molar apparent pamtlon coefficients (K') of 
propranolol as a function of propranolol concentration in 
model and biological membranes'  (D) erythrocytes, (11) 
erythrocyte ghosts, (&) DMPC hposomes, and (O) n- 
octanol-aqueous buffer solution Temperature 37 °, pH 7 4 

partially protein-depleted, underwent greater membrane 
perturbation and possibly increased exposure of acidic 
phospholiplds to propranolol and electrostatic binding 
which could account for the slight rise m log K' in the 
low propranolol concentration region The approximate 
constance of log K' at higher concentrations implies that 
the environment for partitioning was similar in all three 
cell membrane systems with respect to bllayer structure 
and characteristics 

In summary, studies of the uptake and partition coef- 
ficient of propranolol in erythrocytes, ghosts, and hposomes 
demonstrate subtle changes occurring in the lipid matrix 
up to about 0 6 mM propranolol These changes were 
mediated by protein and acidic phosphohplds In erythro- 
cytes, interaction between propranolol and protein 
appeared to improve the stability of the cell membrane 
before sufficient propranolol had partitioned Into the lipid 
matrix to cause extensive disruption In ghost cells, per- 
turbatlon of the membrane, likely through interaction of 
propranolol with acidic phosphohpids, caused fluctuation 
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in log K' but otherwise log K' exhibited behavior similar 
to that in erythrocytes, although uptake and partitioning 
of propranolol was less The uptake of propranolol was an 
order of magnitude less in hposomes compared to erythro- 
cytes, but the uniform concentranon dependence of log K' 
and the osmotic fraglhty of hposomes In the presence of 
propranolol [8] indicate that the hydrophoblc interaction 
plays a malor role in creating membrane disturbances [141 
The n-octanol-buffer system does not serve as a suitable 
model m this instance to describe the non-specific mem- 
brane-stabdizing acuvity of propranolol 
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Effects of alloxan on S-adenosylmethionine metabolism in the rat liver 

(Received 18 October 1985, accepted 5 January 1986) 

In the rat liver up to 40% of the phosphatldylchohne 
is syntheslsed by the transmethylatlon pathway being S- 
adenosyM-methlonlne (AdoMet)* the methyl donor [1] 
Th~s pathway ~s modulated by a variety of hormones and 
by the levels of AdoMet and S-Adenosyl-l-homocystelne 
(AdoHcy) (reviewed in [2]) AdoHcy is a competitive 

* Abbreviations used AdoMet, S-adenosyl-L-methlon- 
lne AdoHcy, S-adenosyl-L-homocystelne, AdoMet-syn- 
thetase, S-adenosyl-L-methlonlne synthetase 

inhibitor of the transmethylatlon reaction Therefore. the 
ratio AdoMet/AdoHcy must be carefully controlled to 
mamtaln the cellular necessities of phosphatldylchollne In 
the liver of alloxan-dlabetlc rats the content of phos- 
phatldylchohne is lower than In control animals [3, 4] The 
activity of the enzyme phosphohpid methyltransferase is 
also reduced m liver microsomes of alloxan-dlabetlc rats 
[5] We have measured the levels of AdoMet and AdoHcy 
and the synthesis of phosphatldylchollne by the transme- 
thylanon pathway in hepatocytes isolated from alloxan- 
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dtabetlc rats Fur thermore ,  we have de te rmmed the actlv~- 
ues  of the enzymes  S-adenosylmeth~onlne synthetase (Ado- 
Met-synthetase)  and phosphohpld  methyl t ransferase m the 
rat hver from alloxan-dmbetlc and normal  rats The  present  
results show drastic changes m the me tabohsm of AdoMet  
m alloxan-dlabetlc rats bemg these changes counteracted 
by lnsuhn t rea tment  

Mater±Is and methods 

Male normally fed W~star rats (250-400 g) were used 
m all exper iments  Rats  were made dmbenc by mjec tmn 
through the peneal veto of  60 mg/kg  body wmght  of alloxan 
I6] Two days after alloxan lnjecnon,  a group of rats 
reccwed subcutaneously  2 u /day  msuhn  NP H (Nord~sh 
Gentof te)  After  6 days animals were used for 
e , (penmentanon  

Rat h~er m~crosomes were ~solated and the activity 
phosphohp~d methyl t ransferase de te r±reed  as prevmusly 
described [7] AdoMet -syn the tase  activity was de te r±reed  
m the h,~er cytosol as described m [8] Hepatocytes  were 
isolated by perfuslon with collagenase as prewously 
described f9] Phospbohp~d methylat lon was de te rmmed  
by measur ing  the mcorporanon  of [aH]-methyl groups from 
[~H-methyl]-methlonme into phosphohplds  as m e n n o n e d  
previously [10] I o  de te rmme the levels of AdoMet  and 
AdoHcy  hepatoc~tes were labeled with 2 ~C~/ml psS]- 
m e t h m m n e  At  x anous  rimes cells were homogemzed  w~th 
10eT'; sultosahcflm acid and then centrifuged at 10000g 
for 10 mm m a Beckman m~crofuge Supernatants  were 
Dpet ted  into clean tubes and stored under  hqmd nitrogen 
until used for the analysis of AdoMet  and AdoHey  The 
levels of AdoMet  and AdoHcy  were measured  by HP L C  
as described [I 1, 12] Blood glucose was de te r±reed  by the 
glucose-oxldase method  [13] 

Re.~ults 

As reported bx Hoffman et al [51, phosphohDd methyl- 
transferase activity m mlcrosomes from alloxan-dlabetlc 
rats wtth blood glucose levels of 530 +- 37 rag/100 ml was 
lower than m normal  rats (Table 1) The reduction was 
about 70G and was not obser.~ed in alloxan-dtabenc rats 
treated with msuhn  In contrast  w~th these results,  AdoMet-  
synthetase acnv~t} ~a s  about 2-fold h~gher m alloxan-dm- 
benc rats than m normal  ammals  Again.  these changes 
~e re  not observed m al loxan-dmbenc rats treated with 
insulin (Table 1) The effect of al loxan-treatment  on 
phosphohp~d methyl transferase and AdoMet-synthe tase  
was on the Vm. , ot the enzyme w~thout showing any effect on 
the apparent  K,,, lor respcctwe b AdoM et  and meth lomne  
(not shown) 

The lncorporauon of meth}l groups from [tH-methyl]- 
methxomne into phosphohDds  was however,  the same 
m hcpatocytes ~solated from alloxan-dmbetlc rats than in 
normal  ammals  (F~g l) No differences ~ere  observed m 
the mcorporauon  ol rad~oactl'dty into phosphat tdylchohne,  
phosphat ld)  l - , \ -monomethy le thano lamme or phosphat> 
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Fig 1 Phosphohpld  mcthylat lon b 3 ultact hcpatoc; tcs  
isolated from normal  (©) and alloxan-trcatcd dtabenc (Q) 
rats At  time zero l uCl/ml [~H-meth)l]-meth~onlnc ~as  
added and at the md~cated t~mes the incorporation ol [~H[- 
methyl  groups mto phosphohplds  de te rmmed as described 
under  Methods  Results  are the average ol tMec ±de-  

pendent  exper iments  m duphcate 

dyl-N,N-dlmethyle thanolamlne between alloxan-d~abctlc 
and normal  rats (not shown) To cxplam th~s apparent 
contradlcUon, lower mlcrosomal phosphohpxd methxl- 
transferase actlMty and similar phosphohpld ineth~latum m 
intact hepatocytes,  we have measured  the levels ol-AdoMet 
and AdoHcy  m alloxan-dlabenc and normal rats 

In rat hepatocytes isolated from both alloxan-dmbet~c 
and normal  ammals ,  the ±corpora t ion  ol radloactp, qt\ 
from [3~S]-methlonlne ± t o  AdoMet  + AdoHcx reached a 
steady state level about l0 ± in  after the addition ot the 
labeled precursor (Fig 2) Fhe mcorpora tum ut ladlo- 
actlwty ± t o  AdoMet  + AdoHcy  was about 5-1old greater 
m alloxan-dmbetlc than in normal rat', (Fig 2, Table 21 
whmh agrees with the data show'mg a hlghcl AdoMct-  
synthetase acnwty m dmbet~c ammals  The Increased mc~}r- 
pora tmn of radloactlvlt3 ± to  AdoMct-~ AdoHc\  \~a~ 
however,  not observed m alloxan-dlabetlc rats treated w~th 
msuhn  (Table 2) The ratio AdoMet/AdoHc,~ x~ as the sanlc 
m alloxan-dmbetlc rats than in normal  ammals  and x~ as not 
modtfied by the mlecnon  of lnsuhn to dlabeuc rats (Tabk 
2) 

Hepatocytes  isolated lorm normal rats respond to the 
addmon  of physiological doses o1 glucagon ~slth a laptd 
st~mulatxon of phosphohp~d methyltransferase actwltX 
[9, 14] This effect was, however,  never observed with 
hepatocytes isolated from alloxan-dlabeuc rats (Fig ~) 
Similarly, the a d d ± o n  of high doses ol cAMP wMch m 
normal  rats also produce a last activation ol phosphohpM 
methyl t ransferase [91, fmled to produce tMs eltcct in allo\- 
an-dmbetlc rats (not shov, n) Alloxan-dlabetlc rals treated 
with insulin were unable to ±crease  its mcthvh~anqe~asc 
acnvlty m response to glucagon (Fig ',) 

Fable 1 Phosphohpld  methyl t ransferase and S-adenosylmethlonme-synthetase  ac twmes m 
the hver from normal,  alloxan-dlabetlc and alloxan-dlabetlc msuhn treated r,tt~ 

Blood glucose PMTase AdoMet -syn thc taw 
(mg/100 ml) ( pmo le s /mln /mg)  (nmolcs /mm rag) 

Normal 115 +_ 2 158 -+ 24 I) 62 * (I t~2 
(N = 6) 

Alloxan-dlabetlc 530 ± 37 48 -+ 6 1 02 * 11 t)7 
(N = 6~ 

AUoxan-dlabeuc 
msuhn  treated 192 ± 28 151 -+ 19 (I s(I , (I II ~, 

(N - 6) 

Results are the mean ± S E M o f s l x l n d e p e n d e n t  d e t e r m m a t m n s m  tnphcatc  
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Table 2 Levels of  A d o M e t  and AdoHcy  in hepatocytes isolated from normal,  
al loxan-dlabenc and alloxan-dlabetic Insuhn-treated rats 

AdoM et  + AdoHcy  
( d p m / m m / m g )  A d o M e t / A d o H c y  

Normal  11460 -+ 1853 1 84 -+ 0 12 
(N = 8) 

Alloxan-dlabetlc 52743 ± 9654 1 73 ± 0 51 
(N = 8) 

Alloxan-dlabetic 
msuhn  treated 6382 ± 283 1 98 ± 0 35 

(N = 8) 

Results  are the mean  ± S E M of eight Independent  determinat ions m 
duplicate The levels of  AdoM et  and AdoHcy  were determined 20 mm after 
the addition of [-~sS]-methlonlne to the cell suspensmn 
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l:lg 2 Levels of A d o M e t  and AdoHcy  in hepatocytes 
isolated from normal  (02)) and alloxan-treated diabetic ( 0 )  
rats At  time zero, cells received 2 pCl/ml  [3sS]-methlonlne 
and at the indicated t imes samples were taken and the 
levels of AdoMet  and AdoHcy  determined as described 
under  Methods  Resul ts  are the mean  ± S E M of four 

independent  exper iments  
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Fag 3 Etfect of glucagon addmon  on phosphollpld methyl- 
transferase an hepatocytes isolated from normal  ( 0 ) ,  dla- 
benc ( 0 )  and msuhn- t rea ted  diabetic ( ~ )  rats In each 
condition, phosphohpld  methyl t ransferase  activity of  glu- 
cagon-treated hepatocytes was compared with the cor- 
responding activity of the non-st imulated cells, which 
recmved the arbitrary value of 100% One  hundred  per cent 
corresponds to 34 6, 15 3 or 36 2 p m o l e s / m m / m g  protein in 
respecnvely normal,  d labenc and msuhn- t rea ted  diabetic 
rats At tnne zero, hepatocytes were s t imulated wath 1 #M 
glucagon and the actl,,lty phosphohpld  methyl t ransferase 
determined as mentaoned under  Methods  Results  are the 
average of three independent  exper iments  in duplicate 

Dtscusston 

The present  results confirm the data of Hoffman et al 
[5] showing a decreased phosphohpid  methyl t ransferase 
acnvlty in mlcrosomes from alloxan diabetic rats Sur- 
prisingly, phosphohpld  methy lanon  in hepatocytes isolated 
from both normal  and diabetic rats was, however,  the same 
under  both condmons  This apparent  controversy can he 
explained considering that the acuvlty AdoMet-synthe tase  
and the levels of  AdoMet ,  but not  the ratio A d o M e t /  
AdoHcy,  are higher in al loxan-dlabenc rats than m normal  
animals If In normal  hepatocytes phosphohpld  methyl- 
transferase is not  working at saturating levels of  AdoMet ,  
an increase m the mtracellular concentrat ion of AdoMet ,  
hke that shown here for alloxan-diabetlc rats, would cause 
a concomitant  increase In the rate of  phosphollpld methyl- 
anon The concentrat ion of AdoMet  In rat liver has been 
reported to be about 50 ~M [15] and the apparent  Km for 
AdoMet  for the conversion of phosphat ldylethanolamlne 
to phosphat ldyl -N-monomethyle thanolamine  is 58pM,  
phosphandyl -N-monomethy le thano lamlne  to phosphau-  
dyl -N,N-dlmethyle thanolamme is 65 #M and phosphandyl-  
N ,N-d lmethy le thano lamme to phosphatidylcholine is 
96 #M [16] These  results indicate that in rat liver phospho-  
lipid methyl t ransferase is not working at saturating levels 
of AdoMet  Therefore ,  an increase in the concentration of 
AdoMet  maintaining constant  the A d o M e t / A d o H c y  ratio 
must  st imulate phosphollpld methylat lon The ratm 
A d o M e t / A d o H c y  under  our condmons  is similar to that 
reported by others  for rat liver [17] It is interesting to 
note that,  despite the large changes m AdoMet-synthe tase  
acnvlty and AdoMet  levels m hepatocytes from alloxan- 
diabetic rats, these cells maintain a constant  AdoMet//  
AdoHcy  ratio This is important  since pharmacological 
manipulat ion of this ra tm has been shown to alter many 
cell functions (revmwed in [2]) 

Insulin-treated alloxan-dmbetlc rats show normal  
phosphohpld  methyl t ransferase and AdoMet-synthe tase  
activity These results strongly indicate that the effects 
of alloxan t rea tment  on AdoMet  metabol ism are msuhn-  
dependent  and not  due to other  possible toxic effects of 
the drug Insuhn- t reated al loxan-dmbeuc rats still have 
an impaired phosphohpld  methyltransferase response to 
glucagon and cAMP It is important  to note that lnsuhn- 
treated rats are still &abenc  and that msuhn  injection onl) 
partially compensates  for their hormonal  imbalance What  
Is regulating phosphohpid  methyl t ransferase and AdoMet-  
synthetase activity m diabetes is not known The present  
results show that al loxan-treated rats have a low liver 
phosphohpld  ~nethyltransferase and hepatocytes from these 
ammals  treated with glucagon do not  have an increased 
methyl transferase activity The effect of al loxan-treatment 
can be a decreased lnsuhn/g lucagon ratio resulting in a h~gh 
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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 
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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 


