
366 

Biochimica et Biophysica Acta, 555 (1979) 366--370 
© Elsevier/North-Holland Biomedical Press 

BBA Report 

BBA 71400 

HYPOGLYCEMIC DRUGS INCREASE LIVER PLASMA MEMBRANE 
MICROVISCOSITY IN VITRO 

PAOLO LULY, PATRIZIA BALDINI, SANDRA INCERPI and EUSEBIO TRIA 

Institute of  General Physiology, University of  Rome, 00185 Rome (Italy) 

(Received May 4th, 1979) 

Key words: Hypoglycemic drug; Phenformin; Microviscosity ; Fluidity ; (Liver plasma 
membranes) 

Summary 

The effect of  hypoglycemic drugs chlorpropamide and phenformin has 
been tested on isolated liver plasma membranes as to their microviscosity 
parameters. Results reported suggest that both drugs are able to increase in 
vitro plasma membrane microviscosity in a dose-dependent way. 

Hypoglycemic agents, belonging to both sulfonylureas and biguanides, 
exert their action on biological membranes either at the intracellular level or 
on the plasma membrane itself [1] .  In addition, it has recently been suggest- 
ed that  biguanide binding makes plasma membranes more rigid, decreasing 
their fluidity [ 2] .  In previous research we reported that  chlorpropamide 
(1-[p-chlorophenylsulfonyl]-3-propylurea) and phenformin (N 1 -~-phenethyl- 
formamidinyl  iminourea), a sulfonylurea and a biguanide, respectively, act 
on isolated liver plasma membrane,  modulating the activity of membrane- 
bound enzymes such as (Na+-K÷)-ATPase and cyclic AMP-phosphodiesterase 
[3].  This body of evidence prompted us to investigate as to the role of plas- 
ma membrane fluidity in the mechanism of  action of  both chlorpropamide 
and phenformin on liver, and results reported herein indicate that  an in vitro 
t rea tment  of  isolated liver plasma membranes with both drugs significantly 
increases their microviscosity. 

Liver plasma membranes were prepared, as already described [4, 5],  
from male Sprague Dawley rats, 'Nos' strain, 150 g average body weight, 
supplied by Nossan Ltd., Correzzana, Italy. Animals were fed ad libitum 
using a standard diet according to Miller and Phillips [6] with addition of  
inorganic salts and vitamins [ 7 ] and had free access to water. 

The change of  cholesterol to phospholipid (C/PL) molar ratio was ob- 
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tained as recently suggested by 8hinitzky [8] .  Briefly, one volume of  liver 
membrane suspension (1 mg protein/ml) was incubated 12 h at 37°C with 
two volumes of  a heat-inactivated 10% human serum in 0.05 M Tris-HC1 
(pH 7.5)/0.1 M NaCl containing 100 000 U/1 sodium penicillin G [9] ; the 
cholesterol depleting medium contained 0.25 mg/ml additional egg lecithin, 
about  0.35 pmol  phospholipid/mg membrane protein, employing L-~,~/-dipal- 
mitoyl-~-lecithin from Fluka A.G,  Buchs, Switzerland. The cholesterol en- 
riching medium contained 0.13 mg/ml additional cholesterol; chromato- 
graphically pure cholesterol was obtained from Merck, Darmstadt,  F.R.G. 
After  incubation, plasma membranes were extensively washed with the Tris- 
buffered saline and finally resuspended at the original protein concentration. 
Cholesterol was determined as total cholesterol [10] : phospholipids were 
determined according to Bartlett [11 ]. 

For fluorescence polarization measurements plasma membranes were 
labelled with 1,6-diphenyl-l ,3,5-hexatriene in the following way: 2 .10  -3 M 
diphenylhexatriene in te t rahydrofuran was diluted 1:1000 just before use 
with Tris-buffered saline, the membrane suspension was then mixed in a 1:1 
ratio with diluted diphenylhexatriene at a final protein concentration of 
about  50 ug/ml. The mixture was usually incubated 15 min at 37°C in the 
absence or presence of  the two hypoglycemic drugs at the concentrat ion in- 
dicated; no significant change in the pattern of  results could be observed 
when, after 15 min of  diphenylhexatriene labelling, the incubation of  mem- 
branes continued for an equal time in the presence of  the drugs under inves- 
tigation at any concentrat ion tested. Fluorescence polarization measure- 
ments were carried out  with an Aminco-Bowman spect rophotof luorometer  
equipped with two Glan prism polarizers; excitation was set at 366 nm and 
emission at 430 nm, with two additional 2 nm slits on both  light paths. The 
t ime of  exposure of  the sample to the excitation light did not  exceed 10 s to 
reduce diphenylhexatriene photoisomerizat ion [12] .  The temperature of  the 
sample was checked with an accuracy of  -+ 0.1°C using a thermistor thermo- 
meter. The degree of  fluorescence polarization, P, which was not  dependent  
on sample dilution, was calculated from the formula 

P 
Ill - -  I ±  ( I l l l I ± )  - -  1 

Ill + II (Il l /I].)  + 1 

being Ill and I± the fluorescence intensities recorded with the analyzing po- 
larizer oriented respectively parallel and perpendicular to the direction of  the 
polarized excitation beam; correction for light-scattering from the sample as 
well as for a grating correction factor [13] were introduced. 

Microviscosity was obtained employing the Perrin equation [12] 

ro TT 
- 1 + C ( r )  _ 

r ~? 

where the fluorescence anisotropy,  r, can be obtained as follows: 
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/ i t--f± (Iit/IA.) --1 

Ill + 2I± (III/I±) + 2 

being ro = 0.362 for diphenylhexatriene, C(r) a structural parameter of the 
f luorophor  related to each r, ~ the microviscosity, T the absolute tempera- 
ture and r the excited state lifetime [12] .  The excited state lifetime, 7, was 
calculated from a plot of  the total fluorescence intensity F = ILl + 2I± against 
temperature with a To value of  11.4 ns for diphenylhexatriene [12] ,  being 
8.9 + 0.1 ns at 37°C as assessed by  single photon  counting technique [14] .  

Proteins were estimated according to the method of Lowry et al. [ 15] 
using bovine serum albumin as a standard. 

Both chlorpropamide and phenformin increase liver plasma membrane 
microviscosity (Table I) in a dose~lependent way, chlorpropamide being def- 
initely more effective at low concentration.  The temperature dependence of  
microviscos~.ty of  liver membranes,  treated or not  treated with both hypo- 
glycemic agents, has been determined in the temperature range 6--41°C 
(Fig. 1). The plot  of  log ~ vs. the reciprocal of  the absolute temperature 
(1 IT) gives a straight line from which the apparent f low activation energy 
(•E) can be calculated [16] .  The observed value of  AE for control mem- 
branes was 9.0 kcal-tool- '  , which is in reasonable agreement with values re- 
por ted from mammalian membranes [ 16] ; b o t h  phenformin and chlorpropa- 
mide t reatment  significantly reduced the AE value to 8.1 and 5.7 kcal. mo1-1 
respectively. The decrease of  the flow activation energy of  liver plasma mem- 
branes treated with both  hypoglycemic agents is suggestive of  a more or- 
dered conformation,  as indicated by  the increase of  microviscosity parame- 
ters (Table I). 

The microviscosity of isolated liver plasma membranes was modulated 
in vitro by  altering their cholesterol content  with a simple technique estab- 
lished for erythrocytes,  which proved to be rather satisfactory also for liver 
membranes [8, 9] .  Liver membranes show, as expected [16] ,  increased or 
decreased microviscosity following the increase or decrease of  cholesterol/ 
phospholipid (C/PL) molar ratio; in addition control  serum treated mem- 
branes show increased C/PL ratio owing to the higher cholesterol content  of  

T A B L E  I 

D O S E - R E S P O N S E  S T U D Y  OF T H E  E F F E C T  OF C H L O R P R O P A M I D E  A N D  P H E N F O R M I N  ON 
M I C R O V I S C O S I T Y  P A R A M E T E R S  O F  I S O L A T E D  L I V E R  P L A S M A  M E M B R A N E S  

P la sma  m e m b r a n e s  w e r e  i nc uba t e d  15  ra in  a t  37°C  in the absence  o f  the  t w o  drugs ,  at  the concentra-  
t ion  indicated,  be fore  the measurement ;  d ipheny lhexatr i ene  labell ing o f  plasma membranes  t o o k  place 
at  the  s ame  t ime .  Resul ts  r e p o r t e d  as mic rov t scos i ty  ~ (poise at  3 7 ° C)  + S.D. as a m e a n  of  three experi-  
ments  c a n i e d  o u t  o n  dif ferent  m e m b r a n e  preparat ions;  the  average degree o f  f luorescence  polar iza-  
t ion ,  P, is reported b e t w e e n  bracke t s .  *p ~ 0 . 0 5  (at  least) ,  as e s t i m a t e d  b y  Student 's  t-test wi th  respect  
to  controls .  

Drug c o n c e n t r a t i o n  C h l o r p r o p a m i d e  P h e n f o r m i n  

(M) ~ P ~ P 

0 2.69 ± 0 .13  (0 .261)  - -  
1 " 1 0  - s  2.91 ± 0 .12  (0 .262)  2 .73 + 0 .10  
1 . 1 0  -4  3 .09  + 0 . 1 7 "  ( 0 . 2 6 9 )  2 .77 ± 0.11 
1 - 1 0  -~  3 .44  -+ 0 .27*  (0 . 282 )  3 .32  + 0 . 1 9 "  
1 " 1 0  -2  4 .70  _+ 0 .33*  (0 .314)  3 .90  + 0 .22*  

(o.258) 
(0.262) 
(0.274) 
(0.286) 
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T e m p e r a t u r e  d e p e n d e n c e  of  mic rov i scos i ty  (7) o f  l iver  p l a sma  m e m b r a n e s  u n t r e a t e d  (A, r = 0 .98) ,  
t r e a t ed  w i th  1 . 1 0  - 3  M p h e n f o r m i n  (B, r = 0 .97 )  or  c h l o r p r o p a m i d e  (C, r = 0 .9 9 )  as r e p o r t e d  in 
Table  I. The  c o n c e n t r a t i o n  giving h a l f - m a x i m a l  e f fec t  has b e e n  selected for  b o t h  d rugs  (Table  I; see 
also Ref .  3).  Each  po in t  r ep resen t s  t he  average  o f  th ree  separa te  e x p e r i m e n t s  car r ied  o u t  on  d i f f e r en t  
p l a sma  m e m b r a n e  p repa ra t ions .  St ra ight  l ines have  b e e n  d r a w n  b y  regress ion  analysis ,  the  slope be ing  
s ignif icant ly  d i f f e r en t  (p ~ 0 .05  for  p h e n f o r m i n ;  p ~ 0 .001 for  e h l o r p r o p a m i d e )  w i th  respec t  to con-  
t ro l  e x p e r i m e n t s  as assessed b y  analysis  o f  var iance  of  regress ion lines. 
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T A B L E  II  

E F F E C T  OF C H L O R P R O P A M I D E  A N D  P H E N F O R M I N  ON M I C R O V I S C O S I T Y  P A R A M E T E R S  OF 
L I V E R  P L A S M A  M E M B R A N E S  W I T H  D I F F E R E N T  C H O L E S T E R O L / P H O S P H O L I P I D  (C/PL)  
M O L A R  R A T I O  

Fo r  each g roup  of  e x p e r i m e n t s ,  f ou r  d i f f e r en t  p la sma  m e m b r a n e  p repa ra t ions ,  u n t r e a t e d  o r  t r e a t ed  as 
r e p o r t e d  in Table  I be ing  1o10 - 3  M the  c o n c e n t r a t i o n  o f  b o t h  drugs ,  were  e m p l o y e d .  The  degree  of  
f luorescence  po la r i za t ion  P, mic rov i scos i ty  ~ (poise at  37 ° C) and  C/PL ra t ios  are r e p o r t e d  as m e a n s  
+- S.D. o f  fou r  expe r imen t s .  I/) ~ 0 .05  at  least,  as e s t ima t ed  b y  S t u d e n t ' s  t- test  wi th  respec t  t o  cont ro ls .  

P ~ C/PL 
( m o l a r  ra t io)  

U n t r e a t e d  m e m b r a n e s  0.56 + 0 .06  
Con t ro l  0 .249  -+ 0 . 008  2.41 -+ 0 .19  
C h l o r p r o p a m i d e  0 . 272  -+ 0.0041 3.02 -+ 0.111 
P h e n f o r m i n  0 . 272  -+ 0 .007  ! 3 .03  -+ 0.191 

C on t ro l  s e r u m  t r e a t e d  
m e m b r a n e s  0 .73  -+ 0 .14  

C on t ro l  0 .255  -+ 0 .007  2.53 -+ 0 .25  
C h l o r p r o p a m i d e  0 . 292  +- 0.0141 3.67 + 0.331 
P h e n f o r m i n  0 .283  -+ 0.0081 3 .54  -+ 0.301 

Choles te ro l  en r i ched  m e m b r a n e s  1.38 -+ 0 .20  
Con t ro l  0 .269  -+ 0 . 006  2 .96  -+ 0 .14  
C h l o r p r o p a m i d e  0 . 275  -+ 0 . 014  3 .12  -+ 0 ,40  
P h e n f o r m i n  0 .275  + 0 .007  3 .15  + 0.21 

Choles te ro l  dep l e t ed  m e m b r a n e s  0 .52  + 0 .18  
Con t ro l  0 . 244  -+ 0 . 0 0 4  2 .35  -+ 0 ,12  
C h l o r p r o p a m i d e  0 . 253  + 0.0061 2 .64  + 0,181 
P h e n f o r m i n  0 . 258  -+ 0.0091 2 .88  -+ 0,251 
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human with respect to rat serum (Table II) [9, 17] .  Untreated as well as con- 
trol serum treated or cholesterol depleted membranes are significantly sensi- 
tive to both  hypoglycemic agents as to an increase of  microviscosity; wherem~ 
plasma membranes made more rigid by an artificial increase of  C/PL ratio are 
not  significantly responsive to both  drugs (Table II). 

Our results clearly indicate that  chlorpropamide and phenformin, in a 
concentrat ion range which can be attained in therapeutic t reatment  (see 
Ref. 3), decrease membrane fluidity as from their effect on lipid microviscos- 
ity parameters. These data, which are consistent with previous observations 
related to membrane-bound enzymes [3] again stress that  the plasma mem- 
brane is perhaps a major target for the action of  both  drugs; in particular, it 
now becomes evident that  there is a role for membrane fluidity in the mech- 
anism of action of these hypoglycemic agents, as suggested by Sch~/fer [ 2] 
for biguanides. In this connect ion it has been shown very recently that  sul- 
fonylureas increase the number  of insulin receptors in liver membranes after 
an in vivo t reatment  [18] ; such a phenomenon could be, at least partially, 
explained on the basis of  increased exposure of  receptors sites which should 
follow the increase of  membrane microviscosity elicited by  the binding of  
drugs to the plasma membrane [9, 19] .  

This research has been supported by  a grant of  the Italian National Re- 
search Council to P.L. 
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