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di t ions,  the  soluble enzyme m a y  be purified,  f i rs t ly  b y  
c h r o m a t o g r a p h y  on Sephadex  G-200, t hen  by  electro- 
phoresis  on a po lyacry lamide  gel. At  the  end of th is  last  
opera t ion,  we observe a prote in ic  band  which  corresponds,  
a f te r  elution, w i th  the  m a x i m u m  enzymat i c  galactose 
~C t r ans fe r  ac t iv i ty  on an exogenous glycoproteinic  
acceptor .  

The solubil izat ion process employed  permi t s  t he  con- 
se rva t ion  of an  enzymat i c  ac t iv i ty  in the  soluble prote in ic  
fract ions.  However ,  its yield is low, and the  pur i f ica t ion  
ob ta ined  does no t  allow one to conclude a pure  enzymat i c  
prote in .  Moreover,  the  technic  c an n o t  be used for a large 
p repa ra t ive  purpose .  Thus  o the r  technics ,  such  as 
electrofocusing,  are being s tudied  now. 
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Summary. Prolonged  admin i s t r a t ion  of gl ibenclamide decreased blood sugar,  liver glycogen and pro te in  and increased 
liver and serum lipids and organic phospha te s  of liver in normal  rats.  A signif icant  weight  increase observed  in gli- 
benc lamide  group of ra ts  is a t t r i bu t ed  to lipid accumulat ion.  

The hypoglycemic  act ion of su lphonylureas  has been 
a t t r i b u t e d  main ly  to  the i r  pancrea t ic  s t imula t ion  of 
insulin secret ion ~ or release of bound  insulin2, 3. In  
addi t ion  to  the i r  abi l i ty  to s t imula te  insulin release f rom 
the  ~-cells of pancreas ,  i t  has  also been  sugges ted  t h a t  
these  drugs  exer t  an effect  a t  cer ta in  ex t r apanc rea t i c  
si tes 4, 5. According to some reports ,  su lphonylureas  exer t  
ac t iv i ty  i n d e p e n d e n t  of insulin, viz. the  increased up take  
of glucose b y  ra t  d iaphragm6,  7 and fat  pad  s , hypo-  
g lycemia  wi thou t  raising p lasma  insulin levels 9, amelio- 
ra t ing  d iabet ic  s y m p t o m s  in cases where  insulin alone 
p roved  inadequa te  ~0. BEWSHER and ASHI~ORE 11 observed 
a di rect  inhib i t ion  of hepa t ic  lipase ac t iv i ty  by  to lbu ta -  
mide,  and WEISS et  al. ~2 showed t h a t  glycodiazin would 
inh ib i t  t r iglycer ide lipase bound  to the  lysosomal  s t ruc-  
ture.  Some of these  resul ts  would expla in  the  hyper -  
l ip idaemia  observed in pa t i en t s  ~3 and exper imen ta l  
animals  x4 af ter  long- te rm use of su lphonylureas .  F o u  and 
STANDING 15 found that the  effect  of g l ibenc lamide  on the  
insul in-secret ing mechan i sm and  its i nh ib i to ry  effect  on 
p lasma  non-es ter i f ied  f a t t y  acid release in alIoxan diabet ic  
ra t s  were higher  t h a n  t h a t  of o ther  sulphonylureas .  In  
2 previous  s tud ies~ ,  ~", long- te rm admin i s t r a t i on  of 
t o lbu t amide  and phenfo rmin  p roduced  lipid accumula t ion  
in normal  rats .  In  order  to s t u d y  the  long- te rm effect  of 
gl ibenclamide,  which is 240 • more  p o t e n t  t h a n  o ther  
su lphonylureas  1.~, 1~, the  p re sen t  s tudy  was made.  

Materials and methods. Young  growing male Wis t a r  
ra t s  (average weight  65 g) were d iv ided into 2 groups of 
12 animals  each. They  were fed ad lib. w i th  normal  
l abora to ry  diet.  Group I ra t s  were kep t  as control .  Group 
II  ra t s  were orally given gl ibenclamide (dose 50 ~g/kg/ 
day).  A fine suspension of gl ibenelamide in wa te r  (0.5 
mg/ml)  was p repared  daily,  d i lu ted  100 t imes  and  f rom a 
d roppe r  measured  quan t i t i e s  of t he  same (1 ml/100 g 
body  wt.) were admin i s t e red  in to  the  m o u t h  of each rat .  
Group I ra t s  were given equal  volums of wa te r  in a s imilar  
manner .  Dur ing  o ther  t imes,  all the  ra t s  were dr ink ing  
wa te r  ad lib. The increase in weights  of bo th  the  groups  
of ra t s  were recorded month ly .  Af te r  a per iod of 2 months ,  
6 animals  f rom each group were s ta rved  for 6 h and  t h e n  
autopsied.  Their  l iver glycogen was e s t ima ted  by  the  
m e t h o d  of CARROL et al. is. The remain ing  ra ts  were 
s t a rved  for 18 h and  the i r  blood was collected f rom tai l  
for blood sugar es t imat ion.  La te r  t hey  were sacrified by  
decapi ta t ion .  Following a previous  procedure  1~, btood 
was collected f rom the  jugular  vein and the  sera and 
livers were sepa ra ted  for var ious  es t imat ions .  Blood sugar  

was e s t ima ted  by  the  me t h o d  of ASATOOR and  K l x a  20 
using alkaline copper  reagent  21. Liver  weights  of each 
group were recorded and pro te in  f rom the  l iver was 
separa ted  as repor ted  previously1* and  was e s t ima ted  by  
LOWRY'S m e t h o d  22, using FOLIN CIOCALTEU reagent  2a. 
The pro te in  values  were calcula ted using a s t an d a rd  
checked by  Kje ldha l  n i t rogen  de te rmina t ion .  The acid- 
soluble, free amino acids of liver were neut ra l ized  and  
es t ima ted  by  t h e n i n h y d r i n  me t h o d  of MOORE and STEIN 24. 
Leucine was used as the  s t andard .  Lipid f rom liver was 
ex t r ac t ed  by  the  m e t h o d  of ENTENMAN 25. Tota l  lipids in 
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Effect of long term feeding of glibenclamide on normal rats 

Liver (weight]100 g wet tissue) 

Normal group GIibenclamide group 

Glycogen (g) 3.8 22 0.20 2.4 -~ 0.10 a 
Protein(g) 13.2 ~0.20 11.6 ~c0.50 ~ 
Totallipids (g) 3.0 ~2 0.1 4.4 -~ 0.02 a 
Phospholipid (g) 2.0 =c 0.04 3.0 ~: 0.08 a 
Triglycerideglycerol (rag) 332.5 ~_ 3.0 409.0 ~ 1.2a 
Totalcholestrol (mg) 211.0 :k 3.0 264.2 -~ 4.0 a 
Freeeholestrol(mg) 126.5 ~ 2.5 160.6 ~ 5.0 ~ 
Aminoacids (mmole) 2.76 ~ 0.20 1.81 i 0.20 ~ 
Extra labile phosphate 

{mmole) 2.7 J2 0.01 3.0 :~ 0.01 a 
Labile phosphate (mmole) 0.55 =k 0.1 0.80 ~ 0.03 a 
Totalphosphate (mmole) 4.6 • 0.07 6.2 ~ 0.1a 
Liver weight (g) 6.0 :t- 0.05 4.8 • 0.10 a 

Serum (rag/100 ml) 

Bloodsugar 61.2 ~ 1.0 48.0 ~= 0.30o 
Totallipids 214.0 • 3.0 284.0 :~ 8.0 a 
Phospholipid 118.6 ~- 1.5 139.3 q- 5.0 ~ 
Triglyceride glycerol 22.1 ~- 0.4 29.7 • 1.0 a 
Totalcholesterol 59.6 :~0.6 73.6 ~0 .8  a 
Freecholestrol 20.8 ~_ 0.2 25.8 ok- 0.3 a 

Increase in body weight (g) 

AIter 1st month 74.1 :~ 3.48 97.6 ~_ 5.28a 
After 2nd month 131.0 ~ 2.6 150.6 ~ 2.41" 

Mean values of 6 rats in each group ~_ SE. Student's t-test. The values 
of the glibenelamide group are significantly different from those of 
the normal group. ~p < 0.05; ~p < 0.02; ~ < 0.01; ap < 0.001. 

serum and  liver were de t e rmined  gravimetr ical ly ,  as de- 
scribed by  SPERRY and BRAND 26. Total  cholestrol  was esti- 
m a t e d  by  the  m e t h o d  of CARR and  D R E K ~ R  ~, free chole- 
s trol  by  the  m e t h o d  of SCHOENHEIMER and  SPE~RY ~8, phos-  
phol ipid  by  t h e  m e t h o d  of ACK~a~A~N and  To~o  ~u, and  
t r iglycer ide b y  the  m e t h o d  of VAN HAXD~n and  ZIL- 
VERSMIr a~ The ex t ra  labile, labile and to ta l  phospha te s  of 
liver were de t e rmined  by  ~he m e t h o d  of ~'ISKE and 
SUBBA ROW a~, following the  modif ica t ions  suggested by  
LI~LOIR and  CARDINI ~. 

Resul ts .  The resul ts  are recorded in the  Table.  Pro longed 
admin i s t r a t i on  of g l ibenclamide produced  s ignif icant  
effects as compared  wi th  the  control  values. Blood sugar 
(p < 0.01), l iver glycogen (p < 0.001), prote in  (p < 0.05) 
and amino acids (p < 0.02) decreased signif icantly.  E x t r a  
labile, labile and to ta l  phospha t e s  of liver, t r iglycerides,  
phosphol ip ids ,  free and  to t a l  cholestrol  and  to t a l  lipids 
of liver and serum, all increased s ignif icant ly  (p < 0.001, 
excep t  for se rum phosphol ip id  where p < 0.01). The 
l ipid-raising effect  of g l ibenclamide  is more  p ronounced  
on the  l iver (47%) t h a n  on the  se rum (33%), and  it is 
largely due to  the  increase in phosphol ip id  and cholestrol .  
However  the  t r ig lycer ide  was more  increased in the  se rum 
(35%) t h a n  in the  l iver (23%). There was s ignif icant  
increase in b o d y  weight  of the  gl ibenclamide group as 
compared  w i t h  the  control .  Tile increase in weigh t  was 
highly  s ignif icant  af ter  the  1st m o n t h  (p < 0.001) and 
jus t  s ignif icant  af ter  t he  2nd m o n t h  (p < 0.05). However  
t h e  l iver weig ths  of t he  gl ibenclamide group were signifi- 
can t ly  lower t h a n  those  of the  contro l  (p < 0.001). 

Discuss ion .  As liver is the  site of synthes is  of proteins ,  
t he  prolonged use of g l ibenclamide t h rough  its insulin- 
d e p e n d e n t  and  o the r  ac t ions  on the  liver m i g h t  have  

af fec ted  the  general  metabol i sm.  Prev ious  expe r imen t s  ~4, ~a 
showed t h a t  t o lbu t amide  and biguanides  impai r  the  liver 
w i th  prolonged use to synthes ize  p ro te in  or glycogen. The 
resul ts  wi th  gl ibenclamide also agree wi th  those  of to lbu ta -  
mide.  J u s t  as wi th  t o lbu t amide  14 gl ibenclamide decreased 
blood sugar,  l iver glycogen and liver p ro te in  and  increased 
liver and serum lipids. The accumula t ion  of l ipids in the  
livers of the  d rug- t r ea ted  group m i g h t  have  impai red  the  
liver and re t a rded  pro te in  and glycogen synthesis .  The 
lowered amino acid c o n t e n t  of t he  liver m a y  also be an 
adverse  effect  of the  drug.  

I t  has been found b y  several  workers  a~-a6 t h a t  sul- 
phony ln reas  inh ib i t  lipolysis. Such effect  of the  drugs  may  
con t r ibu te  to the  accumula t ion  of l ipids on pro longed 
use ,a, 14. In  our f indings,  g l ibenclamide feeding p roduced  
cer ta in  effects s imilar  to  those of insulin, i.e. decreasing 
blood sugar,  and increasing cholestrol  and acid labile 
phospha te ,  b u t  unlike insulin i t  raised the  lipids. I t s  
l ipid-raising effects m i g h t  no t  be insulin d e p e n d e n t  as the  
h o rmo n e  corrects  l ipid abnormal i t ies .  Hence  the  mecha-  
n ism of act ion of g l ibenclamide canno t  be def ini te ly  
s ta ted .  

The prolonged use of gl ibenclamide has induced  a 
d e r a n g e m e n t  in the  me tabo l i sm of pro te in  and lipids, 
since even  t h o u g h  there  was a s ignif icant  increase in body 
weight  of the  gl ibenclamide group of rats ,  t h a t  increase 
did n o t  reflect  in the i r  l iver weights .  Actual ly  th is  group 
had  s ignif icant ly  lower l iver weights  as compared  wi th  the 
control  group (p < 0.001). Lowered  liver pro te in  levels of 
t he  gl ibenclamide group indica te  t h a t  the  weigh t  increase 
m a y  no t  be due to  p ro te in  re ten t ion  b u t  r a the r  due to 
lipid accumulat ion.  As ch lor ina ted  a romat ic  compounds  
have  an adverse  effect  on liver (such as the  p roduc t ion  
of f a t t y  livers aT) the  effect  of gl ibenclamide,  a compound  
wi th  a chlor inated  a romat ic  ring, on liver is also a m a t t e r  
of concern.  A deta i led  s tudy  of its effect  on various 
enzymes  such as lipogenic, l ipolytic,  glycolytic and  gly- 
cogen and  pro te in  syn the t i c  enzymes  is war ran ted .  
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