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test  af ter  washing and resuspending in M E M + 1 0 %  se- 
rum. Cells grown in spinner flasks as cell suspensions were 
washed f rom M E M ] + 1 0 %  serum and resuspended in 
MEM + 10 % serum to reconst i tu te  the  normal  concentra-  
t ion of Ca and Mg ions able to suppor t  adhesion. 

Results. The ra te  of adhesion of a viable  cell popula t ion  
t rea ted  for 10 rain wi th  t ryps in  is shown in Figure  1, com- 
pared wi th  the  ra te  of adhesion of un t rea ted  ceils grown 
in suspension (spinner culture).  The  2 funct ions follow an 
exponent ia l  pa t t e rn  dur ing the  first  hour  followed by  a 
pla teau and a secondary exponent ia l  phase of growth.  
Tryps in- t rea ted  ceils have  a slower ra te  of adhesion than  
un t rea ted  ones showing a less pronounced p la teau  before 
the  s tar t  of the  cel lular  growth. 

Ceils t rea ted  for longer periods of t ime  by  t ryps in  
(Figure 1) show propor t ional ly  siower rates of adhesion in 
which no p la teau  is present.  This  m a y  be due to the  fact  
t h a t  af ter  cell growth is s tar ted,  the  adhesion of pa r t  of 
the  popula t ion  is stil l  t ak ing  place and therefore  the  func- 
t ion obta ined is the  resul tant  of the  s imul taneous  pre- 
sence of these 2 phenomena.  

The same exper iment  per formed on E D T A - t r e a t e d  cells 
is shown in Figure  2. The  ra te  of adhesion follows an 
irregular pa t t e rn  dur ing the  first  hour and la ter  falls to 
zero, showing t h a t  these ceils were not  v iable  despite the i r  
capac i ty  to adhere dur ing the  first  few hours. This  la te  
tox ic i ty  of E D T A  is also ev iden t  in the  20 min  sample tha t  
reaches the  value  of the  ini t ial  popula t ion  only af ter  48 h. 
This  sample, however,  was released in suspension by 
scraping because its t ime  of contac t  w i th  E D T A  was too 
short  to release in suspension the  ceils, 

F igure  3 reports  the  3 funct ions obta ined for nonadher-  
ing cells. I t  appears t h a t  10 min  t ryps in- t rea ted  cells, 
1~DTA-treated ceils, and spinner cul tured ceils, all dis- 
appear  f rom cul ture  med ium at  the  same ra te  while 
30 min  t ryps in- t rea ted  cells d isappear  a t  a lower rate.  This  
conclusion was reached by performing analysis of var iance  
on the  da ta  obtained.  

Discussion. I t  m a y  first  be noted  t h a t  by  the  approach  
of measuring bo th  the  ra te  of adhesion of l iv ing cells and 
the  ra te  of disappearance of non-adher ing  cells, i t  be- 
comes much  easier to separate  the  t rue  process of cell ad- 
hesion f rom the  ceil growth and death,  normal ly  present  
in e v e r y  cell populat ion.  I n  this  way  i t  can be seen t h a t  
E D T A  and t ryps in  have  qui te  a different  effect on adhe- 
sion and on the  subsequent  growth of K B  ceils. 

E D T A  does not  affect adhesion but,  in agreement  w i th  
da ta  on r iaggregat ion ~, shows qui te  a toxic  effect on l iv ing 
celIs. E D T A  being unable  to modi fy  the  ra te  of disappear-  
ance of non-adher ing ceils, i t  appears  t h a t  a non-viable  
popula t ion  of cells m a y  adhere  to glass a t  the  same ra te  as 
a l iv ing one. 

Tryps in  is able  to decrease the  ra te  of adhesion and 
apparen t ly  reduces the  lag, per iod before growth  resump- 
tion. Since any t ryps in  possibly adsorbed on the  p lasma 
membrane  dur ing the  t r e a t m e n t  ~ is readi ly  inac t iva ted  by  
the  serum added to the  cul ture m e d i u m  7, the  hypothesis  
t ha t  membrane  adsorbed t ryps in  could interfere wi th  the  
process of adhesion can be ruled out. At  the  contrary,  the  
decrease of the  ra te  of adhesion being propor t iona l  to the  
t ime  of contac t  of cells wi th  t rypsin,  the  effect on adhesion 
m a y  be in terpre ted  as a remova l  of membrane  proteins,  as 
was suggested by  other  authors  s inves t iga t ing  the  process 
of cell aggregation.  

I n  conclusion, the  adhesion of K B  ceils to a glass sur- 
face is a process not  necessarily re la ted to the  v iab i l i ty  of 
the  cell populat ion.  E D T A  and t rypsin,  in the  exper imenta l  
condit ions here  utilized, m a y  well  serve the  purpose to 
demons t ra te  this  dissociat ion and to help to unders tand  
the  mechanisms invo lved  in cell adhesiveness ~. 

Riassunto. La veloci tk di  adesione al ve t ro  di cellule 
p r e t r a t t a t e  con Tr ips ina  ed E D T A  ~ s t a t s  compara t a  a 
quel la  di cellule cresciute in sospensione, ut i l izzando un 
metodo  che pe rmet t e  di va lu ta re  la popolazine di cellule 
adese vi ta l i .  I r i sul ta t i  mos t rano  che il p r e t r a t t amen to  
con Tr ips ina  r iduce la veloci tk  di adesione senza r idurre  
la v i ta l i t~  delle cellule, ment re  il t r a t t a m e n t o  con E D T A  
pur  essendo citotossico non a l t e r s  la veloci tk  di adesione. 
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The  Effect  of  G l i b e n c l a m i d e  on  N o n - E s t e r i f i e d  Fat ty  Acid  Leve l s  in the  P l a s m a  
of the  Severe ly  A l l o x a n  Diabet i c  Rat  

In addi t ion to t he i r  ab i l i ty  to s t imula te  insulin release 
f rom the  pancrea t ic  fi-cell, i t  has also been pos tu la ted  
t h a t  the  hypoglycaemic  sulphonylureas exer t  an effect a t  
cer ta in  ex t rapancrea t ic  sites 1, 2 BEWSHER and ASHMORE a 
observed a direct  inhibi t ion of hepa t ic  l ipase ac t iv i ty  by  
to lbu tamide ,  and WEiss  et  al. 4 showed glycodiazin would  
inh ib i t  t r ig lycer ide lipase bound to the  lysosomal  s t ructure.  
These results expla in  the  of ten observed inhibi t ion of 
ketogenesis  in v i t ro  by  the  hypoglycaemic  sulphonylureas.  

ScI~mI)T et  al. ~ showed a reduct ion  in the  p lasma 
concent ra t ion  of non-ester if ied f a t t y  acid (NEFA) and 
f l -hydroxybutyra te  in a l loxan diabet ic  rats  i h af ter  the  
i.p. in ject ion of gl ibenclamide 0.5 mg/kg.  The  effect Oil 
p lasma f i -hydroxybutyra te  has  been conf i rmed by  other  
workers".  SCHmDT ~ observed no change in p lasma insulin 
levels at  sacrifice bo th  his tological ly and immunologica l ly  
and suggested t h a t  an effect of g l ibenclamide on adipose 
t issue l ipase was responsible for the  fall  in N E F A  observ-  

edL The animals  used in the  la t te r  inves t iga t ion  were 
g iven  a l loxan i.p. (75 mg/kg),  and left  for 10 days to  
develop stable diabetes.  Animals  were then  selected for 
the  exper imenta l  group on the  basis of blood sugars in 
excess of 300 rag/100 ml. I n  our l abora to ry  rats  given 
a l loxan 75 mg/kg  i.v. developed diabetes  after  48 h. of a 
sever i ty  which closely paral leled t h a t  expected after  
pancrea tec tomy.  Indeed,  t r e a t m e n t  of these rats  w i th  
100 mg/kg  gl ibenclamide oral ly every  5 h for 15 h (4 doses 
in all), p roduced no detectable  e leva t ion  of the  p lasma 
insulin level  (FoY and STANDING, unpubl ished observa-  
tion). The  exper iment  of SC~tmDT was, therefore,  repea ted  
and then  a similar  inves t iga t ion  was carried out  using our 
own an imal  model,  compar ing  the  response to glibencla- 
mide  wi th  t o lbu tamide  and chlorpropamide.  

Materials and methods. Male C.S.E. (Bradford Strain) 
rats  weighing 200-220 g, were used in all exper iments .  
Diabetes  was induced by  slow i.v. in ject ion of 75 mg /kg  
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a l loxan  m o n o h y d r a t e  in  0 .9% saline,  and  all  a n i m a l s  were 
a l lowed food a n d  w a t e r  t h r o u g h o u t  t he  e x p e r i m e n t a l  
per iod.  The  degree  of d i abe t e s  i nduced  was i n d i c a t e d  b y  
t he  c o n d i t i o n  a n d  w a s t i n g  of t h e  animals ,  b y  pos i t ive  
u r i n a r y  glucose a n d  ke tone  (Labst ix) ,  and  b y  h igh  
( >  300 mg/100  ml) b lood sugar  a t  dea th .  

48 h a f te r  t he  a l l oxan  in jec t ion ,  r a t s  assessed as ke to t i c  
d iabe t i c  were d iv ided  in to  2 groups.  The  f i rs t  g roup  was 
g iven  0.5 m g / k g  g l ibenc lamide  i.p., t h e  second group 
sal ine 1.0 ml /kg,  and,  a f t e r  t he  a p p r o p r i a t e  t i m e  i n t e r v a l  
(15, 30, 60 rain) the  a n i m a l s  were s t u n n e d  a n d  3 ml  venous  
b lood  r a p i d l y  r e m o v e d  f rom t he  dorsa l  v e n a  c a r s ,  j u s t  
a b o v e  t he  rena l  a r te ry .  Blood  sugar  was d e t e r m i n e d  f rom 
th i s  sample  b y  t he  m e t h o d  of ASATOOR a n d  KIN~ s. The  
r e m a i n i n g  b lood  was cen t r i fuged  a t  2,500 r p m  for 10 m i n  
a t  3~ a n d  the  p l a s m a  assayed  for  N E F A  c o n t e n t  b y  t he  
co lor imet r ic  m e t h o d  of ITAYA and  UI", and  for  i m m u n o -  
r eac t ive  insu l in  c o n t e n t  b y  t he  m e t h o d  of HAL~S and  
RANDLE t0. This  m e t h o d  has  been  shown  to be sens i t ive  to  
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Fig. 1. The effect of induction of diabetes with alloxan 75 mg/kg i.v., 
on the plasma concentration of NEFA, and the influence of gliben- 
elamide (HB 419), tolbutamide and chiorpropamide on the plasma 
levei of NEFA, f h after i.p. adlninistration ot the alloxan diabetic 
animal. ~ = 10-18 observations. Mean J= S.E. ** = P < 0.0t. 
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Fig. 2. The influence of glibenclamide (HB 419)] tolbutamide and 
cblorpromapide on the plasma immunoreactive insulin concentration, 
1 h after i.p. administration to the alloxan diabetic animal. ~ = 16-18 
observations. Mean J= S.E. * = P < 0.05. 

insu l in  levels well  w i t h i n  those  de tec ted  in th i s  s t u d y  and  
a l t h o u g h  s t a n d a r d i z e d  on  beef  insu l in  to  measu re  effect-  
ive ly  mouse  a n d  r a t  insu l ins  n ,  t~. The  e x p e r i m e n t  was  
r e p e a t e d  us ing  t o l b u t a m i d e  a n d  c h l o r p r o p a m i d e  50 m g / k g  
i.p. 

The  e x p e r i m e n t a l  p rocedure  of SCI~MIDr et  al. s was also 
car r ied  ou t .  R a t s  were g iven  a l l o x a n  150 m g / k g  i.p. a n d  
on t he  m o r n i n g  of t he  10 th  day,  a 0.1 ml  b lood sample  was 
t a k e n  f rom the  ta i l  ve in  for  b lood sugar  d e t e r m i n a t i o n .  
An ima l s  w i t h  b lood  sugar  a b o v e  300 rag/100 ml,  h i g h  
u r i n a r y  glucose + k e t o n e  (Labs t ix)  and  loss of weight ,  
were selected a n d  d iv ided  in to  3 groups.  1 g roup  served  
as control ,  t h e  o t h e r  2 g roups  were g iven  g l ibenc lamide  
0.5 m g / k g  i.p. 1 g roup  was sacr i f iced a f t e r  15 min,  t h e  
o the r  a f t e r  I h, a n d  b lood glucose, insu l in  and  N E F A  in 
t he  p l a s m a  was d e t e r m i n e d  in each  case. 

Results. Anima l s  g iven  75 m g / k g  a l loxan  2 days  
p rev ious ly  showed  the  expec ted  s ign i f ican t  increase  in  t h e  
level  of p l a s m a  N E F A  a n d  b lood glucose (Figure  1). 1 h 
a f t e r  g l ibenc lamide ,  a m a r k e d  suppress ion  of p l a s m a  
N E F A  was obse rved  w i t h o u t  a co r re spond ing  fall  in  
b lood  glucose. T o l b u t a m i d e  a n d  c h l o r p r o p a m i d e  (50 mg /  
kg), h a d  no  s ign i f i can t  effect  on e i t he r  p a r a m e t e r .  
F igure  2 shows a small ,  b u t  s ign i f i can t  t i t r a t i o n  of p l a s m a  
insu l in  levels in  t he  g l ibenc lamide  t r e a t e d  g roup  a f t e r  I h, 
whereas  a d m i n i s t r a t i o n  of t o l b u t a r n i d e  and  ch lorprop-  
amide  h a d  no s ign i f ican t  effect. Us ing  a s epa ra t e  g roup  of 
an imals ,  t h e  p l a s m a  insu l in  levels were d e t e r m i n e d  15 a n d  
30 m i n  a f t e r  t h e  g l ibenc lamide  dose. P l a s m a  insu l in  levels 
were m a r k e d l y  e l eva ted  a t  15 min,  whi l s t  a t  30 rain  and  
1 h, t he  e l eva t ion  was smal l  b u t  s ign i f ican t  (Figure 3). 

The  e x p e r i m e n t  based  on  t h a t  of SCI~MIDT 5 showed a 
s ign i f ican t  fall  in p l a s m a  N E F A ,  w i t h o u t  a c o n c o m i t a n t  
depress ion  of b lood glucose levels. However ,  p l a s m a  
insu l in  levels  were e l eva ted  s ign i f i can t ly  in  t he  g l ibencla-  
mide  t r e a t e d  group  a f t e r  15 rain  and  1 h (Figure 4). 

Discussion. The  obse rva t i on  t h a t  t o l b u t a m i d e  i nh ib i t s  
cyclic A M P  phosphod ie s t e r a se  in  ce r t a in  tissues12 
p rov ides  a p a r a d o x  w h e n  cons ider ing  t o l b u t a m i d e  as a n  
an t i l ipo ly t i c  agent .  Such  an  i n h i b i t i o n  would resu l t  in  a n  
increased  cel lular  level  of 3' 5 ' -AMP a n d  hence  a n  expec t ed  
l ipo ly t ic  effect  on  t h e  adipose  t i ssue  cell. However ,  
t o I b u f a m i d e ' s  ac t ion  has  been  shown  to be  u n r e l a t e d  to  
a n y  change  in  cel lular  cyclic A M P  levels l~,s~. CItAI~ a n d  
FAIN x5 h a v e  sugges ted  t h a t  b o t h  t o l b u t a m i d e  a n d  gli- 
b e n c l a m i d e  could  i n h i b i t  l ipolysis  b y  u n c o u p l i n g  ox ida t i ve  
p h o s p h o r y l a t i o n  b u t  t i ssue  A T P  levels d id  no t  a p p e a r  to  
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be apprec iab ly  changed  x*,~. CORBIN and  I42REBS Is and  
HIJ~TIJNEN et al, ~ have  d e m o n s t r a t e d  the  exis tence  of a 
3 ' 5 ' -AM P  sensi t ive p ro te in  kinase  which  is responsible  
for the  ac t iva t ion  of adipose t issue t r iglycer ide lipase. 
BROWN e t a l .  ~ suggested t h a t  t o l b u t a m i d e  could inh ib i t  
l ipolysis  by  inh ib i t ing  the  b ind ing  of 3' 5 ' -AMP to th is  
p ro te in  kinase. 

Many  earlier clinical s tudies  have  shown t h a t  sulphonyl-  
urea drugs depress  p lasma  N E F A  levels ~~ b u t  none  
of these  observa t ions  in m a t u r i t y  onset  pa t i en t s  p rov ide  
any  evidence t h a t  the  ant i l ipolyt ic  effect  is med ia t ed  o ther  
t h a n  by  i m p r o v e m e n t  in the  pancrea t i c  insulin response.  
Clinical evidence f rom STONE and  BRowN ~ showed t h a t  
a single dose of ace tohexamide  or t o lbu t amide  to keto-  
acidosis res i s tan t  d iabet ic  pa t i en t s  caused an init ial  fall in 
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Fig. 3. The influence of glibenclamide (HB 419) on the plasma im- 
munoreaetive insulin concentration, 15, 30 and 60 rain after i.p. 
administration to the alloxan diatebie animal. Mean ~: S.E. n ~ 16- 
18 observations. * = P < 0.05. ** = P < 0.01. 
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Fig. 4. The effect of glibenclamide (HB 419) on the plasma insulin, 
glucose and NEFA concentrations, 15 min and 1 h after i.p. adminis- 
tration to rats given 150 mg]kg alloxan i.p. 10 days previously and 
assessed as stable diabetic animals on the morning of the experiment. 
n = 8-10 observations. Mean J= S.E. ** = P < 0.01 ; *** = P < 0.001. 

p la sma  N E F A ,  a l though  blood sugar  showed no ini t ial  
change.  The b lood sugar decrease was m a x i m a l  a t  6 h in 
these  exper iments ,  whereas  a m a x i m a l  fall in p lasma  
N E F A  occurred at  2 h. This  ear ly  fall in p l a sma  N E F A  
followed by  a more  l a t en t  blood sugar depress ion is a 
p h e n o m e n a  of ten  observed  when  low doses of insul in are 
given to  the  panc rea t ec tomised  animal  ~s, the  fa t  cell 
being uniquely  sensi t ive to admin i s t e red  insulin 2~. 
KovAcEv and  Scow ~7 using in vivo ra t  pa ramet r i a l  
perfus ion t echn iques  in t he  pancrea tec to rn ized  animal  
have  shown t h a t  on the  adrn in is t ra t ion  of 2 IU  of insulin, 
a gradual  r educ t ion  in blood glucose and  ke tone  bodies 
was observed,  reaching a m a x i m a l  reduc t ion  in 100 rnin, 
whereas  N E F A  levels were comple te ly  suppressed  at  
30 rnin. 

LOUBATIERES et  a13 s have  s t a t ed  t h a t  as l i t t le  as 1/~ 2 of 
the  normal  a m o u n t  of func t iona l  pancrea t ic  t issue will 
sti l l  p roduce  an insulinogenic response  f rom the  experi-  
men ta l  animal.  A l though  our animals  were considered 
chronical ly  diabetic,  this,  t oge the r  w i th  the  h igh  p o t en cy  
and in t r ins ic  ac t iv i ty  of g l ibenclamide did p roduce  a 
pancrea t i c  response  15 rain af ter  i.p. inject ion.  Loubat ie res  
also s t a t ed  t h a t  gl ibenclarnide m a y  be 240 • more  
p o t e n t  t h a n  its more  classical su lphonylurea  coun te rpa r t s  ; 
t o l b u t a m i d e  and  ch lo rpropamide  -which failed to elicit a 
de tec tab le  response.  

The expe r imen t s  of SCHMIDT were  r epea t ed  in an 
a t t e m p t  to conf i rm results  f rom the i r  labora tory .  How- 
ever, as can be seen in t he  d iabet ic  animals  so produced,  
some p l a sma  insulin was a lways de tec tab le  af ter  the  
10-day period,  and a p lasma  insulin reponse  was seen in 
all animals  receiving the  i.p. g l ibenclamide dose. We 
were, therefore ,  unable  to  conf i rm the i r  results,  and  
unable  to rule out  a t  least  a par t ia l  pancrea t ic  locus of 
ac t ion for the  observed  glibenclarnide suppress ion of 
N E F A  in the  a l loxan diabet ic  animal.  

Zusammenfassung. Zugabe von  Olibenclarnid bet 
Al loxan induzier ten ,  s ta rk  zuckerkranken  R a t t e n  ver- 
rn inder t  den Gehal t  freier Fetts~iuren im Blutplasrna.  
Ke in  en t sp rechend  an t i l ipo ly t i scher  t~ffekt wurde  bet 
Wiederho lung  des Exper i rnen tes  beobach te t ,  wenn  
Chlorpropamid  und  Tolbutarnid  h u n d e r t f a c h  s tgrker  als 
Glibenclarnid ve rabre ich t  wurde.  
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