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Abstract. The ra te  of do1 ichol synthesis in normal and diabetic 
l i ve r  s l i ces  in the presence or  absence of insulin was investigated 
with radiolabeled acetate and mevalonate as substrates.  Choles- 
terol and dolichol syntheses were found low in diabetic r a t  l i ve r  
s l i ces  when incubated e i ther  with l-14C-acetate o r  2-3H-mevalonate. 
In the presence of insul in ,  chol ester01 and do1 ichol synthesis in  
diabetic r a t  l i ve r  s l i ces  returned t o  normal in nine hours when 
incubated with 1- 14c-acetate; however, with 2-3H-meval onate, syn- 
thesis  of cholesterol and dolichol normalized in  about three hours. 
These studies show tha t  dolichol synthesis in r a t  l i ve r  s l i ces  i s  
dependent O n  i nsul i n .  1987 Society for Experimental ~i010gy and Medicine 

Introduction. I t  i s  recognized tha t  t h ?  
addition of 01 iqosacchari de side chains 
t o  asparagi ne residues of proteins i n 
the synthesis of glycoproteins i s  a co- 
translational event, and i t  proceeds by 
an en bloc mechanism in which oligosac- 
charides are  preassembled on a 1 i pi d 
c a r r i e r ,  do1 i chol phosphate, prior t o  
t ransfer  (1 ) .  Presumably, t h i s  mecha- 
nism acts  in a cycl i c  manner, wherein 
dolichol phosphate i s  thought t o  be re- 
generated a f t e r  oligosaccharide trans- 
f e r .  For the most par t ,  cholesterol 
shares a common bi osynthetic pathway 
with ubiquinone and dolichol. Evidence 
in the l i t e r a tu r e  supports the conclu- 
s i  on tha t  B-hydroxy-B-methyl gl utaryl- 
coenzyme A (HMG-CoA) reductase i s  the 
major rate-1 imi t i  ng enzyme in the syn- 
thesis  of cholesterol ( 2 ) ,  and t h i s  
enzyme i s  known t o  be under dietary and 
hormonal control ( 3 ) .  I t  has been shown 
in smooth muscle c e l l s  tha t  HMG-CoA 
reductase regulates not only cholesterol 
but dolichol synthesis ( 4 ) ;  whereas in 
the r a t  l i ve r ,  t h i s  has been shown not 
t o  be the case (5) .  

Although i t  i s  known tha t  hepatic 
HMG-CoA reductase ac t iv i ty  and chol es- 
terol  bi osynthesi s are  markedly reduced 
in diabetes (6 ,7) ,  very 1 i t t l  e i s  known 

about whether diabetes causes an impair- 
ment in hepatic do1 ichol biosynthesis. 

In the present study, we have fo- 
cused on the rate  of dolichol synthesis 
with radiolabeled acetate and mevalonate 
as substrates in  normal and diabetic r a t  
l i ve r  s l i ces  in  the presence or  absence 
of insulin.  

Material s and Methods. Experiments were 
performed usi ng 200-250 g Sprague-Dawl ey 
male rats .  ~ i a b e t e s  was induced via 
intraperi toneal admini s t ra t ion  of strep- 
tozotocin (50 mg/kg body weight). For- 
ty-eight hours a f t e r  injection of strep- 
tozotocin the animals were fasted over- 
night and blood glucose levels were 
estimated by dextrostix s t r i p s .  Animals 
having greater than 200 mg/dl fas t ing 
blood sugar levels were used in the 
experiment. 

Three t o  four weeks a f t e r  the in- 
duction of streptozotocin diabetes,  
animals were anesthetized with ether and 
sacrificed. The l ivers  were perfused, 
and dissected. Liver s l i c e s  (0.5 g )  
were incubated in v i t ro  in 5 ml of 
Hanks-bal anced solution containing 20 mM 
HEPES buffer (N-2-hydroxyethyl pi perazi ne 
- N  '-2-ethane-sul foni c acid) . The i ncu- 
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Figure  1: E f f e c t  o f  i n s u l  i n  on cho les te ro l  and do1 i c h o l  synthes is  i n  normal and 

d i a b e t i c  r a t  l i v e r  s l i c e s .  L i v e r  s l i c e s  were incubated w i t h  1-14c- 

aceta te  i n  the  presence o r  absence o f  i nsul  i n  (lom5 M) ; a t  3 and 9 

hours o f  incubat ion ,  t i s sues  were analyzed f o r  cho les te ro l  and 

do1 i c h o l  as descr ibed i n  t he  t e x t .  Cho les tero l  and do1 i c h o l  

syntheses were s i g n i f i c a n t l y  lower i n  d i a b e t i c  l i v e r  s l i c e s ;  the  

a d d i t i o n  o f  i n s u l i n  t o  medium res to red  t o  normal l e v e l s  by n ine 

hours. Each bar represents  the  mean 2 SE o f  f i v e  animals. 

bation was carried out in a Dubnoff 
shaker water bath under 95% O 2  and 5% 
C02 a t  37°C for  three hours. 

These incubation studies were car- 
ried out separtely with 2 mM acetate 
containing 1-14C-acetate (2.5 pc/ml) 
(sp. act .  52.5 mCi/mmol ) from New Eng- 
land Nuclear and 1 mM mevalonolactone 
containing DL-2- 3~-mevaloni c acid 1 ac- 
tone ( 1  pci/ml) (sp. ac t .  4.28 ci/mmol) 
from Amersham Sear1 e.  Crystal 1 i ne i nsu- 
1 in dispersed in  sal ine a t  a f inal  con- 
centration of M was added t o  the 
medium. (Crystal1 ine porcine insul i n ,  
Lot #615-075-50, was a g i f t  from Li l ly  
Laboratories). In control experiments, 
insulin was omitted. After incubation 
the l i ve r  s l i ces  were washed twice in 
ice cold water and-suspended in 2.5 ml 
water. Five ml of 10% a1 coho1 i c KOH and 
1 ml of 15% pyrogallol in methanol were 
added t o  the suspension. The l i ve r  
s l i ces  were saponified by boiling the 
en t i r e  mixture a t  100°C f o r  45 minutes. 

After saponification, nonsaponifiable 
1 i pid f ract ion was extracted as  per the 
method of Wong e t  a l .  ( 9 ) .  Separation 
of the do1 ichols from cholesterol was 
achieved by the method of Wong and 
Lennarz (10) .  Briefly,  the l ip id  ex- 
t r a c t  was applied t o  a Sep-Pak C l 8  re- 
verse-phase cartridge type col umn; f i  nal 
products were eluted sequentially with 
methanol, acetone and dichloromethane t o  
e lute  chol ester01 , do1 i chol and do1 i chol 
phosphate, respectively, with a recovery 
of about 95%. Radioisotope counting was 
performed with a Beckmann LS-250 liquid 
s c in t i l l a t i on  counter using an InstaGel 
l iquid s c in t i l l a t i on  cocktail .  

Results. Relative Rate of Flux of Ace- 
t a t e  and Mevalonate into Cholesterol 
and Dolichol in Normal and Diabetic Rat 
Liver Slices in the Presence or  Absence 
of Insulin: Figure 1 shows total  cho- 
les terol  and dolichol svntheses in nor- 
mal and diabetic 1 iver  i l  ices incubated 
with 1-14C-acetate. Radiolabel ed ace- 
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F igu re  2: E f f e c t  o f  i n s u l i n  on cho les te ro l  and d o l i c h o l  syn thes i s  i n  normal and 

3 d i a b e t i c  r a t  1  i v e r  s l  i c e s  incubated w i t h  2- H-mevalonate. Exper i -  

mental procedures were s i m i l a r  t o  those descr ibed i n  t h e  legend f o r  

F i gu re  1. As i n  F igu re  1, cho les te ro l  and d o l i c h o l  syntheses were 

s i g n i f i c a n t l y  lower i n  d i a b e t i c  l i v e r  s l i c e s  b u t  were re tu rned  t o  

normal l e v e l s  i n  t h r e e  hours w i t h  i n s u l i n  i n  t h e  medium. 

t a t e  i ncorpora t ion  i n t o  do1 i chol and 
cho les te ro l  i s  s i g n i f i c a n t l y  reduced i n  
d i  abe t i  c  1  i ver  s l  i ces  (chol  es t e r o l  syn- 
thes is :  117.4 5 16.6 vs 61.8 + 11.6 
DPM x 103/g t i s sue ,  normal vs d iabe t i c ,  
p  < 0.01; d o l i c h o l  synthesis:  560 + 120 
vs 280 + 120 DPM/g t i s sue ,  normal vs 
d iabe t i c ,  p  < 0.01). Cholesterol  and 
do1 i c h o l  syntheses were reduced by 47% 
and 49%, respec t i ve l y .  The a d d i t i o n  o f  
i n s u l i n  t o  t h e  media conta in ing  d iabe t i c  
1  i v e r  s l i c e s  induced do1 i c h o l  and cho- 
l e s t e r o l  syntheses t o  normal l e v e l s  i n  
approximately n i  ne hours; whereas wi t h  
w i t h  t h e  normal l i v e r  s l i c e s ,  i n s u l i n  
d i d  n o t  have any e f f e c t .  

F igure  2 shows t o t a l  cho les te ro l  
and do1 i c h o l  syntheses i n  t he  presence 
o r  absence o f  i nsul  i n  w i t h  2-3H-meval o- 
nate as substrate.  With rad ioac t i ve  
meval onate as subs t ra te ,  chol es te ro l  
and do1 i c h o l  syntheses were reduced s i g -  
n i f i c a n t l y  (cho l  es te ro l  synthesis:  66.8 
+ 13.2 vs 42.0 + 5.2 DPM x  103/g t i ssue,  
normal vs d iabe t i c ,  p  < 0.01; do l i cho l  

synthesis:  240 + 50 vs 140 + 20 DPM/g 
t i s sue ,  c o n t r o l  vs d iabe t i c ,  p  < 0.01) 
t o  about 33% and 40%, respec t i ve l y .  
Reduced 1  eve1 s  o f  cho les te ro l  and do1 i- 
chol syntheses i n  d i a b e t i c  l i v e r  s l i c e s  
du r i ng  t h e  e n t i r e  nine-hour incubat ion  
per iod  were mai n t a i  ned. Add i t i on  o f  
i n s u l i n  t o  t he  medium conta in ing  d ia -  
b e t i c  l i v e r  s l i c e s  induced cho les te ro l  
and d o l i c h o l  syntheses w i t h i n  t h ree  
hours . 
Discussion. The b iosynthes is  o f  aspara- 
gine-1 i nked 01 igosacchar ide (1 )  invo lves  
several  stages, t he  i n i t i a l  s teps being 
synthesi  s  o f  do1 i chol  , then do1 i chol  
phosphate and do1 i chol pyrophosphate 
01 i gosacchari de, r espec t i ve l y .  These 
r e s u l t s  show t h a t  t he  i n i t i a l  s tep  i n  
g l  ycopro te i  n  synthesi  s  , namely do1 i c h o l  
synthesi  s  , i s regu la ted  by i nsul  i n .  

A1 though, f o r  t he  most pa r t ,  cho- 
l e s t e r o l  and d o l i c h o l  syntheses share a  
common b iosyn the t i c  pathway, i t  i s  i n -  
t e r e s t i n g  t o  note t h a t  the  f l u x  of ace- 
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t a t e  and mevalonate i n t o  cho les te ro l  
synthesi  s  i s  many-fol d  g r e a t e r  than  
d o l i c h o l  syn thes is .  Th i s  i s  i n  agree- 
ment w i t h  e a r l i e r  f i n d i n g s  t h a t  choles- 
t e r o l  i s  synthesized i n  l a r g e  q u a n t i t i e s  
by t h e  l i v e r  (11) ;  whereas d o l i c h o l  i s  
requ i  r ed  o n l y  i n c a t a l  y t i  c  amounts, 
s ince  i t  i s  recyc led  by t h e  d o l i c h o l  
cyc l e  a f t e r  i t  has been converted t o  
d o l i c h o l  phosphate ( 1 ) .  

HMG-CoA reductase i s  an i nduc t i  b l  e  
enzyme t h a t  ca ta lyzes  and regu la tes  t h e  
fo rmat ion  o f  mevalonate, which i s  i n -  
vo lved  i n  t he  syn thes is  o f  bo th  choles- 
t e r o l  and do1 i c h o l .  D iabe t i c  1  i v e r  
s l  i ces syn thes i  zed 1  ess chol  e s t e r o l  and 
do1 i c h o l  e i t h e r  f rom ace ta te  o r  mevalo- 
nate than t h e  con t ro l .  These r e s u l t s  
support  t he  e a r l i e r  f i n d i n g s  t h a t  cho- 
l e s t e r o l  syn thes is  i s  r egu la ted  ma in l y  
a t  t h e  HMG-CoA reductase step,  and 
secondar i l y  a t  t he  squalene synthetase 
s tep  (12) .  Since d o l i c h o l  syn thes is  i s  
reduced t o  t he  same degree w i t h  bo th  
subs t ra tes  i n  t he  d i a b e t i c  r a t  l i v e r  
s l i c e s  i n  comparison t o  normals, i t  i s  
poss ib l e  t h a t  d o l i c h o l  syn thes is  i s  
regu la ted  a t  t he  do1 i c h o l  synthetase 
step. Moreover, i t  i s  poss ib l e  t h a t  
i n  d i a b e t i c  l i v e r  t h e  enzyme o r  enzymes 
i nvo l  ved i n do1 i chol  synthetase compl ex 
migh t  have reduced a c t i v i t y  o r  may have 
a  h igher  Km f o r  f a rnesy l  pyrophosphate 
than  squalene synthetase, which cou ld  
r e s u l t  i n  t he  convers ion o f  more f a r -  
nesyl  pyrophosphate t o  cho les te ro l  than  
t o  d o l i c h o l .  

I n  t h e  presence o f  i n s u l i n  d i a b e t i c  
1  i v e r  s l  i ces normal i ze chol  e s t e r o l  and 
do1 i chol  syntheses wi  t h i  n  n i  ne hours 
w i t h  ace ta te  as subs t ra te .  The poss ib le  
reason f o r  t h i s  l a g  p e r i o d  cou ld  be t h a t  
many steps, i n  a d d i t i o n  t o  HMG-CoA re -  
ductase, a re  dependent on i n s u l i n  when 
ace ta te  i s  used as t h e  substrate.  Wi th  
mevalonate as t he  subs t ra te ,  i n  t h e  
presence o f  i nsul  i n ,  chol  e s t e r o l  and 
d o l i c h o l  syntheses a re  normal ized w i t h i n  
t h r e e  hours. It i s  poss ib l e  t h a t  t h e  
r e g u l a t o r y  steps a f t e r  mevalonate, i n -  
c l  ud i  ng do1 i chol  synthetase, a re  induced 
w i t h i n  t h r e e  hours. 

Th?se r e s u l t s  show t h a t  do1 i c h o l  , 
and poss ib l y  enzymic g l y c o s y l a t i o n  o f  
p r o t e i n s  , i s  dependent on i nsu l  i n .  
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