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Effec t  o f  3 - H y d r o x y - 3 - m e t h y l g l u t a r i c  A c i d  o n  H y p e r c h o l e s t e r o l e m i c  L i v e r  

I n  a n  ear l ier  c o m m u n i c a t i o n ,  we h a v e  s h o w n  t h a t  ora l  
a d m i n i s t r a t i o n  of 3 - h y d r o x y - 3 - m e t h y l g l u t a r i c  acid (HMG) 
to  n o r m a l  as  well  as  h y p e r c h o l e s t e r o l e m i c  r a t s  r e su l t ed  in  
s ign i f i can t  r e d u c t i o n  of s e r u m  cho les t e ro lL  N o w  we wish  
to  r e p o r t  t h e  effect  of H M G  o n  t h e  microscopic  a n a t o m y  
a n d  choles te ro l  c o n t e n t  of t h e  l iver,  w h i c h  n o t  on ly  ac t s  
as t h e  s i te  of cho les te ro l  b i o s y n t h e s i s  * b u t  also r egu la te s  
t h e  f low of choles te ro l  to  b lood  8. 

Materials and methods. T o  s t u d y  t h e  ef fec t  of H M G  on  
h e p a t i c  choles terol ,  y o u n g  m a l e  a l b i n o  r a t s  we igh ing  100 g 
were  m a i n t a i n e d  for  2 weeks  on  a n  e x p e r i m e n t a l  diet .  T h e  
l iver  choles te ro l  level  of such  hype rcho l e s t e ro l emic  r a t s  
was  f o u n d  s ign i f i can t ly  e l e v a t e d  (1183 :k 36 m g  % ;  
p < 0.001) as  c o m p a r e d  to  n o r m a l  r a t s  k e p t  on  basa l  d i e t  
on ly  (525 4- 29 m g  %) .  T h e  r a t s  were  t h e n  d iv ided  in to  
g roups  of 5 each.  T h e  choles te ro l - fed  a n d  choles te ro t -p lus-  
HMG-fed  r a t s  c o n t i n u e d  rece iv ing  e x p e r i m e n t a l  diet .  F o r  
t h e  hype rcho l e s t e ro l emic  con t ro l  g roups  a n d  H M G - f e d  
groups,  t h e  e x p e r i m e n t a l  d i e t  was  rep laced  b y  basa l  diet .  
The  e x p e r i m e n t a l  cond i t i ons  were  exac t l y  t h e  same  as 
descr ibed  ear t ierK A t  v a r y i n g  per iods  of H M G  t r e a t m e n t  
(as ind ica ted) ,  t h e  t o t a l  l ive r  cho les te ro l  was  d e t e r m i n e d  
b y  t h e  modi f i ed  m e t h o d  of REINHOLD a n d  SHIEL~ (Table) .  

A h i s t o p a t h o l o g i c a l  s t u d y  of t h e  l iver  was  car r ied  o u t  
b y  c o n v e n t i o n a l  p a r a f f i n  e m b e d d i n g  a f t e r  d e h y d r a t i o n  of 
t i ssue  in  alcohol .  Sec t ions  of 4 # th ickness ,  c u t  on  a 
r o t a r y  mic ro tome ,  were  s t a i n e d  w i t h  t h e  r o u t i n e  h e m a -  
t o x y l i n  a n d  eosin  a n d  VAN GIES~N'S d i f f e r en t i a l  s ta ins .  
F igures  1 -6  show sec t ions  of l iver  o b t a i n e d  f rom r a t s  in  
va r ious  n u t r i t i o n a l  s ta tes .  

Results. I t  a p p e a r s  f rom t h e  T a b l e  t h a t  H M G  a d m i n i s -  
t r a t i o n  to  h y p e r c h o l e s t e r o l e m i c  r a t s  s ign i f i can t ly  lowers  
t h e  t o t a l  cho les te ro l  as c o m p a r e d  to  h y p e r c h o l e s t e r o l e m i c  
con t ro l  groups .  I t  is also e v i d e n t  t h a t  as  c o m p a r e d  to  
choles tero l - fed  groups ,  c o m b i n e d  feed ing  of cho les te ro l  
a long  w i t h  H M G  s ign i f i can t ly  depresses  t h e  hep a t i c  
choles tero l  levels.  

As  c o m p a r e d  to  n o r m a l  r a t s  (F igure  1), sec t ions  
o b t a i n e d  f rom l ivers  of h y p e r c h o l e s t e r o l e m i c  r a t s  (F igure  
2) show in t r aceUu la r  f a t t y  depos i t s  as  e v i d e n c e d  b y  a reas  
of e m p t y  look ing  cells. A t  f r e q u e n t  p laces  t h e  whole  l iver  
t i s sue  h a s  b e e n  f o u n d  c o n v e r t e d  i n to  i s l ands  of f a t  cells. 
F igures  3-5 show sec t ions  of l ivers  of hype rcho l e s t e ro l e mi c  

con t ro l  r a t s  a n d  H MG -fed  r a t s  on  f o u r t h  a n d  s i x t h  d a y  of 
H M G  t r e a t m e n t .  I t  is obse rved  t h a t  on  t h e  f o u r t h  d a y  t h e  
l iver  cells of hype rcho le s t e ro l emic  co n t ro l  a n i m a l s  were  
st i l l  f o a m y  (Figure  3), whereas  t hose  of H M G - f e d  h y p e r -  
cho les te ro lemic  r a t s  d id  n o t  show a n y  f o a m y  a p p e a r a n c e  
(i.e. l ipid depos i t ion)  (Figure  4), t h o u g h  a n  increase  in 
r e t i cu loendo the l i a l  cells was  seen in b o t h  t h e  g roups  as  
c o m p a r e d  to  no rma l .  On t h e  s ix th  d a y  of t r e a t m e n t ,  t h e  
sec t ions  of hype rcho le s t e ro l emic  l iver  st i l l  showed  mi ld  
l ip id  depos i t i on  (Figure  5) a l t h o u g h  phys io logica l  levels  
of h e p a t i c  cho les te ro l  were normal .  However ,  in  t h e  case 
of H M G - f e d  ra ts ,  t h e  l iver  cells show no ev idence  of f a t t y  
m e t a m o r p h o s i s  a l t h o u g h  re t i cu loendo the l i a l  cells r e m a i n  
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Effect of HMG and cholesterol plus HMG feeding on liver cholesterol 
of hypercholesterolemic rats (average 4- S.E.) 

HMG Total cholesterol content, rag/100 g liver 
treat- 
ment Cholesterol- Cholesterol + Hypercholes- HMG-fed 
(day) fed group HMG-fed terolemie group 

group control group 

1 11674-52 9944- 6 a 13764-38 9124-33 b 
2 13664-31 7894-47 b 10844-42 6 3 3 ± 1 1  b 
3 1 2 7 9 +2 5  958-t-52 b 9344-40 5 8 6 i 2 8  b 
4 12584-40 962-[-34 b 10784-40 6564- 8 b 
5 15664-63 1004=[=24 b 8964-23 7754-36 ¢ 
6 - - 608-t-18 626-I-11 

a Difference as compared to respective control group statistically 
significant p = 0.001;b p < 0.001; ¢ p < 0.02. 

Fig. 1. Normal architecture of rat liver. Light separation bands in 
between ceils are artifacts. H & E x 288. 

Fig. 2. Advanced fatty metamorphosis as evidenced by islands of 
empty looking liver cells. Broad empty bands are artifacts produced 
by undue hardening during fixation. H & E x 288. 
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Fig. 3. Moderate degree of fatty metamorphosis. H & E × 288. 
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Fig. 5. Mild degree of fatty metamorphosis. H & E × 288. 

Fig. 4. Normal liver parenchyma, but an increase in retieulo-endo- Fig. 6. Normal liver cells, fatty changes being reversed under HMG. 
thelial cells. Separation bands in between cells are artifacts. H & E H & E × 288. 
× 288. 

p r o m i n e n t  in  n u m b e r  as in  F igu re  4. T h e  l iver  cells of 
choles te ro l  p lus  H M G - I e d  g r o u p  o n  t h e  f o u r t h  d a y  of 
t r e a t m e n t ,  showed  no ev idence  of f a t t y  m e t a m o r p h o s i s  
(Figure  6), whe reas  t he  l iver  cells of choles te ro l - fed  g roup  
showed  m o d e r a t e  degree  of f a t t y  i n f i l t r a t i on  s imi la r  to  
t h o s e  o b s e r v e d  in F i g u r e  2. 

Our  p r ev ious  f ind ings  a n d  the se  d a t a  s t rong ly  sugges t  
t h a t  H M G  is n o t  on ly  c a p a b l e  of lower ing  s e rum a n d  l iver  
cho les te ro l  levels  of an imals ,  b u t  also possesses  t h e  ab i l i t y  
to  reverse  t h e  u n t o w a r d  changes  in  t h e  l iver  p a r e n c h y m a  
due  to  h y p e r c h o l e s t e r o l e m i a  a t  a qu icke r  r a t e  t h a n  do  
t h e  b o d y ' s  h o m e o s t a t i c  m e c h a n i s m s .  F u r t h e r  i t  h a s  no  
h e p a t o - t o x i c  ef fec t  a t  microscopic  level  a t  t h e  dosage  used  
in t h e  p r e s e n t  i nves t iga t ions .  F u r t h e r  w o r k  is in  progress  
to  e s t ab l i sh  h o w  far  H M G  a d m i n i s t r a t i o n  modif ies  t h e  
a t h e r o m a t o u s  changes  a n d  af fec ts  t h e  b i o c h e m i s t r y  of 
b lood  in t e r m s  of es ter i f ied  a n d  free choles terol ,  t o t a l  
es ter i f ied  f a t t y  acids,  p h o s p h o l i p i d s  a n d  t r ig lycer ides  
c o n t e n t  s. 

Zusammenfassung. F i i t t e r u n g  m i t  3 - h y d r o x y - 3 - M e t h y l -  
g lu ta rsAure  (HMG) f i ih r t  bei  hype rcho l e s t e r i n -Amischen  

R a t t e n  zu e iner  b e d e u t e n d e n  S e n k u n g  des  Leber-ChoI-  
es ter inspiegels .  Gle ichzei t ige  V e r a b r e i c h u n g  y o n  H M G  
u n d  Choles tero l  ode r  y o n  Choles tero l  a l le in  e r g a b  eine 
ger inge Z u n a h m e  des Choles terolspiegels  im e r s t en  Fall .  
Die  h i s t o p a t h o l o g i s c h e  L e b e r u n t e r s u c h u n g  zeigte,  dass  
H M G - B e h a n d l u n g  e ine  schnel le  N o r m a l i s i e r u n g  de r  F e t t -  
v e r ~ n d e r u n g e n  v e r u r s a c h t e ,  ohne  dass  tox i sche  W i r k u n g  
auf  die Zel lgewebe au f t r a t .  
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