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area  was  cor re la ted  to  t he  presence  of these  cont rac t i l e  
cells wh ich  have  m a n y  fea tures  of the  muscu la r  e lements .  

The  larger  q u a n t i t y  of 1-4 A P  found  in the  pe r i tubu la r  
cells of germinal  aplasia,  as c o m p a r e d  wi th  no rma l  sub- 
jec t s  and  o the r  pa thologica l  cases, could be expla ined  by  
the  fac t  t h a t  in ge rmina l  aplas ia  t he re  is no ut i l iza t ion of 
muscu la r  glycogen which  is necessary  when  spe rma to -  
genesis is ac t ive  21. 

Riassunto .  La  1-4 anailofosforilasi ~ p resen te  nel  tes t i -  
colo u m a n o  normale  ove ~ local izzata  nel l 'epi tel io t ubu-  
lare e in a lcuni  e lement i  per i tubular i .  Nella aplasia  germi-  
nale  ta reazione ~ i n t e n s a m e n t e  pos i t iva  solo in sede 
per i tubulare ,  ne l l ' a r res to  m a t u r a t i v o  solo nel tubulo .  

L ' en z i ma  ~ p r o b a b i l m e n t e  in r a p p o r t o  con l 'energia  neces-  
saria  per  la spe rma togenes i  e con la funzione  con t ra t t i l e  
delle cellule per i tubular i .  

A. FABBRINI, M. RE and G. SPERA 

Is t i tu to  di Med ic ina  Costi tuzionale ed Endocrinologia 
dell' UniversitY, R o m a  (Italy),  
1 February  1968. 

2~ Supported by grant No. 1247 of Consiglio Nazionale delle Ricerche 
Roma, Italia. 

E f f e c 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  B l o o d  L i p t d s  in  N o r m a l  a n d  C h o l e s t e r o l - F e d  R a t s  

In  v iew of t h e  increas ing associa t ion  of e l eva ted  levels 
of blood cho les t e ro l :phospho l ip id  (C/P) ra t io  and  tri- 
glycer ides  c o n t e n t  wi th  an increased risk of man i f e s t a t i on  
of a therosc le ro t ic  h e a r t  disease, n u m e r o u s  hypocho l -  
es te ro lemic  agen t s  h a v e  been  in tens ive ly  inves t iga ted  for 
the i r  possible  hypo l ipemic  ac t ion  and  p r e v e n t i o n  of 
a therosc le ro t ic  vascula r  diseases 1. Since in th i s  l abo ra to ry  
3 -hydroxy-3 -me thy lg lu t a r i c  acid (HMG) has  been  shown  
to  possess hypocholes te ro lemic  p r o p e r t y  *,3, a sy s t ema t i c  
s t u d y  on the  hypo l ipemic  role of HMG in male  albino ra t s  
was  unde r t aken .  

Methods.  The  following m e t h o d s  were  used for bio- 
chemica l  de t e rm ina t i ons :  total ,  es ter i f ied and  free chol- 
es terol  by  the  m e t h o d  of BLOOR et  al.4; phospho l ip ids  as 
descr ibed  b y  ZILVERSMIT 5; to ta l  es ter i f ied f a t t y  acids  and  
t r ig lycer ides  b y  t h e  m e t h o d  of REINHOLD et  al. e. 

Fo r  Table  I, 2 groups  of young  male  a lbino rats ,  weigh- 
ing a b o u t  110 g a n d  each  con ta in ing  5 an imals  were  caged 
separa te ly .  Group  I was  kep t  as contro l  and  fed on basal  
diet .  I n  add i t ion  to  th is  diet,  an imals  in group II  were  
given i.p. in jec t ions  of 20 mg  H M G / k g / d a y  in wa te r  for 
3 or  6 days .  Fo r  s tudies  m a d e  in Table  II ,  5 an imals  
weighing a b o u t  100 g (cholesterol-fed group) were  kep t  
on  basal  d ie t  con ta in ing  2% cholesterol ,  1% cholic acid 

and  5% h y d r o g e n a t e d  vege tab le  oils. In  add i t i on  to  t he  
above  fa t - r ich  cholesterol  diet ,  o the r  5 an imals  (cholesterol  
plus HMG-fed  group) were given 20 mg  H M G / k g / d a y  i.p. 
in water .  The  an imals  were  fed the  d ie t  ad l i b i t um for 
25 days.  Fo r  Table  I I I ,  10 male  r a t s  weighing  a b o u t  100 g 
were m a i n t a i n e d  on fa t - r ich  cholesterol  d ie t  for a per iod 
of 25 days  and  t h e n  d iv ided  in to  2 groups  of 5 each. The  
hyper l ipemic  con t ro l  g roup  was  g iven basa l  d ie t  on ly  
whereas  the  HMG-fed  group  received in add i t ion  to  th is  
d ie t  i.p. in jec t ions  of 20 mg H M G / k g / d a y  in w a t e r  for 

1 W. L. HOLMES, in Lipid Pharmacology (Ed. R. PAOLETTI ; Academic 
Press, New York 1964), p. 131. 

2 Z. H. BEG and M. SIDOXQI, Experientia 23, 380 (1967). 
3 Z. H. BEG, M. SmDIQI and R. A. H. SxDnIQ~, Experientia 21, 15 

(1968). 
* W. R. BLOOR, K. F. PELKnN and D. M. ALLEN, J. biol. Chem. 52, 

191 (1922). 
5 D. B. ZILVERSMIT, in Standard Methods o[ Clinical Chemistry 

(Ed. D. SELmSON; Academic Press, New York 1958), vol. 2, p. 132. 
J. G. R~XNnOLD, V. L. YONXN and E. R. GErtsnM^r~, in Standard 
Methods o/Clinical Chemistry (Ed. D. SELI6SON ; Academic Press, 
New York 1963), vol. 4, p. 85. 

Table I. Effect of HMG on serum tipids of normal rats (average ± S.E.) 

Basal diet Basal diet + HMG 

3 days 6 days 3 days 6 days 

Total cholesterol, mg % 70 4- 2 100 4- 2 60 4- 4" 83 4- 2 b 
Ester cholesterol, mg % 50 4- 2 74 ± 2 40 4- 44 60 4- 2 b 
Free cholesterol, mg °/0 20 4- 3 26 4- 1 20 4- 3 23 + 1 
Total esterified fatty acids, meq/l 6 4- 0.36 5.2 4- 0.28 5.1 4- 0.44* 4.11 -1- 0.14 b 
Phospholipids, mg % 186 4- 14 153 4- 5 187 + 19 140 4- 8 
Triglycerides, meq/1 1.45 4- 0.17 1.1 4- 0.16 0.53 4- 0.44 b 0.4 4- 0.14 ~ 
C/P ratio 0.389 :J= 0.00I 0.660 i 0.0004 0.339 ± 0.004 0.596 -t- 0.011 

Difference as compared to parallel basal diet control statistically significant P < 0.05 ; b p < 0.001 ; c p < 0.01. 
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6 days .  I n  all  t h e  expe r imen t s ,  t h e  para l l e l  con t ro l  g roup  
rece ived  in jec t ions  of d is t i l led  w a t e r  (1 ml) for  t h e  s ame  
d u r a t i o n  as ind ica ted .  A t  t h e  t e r m i n a t i o n  of s tudies ,  
b lood  samples  were  o b t a i n e d  b y  ca rd iac  p u n c t u r e .  

Results. I t  is e v i d e n t  f r o m  T a b l e  I t h a t  H M G  a d m i n -  
i s t r a t i o n  to  n o r m a l  r a t s  for  3 or  6 days  s ign i f i can t ly  de-  
presses  t h e  t o t a l  choles terol ,  es ter i f ied  choles terol ,  t o t a l  
es ter i f ied  f a t t y  ac id  a n d  t r ig lycer ide  levels.  Howeve r ,  
t h e r e  is no  s ign i f i can t  ef fec t  on  free Cholesterol a n d  p h o s -  
pho l ip id  levels.  T h e  C / P  r a t i o  was  in s ign i f i can t ly  lowered.  
T h e  d a t a  p r e s e n t e d  in T a b l e  I I  show t h a t  H M G  t r e a t m e n t  
causes  a s ign i f i can t  decl ine  in t he  levels  of d i f f e ren t  l ip ids  
(except  t o t a l  a n d  es t e r  choles terol)  of h y p e r l i p e m i c  r a t s  
as c o m p a r e d  w i t h  para l le l  choles te ro l - fed  group.  T h e  C /P  
r a t i o  of these  a n i m a l s  r e m a i n s  e leva ted ,  whereas  t r ig ly-  
cer ides  c o n t e n t  is s ign i f i can t ly  depressed .  I n  t h e  case of 
T a b l e  I I I ,  where  f a t - r i ch  cho les te ro l  d i e t  was  s u b s t i t u t e d  
b y  t h e  basa l  d ie t  ( t h o u g h  r a t s  were hyper l ipemic ) ,  C /P  
r a t i o  was  s ign i f i can t ly  lowered.  :In th i s  e x p e r i m e n t  t he  
decrease  in  va r i ous  t y p e s  of s e r u m  l ipid c o n t e n t s  was  
s t a t i s t i ca l ly  s igni f icant .  

I t  is i n t e r e s t i n g  to  m e n t i o n  t h a t  t he  w e i g h t  of t r e a t e d  
a n i m a l s  d id  n o t  differ  f rom t h a t  of r e spec t ive  con t ro l  
a n i m a l s  a t  t h e  t e r m i n a t i o n  of t h e  s tudy .  T h e r e  was  no  
s ign i f i can t  d i f ference  b e t w e e n  d i e t a r y  i n t a k e  of choles- 
te ro l - fed  (11.5 :k 0.3 g / r a t / d a y )  a n d  choles te ro l  p lus  
H M G - f e d  r a t s  (10.3 ± 2.3 g / r a t / d a y ) .  

Table II. Effect of cholesterol plus ttMG feeding on serum lipids of 
hyperlipemie rats (average ± S.E.) 

Cholesterol-fed Cholesterol plus 
group HMG-fed group 

Total cholesterol, mg % 855 :t: 35 780 4- 25 
Ester cholesterol, mg % 673 ~ 26 596 4- 44 
Free cholesterol, nag % 183 4- 20 184 + 6 
Total esterified fatty acids, 27 4- 3 21 4- 2 ~ 
meq[1 
Phospholipids, mg % 341 ~= 27 256 :J~ 23 b 
Triglycerides, meq/1 15 4- 2 11.5 4- 2 • 

Difference as compared to cholesterol-fed group statistically sig- 
nificant P < 0.05; b p < 0.02. 

Discussion. I t  a p p e a r s  f rom t h e  d a t a  t h a t  in  n o r m a l  
a n i m a l s  H M G  is n o t  on ly  cap ab l e  of dec reas ing  t o t a l  
cho les te ro l  b u t  also decreases  otl~er s e rum l ipids (Table  I) .  
T h e  a n i m a l s  r ece iv ing  fa t - r i ch  choles te ro l  d i e t  r e s p o n d e d  
to  H M G  t r e a t m e n t  a n d  s h o w e d  r e d u c t i o n  in  t o t a l  chol-  
esterol ,  e s te r  choles terol ,  t o t a l  es ter i f ied  f a t t y  acids,  phos -  
pho l ip ids  a n d  tr . iglycerides to  t h e  e x t e n t  of 10, 12, 23, 25 
a n d  23% re spec t ive ly  (Tab le  I I ) .  However ,  t h e  t o t a l  a n d  
es t e r  cho les te ro l  a re  n o t  s ign i f i can t ly  lowered  for  t h e  
s imple  r e a s o n  t h a t  l a rge  q u a n t i t y  of cho les te ro l  is b e i n g  
fed c o n t i n u o u s l y ;  t he re fo re  t h e  C / P  r a t i o  r e m a i n s  e l eva t ed  
a l t h o u g h  t h e  t r ig lycer ides  a n d  p h o s p h o l i p i d s  a re  signifi-  
c a n t l y  lowered.  Never the less ,  t r e a t m e n t  w i t h  H M G  to-  
ge the r  w i t h  f a t - r i ch  cho les te ro l  d i e t  d id  c h e c k  t h e  r ise of 
v a r i o u s  l ipids  to  a cons iderab le  ex t en t .  O n  w i t h d r a w a l  of 
cho les te ro l  d i e t  (Tab le  I I I ) ,  t h e  a v e r a g e  C / P  r a t i o  de-  
c reased  s ign i f i can t ly  to  t h e  e x t e n t  of 25%.  Es t e r i f i ed  
cho les te ro l  levels  were  also co r re l a t ed  to  s e r u m  p h o s p h o -  
l ip id  w h i c h  c h a n g e d  f rom 0.68-0.456 or a b o u t  32% 
( P  < 0.01). I t  is i m p o r t a n t  to  no t e  t h a t  H M G  causes  
m a x i m u m  decrease  in es te r  cho les te ro l  a n d  t r ig lycer ide  
levels  (46 a n d  50% respec t ive ly) .  E v i d e n t l y  t h e r e  was n o  
effect  of H M G  o n  t h e  free cho les te ro l  c o n t e n t  of n o r m a l  
as well  as choles terol - fed an imals .  

T h e  ab i l i t y  of H M G  to  lower  cholesterol ,  C /P  r a t i o  a n d  
t r ig lyeer ides  is of special  i m p o r t a n c e ,  s ince e l eva t ions  in  
t he se  b i o ch emi ca l  p a r a m e t e r s  h a v e  b e e n  r e p o r t e d  as 
ch a r ac t e r i s t i c  of i n d i v i d u a l s  suf fe r ing  f rom c o r o n a r y  h e a r t  
d isease  a n d  r e c e n t l y  g r ea t e r  a t t e n t i o n  h a s  b e e n  p l aced  o n  
t h e  need  for  t h e  e v a l u a t i o n  of s e r u m  t r ig lycer ides  t h a n  
t h a t  of s e r u m  c h o l e s t e r o F  -9. I t  is i n t e r e s t i n g  to  n o t e  t h a t  
H M G  causes  m a x i m u m  r e d u c t i o n  of t r i g lyce r ide s  in  
n o r m a l  as wel l  as choles te ro l - fed  ra ts .  

I n  c o m p a r i s o n  w i t h  o t h e r  k n o w n  h y p o c h o l e s t e r o l e m i c  
a n d  h y p o l i p e m i c  d rugs  1 w h i c h  h a v e  h a r m f u l  effects,  HMG,  
in  a d d i t i o n  to  i t s  exce l l en t  h y p o c h o l e s t e r o l e m i c  a n d  h y p o -  
l ipemic  ac t ions ,  h a s  b e e n  f o u n d  to  possess  n o n e  of t h e  
h a r m f u l  side effects  as so far  s tud ied ,  c o m m o n  to  o t h e r  
d r u g s ' ° .  

Zusammen/assung. I n t r a p e r i t o n a l e  V e r a b r e i c h u n g  v o n  
3 -Hydroxy-3 -Methy lg lu t a r s /~u re  s e t z t  bet  n o r m a l e n  R a t -  
t e n  d e n  Se rumsp iege l  y o n  Choles te r in ,  Cho les te r ines te rn ,  
Esterfet ts~Luren u n d  Tr ig lyce r iden  s ign i f i kan t  he rab .  Bet  
e iner  cho le s t e r in r e i chen  Di~ t  werden  die K o n z e n t r a t i o n e n  
v o n  Choles te r in  u n d  se inen  Es t e rn ,  bet  hyperl ip~Lmischen 
T ie ren  die des Choles te r ins  i m  S e r u m  n i c h t  h e r a b g e s e t z t .  
Die  f ibr igen L i p i d f r a k t i o n e n  v e r h a l t e n  s ich  wie i m  e r s t e n  
Versuch .  

Table III. Effect of HMG on serum lipids of hyperlipemic rats 
(average 4- S.E.) 

Z. H. BEG and ~ .  SIDDIQI 

Hyperlipemic 
control group 

HMG-Ied group Department ol Chemistry, Aligarh 2~¢Iuslim University, 
Atigarh (U.P., India), t7 November 7967. 

Total cholesterol, mg % 161 :}: 10 104 ~z 5 ~ 
Ester cholesterol, rng % 125 4- 12 67 ± 4 ~ 
Free cholesterol, mg % 37 ~ 4 37 ~ 2 
Total esterified fatty 9 i 0.28 6 4- 0.5 ~ 
acids, meq/1 
Phospholipids, mg % 182 4- 7 148 4- 8 b 
Triglycerides, meq]l 4 q- 0.28 2 4- 0.39 • 
CJP ratio 0.885 ~ 0.004 0.675 4- 0.005 e 

Difference as compared to hyperlipemic control animals statistic- 
ally significant P < 0.01; b p = 0.01 ; e P < 0,05. 
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