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The Inf luence  of Es trad io l  on the D i s t r i b u t i o n  of 
E x o g e n o u s  C h o l e s t e r o l - 4 - C  ~4 in the  Rat  

Several  possible mechan i sms  of es t rogen act ion in the  
a therogenic  process have  been pos tu la ted .  I t  has  been 
shown t h a t  es t rogens  m a y  act  d i rec t ly  on the  ar ter ia l  wall 
to influence the  enzymes  involved in aerobic me tabo-  
lism1,2 and mucopolysacchar ide  synthesis~,< Other  
s tudies  have  ind ica ted  t h a t  es t rogens  m a y  s t imula te  the 
re t iculo-endothel ia l  sys tem and  t he r eby  increase the  
me tabo l i sm of cholesterolS-% Several  in vi tro invest iga-  
t ions  have d e m o n s t r a t e d  t h a t  cholesterol  oxida t ion  by  
liver mi tochondr i a  m a y  be enhanced  by  estrogensS,< 

The aims of the  p resen t  expe r imen t s  were to s t u d y  the  
immed ia t e  effects of estradiol  on the r e t en t ion  of exo- 
genous cholesterol,  so as to fu r ther  e lucidate  the  mecha-  
n isms of es t rogen act ion in lipid me tabo l i sm and a thero-  
sclerosis. 

Th i r ty - two  male t h ree -mon th -o ld  Sprague-Dawley  ra ts  
on a commercia l  d ie t  (Purina) were d iv ided into four 
groups of e ight  each. Groups I I I  and IV were orchiecto-  
mized and allowed two weeks for recovery.  All ra t s  were 
t hen  placed in indiv idual  me tabo l i sm cages and received 
dai ly for 10 consecut ive  days  subcu taneous  inject ions of 
the  following: Group I, 33 #g estradiol  benzoa te  (Progy- 
non) in 0.3 ml sterile sesame oil; Group II ,  0.3 ml sterile 
sesame oil; Group I I I ,  33 #g estradiol  benzoate  in 0.3 ml 
sesame oil; Group IV, 0.3 ml sesame oil. On the  f if th day 
of injections,  each r a t  received by  s tomach  tube  7.0 /~C 
of cholesterol-4-C ~* (Nuclear-Chicago, Specific Ac t iv i ty  
20 mC/mill imole) per  100 g body  weight .  Feces were 
collected daily f rom each r a t  and s tored at  - 2 0 ~  
Af te r  the  t e n t h  day  the ra t s  were killed, por t ions  of 
hearts ,  aor tas  and livers sect ioned and fixed, and auto-  
rad iographs  p repa red  wi th  K o d a k  NTB-2 nuclear  t rack  
emulsion.  The lipids of the  livers, aortas,  p l a sma  and feces 
f rom each animal  were ex t rac ted  wi th  me thy la l -me thano l  
4 : 1 10. The residue f rom the  fecal ex t rac t s  was hydro lyzed  
wi th  aqueous N a O H  to free the  bile acid conjugates ,  re- 
ex t r ac ted  wi th  the  me thy la l -me thano l  solution,  and th is  
ex t rac t  added  to the  original. Al iquots  of all the  ex t rac t s  
were analyzed for to ta l  cholesterol  ls and the  specific 
radioact iv i t ies  of the  hydro lyzed  digi tonin-precipi table  
and non-dig i tonin-prec ip i table  subs tances  de t e rmined  in 
a P P O - P O P O P  scint i l lator  using a Packard  Model 3314 
Liquid  Scinti l lat ion Spec t rometer .  Quenching was moni-  
tored  by the  channels  ratio technique,  and all counts  
corrected to 100% efficiency wi th  in ternal  s tandards .  

The probabi l i t ies  t h a t  appa ren t  differences in the  da t a  
were due to  chance was calcula ted by  the  t test .  

Autorad iographs  of the  aor ta  showed in m a n y  areas a 
h igh dens i ty  of rad ioac t ive  cholesterol  associated wi th  the  

elastic lamellae;  the  concen t ra t ion  was g rea tes t  in those  
lamellae closest  to  the  lumen.  This  p a t t e r n  of d i s t r ibu t ion  
suggested t h a t  the  choles tero l -conta in ing  l ipoprote ins  
en tered  the  aor ta  by  inf i l t ra t ion f rom the  plasma,  and  
t h a t  the  elastic laminae  r e t a rd ed  the  passage of these  lipo- 
pro te ins  t h ro u g h  the  ar ter ia l  wall. 

There  was no de tec tab le  local izat ion of rad ioac t ive  
cholesterol  in any  cell t ype  or area of e i ther  the  coronary  
ar ter ies  or the  liver. Ne i ther  cas t ra t ion  nor  es t rogen t r ea t -  
m e n t  seemed to  al ter  the  microscopic p a t t e r n  of chole- 
s terol  d i s t r ibu t ion  in the  aorta,  coronary  ar ter ies  or liver. 
I t  is possible t h a t  cholesterol  up take  b y  the  ret iculo- 
endothel ia l  cells m a y  be mani fes t  only  wi th  excessive 
d ie ta ry  in takes  of cholesterol ,  or t h a t  cholesterol  is 
metabol ized  by  the  re t iculo-endothel ia l  cells b u t  does no t  
accumula te  there.  

Various inves t iga t ions  of t he  effects of es t rogens  on 
serum lipids and  l ip id-conta ining vascular  lesions in the  
rat6,12-~4 have  p roduced  differing results,  which  are to 
some e x t e n t  expla inable  by  the  di f ferent  es t rogen prepa-  
ra t ions  used, the  presence  or absence of excessive chole- 
sterol  in the  diet,  and  the  du ra t ion  of the  exper iment .  In  
one invest igat ion,  estradiol  was found to p r e v e n t  the  ap-  
pearance  of spon taneous  a therosclerot ic  lesions in in tac t  
male ra t s  la. On the  o ther  hand ,  cholesterol-fed in tac t  m a l e  
rats  given estradiol  were observed  by  o the r  inves t iga tors  14 
to develop coronary  sudanophi l ic  lesions af ter  8 weeks of 
t r e a t m e n t .  No lesions were found af ter  5 weeks of t rea t -  
ment ,  and  af ter  20 weeks, the  incidence of lesions was less 
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Distribution of ingested cholesterol-4-C 14~ 

Group No. I II III IV 

Treatment Intact Intact Orchiectomized Orchiectomized 
+ estrogen + estrogen 

Plasma-TC 205 4- 10.1 186 ! 10.7 201 ! 12.2 189 i 9.6 
Aorta-TC 1.01 i 0.09 0.94 i 0.13 0.95 4- 0.12 0.58 ~ 0.08 
Liver-TC 778 j= 59.3 1030 j= 57.7 716 4- 42 949 ~ 40.3 
Feces-TS b 17,200 • 961 19,400 =L 1133 16,900 =t= 759 20,100 =~= 867 
Feces-NS b 10,500 :L 430 11,800 :t= 331 11,400 + 410 12,500 j= 369 

All figures are expressed as total disintegrations per min (specific activity x total amount of sterol or non-sterol in tissue) divided by 
1000, with standard deviations. Abbreviations: T C -  total cholesterol; TS = total sterols; NS = non-sterols 01on-digitonin preeipitable 
lipids), b Total of days 6-10. 
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t h a n  af ter  8 weeks, indica t ing  an a p p a r e n t  biphasic  effect  
of the  estrogens.  In  the  p re sen t  s tudy  the  orchiectomized 
ra ts  t r ea t ed  wi th  es t rogens  showed a lower re ten t ion  of 
admin is te red  radioact ive  cholesterol  in the  aorta,  even 
t h o u g h  the  p lasma  radioac t ive  cholesterol  concen t ra t ion  
was similar to t h a t  of the  o the r  groups (Table). Es t rogen  
t r e a t m e n t  in  the  i n t ac t  group did no t  resul t  in a lower 
aort ic  concen t ra t ion  of cholesterol,  which  m a y  be the  
resul t  of an an tagonis t i c  ac t ion  of t he  circulat ing andro-  
gens. Bo th  es t rogen t r e a t ed  groups, however ,  showed an 
increased hepat ic  concen t ra t ion  of radioact ive  cholesterol ,  
and  an increased degrada t ion  and excre t ion  of cholesterol ,  
as indica ted  by  the  higher  fecal con ten t  of b o t h  t h e  
d igi tonin-precipi table  sterols and  the  non-digi tonin-  
precipi table  metabol i tes  of cholesterol  in these groups.  
Orch iec tomy also seemed to increase the  ra te  of degrada-  
t ion  and  excret ion of the  admin is te red  cholesterol.  These 
resul ts  are cons i s ten t  w i th  the  observa t ions  in o ther  in- 
ves t iga t ions  t h a t  the  oxida t ion  of cholesterol  by  hepa t ic  
mi tochondr i a  in v i t ro  is enhanced  by  prior estrogen 
t r e a t m e n t  or cas t ra t ion  of male ra t s  ~3. I t  appears  
f rom the  p re sen t  s tudies  t h a t  es t radiol  m a y  effect  a re- 
d i s t r ibu t ion  of cholesterol,  possibly mobil izing i t  f rom the  
ar ter ies  and  o the r  t issues, and  preferent ia l ly  concen t ra t -  
ing i t  in the  hepa t ic  pool, where  it is metabol ized  in bo th  
the  p a r e n c h y m a l  and  Kupfe r  cells and  excre ted  in in- 
creased amoun t s  in to  the  in tes t ine  ~5. 

Zusammenfassung. Vorbehand lung  mi t  0 s t r ad io lben-  
zoat  ffihrte bei kas t r i e r ten  m/innl ichen R a t t e n  zu einer 
v e r m i n d e r t e n  Aufnahme  von oral zugeff ihr tem Chol- 
esterin-4-C 14 in die Aorta .  Bei kas t r i e r ten  wie auch  bei 
i n t ak t en  Tieren war  nach  Os t rogenbehand lung  die Auf- 
n a h m e  yon mark i e r t em Cholesterin in die Leber  erh6ht .  
D u t c h  Analyse  der Faeces  liess sich nachweisen,  dass 
Os t rogenbehand lung  sowie Kas t r a t i on  die Sterolausschei-  
dung beschleunigt .  
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Succinic Dehydrogenase and Isocitric Dehydro-  
genase Act iv i t ies  in Vitamin E-Sufficient and 

-Deficient Fetal Rats 

Our recent  s t u d y  of the  E-suff ic ient  and -deficient  ra t  
fetuses1 ind ica ted  increase of the  acid phospha ta se  posi- 
t ive  granules in the  la t t e r  indica t ing  l iberat ion of lyso- 
somes  in the  pathological  condi t ion  caused by  E-av i t a -  
minosis.  Since lysosomal  enzymes  are known to affect  the  
mi tochondr ia l  m e m b r a n e s  ~, i t  was decided to s t u d y  the  
ac t iv i ty  of succinic dehydrogenase  (SDH) which is a mi 60- 
chondr ia l  marker .  The  ac t iv i ty  of isocitric dehydrogenase  
( IDH),  ano the r  oxida t ive  enzyme,  was unde r t aken  for 
compar ison.  Sections 45 k~ in th ickness  f rom fresh frozen 
embryos  of b o t h  types  3, 15-, 17-, 19- and  21-day-old 
(three of each age g r o u p ) w e r e  cut.  For  S D H  ac t iv i ty  the  
m e t h o d  o f  BARKA and ANDERSOn4 wi th  the  addi t ion  of 
1 ml of 0.5% NaCN, and  for I D H  ac t iv i ty  t h a t  of 
DICULESCO et al. 5 were followed. 

The results  indicate  the  presence of S D H  in the  liver, 
the  hea r t  and the  CNS in 15-day-old E-suff ic ient  as well 
as E-def ic ient  embryos .  By  the  17th day  the  enzyme was 
demons t rab le  in m a n y  o ther  s t ructures ,  viz. lung, skin, 
in tes t ine ,  s tomach,  kidney,  skeletal  muscle, cardiac 
muscle,  car t i lage and  mesen t e ry  (Figure 2). F r o m  the  
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Fig. 1. Section of bone of a 21-day-old E-deficient fetus showing 
isoeitric dehydrogenase activity in the different bone cell types. 

x 250. 
Fig. 2. Section of the heart of a 17-day-old E-deficient fetus showing 

suecinie dehydrogenase activity, x 240. 
Fig. 3. Section of the liver of a 21-day-old E-deficient fetus showing 

succinic dehydrogenase activity, x 250. 
Fig. 4. Section of the kidney of a 21-day-old E-deficient fetus showing 

succinic dehydrogenase activity, x 125. 


