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Abstract Steroid  balance  studies  were conducted on 24 con- 
ventional  and 12 germfree  male rats, 90-120 days  old, fed  diets 
containing  either 20% safflower or 20% coconut  oil.  Both 
germfree  and  conventional rats fed the  safflower  oil  diets  had 
significantly  lower  serum  cholesterol  levels  and  significantly 
higher  liver  cholesterol  levels than did the rats fed coconut  oil. 
No significant  differences in total fecal neutral sterols,  coprosta- 
nol, A’-cholestenol, or total fecal  bile  acid  excretion  were  seen 
between dietary  groups of rats of either status. There was no ev- 
idence of qualitative differences in fecal  bile  acid  excretion  as a 
function of diet. The increased  liver  cholesterol  was in the ester 
form,  with  cholesteryl  linoleate  the  largest  single  component. 
There was no significant  difference in the cholesterol content of 
the skin, muscle,  adipose  tissue, or gastrointestinal tract. The 
significance of a large  increase in liver  cholesteryl ester, lowered 
serum  cholesterol,  and no change  in  steroid  excretion  is  dis- 
cussed. 
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Studies  in our  laboratory have shown  that  dietary  car- 
bohydrates can affect the microbiological modification of 
cholesterol (1)  and bile acids (2),  resulting in qualitatively 
different fecal sterol  excretion.  Other investigators (3) have 
reported  that feeding polyunsaturated fats  resulted  in an 
increased  excretion of “nondigitonin-precipitable sterols,” 
possibly coprostanol.  Further  studies  (4) showed that feed- 
ing dietary linoleic acid  increased the fecal excretion of 
coprostanol, which is formed from cholesterol by microbi- 
al action  in the  gut.  Others have  questioned whether 
changes in bacterial activity on steroids  in the gut may 
have been responsible for the observed differences (5)  in 
cholesterol  metabolism as a  response to fatty  acid  changes 
in the  diet. 

The studies  reported in this paper investigate (a) if 
there is any evidence of differences in  microbially modified 
fecal steroids  that  are related to serum cholesterol  lower- 

ing by polyunsaturated fats, ( b )  if similar systematic effects 
of polyunsaturated fat  diets are seen in germfree  and con- 
ventional rats,  and ( c )  what changes in tissue and  serum 
cholesterol levels and forms occur as a  result of consump- 
tion of different dietary fats by rats. 

METHODS 

Experiments 1 and 2 
Lobund  strain  rats (of Wistar  origin), 90-120  days old, 

were placed in  metabolism cages for 28 days for stabiliza- 
tion to diet  and  quarters.  The germfree rats were fed a 
modification of diet 474-E-12 (6), a  semipurified choles- 
terol-free diet based on casein,  rice starch, 5% corn  oil, 
and crystalline vitamins  and  minerals.  In these experi- 
ments, 20% by weight of starch  was replaced by either 
coconut oil or safflower oil. Both of these fats were ana- 
lyzed by GLC for fatty  acids and  neutral sterols. The 
analysis  indicated that  the fats were  pure  and  unadulterat- 
ed.  The assayed cholesterol content of both diets  was less 
than  0.01  mg/g of diet,  probably from the casein. The 
safflower oil diet contained 0.28  mg of &sitosterol/g and 
the coconut oil diet 0.16 mg of P-sitosterol/g (from the 
added  oils). 

After the 28-day preexperimental period, feces were 
quantitatively collected for a 5-day period for steroid bal- 
ance studies. Food consumed and  the weights of the  rats 
were  measured for the steroid  balance  studies during the 
collection period. The  rats were fasted overnight  and ex- 
sanguinated by heart  puncture  under  Nembutal anesthe- 
sia,  and  the liver was  taken for cholesterol analysis. 

Abbreviations:  cholesterol, cholest-5-ene-3/3-ol; coprostanol,  58-cho- 
lestan-38-01; A7-cholestenol, j,-cholest-7-ene-38-ol; 8-sitosterol, 248- 
ethyl-cholest-5-ene-3@-ol; GLC, gas-liquid chromatography; TLC,  
thin-layer  chromatography; TMS, trimethylsilyl. 
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Cholesterol assays TABLE 1. Experimental  data for mature male  conventional 

Serum cholesterol was  analyzed by the  Caraway (7) 
rats fed 20% dietary  coconut oil or safflower oil 

modification of the FeC13 method. Skin,  fat, muscle, gas- 
trointestinal  tract,  and liver were extracted bv the  method 

Coconut Oil Safflower Oil 
(n = 12) (n = 12) 

of Radin  (8),  and cholesterol was assayed on  the  extract Diet  consumed/day/rat (g) 20.7 2 ,6a  19 ,  If ,1 
by the  same  colorimetric method as  the  serum assays Average final body  weight 391 f 21 389 f 23 
above. An aliquot of the liver extract  was  taken for cho- (g) 

lesteryl ester hydrolysis and assay.  Liver and  serum cho- 
(g ) 

lesterol were  also  analyzed by GLC (see below). Choles- Serum cholesterol 63.1 f 7.3h  53.8 f 9 . 3  

Average 28-day weight gain 99.3 101.8 

terol was  the only sterol detected in the  serum  and liver. (mg/100 ml) 

were  separated,  as  outlined by Radin  (8), by T L C  on sili- (ma) 
Liver  cholesteryl esters, triglycerides, and cholesterol Total Serum and liver poold 42 ,4 If ,6c  69 ,2 12, 

Liver cholesterol (mg/100 g) 281 f 28.3c 547 f 96 

ca gel G  plates developed in CHC13-benzene 1 : 1. After Totalfecal cholesterol excre- 8.09 f 3.9  10.52 f 4.81 

detection by rhodamine  6G,  the cholesteryl esters  and  free Total fecal coprostanol excre- 8 ,  o8 4, 
cholesterol were  eluted  with  CHC13. The  esters  were sa- tion (mg/kg  body wt/day) 
ponified and  the cholesterol was  analyzed by GLC as  the Total fecal coprostanone ex- 0.33 If 0.23  0.29 f 0.16 
T M S  ether.  The fatty acids from  the  esters  and  the triglyc- cretion (mg/kg body wt /  

EGA column at 180°C. The  GLC system was verified by cretion (mg/kgbodywt/ 

tion (mg/kg body wt/day) 
6.95 f 3 .7  

erides were and by GLC On a 10’o Total fecal A’-cholestenol ex- 3.55 f 1.5   3 .56  f 1.27 
day 1 

analyzing  quantitative fatty acid standard  mixture KD ob- 
tained  from Applied Science Laboratories,  State College, 
Pa.  Our  results  agreed  with  the published analysis  within 
1% (wt %). (This  standard  contains methyl esters of 14:0, 
16:0,  16:1,  18:0,  and  18:l  fattyacids.) 

Experiment 3 
The  rats for this experiment  were CFN  (Wistar) male 

rats  obtained  from  Carworth  (Portage,  Mich.).  The  rats 
were  randomly allotted to  experimental  groups  and 
housed individually. The  diet  was  identical  with  that used 

” . 
day 1 

Total endogenous fecal neu- 20.05 f 6.26  21.32 f 9.10 
tral sterol (mg/kg body 
w ‘ d a y )  

(mg/kg body wt/day) 
Fecal  bile  acid  excretion 13.75 f 4.2 13.51 f 2.2  

Microbiologically modified 56.6 f 10 .3  57.6 f 10.2 
bile  acid ( 7 0 )  

Mean f standard deviation. 
P 7 0.05. 

Serum pool = 3.1 % body wt. 
e P 7 0.001. 

in experiments 1 and 2, except  rice starch was not avail- 
able  and  cornstarch was substituted for the  carbohydrate microbiologically  modified bile acids for comparison be- 
portion of the  diet. After 28 days  on  the  experimental tween groups Of animals. 
diets the  rats  were killed, and  samples of skin,  abdominal 
muscle, visceral fat, liver, total  gastrointestinal  tract,  and 
serum  were  taken for cholesterol  analysis. 

Steroid balance studies Experiment 1 

RESULTS 

The feces were  analyzed for neutral sterols and bile 
acids as described elsewhere (9-1 1 ) .  The only  changes 
were  the use of a Hewlett-Packard  7610A  gas  chromato- 
graph  equipped  with a model 3700B electronic  digital  in- 
tegrator  and  teletypewriter. The  fecal steroids were  identi- 
fied by comparison of GLC  and  TLC properties  with 
pure  standards  and  with  the published work of others (9- 
1 1 ) .  

An estimate of the  amount of microbiologically modified 
bile  acid was  obtained by our previously  published  method 
(9). This consists of comparing by GLC on SE-30 col- 
umns  the  retention times of T M S  ethers of bile acids  from 
germfree  and conventional rats (9). Those peaks with  sim- 
ilar  retention times are assumed to be primary bile acids, 
and those with different retention times to be secondary 
(microbiologically modified) bile acids. This  “index” is 
not an  absolute  value,  but it is a useful indication of 

Two  groups of 12 conventional rats each were studied 
individually by steroid  balance techniques. The results are 
given in Table 1. Serum cholesterol levels were signifi- 
cantly lower  in the safflower oil-fed group  than  in  the co- 
conut oil-fed group.  The liver cholesterol levels, however, 
were significantly higher in the safflower-fed group.  The 
total  serum  plus liver cholesterol pool was  also  significant- 
ly  higher in the safflower-fed rats. 

The endogenous fecal neutral sterol  excretion was  virtu- 
ally  identical  in the  two  groups,  and  there was no differ- 
ence in the A7-cholestenol or the microbiologically formed 
fecal coprostanol. The  P-sitosterol recoveries for the saf- 
flower oil and coconut oil-fed groups  were  68%  and 72%, 
respectively.  Since the recoveries for the germfree groups 
were similar  (70  and 7170, respectively) and should have 
been 100% (92.4% in our previous paper, Ref. 9), we 
believe that  our recovery figures of approximately 70% 
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T.1BLE 2. Experimental  data  from  mature  male  germfree 
rats fed 20%, dietary  coconut oil or safflower oil 

Coconut Oil Safflower Oil 
(n = 6 )  (n = 6 )  

~~ ~~~ 

.4verage  final  body weight (g) 
Diet  consurned/dayjrat (g) 
Serum cholesterol 
(mg/100 mlj 

Liver cholesterol (mg/lOO g )  
Liver cholesteryl  ester 

(5 1 
( d l 0 0  R) 

Serum + liver  poold (t11gj 
Total  endogenous fecal ncu- 

tral sterol excretion (mgj 
kg body wt/day) 

Fecal  bile  acid  excretion 
( m g j k g  body wt/day) 

365 =k 22u 
16.5 =k 2.7 
83.8 =k 12.3b 

396 f 129c 

41 =k 12c 
612 A 4 7 ~  
48.7 f 9.lC 
12.08 3~ 2.11 

8.26 31 1.5 

375 f 33 
18.4 f 2.7 
70.9 f 8.0 

1003 f 271 

84 f 11 
842 4~ 110 

104.4 $. 18.0 
14.53 i 3.23 

6.53 f 2.22 

' I  Mean i standard  deviation. 
P 7 0.06. 

c P 7 0.001. 
Serum pool = 3.1$( body  wt. 

are  the result of an  analytical  error in the &sitosterol 
analysis of our diet.  Since the  mean recoveries were  all in- 
side  a range of 68-7270, the  results should  still be valid 
for comparison between groups.  Due  to  the  uncertainty of 
the  source of these  low  recoveries,  corrections  were not 
applied  to fecal neutral sterol  excretions to correct for pos- 
sible plant sterol losses. 

The fecal bile acid excretion was  the  same for  both di- 
etary  groups,  and  there  was no apparent difference in the 
levels of microbiological modification of bile acids as esti- 
mated by our previous  method (9). 

Experiment 2 
The  same  experimental protocol  was used in studies 

with germfree rats.  Again,  the  serum cholesterol levels 
were  significantly  lower and  the liver total cholesterol was 
significantly higher in the safflower oil-fed rats  than in the 
coconut oil-fed group (see Table 2). The liver cholesteryl 
esters of the safflower oil group  were over five times high- 
er (842 mg vs. 162 mg) than those of the coconut oil 
group.  This increase in cholesteryl esters  was  responsible 
for the  entire increase  in liver total cholesterol of the saf- 
flower oil group. As with  the conventional rats,  there  was 
no significant difference between the  dietary  treatments in 
endogenous fecal neutral  sterol or fecal bile acid excretion. 

Experiment 3 
In  the  third  experiment,  additional tissues were exam- 

ined for cholesterol content.  There was no significant dif- 
ference in  the cholesterol  content of skin,  serum, muscle, 
adipose  tissue, or total  gastrointestinal  tract between the 
two  dietary  treatments (Table 3). Total liver cholesterol 
was  again significantly higher  in  the safflower oil-fed 
group;  the increase, as in experiment 2, was caused by a 
marked rise  in liver cholesteryl  esters. 

Tl\BLE 3. Tissue  cholesterol levels of conventional  male  rats 
fed 207;) dietary  coconut oil or safflower oil 

Coconut Oil Safflower Oil 
(n = 12) (n = 12) 

Average  final body  weight ( g )  326.6 f 21. 9a 298.4 f 33b 
Dietconsumed/day/rat ( g )  15.33 f 1.22 13.25 f 2.OOc 
Serum cholesterol 118.5 f 24.2 123.2 f 22.8 

Liver cholesterol (mgj100 g )  154 f 47 328 f 203" 
Liver cholesteryl  ester 

(n1g:lOo m l )  

cr; 1 14.6 f 6.7 69.2 =t 13.3c 
(mg/l00 g )  23.01 f 13.3 227.6 f 182.OC 

Serum + liver  poold (mg) 26.5 & 4. I* 41 . 6  f 23.7 
Skin  cholesterol (mg/g) 1.32 f 0.26 1.28 f 0.27 
Adipose  cholesterol (mg/g) 0.89 f 0.12 1.01 f 0.26 
Muscle cholesterol (mgig) 0.86 + 0.12 0.91 f 0.13 
Total GI tract cholesterol 41.1 f 8.1 45.6 f 5.7 

(mg 1 

'k Mean  standard  deviation. 
P 2 0.05. 
P 7 0.01. 

li Serum pool = 3.152) body  wt. 

The fatty  acid  composition of the liver cholesteryl esters 
of conventional rats is given in Table 4. The cholesteryl 
linoleate  content of the safflower oil-fed group is over 21 
times higher  than  that of the coconut oil-fed group. For 
comparison,  the fatty acid composition of the liver triglyc- 
erides is also reported.  Owing  to technical difficulties, 
comparable  data from germfree animals  are unavailable. 

DISCUSSION 

The endogenous fecal neutral  sterol  and bile acid excre- 
tions of the germfree rats were  all  lower than  the compa- 
rable excretions of the conventional rats.  This  is in  agree- 
ment with  our previous  findings (9). Comparison of Ta- 
bles l and 2 also  reveals that  the  serum  and liver choles- 
terol levels were  higher in the germfree groups. The effect 
of microbiological status on serum  and liver cholesterol 
levels has been reviewed by Kellogg and  Wostmann (1 2). 

The lower serum  and  higher liver cholesterol levels of 
rats fed polyunsaturated (safflower) versus saturated (co- 
conut)  fats is in  agreement  with  reports of other  groups 
(1 3, 14). The increased liver cholesterol was  shown  to be 
due  to  an increase  in cholesteryl esters, as  has been re- 
ported by others (1 3,  14). 

In  the first experiment  (Table l ) ,  no significant differ- 
ence  in total endogenous neutral sterol  excretion or bile 
acid excretion  was seen between the  two  dietary  treat- 
ments. This  similarity of quantitative fecal steroid  excre- 
tion on differing dietary fat  sources has been observed by 
other investigators in human subjects (5,  15) and in rats 

There was no significant difference in the fecal excre- 
tion of coprostanol,  the microbiologically saturated form of 

( 3 ) .  
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TABLE 4. Fatty  acids of liver  triglycerides and cholesteryl  esters of conventional  rats fed 209; dietary 
coconut oil or safflower oil 

14:00a 16:OO 16: l  18:OO 18: 1 18:2 20: 4 

Liver  triglyceride 
fatty  acids 

Coconutoilgroupb 15.49 f 2.9  49.94 f 8.8 2.02 f. 0.78  4 .52 f 1.64  15.76 f 4.84  4.86 f 1.98 

0.01  0.01  0.05  0.05 
Safflower  oil group 9.48 f 5.11  42.13 f 9.58  7.63 f. 5.2  7.78 f 4.16  17.53 f 4.47  10.64 f 8.88 

(wt 7 % )  
Cholesteryl ester 

fatty  acids 

(wt 7 0 )  
Coconutoilgroup 9.52 f 3.03  24.75 f 9.2  6 .56 f 3.6   6 .18  zt 2.47  19.01 zt 6.64  18.49 f 4 . 9  10.67 f 6.6 

p 7  0.01 0.01  0.001 
Safflower oilgroup 2.56 I!= 3.00  20.86 f 10.76  4.70 f 4.43  7.51 f 5.01  10.12 zt 6.14  39.80 f 15.87  6.92 f 6.91 

Coconut oil group 2.19 f 0.70  5.69 f 2.11  1.50 f 0.82  1.42 f 0.57  4.37 =!= 1.53  4.25 f 1.13  2.46 f 1.52 

Safflower oilgroup 5.82 i 6.82  47.47 f 2 4 . 4 9   1 0 . 6  f 10.0 17.0 f 11.3  23.0 zt 14.0  90.6 f 36.1  15.8 f 15.7 

(wt %) 

(mg/100 g liver) 

(Ing/100 g liver) 

Fatty  acids  are  designated  by  number of carbon  atoms:  number of double bonds. 
The&  were 12 rats;* each  gioup. 

cholesterol, indicating  that microbial  modification of the 
neutral  sterols  in  the  gut  was not a function of type of di- 
etary  fat. 

A calculated  index of microbiological  modification of 
the bile acid molecule (9) indicated no significant differ- 
ence  in the degree of microbiological  activity on  the bile 
acids in  the  gut. 

A7-Cholestenol  (lathostwol) excretion has been  used as 
an  indicator of intestinal cell sloughing and/or secretion 
(9). In  this  study,  no difference was seen in  its fecal excre- 
tion, suggesting that  these processes were not affected dif- 
ferently by the  dietary fats. 

The  absence of any  dietary differences in (a) fecal 
coprostanol excretion (a microbially modified neutral  ster- 
ol) and (6) extent of microbiological  modification of bile 
acids, while  the  serum  and liver cholesterol levels were 
both  changed  significantly, supports a  conclusion that  the 
mode of action of type of dietary fat on  serum cholesterol 
levels is independent of the activity of the  intestinal micro- 
flora on neutral sterols or bile acids. 

This  independence  was proved by the second experi- 
ment  utilizing  germfree  rats  (Table 2). The percentage 
decreases  in serum levels were virtually  the  same,  15% 
and  16%,  in  the conventional and germfree safflower oil- 
fed groups  compared  with  the coconut oil-fed groups. The 
increases  in liver cholesterol levels (195% in  conventional 
and 251 70 in  germfree) were  similar. Since the sizes of 
the effects of dietary lipid on  serum  and liver cholesterol 
levels were essentially the  same in both conventional and 
germfree rats,  the  cause of these effects must  be indepen- 
dent of, and not modulated by, the activity of the  intestinal 
microflora.  Both the  germfree  and conventional  studies  re- 
veal an increased level of liver cholesterol in  polyunsatu- 

Kellogg 

rated fat-fed rats  with  no  change in fecal steroid  excretion. 
This difference in liver cholesterol is entirely  due to the 
difference in liver cholesteryl  ester (520%  greater in the 
germfree group  and 989% greater in the conventional 
group). Avigan and  Steinberg (13)  first reported increased 
liver cholesteryl  ester levels when feeding corn oil as op- 
posed to coconut oil. They also  showed an increased  in- 
corporation of [ 4C]acetate  into liver nonsaponifiable 
lipid  in the  rats fed corn oil. Bloomfield (14)  reported  that 
rats fed chole&erol (0.64%) and safflower oil at 20% of 
diet  had over jhree times as much liver  cholesteryl ester  as 
did a group  fid cholesterol and  butter.  This  was accompa- 
nied by an  inverse  movement  in the  serum cholesterol lev- 
els. His  studies also revealed no  change  in cholesterol lev- 
els of other tissues, an  observation confirmed by the  data 
in  Table 3. ~ 

Seen together, Bloomfield's studies  (14)  and  ours  indi- 
cate  that  rats fed polyunsaturated fats as  compared  with 
saturated fat (a )  increase  cholesterol  synthesis, (6) do not 
increase  cholesterol  excretion either  as bile acids or as 
neutral sterols, (c )  accumulate a larger  proportion of their 
cholesterol in  the liver at  the expense of the  serum,  and (d) 
accumulate  the increased liver cholesterol as  the  ester. 

Table 4 contains  the fatty acid compositions of the liver 
cholesteryl  esters and, for comparative  purposes,  the liver 
triglycerides of conventional rats.  The liver cholesteryl es- 
ters of the safflower oil-fed group were composed of signif- 
icantly less myristic and oleic acids and  much  more linole- 
ic acid than  the coconut oil-fed group.  On a mg/100 g 
basis,  cholesteryl  linoleate  was over 21 times  higher 
(Table  4). 

Quarfordt  and  Goodman  (16)  have  shown  that  the  up- 
take of  chylomicron  cholesteryl esters by the liver is essen- 
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T.\BLE 5. Statistically significant (P < 0.001) differences 
i n  weight of liver cholesteryl ester fatty acids compared 

with  liver triglyceride fatty acids of conventional rats 

14:00a 16:OO  16:l 18:OO 18.1 18:2 20:4  

Coconut oil J b  4 f NSd NS t (3 .8X)  t 
Safflower oil -1 4 NS NS 4 t (3.7 x )  t 

group 

group 

' I  Fatty acids are designated by number of carbons:number of 

* 4 ,  Statistically significant ( P  < 0.001) lower ester fatty acid 

t , Statistically significant (P < 0.001) higher ester fatty acid 

NS, not significant. 

double bonds. 

weight yc than triglyceride weight %. 

weight 5; than triglyceride weight 7G. 

tially  the  same  for  cholesteryl  palmitate,  oleate,  and  Iino- 
leate. T h i s  cholesteryl  ester  is  hydrolyzed  and  reesterified 
over a period of several  hours,  and  some of the  newly 
formed  cholesteryl  ester  is  redistributed  to  extrahepatic 
tissues  and  serum.  Klein  (17)  reported  that  the  cholesteryl 
linoleate  content of the liver  was  directly  related  to  the 
linoleic  acid  content of the  diet. 

Morin  et  al. (18) demonstrated  that  with  rats fed 20% 
dietary  corn  oil,  the  liver  cholesteryl  ester  fatty  acid  com- 
position  was  very  similar  to  the  corresponding  liver  tri- 
glycerides  on a weight 70 basis. This   may be a reflection 
of the  fatty  acids  available  for  esterification,  although 
Goodman,  Deykin,  and  Shiratori  (19)  have  shown  that 
the  relative  rate of esterification of cholesterol  by  liver  en- 
zymes  is  oleate > palmitate > stearate > linoleate. 

T h e  liver  triglycerides of the  safflower oil-fed group 
compared  with  the  coconut  oil  group  contained  signifi- 
cantly  less  myristic  acid  and  more  palmitoleic,  stearic,  and 
linoleic  acids. Table 5 compares  the  weight 70 of fatty 
acids  in  liver  cholesteryl  esters  and  triglycerides for each 
dietary  group of conventional  rats.  There  was  significantly 
less myristic,  palmitic,  and  oleic  acids  and  more  linoleic 
acid  in  the  liver  cholesteryl  esters of the  safflower oil-fed 
groups  than  in  the  liver  triglycerides.  This  3.7-times  high- 
er  cholesteryl  linoleate  than  triglyceride  linoleate  content 
in  the  safflower oil-fed group  was  the  same  as  the  increase 
seen  in  the  coconut oil-fed group  (3.8  times,  on a wt 70 
basis).  However,  expressed  on a mg/100 g liver basis,  the 
cholesteryl  linoleate in   the liver of the  safflower oil-fed 
groups is 90.6  mg/100 g (40% of the  total liver cholester- 
yl ester)  compared  with  4.25  mg/100 g (18% of the  total) 
for the  coconut oil-fed group,  over  21  times  higher. A cor- 
relation  between  serum  cholesteryl  ester  concentration  and 
cholesteryl  linoleate levels in  serum  has  been  reported 
(20). It  has  also  been  observed  (21)  that  serum  choles- 
terol-reducing  drugs  increase  cholesteryl  ester  formation  in 
the  liver  with  oleate  and  linoleate  esters  being  most  stimu- 
lated. 

These  reports  coupled  with  the  high levels of liver  cho- 
lesteryl  linoleate  observed  in  our  safflower oil-fed rats 
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suggest a role for this  ester  in  the  polyunsaturated  fat-in- 
duced  changes  in  cholesterol  distribution  in r a t s . i i  
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