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ABSTRACT

Femle rats were fed diets to which cholesterol (2.0%, w/w) or cholate
(0.5%, w/w) or both cholesterol and cholate had been added. Dietary
cholesterol alone caused an increase in serum and liver cholesterol,
and so did cholate although the increases were much smaller. Cholate
markedly enhanced the cholesterol-induced increase in serum and liver
cholesterol. Both cholesterol and cholate alone caused hepatomegaly,
and there was a significant interaction of both dietary components as
to the increase in Tiver wet weight. The activities in serum of the
indicator enzymes for 1iver function, alkaline phosphatase and alanine
amino transferase were significantly increased after feeding diets
containing either cholesterol or cholate. Concerning the activities of
these serum enzymes there was no significant interaction of dietary
cholesterol with cholate. We therefore tentatively suggest that chole-
sterol and cholate act on Tiver function enzymes via a common pathway.
In contrast, different pathways may be involved as to the effects of
cholesterol and cholate on serum and liver cholesterol and the degree
of hepatomegaly, because there was a significant interaction of chole-
sterol with cholate regarding these parameters.

INTRODUCTION

The feeding of diets containing high amounts of both cholesterol and
cholate is common practice when rats are used for cholesterol and
atherosclerosis research. Such diets cause high degrees of hyperchole-
sterolemia, massive accumulation of cholesterol in the liver, and also
increased activities in the serum of the indicators for 1iver
diseases, alanine amino transferase, aspartate amino transferase and
alkaline phosphatase (1). Thus high-cholesterol, high-cholate diets
probably damage the Tiver, which in turn may lead to biased interpre-
tation of the data. This study addresses the question whether e1ther
the cholesterol or the cholate component of the diet, or the combi-
nation of both components, is responsible for the increased activities
of Tiver function enzymes in the serum of rats.
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MATERIALS AND METHODS

nimals, diets and housing. Female rats, aged 7 weeksa were der1vgd from
éu? random-bred colony (g%all Animal Center, CKP, Agr1cu1@ura1 Un;vera
sity). The rats are descendants of the wistqr CPB/WU strain, purc a:e
about three years ago from the Central Institute for the.Breed1ng ? the
Laboratory Animals, CPB-TMO, Zeist, The Netherlands. Until Day 0 ﬁH-B®
experiment the animals were fed a commercial pelleted rat diet (RMH-B®,
Hope Farms, Woerden, The Netherlands). Accord1pg to chemical analysis
(Weende method) the composition of the commercial diet was as follows

(9/100 g): moisture, 12.5; ash, 4.8; crude protein, 24.1; «crude fat, 5.9;
and crude fiber, 4.1,

At Day 0 of the experiment, the rats were divided'intq 5 groups, each
consisting of 6 animals. The groups had similar d1str1bqt1ons of seruﬁ i
cholesterol concentration and body weight. Group A received the low-cho
lesterol, commercial diet (analysed cholesterol content, 23 mg/100 g)é
Group B received the commercial diet to which 7.5% (w(w) olive oil hab
been added. For groups C, D and E part of the olive o0il was rep1ac§d Yy
2% of cholesterol, 0.5% of cholate, and 2% of cholesterol plus 0.5% of
cholate, respectively. Table 1 shows the composition of the diets. The

diets were offered in powdered form, and fed for 28 days. Food and water
were provided ad 1ibitum.

TABLE 1. Composition of the diets

Diet
Ingredient A B c D E
(g/100 g)
Commercial rat diet1 100 92.5 92.5 92.5 9
0live o1l - 7.5 5.5 7.0
Cholestero]3

- - 2.0 -
- - - 0.5

ZRMH—BC% Hope Faxms, Woerden,
approximately 4.8 keal/g on a
Levant®, Huilerie L'dbeille, Marseille, France
3Duphar B, Veenendaal, The Ne

; therlands
Sigma®, Chemicql Co., St. Louis, MO, U.5.A.

Sodium cholate

oo
cToOoo;

The Netherlands (gross energy,
g fed basis)

During the experiment the animals were kept in groups of 6 animals in
cages (120 x 42 x 19 cm) ¢ i

onstructed of stainless steel with wire mesh
bases. The cages were placed i om with air conditioning (18-20 °C),
controlled Tighting (Tight: 0600-1800 hours; dark: 1800-0600 hours) and
humidity (55 to 65%).

Analytical methods. Blood samples were taken after an 18-hour fast by
orbital puncture under Tight diethyl-ether anesthesia between 0900 and
1100 hours. Serum total cholesterol was measured enzymatically using the
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kit (Monotest®) supplied by Boehringer-Mannheim GmbH, F.R.G5.

The determinations of the activities in serum of alanine amino trans-
ferase (ALAT), aspartate amino transferase (ASAT) and alkaline phospha-
tase (AP) were performed according to the recommendations of the German
Society of Clinical Chemistry (2). Reagents were purchased from
Boehringer-Mannheim GmbH, F.R.G.

Total arylesterase activities in serum were determined at pH 8 using
B-naphthylpropionate as substrate according to Pilz (3). Reaction con-
ditions were chosen so that the amount of product formed was linear with
time and enzyme concentration. Enzyme activity was corrected for sponta-
heous hydrolysis of the substrate.

At the end of the experiment the anesthetized rats were killed by deca-
pitation, and the livers were removed. Liver cholesterol was extracted
and analysed according to Abell et al. (4).

Statisties. The significance of the effect of replacement of 7.5% {w/w)
of the commercial diet by olive 0i1 (dietary group B versus dietary
group A) was calculated using two-tailed Student's t test. The signi-
ficance of the effect of replacement of olive 01l by cholesterol (die-
tary group C versus B) or by cholate (dietary group D versus B) or the
interaction between cholesterol and cholate was calculated by the
analysis of variance.

RESULTS

Body weight at the end of the experiment was similar for all dietary
groups (Table 2), Body-weight gain however, was significantly decreased

TABLE 2. Body weight, body-weight gain and feed intake

Diet
A B c D E
&m&yq%m<g) 112+15 118+12 11410 115210 115412
Day 28 153+19 163+ 9 154+16 150£10 146 9
BOdg;ysig?ttga;g (9/day) 42+ 7 45+ 9 40+ 9 352 44 32+ 5
Feega;gtgkio(géday) 1383 12.5 12.7 12.3 12.5

Results, expressed as means + SD for 8 animals per dietary %roupé Eeed
intake 78 given as mean value only, since the animals wire 53use 40
groups. dbtatistically significant effect of cholate (P<0.05).

o : ; i ffect on
by the addition of cholate to the diet (diet D). This cholate e
body-weight gain was also seen when both cholate and cholesgerol.hggegggn
added to the diet (diet E). The addition of olive o1l cau%e. anh1nfeed
in energy density of the diets (cf. Table 1). This may explain why
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intake was decreased after the replacement of part of the commercial
diet by olive 0il (diet A versus other diets).

TABLE 3. Time course of serum total cholesterol concentration

Diet
A B C D E
(mmo1/1)
Day -2 2.67x0.58 2.72%0.52 2.72+0.51 2.72i0.50d 2.77t0.38e
Day 7 2.28%0.25 2.1740.56  3.03+0.63°€ 2.27i0.23d 7.0712.16e
Day 14 2.29£0.41 2.14+0,48 4.08+1.30° 2.45+0.26 12.32+£4,19
Day 28 2.06£0,71 1.87+0.30 5.42%+1,28¢ 1.65+0.29 7.47+4 .50

Means + SD for six animals per dietary group.
SStatistically significant effect of cholesterol (P<0.05).
Statistically significant effect of cholate (P<0.05).

Statistically significant interaction between cholesterol and cholate
(P<0.05).

Table 3 shows the time course of serum cholesterol concentration in the
rats. The addition of olive qil to the commercial diet did not affect
serum cholesterol concentrations (diet B versus A). The analysis of
variance showed statistically significant effects of treatments (diets C,
D and E versus diet B) at all time points. The addition of cholesterol

to the diet (diet C) caused a two-fold increase in serum cholesterol
after 28 days. Cholate also increased serum cholesterol (diet D versus B)
but the increase was only 5 to 15%, and it was not seen at all at the
end of the experiment. A statistically, significant interaction of die-

tary cholesterol with cholate was only observed at days 7 and 14 of the
experiment.

Cholesterol feeding for 28 days caused an increase in liver weight,
irrespective of whether it was expressed in absolute terms or relative
to body weight (diet C versus B). Table 4 further documents that cholate
had a similar effect (diet D versus B), but it was not very pronounced.
As to liver weight there was a significant interaction of cholesterol
with cholate. The absolute amount and concentration of cholesterol in
Tiver was drastically increased by cholesterol in the diet (diet C ver-
sus B); both parameters showed an approximate 18-fold increase. Dietary
cholate caused 1iver cholesterol to increase by about 100%. A clear

interagtion amongst dietary cholesterol and cholate was seen with regard
to their effect on Tiver cholesterol (Table 4).

Table 4 also shows the activities in serum of arylesterases and of
indicator enzymes for 1iver function. Dietary cholesterol as well as

cholate 1ncreas§d the activities of AP, ALAT and ASAT, but the effect of
cholate on AP did not reach statistical significance. Concerning these
enzyme activities, no '

interaction of cholesterol with cholate was found.

The activity of total serum esterases was not significantly affec:ed by
any of the treatments (Table 4),
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DISCUSSION

i i Tiver
terol feeding alone caused a marked increase in serum anq |
Eﬂg}zztero] of thegrats. These effects are well-known. The add1§1$2-of

cholate to the diet had similar effects, but when compared to E g]
sterol the effects of cholate were small. However, cholate mar et'y_
enhanced the effects of cholesterol (cf. ref. 5)..There were sta 131n
tically significant interactions of cho]estero] with cho]qte regarding
serum and liver cholesterol. It is possible that gho]ate 1mprov§s
cholesterol absorption by its emulsifying properties. On the ot 3rtaken
hand, it could be suggested that cholate after being ab§orbed_?n s
up by the Tiver inhibits the conversion of cholesterol into b1'ehac1 :
cholate may inhibit hepatic cholesterol Ta-hydroxylase (6), Wh1ﬁ Iate
catalyses the rate Timiting step in bile acid synthesis. Thus chola

may either stimulate cholesterol uptake by the body or inhibit cho-
lesterol clearance from it, or both.

It is interesting to note that the serum cholestero] elevating effect
of cholate per sg had disappeared after 28 days (Tab]e 3). L1kew1ie, :
at Day 28 of the experiment no interaction between dietary choles egg
and cholate as to the concentration of serum cholesterol was seen.
could be suggested that the rats develop a certain form gf adaptat;og
to high cholate intakes. This may then explain the fa11 in serum cho
Testerol after 14 days in the rats fed cholate e1ther in the absence
or presence of cholesterol. We have suggested earlier (1) that theh. -
time-dependent decrease in serum cholestero] on h1gh~gho1estero1, g ]
cholate diets is related to a change in the distribution of cholestero
between serum and Tiver. In any case, at Day 28 of the experiment
Tiver cholesterol was significantly increased by cholate alone, and
cholate also drastically enhanced the effect of cholesterol (Table 4).

Both cholesterol and cholate in the diet caused hepatomegaly: the Th
increase in liver wet weight was 30 and 8%, respectively (Table 4)-0 e
combination of cholesterol and cholate increased Tiver weight by 84%.
Thus there was a clear interaction of cholesterol with cholate. Such
interaction was not observed with respect to the activities in serum

of the indicator enzymes for Tiver functiony AP, ALAT and A§AT._HoweveP,
cholesterol and cholate alone caused an increase in the activities of
these enzymes. The lack of interaction suggests that cholesterol and
cholate act on Tiver function enzymes via a common pathway.

The cholesterol- and cholate~ind
should be interpreted with cauti
group (diet B) may be spuriously
that the addition of olive 0il to
decrease in ASAT activity.
1ncrea§e of ASAT o

uced increase in the activity of ASAT :
on. The activity measured in the contro
Tow because it would not be expected
the diet (diet B versus A) causes a

In an earlier study we did not find a clear
n a high-cholesterol, high-cholate diet either (1).

In agreement with earlier studies (7) the high-cholesterol, high-
cholate diet (diet E)

caused an increase in the serum total activity
of esterases (Table 4), However, the increase did not reach a level of
statistical significance. The absolute activity of esterases in the
present study was higher than that reported earlier, which may be
related to differences in the procedure of emuTsifying the substrate,
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i.e. B-naphthylpropionate. The data presented in Table 4 suggest that
cholate, but not cholesterol, increases the activity of serum este-
rases. Clearly, further studies are required on this point.

To summarize, we have observed a significant interaction of dietary cho-
lesterol with cholate in determining the Tevels of cholesterol in serum
and Tiver. Cholate drastically enhanced the cholesterol~induced increase
in Tiver weight; there was a significant interaction between the two
compounds, Both cholesterol and cholate increased serum activities of
AP and ALAT, but there was no interaction between the effects of chole-
sterol and cholate.
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