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Summary

The effects of the prevention of micelle formation and bile acid reabscrption, by using cholestyramine (CHOLN),
a bile acid bhinding polymer, on the plasma lipid ol Single Cemb Wlhite Leghorn male chicks given diets containing
medium chain triacylglycerol (MCT) and long chain triacylglycerol (LCT) were investigated. Corn oil and glyceryl
tricaprylate were used as LCT and MCT sources, respectively. Plasma DL cholesterol was reduced by CHOLN in
all weatments. Plasma LDL chalesterol was reduced by CHOLN in chicks given LCT dict but not in MCT dier which
could Be accounted 1o the reduced plasma total cholesterol in LCT diet with CHOLN. It is concluded that bile acid
binding does oot aler the cholesteremic effect of MCT in the plasina of chicks,
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Introduction

Medium Chain  Triaeylglycerols (MCT) are
absorbed and metabolized differently from long
chain triacylglycerols (LCT) in maimnmals. According
to  Greenberper et al. (1966), MC1 can he
hydrolyzed to medium chain fatty acids (MCFA)
and glycerol in the lumen at low concentration
ol pancreatic enzymes. The path for the transport
of MCFA is both through the portal vein and
lymph, but the corresponding long chain fatty acids
(LCFA) arc transported cntirely in the lymph
{Bloom et al., 1951). 1LCFA form mixed micelles
with hile acids, although MCFA are well absorbed
in the absence of bile aceds (Garret and Young,
1975).

MCT has been reported to increase blood
cholestercl concentration in human (Hill et al.,
1990) and in chickens (Fisher and Kaunitz, 1964),
On  the other hand, cholestyramine (CHOILN)
is basic anion exchange resin which sequesteres
bile acids in the intestine and prevent their reab-
sorption  and their cnterohepatic  circulation. I
CHOIN is administered the resall is a decreased
absorpiion of exogenous cholesterol (see Packard
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and Shepherd, 1982) and an increase in hile acid
synthesis from endogenous cholesterol in the liver,
Consequently, it is believed to lead to an increase
in the LDL rcceptors on liver cells which helps
to increase removal of T1.DI. from the blood
{Shepherd et al., 1980). Since CIIOLN was reported
to lower plasma cholesterol in  cholesterol-led
cockerels (Tennent et al, 19€0), CHOLN may
suppress the cholesieremic effect of MCT in the
chicken’s blood.

This study thercfore aims to investigale whether
the plasma lipids of chickens given dicts containing
MCT are altered by preventing the micelle form-
ation and rcabsorption of bile acids.

Materials and Methods

One-day old Single Comb While Leghorn male
chicks were given a commercial chick mash (CP
21.5%, ME 121 kljg, Marubeni Shirye L.td.,
Tokyo, Japan) for 7 days. On day 8, the chicks
were individually weighed after starving overnight
and were selected and distributed into 6 groups
of § chicks each, so that mcan body weights were
as unilorm as possitle. The hirds were individually
housed in stainless-sleel metabolism cages and were
fed with experimental diets from day 8 to 17.

The experiment was under cgualized feeding
conditions. The composition of CHOI.N-free diets
is shown in table 1. Corn oil and glyceryl (ricap-
rylate were used as LCT and MCT sources, res-
pectively. Questran® as the source of CHOLN was
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added at 2% level at the expense of corn starch.
Dietary MCT or LCT source was at 20% level
end each diet was given at 100 gfbird{10 days.
The ME, however, were {59 and 17.2 kljg for
MOT and LCT diets, respectively, being Jower in
MCT diet, so an adjusted LCT diet was included
in the study in which the ME was 17.3 kJf2 and
was given at 91.9 gibird; 10 days. The compasition
cf the adjusted LCT diet was recalculated in ordey
to provide the amount of daily nutrients equal
to the groups given MCT diet. The amount of
corn starch was reduced to adjust the amount of
protein, vitwmins and minerals. Feeding schedule
is shown in table 2. The birds in MCT diet and
adjusted LCU diet had equal daily ME intake.

On day 18, the chicks were killed by decapit-
ation and blood sampling was done to analyze
plasma triacylglvcerols and cholesterol. Plasma total
cholesterol and HIDI. cholesterols were determined
by a kit {Boehringer Manheim Standards, Man-
heim, Germany) and total triacylglycerols were
determined by a kit (Triglyceride Test™, Wako Purc
Chemical Industries, saka, Japan). LDL chole-
sterol was calculated by the method of Friedewald
et al. (1972).

One way analysis of variance was applied to
the data and Duncan’s multiple range test was
used to assess the significance between means. All
ol the data analysis were done ustng a commergial
statistical package (SAS, 1985).

TABLE 1. COMPOSITION OF CHOLESTYRAMINE FREE
DIETS (g / kg)

Ingredient MCT  1CT
[solated soybean protein 226 226
Mineral mixture' 58.8 58.8
Vitamin mixture’ 2 2
Choline chloride 1.5 1.5
[.-Meihionine 29 2.9
Inositol 1 |
Glycine 472 4.2
L-Threonine 1.2 1.2
Celhulose 100 100
Corn starch 402.4 402.4
Corn oil 20 200
Coconado RK¥? ] 80 0

! Furuse & Okumurza (§1989).
? Coconado RKT, glyceryl tricaprylate (donated by
Kao Corp. Wakayama, Japan).

TABIF 2. DAILY FOOD INTAKE OF CHICKS GIVEN
DIETS CONTAINING 20% MECIUM (MCT),
LONG CHAIN TRIACYLGLGYCEROL (LCT)
OR ADJUSTED LCT DIETS WITH (295, OR
WITHOUT (0) CHOLESTYRAMINF FOR 10

DAYS
Day Food intake (g) .
Yy MCT or LCT Adjusted LCT
1 5 4.60
2 6 5.51
3 7 6.43
4 8 7.35
S 9 R 27
6 11 101
7 12 11.03
8 13 11.95
9 14 12.87
10 15 13.79
Total 100 91.90
Results

‘The plasma lipids of chicks fed diets containing
MCT or 1.CT with or without CHOLN s shown
in table 3. In chicks given MCT diet, the plasma
tola) cholesterol was not affected by the addition
of CHOLN, but was significantly decreased 1n
chicks given LT diet. Plasma TDL cholesterol
in both triacylgivcerol sources was decreased sig-
nificantly hy CHOLN. When CHOLN was added
in the diets, plasma HDL cholesterol in chicks fed
MCT diet was significantly higher than in the LCT
groups. Between groups given CHOLN-free diets,
the chicks given adjusted LCT diet had signilficantly
lower plasma HDL cholesterol than those given
MCT dict. Plasma LDL cholesterol significantly
decreased in chicks given LCT diet when CHOLN
was added. but significantly increased in chicks
given MCT diet. The addition of CHOLN ip
adjusted LCT group slightly lowered plasma LDL
cholesterol. Between CHOIN-free diets, the adjusted
LCT group had significantly lower LDL cholesterol
than the other LCT group. The chicks given MCT
diet containing CHOLN had the highest plasma
LDL cholesterol than all other groups. Plasma total
triaeylglycerol was not affected by either triacyl-
glycerol sources or CHOLN.
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TAELE 3. FLASMA LIPIDS QF CHICKS FED DIETS CONTAINING MEDIUM {MCT) OR LONG CHA.N TR ACYLGLY-
CEROL (LCT) WITH (2% ) OR WITHOUT (0) CHOLESTYRANINE UNDER EGUAL'ZED FEEDING. CON-

CITIONS

Triacylglycerol source

MCT LCT Adj. LCT' Residual
Parameter — e e -
Cholestyramine level (%) mean square
G 2 0 2 0 2

Total cholesterol 2258 2488 2232 103¢ 178b 114¢ 456
HDL chelesterol 1162 71 (42b 439 91 49d 223
LDL cholesterol 96he 16387 109° 459 F2cd S 504
Total triacylglycerol 60 70° 54 7 70 60 492

' Details arc given in Materials and Methods.
Values are in mg/ 100 m] plasma.

Values are means of S birds.

" One missing value.

ad Means in a row not having the same superseript letters are significantly different at p < 0.05.

Discussion

This study was done to evaluate the effects of

preventing the micelle fermation and enterchepatic
ctrculation of bile acids, by using CHOLN, on
the plasma lipids of chicks given dictary MCT.
CHOLN s an anion exchange polymer which
irreversibly binds intraluminal bile acids as well
as other components of pormal luminal micelles,
iucluding phospholipid, monoacylglycerol, fatty acid
and cholesterol (Vahouny et al.. 1980). Bile acid
excreted in chicks given MCT diet with CHOLN
was lower thun in those given dicts containing LCT
{(Mabayo ¢t al., unpublished data).

It was reported that MCT reduced plasma
cholestero] in calves (Stewart et al, 1978) and in
rats {Fisher and Kaunitz, 1964, Leveille et al.,
1967) but increased plasma cholesterol in chicks
(Fisher and Kaunitz, 1964; Whileside ¢l al., 1965).
In this study, however, no difference in total pla-
sma cholesterol concentration was observed between
groups fed MCT and LCT diets. but was lower
in adjusted LCT group, which may mecan that at
the same ME intakes, LCT would be more hypo-
cholesteremic  than MCT in chicks. Palyunsa-
turated fatty acids (which constitute more than
50% in corn oil) are reported to veduce plasma
cholesterol in bumans (Hill et al., 1990) which
might be frue to chicks. In laying hens, serum
cholesteral level in the polyunsaturated fatty acid
supplemented group was lower than in the control
group (Furuse el al. 1992). The addition of
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CHOLN in the LCYT diet reduced plasma chole-
sterol in chicks, but did not alter in those given
MCT diet. Bile acid excretion in chicks given MCT
diet was lower than thosc given LCT diet when
CHOLN was added (Mabayo et al, unpublished
data) which may mean that the less of bile acid
in chicks given MCT dict was neither effective
enough to reduce cholesterol synthesis nor have
enhanced hile acid synthesis {rom endogenous
cholestero).

The major lipoprotein involved in the return
of cholesterol from the peripheral cells to the liver
is HDL. Plasma HDL cholesterol concentrations
were reduced by CHOLN in all treatments which
could have been directly related to the excretion
of bile acids. The need for cholesterol to synthesize
bile acids arises when hile acids are excreted so
the tiver uptake of 11171, could have been ¢nhanced
since cholestero} from HDL is the major precursor
of bile acids (Ficlding and Fielding, 1985). Pieters
et al. (1993) have shown that cholesterol esters
delivered by apolipoprotein I.pA-1 are efficiently
coupled 1o bile acid synthesis. This is being shown
by the slight decrease of HDL cholesterol in
MCT-CHOLN fed chicks and drastic decrease of
HDL cholesterol in LCT-CHOLN [ed group which
should have been a result fram the slight increase
of bile acids excreted in MCT-CHOLN fed chicks
and the doubled excretian of bile acids in LCT-
CHOLN fed chicks as mentioned above.

VLDL and its product, LDL are the major
lipoproteins involved in the delivery of cholesterol
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from the liver ta the peripheral tissues. It was
that capryhic aad did suppress
LDI.-receptor activity, hence, it did not increase
plasma LIDL concentration in rats (Waoaller et al,
1952). In this study, no difference was found in

otserved not

plasma LDI. cholesterol concentrations ketween
MCT and LCT groups without CHOILN. However,
LDI. concentrations in 1.CT feeding were efficiently
decreased hy CHOLN treatment. The iiver does
9C% of LDL removal from the glasma by the
rcceptor-dependent pathway (Meddings and Diet-
schy, 1687) and CHOLN was shown te increase
LDL-receptor synthesis and activity (Shepherd et
al., 1S80) which may explain the decrease of LDL
chalesterol concentration in the chicks given 1.CT
diet. It is likely that the reduced totfal plasma
cholesterol also have reduced the LDL cholesterol
cancentration. The addition of CHOLN (0 MCT
diet, however, have conversely increased the plasma
[.DL ccneentration in chicks in which the increase
cculd not he explained

From this study. it is concludec that bile acid
hinding daes not alter the cholesteremic effect of
MCT in the plasma of chicks. The acricn of
CHOLN may be alwered by dietary tiiacylglycerol
sources.
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