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Decreasing dietary fat saturation lowers HDL-cholesterol and increases
hepatic HDL binding in hamsters
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In order to study the mechanism by which increasing unsaturation of dietary fat lowers HDL-
cholesterol levels, we studied various measures of HDL metabolism in hamsters fed with fats
with different degrees of saturation. Hamsters were fed on a cholesterol-enriched (1 g/kg)
semipurified diet containing 200 g/kg of maize oil, olive oil, or palm oil for 9 weeks. Increasing
saturation of dietary fat resulted in increasing concentrations of total plasma cholesi2®ol (4
(sp 081), 530 (sp 0B7) and 388 (sp 0[Z76) mmol/l respectivelyn 12) and HDL-cholesterol (31

(sp 080), 391 (sp 012) and 37 (sp 0i43) mmol/l) and these concentrations were significantly
higher f < 0[05) in the palm-oil and olive-oil-fed hamsters compared with the maize-oil group.
Total plasma triacylglycerol levels also increased with increasing fat saturafidh §b 059),

156 (sp 065) and 275 (sp 1103) mmol/l) and were significantly highelP (< 0[05) in the palm-oil

group compared with the olive-oil and maize-oil-fed hamsters. The three diets did not have
differential effects on plasma activity levels of lecithin: cholesterol acyltransferase (LCAT) and
cholesteryl ester transfer protein (CETP). Levels of phospholipid transfer protein (PLTP) tended
to be higher with increasing fat saturation but this effect was not significant. The capacity of liver
membranes to bind human HRwas significantly higherR < 0[05) in the hamsters fed with
maize oil (810 §p 100) ng HDL; protein/mg membrane protein4) compared with those fed on
palm oil (655 ¢D 56) ng/mg), whereas the olive-oil group had intermediate values @Gv2§)
ng/mg). The affinity of HDL; for the binding sites was not affected by the type of dietary fat.
Hepatic lipaseEC 3.1.1.3) activity, measured in liver homogenates, increased with increasing fat
saturation. We conclude that dietary maize oil, when compared with either olive oil or palm oil,
may lower HDL-cholesterol concentrations by enhancing HDL binding to liver membranes.
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Dietary fat: Lipoproteins: HDL binding: Hamsters

There is considerable evidence that the type of dietary fat model to study the effects of drugs and diet on lipoprotein
can affect plasma cholesterol concentrations and lipoproteinmetabolism (Dietschet al. 1993). The hamster has a lipo-
metabolism. Intervention studies (McNamara, 1992; Khosla protein profile that resembles more closely that of man than
& Sundram, 1996) have indicated that high levels of those of rats and mice (Brawa al. 1994). In addition, the
saturated fatty acids in the diet are associated with increasechamster, like man, has plasma cholesteryl ester transfer
plasma cholesterol concentrations. Replacement of saturategrotein (CETP) activity (Steiret al. 1990). In contrast,
fat by unsaturated fatty acids, on the other hand, results in aother animal models like the pig, mouse, and rat have
lowering of plasma cholesterol concentrations. This plasma virtually no plasma CETP activity. Furthermore, changes
cholesterol lowering effect is associated with a decreasein plasma lipid concentrations can be easily induced in
in both LDL- and HDL-cholesterol fractions (Khosla & hamsters with only small, realistic amounts of dietary
Sundram, 1996). cholesterol (Dietschet al. 1993).

Many studies have been carried out to unravel the mech- The effects of dietary fat saturation on LDL metabolism
anism by which dietary fatty acids can affect plasma have been extensively studied in the hamster. Dietsthy
cholesterol concentrations and lipoprotein metabolism. Fre- (1993) reported that substitution of unsaturated for saturated
qguently, animal models have been used (Khosla & Sundram,fatty acids results in increased LDL-receptor activity and in
1996), and recently, the hamster has become a populara decreased LDL transport rate, which is associated with

Abbreviations: CETP, cholesteryl ester transfer protein; LCAT, lecithin: cholesterol acyltransferase; PLTP, phospholipid transfer protein.
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decreased plasma LDL-cholesterol concentrations. Recent Table 1. Composition of the semipurified diets*
studies in hamsters by others (Sessions & Salter, 1995)

have also provided evidence of increased LDL-receptor Content
activity due to feeding unsaturated instead of saturated ngredient glkg % energy
fatty acids. ,

Limited information, however, is available on the effects ?;Z‘T'Pat 288 éggg
of dietary fat saturation on HDL metabolism in the hamster,  aize oil 10 194
while the available results are not consistent. Adtnal. Maize/olive/palm oil 190 3694
(1994) reported that soyabean oil compared with coconut Total carbohydrates 488[15 4216
oil, given for a period of 18 weeks, resulted in reduced Maize starch 244015 21008

. . . . - Dextrose 244 21008
expression of apolipoprotein A-Il which was associated cgyjose 50
with lower HDL-cholesterol concentrations and a larger caco, 122
proportion of small HDL particles. Similar results were NaH,PO,.2H,0 1511
reported by Trautweiet al. (1997). They blended different  MgCOs 1a
fats and obtained six diets with very different fatty acid E(H:Ico %g

. . . 3
profiles to which 4 g cholesterol/kg was added. A lowering |nositol 125
of plasma cholesterol levels due to decreasing fat saturationmineral premixt 10 0B3
was found to be associated with a lowering of HDL- \C/Irt]arlﬂlnt preimixi 1?@ 085
H H olestero

cholesterol levels. Studies by Kurushiratial. (1995), on Total 10000 100

the other hand, indicated that replacement of dietary palmi-
tic acid by oleic acid lowered plasma cholesterol levels but *The diets contained 19 370 kJ metabolizable energy/kg. The following values

H _ H were used for the calculation of the energy density of the various com-
did not affect HDL-cholesterol concentrations. ponents: protein and carbohydrates, 1674 kJ/g; fat, 3766 kJ/g. The diets

The ObjeCtive of the present StUdy was to StUdy further the contained 52mg cholesterol/MJ. Maize oil contained (g/100g total fatty
mechanism by which increasing fat saturation lowers acids): 13 saturated, 25 monounsaturated, and 62 polyunsaturated fatty

. . acids; olive oil contained 14 saturated, 77 monounsaturated, and 9 poly-
plasma’ and partICU|ar|y HDL' cholesterol concentrations. unsaturated fatty acids; palm oil contained 51 saturated, 39 monunsaturated,

We fed hamsters on semipurified diets containing palm and 10 polyunsaturated fatty acids. The calculated polyunsaturated : satur-

oil. olive oil. or maize oil and studied various measures ated fatty acid ratios of the maize-, olive- and palm-oil diets were 4[77, 0(84,
! ' and 0[26 respectively.

of HDL metabolism, such as hepatic lipade((3.1.1.3)  tcomposition (mgikg food): FeSO, . 7H,0 174, (Fe 35), MnO, 79, (Mn 50),
activity, CETP activity, phospholipid transfer protein  znso,.H,0 33, (Zn 12), NiSO,.6H,0 13, (Ni 3), NaF 2, (F 1), KI 02, (I

i ithin- 0M5), CuSO,.5H,0 1507, (Cu 4), Na,SeO;.5H,0 03, (Se 0010),
(PLTP) activity, and lecithin: cholesterol acyltransferase CrCl. . 6H.0 13, (Gr 0B30). SNCly. 21,0 18, (Sn 1), NH.VO, 02, (v 0},

(LCAT) activity, as well as the capacity of liver membranes  maize meal (carrier material) 967912.
to bind HDL. It was anticipated that these measures would *Composition (mg/kg food): thiamin hydrochloride 4, riboflavin 3, nicotinamide

. . : : _ 20, calcium pantothenate (45 %) 178, pyridoxine hydrochloride 6, cyanoco-
prowde clues as to how dletary fatty acids influence HDL balamin (purity 01 %) 50, choline chloride (purity 50 %) 2000, pteroylmono-

cholesterol concentrations. glutamic acid 1, biotin 2, menadione 005, all-rac-a-tocopheryl acetate (purity
50 %) 60, retinyl acetate (150 wg/mg) 8, cholecalciferol (1205 wg/mg) 2, maize
meal (carrier material) 9826[15.

Materials and methods Analytical methods

Animals and diets Blood was collected into heparinized tubes from the retro-

Male Golden Syrian hamstersMésocritus auratus orbital sinus of the hamsters while they were under light
HsdCph:ShGa) of 5 weeks of age were obtained from diethyl ether anaesthesia. Food was always removed at
Harlan CPB, Zeist, The Netherlands, and were fed on a 17.00 hours and any food in the cheek pouches was also
commercial rodent diet (RMH-B Hope Farms, Woerden, removed. Blood samples were taken the next day between
The Netherlands). After an adaptation period of 2 weeks, 09.00 and 11.00 hours. This procedure of blood sampling
blood samples were taken for lipid measurements aswas used for all the time points that blood was collected.
described later and the hamsters were divided into threeThe hamsters were anaesthetized at the end of the experi-
groups so that group means and distributions of total plasmament with a mixture of ketamine (140 mg/kg body weight),
cholesterol concentrations, HDL-cholesterol concentrations, xylazine (24 mg/kg), and atropine [@mg/kg) which was
and body weights were similar. Subsequently, the three administered intraperitoneally. The hamsters were then
groups were fed on pelleted semipurified diets (Table 1) exsanguinated from the abdominal aorta and the livers
containing either palm oil, olive oil or maize oil. The diets were removed.

were given for a period of 9 weeks. Food and water were  Plasma cholesterol (Allaiet al. 1974) and triacylglycerol
providedad libitum The hamsters were housed in groups of (Bucolo & David, 1973) concentrations were measured
three or four animals in polycarbonate cages with a bedding enzymically. The plasma non-HDL fraction was precipi-
of wood shavings. The animal room was temperature- tated with phosphotungstic acid—MgQISigma Diagnos-
controlled (20) and had a 12h light—dark cycle (light tics, St Louis, MO, USA; catalogue no. 352-4) according
on 06.00—18.00 hours). The experimental protocol was to Weingand & Daggy (1990), and the supernatant (HDL)
approved by the Animal Experiments Committee of the fraction was assayed for cholesterol. The concentration of
Faculty of Veterinary Medicine, Utrecht University, The cholesterol in the non-HDL fraction was calculated as the
Netherlands. difference between whole plasma and HDL-cholesterol.
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phosphatidylcholine transferred to HDL/I plasma per h. A
human reference plasma sample was included in each ana-
rLysis. This assay is specific for PLTP activity, since CETP,
which does promote exchange of phospholipids between

Lecithin: cholesterol acyltransferase activity

Plasma LCAT activity levels were determined with excess
exogenous substr%te composed of heat-inactivated huma
plasma containing®H]cholesterol as described previously . : LS .
(Dullaart et al. 1994). The measured activities are an Illggpir)otems, shows no activity in this assay (Spegeral
estimate of LCAT mass and are independent of the endo- '

genous lipoproteins present in each plasma sample. The

activities are expressed pmol cholesteryl ester formed/|
plasma per h. A reference human plasma sample was
included in each analysis.

Binding of human HDL to liver membranes

This assay measures the level of saturable, high-affinity
binding sites for HDL on hepatic membranes and is com-
parable to the tests used by Brown & Goldstein (1986)
for the assay of saturable, high-affinity LDL binding. Liver
. . plasma membranes were prepared from the livers of four
CETP activity in plasma was measured, using exogenoushamsters randomly selected from each dietary group. Ham-
substrates, by transfer of radiolabelled cholesteryl ster |ivers were immediately put on ice and storee 2.
[1-"'Cloleate (Amersham International, Little Chalfont, The preparation of liver membranes and the HDL binding
Bucks, UK; specific activity B5 GBg/mmol) between exo-  stydies were done as described for pig liver membranes (De
genous LDL and HDL as described previously (Groener cromet al. 1989). Livers were minced on ice using surgical
et al. 1986). Briefly, the non-HDL fraction from plasma pjades and homogenized if26Mm-sucrose, 1 m-EDTA,
samples was precipitated with phosphotungstic acid—MgCl 1 yyi-henzamidine, 1 m-phenylmethylsulfonylfluoride and
The supernatant fraction (@) was mixed with 500 nmol 10 mm-Tris-HCI, pH 80 using an Ultra Turrax TP 18-10
radiolabelled human LDL-cholesterol and 200 nmol human (Janke and Kunkel KG, Staufen, Germany). Tissue debris
HDL-cholesterol in a total volume of 7Qfl. 5.5-Dithio-  \yas removed by centrifugation in a Beckman TJ-6 centri-
bls(2_-n|trobenzq|c acid) was added to inhibit the LCAT fuge (4, 5min, 2000 rev./min). The supernatant fraction
activity. The mixture was incubated for 16h at°37The a5 Jayered on a 410 g/l sucrose solution and centrifuged in
incubation was stopped by cooling on ice, and LDL was 5 Beckman SW 28 rotor (Beckman, Palo Alto, CA, USA) in
precipitated with 30Qul Ol M-sodium phosphate (pH(4) a Beckman ultracentrifuge {460 min, 24000 rev./min).
and 167. O(1M-MnCl; solution. The samples were cen- The white interfacial band of membranes was collected
trifuged and the supernatant fraction (containing the HDL) ang diluted by adding an excess of homogenization buffer.
was assayed for radioactivity. The CETP activity measured gypsequently, the membranes were pelleted by centrifugation
by this method is linear in time for at least 16 h and is also (4°, 60 min, 24 000 rev./min). The membranes were washed
linearly related to the amount of supernatant fraction added. gpq resuspended in a minimal volume of homogenization
The activity is expressed gsmol cholesteryl ester trans-  pyffer and stored at7CP. The final concentration of the liver
ferregjll plasm_a per h. A refgrence human plasma sampleyembrane preparation was set & @ protein/I.

was included in each analysis. In the HDL binding studies, we wanted to exclude any
effect of the composition of the HDL particles. Therefore,
we used human HDJ, since human HDLis a homogeneous,
well-defined HDL fraction which can be easily prepared and
PLTP activity was measured in a phospholipid vesicles— stays stable for a long period of time. In addition, the plasma
HDL assay system as described previously (Spedjeal. HDL ; concentration is usually higher than that of HPL
1991). In short, radiolabelled vesicles were prepared by which facilitates the preparation of larger quantities. Blood
mixing 10umol egg phosphatidylcholine with 37kBg from one person was collected into tubes containing EDTA.
[*H]phosphatidylcholine 1(-3-phosphatidyl[N-methyPH]- HDL 5 from fresh plasma was isolated and labelled with
choline,1,2-dipalmitoyl; Amersham International; specific exactly as described by De Craghal. (1989). HDL binding
activity 300 TBg/mmol) and @ pmol butylated hydroxy- studies with liver membranes were performed in 3@m
toluene. The lipids were dried under,Nand 1 ml 150 rm- Tris-HCI buffer, pH 80, containing 50 mi-NaCl and 20 g/l
NaCl containing 10 mmol Tris-HCI/I and 1 mmol EDTA  bovine serum albumin (binding assay buffer) in a final

Cholesteryl ester transfer protein activity

Phospholipid transfer protein activity

(pH 7@)/I was added. The lipids were dispersed by sonicat-
ing three times for 5min on ice with a probe-type sonifier.
Plasma samples ofdl were incubated with radiolabelled
vesicles (125 nmol phosphatidylcholine) and human HDL
(160 nmol phosphatidylcholine) for 45 min at°3a a total
volume of 40Qul of 150 mv-NaCl, 10 nm-Tris-HCI, and
1mM-EDTA (pH 7). The reaction was stopped on ice.
A solution containing 500 m-NacCl, 215 m-MnCl, and
140 units heparin (30@l) was added and mixed. This
yielded final concentrations of 300wwNaCl, 92 M-
MnCl,, and 200 units heparin/ml. The resulting precipitate
was removed by centrifugation and the supernatant fraction
assayed for radioactivity. The activity is expressed in mmol

volume of @3 ml as described by De Croet al. (1989).
Liver membrane protein (100g) was incubated witH*-
labelled human HDL for 1 h at 37 in Eppendorf tubes
(Eppendorf, Hamburg, Germany). We elected to use an
incubation temperature of 38ince the binding capacity is
considerably lower at lower temperatures (Fernandez &
McNamara, 1991) and we also considered that this tem-
perature reflected better tl vivo situation. The reaction
was terminated by adding®ml cold binding assay buffer
and centrifuging for 5 min in an Eppendorf 5414 centrifuge.
Membrane pellets were resuspendediril binding assay
buffer, and layered over@®ml fetal calf serum and recen-
trifuged. The amount of radioactivity in the pellets was
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determined in an LKB Wallac Ultrogamma counter (LKB 6
Wallac, Turku, Finland). The amount of membrane-asso-
ciated radioactivity bound in the presence of 25-fold excess
of unlabelled ligand was regarded as nonspecific binding,
and subtracted from the total binding to obtain specific
binding. Scatchard plots were constructed and the maximal
specific binding capacity of HDL to liver membranes.{B

ng HDL protein/mg membrane protein) and the apparent
affinity constant K4, mg HDL protein/l) were calculated
from the slope and the intercepts.

£ o1
T

w

non-HDL

N

-

Hepatic lipase activity in hamster livers

Lipoprotein cholesterol (mmol/l)

Livers were removed after exsanguination, quickly frozen
in liquid N, and kept at-80°. About 100 mg liver was 03 2 5 & 7
homogenized in 4ml PBS, containing<30°*U heparin/I,

using a Polytron homogenizer (Janke and Kunkel) for 15s.
The homogenate was kept on ice and centrifuged for 2min Z& - C00e ot 0 R rolesterol fractions i
at & (10 OOOg). Hepatlc.: |IpaS§ activity was detgrmmed .In hamsters fed on semipurified diets containing palm oil (®), maize
the supernatant fraction using a gum acacia-stabilized gj (») or olive oil (O). The equations of the regression lines are: HDL

glycerol[*“Cltrioleate emulsion as described by Jansen & cholesterol =061 x plasma cholesterol +0[891 (r 0B93, P < 0001)
Birkenhayer (1981). and non-HDL-cholesterol =0[439 x plasma cholesterol - 0891 (r 0841,
P<0MD01).

Total plasma cholesterol (mmol/I)

Statistics

The data were analysed by one-way ANOVA. The Bonfer- Further, the slopes of the regression lines for HDL and non-
roni adaptation of the test was used for multiple pairwise HDL fractions were fairly similar, indicating that a change
comparisons when the ANOVA test indicated a significant in total plasma cholesterol was associated with equal
effect. Correlations between variables were statistically changes in HDL- and non-HDL-cholesterol (Fig. 1). The
analysed with the Pearson product moment correlation hamsters fed with the maize oil had an average cholesterol

test. The level of significance was preset R 005. level that was 29 mmol/l lower than that in the hamsters
Statistical analyses were done with the SigmaSsaatisti- fed on the palm-oil diet, and this lowering was associated
cal software package (Jandel Scientific, San Rafael, CA, with equal decreases of HDL- @ mmol/l) and non-HDL-
USA). cholesterol (B3 mmol/l). Plasma triacylglycerol concentra-

tions were significantly lower in the maize- and olive-oil-fed
hamsters compared with the palm-oil-fed hamsters, and there
was no significant difference between the maize- and olive-
The pelleted diets were well accepted by the animals. Final oil groups (Table 2).
body weights after 9 weeks of consuming the diets were We did not observe a significant effect of dietary fat
similar in the groups fed with palm oil or maize oil, but body saturation on the activity levels of plasma LCAT and CETP
weights were about 10 % higher in the group fed with olive (Table 2). LCAT activities were virtually the same in all
oil (Table 2). Liver weight was significantly greater in the three dietary groups. PLTP activity, however, showed a
olive-oil group than in the palm-oil group. We did not tendency to increase with increasing fat saturation, although
measure the food intake, but the higher body weights in these effects were not statistically significant. When all the
the hamsters fed with olive oil may have been the result of a hamsters were taken together, there was a significant corre-
higher food intake. In other hamster studies in our labora- lation between PLTP activity and non-HDL-cholesterol
tory, however, we did not observe any difference in body concentration r( 00389, P=0019) and PLTP activity and
weights between hamsters fed on diets containing theseHDL-cholesterol concentratiom Q509, P=0[001).
three dietary fat types. Eight hamsters from each diet group were randomly
The hamsters fed on the diet containing maize oil had selected to measure hepatic lipase activity in quickly-
significantly lower total plasma, HDL-, and non-HDL- frozen livers. Hepatic lipase activity was significantly
cholesterol concentrations than the hamsters fed on thehigher in the hamsters fed with palm oil compared with
palm- and olive-oil diets (Table 2). The animals fed on the animals fed with maize oil (Table 2). The olive-oil-fed
the olive-oil diet tended to have lower values than the hamsters had intermediate activities. There was a significant
animals fed on the palm-oil diet, but this effect was not correlation between hepatic lipase activity and total plasma
statistically significant. There was a significant positive and HDL-cholesterol concentrations in individual hamsters
correlation between the concentration of total plasma (Fig. 2).
cholesterol and the concentration of cholesterol in HDL or  Four hamsters per dietary group were used for assaying
non-HDL fractions in individual hamsters (Fig. 1). Thus, the HDL binding capacities (B, and binding affinities
changes in total plasma cholesterol concentrations were(Ky) of liver membranes. Maximum HDL binding was
reflected in changes in both HDL and non-HDL fractions. found to be significantly higher in the hamsters fed with

Results
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Table 2. Measures of cholesterol metabolism in hamsters fed on semipurified diets containing palm oil, olive oil
or maize oil for a period of 9 weeks*

(Mean values and standard deviations for four, eight or twelve hamsters per group)

Palm oil Olive oil Maize oil
Mean SD Mean Sb Mean Sb
Plasma and liver variables (n 12)t

Plasma cholesterol (mmol/l)

Initial 323 036 331 0(43 324 024

Final 5387 076 5302 0B7 429° 031
HDL-cholesterol (mmol/l) 3072 033 3012 o2 331° 050
Non-HDL-cholesterol (mmol/l) 1®1°% o7 1302 034 08" 024
Plasma triacylglycerols (mmol/l) 20752 103 156° 0B5 101° 059
LCAT (umol/l per h) 77 16 78 15 78 13
CETP (wmol/l per h) 136 24 129 15 142 21
PLTP (mmol/l per h) 6097 167 6029 132 599 109
Liver weight (g) 48° 07 532 0B 48 09
Liver weight (% body weight) 3B1° or7 3852 029 3662 0B1
Body weight (g)

Initial 73 8 72 8 73 7

Final 129° 13 141° 12 129° 17

Subgroup for determination of lipase activity (n 8)
Plasma cholesterol (mmol/l)

Initial 324 033 338 039 317 031

Final 5372 0B7 510%  0@7 4[@2° 017
HDL-cholesterol (mmol/l) 3042 032 375%*  0m8 338" 051
Non-HDL-cholesterol (mmol/l) 1B3°? 036 135® 034 104° 06
Hepatic lipase activity (mU/g liver): 148012 1912 1348% 1709 1113° 1700
Hepatic lipase activity (mU/mg protein) 0B2? o1 0B8? 008 0@5° 010

Subgroup for determination of binding variables (n 4)
Plasma cholesterol (mmol/l)

Initial 336 031 322 031 315 0B7

Final 5772 0132 507% 039 438" 035
HDL-cholesterol (mmol/l) 4[05? o7 3152 0z3 3512 0B8
Non-HDL-cholesterol (mmol/l) 1722 025 133* 036 0@7° 0m=7
Human HDL ; binding variables

Bmax (Ng HDL protein/mg membrane 655" 56 674% 26 8107 100

protein)
Kg4 (mg HDL protein/l) 118 1 118 12 132 10

LCAT, lecithin: cholesterol acyltransferase; CETP, cholesteryl ester transfer protein activity; PLTP, phospholipid transfer
protein.

abMean values within a row not sharing a common superscript letter were significantly different, P < 005.

*For details of diets and procedures, see Table 1 and pp. 152-154.

T The palm-oil group had thirteen hamsters.

F nmol free fatty acids formed/min per g liver.

maize oil than in those fed with palm oil. The olive-oil human situation, since the hamster has a lipoprotein profile
group had intermediate values but this effect was not that resembles closely that of man (Brasfoal. 1994) and
significant (Table 2). There was a significant correlation has CETP activity (Steiet al. 1990) like man. The hamster
between binding capacities (B) and total plasma and has been widely used to study the effect of dietary fatty
HDL-cholesterol concentrations (Fig. 3). The affinities for acids on lipoprotein metabolism (Dietsctgt al. 1993;
HDL binding (Ky) did not differ among the three dietary Khosla & Sundram, 1996), and the results of our studies
groups. indicate that the hamster responds to dietary fatty acids in a
similar fashion to human subjects. Substitution of unsatu-
rated fatty acids (maize oil) for saturated fatty acids (palm
Intervention studies in human subjects (McNamara, 1992; oil) resulted in a lowering of the total plasma cholesterol
Khosla & Sundram, 1996) have indicated that unsaturated level which was associated with a lowering in both non-
fatty acids compared with saturated fatty acids in the diet HDL- and HDL-cholesterol fractions (Fig. 1), as seen in
lower plasma cholesterol levels, and that this effect is studies with human subjects (Mattson & Grundy, 1985).
associated with a lowering of both LDL- and HDL-choles- Other studies in hamsters have also indicated that choles-
terol levels. The objective of our present study was to terol-enriched diets containing polyunsaturated fattty acids
examine the mechanism by which unsaturated fatty acidsinstead of saturated fat are effective in lowering both HDL-
lower plasma cholesterol and particularly HDL-cholesterol and non-HDL-cholesterol levels (Jones al. 1990; Ahn
levels. We elected to use the hamster as a model for theet al. 1994; Trautweiret al. 1997).

Discussion
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Fig. 2. Correlations between hepatic lipase activity and the con-
centrations of (a) total plasma cholesterol, (b) non-HDL-cholesterol,
and (c) HDL-cholesterol in hamsters fed on semipurified diets con-
taining palm oil (®), maize oil (A) or olive oil (O). The relationships are
described by the equations: (a), y=0014x+3[133 (r 0475, P=
0019); (b), y = 0D06x + 0494 (r 0(383, P = 0[065); (c) y = 0008x
+ 2[640 (r 0418, P=0[042).

Olive oil tended to lower plasma cholesterol levels in our
studies but this effect was not statistically significant.
Trautweinet al. (1997) also reported that feeding hamsters
with olive oil instead of palm stearin or coconut oil together
with cholesterol for a period of 7 weeks did not significantly
lower plasma cholesterol. Further, Trautweinal. (1997)
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Fig. 3. Correlations between maximum binding capacity (Bmax) and
the concentrations of (a) total plasma cholesterol and (b) HDL-
cholesterol in hamsters fed on semipurified diets containing palm oil
(@), maize oil (A) or olive ail (O). The relationships are described by
the equations; (a), y=-0005x+8B35 (r 0B45, P=0[024); (b), y=
—-0003x+6[026 (r 0647, P=0[023).

types of diets may have different effects on the lipoprotein
profile in hamsters after dietary intervention (Kowala, 1993;
Nicolosi et al. 1998). Studies in human subjects are also
conflicting. Mensink & Katan (1989) reported that mono-
unsaturated and polyunsaturated fatty acids were similarly
effective in lowering plasma total cholesterol levels and
that both also lowered HDL-cholesterol levels. Studies
by Mattson & Grundy (1985), on the other hand, indicated
that monounsaturated fatty acids compared with poly-
unsaturated fatty acids raised HDL-cholesterol levels.
Liver weights and liver weights as a percentage of body
weight were higher in the olive-oil-fed hamsters than in the
hamsters fed with palm oil or maize oil, althought this effect
was not statistically significant for the maize-oil group. We
did not measure liver cholesterol, but other studies have
indicated that feeding olive oil instead of saturated or poly-
unsaturated fats also resulted in a higher content of liver
cholesterol (Beynen, 1988). The high cholesterol content

observed that changes in total plasma cholesterol levelsin the liver of olive-oil-fed hamsters may be related to
due to different types of dietary fats, were associated with abundant availability of oleate, the preferred substrate for

changes in both HDL- and non-HDL-cholesterol fractions,
as seen in the present study (Fig. 1). Jogtes. (1990) and
Kurushimaet al. (1995), however, found that olive oil and

acyl-CoA : cholesterol acyltransferas&Q 2.3.1.26), the
cholesterol esterifying enzyme in the liver (Dietschy, 1998).
In the present study there was no effect of type of fat in

oleic acid respectively, significantly lowered plasma choles- diets containing 1g cholesterol/kg on plasma CETP and

terol levels in hamsters without lowering HDL-cholesterol.

LCAT activity levels. Similar results have been reported in

We fed our hamsters on semipurified diets and similar diets other hamster studies (Ahet al. 1994). Kurushimaet al.

were used by Trautweiet al. (1997). Jonest al. (1990) and
Kurushimaet al. (1995), on the other hand, used chow-

(1995), on the other hand, reported a higher CETP activity
in hamsters fed with saturated fatty acids instead of poly-

based diets, and it has been demonstrated that these twainsaturated fatty acids. Other studies in hamsters also
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showed that an increase in plasma cholesterol concentra-and HDL-cholesterol levels. Further, it is known that addi-
tions as caused by feeding high-saturated fat, cholesterol-tion of VLDL- and LDL-cholesterol to the perfusate may
rich diets was associated with elevated CETP levels (Steinincrease hepatic lipase levels in a recirculating liver perfu-
et al. 1990; Quiget al. 1991). In human subjects, Lottenberg sion system (Ebemtt al. 1993). Rabbits respond to choles-
et al. (1996) reported that there was no differential effect of terol feeding by elevation of hepatic lipase activities (Meijer
diets containing mono- or polyunsaturated fatty acids on et al. 1993). These data are consistent with our observation
CETP activity. Groeneet al. (1991), on the other hand, that in the hamsters fed with palm oil, high plasma non-
reported higher CETP activities in subjects on polyunsatu- HDL-cholesterol concentrations coincided with high hepa-
rated fat diets than those on monounsaturated fat diets, andic lipase activities. We suggest that increased hepatic lipase
other studies in human subjects (van Tetl al. 1995; activity is secondary to the increase in non-HDL-cholesterol.
Schwabet al. 1996; Lagrostet al. 1999) also indicated Little is known about the effects of dietary fats on HDL
that different fatty acids in the diet such as palmitic, stearic, binding to liver membranes. Fernandez & McNamara (1991)
lauric, oleic and elaidic acids can affect CETP activity. observed that dietary unsaturatedsaturated fatty acids
Reports on the effects of dietary fat saturation on LCAT increased the binding capacity of liver membranes for HDL
activity in human subjects are also conflicting. Baudet & in the guinea-pig. We have now shown in hamsters that
Jacotot (1988) found a higher LCAT activity when poly- dietary maize oil raised B, when compared with palm oil.
unsaturated fats (sunflower oil) were given instead of These results indicate that there was an increase in the
saturated fats (milk fat) but they discussed that there are number of HDL binding sites on the liver membranes.
also studies that found the opposite effect. van &oél. HDL plays an important role in reverse cholesterol
(1995) reported that there was no differential effect of transport (Swenson, 1992), and an increase in HDL binding
polyunsaturated fat (linoleic acid) and saturated fat (stearic to liver membranes may stimulate this process. Early kinetic
acid) on LCAT activity in human subjects. As plasma studies in human subjects indeed suggested an increased
LCAT and CETP activity levels in our studies were not transport rate of HDL cholesteryl esters when saturated fat
significantly influenced by dietary fat saturation, the observed in the diet was replaced by unsaturated fat (Nestel, 1970).
changes in HDL-cholesterol are unlikely to have been causedThus, the observation that maize oil compared with palm oil
by changes in cholesterol ester synthesis and transfer. significantly enhanced HDL binding to liver membranes
Plasma PLTP activity levels were measured using excesscould explain why dietary maize oil lowers HDL-cholesterol
exogenous substrates. To our knowledge, this is the firstlevels in the hamster.
report on PLTP activity levels in animals fed on different ~ We used the hamster as a model to study the effects of
types of fat. The PLTP activities were not significantly dietary fat saturation on plasma cholesterol and HDL
different for the three different dietary fatty acid profiles but metabolism. Eventually, this model is meant to obtain infor-
there was a tendency for increasing PLTP activity with mation about the human situation. It should be stressed,
increasing fat saturation. Moreover, when all the hamsters however, that there may be differences in responses to
were taken together, there was a significant positive correla-dietary fats when compared with human subjects and one
tion between PLTP activity and HDL- as well as non-HDL- should be careful in extrapolating results obtained in ham-
cholesterol levels. In human subjects, it has been reportedsters to man. For instance, in our present study there was a
that various dietary fatty acids like palmitic, lauric, and significant lowering in plasma triacylglycerol levels with
oleic acid can affect PLTP activities and that there was also decreasing fat saturation, whereas no such findings are
a positive correlation between HDL-cholesterol and PLTP reported in man (Khosla & Sundram, 1996). Further, we
activities (Lagrostet al. 1999). Two possible functions of found in hamsters a positive correlation between HDL-
PLTP in lipoprotein metabolism have been proposed. First, cholesterol level and hepatic lipase activity, whereas in
PLTP may act in the transfer of surface fragments, formed human subjects a negative correlation has been reported
during lipolysis of triacylglycerol-rich lipoproteins to HDL  (Bensadoun & Berryman, 1996). These different responses
(Tall et al. 1985). Second, PLTP is active in HDL subfrac- may reflect a difference in lipid metabolism between human
tion conversion (Jauhiaineat al. 1993). Isolated HDL subjects and hamsters. In addition, there may also be

is converted by purified PLTP to bigger HRlike HDL, differences in response between various strains of hamsters
with the concomitant formation of small pgEHDL (von (Trautweinet al. 1993) and the effects may also be modulated
Eckardsteiret al. 1996). by the type of diets used, i.e. semipurifiedchow-based

Hepatic lipase activity was significantly higher in the diets (Kowala, 1993; Nicoloset al. 1998). Differences
hamsters fed with palm oil when compared with the maize- between hamster strains and types of diet may also explain
oil group. Hepatic lipase plays a role in the conversion of why there were no effects of fat saturation on CETP activity
LDL and HDL subfractions (Syvanne & Taskinen, 1997). in our studies and the studies of Alen al. (1994), while
Studies in human subjects have shown that hepatic lipasethere were effects in other studies (Kurushirea al
activity and HDL-cholesterol concentrations are inversely 1995).
related (Bensadoun & Berryman, 1996). In the present study
with hamsters, however, there was a positive correlation
between HDL-cholesterol concentration and hepatic lipase
activity. Similarly, Janseret al. (1989) described in the These studies were supported by a grant from the Nether-
hamster an increase in liver-bound hepatic lipase activity lands Heart Foundation (grant no. 93.122). We acknowledge
after feeding cholesterol, which in the hamster is usually Piet Roeleveld (TNO-ILOB, Wageningen, The Netherlands)
associated with increases in both total plasma cholesterolfor preparing the semipurified diets, Cees J.W.M. Brandt
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