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Abstract

Several studies have reported on the effect of refined, bleached and deodorized palm oil (RBD-PO) incorporation into the diet on blood
cholesterol concentrations and on the development of atherosclerosis. However, very little work has been reported on the influence of red
palm oil (RPO), which is higher in carotenoid and tocopherol content than RBD-PO. Thus, we studied the influence of RPO, RBD-PO and a
RBD-PO plus red palm oil extract (reconstituted RBD-PO) on plasma cholesterol concentrations and aortic accumulation vs. hamsters fed
coconut oil. Forty-eight F;B Golden Syrian hamsters (Mesocricetus auratus) (BioBreeders, Watertown, MA) were group housed (three/cage)
in hanging polystyrene cages with bedding in an air-conditioned facility maintained on a 12-h light/dark cycle. The hamsters were fed a
chow-based hypercholesterolemic diet (HCD) containing 10% coconut oil and 0.1% cholesterol for 2 weeks at which time they were bled
after an overnight fast and segregated into four groups of 12 with similar plasma cholesterol concentrations. Group 1 continued on the HCD,
Group 2 was fed the HCD containing 10% RPO in place of coconut oil, Group 3 was fed the HCD containing 10% RBD-PO in place of
coconut oil and Group 4 was fed the HCD with 10% reconstituted RBD-PO for an additional 10 weeks. Plasma total cholesterol (TC) and
non-high-density lipoprotein-cholesterol (HDL-C) (very low- and low-density lipoprotein) concentrations were significantly lower in the
hamsters fed the RPO (—42% and —48%), RBD-PO (—32% and —36%) and the reconstituted RBD-PO (—37% and —41%) compared to the
coconut oil-fed hamsters. Plasma HDL-C concentrations were significantly higher by 14% and 31% in hamsters fed the RBD-PO and RPO
compared to the coconut oil-fed hamsters. Plasma triglyceride (TG) concentrations were significantly lower in hamsters fed RBD-PO
(—32%) and the reconstituted RBD-PO (—31%) compared to the coconut oil-fed hamsters. The plasma -y-tocopherol concentrations were
higher in the coconut oil-fed hamsters compared to the hamsters fed the RPO (60%), RBD-PO (42%) and the reconstituted RBD-PO (49%),
while for plasma a-tocopherol concentrations, the coconut oil-fed hamsters were significantly higher than only the RPO-fed hamsters (21%).
The coconut oil-fed hamsters also had significantly higher plasma lipid hydroperoxide concentrations compared to RBD-PO (112%) and the
reconstituted RBD-PO (485%). The hamsters fed the coconut oil diet excreted significantly more fecal total neutral sterols and cholesterol
compared to the hamsters fed the RBD-PO (158% and 167%, respectively). The coconut oil-fed hamsters had significantly higher levels of
aortic total, free and esterified cholesterol compared to the hamsters fed the RPO (74%, 50% and 225%, respectively), RBD-PO (57%, 48%
and 92%, respectively) and the reconstituted RBD-PO (111%, 94% and 94%, respectively). Also, aortic free/ester cholesterol ratio in the
aortas of hamsters fed RPO was significantly higher than in those fed the coconut oil (124%). In conclusion, hamsters fed the three palm oil
preparations had lower plasma TC and non-HDL-C and higher HDL-C concentrations while accumulating less aortic cholesterol
concentrations compared to hamsters fed coconut oil.
© 2005 Elsevier Inc. All rights reserved.
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(refined, bleached and deodorized or RBD-PO) has been
processed to remove the carotene and tocopherols. This
fractionation brings about an increase in monounsaturated
oleic acid with the concomittant reduction of palmitic acid,
the major saturated fatty acid [1,2]. Palm oil contains a
higher proportion of palmitic acid as well as considerable
quantities of oleic and linoleic acids, which give it a higher
unsaturated fatty acid content than coconut oil and palm
kernel oil [3—6]. Throughout the world, 90% of palm oil is
used for edible purposes (e.g., margarine, deep fat frying,
shortening, ice creams, cocoa butter substitutes in choco-
late) [7,8].

Red palm oil (RPO) contains 50% saturated, 40%
monounsaturated and 10% polyunsaturated fatty acids [9].
Red palm oil is the richest food source of carotenoids
(500-750 mg/L) [4] and a very good source of vitamin E
(tocopherols and tocotrienols) (560—100 ppm) [2,10,11].
The carotenoids, together with tocopherols and tocotrie-
nols, ascorbic acid, enzymes and proteins, are members of
the biological antioxidant network [12,13] converting
highly reactive radicals and free peroxy radicals to less
active species, thus protecting against oxidative damage to
cells [14].

Previous work has shown that tocopherol and tocotrie-
nols may be anti-atherogenic, although they may have no
effect on plasma cholesterol concentrations. Tocopherols
have been reported to inhibit atherosclerosis in rabbits
[15,16] and in monkeys [17]. Antioxidants have been shown
to reduce the risk of atherosclerosis in human populations
[18,19]. Tocotrienols have been reported to be natural
inhibitors of cholesterol synthesis [20,21]. The tocopherols
and tocotrienols promote an antithrombotic state by
reducing platelet aggregation and modulating prostanoid
synthesis [21-24]. Based on this information, one might
then expect RPO to be less atherogenic than RBD-PO.
Kritchevsky et al. [25] have shown this to be the case in
studies of experimental atherosclerosis in rabbits. To further
investigate the role that the carotenoids and tocopherols of
RPO may play in its comparative protective action,
Kritchevsky et al. [26] have compared atherogenicity in
cholesterol-fed (0.1%) rabbits of RPO, RBD-PO and RBD-
PO to which the antioxidant components of RPO have been
added (reconstituted RPO). RBD-PO was shown to be 58%
more atherogenic than RPO and 13% more atherogenic than
the reconstituted RBO.

In this manuscript, we describe the atherogenic effects of
RPO, RBD-PO and reconstituted RBD-PO when substituted
for coconut oil in the hamster model, which has been
previously described [27].

2. Materials and methods
2.1. Animals and experimental design

Forty-eight F.B. Golden Syrian hamsters (Mesocricetus
auratus) (BioBreeders, Watertown, MA) were used. They

were group housed (three/cage) in hanging polystyrene
cages with bedding in a temperature-controlled room
(25°C) maintained on a 12-h light/dark cycle. Hamsters
were given food and water ad libitum. Hamsters were fed
Purina Hamster Chow (Ralston Purina, St. Louis, MO) for
1 week in order to acclimate them to the facility. The
hamsters were then fed a nonpurified hypercholesterolemic
diet (HCD) containing 10% coconut oil and 0.1%
cholesterol for 2 weeks at which time they were bled
after an overnight fast (16 h) and segregated into four
groups of 12 with similar plasma cholesterol concentra-
tions. A nonpurified diet, rather than a semipurified diet,
was used because published data from our laboratory [27]
and those from another [28] indicate that hamsters on the
nonpurified diet are more responsive to various cholestero-
lemic interventions and a resultant lipoprotein profile [non-
high-density lipoprotein cholesterol (HDL-C)>HDL-C]
which is similar to that of humans. Group 1 was continued
on the HCD, Group 2 was fed the HCD containing 10% RPO
in place of the coconut oil, Group 3 was fed the HCD
containing 10% RBD-PO in place of the coconut oil and
Group 4 was fed the HCD containing 10% reconstituted
RBD-PO. Treatment diets were fed for 10 weeks. The
characteristics of the treatment oils are given in Table 1 and
were measured for each treatment oil as stated below. Food
disappearance and body weights were monitored on a
weekly basis. The animals were maintained in accordance
with the guidelines of the Committee on Animal Care of the
University of Massachusetts Lowell Research Foundation,
and the guidelines prepared by the Committee on Care in
Use of Laboratory Animals of the Institute of Laboratory
Resources, National Research Council (DHEW publication
no. 85-23, revised 1985).

Table 1
Characteristics of treatment oils fed to hamsters for 10 weeks
Fatty acid (%) Coconut RPO RBD-PO Reconstituted
oil RBD-PO
12:0 44.6 0.27 0.29 0.29
14:0 16.8 0.96 0.95 0.96
16:0 8.2 33.68 39.12 39.15
16:1(n9) - 0.20 0.16 0.16
18:0 2.8 3.30 3.85 391
18:1(n9) 5.8 47.05 43.62 44.33
18:2(n6) 1.8 13.55 11.32 10.86
18:3 - 0.56 - -
20:0 — 0.31 0.33 0.33
22:4 - 0.13 - -
Other 14.1 0.58 - -
Total vitamin E 3.6 73.2 62.0 97.2
(mg/100 g)*
a-Tocopherol 0.4 16.2 15.8 26.6
(mg/100 g)
Phytosterols 86.0 57.0 47.0 53.0
(mg/100 g)
Carotenoids - 70.6 1.2 78.1
(mg/100 g)

? Total vitamin E includes tocopherols plus tocotrienols.
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2.2. Plasma lipid determinations

Blood samples were taken at 8 and 10 weeks from food-
deprived hamsters (12 h) and collected via the retro-orbital
sinus into heparinized capillary tubes under ultrapure
CO,/0, (50/50) gas (Northeast Airgas, Salem, NH) anes-
thesia. Plasma was harvested after centrifugation at 1500x g
at room temperature for 20 min, and plasma total cholesterol
(TC) [29] and triglyceride (TG) [30] concentrations were
measured enzymatically. Plasma very low- and low-density
lipoprotein cholesterol, which we combined and termed
non-HDL-C, were precipitated with phosphotungstate
reagent [31], and HDL-C was measured in the supernatant.
The concentration of non-HDL-C was calculated as the
difference between plasma TC and HDL-C. The accuracy of
the procedures used for the measurement of plasma TC,
HDL-C and TG concentrations is maintained by participa-
tion in the Lipid Standardization Program of the Center
for Disease Control and the National Heart, Blood and
Lung Institute.

2.3. Plasma and oil vitamin E analyses

Plasma and treatment oil vitamin E concentrations
were determined by treating 200 pl of plasma or oil with
200 pl of ethanol containing butylated hydroxytoluene
(BHT) (10 mg/L) and 1.0 ml hexane followed by vortex
mixing. The samples were centrifuged at 500xg for 5 min,
and the organic layer transferred to a 7.0-ml brown
borosilicate screw top vial. The sample residues were re-
extracted with 1.0 ml of hexane, and the organic layers
were combined. The organic layer was evaporated under
N, and reconstituted with 200 ul of ethanol containing
BHT (10 mg/dl) and injected into an HPLC. The HPLC
system is a Model 5600 CoulArray 8-channel system with
two Model 580 pumps, a high-pressure gradient mixer, a
PEEK pulse damper, a Model 540 autoinjector, a
CoulArray Thermostatic Chamber and a serial array of
eight coulometric electrodes (ESA Laboratories, Chelms-
ford, MA). The column is a 3.0x150-mm, 3 pM,
Supelcosil LC-18 (Supelco, Bellefonte, PA). The mobile
phase consisted of methanol/1 propanol/l M ammonium
acetate (78:20:2 v/v/v) at a flow rate of 0.8 ml/min. The
concentration of vitamin E was determined by external
standardization using purified solutions (Sigma, St. Louis,
MO). Accuracy and precision of measurements are
monitored by participation in the National Institute of
Standards and Technology (NIST) Lipid Soluble Vitamin
Quality Assurance Program.

2.4. Plasma lipid hydroperoxide analyses

Cayman Chemical Company’s Lipid Hydroperoxide
Assay Kit was used to measure plasma lipid hydroperoxides
by ELISA [32]. This assay measures the hydroperoxides
directly utilizing the redox reactions with ferrous ion. The
resulting ferric ions are detected using thiocyanate ion as
the chromogen.

2.5. Aortic tissue collection, aortic cholesterol extractions
and measurements

At the end of the exposure period (week 10), hamsters
were anesthetized with an intraperitoneal injection of
sodium pentobarbital, and aortic tissue was obtained for
determination of cholesterol concentration. The heart and
thoracic aorta were removed and stored in phosphate-
buffered saline (PBS) at 4°C for subsequent analysis. To
measure cholesterol concentrations in the aortic arch, a
piece of aortic tissue extending from as close to the heart
as possible to the branch of the left subclavian artery was
used (approximately 2040 mg). The tissue was cleaned,
weighed and placed in a vial containing 4 ml of methanol
and 10 ml of chloroform. The sample was mixed
vigorously and left at room temperature for 48 h prior to
extraction. The solution was then placed in a 37°C water
bath, under N,. When approximately half of the solution
was evaporated, 1 ml of chloroform with 1% Triton-100
was added, mixed and evaporated to dryness at 37°C under
N,. Two hundred and fifty microliters of distilled water
was added to the samples, vortexed and placed in a
shaking water bath at 37°C for 20 min to solubilize the
lipid. After incubation, aortic total and free cholesterol
concentrations were determined in triplicate using 25 pl of
sample enzymatically (Wako, Richmond, VA) using an
ELISA assay. Aortic cholesteryl ester concentration was
determined as the difference between the total and the free
cholesterol concentrations. A pilot study was conducted to
evaluate the extent to which this procedure removed tissue
cholesterol. Aortic cholesterol concentrations were deter-
mined after the tissue was placed in solvent (4 ml of
methanol and 10 ml of chloroform) overnight with
frequent vigorous mixing and compared with the concen-
trations obtained following tissue mincing or homogeniza-
tion as reported previously [33]. No significant differences
in aortic cholesterol content were observed between the
different cholesterol extraction procedures.

2.6. Fecal neutral sterol measurements

Fecal samples were collected over the final 3 days of the
exposure period, freeze-dried (lyophilized) and ground prior
to analysis [34]. Dry feces (200 mg) were extracted with
4 ml of methanol/chloroform (50:50) for 1 h at 100°C in a
5-ml Reacti-vial fitted with a Mininert cap. Samples were
then allowed to come to room temperature and centrifuged
at 500X g at room temperature for 10 min. The supernatant
was removed from the fecal pellet and transferred to an 8-ml
borosilicate vial. Supernatants were evaporated to dryness at
50°C under N,. Four milliliters of 0.IN NaOH/ethanol
(10:90 by volume) was added to each sample, over-layered
with N,, capped and heated at 100°C for 30 min. The
samples were allowed to cool to room temperature followed
by the removal of the solvent and transferred to
16x 150-mm borosilicate test tubes. Five milliliters of water
and 3 ml of hexane were added to the solvent followed by
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vortexing and centrifugation at 500xg for 2 min. The top
hexane layer was removed and placed in vials. The hexane
extraction was repeated two more times and pooled. The
hexane extracts were stored at —80°C until analysis of
neutral sterols. To the hexane portion, 1 ml of 5-a-cholestane
(240 pg/ml) (Sigma-Aldrich, St. Louis, MO) was added, and
the solution was brought up to 10 ml with hexane in a
volumetric flask. Two milliliters was removed and evapo-
rated to dryness at 100°C under N,. One hundred microliters
of Tri-Sil reagent was added, and the samples were heated at
85°C for 20 min, followed by evaporation and reconstitution
in 100 pl of methylene chloride. One microliter was then
injected and analyzed by capillary GC. Neutral sterols were
analyzed using a Shimadzu (Shimadzu Corporation, Kyoto,
Japan) GC-14A gas chromatograph with a flame ionization
detector and a 50-mx0.2-mm HP-1 capillary column
(Hewlett Packard, Andover, MA). The injector and detector
temperatures were set at 300°C. The initial column
temperature was 220°C and was increased to 300°C at a
rate of 2°C/min. The final temperature was held for 10 min.
Column flow rate was 1.5 ml/min. Peak areas were
quantitated using a Shimadzu CR501 integrator. Quantifica-
tion and identification of neutral sterols were performed
based on the appropriate purified external standards supplied
by Sigma-Aldrich. Extraction efficiency for neutral sterols
following this protocol was approximately 94%.

2.7. Fatty acid and neutral sterol composition of oils

For both fatty acid and neutral sterol analysis of treatment
oils, a 300-pl aliquot of oil was extracted using a standard
Folch [35] extraction technique as described below. The oil
was first mixed with 5 ml of methanol containing 0.2% BHT
followed immediately by the addition of 10 ml of
chloroform and vortexed vigorously for 30 s. Following
the addition of 1.0 ml of 0.09% saline and agitation in a
vortex mixer, the mixture was centrifuged at 500xg for
10 min. The top aqueous layer was aspirated, and the bottom
organic layer was transferred to a glass tube with a Teflon-
lined cap and stored at —70°C under N,. Prior to analyses,
samples were evaporated to dryness under N, and esterified
as we have previously described [36] using an Instant
Methanolic HCI Kit (Alltech-Applied Science, Deerfield,
IL). Fatty acid methyl esters were analyzed using a Hewlett
Packard model 5890 GLC, with a DB-23 (J & W Scientific)
column, complete with autosampler and integrator. Neutral

sterols were silated and analyzed as stated for fecal neutral
sterol measurements above.

2.8. Statistical analysis

SigmaStat software was used for all statistical evalua-
tions (Jandel Scientific, San Rafael, CA) [37]. A repeated
measures two-way analysis of variance (RM ANOVA) was
used to analyze plasma lipid and lipoprotein cholesterol data
between treatment groups and time of measurements. A
one-way ANOVA was performed between treatment groups
for all other data. When statistical significance was found by
ANOVA, the Student—Newman—Keuls separation of means
was used to determine group differences. All values were
expressed as mean+S.E.M., and statistical significance was
set at the minimum P <.05.

3. Results

All hamsters in each group survived the entire length of
the study. No significant differences were observed between
dietary treatments for initial body weight; however, by the
end of the 10-week treatment period, the hamsters fed the
coconut oil diet and the 50:50 mixture oil diet had gained
10% more body weight than the hamsters fed the RBD-PO
(P<.05) (data not shown). At the same time, no significant
difference for food consumption between the treatment diets
was observed (data not shown).

Plasma lipid and lipoprotein cholesterol concentrations
between weeks 8 and 10 were not significantly different
within dietary treatments and therefore the values were
averaged (Table 2). Plasma total cholesterol (TC) and non-
HDL-cholesterol (very low- and low-density lipoprotein)
concentrations were significantly lower in the hamsters fed
the RPO (—42% and —48%, respectively), RBD-PO (—32%
and —36%, respectively) and the reconstituted RBD-PO
(—37% and —41%, respectively) compared to the coconut
oil-fed hamsters (Table 2). None of the dietary treatments
containing the palm oil preparations was significantly
different from each other for plasma TC or non-HDL-C
concentrations (Table 2). Plasma HDL-C concentrations
were significantly higher by 14% and 31% in hamsters fed
the RBD-PO and RPO compared to the coconut oil-fed
hamsters (Table 2). Also, the hamsters fed the RPO had
significantly higher plasma HDL-C concentrations com-
pared to the hamsters fed the reconstituted RBD-PO (20%)

Table 2

Plasma lipids and lipoprotein cholesterol concentrations (mmol/L) in hamsters fed treatment diets for 10 weeks (average of weeks 8 and 10 bleeds)

Diet TC Non-HDL-C HDL-C TC/HDL-C TG
Coconut oil 16.324+0.49* 14.97+0.49* 1.35+0.04" 12.41+0.47° 7.40+0.44°
RPO 9.48+0.88" 7.7240.89° 1.76+0.05° 5.47+0.56 6.7240.94°
RBD-PO 11.08+1.09° 9.55+1.12° 1.53+0.07° 7.54+0.90° 5.06+0.51°
Reconstituted RBD-PO 10.36+0.84° 8.89+0.86" 1.47+0.03* 7.1840.64° 5.08+0.46"

Values are means+S.E.M., n=12.

a® Values in a column not sharing a superscript are significantly different at P<.05.
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(Table 2). The hamsters fed the reconstituted RBD-PO
were not significantly different from the hamsters fed the
coconut oil or the RBD-PO for plasma HDL-C concen-
trations (Table 2). The plasma TC/HDL-C ratio followed
the same pattern as the plasma TC and non-HDL-C. The
hamsters fed the coconut oil had a significantly higher
plasma TC/HDL-C ratio compared to the hamsters fed the
RPO (127%), RBD-PO (65%) and the reconstituted RBD-
PO (73%), respectively (Table 2). Plasma triglyceride (TG)
concentrations were significantly lower in hamsters fed
RBD-PO (—32%) and the reconstituted RBD-PO (—31%)
compared to the coconut oil-fed hamsters (Table 2). The
hamsters fed the RPO were not significantly compared to
any other dietary treatment for plasma TG concentrations,
nor were the hamsters fed the RBD-PO or the recon-
stituted RBD-PO significantly different for plasma TG
concentrations (Table 2).

Plasma tocopherol and lipid hydroperoxide concentra-
tions are stated in Table 3. The plasma -y-tocopherol
concentrations were higher in the coconut oil-fed hamsters
compared to the hamsters fed the RPO (60%), RBD-PO
(42%) and the reconstituted RBD-PO (49%) (Table 3).
None of the hamsters fed the dietary treatments contain-
ing the palm oil preparations was significantly different
from each other for plasma +y-tocopherol concentrations
(Table 3). While for plasma a-tocopherol concentrations,
the coconut oil-fed hamsters were significantly higher
than only the RPO-fed hamsters (21%) (Table 3). The
hamsters fed the RBD-PO and the reconstituted RBD-PO
were significantly different from each other or any other
dietary treatment for plasma a-tocopherol concentrations
(Table 3). Although the coconut oil-fed hamsters had
significantly higher plasma tocopherol concentrations,
they also had significantly higher plasma lipid hydroper-
oxide concentrations compared to RBD-PO (112%) and
the reconstituted RBD-PO (485%). Also, the hamsters fed
the RBD-PO had significantly higher plasma lipid hydro-
perxide concentrations compared to the hamsters fed the
reconstituted RBD-PO (176%) (Table 3). Although the
hamsters fed the RPO were not significantly different
from the coconut oil- and RBD-PO-fed hamsters, they did
have significantly higher plasma lipid hyroperoxide
concentrations compared to the hamsters fed the recon-
stituted RBD-PO (356%) (Table 3).

Table 3
Plasma vy- and a-tocopherol (mmol/L) and lipid hydroperoxide (LHP)
(umol/L) concentrations in hamsters fed the treatment diets for 10 weeks

Diet v-Tocopherol ~ a-Tocopherol ~ LHP
Coconut oil 4.36+0.52° 8.54+0.51° 5.09+2.28°
RPO 2.7240.34° 7.06+0.68° 3.97+1.33%®
RBD-PO 3.08+0.28° 8.04+0.30°®  2.40+1.45°
Reconstituted RBD-PO  2.92+0.27° 8.0240.39®  0.87+0.21°

Table 4
Fecal neutral sterol concentrations (mg/g dry feces) of hamsters fed the
treatment diets for 10 weeks

Fecal sterol Coconut oil RPO RBD-PO Reconstituted
RBD-PO
Coprostanol ~ 1.25+0.14  1.00+020  0.64+021  1.36£0.25
Coprostanone  0.10+£0.02  0.05+0.01 0.02+£0.01  0.07£0.03
Cholesterol ~ 0.64+0.04*  0.43+0.07" 0.24+0.06° 0.52+0.10°
Campesterol ~ 1.7940.17*  1.52+0.26*  0.67+0.18° 1.13+0.21*
Stigmasterol ~ 0.23+0.02°  0.19£0.04™  0.08£0.02° 0.14+0.03"
Sitosterol 0.74+0.06* 0.6140.15°  0.25+0.06° 0.41+0.08%
Sitostanol 0.52+0.04*  0.384+0.05° 0.16+0.04° 0.30+0.07"¢
Total 5284046 4.17+0.68%° 2.05+0.56° 3.94+0.75%®

Values are means+S.E.M., n=4 pools of three animals each.
2 Values in a row not sharing a superscript are significantly different at
P<.05.

Fecal neutral sterol excretion data are shown in Table 4.
The hamsters fed the coconut oil excreted significantly more
fecal total neutral sterols compared to the hamsters fed the
RBD-PO (158%) (Table 4). No other dietary treatments
were significantly different from each other for total fecal
sterol excretion (Table 4). Also, the hamsters fed the
coconut oil and the reconstituted RBD-PO diets, which
were not different, excreted significantly more fecal
cholesterol compared to the hamsters fed the RBD-PO
(167% and 117%, respectively) (Table 4). The hamsters fed
the RPO diet were not different from any of the other dietary
treatments for fecal cholesterol excretion (Table 4).

Despite having significantly higher plasma vitamin E
concentrations and excreting significantly more fecal
cholesterol, the coconut oil-fed hamsters had significantly
higher levels of aortic total, free and esterified cholesterol
compared to the hamsters fed the RPO (74%, 50% and
225%, respectively), RBD-PO (57%, 48% and 92%,
respectively) and the reconstituted RBD-PO (111%, 94%
and 94%, respectively) (Table 5). The hamsters fed the
dietary treatments containing the palm oil preparations were
not significantly different from each other for aortic total,
free or esterifed cholesterol concentrations (Table 5). Also,
aortic free/ester cholesterol ratio in the aortas of hamsters
fed RPO was significantly higher than in those fed the
coconut oil (124%) (Table 5). No other dietary treatments

Table 5

Total cholesterol, free cholesterol (FC) and cholesterol ester (CE)
concentration (pg/mg tissue) in ascending aortas of hamsters fed the
treatment diets for 10 weeks

Diet TC FC CE FC/CE
Coconut 0il ~ 4.65+0.42"  3.48+0.45* 1.17£029"° 2.71+0.11*
RPO 2.68+0.24° 23240.25° 0.36+0.13° 6.08+3.12°
RBD-PO 2.96+0.26° 2.35+0.35°  0.61+0.11°  3.92+0.86™

Reconstituted ~ 2.20+0.16°  1.79+0.14°  0.42+0.11°  4.83+2.93%°

RBD-PO

Values are mean+S.EM., n=12.
2 Values in a column not sharing a superscript are significantly different at
P<.05.

Values are mean+S.EM., n=12.
* Values in a column not sharing a superscript are significantly different at
P<.05.
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were significantly different from each other for aortic free to
ester ratio (Table 5).

4. Discussion

Palm oil has been stigmatized as a hypercholesterolemic
fat because of its palmitic acid (16:0) content. In this study,
coconut oil was the most hyperlipidemic of the test fats.
Red palm oil was somewhat less cholesterolemic (10-20%)
than either RBD-PO or the reconstituted RBD-PO resulting
in a lower total to HDL-cholesterol ratio. Plasma triglyce-
ride concentrations in hamsters fed RPO were almost as
high as those in hamsters fed coconut oil and about 33%
higher than in hamsters fed either RBD-PO or the
reconstituted RBD-PO. These results are similar to previous
work that showed in healthy volunteers coconut oil
increased serum cholesterol concentrations, while palm oil
consumption decreased serum cholesterol concentrations
after 5 weeks of treatment [38]. The explanation for these
blood cholesterol differences can be partially explained by
the positional distribution of fatty acids, especially palmitic
acid, in these oils. Previous work has shown that the
presence of palmitic acid at the SN2 position of a
triglyceride renders that triglyceride more cholesterolemic
and atherogenic [39-41]. Palm oil contains about 40%
palmitic acid, but only about 3% is in the SN2 position. The
most interesting observation was that the plasma HDL-C
concentrations in hamsters fed the palm oil preparations
ranged from 10% (reconstituted RBD-PO) to 31% (RPO)
higher than those observed in the coconut oil-fed animals.
This finding is similar to previous work which showed an
increase in plasma HDL-C concentrations in rats when fed
RPO [42]. This difference may be due to the vitamin E
(tocopherols plus tocotrienols) content of the palm oil
preparations. It is noteworthy, however, that while RPO and
the reconstituted RBD-PO contained virtually the same
amount of vitamin E, the reconstituted RBD-PO prepared
by adding exogenous carotenoids and tocopherol was not as
effective as the unfractionated oil (RPO).

The plasma tocopherol levels in the coconut oil-fed
hamsters were significantly higher than those of the other
groups, while their plasma a-tocopherol levels were only
slightly higher. The reason for these findings is unknown,
since one would have expected high plasma vitamin E
concentrations in the hamsters fed the palm oil preparations
due to the significantly more vitamin E in these oils vs.
coconut oil. The lower plasma concentrations of tocopherol
in the hamsters fed the palm oil preparations are in
contradiction to other work that showed the supplementa-
tion of a normal diet of RPO to healthy volunteers led to an
increase in serum a-tocopherol concentrations compared to
baseline [43]. However, in the present study, RPO was
substituted for coconut oil and not used as a supplement to a
coconut oil diet, which may be a better comparison to this
previous work. Nevertheless, while plasma vitamin E
concentrations were higher in the coconut oil-fed hamsters,

their plasma lipid hydroperoxide concentrations were
significantly higher than those of the hamsters fed the palm
oil preparations. The lower levels of unsaturated fatty acids
and the higher levels of tocopherols in the coconut oil did
not combine to reduce circulating plasma lipid hydro-
peroxides, suggesting either different pathways of antioxi-
dant effect or an intrinsic effect of the dietary fats.

Since palm oil contains small, but measurable, levels of
phytosterols, and in view of their known hypolipidemic
effects [44], we deemed it of interest to measure fecal sterol
concentrations in the hamsters. The major fraction in every
case was phytosterols. Hamsters fed coconut oil or RPO
excreted a greater amount (80% more) of sterol (62—64%
phytosterol) than those fed RBD-PO or the reconstituted
RBD-PO (53-55%). The proportion of cholesterol present
in the cholesterol plus metabolite portion of the sterols was
about the same in all four groups (26—32%). The major fecal
phytosterol was campesterol (57% of total phytosterol in all
groups). Thus the different fats affected the amount of fecal
sterol but not the distribution of individual compounds. The
hamsters fed RBD-PO or the reconstituted RBD-PO
excreted less sterol than those fed RPO.

In contrast to several reports on the cholesterolemic
effect of palm oil, information on its effects on atheroscle-
rosis per se is lacking. Atherosclerosis is a multifactorial
disease; its progression is slow and it develops over many
decades starting silently with intra- and extracellular
accumulations of lipid, derived mainly from LDL, in the
intimas of arteries. In 1910, Windaus [45] described the
inordinate accumulation of cholesteryl ester in atheroscle-
rotic human aortas. Newman and Zilversmit [46] showed a
gradual accumulation of aortic cholesteryl ester in normally
fed rabbits and a gross accumulation of ester in cholesterol
fed rabbits. Smith [47] found appreciable cholesteryl ester
accumulation in normal aging human aortas and even
greater levels of cholesteryl ester in human atheromata.
These observations have been confirmed in other studies of
atherosclerosis in humans and experimental animals [48].
Hence we analyzed the aortic levels of free and ester
cholesterol in the animals used in this study. The total
cholesterol content of the aortas of the hamsters fed coconut
oil was significantly higher than that of the aortas of the
other three groups. The levels of free and esterified
cholesterol were also higher in the coconut oil-fed hamsters.
The ratio of free to esterified cholesterol was highest in
aortas of hamsters fed RPO, a reflection of lowered ester
deposition and, thus, less severe atherosclerosis. The free/
esterified cholesterol ratio in the aortas of the RPO-fed
rabbits was 50% higher than those fed RBD-PO, 25%
higher than those fed the reconstituted RBD-PO and 160%
higher than those fed coconut oil. Thus, consistent with the
rabbit data [26], RPO is less atherogenic than either RBD
palm oil or reconstituted palm oil. Other work has shown
that the substitution of palm olein oil for sunflower oil or
lard significantly reduced the development of early athero-
sclerotic lesions in vervets [49].
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This study has shown that palm oil is less atherogenic for
hamsters than coconut oil probably due to the differences in
fatty acid saturation. Among the different palm oil
preparations, RPO (containing carotenoids and vitamin E)
appears to be less atherogenic than RBD-PO. However,
adding the carotenoids and vitamin E fraction back to
RBD-PO, thus making our reconstituted RBD-PO reduce its
atherogenicity somewhat but not to the level of RPO. Can
there be an intrinsic distribution of carotenoids and vitamin
E in RPO that cannot be duplicated by simply adding these
components back to RBD-PO? Is the fine structure of red
palm oil different from that of the reconstituted RBD-PO?
Epidemiological data [19,20] suggest that dietary vitamin E
and/or carotenoids may be protective against coronary heart
disease and lung cancer, but experimental studies in which
carotenoids and vitamin E were added to human diets have
shown no protective effect [50,51]. The natural form in
which a micronutrient is presented may provide a more
effective delivery system than adding the isolated micronu-
trient to the diet. The natural packaging of micronutrients
requires further attention.
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