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Serum and liver lipids of rats fed rubber seed oil
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Abstract. Crude rubber seed oil (RSO) was incorporated at the 5% level in diets free of
cholesterol or containing 1% cholesterol, respectively. These studies were initiated for the
purpose of evaluating the palatability and potential toxicity of RSO. Corn oil was used as a
control. A considerable amount of unsaponifiable matter was detected in RSO. In addition,
RSO was found to possess a fatty acid profile which was fairly different from that of corn oil,
primarily due to a much higher content of linolenic acid and a lower content of linoleic acid
in RSO. No adverse effects on food intake and average daily gain were observed in rats fed
RSO in both cholesterol-free and cholesterol diets. The presence of RSO in cholesterol-free
diets results in lower (p < 0.05) serum and liver total cholesterol levels than in control
animals. A relative hypercholesterolemic effect compared to corn oil was observed however,
when RSO was added to diets containing 1% cholesterol. In summary, the physicochemical
properties of RSO as well as the presence of cholesterol in the diet are important factors in
evaluating the cholesterolemic effect of RSO.

Introduction

Vegetable oils are of primary significance to human and animal nutrition.
Tropical agricultural crops, including soybean, oil palm, peanuts, cotton-
seed and coconut have become universally recognized as major sources of
edible oils. In addition to these already established oil seeds, there is a
tremendous variety of tropical trees and shrubs whose seeds contain signifi-
cant amounts of potentially edible oil. Many hitherto unknown tropical
crops are increasingly becoming the focus of research attention, in an
attempt to estimate their nutritional or industrial potentials.

The rubber tree (Hevea brasiliensis) is native to many tropical countries
and produces seeds that contain a lipid content (43% of weight) that is
equivalent to other tropical seeds such as palm kernel (44% of weight) and
melon seed (49% of weight), but considerably higher than soybean (20% of
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weight)[17]. Former studies on rubber seed have been primarily focused on
its use in animal feeds [16, 18]. These studies have reported a high content
and bioavailability of nutrients and thus a potential usefulness in animal
nutrition. A similar value to human consumption has been discussed to a
lesser extent by Achinewhu [1] who also demonstrated rubber seed meal to
contain saponins which are similar to soybean. Since it has been estimated
that in Nigeria alone the potential annual yield of rubber seed oil (RSO) is
approximately 5500t, and in Malaysia 25 times that amount, this source of
oil, when refined, could contribute substantially to national requirement for
vegetable oils in many tropical countries.

The present study was aimed at evaluating both the nutritional and
possible toxicological effects of RSO in rats. In this context, the choles-
terolemic effect of RSO was examined since the association of dietary fat
intake and serum cholesterol levels have been implicated with coronary
heart disease [13]. The physicochemical properties of this oil, was further
studied in relation to its effects on serum and liver lipids.

Materials and methods

Rubber seed oil was obtained from the Nigerian Rubber Research Institute,
Benin, Nigeria. The physicochemical properties of RSO, including its refrac-
tive index, iodine value, saponification value and unsaponifiable matter were
determined using standard techniques [2]. Fatty acids were identified from
their methy! esters by gas-liquid chromatography using a Varian Model
3700 GC, fitted with a SP-2330 silica capillary column (30 m x 0.25 mm ID.
Supeico Inc., USA). Nitrogen was the carrier gas (40mL/min) and the
analysis was performed at 180 °C for 10 minutes at a temperature gradient
that increased by 5°C per minute to 195°C. The proportion of principal
fatty acids was calculated on the basis of the mass of their methyl esters from
retention times of known standards using a Varian Model CDS 401 inte-
grator.

Animal diets

Male Wistar rats (Charles River Laboratories, Quebec, Canada) weighing
between 100 and 120 grams were used. Animals were individually housed in
stainless steel cages in a room with controlled temperature (20-23 °C) and
lighting (alternative 12 h periods of light and darkness). Animals were fed a
pelleted commercial laboratory chow (Purina Lab Chow) for 4 days after
arrival. Two experiments were conducted to determine the cholesterolemic
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Table 1. Composition of control and experimental diets (w/w%)*

Ingredient Experiment 1 Experiment 2

(Cholesterol-free diet) (Cholesterol diet)

1 II I v

Control Experimental Control Experimental
Casein® 20 20 20 20
Corn starch 15 15 15 15
Sucrose® 49.85 49 .85 48.85 48.85
Non nutritive fiber 5 5 5 5
Mineral mixture™ 3.5 3.5 3.5 3.5
Vitamin mixture? 1.0 1.0 1.0 1.0
Choline chloride 0.2 0.2 0.2 0.2
Corn oil® 5 - 5 -
Rubber seed oil - 5 - S
D-L methionine® 0.3 0.3 0.3 0.3
L-Lysine HCI1 0.15 0.15 0.15 0.15
Cholesterol® - - 1.0 1.0

® There were 6 animals in each dietary group.

® ICN Nutritional Biochemicals Corp., Cleveland, OH.

¢ Mineral mixture. ICN 76; Nutritional Biochemicals Corp. Cleveland OH.
¢ Vitamin mixture. ICN 76; Nutritional Biochemicals Corp. Cleveland OH.
¢ Best Food brand — Div. Canada Starch Comp. Montreal, Que.

response of rats fed RSO. In experiment 1, rats were fed a cholesterol-free
diet which included either corn oil (control) or RSO (experimental). In
experiment 2, both the corn oil and RSO diets were supplemented with 1
percent cholesterol. The experimental diets (Table 1) were administered for
28 days. All diets were stored at 4 °C prior to daily feeding of the animals.
Food intakes were recorded each day and animals were weighed once a
week. At the end of each experiment, animals were lightly anesthetized with
ether and blood was withdrawn from the inferior vena cava. The livers were
also excised, weighed and frozen at — 29 °C until latter analysis.

Analytical methods

Serum from non-fasted rats was separated by centrifugation (3000 x g for
20 minutes) and stored at — 20 °C until analyzed for total serum cholesterol
[22] and triglycerides [26] by enzymatic colorimetric methods (Boehringer
Mannheim). Serum lipoproteins were separated in duplicate runs from
pooled serum samples obtained in each group by density gradient ul-
tracentrifugation methods [23]. Ultracentrifugation tubes were centrifuged
in a SW 40 rotor for 22h at 272000 x g at 20°C in a Beckman ultracentri-
fuge. Rat serum lipoproteins were separated at density ranges of
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1.0063 < p, < 1.1019 for Chylomicron-VLDL; 1.019 < p,, < 1.063 for
LDL (LDL, + LDL,) and 1.063 < p,, < 1.21 for HDL, respectively.
Lipoprotein cholesterol was measured enzymatically as mentioned above.
Liver lipids were extracted by the method of Folch [7] and liver cholesterol
was determined by the method of Carlson and Goldfarb [4]. All statistical
analysis was performed using the Student’s z-test.

Results and discussion

The addition of RSO to both cholesterol-free and cholesterol-supplemented
diets had no adverse effect on food intake (Table 3). Rats consuming the
cholesterol-free diet containing RSO actually exhibited significantly
(P < 0.05) greater average daily gains than the corn oil control animals. A
similar increase in the average daily gain of rats fed RSO in cholesterol-
supplemented diets was also observed; however, the differences between the
two groups was not statistically significant. These results would indicate that
the addition of RSO to both diets had no toxic or antipalatability effects.

Table 2. Physicochemical properties of Rubber Seed Oil

Property Rubber Seed Oil
Refractive index (25°C) 1.469
Iodine value (25°C) 138.0
Saponification value 192.0
Unsaponified matter (%) 4.8
Saponified matter (%) 95.2
Fatty acid (%)

14:0 0.08
16:0 9.57
16:1 0.14
18:0 10.60
18:1 27.31
18:2 34.90
18:3 17.30
20:0 0.57
20:1 0.18
22:0 0.15
24:0 0.12
Total saturated 20.79
Total unsaturated 79.82
Total EFA content! 52.20
P/S 2.25

' EFA = essential fatty acids.
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Table 3. Effect of diet on food intake, weight gain and liver weight'?

Experiment 1 Experiment 2

{Cholesterol-free Diet) (Cholesterol Diet)

I Control IT Experimental I Control II Experimental
(CO) (RSO) (CO) (RSO)

Daily food intake (gm) 202 + 1.8 208 + 0.7 193 £+ 1.0 204 + 11
Average daily gain (gm) 641 + 0.02 7.30 + 0.02* 6.73 + 0.08 695 + 0.10

Liver weight (gm) 138 +£05 149 + 07 136 +09 173 + 03*
(% body weight) 477 +02 478 £ 0.5 475 + 036 5.56 + 0.13%*
Condition® Normal Normal Fatty Fatty

' Means + SEM.

2 CO = Corn oil; RSO = Rubber seed oil.

* Condition was assessed by visual appearance.
* p < 0.05.

**p < 0.025.

Moreover, the observed effects of RSO on lipid metabolism could not be
attributed to a severe dietary restriction due to an indigestible oil.

The physiochemical properties of RSO are presented in Table 2. RSO was
found to contain a significant amount of unsaponifiable matter. This ob-
servation may only be pertinent to the lower serum cholesterol levels obser-
ved in rats fed the cholesterol-free diet (Table 4). Former studies have
demonstrated plant sterols to possess an antiatherogenic property [11] by
inhibiting cholesterol absorption [20]. More recently, other studies have also
shown that the level of B-sitosterol in corn oil will account for the enhanced
excretion of other sterols [5]. An unidentified component of the unsaponifi-
able matter present in rice bran oil has also been attributed to the lowering
of cholesterol in rats fed both cholesterol-free and cholesterol-containing
diets [21]. In the present study, both the serum and liver total cholesterol
levels were significantly (P < 0.05) reduced and triglycerides unaffected in
animals fed 5% RSO, when compared to the corn oil control animals fed the
cholesterol-free diets. This particular reduction in total serum cholesterol
was characteristic of a general reduction in the cholesterol composition of
the various lipoprotein fractions examined, with little difference in the
overall atherogenic index.

It has also been demonstrated by numerous workers that the degree of
cholesterol lowering of a dietary lipid cannot be attributed simply to the
amount of fat, but also the source of fat [3, 12, 19]. Both the degree of
saturation and chain length of dietary triglyceride has recently been shown
to be important in regulating serum and liver cholesterol levels [5]. In some
cases this property has been attributed to an increased fecal sterol excretion
[25]. A high percentage of polyunsaturated fatty acids (PUFA) in the diet
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has been reported to lower plasma cholesterol [14] or affect cholesterol
distribution between tissues and plasma compartments [10]. For example,
lower liver cholesterol levels have been observed in animals fed diets con-
taining saflower oil compared to more saturated oils such as coconut oil
[12]. A majority of the evidence relating these effects to certain vegetable oils
have been attributed to their linoleic acid (C18:2n = 6) content [19]. In the
present study, RSO was found to contain a considerably high proportion of
a-linolenic acid (C 18:3 n = 3; Table 2), albeit the total essential fatty acid
content of RSO (52.2%) was similar to that of corn oil (58.1%; {24]). The
finding that RSO had a greater lowering effect than corn oil in a cholesterol-
free diet, could suggest a possible hypolipidemic effect of linolenic acid in
RSO in addition to linoleic acid. This hypothesis is supported by other
studies which have shown linolenic acid to be equivalent to the unsaturated
fatty acids present in fish oils in lowering cholesterol levels [6]. In addition,
linolenic acid is known to suppress the metabolism of linoleic acid [8] and
therefore may have indirectly influenced the cholesterol response of these
animals by sparing linoleic acid.

The addition of cholesterol to both RSQ and corn oil-containing diets
resulted in hypercholesterolemia and lipidosis (Table 4). Other studies [9, 20]
have formerly attributed hypercholesterolemia in both humans and rats fed
cholesterol-containing diets to increases in cholesterol absorption, enhanced
conversion of cholesterol to bile acids and excretion of neutral steroids. In
contrast to the finding observed in the cholesterol-free diet, the presence of
RSO in diets supplemented with cholesterol resulted in a significant
(P < 0.025) increase in total serum cholesterol levels, when compared to
control animals. This response to dietary cholesterol in rats fed RSO was
characterized by a substantial increase in the serum chylomicron-VLDL
cholesterol composition and a reduction in HDL cholesterol. As a result, the
atherogenic index of rats fed RSO was altered considerably in the choles-
terol-containing diets. Since the chylomicron-VLDL fractions represent the
primary transport moieties for cholesterol from the intestine, these results
imply that RSO could have facilitated the absorption of dietary cholesterol.
This result would seem to contradict the apparent hypocholesterolemic
affect of RSO observed in the cholesterol-free diet. On the other hand, this
particular cholesterolemic response is likely specific to the exogenous supply
of cholesterol in these animals and possibly reflects an alteration in the
transport of cholesterol across the intestinal cell. Therefore not only the
characteristic properties of RSO but also the level of dietary cholesterol are
important in evaluating the cholesterolemic response of RSO. Further
research is required to investigate how RSO may enhance the absorption of
exogenous cholesterol.
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Conclusion

In this study an attempt has been made to evaluate the nutritional and
toxicological properties of an oil extracted from the rubber seed. These
initial results indicate that the use of RSO as an edible oil will not be
restricted by toxic or antipalatability factors. In Western countries a trend
towards an increased intake of vegetable fat and particularly unsaturated
fatty acids in the diet has occurred. A majority of the vegetable fats and oils
consumed are derived from soybean oil which is not only an excellent source
of linoleic acid but also contains a relatively high proportion of linolenic
acid (7-10%, [24]). In the present study, RSO was shown to be a rich source
of a-linolenic acid and to a lesser extent linoleic acid. Although its usefulness
as a source of edible oil in various foods could be limited by its susceptibility
to auto-oxidation and production of off-flavors, due to the high o-linolenic
acid content, it is feasible that it could be utilized as a blend with other
vegetable fats, such as palm kernel, which contains predominateiy saturated
fatty acids. With the increasing evidence that now points to n-3 fatty acids
as being essential nutrients, with distinctly different and important physiolo-
gical functions to that of the n-6 family [15], recent recommendations have
prudently encouraged an adequate amount of n-3 fatty acids in the diet,
especially during pregnancy, lactation and infancy. The economic feasibility
of increasing the agricultural productivity of this potential oil for its source
of n-3 fatty acids remains to be determined.
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