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Abstract

The present investigation aims to find a proper answer whether
can the antioxidant effect of vitamin E be substituted by the antioxidant
effect of high levels of vitamin C, A or selenium ion using the fatty acid
pattern of liver as an indicator for lipid peroxidation?. Rats were fed 0 a
standard diet containing vitamin E stripped con1 or cotton seed oils for
49 days. Excess amounts of vitamin A (0.45 g/day), vitamin C (7.5 mg/
day), sodium selenite (0.1 mg/day), or water were daily administered by
a stomach tube. Normal rats fed on diet containing corn or cotton seed
oil for 6 weeks were used as control groups. Fatty acid composition of
the liver was determined by gas-liquid chromatography technique. There
was . significant decrease in Cyg.» in vitamin E-deficient corn oil group
and it was completely absent in vitamin E-deficient cotton seed oil group
with increase the Cqg.0 and Cqg.1. Administration of vitamin A in the
presence of vitamin E-stripped cotton seed oil, gave satisfactory results
by increasing of C1g.2 and decreasing of Cyg-g and Cyg.1. While, in the
presence of vitamin E-stripped corn oil, the autoxidation of C1g.o was in-
creased, therefore short chain fatty acids were present relatively in large
amounts compared to its control group (corn oil group). Administration
of vitamin C in the presence of vitamin E-stripped corn oil significantly in-
creased hepatic stearic acid from 5.1% to 46.6% and oleic acid from
3.7% to 11.1%. Administration of selenite ion to the sane group moder-
ately increased stearic, oleic and linoleic acids. Selenite ion was the best
additive to vitamin E-stripped corn oil and it improved the pattern of fat-
ty acids containing eighteen carbon atoms (C1g.g, C1g:1, C1g:2). In the
case of vitamin E-deficient rats fed on cotton seed oil free from vitamin
E, administration of vitamin C or selenite ion gave the best results, in
which, the fatty acid patterns became similar to its control group (cot-
ton seed oil groups).

Key words: Vitamin E, A, C antioxidant, hepatic fatty acid pat-
tern. lipid peroxidation, selenite ion.

INTRODUCTION

The role of dietary antioxidants in health and disease has attracted increasing at-
tention in the last few years. Numerous trials are currently proceeded to ascertain the
potential benefits of antioxidant supplements to patients with various diseases (1, 2).
Substantial evidence demonstrates a multitude of interactions among antioxygenic sub-
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stances in living cells, hence, in\}estigators have used multiple antioxidant supplements
in food (3, 4). Recently, it was reported that the combination of vitamin E, vitamin A
and selenium provided greater protection than that happened by either of them alone
(5, 6).

There is an increasing evidence that, as a resuit of infection, action of toxic
chemicals or radiation, the body may be continuously exposed to the damaging action
of free radicals (7, 8). Previous results have suggested that zinc and calcium may be
involved in limiting the formation of the highly reactive species (9, 10). It was reported
that natural organic antioxidants may play an important role for reducing this effect.
Many results illustrated the quantitative and qualitative differences in the free radical
activity after addition of vitamin E, C, B-carotene or glutathione to the living organism
(11, 12, 13, 14).

It has been shown, in animals that the dietary requirement of vitamin E increases
when the intake of polyunsaturated fatty acids (PUFA) increases (15, 6). An experi-
mental study on humans shoved that a two fold increase in PUFA intake. resulted in a
gradual decrease in plasma o<-tocopherol (16). The relationship between dietary o<-
tocopherol and PUFA in diets is not clear, since the primary sources of PUFA in food
supply are olive, sunflower, soybean, cotton seed, or corn oils, which are also rich in e<-
and 8 -tocopherols. Therefore, the increase in PUFA intake is automatically accompanied
by additional vitamin E Furthermore, about one half of the vegetable oils consumed are
in the form of hydrogenated shortenings or margarine in which the ratio of vitamin E to
PUFA is increased over that of the unhydrogenated oils, since the total amounts of
PUFA are usually decreased by hydrogenation. A present evidence indicates that the
suggested ratio of dietary tocopherols: PUFA is 0.6 (17). This ratio is higher than the
recommended ratio in the United States (0.4), as reported by Bieri and Evarts ( 18).

The individuals usually consume excessive quantities of vegetable oils (more than
20 g/day), if they abruptly terminate this intake, a state of relative deficiency of vita-
min E can develop, since «-tocopherol is lost from tissues faster than polyunsaturated
fatty acids (19). In such case, supplemented vitamin may be advisable for an extended
period after discontinuance of the high PUFA intake (20). It is well established that the
requirement of vitamin E is related to the fatty acid composition of tissue lipids. Unfor-
tunately, the complex relationship between dietary lipid composition and tissue lipid
composition are not understood or appreciated by many investigators.
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The present investigation aims at studying the effect of vitamin E-stripped cot-
ton seed oil and vitamin E-stripped corn oil, as a sole source of lipid in diet, with differ-
ent natural antioxidants (vitamin E, C, A or selenium) on the fatty acid pattern of liver
in vitamin E-deficient rats. The main idea of this research is to find a proper answer for
this question, can antioxidant effect of vitamin E be substituted by the antioxidant ef-
fect of high levels of vitamin C, A or selenium? . Fatty acid pattern of liver was used as

an indicator for lipid peroxidation.

MATERIALS AND METHODS

Refined corn and cotton seed oils, free from synthetic antioxidants, were ob-
tained directly from Cairo factory for oils and soaps production. Different types of anti-
oxidants including vitamin E, C and A were obtained from Sigma Company (Cairo of-
fice). Sodium selenite (Na, SeO3) used as a source of selenium, was obtained from El-
Nasr company for chemical and pharmacological industries production, pure grade 89%.
Experimental animals were purchased from egyptian organization for biological products
& vaccines.

Preparation of tocopherol-Stripped oil :
It was prepared according to the method described by Witting and Horwitt (21).
Determination of tocopherol :

Tocopherol was determined according to the method of Vatassery and Smith
(22) using a high-performance liquid chromatography (HPLC) technique.

Experimental animals :

One hundred rats (Sprague Dawley) weighing 150 170 g each were kept in stain-
less steel cages, the housing was air conditioned by an artificial air circulation. The ani-
mals were caged in ten groups, each of ten rats. All rats were acclimated for one week
prior to the experiment. During this time, the standard diet AOAC (23) and water were
available ad-libitum.

Experimental animal design:

Eighty rats were divided into two main groups. The first group received vitamin
E-stripped corn oil instead of the lipid fraction in the basal diet and the second one re-
ceived vitamin E-stripped cotton seed oil.
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Rats fed either vitamin E-stripped corn oil (40 animals) or E-stripped cotton seed
oil {40 animals) were caged in four subgroups (each of 10 animals) which were orally
and daily administered with excess amount of vitamin A (0.45 g/day), vitamin C (7.5
mg/day}, sodium selenite (0.1 mg/day) or water (control) by a stomach tube. Twenty
rats (positive controls), in two groups, received the standard diet containing either
corn oil (10 rats) or cotton seed oil (10 rats). After the experimental period (42 days),
the animals were sacrificed and livers were removed and analyzed for determination of
fatty acid composition.

Gas-liquid chromatographic analysis:

An accurate weight of liver was taken and extracted in a soxhelt apparatus by
methanol-chloroform (2:1) for 16 hours. The methanol-chloroform layer was evaporat-
ed to dryness in a water bath. Saponification, extract and methylation of free fatty ac-
ids were carried as described by Getz and Burttey (24).

A pye unicam model 104 gas-liquid chromatography equipped with a flame ioni-
zation detector and a coiled glass column (1.5 m x 4 mm) packed with 10% polyethy-
lene glycolic acid (PEGA) supported on acid w ashed diatomite C (100 120 mesh) was
used. The sample (0.4 1.0 ul) was injected into the column using Hamilton microsy-
ringe. The gas chromatographic condition used for temperature 170 °C, detector tem-
perature 200 °C, range x 100, attenuator 5 x 10, hydrogen flow rate 45 ml/min., nitro-
gen flow rate 45 ml/min. and air flow rate 330 ml/min. The relationship between
retention time and logarithm of carbon atoms number of fatty acids was made to take
a knowledge about some unknown fatty acids. This relationship was drawn for even and
odd numbers of fatty acids, as well as saturated and unsaturated fatty acids containing
one, two or three double bonds, individually. Methyl ester of stearic acid was used as
an internal standard to calculate relative retention time (RRT).

RESULTS

From previous studies, some researchers obtained fats which contained less than
0.25 g of tocopherol/g fat (21). In this investigation, tocopherol was determined in
cotton seed and corn oils using a HPLC method. The results given in table (1) show
that the tocopherol contents in vitamin E-stripped oils were less than 20 pg/g oil.
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Table 1. Tocopherol content of oils.

0Oil Tocopherol (pg/100g)
Corn oil 920 93

Vitamin E-stripped corn oil 20 0.0
Cotton seed oil 845 77

Vitamin  E-stripped cotton seed oil 20 0.0

Each value is a mean of 6

Tables (2,3) show the total fatty acids composition in hepatic tissues of rats fed
on corn or cotton seed oils, respectively as a sole source of oil. All the trace amounts
of fatty acids were considered in our calculations. The chromatograms illustrated the
presence of 28 fatty acids, twenty four of which were identified in corn oil groups (Ta-
ble 2) and twenty six of which were identified in cotton seed oil groups (Table 3). The
remainders of fatty acids were unknown due to the unavailability of the authentic stan-
dards.

The previous data show that the total concentration of oleic (C4g.1) and linoleic
(C4g:2) acids in the liver of the control corn oil group were higher (22.9%) than that of
the control cotton seed oil group (16.5%). However, hepatic linoleic acid in rats fed on
corn oil was higher (19.2%) than that in rats fed on cotton seed oil (6.7%), but hepat-
ic oleic acid in cotton seed oil group was higher (7.9%) than that of corn oil group
(3.7%). Capric (Cqq.¢), lauric (Cy2.9) and myristic (C44.0) acids were also present in
small quantities in livers of both groups. Fatty acids containing odd number of carbon
atoms like C41.0, C13:0 and C47.¢ were also present in livers of rats of both groups.

A great decrease in linoleic acid in vitamin E-deficient corn oil group was found
while it was completely absent in vitamin E-deficient cotton seed oil group, which was
accompanied by an increase of palmitic (C46.0), stearic (Cyg.0) and oleic acids. Palmitic
acid was also decreased in vitamin E-deficient corn oil group, while most of the short
fatty acids (from Cg to C5) showed steadily increase.

Supplementation of vitamin E-stripped corn oil diet with excess of vitamin A in-
creased the short chain fatty acids, some of these acids were not present in the con-
trol group such as Cg.q (1.3%), Cg.1 (1.1%), C10:1(2.7%) and C; .1 (3.8%). In addition,
this treatment produced five unknown short chain fatty acids, Cy.q, Cg:0, Cg:1, Cg:2 and
Cy.9 Were also increased. Livers of rats fed on a diet containing corn oil without vitamin
‘E and with excess of vitamin A, contained 16.4% lauric acid, while the control group
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and vitamin E-deficient group contained 7.3% and 8.1%, respectively. Linoleic acid con-
tent constituted about 19.2% of total fatty acids in livers of control rats fed on oil,
while this value was decreased to 5.8% in vitamin E-deficient rats and highly decreased
to 0.4% in vitamin E-deficient rats supplemented with vitamin A. Stearic, palmitic and
myristic acids were also decreased, for example palmitic acid was decreased, from
28.3% to 7.9%.

Saturated and unsaturated short chain fatty acid (up to Cqz.0) content of livers
of fresh cotton seed oil group was not different from that of livers of vitamin E-
stripped cotton seed oil group without or with excess of vitamin A. This result differed
from that obtained by a vitamin A supplemented group which was fed on vitamin E-
stripped corn oil. As shown in table (3), hepatic linoleic acid in cotton seed oil group
was 6.7%, it was completely absent in vitamin E-stripped cotton seed oil group and it
was slightly present ( 1.7%) by addition of vitamin E, but the content of oleic acid was
increased from 9.8% in cotton seed oil group to 15.1% in vitamin E-stripped cotton
seed oil group and to 13.3% in vitamin E-stripped cotton seed oil with excess of vita-
min A. The total amount of stearic and palmitic acids together (the main saturated ac-
ids) was increased from 36.5% in cotton seed oil group to 53.7% after elimination of
vitamin E and returned to 35.1% after addition of vitamin A.

Administration of vitamin C to vitamin E-stripped rats fed on corn oil free from
vitamin E highly increased both hepatic stearic acid from 5.1% to 46.6% and oleic acid
from 3.7% to 11.1%, respectively. Therefore, the percentages of most fatty acids
were decreased, for example palmitic and linoleic acids -ere decreased from 28.3% to
8.7% and from 19.2% to 8.2%, respectively.

Traces of Cyq.1 (15%) and Cy4.1 (2.0%) were detected in the chromatogram of
gas liquid chromatography, when rats fed on vitamin E-deficient cotton seed oil were
given excess of vitamin C. Total saturated and unsaturated short chain fatty acids were
increased from 26.3% to 43.2% by the same treatment. In addition, two unknown
short chain fatty acids were detected the first constituted 1% and the second consti-
tuted 1.5% of the total fatty acids. The increase in short chain fatty acids was asso-
ciated with the decrease in palmitic acid (from 24.2% to 10.8%), stearic acid (from
12.3% to 6.7%) and linoleic acid (from 6.7% to 3.9%). Oleic was increased from 9.7%
to 13.1 %.

Small peaks of Cg.q (3.0%) and two unknown fatty acids (1.9% and 0.3%) were
detected in the chromatogram of hepatic fatty acids of rats fed on both vitamin E-
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stripped corn oil and sodium selenite, as shown in table (2). The total content of fatty
acids from Cg.q to Cg.o was 12.9% compared to 1.0% in fresh corn oil group. Short
chain fatty acid content, in the corn oil group, constituted about 18.7% and the satu-
rated: unsaturated ratio was 3:1 (13.9%: 4.4%). The former value was increased to
33.5%, but the ratio was not changed 3:1 (24.2 % : 7.1 %). This increase in short
chain fatty acids especially from Cg.q to Cg.q was associated with the decrease in the
linoleic acid content from 19.2% to 10.1%. In addition, oleic acid content was in-
creased from 3.7% to 19.1%, and this increase was correlated with the decrease in the
saturated fatty acids such as palmitic acid (from 28.3% to 13.3%) and meristic acid
(from 4.2% to 1.9%)

Administration of sodium selenite by rats fed on vitamin E-stripped cotton seed
oil slightly increased short chain fatty acids from 26.3% to 82.9%. This increase in-
volved both short chain saturated fatty acids (from 19.7% to 23.9%) and unsaturated
fatty acids (from 6.2% to 8.5%). Palmitic acid was decreased from 24.2% to 19.7%
and fatty acids containing eighteen carbon atoms constituted about 22.0% compared
to 28.8% in a cotton seed group (controf group). This decrease involved stearic and
linoleic acids.

DISCUSSICN

The dietary oils used herein were specially prepared and do not simulate any nat-
ural or commercial product. Within the limits to practically available materials, the used
cotton seed and corn oils were tocopherol stripped. These oils contained enough linole-
ic acid to meet the human requirements of essential fatty acids (25).

Our results (Table 2 and 3) are in agreement with data of Clement and Bourre
(26) who found that the linoleic acid content and the total contents of unsaturated
fatty acids in livers of rats fed on corn oil (highly unsaturated fatty acids content) were
higher than that found in rats fed on cotton seed oil.

The presence of odd number fatly acids in liver may be attributed to the fact
that, at the end of the experiment, the animals were decapitated without any starvation
time and the digested lipids and fatty acids from the diet (corn or cotton seed oils) are
transported directly into the liver. Thus, the lipid composition of the liver contained
some odd number fatty acids which are naturally present in oils in small quantities. The
metabolism of odd number fatty acids usually takes more time than that of even num-
ber fatty acids (27), this may illustrate the presence of odd fatty acids in liver.
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Table 2. Hepatic fatty acid composition (% of total fatty acids) of rats fed on corn oil
(control), vitamin E-stripped corn oil without or with excess of vitamin A, C or

selenite ion.
[ Fatty acids | Corn oil Vit. E- Vit. E- Vit. E- Vit. E-stripped
(control) |stripped Corn | stripped Corn stripped Corn Corn oil
oil oil oil With Selentie
With Vit. A With Vit. C ion
% % % % % %
Ce:0 - 0.1 0.01 1.3 0.11 0.1 0.01 3.0 0.3
Unknown - 1.0 0.09 - 0.1 0.01 1.9 0.09
“Ce:1 < & 1.1 0.15 - -
C7:0 0.2 0.01 - 1.6 0.2t 1.7 o.ost
Unknown - - 1.4 0.1 - =
Ca:o 0.3 0.04| 1.8 o.2t| 2.3 o.28" 0.1 0.02 2.2  o.19t
“Ce:1 0.2 0.03 - 3.4 0.4t 0.3 0.02 3.4 o.33t
*Csg:2 0.3 0.03 - V7 o.19f - 0.7 0.057
Cs:o 0.6 0.04 - 3.7 o.3" 0.3 0.27 1.9 o.2"
Unknown 0.3 0.02 - 1.1 0.1t - 0.3 0.05
Cio:0 1.3 0.1 | 3.9 o0t | 43 o.at 0.9 0.1 4.5 o.st
“C10:1 - - 2.7 0.18 - -
Unknown - - 1.8 0.2 - -
%Cqoia 0.2 0.02| 2.3 o.3t | 4.1 o.ost 0.6 o.07T 0.4 0.32
Unknown = = 1.5 0.14 - -
Ci1:0 4.2 0.35| 6.7 1.0t 6.0 o0.7% 1.6 0.2t 5.5 0.6
*Clyasa - - 3.8 0.2 - -
G152 1.6 0.19| 2.3 o.2t | 1.9 0.2 0.8 0.1t 52 0.08
“Ci1:3 - 1.0 0.1 - 0.4 0.03 0.5 0.03
Crz:0 7.3 0.5] 8.1 1.2 16.4 1.5t 2.3 o.2st 5.4 0.4t
"Cisig 0.5 0.03| 1.6 o.2t| 1.4 o.13" 0.8 0.09 0.5 0.04
*Clyz:2 1.6 0.2| 1.8 0.2 4.2 o.st 0.6 0.05 0.4 0.02
Cisio 8.4 1.1]| 7.5 0.9 4.7 o.se' 2.0 o.18" 4.6 o0.157
Unknown = - 3.9 0.2 - -
*Caa:4 0.8 0.07| 4.2 o.s5" - 13 0.1 0.9 0.07
Unknown 0.3 0.02| 2.0 0.24 - 0.4 0.01
“Ciraiz 25 0.1 4.5 o.3"| 2.3 0.4 1.0 o.o8" 1.5  o.097
Unknown 0.7 0.09| 2.3 o.3t| 1.6 o0.15" 1.0 0.09 -
Unknown 2.2 0.15| 2.2 0.3 157 0.18 0.3 o0.001T -
Cia:0 4.2 0.3| 4.7 0.55 1.3 0.1t 1.4 0.17 1.9  o.12t
C1a: 2.0 0.16| 3.3 o.28"{ 0.7 0.01t 1.8 0.12 1.2 0.09t
“Cia:2 1.0 0.1 | 3.2 0.3 0.6 0.01 0.8 0.05 0.4 o.03"
Unknown - - 0.3 0.03 3.8 0.2 -
Cisio 2.2 0.2 2.5 0.18 0.6 o.ost 0.8 0.5t 0.2 0.01%
Cieio 28.3 4.0 | 15.4 2.4t | 7.9 o.8t 8.7 0.9t 13.3  1.sT
Cien - 1.1 0.13 | 0.3 0.04 1.0 0.07 2.6 0.16
Ci7:o 1.2 0.2 1.2 0.15 - - 0.5 o.03"
Giaio 5.1 0.45| 3.8 0.4 3.0 0.2 46.6 3.3t 7.1 0.9
Cie:1 3.7 0.4 5.9 0.7 7.6 1.0t 11.1 1.2t 19.1 2.7%
Cis:2 19.2 2.9 | 5.8 o.7t 0.4 0.3t 8.2 0.9t 10.5 1.17
C20:0 - - - 0.9 0.1 -

* These acids were identified by a relationship between logarithm of retention time and carbon at-

oms number.

These values are means of 5
T Significant at 0.05.
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Table 3. Hepatic fatty acid composition (% of total fatty acids) of rats fed on cotton
seed oil (control), vitamin E-stripped cotton seed oil without or with excess
amounts of vitamin A, C or selenite ion.

Fatty acids Corn oil Vit. E- Vit. E- Vit. E- Vit. E-stripped
(control) stripped Corn | stripped Corn | stripped Corn Corn oil
oil oil oil With Selentie
With Vit. A With Vit. C ion
% % % % % %
Cato 0.6 005 | 02 o.o01t| 0.6 o0.04 | 1.4 oo08"] 1.2 o.07"
*Ca:1 0.9 0.07 | 0.3 o.01T| 1.4 o.09"| 1.8 o.0s" | 1.9 o.06"
“GCy.5 0.4 004 | 02 002 03 0.01 | 1.2 o0.077| 0.5 0.03
Unknown - - - 1.0  0.04 -
Chio 1.3 0.02 | 0.5 0.02" 0.06 | 1.9 o.117| 2.0 o0.17
Unknown 0.4 003 | 02 o0.01) 04 0.02] 1.4 o.12t]| 05 0.02
C10:0 32 025 | 1.6 o0.08"] 3.4 0.2 | 41 o2s"| 45 o2t
*Cio: - - - 1.5 0.08 -
“Ciow2 0.3 002 | 03 o0.01| 02 o0.01 ] 1.7 o.03" 0.02
*Cio:8 06 005 | 04 0.01| 04 002 22 o0.09"| 0.7 0.05
Ciiso 70 06 | 3 0.7 | 6.4 0.07 | 5.4 o.2f 0 0.9
G - - 0.4 0.03 | 20 0.1 -
*Crygsa 1.4 009 | 11 o006 | 1.3 009 | 25 017 | 1.6 o0.08
“Cinig 05 003 03 o0.01| 05 0.03]| 20 o.07"| 0.6 0.03
C12:0 7.6 0.5 5.0 o2t | 7.9 0.6 7.1 0.6 8.2 0.7
“Ciavi 04 0021{ 05 0.03| 06 0.04| 1.9 o.09"| 0.5 0.03
*C12:2 7 0.08 1.7 0.11 1.9 0.05 | 4.1 0.2t 2.3 0.17
Cis:0 7.0 0.4 | 46 03'| 6.7 004 | 54 o025 73 o5
5 Grai 1.1 0.07 { 1.3 0.1 1.9 o047 ] 20 o.06"| 1.2 o0.08
Unknown - 0.4 0.02 - - 0.9 0.04
S Chas 21 0.09 | 1.4 o.015" 2.3 0.1 3.2 0.7 | 2.0 o0.08
Unknown 1.8 0.1 - - - 1.8 0.1
Ciaen 2.8 01 | 2.1 o4t | 34 0.1 2.7 0.2 2.9 0.1
Ciasa 1.6  0.08 - 1.2 0.08 | 2.7 o.15"| 1.3 0.1
*Caso 0.7 003 | 0.6 004 1.1 009 | 1.0 0.04 | 0.7 0.03
Unknown - 2.9 0.15 1T 0.05 - 2.0 0.09
Cisio 1.4 005 | 12 007 1.5 009 | 07 o.05"| 1.6 0.1
Cis:o 242 25 |338 29| 217 1.9 | 108 o7f|197 1.5
Cie:1 05 003 ]| 03 0.02] 1.1 0.02"| 09 005 | 0.9 0.07
(T 0.9 0.04 - 0.9 o.02t| 0.5 0.02 | 0.9 0.06
Cis:0 123 1.1 | 19.9 18" | 134 1.0 | 6.7 o0.4" | 81 o.5'
[ 9.8 0.8 | 15.1 127 ]| 133 o0.08 | 13.1 1.0 |10.3 0.8
Giain 6.7  0.03 = 1.7 0.7 | 389 o2 | 3.6 o.2f

* These acids were identified by a relationship between logarithm of retention time and carbon at-

oms number.

These values are means of 5

1 Significant at 0.05.
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Various investigations have studied the vitamin E-deficient rats at an early stage
of deficiency (10) and found that the hepatic fat had a lesser concentration of linoleic
acid than the control animals. Similar results were obtained on tables 2 and 3. The ab-
sence of hepatic linoleic acid in vitamin E-deficient rat may show the strong lipid peroxi-
dation and degradation of polyunsaturated fatty acids (26).

Total short chain fatty acids (from Cg to Cy5) in the corn oil group and vitamin E-
stripped corn oil group with or without excess of vitamin A was 18.6%, 65.4% and
30.6%, respectively. This means that vitamin E-deficiency, especially in the presence of
large quantities of vitamin A, increased the autoxidation of long chain fatty acids,
therefore, short chain fatty acids, were increased. The unsaturated short chain fatty
acids in hepatic lipid constituted about 4.4% of total fatty acids in rats fed corn oil,
this value was evaluated to be 9.0% when vitamin E was stripped from corn oil. The un-
expectedly highest value of the unsaturated short chain fatty acids (24.3%) was ob-
tained in the presence of high dose of vitamin A. It may be shown that vitamin A could
not replace the antioxidant function of vitamin E, in the presence of corn oil as a sole
source of lipids.

Linoleic acid content constituted about 19.2% (table 2) of total fatty acids in
livers of control rats fed on corn oil, while this value was decreased to 5.3% in vitamin
E-stripped corn oil and highly declined to 0.4% in vitamin E-stripped corn oil with ex-
cess of vitamin A. These results confirmed the previous results, in which unsaturated
long chain fatty acid (Cyg.2) was autoxidized to short saturated and unsaturated fatty
acids in the absence of vitamin E with or without excess of vitamin A.

Administration of excess of vitamin A to vitamin E-stripped cotton seed oil group
decreased linoleic acid content, but short chain fatty acids were not changed. In addi-
tion, oleic acid was increased. Therefore, these results may indicate that administration
of vitamin A by vitamin E-deficient rats, which depend in there died upon vitamin E-
stripped cotton seed oil is acceptable, while those rats fed vitamin E-stripped corn oil
with excess of vitamin A, gave results which are completely unacceptable.

In vitamin E-stripped corn oil group with large amounts of vitamin C, the total
content of fatty acids containing eighteen carbon atoms (Cyg.g, C1g:1 and Cyg:2) was
increased to 65.9%. Stearic acid was also highly increased. These data indicate that vi-
tamin C may encourage the formation of stearic acid.

Excess of vitamin C in vitamin E-stripped cotton seed oil group decreased the ra-
tio between saturated and unsaturated long chain fatty acids (more than Cyz.9) from



HAFEZ, S. A. AND S. A. ISMAEL 725

2:1 (48.6%: 22.5%) to 1:1 (26.8%: 26.8%). Vitamin C, which is a water soluble antiox-
idant, could decrease the lipid peroxidation especially in the presence of cotton seed oil
in a diet.

Administration of adjustable amounts of sodium selenite by vitamin E-deficient
rats fed on corn oil was very beneficial, since it increased stearic, oleic and linoleic acids
from 3.8% to 7.1%, from 5.9% to 19.1% and from 5.8% to 10.5% respectively. These
amount of acids may be more suitable for fatty acid composition in livers. Sodium se-
lenite could improve the pattern of fatty acids containing eighteen carbon atoms.

In conclusion, in vitamin E-deficient corn oil groups administration of sodium se-
lenite is more efficient than administration of vitamin A or C. This conclusion depends
upon that the total amount of the stearic acid family (Cig.q, C1g:1 and Cyg.p) was
36.7% and the linoleic acid constituted 10.5%. The relationship between stearic acid
and linoleic acid was 0.68 : 1. These values were the nearest to the values obtained by
force feeding of rats on commercial diets (23). Vitamin C followed sodium selenite and
increased these acids to 65.9%, but linoleic acid content was decreased to 8.2% and
stearic acid constituted 46.6%. In this case, the ratio between stearic and linoleic acid
was very high (5.7:1). Vitamin A should not be used instead of vitamin E as an antioxi-
dant, since the total content of stearic acid family did not exceed than 11% and the
linoleic acid content was dramatically decreased (0.4%).

In the case of vitamin E-deficient rats fed on cotton seed oil free from vitamin E,
as a sole source of oil, administration of vitamin C or sodium selenite gave similar re-
sults, since the amounts of stearic acid (6.7% and 8.1%) and oleic acid (13.1% and
10.1%) were nearly similar to those found in normal rats, while, the quantity of linoleic
acid (3.9% and 3.6%) was different from that found in rats fed on commercial diets.
Therefore, the ratio between stearic acid and linoleic acid varied between 1.7 and 2.3,
respectively. This ratio was highly increased (7.8) by administration of vitamin A. In the
present study, the total contents of stearic, oleic and linoleic acids after administration
of vitamin C, selenite or vitamin A were 23.7%, 12.9% or 28.4%, respectively.
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