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Male Wistar rats fed a diet containing 10 wt% coconut oil, 10 wt% groundnut oil, or 10 wt% codliver oil for
10 weeks showed significant differences in lipid peroxides, mixed function oxidases, and antioxidant enzymes in
liver homogenates. Rats fed codliver oil diets contained 136% and 80% higher levels of lipid peroxides, 38%
and 28% higher activities of NADPH cytochrome C reductase, 42% and 30% higher levels of cytochrome P,s,,
and 41% and 30% higher levels of cytochrome by compared with those observed in rats fed the other two diets.
However, superoxide dismutase activity was reduced by 38%, catalase by 47%, glutathione peroxidase by 22%,
and glutathione transferase activity by 32% in rats fed codliver oil as compared with those fed coconut oil diets.
Vitamin E levels were lowered by 72% in animals fed codliver oil diets as compared with those on coconut oil
diets. Ascorbic acid and glutathione levels were not changed by dietary lipids. The dietary antioxidants, curcumin
(1 wt%), eugenol (0.17 wt%), or vitamin E (200 mg/kg diet) significantly enhanced (P < 0.05) the activities of
antioxidant enzymes; viz, superoxide dismutase, catalase, glutathione peroxidase, and glutathione transferase
and lowered lipid peroxides in liver of animals fed coconut oil, groundnut oil, or codliver oil. Dietary vitamin
E (200 mg/kg diet) enhanced hepatic stores of vitamin E while curcumin and eugenol had no appreciable influence
on hepatic vitamin E levels. These antioxidants did not influence the levels of ascorbic acid and glutathione in
liver homogenates. These studies indicate that dietary lipids and antioxidants modulate lipid peroxidation in rat

liver by influencing antioxidant defense systems. (J. Nutr. Biochem. 5:181-188, 1994.)
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Introduction

Lipid peroxidation is a natural phenomenon in biological sys-
tems that is required for many useful functions, such as prosta-
glandin synthesis.' However, uncontrolled production of lipid
peroxides may lead to pathological conditions like inflamma-
tory and cardiovascular diseases.>* Therefore, it is essential
toregulate the factors that are involved in the initiation, propo-
gation, and termination of lipid peroxidation to control lipid
peroxidation to desirable levels. It is well established that the
nature of dietary lipids and the unsaturation of membrane
phospholipids influences lipid peroxidation in biological sys-
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tems.** However, additional factors may also participate in
regulating the lipid peroxidation of membrane unsaturated
fatty acids. These include free radical chain breaking antioxi-
dants like vitamin E;’ initiators of lipid peroxidation like the
mixed function oxidase system;®® and inherent antioxidant
defense systems such as superoxide dismutase, catalase, glu-
tathione peroxidase, ascorbic acid, selenium, and glutathi-
one.'>!* Under the conditions of stress, these various
regulating factors have to function optimally to control the
lipid peroxidation to desirable levels. One of these demanding
factors could be nutritional stress. However, the role of dietary
lipids and antioxidants on these various factors that regulate
lipid peroxidation has not received adequate attention. We
have recently observed that spice principles, curcumin (of tur-
meric) and eugenol (of cloves) could effectively control the
extent of lipid peroxidation.'> However, these spice principles
did not affect fatty acid unsaturation and vitamin E levels in
hepatic tissues (unpublished results). Therefore it was rea-
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soned that spice principles may affect lipid peroxidation by
altering the activities of hepatic mixed function oxidases and
antioxidant enzyme systems. To assess this hypothesis, the
effect of different dietary lipids and antioxidant supplements,
viz, curcumin, eugenol, and vitamin E on the activities of
mixed function oxidase system and antioxidant status of rat
liver was investigated.

Methods and materials

Refined coconut oil (CNO) and groundnut oil (GNO) was pur-
chased locally. Refined codliver oil (CLO) was a gift from Dr.
Baldur Hjaltason, LYSI, Reykjavik, Iceland. Thiobarbituric acid,
vitamin E (a-tocopherol), xanthine oxidase, glutathione (reduced
and oxidized), glutathione reductase, cumene hydroperoxide, hy-
drogenperoxide, Flavin Adenine Dinucleotide, 1-chloro 2,4-dini-
trobenzene, sodium deoxycholate, Tris base, o-phthalaldehyde,
dithiotreitol, and N-ethylmaleimide were obtained from Sigma
Chemical Co., St. Louis, MO USA. Curcumin (>99% purity) was
obtained from Flavours and Essence Ltd., Mysore, India. Eugenol
(>99% purity) was obtained from Fluka Chemical Company, Buchs,
Switzerland. NADPH, Cytochrome C, xanthine, EDTA, and sul-
phosalicylic acid were purchased from Sisco Research Laboratory,
Bombay, India. Potassium iodide was purchased from Sd. Fine
Chemicals, Bombay, India. Cadmium acetate was obtained from
BDH, Bombay, India. High performance liquid chromatography
(HPLC) grade methanol was obtained from Merck, Bombay, India.
All the other chemicals used were of analytical grade. All the
solvents were distilled prior to use.

Animals

Male Wistar rats weighing 70 to 75 g were fed the purified diets
for 10 weeks. Animals had free access to water. The food intake
and the growth of the animals were monitored at regular intervals.

Diets

The basal composition of the purified diets are 60% sucrose, 20%
casein, 1% AIN76 vitamin mix, 3.5% AIN76 mineral mix, 5% fiber,
0.2% choline chloride, and 0.3% methionine.'® These diets were sup-

Table 1 Fatty acid composition of dietary lipids

plemented with 10 wt% CNO, 10 wt% GNO, or 10 wt% CLO. In a
parallel set of experiments, these diets were additionally supple-
mented with I wt% curcumin, 0.17 wt% eugenol, or 200 mg vitamin
E/kg diet. These diets were stored in small containers flushed with
nitrogen and kept at 4° C.'” Fresh diets were provided to animals
daily. The peroxide values of dietary lipids measured in terms of
thiobarbituric acid reactive substances were 2.3, 2.7, and 24.4
nmoles/g oil for CNO, GNO, and CLO diets, respectively.* There
were no significant changes in these values over 24 hr at room tem-
perature while these diets were made available to animals. The fatty
acid composition of dietary lipids is summarized in Table /.

Liver homogenates and microsomes

The rats fasted overnight were sacrificed by cardiac puncture. The
liver was perfused with saline and homogenized in 10 volumes of
150 mmoVl/L KCI. The liver microsomes were prepared as described
by Lokesh et al.* The washed microsomes were suspended either
in 150 mmol/L KClI or other appropriate buffers as indicated.

Lipid peroxides

The lipid peroxides in liver homogenates and microsomes was
measured by iodometric method using cumene hydroperoxide as
reference standard.'® The molar extinction coefficient of cumene
hydroperoxide used for quantitation is 1.73 X 10* M~".

Mixed function oxidases

NADPH cytochrome C reductase was measured by the reduction
of cytochrome C as described by Pederson et al.' Cytochrome P,
and Cytochrome bs levels were quantitated in microsomes by the
method of Omura and Sato.?

Antioxidant enzymes

Superoxide dismutase activity was measured by the inhibition of
cytochrome C reduction mediated via superoxide anions generated
by xanthine-xanthine oxidase and monitored at 550 nm.?' One unit
of superoxide dismutase was defined as the amount required to
inhibit the reduction of cytochrome C by 50%. Catalase activity
was assayed according to the method of Aebi®? by following the

Groundnut oil diet

Fatty acid Coconut oil diet mole/100 mole Codliver oil diet
12:0 50.3 — —
14.0 27.0 1.2 115
16:0 10.8 17.0 22.8
16:1 — 1.1 15.2
18:0 0.9 4.0 5.0
18:1 8.5 39.9 14.7
18:2 n-6 2.5 34.5 1.9
20:0 — 1.3 1.8
20:4 — 1.0 1.5
20:5 n-3 — — 14.6
22:6 n-3 — — 1.0
Saturated fatty acid 89.0 23.5 411
Monounsaturated fatty acid 8.5 41.0 29.9
Polyunsaturated fatty acid 25 35.5 29.0
Unsaturation index* 13.6 114.0 149.0

*Unsaturation index: Sum of mole% X no. of double bonds of individual fatty acids.
Addition of curcumin, eugenol, or vitamin E did not alter the fatty acid composition of dietary lipids.
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decomposition of hydrogen peroxide at 240 nm. Glutathione perox-
idase activity was determined by NADPH oxidation in a coupled
reaction system consisting of cumene hydroperoxide and oxidized
glutathione.?® Glutathione transferase activity was measured with
1-chloro 2,4-dinitrobenzene (CDNB) as the substrate. The enzyme
activity is expressed as pmoles of CDNB-GSH conjugate formed
per minute per mg of protein.>

Liver glutathione (GSH) was estimated by the method of
Neuschwander-Tetri and Roll.>® The glutathione was derivatized
with o-phthalaldehyde (OPT) and the GSH-OPT complex was
quantitated by reverse phase HPLC and measured at 340 nm.

Ascorbic acid was estimated by measuring the formation of
2,4-dinitrophenyl hydrazine derivative of dehydroascorbic acid as
described by Roe and Khetler.?® Vitamin E (a-tocopherol) was
estimated by HPLC method as described by Rushing et al.”’

Protein was estimated by the method of Lowry et al. using
Bovine serum albumin as reference standard.?

Statistics

Statistical significance of mean differences were computed by the
general linear model of Student’s ¢ test.* Correlation coefficients
were calculated to determine the relationship between lipid perox-
ides and activities of protective enzymes against lipid peroxidation.

Results

There were no significant differences in the diet consumption
(15 g/day/rat), body weight gains, and liver weights of rats
on different dietary lipids and antioxidants (Table 2).

Lipid peroxides

The rats fed a diet containing CLO showed 136% and 80%
higher levels of lipid peroxides in liver homogenates com-
pared with those fed diets containing coconut oil and ground-
nut oil, respectively (Table 3). Similarly, the lipid peroxides
in liver microsomes from rats fed CLO were higher by 93%
and 62%, respectively, as compared with those observed in
rats fed CNO and GNO diets (Table 3).

The addition of curcumin, eugenol, or 200 mg of vitamin
E in the diets significantly reduced the lipid peroxides in liver
(Table 3). Thus, dietary curcumin lowered lipid peroxides by
22%, 33%, and 47% in liver homogenates and by 29%, 24%,
and 34% in microsomes from rats fed CNO, GNO, and CLO,
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respectively. Eugenol in the diets also reduced lipid peroxide
levels by 20%, 35%, and 49% in liver homogenates and by
27%, 28%, and 32% in microsomes of rats fed CNO, GNO,
and CLO, respectively. Two hundred mg of vitamin E in the
diets similarly reduced lipid peroxides by 27%, 32%, and 53%
in homogenates and by 43%, 31%, and 36% in liver micro-
somes of rats fed CNO, GNO, and CLO, respectively.

Effect on mixed function oxidase system

The effect of different dietary lipids and antioxidants on
the mixed function oxidases, viz, NADPH cytochrome C
reductase, cytochrome P,s,, and cytochrome bs was investi-
gated. The activity of NADPH cytochrome C reductase was
enhanced by 38% and 28% in liver microsomes of rats fed
CLO compared with those fed CNO and GNO, respectively
(Table 4). Cytochrome P,5, contents were higher by 42%
and 30% in rats fed CLO compared with those fed CNO
and GNO diets, respectively. Cytochrome bs levels were
also enhanced by 41% and 30% in CLO-fed animals as
compared with those fed CNO and GNO, respectively (Table
4). These data indicate that animals fed a diet enriched in (n-
3) polyunsaturated fatty acids enhances the levels of mixed
function oxidases. However, rats fed saturated or (n-6) poly-
unsaturated fatty acid-containing diets showed no significant
differences in NADPH cytochrome C reductase activity and
cytochrome P, levels.

Effect on antioxidant enzymes

The antioxidant enzymes play a significant role in control-
ling lipid peroxidation.’*® The effect of dietary lipids and
antioxidants on the activities of superoxide dismutase, cata-
lase, glutathione peroxidase, and glutathione transferase was
determined in liver homogenates. Superoxide dismutase ac-
tivity was lowered by 12% and 38% in rats fed GNO and
CLO, respectively, as compared with those fed CNO diets
(Table 5). Catalase activity was lowered by 11% and 47%
in rats fed GNO and CLO, respectively, as compared with
those on CNO diets. Similarly, the levels of glutathione
peroxidase were reduced only in animals fed CLO diets to
an extent of 22% compared with those fed CNO and GNO
diets. Glutathione S transferase activity was, however, re-

Table 2 Influence of different types of dietary lipids and antioxidants on body weight gain in 10 weeks and liver weight in rats

Body weight gain Liver weight
Dietary group () (@
Coconut oil (CNO) 175 + 3.67 9.93 + 0.31
CNO + Curcumin 173 + 1.63 9.16 + 0.16
CNO + Eugenol 175 + 4.08 9.41 = 0.22
CNO + Vitamin E 181 + 4.90 9.86 + 0.40
Groundnut oil (GNO) 173 £ 2.50 8.63 + 0.26
GNO + Curcumin 173 + 1.75 8.91 + 0.37
GNO + Eugenol 177 £ 2.20 9.01 +£ 0.40
GNO + Vitamin E 170 + 3.06 9.15 + 0.34
Codliver oil (CLO) 179 = 5.30 9.22 + 0.70
CLO + Curcumin 172 = 1.83 9.43 + 0.43
CLO + Eugenol 174 + 3.87 10.15 + 0.28
CLO + Vitamin E 180 = 4.90 9.92 + 0.32

Resuits are mean = SEM, n = 6 rats/group.
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Table 3 Lipid peroxide levels in liver homogenate and microsomes of rats fed different dietary lipids and antioxidants

Homogenates Microsomes
{(nmoles/mg protein} (nmoles/mg protein)
Addition to diets CNO GNO CLO CNO GNO CLO
Nil {control) 1.372 + 0.03 1.80° + 0.024 3.24¢ + 0.085 10.50¢ + 0.38 12.50¢ + 0.143 20.30° + 0.55
Curcumin 1.07* = 0.03 1.21* = 0.024 1.72* + 0.036 7.45* + 0.18 9.45* + 0.098 13.44* + 0.28
Eugenol 1.09" + 0.028 1.17* + 0.033 1.66* + 0.036 7.65* + 0.32 9.05* + 0.081 13.70* + 0.053
Vitamin E 1.00* = 0.036 1.23* + 0.020 1.53* + 0.057 598" + 0.29 8.62* + 0.16 12.98* + 0.098

Values are mean * SEM, n = 6 rats/group.

abcaeMeans followed by different ietters in the same row are significantly different from each other (P < 0.05).
*Significantly different from their respective control values (P < 0.05).

CNO, Coconut oil; GNO, Groundnut oil; CLO, Codliver oil.

Table 4 Infiuence of dietary lipids and antioxidants on liver microsomal mixed function oxidase system

NADPH cytochrome C

Additional N N .
supplements reductase Cytochrome P, Cytochrome by
to diets CNO GNO CLO CNO GNO CLO CNO GNO CLO

Nil (control) 56.0 + 228 60.3° £ 1.9 77.4° £ 45 045° + 0.03 049 + 0.024 0.64° £ 0.03 0.460° = 0.016 0.500" + 0.024 0.650¢ + 0.020
*Curcumin 537 £ 29 607 x245 781 27 0.53 = 0.02 054 + 0.024 0.60 + 0.02 0.537t + 0.016 0.568t = 0.024 0.640 = 0.010
Eugenol 534 £ 45 550 %295 750 + 262 048 = 0.04 0.50 £ 0.057 0.59 + 0.024 0.5271 + 0.018 0.550t + 0.016 0.650 * 0.020
Vitamin £ 563 + 285 526 +24 747 x14 0.50 £ 0.028 048 + 0.022 060 *= 0.03 0460 = 0.015 0.520t + 0.020 0.610 + 0.020

“units/min/mg protein; ** nmoles/mg protein.

Values are Mean + SEM; n = 6 rats/group.

ancdetapMeans with different superscript in the same row are statistically significant at P < 0.05.
1Statistically significant at P < 0.05 from the respective control value.

CNO, coconut oil; GNO, groundnut oil; CLO, codliver oil.

Table 5 Influence of dietary lipids and antioxidants on hepatic antioxidant enzymes in rat liver homogenates

Additional Superoxide dismutase (units/min/mg protein) Catalase (pmoles H,0, decomposed/min/mg protein)
supplementation

to diets CNO GNO CLO CNO GNO CLO
Nil (control) 1232 £ 2.8 108> = 2.0 76 = 40 2279 + 3.7 202¢ + 6.5 106" + 5.0
Curcumin 143* + 5.1 121* = 2.9 98* + 5.8 249* + 5.7 230" + 94 125 + 6.0
Eugenol 145 + 13. 123" + 6.8 107 + 1.2 254* + 10.1 226* + 2.1 121" = 3.6
Vitamin E 148" + 4.4 127 + 5.7 110" =+ 59 253" + 4.2 231 = 7.8 122" + 3.1

Values are mean + SEM, n = 4 rats/group.

abcdetaiiMeans with different superscript in the same row are statistically significant at P<0.05.
*Statistically significant from their respective control values P < 0.05.

CNO, coconut oil; GNO, groundnut oil; CLO, codliver oil.

Table 5 (Cont'd)

Additional Glutathione peroxidase (m units/min/mg protein) Glutathione S transferase (units/min/mg protein)
supplementation

to diets CNO GNO CLO CNO GNO CLO
Nil {control) 790 £ 2.6 789 + 3.5 g2h + 4.2 53 + 6.6 36+ 1.7 37+ 241
Curcumin 115" + 8.0 88 + 1.0 76" + 35 70" = 3.6 47 + 14 53" + 3.7
Eugenol 108" + 5.8 88" + 1.4 74 £ 27 70" £ 0.8 49* + 25 49" + 2.6
Vitamin E 95" + 5.8 89" + 2.6 91" + 44 72 + 40 47* = 51 53" + 3.2
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duced in both GNO and CLO fed groups by 32% compared
with those fed CNO (Table 5).

However, rats fed a diet containing the antioxidants cur-
cumin, eugenol, or vitamin E showed significantly elevated
levels of antioxidant enzymes as compared with the non-
supplemented groups (Table 5). The correlation coefficients
obtained from linear regression of liver lipid peroxides and
different antioxidant enzyme activities are shown in Table
6. The results indicate that the lowering of lipid peroxides
in rats fed curcumin, eugenol, and vitamin E is partially
mediated by enhancing the activities of enzymes that scav-
enge oxygen free radicals and by enzymes capable of remov-
ing lipid peroxy radicals.

Effect on vitamin E, glutathione, and ascorbic acid

Small molecules like vitamin E, glutathione, and ascorbic
acid are known to influence lipid peroxide levels.3® The
levels of these compounds were monitored in the livers of
rats fed different dietary lipids supplemented with various
antioxidants. Vitamin E levels were significantly lowered in
rats fed polyunsaturated lipids (Table 7). Thus the levels of
vitamin E in liver homogenates of rats fed GNO and CLO
were lower by 37% and 72%, respectively, as compared
with those observed in rats fed CNO. It should be pointed
out here that the rats on different dietary lipids received
similar levels of vitamin E in their control diet. Addition of
curcumin or eugenol to these diets had only marginal effects
on elevating vitamin E levels in codliver oil-fed animals.

However, 200 mg of dietary vitamin E enhanced hepatic
vitamin E levels in rats fed CNQ, GNO, and CLO by 8.9,
18.6, and 26.8 fold, respectively (Table 7). These studies
indicate that dietary vitamin E can significantly enhance
hepatic vitamin E stores irrespective of the type of dietary
lipids fed to the rats.

Dietary polyunsaturated lipids and antioxidants had no
effect on glutathione and ascorbic acid levels in liver homog-
enates. However, ascorbic acid levels were marginally ele-
vated by antioxidants only in animals fed CNO (Table 7).

Discussion

Our findings indicate that dietary polyunsaturated fatty acids
enhance lipid peroxides in rat liver. Even though CLO diets
contained higher levels of thiobarbituric acid reactive sub-
stances (TBARS) as compared with CNO and GNO diets,
it is unlikely that this contributes to the differences in tissue
levels of lipid peroxides observed.*'-*2 The endogenous levels
of TBARS in CNO and GNO diets were comparable, but
the lipid peroxide levels were always higher in animals fed
GNO diets. A similar observation was made with animals
fed coconut oil and sunflower oil.* Bergan and Draper failed
to detect lipid peroxides in liver after feeding rats 2 mg of
1-*C methyl linoleate hydroperoxide.*' Hammer and Wills
similarly noticed that addition of 2,6-di-t-butyl-4 methyl
phenol reduces the peroxide levels in herring-oil diets, but
this has no effect on tissue lipid peroxide levels.> Bunyan

Table 6 Correlation coefficients (R) between liver lipid peroxides and liver antioxidant enzyme activities in rats fed different types of dietary lipids

and antioxidants

Dietary group Superoxide dismutase Catalase Glutathione peroxidase Glutathione S transferase
Coconut oil {CNO) -0.800 -0.608 ~0.430 -0.516
CNO + Curcumin -0.578 0.620 —0.460 —0.368
CNO + Eugenol —0.605 0.400 -0.100 -0.294
CNO + Vitamin E —0.330 -0.270 -0.990 -0.430
Groundnut oil (GNO) -0.532 -0.487 0.393 —0.288
GNO + Curcumin —0.860 -0.872 —0.880 ~0.880
GNO + Eugenol —-0.875 -0.234 -0.476 -0.144
GNO + Vitamin E —0.580 -0.400 -0.928 —0.840
Codiiver oil (CLO) -0.132 -0.057 -0.790 0.412
CLO + Curcumin —-0.572 -0.980 —0.083 -0.658
CLO + Eugenol -0.700 0.574 -0.700 —0.400
CLO + Vitamin E -0.770 —0.606 -0.820 —-0.574
Table 7 Influence of dietary lipids and antioxidants on vitamin E, glutathione and ascorbic acid levels in rat liver homogenates
Additional Vitamin E Glutathione . Ascorbic acid .
supplementation (nmoles/mg protein) (nmoles/mg protein} (nmoles/mg protein)
to diet CNO GNO CLO CNO GNO CLO CNO GNO CLO
Nil (control) 0.062° + 0.003 0.039® + 0.0002 0.011c + 0.0003 90.9¢ + 7.5 93.9¢ + 35 91.32 + 1.6 200+ 05 20°x 2 17e + 2
Curcumin 0.075 + 0.005 0.039 + 0.001 0.014 = 0.001 948 + 6.1 106.5* = 3.2 98.3" + 3.1 30"+ 3 22+ 3 17 £ 15
Eugenol 0.080 + 0.007 0.053 + 0.001 0.016* + 0.0002 97.6 + 24 104.0* + 1.2 993"+ 19 277 =3 22 £ 2 18 + 1.8
Vitamin E 0.554* + 0.02 0.723* + 0.011 0.30* £ 0.015 1034 + 43 109.6" + 43 1142 x75 28" x4 20 +10 16 = 1.0
Values are Mean + SEM; n = 4 rats/group.
abcasMeans with different superscript in the same row are statistically significant at P < 0.05.
*Statistically significant from their respective controls (P < 0.05).
CNO, coconut oil diet; GNO, groundnut oil diet; CLO, codliver oil diet.
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et al. demonstrated that feeding codliver oil or maize oil
with peroxide values ranging from 3 to 330 u equivalents/
g did not result in the accumulation of peroxides in rat
tissues.> Therefore the small differences in the dietary lipid
peroxides do not reflect on the tissue level lipid peroxides.

Mixed function oxidases, viz, NADPH cytochrome C
reductase, cytochrome P, and cytochrome bs have been
implicated to play an important role in lipid peroxidation.*
Our study demonstrated that mixed function oxidases are
significantly affected by dietary lipids. Higher levels were
seen in animals fed codliver oil (rich in (n-3) fatty acids)
as compared with those observed in rats fed coconut oil
(poor in (n-3) fatty acids).

Saito et al.* indicated that polyunsaturated fatty acids,
particularly 18:2(n-6) and 18:3(n-3) enhance the mixed func-
tion oxidase system. Our studies indicate that although CNO
and CLO diets contain similar amounts of 18:2(n-6), the
mixed function oxidase system was higher in rats fed the
codliver oil diet. GNO contains 13.8-fold higher levels of
18:2(n-6) as compared with CNO. However, there were no
significant differences in mixed function oxidases in animals
fed CNO and GNO, indicating that 18:2(n-6) may not be
responsible for enhancing the activities of mixed function
oxidases. Because CLO contains high levels of (n-3) fatty
acids, it is likely that this fatty acid may be responsible for
the increased mixed function oxidases observed in rats fed
CLO. This is in agreement with studies of Saito et al.,** who
demonstrated that diets containing soybean oil or sardine
oil enhance mixed function oxidases. Therefore it is the
nature of the polyunsaturated fatty acids, but not the unsatu-
ration index, that may influence mixed function oxidases.
The differences in the dietary lipid peroxides may not affect
the microsomal enzyme activities. Swanson et al. noticed
that feeding a diet that differed in malodialdehyde contents
by 5.5 to 6 fold did not affect NADPH cytochrome C reduc-
tase activity in mouse sarcoplasmic reticulum.** Glucose
-6-phosphatase activity in rat liver microsomes was affected
by different oxidized products of lipids only at concentra-
tions greater than 0.3 mM, which is several orders of magni-
tude higher than the values normally found in microsomal
preparations when these products are generated in situ by
inducing lipid oxidation.?”* These studies indicate that small
amounts of lipid peroxides present either in the diet or in
the microsomal preparation are unlikely to affect the enzyme
activities and mixed function oxidases associated with mi-
crosomes. The addition of curcumin, eugenol, or vitamin E
to diets had no effect on mixed function oxidases, indicating
that the nature of dietary lipids, but not the antioxidants,
exhibit a major influence on mixed function oxidases.

In addition to mixed function oxidases, the levels of
antioxidant enzymes also play a significant role in control-
ling lipid peroxidation.” The dietary polyunsaturated fatty
acids influenced the activities of these enzymes. In general,
polyunsaturated lipids lowered the activities of superoxide
dismutase, catalase, glutathione peroxidase, and glutathione
S transferase. The influence of (n-3) fatty acids (codliver
oil) in lowering these enzyme systems was much greater
than that observed with (n-6) fatty acids (groundnut oil).
The lowering of these enzyme activities may reflect on
higher lipid peroxide levels observed in liver. These results
are in agreement with those reported recently by L’ Abbe et
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al.*® for antioxidant enzymes from heart, aorta, and liver of
rats fed menhaden-oil diets. Contrary to these results, cata-
lase activity in peroxisomes and in colon mucosa is enhanced
by feeding fish oils to rats.*'*2 However, in agreement with
our observation, superoxide dismutase and glutathione per-
oxidase activity in colon mucosa was reduced in menhaden
oil fed rats.*?

Codliver oil feeding also significantly lowered vitamin
E incorporation into hepatic tissues. Rats fed groundnut oil
also had lower levels of vitamin E in liver as compared with
those fed CNO diets. This indicates that polyunsaturated
fatty acid feeding increases the requirement for vitamin
E.#344 1t should be pointed out that rats from all three dietary
groups received similar levels of vitamin E in their diets.
Therefore, either the absorption of vitamin E is lowered*
or its utilization is increased during the feeding of polyunsat-
urated fatty acid-containing diets. Meydani et al.* have made
similar observations regarding the utilization of vitamin E
in woman volunteers and in animals fed polyunsaturated
fatty acid-containing diets.*

Taken together, these studies indicate that codliver oil
enhances mixed function oxidases, lowers protective antioxi-
dant enzymes, and vitamin E. In addition, fish oil also en-
hances the levels of highly unsaturated fatty acids such as
eicosapentaenoic and docosahexaenoic acids, which are vul-
nerable to the oxidation.® These combined effects of fish oil
on fatty acids and enzyme systems may contribute to the
higher levels of lipid peroxidation observed in codliver oil-
fed animals. It is surprising to note that instead of enhancing
the inherent defense systems to prevent the peroxidation
when highly unsaturated lipids were fed, the rats lowered
their ability to protect the unsaturated lipids from oxidation.
This underscores the need for enhancing the supply of exoge-
nous antioxidants when highly unsaturated lipids are fed.

In addition to preventing the free radical-mediated lipid
peroxidation, the possibility of antioxidants themselves in-
fluencing the factors that regulate lipid oxidation was evalu-
ated. It has been demonstrated earlier that vitamin E
deficiency decreases the activity of mixed function oxi-
dases.*’*® However, in our studies, when vitamin E levels
were enhanced from 50 to 200 mg in the diets, no appreciable
change was observed in the mixed function oxidase system.
Therefore, deficiency rather than the excess of vitamin E in
the diet may have a profound effect on mixed function
oxidases. The data reported by Saito et al.** and current
investigation supports this concept.

Dietary vitamin E and spice principle antioxidants, cur-
cumin and eugenol, showed beneficial effects by enhancing
the activities of antioxidant enzyme systems such as superox-
ide dismutase, catalase, glutathione peroxidase, and glutathi-
one transferase. The induction of glutathione S-transferase
activity by curcumin and eugenol has been reported in mice
and rats.*° Therefore, the enhancement in the activities of
various antioxidant enzymes by dietary vitamin E, curcumin,
and eugenol may partly explain the lowering of lipid perox-
ides in rats fed these antioxidants.

The dietary lipids and antioxidants failed to alter the
levels of glutathione and ascorbic acid. Curcumin and euge-
nol also did not significantly affect vitamin E levels in micro-
somes. These antioxidants also did not affect fatty acid
compositions of liver microsomes influenced by dietary lip-



ids (data not shown). Therefore, it appears that the effect of
dietary curcumin and eugenol in lowering lipid peroxide is
mediated by enhancing the antioxidant enzyme activities.
The daily consumption of curcumin and eugenol show wide
variations.>! Based on the intake from various dietary supple-
ments, Sambaiah et al.*? calculated that the average daily
intake of turmeric in India is 4 g/adult/day. Turmeric contains
2 to 5% curcumin.’® Based on this value, a normal adult in
India consumes 80 to 200 mg of curcumin per day. The
daily per capita consumption for eugenol is estimated to be
around 0.6 mg.>' Eugenol is generally recognized as safe
(GRAS) by the U.S. Food and Drug Administration.’'*
Curcumin and eugenol were found to be non-toxic even at
very high concentrations. Curcumin at a 2 wt % level in the
diet and eugenol at a 1.25% level has no adverse side efects
on growth, hematological parameters, and enzyme activi-
ties.>2>* Therefore, spice principles can be taken at consider-
ably higher doses for their medicinal value than normally
consumed in the diet. We are further studying the implica-
tions of these findings on free radical mediated pathological
conditions.
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