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Introduction: Industrialization in the latter half of 20" century has
prompted profound shift from traditional dietary pattern of fibre rich
foods to increased consumption of energy dense, low fibre foods.

Resultant oblivious nutritional environment coupled with physical

inactivity has abridged the gap between health and chronic diseases.
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and Technology, National resorting to cost effective treatments from natural sources that can
Institute of Food contribute effectually in combating these dreadful diseases.

Technology and Methodology: The present study was undertaken to evaluate the
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: : efficacy of lycopene and rice bran oil (RBO) synergistically on
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S, Jeam, Ik alteration in lipid metabolism and oxidative stress biomarkers in high
fat high cholesterol diet fed albino rats. The rats were supplemented
with lycopene (30mg/kg/day) singly and blend of lycopene (30mg/kg/day) and rice bran oil
(100ml/kg/day) for 6 weeks. Results: Results indicate that lycopene enriched diets
significantly (p<0.05) improved altered parameters, however, the effect was more
pronounced in animals reared on blends of lycopene and RBO owing to synergistic effects of
bioactive constituents. Conclusion: The therapeutic potential of lycopene and RBO can be
tapped as preventive and protective therapy against the detrimental effects of high fat diets

consumed globally.
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1. INTRODUCTION

Hyperlipidemia is a major causative factor to atherosclerosis and allied ailments viz. diabetes,
obesity, cardiovascular, stroke henceforth metabolic syndrome.!! The spell of these diseases
is increasing alarmingly worldwide due to rapid urbanization and globalization of unhealthy
life styles. Indeed the “Nutrition Transition” coupled with sedentary lifestyle have
increased the burden of chronic diseases in the latter half of 20" century.®! The potential
disparity between our ancestral and contemporary dietary regimes has driven the resultant
change weakening the defense mechanism. Fat mediated oxidative stress build up is the
mainstay for increasing the myriad of complications and the emerging trends of degenerative
diseases.” The focus of the research for last few decades was on pharmacological
compounds that can alter the metabolism or enzymatic reactions to attenuate the progression
of cardiovascular events and associated clinical manifestations.”! These drugs though
effective contribute to adverse effects thereby affecting the overall health besides executing
financial burden. Comprehending the need, efforts to develop cost effective alternative
treatments stimulated the search for novel compounds from natural fruits, vegetables or
underutilized herbs. Several bioactive compounds with biological benefits are garnering
attention to mitigate the ill effects of unhealthy diets.©!

Lycopene, deep red carotenoid present in tomatoes, pink grapefruit, guava and watermelon
and processed tomato (tomato sauce, puree, pasta) products accounts for more than 85% of
all the dietary sources.™® Amongst the 600 carotenoids discovered, lycopene with 11
conjugated and 2 non conjugated double bonds is the most efficient singlet oxygen
quencher.™] Furthermore it has the highest antioxidant activity in cell protection against free

radicals.[*?%%

It has wide potential as neutraceuticals in foods and pharmaceutical industry
thus having a high therapeutic index. Its high stability against degradation and isomerization
during commercial processing makes it a molecule worth harnessing.*” Over the last few
decades lycopene has been subjected to many scientific and medical studies to determine the
extent of its long purported health benefits with some evidence suggesting that regular
consumption of lycopene may have an impact on clinical outcome of various chronic

diseases.[*"!

Rice bran oil (RBO) is obtained from the outer brown layer of rice and is widely consumed
globally. The uniqueness of the oil in comparison to the other edible oil is endorsed to its
balanced fatty acid composition and idyllic proportion of polyunsaturated and saturated fatty
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acids and linoleic acid (LA) to alpha linoleic acid (ALNA) ratio.™™ Studies have shown that
it has several health benefits and can be used as a preventive therapy against chronic diseases.
These benefits are attributed to the presence of high content (1.5-2.6%) of unsaponifiable
matter viz. oryzanol, tocotrienols and tocopherols.[***8 Furthermore, besides ameliorating the
diseases these active principles impart higher oxidative stability and longer shelf life to oil

thus RBO could become an important functional food in the times to come.!*%!

Though the therapeutic index of lycopene and rice bran oil on various chronic diseases has
been studied extensively, however, no work has been elucidated to study the synergistic
effect of two. High fat high cholesterol rich diet simulates the cafeteria diets and thus
predisposing the masses to health hazards and complications associated with chronic diseases
to varying degrees. Therefore, the study was planned with an avowed aim of biochemical
evaluation of lipid and oxidative stress modulating effects of lycopene singly and in blends

with RBO in hyperlipidemia induced oxidative stress in albino rats.

MATERIALS AND METHODS

1.1 Chemicals

The chemicals used in the study were of analytical grade, procured from Sigma, Merck, BDH
and Qualigens. Diagnostic kits for the estimation of serum and hepatic biomarkers were
purchased from Erba Mannheim (Transasia Bio-Medicals Ltd. Daman, India). RBO was
provided at gratis from A.P Solvex Ltd, Dhuri, India. Lycored (Lycopene) was provided as
generous gift from Jagsonpal Pharmaceutical Ltd, Delhi, India.

2.2 Experimental animals

Adult male albino rats of wistar strain weighing around 175.8+8.73 g t0179.1+7.70g obtained
from CCSHAU, HISAR, India were used in this study. They were housed in polypropylene
cages over husk bedding and a 12-hour light and dark cycle was maintained throughout the
experimental period of 42 days. Rats were fed a commercial pelleted diet (Hindustan Lever
Limited, Chandigarh, India) and water, adlibitum during acclimatization period of one week
before the commencement of experiment. The experiments were conducted according to the

ethical norms approved by CPCSEA, and Institutional Animal Ethics Committee guidelines.

2.3 Experimental design
The animals were divided into four groups of six animals each. Group A served as vehicle

control and was reared on isoenergic (~3600 C) normal fat diet (NFD), containing 60%
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carbohydrates, 20% protein, 5% fat, 5% fibre, and 10% mixture of vitamins and
minerals.””® Rats in Group B were supplemented high fat high cholesterol (HFHC) diet,
formulated by incorporating 84.5% normal fat diet; 15% coconut oil (w/w) and 0.5%
cholesterol (w/w). Rats in Group C were fed HFHC diet and lycopene (0.03g/kg/day) and
Group D animals were treated with HFHC diet along with coadministration of lycopene
(0.03g/kg/day) and rice bran oil (100ml/kg/day). Lycopene in a gelatinous capsule, lycored
(Jagsonpal Pharmaceutical Ltd, Delhi, India) was reconstituted in RBO (A.P Solvex Ltd,
Dhuri, India) to appropriate working concentration and then admixed with diet.

2.4 Acute toxicity study

Acute oral toxicity was performed as per Organisation for Economic Cooperation and
Development® (OECD 2001). After the dietary supplementation of lycopene singly and in
blends with RBO, animals were observed individually for general behaviour. The pattern of
observation was at least once during the first 30 minutes followed periodically for 24 hours.
Special attention was given during first four hours daily and thereafter for a period of 14

days.

2.5 Collection of samples for analysis

The blood was collected in heparinized prechilled vials from retrorbital plexus, centrifuged at
3000g at 4°C for 10 minutes to obtain serum which was stored at -80°C for further evaluation
of haematological parameters. Thereafter, the animals were sacrificed by cervical
decapitation. The organs were removed, freed of adhering tissues, washed with ice cold
physiological saline, blotted dry and weighed. A small part of the tissues were excised,
minced and used for enzyme activity assay and other biochemical evaluation. The remaining

tissues were stored at -80°C for further biochemical analysis.

2.6 Biochemical analysis of serum

Serum was subjected to biochemical evaluation of various parameters viz. total cholesterol
(TC), triglycerides (TG); HDL-cholesterol using diagnostic kits (Erba Mannheim Transasia
Bio-Medicals Ltd. Daman, India). VLDL and LDL-cholesterol were calculated as per
Friedewald’s equation®®?: VLDL-C = TG/5 and LDL-C =TC — (HDL-C + VLDL-C).
Atherogenic index was calculated by the following formula: Al = (Total-C - HDL-C)/HDL-
C. Serum uric acid was estimated by Caraway!®®!, Serum glutamate pyruvate transaminases

(SGPT) and serum glutamate oxaloacetate transaminases (SGOT) were measured
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spectrophotometrically by utilizing the method of Reitman and Frankel.*”! Alkaline
[25]

Phosphatase was determined by the method of Belfield and Goldberg.
Hepatic and faecal lipids were extracted in chloroform: methanol (2:1) (Folch et al., 1957)
and dried.”® Dried lipid extract was dissolved in 1% triton x100% and total cholesterol (TC),
triglycerides (TG) were estimated using above mentioned diagnostic kits. Faecal bile acids
(cholic acid and deoxycholic acid) were estimated using the method of Mosback et al.,
195427

2.7 Biochemical analysis of tissue homogenates

For enzyme activity assay, 0.8-1.0g of hepatic tissue was minced and homogenized in 10
times its volume of 0.2M/L tris HCI (pH=8.0) containing 0.5M/L CaCl, using Potter
Elevehjem apparatus at 0-4°C using motor driven teflon pestle rotated at 3000rpm. The
homogenate was centrifuged at 10000g for 30 minutes at 4°C and 3/4th of the volume was

carefully drawn using Pasteur’s pipette. The supernatants were stored at -80°C until analysis.

Enzyme assay involved, lipid peroxidation (TBARS)?®; serum TBARS™: red cell reduced
glutathione®”; hepatic TBARSEY: reduced glutathione (GSH)®? and antioxidant enzymes
viz. glutathione peroxidase (GSHPx)®®; catalase (CAT)®* and superoxide dismutase

(SOD).*™ The protein content was estimated by Lowry method.*®!

2.8. Lipid metabolising enzymes

Activity of lipoprotein lipase (LPL) was determined by the method described by Korn
(1962)B71 expressed as mmol of glycerol liberated/h/min/ml plasma. The lecithin-cholesterol
acyl transferase (LCAT) was assayed by the method of Hitz et al., 19831, expressed as g
of cholesterol esterified/min/l. Cholesterol ester synthetase (CES) was estimated by Kothari
et al., 1973.B% Assay of hepatic triglyceride lipase (HTGL) activity was estimated using the
method of Schmidt et al., 1974.1% expressed as ug of free fatty acids released/min/mg
protein. HMG Co.A reductase activity was determined by the method of Rao and
Ramakrishnan.*

2.9 Statistical analysis

Results were expressed as mean £ SEM for six animals in each group. The data was
statistically evaluated using SPSS (version 16) for one-way ANOVA followed by LSD test.

p=<0.05 was considered statistically significant.
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3. RESULTS

3.1 Nutritional parameters

The effect of lycopene enriched diets on nutritional parameters is shown in Table 1. Body
weights of HFHC diet fed group increased significantly (p<0.05) during the feeding period
(72.1%). Inclusion of lycopene alone (63.7%) and in blend with RBO (59.5%) to HFHC diets
to rats showed a decreasing trend in body weights. A similar trend was observed in relative
liver size (RLS) which showed a significant (p<0.05) increase in group B (4.1+0.28g/100g
body weight). Lycopene treated rats on the contrary restored the relative liver size, with
maximal decrease in Group-D (2.9+£0.09g/100g body weight). The relative food consumption
(RFC) of animals during experimental period did not show much variation among various
treatments. Coadministration of lycopene and RBO along with HFHC diet resulted in a
significant decrease (p<0.05)(6.8+0.26g/100g body weight) in comparison to Group B fed
HFHC diet(7.6+£0.389/100g body weight).

3.2 Lipid- lipoprotein profile

HFHC diets had a hyperlipidemic and hypercholesterolemic effect as evident from the serum
and hepatic lipid profile (free fatty acids, triglycerides, phospholipids) of the experimental
animals Table2 and Fig. 1.

3.2.1 Serum Lipid Status

The lipid components registered a significant increase (p<0.05) in the animal group fed on
HFHC diet vis-a-vis those fed isoenergic normal fat diet. However, the upsurge induced by
HFHC diet was neutralized (p<0.05) in other experimental groups fed on diets encompassing
lycopene either singly or in combination with RBO, thereby significantly decreasing the

various levels of serum lipid parameters (p<0.05) as evident from the Table 2.

3.2.2 Hepatic lipid status

A significant increase (p<0.05) was observed in various hepatic lipid parameters viz. free
fatty acids, triglycerides, phospholipids and total cholesterol of rats fed HFHC diets (Group
B) as compared to the ones fed isoenergic normal fat diet (Group-A) as evident from the
Table 2. However, supplementation of HFHC diet with lycopene either singly or
coadministered with RBO resulted in significant decrease (p<0.05) in various hepatic mean

lipid levels.
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3.2.3 Serum total and lipoprotein cholesterol

Hypercholesterolemic effect was observed in the experimental groups fed HFHC diets
resulting in significant increase (p<0.05) in mean TC, LDL-C and VLDL-C as compared to
the ones fed isoenergic normal fat diet as evident from the Table 2/Fig.1. Concomitant
feeding of lycopene enriched HFHC diets singly and admixed with RBO to animals had a
hypocholesterolemic effect and significantly (p<0.05) improved the levels as compared to the
ones fed HFHC diets.

On the contrary, there was a decreasing trend though insignificant (p>0.05) in mean HDL-C
level in rats fed HFHC diet (28.6+£1.50mg/100ml) as compared to their control counter parts
(31.4£1.30mg/100ml). However, the dietary intervention with lycopene individually
(34.8+0.72mg/100ml) and in blend with RBO (36.0£0.47mg/100ml) tended to nullify the
effect and significantly (p<0.05) raised mean HDL-C levels as compared to the animals fed
HFHC diets as evident from the Fig.1.

3.2.4 Serum lipid indices

Serum lipid indices viz. TC/PL (Total-C/Phospholipids) and atherogenic index (Al) (Fig.1)
indicate a significant increase (p<0.05) in mean TC/PL (0.67+£0.024) and AI (2.55+0.233) in
Group B. In contrast, lycopene enriched HFHC diets singly and in blends significantly
lowered TC/PL and Al (p<0.05) in the experimental models.

3.2.5 Lipid metabolising enzymes

Fig. 2 depicts the activity of lipid metabolising enzymes in experimental
animals. A significant decrease (p<0.05) in the activity of LPL (49.1%) was observed in rats
reared on HFHC diets (Group-B) as compared to control rats (Group A). Lycopene treatment
restored the activity of LPL in Group-C (39.2%) and Group-D (50%) resulting in significant
increase (p<0.05) in comparison to Group-B. A similar trend was observed in the activity of
LCAT, cholesterol metabolizing enzyme and HTGL, a lipoprotein catabolizing enzyme in
HFHC diet reared animals with a simultaneous increase in cholesterol esterified synthetase
(CES) activity. A significant restoration (p<0.05) in the activity of all the enzymes was
observed in lycopene treated animals. The maximal increase in the activities of LCAT
(42.9%); HTGL (45.3%) and decrease in CES (31.7%) was seen in Group D coadministered
with lycopene and rice bran oil.
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3.2.6. Faecal lipids and bile acids

There was no significant variation in faecal lipids and bile acid content of HFHC fed rats as
compared to control. Animals reared on lycopene enriched HFHC diets singly and in
admixture with RBO registered a significant increase in the excretion of faecal lipids and bile

acids as depicted in Table 3.

3.3 Bilirubin
Compared to controls, HFHC diet fed experimental rats recorded a significant (p<0.05)
increment in serum total, direct and indirect bilirubin levels. In contrast the altered levels

were restored near to normal by lycopene enriched diets as depicted in Table 3.

3.4 Oxidative stress status

3.4.1 Blood oxidative stress status

HFHC diet fed animals showed a significant increase (p<0.05) in the rate of lipid
peroxidation (63.4%); mean serum TBARS levels (80%); uric acid (100%) with a
concomitant decrease in mean red cell reduced glutathione (17.4%) as compared to the
corresponding control rats. A significant reduction (p<0.05) in the rate of lipid peroxidation
was observed in the animals fed HFHC diets enriched with lycopene singly (14.1%) and a
combination of lycopene with RBO (14.8%) as evident from the Fig. 3. In the same vein, the
lycopene treated animals enticed a remarkable improvement in other oxidative stress markers.
The mean serum TBARS levels (20% and 15.9%); uric acid (10% and 50%) showed a
decreasing trend with simultaneous increase in red cell reduced glutathione (13.4% and

23.5%) in Group-C and Group-D respectively as depicted in the Fig.3.

3.4.2 Hepatic oxidative stress status

Hepatic mean TBARS concentration (14.4%) increased synchronised with decrease in
reduced glutathione (28.9%) among the animals fed on HFHC diets as compared to the
control fed isoenergic normal fat diet. On the contrary consumption of lycopene alone (9.1%
and 24.9% respectively) and in blends (16.1 and 6.3% respectively) with HFHC diets tended
to reverse the trend and altered the hepatic levels of TBARS and reduced glutathione to near
normal as compared to HFHC diet fed animals as shown in the Fig. 3.. However, the results

were more pronounced (p<0.05) in group- D as compared to group-C.
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3.4.3 Antioxidant enzymes

HFHC diets registered a decreasing trend in the activities of antioxidant enzymes in
experimental animals as compared to their control counter parts as evident from the Table 4.
Parallelly, the consumption of lycopene enriched HFHC diets singly and in blends with RBO
significantly showed a marked improvement in (p<0.05) enzymatic activity in the treated

animals in comparison to the animals fed HFHC diets.

3.5 Liver function biomarkers

Group-B showed a significant increase (p<0.05) in the mean SGPT activity (12.2+0.38 IU/L)
as compared to group-A (10.6£0.30 IU/L). Inclusion of lycopene singly (11.0+0.43 1U/L),
(p>0.05) and in blends (10.0+0.25 TU/L) to HFHC diets tended to reverse (p<0.05) the
cataclysm in animals as shown in Table 4. Furthermore, mean SGOT levels in animals reared
on HFHC diet (7.0+0.14 1U/L) and incorporation of lycopene singly (6.9+0.20 IU/L) did not
show a sizeable change (p>0.05) as compared to their control counter parts (7.3+0.11 IU/L).
However, coadministration of lycopene and RBO (6.1+0.17 IU/L) resulted in significant
improvement (p<0.05) as compared to the ones fed HFHC diets (7.0£014 IU/L).

Serum alkaline phosphatase (ALP) activity in lycopene enriched diets showed a remarkable
improvement (p<0.05) as compared to the corresponding HFHC diet fed experimental rats. In
addition total protein content of HFHC rats showed a significant decrease (p<0.05). Lycopene
fed singly and in blends with RBO caused a significant increase (p<0.05) as depicted in Table
4.

Highlights
High fat high cholesterol diets induce hyperlipidemia and oxidative stress.

Lycopene and Rice bran oil synergistically improves upon the lipid-lipoprotein levels and
lipid metabolizing enzymes.

Lycopene and Rice bran oil attenuates oxidative stress and strengthen the defense mechanism

Lycopene and RBO can be effective therapeutic tool for the prevention of chronic diseases
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Table 1 Effect of Lycopene Enriched Diets on Nutritional Parameters of Experimental

Animals
Dietary Body weight Relative liver size Relative food consumption
groups gain(%o) (liver wt (g)/100g body wt) (9/100g body wt)

A 46.6 3.1+0.15 7.5+0.54

B 72.1° 4.1+0.28° 7.6+0.38"

C 63.7° 3.9+0.24" 7.3+0.28

D 59.5" 2.9+0.09° 6.8+0.26"

[Values: Mean + SEM of 6 rats in each dietary group]

A- Isoenergic normal fat group

B-High fat- high cholesterol group (HFHC)

C- High fat- high cholesterol group +Lycopene (HFHC-LY)

D- High fat- high cholesterol group +Lycopene+RBO (HFHC-LY-RBO)
%p <0.05 Significant between Group-A and Group- B

Pp <0.05 Significant between Group- B and Group C and D

*: Non Significant (p>0.05)
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Table: 2 Effect of Lycopene Enriched Diets on Nutritional Parameters of Experimental Animals

Free fatty acids

Triglycerides

Phospholipids

Cholesterol

Dietary

Serum Hepatic

Serum Hepatic

Serum Hepatic

Serum

Hepatic

groups

(mg/100ml) | (mg/100g)

(mg/100ml) (mg/100q)

(mg/100ml) (mg/100q)

(mg/100ml) | (mg/100g)

A 11.8+0.06 | 0.59+0.024

84.0+1.31 429.8+3.95

129.1+1.26 1800.0+3.93

77.6+2.38 373.8+7.64

B 19.8+0.52* | 0.85+0.011°

106.3+3.18% | 505.8+3.65°

147.5+1.51° | 2198.5+4.38°

100.1+3.36° | 420.7+7.90°

C 15.5+0.52° | 0.78+0.011°

89.2+44.06° | 453.5+11.04°

138.9+2.27° | 1853.5+11.68"

84.3+5.46° | 380.4+6.63"

D 13.6+0.14° | 0.71+0.014°

87.7+0.43° | 435.6+0.79°

124.7+0.96° | 1899.9+ 2.23°

73.7+0.35° | 369.2+ 1.13°

[Values: Mean + SEM of 6 rats in each dietary group]
A- Isoenergic normal fat group
B-High fat- high cholesterol group (HFHC)

C- High fat- high cholesterol group +Lycopene (HFHC-LY)
D- High fat- high cholesterol group +Lycopene+RBO (HFHC-LY-RBO)
®p <0.05 Significant between Group- A and Group-B

°p <0.05 Significant between Group- B and Group-C and Group- D
*: Non Significant (p>0.05)

Table: 3 Effect of Lycopene Enriched Diets on Bilirubin, Bile Acids and Faecal Lipids of Experimental Animals

Dietary Bilirubin (mg/dl) Bile Acid (ng/gfaeces) Faecal Lipids (mg/g faeces)
. : Cholic Deoxy Total : .
Groups Total Direct Indirect Acid Cholic acid Lipids Cholesterol | Triglycerides
A 0.43+0.04 | 0.25+0.02 | 0.18+0.01 | 30.1+1.51 20.4+1.36 | 30.4+1.64 | 8.5+0.81 8.9+0.46
B 0.78+0.07% | 0.5+0.03% | 0.28+0.04% | 32.6+2.16* | 22.3+1.41* |32.5+1.78* | 7.7+1.42* | 10.1+0.64*
C 0.59+0.03° | 0.35+0.05° | 0.24+0.03* | 40.1+1.83° | 27.3+1.91° |51.3+2.41°| 13.5+1.86° | 19.8+1.69°"
D 0.54+0.04° | 0.36+0.06° | 0.18+0.04"° | 45.7+1.79° | 31.4+1.79° |57.9+1.46° | 18.6+1.90° | 24.8+1.67°

[Values: Mean + SEM of 6 rats in each dietary group]
A- Isoenergic normal fat group
B-High fat- high cholesterol group (HFHC)

C- High fat- high cholesterol group +Lycopene (HFHC-LY)
D- High fat- high cholesterol group +Lycopene+RBO (HFHC-LY-RBO)
®p <0.05 Significant between Group- A and Group-B
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®p <0.05 Significant between Group- B and Group-C and Group- D
*: Non Significant (p>0.05)

Table: 4 Effect of Lycopene Enriched Diets on Oxidative Stress Status of Experimental Animals

Dietary GSHPx CA'?I: _ SOD Serum Transaminases ALP Tota_ll
Groups B (o] (_)f GSH _ (values x 10'_ units/mg (units/mg protein) SGPT SGOT (IU/L) Proteins
utilized/min/mg protein) protein) (1U/L) (1U/L) (mg/ml)
A 8.6+2.73 56.9+0.54 2.8+0.08 10.6+0.30 7.3+0.11 | 2.3+0.42 | 19.83+1.27
B 6.3+3.09° 46.8+0.48° 1.7+0.11° 12.240.38% | 7.0£0.14~ | 4.6+0.51° | 15.17+2.34°
[ 7.4+1.19° 52.8+0.39° 3.0+0.09° 11.040.43" | 6.9+0.20 | 3.5+0.37° | 17.02+1.67"
D 8.5+3.93" 59.741.21° 3.140.23° 10.0+0.25° | 6.1+0.17° | 3.1+0.61° | 18.17+2.54°

[Values: Mean + SEM of 6 rats in each dietary group]
A- Isoenergic normal fat group
B-High fat- high cholesterol group (HFHC)

C- High fat- high cholesterol group +Lycopene (HFHC-LY)

D- High fat- high cholesterol group +Lycopene+RBO (HFHC-LY-RBO)
%0 <0.05 Significant between Group- A and Group-B
Pp <0.05 Significant between Group- B and Group-C and Group- D

*: Non Significant (p>0.05)
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Concentration(mg/100ml)
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2p<0.03 Significant between Group-A and Group-B Dietary Groups
bp=0.05 Significant betweenGroup-B and Group-C and Group-D
*. Non Significant

Figure 1 Effect of Lycopene Enriched Diets on Serum Lipoprotein fractions and Lipid
Indices of Experimental Animals
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Figure 2 Effect of Lycopene Enriched Diets on Lipid Metabolizing Enzymes in
Experimental Animals

Values (Mean+ SEM) of 6 rats in each group

(LPL-mmol of glycerol liberated/n/min/ml plasma; LCAT-ug of cholesterol
esterified/min/L; HTGL- pg of free fatty acids released/min/mg protein; CES-mM of
cholesterol esterified/h/100mg tissue; HMGCo.A reductase- HMGCoA/Mevalonate)
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4. DISCUSSION

Observations in changes in body weight, relative liver size and food consumption suggest that
treatment with lycopene alone and along with RBO tended to nullify the affect of high fat
high cholesterol diet. Furthermore, supplementation of experimental diets during the entire
period of treatment did not result in any behavioural change, adverse affect or mortality in the

animals.

The HFHC diet simulating cafeteria diet resulted in diet induced lipemic effect in
experimental animals resulting in increased production of free radicals thereby disturbing the
equilibrium. The lopsidedness of oxidants contributes to oxidative stress build up which
further leads to increased accrual, biosynthesis and decreased efflux of lipid-lipoproteins.
Lycopene treated animals resulted in increased excretion of cholesterol through bile acids and
faecal lipids thereby regulating lipid-lipoprotein parameters which are in line with the
previous reports.*>*4 In addition, the unsaponifiables present in RBOM*“® exerted a
synergistic effect with lycopene resulting in more distinct outcome. This may be brought
about by profound influence of fat medium on increased bioavailability of lycopene.[9>!
Furthermore, lycopene mediated cholesterol excretion via enterohepatic circulation alleviated
the upsurge and altered levels implicating its inhibitory effect on free radical generated

hyperlipidemia thus helps in maintaining homeostasis.
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Serum lipid indices are the markers for the development of cardiovascular diseases. Several
studies have proven that elevated LDL-C levels with concomitant decreased HDL-C levels
increases the risk for cardiovascular diseases.®”*® Oxidative modification of LDL is a
prerequisite for macrophage formation and plays a central role in promoting a complex chain
of events leading to atherogenesis.®***! On the other hand, increased HDL-C reduces the
amount of deposited cholesterol in the endothelium and thus alleviating the risk of
atherosclerosis. HDL retrieves excess cholesterol from macrophage foam cells undergoes
efflux which is then transported to the liver for excretion through bile. TC/PL in HFHC diet
fed rats increased significantly whereby the effect was negated in lycopene enriched groups
suggestive of their hypocholesterolemic action. Sterol content of the membrane is an
important determinant of its lipid state affecting molecular ordering of residual phospholipids
resulting in reduced membrane fluidity thus favouring the liquid ordered phase to increase
the thickness of lipid leaflet.555"!

The enzymes viz. lipoprotein lipase (LPL), hepatic triglyceride lipase (HTGL), hydroxyl
methyl glutaryl coenzyme A (HMG CoA); lecithin cholesterol acyl transferase (LCAT) and
cholesterol ester synthetase (CES) are the key determinants in lipoprotein metabolism. LPL
and HTGL are associated with hydrolysis of triglycerides present in circulating lipoproteins
generating free fatty acids which are then taken up by hepatic and peripheral tissues. The
resulting chylomicrons remnants begin the cascade for conversion of VLDL to LDLP® which
is taken by the liver via LDL receptors. The decline in the activity of LPL and HTGL points
out reduced uptake of lipoproteins resulting in hypertriglyceridemia in HFHC rats.
Conversely the rats treated with lycopene singly and in blend with RBO showed inhibition in
alterations in lipid metabolizing enzymes corroborating the hypolipidemic effect of lycopene
and RBO. The aberration in lipolytic enzymes of HFHC diet fed animals was in same vein
with the earlier findings."® On the other hand plasma LCAT is involved in “reverse
cholesterol transport” where free cholesterol from peripheral tissues is transported as
chlolesteryl esters to the liver for excretion through bile, thereby reducing the risk of CVD.[®""
%31 The decline in HDL-C in high fat fed rats can be attributed to decreased enzymatic activity
confirming to the previous studies.®*®® Conversely the antioxidative potential of lycopene
and bioactive components of RBO contributed to increased HDL-C levels in experimental
animals. Henceforth the increased LCAT enzymatic activity in both the lycopene enriched
groups further justifies the increment substantiating the importance of the enzyme in HDL-C

metabolism.*"1 Cholesterol ester synthase (CES) in implicated in esterification and
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amalgamation of free cholesterol in chylomicrons and VLDL [68-69]. Recorded decrement of
CES in lycopene enriched HFHC diet indicates decreased esterification and incorporation of
free cholesterol to VLDL, thereby increasing its faecal excretion. The observed effects are
consistent with other studies.”® HMG CoA reductase on the other hand is the rate limiting
enzyme in cholesterol biosynthesis.”” The HMG-CoA/mevalonate ratio is in inverse relation
to the enzymic activity. Reduction in the enzyme activity of lycopene treated animals
indicates decreased cholesterol biosynthesis and increased catabolism and efflux through bile
acid secretion, consistent with previous reports.!**®%

High fat diet is associated with oxidative stress build up leading to several hyperlipidemic
and hypercholesterolemic derived disorders. Elevated levels of TBARS is a clear indication
of peroxidative degradation of the cell membranes leading to cellular and tissue damage and
therefore weakening the antioxidant defense mechanism. This is evident from the decrease in
antioxidative enzymes (GSHPx, CAT and SOD) further leading to increased free radical
generation hence inflicting oxidative insult. To counteract the aforesaid mechanism, the non
enzymatic antioxidant glutathione is utilized to quench the excess free radicals further
depleting the levels. In the same vein, in response to altered oxidative stress biomarkers,
natural free radical quencher uric acid is markedly increased to exhibit protection against the
damage resulting from the imbalance between oxidants and antioxidants in favour of the
former. Treatment with lycopene singly and in combination with RBO rendered protective
effect and were able to resume the altered levels to near normal thereby ameliorating any
further damage. The probable mechanism to facilitate the normalization of enzymatic levels
and to mitigate free radical generation and accumulation is indebted to antioxidative capacity
of lycopene and bioactive components of RBO. Results are consistent with previous studies
demonstrating lycopene dissolved in olive oil reduced lipid peroxides levels and augmented
glutathione levels as well as glutathione peroxidase (GSHPXx) activity in male wistar rats fed
for 31 days."? Another study demonstrated that lycopene supplementation at different doses
for 2 weeks significantly improved the activity of antioxidant enzymes.["!

The altered levels of serum transaminases and alkaline phosphatase in HFHC diet fed rats
clearly indicates dysfunctioning of the hepatic tissue resulting in impairment of liver
membrane permeability thus allowing the escape of the enzymes into circulation.”! The
restoration of the enzymatic levels in treated animals was primarily a consequence of

cumulative effect of antioxidative potential of lycopene and bioactive components of RBO

WWW.Wjpps.com Vol 6, Issue 01, 2017. 494




Chauhan. World Journal of Pharmacy and Pharmaceutical Sciences

thereby contributing to their hepatoprotective potential. Several studies have demonstrated
the therapeutic index of lycopene and RBO in stabilizing liver dysfunctions and are in
accordance with our results.>**”! Bilirubin portends as biomarker for disturbed hepatocellular
function. Increased haemolysis; obstructive jaundice or hepatotoxicity results in increased
levels. The hydrophilic unconjugated form to be excreted through faeces is an outcome of
coupling reaction of lipophilic conjugated bilirubin with UDP-GT (uridine diphosphate-
glucuronosyl transferase).”>™ Increased levels of total, conjugated and unconjugated
bilirubin in HFHC rats are suggestive of malfunctioning of liver probably due to fatty
infiltration and necrosis.””"® The profound influence of lycopene singly and in blend with
RBO tended to nullify the effect and refurbish the levels. The protective effect can be
attributed to their antilipemic and antioxidative potential confirming to previous studies.[”*®?!
Furthermore, upsurge protein levels in lycopene treated rats suggest the regeneration of liver
cells henceforth corroborating their hepatoprotective property against deleterious effects of

hyperlipidemia mediated oxidative stress as in accord with previous studies.[”® 8

5. CONCLUSION

The results clearly corroborate that admixture of lycopene and RBO is proficient in
regulating the altered lipid-lipoprotein levels and lipid metabolizing enzymes in experimental
animals. Furthermore, the therapeutic index of the two is attributed to the synergistic effect of
the two to quench free radicals thereby maintaining cellular integrity against diet induced
hyperlipidemia and oxidative stress. However, more comprehensive clinical studies are

needed to evaluate the efficacy in various chronic diseases.
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