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ABSTRACT

While tomato products supplementation, containing various carotenoids, including lycopene has
hypolipidemic and antioxidant effect, the role of purified lycopene for the same remains unclear.
Thus we tested the effect of pure lycopene powder for its effect on lipid profile, blood glucose
and antioxidant enzyme in hyperlipidemic rabbits.Male New- Zealand White rabbits were used.
Blood samples from all the 12 rabbits were taken for the baseline level of lipids, [Serum Total
Cholesterol (TC), Low Density Lipoproteins (LDL), Serum Triglycerides (TG), High Density
Lipoproteins (HDL)] blood glucose and blood superoxide dismutase(SOD). Same tests were
performed in high fat diet fed (control group) and high fat diet + lycopene (10 mg/kg) (test
group) after 6 weeks. There was a significant decrease in the level of serum TC, LDL — C and
serum TG and an increase in serum HDL — C and antioxidant SOD after addition of lycopene to
high fat diet. There was however no change in blood glucose level. Purified lycopene showed
significant hypolipidemic and antioxidant activity. However, it did not show significant effect on
blood glucose level.
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INTRODUCTION

Despite changes in lifestyle and the use of new pharmacological approaches to lower cholesterol
and blood sugar levels, cardiovascular disease (CVD) continues to be the major cause of death.
Nearly million deaths are attributed to this disease.'Due to increasing obesity and altered dietary
habits in both western and developing countries, the prevalence of cardiovascular disease due to
atherosclerosis and diabetes is growing at an exponential rate.? It is estimated that 71.3 million
Americans have at least one form of CVD.? Cardiovascular disease is a collective term for all the
diseases of the heart and blood vessels.

There are many risk factors associated with the increased risk for cardiovascular disease
(American Heart Association, 2003). High blood cholesterol levels, high blood pressure and lack
of physical activity are some risk factors that can be modified (American Heart Association
2003).

Nutrition is perhaps the most significant environmental factor that has been implicated in either
the development or prevention of chronic degenerative diseases.” The risk of heart disease is
reduced significantly in populations consuming diets rich in fruits and vegetables.>®’
Carotenoids are fat soluble natural pigments which are synthesized by plants and are responsible
for the bright colors of various fruits & vegetables. Carotenoids may protect LDL from
oxidation, a process implicated in the development of atherosclerosis. The role of dietary
antioxidants including vit. C, vit. E and B- carotenes in disease prevention has received much
attention in recent years ® & much work has been done on them. Recently, there is a sudden shift
of attention from these antioxidants to lycopene, a carotenoid which lacks provitamin A activity
due to the absence of B — ionone ring. It is present in many fruits and vegetables including
watermelon, guava, apricots and papaya, but tomatoes and tomato products constitute the major
source of lycopene in developed and developing countries in varying different forms. Dietary
intake of tomatoes and tomato products containing lycopene has been shown to be associated
with a decreased risk of chronic diseases such as cardiovascular diseases and cancer. * *°
Lycopene is an antioxidant known to provide protection against cellular damage caused by
reactive oxygen species. Although the antioxidant properties of lycopene are thought to be
primarily responsible for its beneficial properties, evidences are accumulating to suggest that
other mechanisms such as modulation of intercellular gap junction communication, hormonal &

immune systems and metabolic pathway may also be involved.*
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Although the antioxidant properties of tomato & processed tomato products have been
extensively studied for the prevention of cardiovascular diseases, the beneficial effects of pure
lycopene supplement is still debatable. Despite the spotlight on lycopene, it may not be
protective on its own. It may only be a marker for other active substances in tomatoes or it may
work with other phytonutrients to confer health benefits. So in the present study we aimed to
evaluate the hypolipidemic, hypoglycemic and antioxidant effect of pure lycopene powder in
hyperlipidemic rabbits.

MATERIALS AND METHODS

Male New Zealand White rabbits (n = 12) and weighing 1.8 — 2.5 kg were used for the study.
Rabbits were housed individually in standard stainless steel cages at 24°C with a 12 hr light: dark
cycle. Rabbits were allowed free access to food and tap water. The studies were carried out in
accordance with the guidelines given by Committee for the Purpose of Control & Supervision of
Experiments on Animals (CPCSEA), New Delhi (India).The study was approved by Institutional
Animal Ethics Committee (IAEC) of Padmashree Dr. D.Y.Patil Medical College, Pimpri, Pune.
The rabbits were allowed to acclimatize for 1 week after which blood samples were collected
from all rabbits and they were then divided into 2 different groups (n= 6) and fed one of the
following diets for 6 weeks: normal rabbit chow with High fat diet ** or normal rabbit chow with
high fat diet & lycopene.

1. High fat diet: Constituted a mixture of coconut oil (from Marico Industries, Mumbai) and
Vanaspathi ghee (from Hindustan Lever Ltd, Mumbai) procured from market.

2. Lycopene: Powder was purchased from Zenith Nutrition (Bangalore).The Quality analysis of
lycopene was done from Bio — gen Extracts Pvt. Ltd. Bangalore.

Method of preparation of high fat diet:

Edible coconut oil and vanaspathi ghee mixed together in the ratio of 2:3 respectively v/v as per
method of Shyamala MP et al.*

Method of inducing hyperlipidemia:

A high fat diet, consisting of coconut oil and vanaspathi ghee, in a ratio of 2:3 v/v at a dose of 5
ml/kg body weight was fed to all the animals orally, in addition to normal rabbit chow for 6
weeks.

Lycopene was given orally to one group of 6 rabbits with a feeding tube in the dose of 10 mg/kg

in addition to the above diet for 6 weeks.
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Fasting blood glucose was estimated by Optium Xceed glucometer. The level of serum total
cholesterol, total triglyceride, high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol was estimated to study the hypolipidemic activity of lycopene. In
addition, plasma level of superoxide dismutase was done to study the antioxidant effect of
lycopene. All the above analyses were done before and after 6 weeks in both the groups.
Measurement of Blood glucose levels:

Blood glucose level was estimated by putting drop of blood on test strip which was inserted into
the glucometer.

Principle:

The Glucometer blood glucose test is based on measurement of electrical potential caused by the
reaction of glucose with the reagents on the electrode of the strip. The blood sample is drawn
into the tip of the test strip through capillary action. Glucose in the sample reacts with glucose
oxidase and potassium ferricyanide. Electrons are generated producing a current which is
proportional to the glucose in the sample. After a specific reaction time for glucometer, the
glucose concentration in the sample is displayed.

Lipid Profile:

Lipid profile (Total cholesterol, triglyceride and HDL) was estimated manually on
spectrophotometer. All the reagents for lipid profile analysis were purchased from Erba
Manheim

Measurement of total cholesterol:

Plasma total cholesterol concentration was measured using the CHOD/PAP method (Erba
Cholesterol DES assay kit) which depends on the oxidation of cholesterol by cholesterol oxidase
to 7 — hydroxyl — cholesterol. The hydrogen peroxide liberated then reacts with phenol and 4 —
amino antipyrine in the presence of peroxidase to yield a quinoneimine chromophore that is
measured at 505 nm.

Measurement of triglyceride:

Plasma total triglyceride concentration was measured using the GPO — Trinder method (Erba
Triglyceride DES assay kit) in which triglycerides undergo hydrolysis in the presence of
lipoprotein lipase to form glycerol & Free Fatty Acids. Glycerol reacts with ATP to form
glycerol — 3 — phosphate which is oxidized to dihydroxyacetone phosphate. The hydrogen
peroxide liberated reacts with 4 — amino antipyrine and 3, 5 — dichloro — hydroxybenzene

sulfonate to yield a quinoneimine chromophore that is measured at 505 nm.
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Measurement of HDL.:

Plasma HDL cholesterol concentration (using Erba Liquixx HDL — Cholesterol kit) was defined
as that fraction of total cholesterol that remained in solution after precipitation of LDL and
VLDL cholesterol with magnesium chloride/Phosphotungstic acid reagent added to the plasma
sample. The plasma sample was centrifuged and the clear supernate assayed by the method used
for plasma total cholesterol concentration.

Measurement of LDL.:

Low density lipoprotein was estimated according to the Friedewald's equation. *?

LDL = Total Cholesterol — TG/5 - HDL.

Measurement of superoxide dismutase:

Measurement of superoxide dismutase was done by using the method of Marklund et al.*®

Reagent  Control Test
Tris buffer 3.0ml  2.95ml
Pyrogallol 0.3ml 0.3 ml
Serum  ------- 0.05 ml
Mix and measure the absorbance continuously for 4 min at 420 nm at 30 sec. interval.

Calculation:
Absorbance reading to be taken for calculation is the reading at 3.5 mi minus reading at 0.5 min.
If absorbance reading of control is A and test is B then:

A-B 100
SOD = X in units / ml.
A x50 0.05

Statistical analysis

The statistical analysis of the study was done using statistical package SAS. (Version 9.2 for
Windows). All the results were expressed as Mean = SEM. Student’s‘t’ test(paired ‘t’ test) was
used to assess the statistical significance of the results between control group (baseline) and high
fat diet group to see the effect of high fat diet on lipid profile. Statistical analysis of the data
between the high fat diet group and High fat diet + lycopene group was done by using one — way
analysis of variance (ANOVA). The probability level less than 0.05 (< 0.05) was considered
statistically significant.

RESULTS AND DISCUSSION

There was no significant difference in the mean body weight of both the groups. Baseline level
of blood glucose, lipid profile & superoxide dismutase were also comparable in both the groups.

After the baseline sample was taken, rabbits were divided into 2 groups:
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1. High fat diet group
2. High fat diet & lycopene group
Table 1 shows the effect of high fat diet on the lipid profile, fasting blood glucose & superoxide
dismutase which is taken as a parameter for its antioxidant activity. The high fat diet resulted in a
significant increase in blood lipid levels (TC, LDL — C & TG). There was also a significant
decrease in the level of HDL — C and superoxide dismutase. No significant difference was found
in fasting blood glucose after high fat diet.

Table 1: Comparison between baseline & High fat diet group at 6 weeks.

Parameter Mean £ SEM Mean + SEM P - value
Baseline High Fat Diet

BSL (mg/dl) 100.5+1.76 103.5 £ 1.56 0.232

TC (mg/dl) 106.6 £ 2.06 219.9+7.38 < 0.0001*
HDL (mg/dl)  36.73 +1.76 25.01 £1.17 < 0.0001*
TG (mg/dl) 93.97+141 1495 +4.11 < 0.0001*
LDL (mg/dl)  51.09 £0.39 164.9 £5.47 < 0.0001*
SOD (units) 3.233 £ 0.054 2.292 £0.050 < 0.0001*

* indicates significant findings

BSL (Blood Sugar Level), TC (Total Cholesterol), HDL (High Density Lipoprotein), TG
(Triglyceride), LDL (Low Density Lipoprotein), SOD (Super Oxide Dismutase

Serum lipid levels were significantly less in group 2, after additional supplementation with
lycopene as compared to high fat diet (HFD) group. We observed significant less level of serum
TC, LDL — C & TG while there was a significant increase in HDL — C and serum superoxide
dismutase levels with addition of lycopene. Table 2 shows the effect of additional
supplementation of lycopene in high fat diet group.

Table 2: Comparison between HFD & HFD + lycopene groups at 6 weeks.

Parameter Mean + SEM Mean + SEM P - value
(High Fat Diet) (HFD+Lycopene)
BSL (mg/dl)  103.5 + 1.56 100.5+1.61 0.116
TC (mg/dl) 219.9+7.38 161.4 + 2.10 < 0.0001*
HDL (mg/dl) 25.01 +1.17 29.00 +£1.13 0.007*
TG (mg/dl) 1495 +4.11 123.6 £ 2.87 < 0.0001*
LDL (mg/dl) 164.9 +5.47 106.9 £ 0.77 < 0.0001*
SOD (units)  2.292 £0.05 2.987 +£0.03 < 0.0001*

* indicates significant findings

Tomato is one of the most widely consumed fruits/vegetables all over the world. It has been
estimated that in America the average annual consumption of fresh tomatoes is approximately 8
kg per person and of processed tomato products is 31 kg per person. This makes tomato the most

frequently consumed canned vegetable and therefore considered the topmost dietary source of
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lycopene. As a powerful antioxidant, lycopene helps neutralize harmful free radicals which are
implicated in cancer, heart disease, macular degeneration and other age related illnesses. In a
latest Harvard study of more than 28000 women, those with the highest blood lycopene level
were about half as likely to develop heart disease over 5 years as women with the lowest levels.
Research also suggests that lycopene may aid blood pressure and bone health.

Whether lycopene supplements are as beneficial as whole food sources is debatable. In our study,
we found beneficial effects of pure lycopene powder in hyperlipidemic rabbits. There was a
significant decrease in serum TC, LDL — C & total TG and a significant increase in serum HDL
— C Figure 1. This suggests that lycopene may play a role in the improvement of serum lipid
profile and may possibly enhance LDL — C degradation. What are the mechanisms behind the
cholesterol lowering effects of lycopene? Increased fecal cholesterol excretion, together with
reduced liver 3- Hydroxy — 3 — methyl glutarine coenzyme A (HMG CoA) reductase activity was
shown after dietary lycopene intake in rabbits suggesting decreased intestinal cholesterol
absorption and biosynthesis ." Reasons for the effect of lycopene on plasma lipid levels in human
intervention studies are not consistent. Supplementation with tomato extract capsules (4 mg
lycopene) daily for 6 months decreased total cholesterol and LDL cholesterol levels in post
menopausal women.** No effects on blood lipid levels were obtained after supplementation with
a tomato extract containing 15 mg lycopene daily for 8 weeks in mild hypertensive patients.> A
recent meta- analysis of human intervention trials revealed significant reduction in total and LDL
cholesterol only at doses of more than or equal to 25 mg of lycopene daily. Doses of less than 25
mg lycopene had no effect on serum cholesterol levels. HDL cholesterol was not changed by
lycopene intake independently of dosage given.'® Reactive oxygen species (ROS) and the related
oxidative damage have been implicated in the pathogenesis of various human chronic diseases.*”
18.19.20) yeopene is one of the most potent antioxidants®* and has been suggested to prevent
carcinogenesis and atherogenesis by protecting critical biomolecules including lipids, LDL
cholesterol, proteins & DNA.?%*2* Several studies have indicated that lycopene is an effective
antioxidant and free radical scavenger. Lycopene because of its high number of conjugated
double bonds, exhibits higher singlet oxygen quenching ability compared to beta carotene or

. Oxidative modification of LDL is hypothesized to be the key step in the

alpha tocophero
atherogenetic process, and LDL associated antioxidants provide protection against this oxidation.
In vitro, lycopene and other carotenoids are able inhibit oxidation of LDL.?®

In our study, as shown in Table 3 Figure 2 there was a significant increase in level of superoxide

dismutase as a marker of its antioxidant effect. This finding is in common with the previous
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study.”” SOD is arguably body’s most crucial antioxidant as it is responsible for disarming the
most dangerous free radicals of all the highly reactive superoxide. It reduces the radical
superoxide (O7) to form hydrogen peroxide and oxygen (H20, & Oy). Although H,0; is also a
prooxidant compound, it is subsequently converted by enzyme catalase and glutathione
peroxidase to simple water and oxygen. So, by strengthening the body’s primary antioxidant
system, this novel SOD boosting supplement may offer the powerful free radical protection and
may play a protective role in reducing the oxidative stress implicated in atherosclerosis and other
life threatening diseases. There was however no significant difference in fasting blood sugar
level in lycopene and high fat diet (HFD) group (Table 2 Figure 1). This suggests that though
lycopene has hypolipidemic and antioxidant effects but it lacked the hypoglycemic activity.

Comparison of parametersat 6 weeks

219.9

103.5 1005 HFD

Mean { mg/dl)

HFD+Lycopene

BSL(p=0.116) TC(p<0.0001) HDL(p=0.007) TG(p<0.0001) LDL(p<C.0001)

Figure 1. Comparison of parameters at 6 weeks.

‘SUPEROXIDE DISMUTASE

SOD (units)
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Q
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HFD HFD+Lycopene

Figure 2: Effect on level of Superoxide Dismutase at 6 weeks.
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Table 3: Effect of study drugs on Blood Antioxidant (Superoxide Dismutase).

Group

Total Superoxide (Units)

High Fat Diet (5 ml/kg) 2.292 +0.05
High Fat Diet (5 mg/kg) + Lycopene (10 mg/kg) 2.987 +0.03
P value < 0.0001 which is significant.

CONCLUSION:

These findings suggest that lycopene may have considerable therapeutic benefit as an antioxidant

and hypolipidemic agent but may not be used as a hypoglycemic agent.
REFERENCES

1.

Verghese M, Richardson JE, Boateng J, Shackelford LA. Dietary lycopene has a
Protective Effect on Cardiovascular Disease in New Zealand Male Rabbits. J Biol Sci
2008; 8(2): 268-77.

Zimmel PZ, Lefebvre P. The global NIDDM epidemic. Diabetology 1996; 39: 1247-8.
Thom T, Hasse N, Rosamond W, Howard VJ, Rumsfeld J, Manolio T. American Heart
Association statistic committee and stroke statistic subcommittee. Heart disease and
stroke statistics — 2006 update. A report from the American Heart Association statistic
committee and stroke statistic subcommittee. Circulation 113 (6): E 85 — 151.

lannelli P, Zarilli V, Varicchio, Tramon T, Mancini FP. The dietary antioxidant
resveratrol affects redox changes of PPAR a activity. Nutr Met Cardiovas Dis 2007;
17(4): 247-56.

Willet W. Coffee and coronary heart disease. A new problem with old brew? Ann
Epidemiol 1994; 4(6): 497 — 98.

Mazza G, Kay CD, Cottrel T, Holub BJ. Absorption of anthrocyanins from blueberries
and serum antioxidant status in human subjects. J Agric Food Chem 2002; 50 (26): 7731
- 37.

Appel LJ, Moore TJ, Obarzanek, Vollmer WM, Svetkey LP, Sacks FM. A clinical trial of
the effects of dietary patterns on blood pressure. DASH collaborative research group. N
Eng J Med 1997; 336 (16): 1117 — 24.

Sies H, Stah W. Vit E, C, beta carotene and other carotenoids as antioxidants. Am J of
Clin Nutr 1995; 62: 1315 — 21.

Gester H. The potential role of lycopene for human health. J Am Coll Nutr 1997; 16:
109- 126.

WWW.ajptr.com 468




Mulkalwar et. al., American Journal of PharmTech Research. 2012; 2(2) ISSN: 2249-3387

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Rao AV, Agarwal S. Role of antioxidant lycopene in cancer and Heart Disease. J of the
American Coll of Nutrition 2000; 19(5): 563-69.

Shyamala MJ, Venukumar MR, Latha MS. Antioxidant potential of the Syzygium
aromaticum (Gaertn.) Linn (Cloves) in rats fed with high fat diet. Ind. J. of Pharm. 2003;
35:99-103.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low —
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge.
Clinical Chemistry 1972; 18 (6): 499 — 502.

Marklund S, Marklund G. Involvement of the superoxide anion radical in the auto
oxidation of Pyrogallol and a convenient assay for superoxide dismutase. Eur J Biochem
1974; 47: 469 — 74.

Misra R, Mangi S, Joshi S, Mittal S, Gupta SK et al. Lycored as an alternative to
hormone replacement therapy in lowering serum lipids & oxidative stress markers. A
randomized controlled clinical trial. J Obstet Gynaecol Res 2006; 32: 299 -304.
Engelhard YN, Gazer B, Paron E. Natural antioxidants from tomato extract reduce blood
pressure in patients with grade | hypertension. A double blind, placebo controlled pilot
study. Am Heart J 2006; (5): 100 el — 100 eb.

Reid K, Fakler P. Protective effect of lycopene on serum cholesterol and blood pressure.
Metaanalysis of intervention trials. 2001; 68: 299 — 310.

Pincemail J. Free radicals and antioxidants in human disease. In Favier AE, Cadet J,
Kalyanaraman B, Fontecave M, Pierre J-1 editors. “Analysis of Free Radicals in
Biological Systems.” Basel, Switzerland: Birkhauser Verlag, pp 83 — 98, 1995.

Ames BN, Gold LS, Willet WC. Causes and prevention of cancer. Proc Natl Acad Sci
USA 1995; 92: 5258 — 65.

Witzum JL. The oxidation hypothesis of atherosclerosis. Lancet 1994; 344: 793 — 95,
Halliwell B. Free radicals, antioxidants and human disease: curiosity, cause or
consequence? Lancet 1994, 344: 721 — 24.

Miller NJ, Sampson J, Candeias LP, Bramley PM, Rice- Evans CA. Antioxidant
activities of carotenes and xanthophylls. FEBS Lett 1996; 384: 240 — 46.

Agarwal S, Rao AV. Tomato lycopene and low density lipoprotein oxidation: a human
dietary intervention study. Lipids 1998; 33:981 — 84.

m WWW.ajptr.com



Mulkalwar et. al., American Journal of PharmTech Research. 2012; 2(2) ISSN: 2249-3387

23. Rao AV, Agarwal S. Bioavailability and in vivo antioxidant properties of lycopene from
tomato products and their possible role in the prevention of cancer. Nutr Cancer 1998;
31:199 — 203.

24. Pool — Zobel BL, Bub A, Muller H, Wollowski I, Rechkemmer G. Consumption of
vegetables reduces genetic damage in humans: first result of a human intervention trial
with carotenoid-rich foods. Carcinogenesis 1997; 18: 1847 — 50.

25. DiMascio P, Kaiser S, Sies H. Lycopene as the most effective biological carotenoid
singlet oxygen quencher. Arch Biochem Biophys 1989; 274: 532 — 38.

26. Esterbauer H, Gebicki J, Puhl H, Jurgens G. The role of lipid peroxidation and
antioxidants in oxidative modification of LDL. Free Radic Biol Med 1992; 13: 341 — 90.

27. Subhash K, Bose C, Agarwal BK. Effect of short term supplementation of tomatoes on
antioxidant enzymes and lipid peroxidation in type Il diabetes. Indian J Clin Biochem
2007; 22 (1): 95 - 98.

WWW.ajptr.com 470




