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ABSTRACT 

 
 In this study, fenofibrate was examined both in vitro and in vitro. Its antioxidant activity in vitro was screened using DPPH assay; and specific antioxidant 
activity was observed using nitric oxide (NO•) assay, hydroxyl radical (•OH) assay and TBARS assay. The same substance was administered in mice to observe its 
antioxidant enzyme – GSH) and catalase - induction, inhibition of serum transaminases –SGPT and SGOT, and lipid lowering activities.  It was observed in vitro that 
DPPH (IC50 > 0.38 mg/mL), NO• (IC50 = 22.81 µg/mL) and lipid peroxidation (IC50 = 30.37 mg/mL) was inhibited but not •OH (SC50 < 0.05 mg/mL). In vivo 
experimentation for lipid peroxidation showed that TBARS concentration was decreased by 24.79% while increasing concentrations of both GSH and catalase. 
Serum transaminases were reduced by 3.65% and 8.93%, respectively. Lipid profiling showed a decline in triglycerides and low density lipoproteins by 54.87% 
and 16.67%, correspondingly; while the amount of high density lipoproteins was augmented by 45.13%.  Fenofibrate scavenges of free radicals, stimulates •OH 
production that may increase body’s defense against pathogens, boosts liver antioxidant enzyme against free radicals, and lowers serum transaminases. The results 
strongly suggest that fenofibrate, aside from its lipid-lowering activity may also provide antioxidant defenses. 
Keywords: fenofibrate, antioxidant, antioxidant enzymes, serum transaminases, lipid profile.  
 

INTRODUCTION

Peroxisome proliferator-activated receptors (PPARs) are 

ligand-activated transcription factors that belong to the 

nuclear hormone receptor superfamily. One of the known 

types of PPAR is PPARα. It has been recognized to regulate 

lipid metabolism in liver, heart, kidney and muscles. Its 

exogenous agonist, fibrates, lowers the plasma triglycerides 

effectively and is used in hyperlipidemia treatment1. 

According to the Rational Assessment of Drugs and Research, 

fibrates are used first in line in patients with mixed 

dyslipidemia when an elevated concentration of triglycerides 

is the principal abnormality. This has been backed up by 

Beltowski, J. and colleagues (2002) that administration of 

300 mg/kg/day (0.05%) fenofibrate in Wistar rat diet 

decreased their plasma MDA by up to 87.1%.  

Fenofibrate (propan-2-yl 2-{4-[(4-chlorophenyl) carbonyl] 

phenoxy}-2-methylpropanoate) is a member of fibrate class 

of lipid-modifying drugs and is a third generation fibric acid 

derivative. Fenofibric acid, its active form, is easily achieved 

by rapid hydrolysis orally. It specifically increases 

lipoprotein lipase activity which limits the availability of fatty 

acids that are needed for the formation of triglycerides. It is 

also known to stimulate reverse cholesterol transport and 

suppress HMG-CoA reductase activity. As a PPAR-α agonist, 

it plays an important role in many vascular diseases such as 
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diabetes mellitus (DM), hypertension and coronary heart 

disease. But aside from this, it is also used as drug for lipid-

related diseases like dyslipidemia and hypercholesterolemia. 

Another important activity of PPAR-α is that it produces a 

notation of an antioxidant capacity by lowering 

malondialdehyde (MDA), an indicator of lipid peroxidation, 

and by stimulating the expression of superoxide dismutase 

(SOD), a major antioxidant enzyme2. In a study done by 

Watts, G.F. & Staels, B., they reported that fenofibrate 

induced an increased activity of endothelial nitric oxide 

synthase (eNOS), which forms nitric oxide3.  

In patients suffering from both DM1 and DM2, 

hyperhomocysteinemia is an independent risk factor for 

macroangiopathy and mortality4. They experience auto-

oxidation of homocysteine (Hcy) that generates numerous 

reactive oxygen species (ROS). These ROS may then initiate 

lipid peroxidation in cellular membranes which are deemed 

responsible for endothelial injury that subsequently leads to 

reduction of vascular nitric oxide (NO•) production5. 

Mechanisms of how Fenofibrate increases the Hcy levels and 

whether it may have any adverse effect are not well 

understood. 

Exposure of low-density lipoprotein (LDLs) to reactive 

oxygen species plays an important role in the biological 

system. Oxidized LDLs can: decrease NO• availability, 

stimulate inflammatory response of macrophages, activate 

migration and proliferation of vascular smooth muscle cells 

and induce immune response1. 

This study aims to prove that Fenofibrate can not only lessen 

triglycerides in the serum, but also act as an antioxidant 

therefore decreasing lipid peroxidation which leads to 

decreased oxidized LDL. In the present status of antioxidant 

studies6 of fenofibrate, there is a lack of literature that 

suggests the specific activity of fenofibrate on different 

reactive oxygen species. Serum lipid profile will be 

measured to observe changes in serum values of triglycerides 

(TG), LDL, and high-density lipoprotein (HDL). Antioxidant 

activity will be measure both in vivo and in vitro. In vitro 

analyses include 1’-diphenyl-2-picrylhydrazyl (DPPH) assay, 

hydroxyl radical (•OH) assay, nitric oxide (NO•) assay and 

TBARS assay. In vivo analysis will measure serum lipid 

peroxidation using TBARS assay, hepatic enzymes reduced 

glutathione (GSH) and catalase (CAT), and serum 

transaminases: serum glutamate pyruvic transaminases 

(SGPT) and serum glutamate oxaloacetic transaminases 

(SGOT). 

Material and Methods 

2.1. Chemicals 

The antioxidant and hyperlipidemic effects of fenofibrate 

were tested both on rats with Triton X-100-induced 

hyperlipidemia and in vitro. For in vivo analysis, 20 female 

Sprague-Dawley rats weighing 100-150g were purchased 

from the Food and Drug Administration (FDA) which were 

used as experimental animals. Hyperlipidemia was induced 

by intraperitioneal injection of Triton X-100 (100 mg/kg 

BW). Serum was analyzed for concentrations of 

transaminases and lipids using enzymatic methods. 

Homogenized liver was used for TBARS concentration 

analysis and hepatic enzyme activities. These activities were 

analyzed to determine the hepatoprotective, anti-lipid 

peroxidative and antioxidant effects of Fenofibrate (Sigma-

Aldrich, Singapore). Solvents and other chemicals used were 

bought from Golden Bat Inc. (Quezon City, Philippines). 

2.2. In vitro DPPH Scavenging 

The procedure used was similar to that previously described 

Green RJ7.  DPPH assay is a general assay for antioxidant 

screening. It measures the decrease in purple DPPH after the 

addition of an antioxidant which consequently loses color. 

The assay was carried out by adding 150 µL of different 

concentrations of fenofibrate to 3 mL of 6x10-5 M DPPH 

solution in methanol then incubating it at room temperature in 

a dark location for 30 min. The reaction mixture was read at 

517 nm. Gallic acid was used as positive standard. 

2.3. In vitro •OH Scavenging by Fenton Assay 

The procedure used was similar to that preciously described 

Winterbourn8. The scavenging of hydroxyl radical was 

performed using the Fenton assay. This assay measures the 

changes in the amount of •OH radicals after the addition of 

the antioxidant. A decrease in absorbance in addition of an 

antioxidant indicates the scavenging of •OH radicals in the 

reaction mixture9. The Fenton reagent, which consists of 0.1 

mM FeCl3, 1.5% (w/v) H2O2 and 0.0029% (w/v) EDTA, was 

added to 0.6 mL of different concentrations of fenofibrate. 

The absorbance of the reaction mixture was read at 288 nm 

to measure the reduction in numbers of hydroxyl radical by 

fenofibrate.  
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2.4. In vitro NO• Scavenging 

The procedure used was similar to that preciously 

described10. The nitric oxide assay was used to determine 

the scavenging activity of NO• scavenging of fenofibrate. In 

a tube, 10 mM sodium nitroprusside (SNP), PBS (pH 7.4), and 

various concentration of fenofibrate was added, totaling to 

3 mL. This mixture was incubated for 150 min at 25OC. After 

incubation, 1 mL of 0.33% sulfanilamide (in 20% acetic acid) 

was added to 0.5 mL of the reaction mixture. This was 

allowed to stand for 5 min.  After 5 min, 1 mL of 0.1% w/v 

napthylethylenediamine dihydrochloride (NED) was added 

and again incubated for 30 min at the same temperature. 

The pink chromophore produced through the diazotization of 

nitrite ions with sulfanilamide and its consequent coupling 

with NED was measured at 540 nm. 

2.5. Animal Protocol 

The animals were divided into three groups of four rats each 

treated for two weeks as show in Table A.1. During the two-

week experimental period, the animals had ad libitum access 

to both rodent chow pellets (Purina Mills) and distilled water 

except for fasting period (12 hours overnight) prior to 

hyperlipidemia induction and blood extraction. The rats were 

acclimatized for 7 days under room temp of 25-30°C and 

80% humidity with 12-hours light-dark cycle. The rats were 

handled according to the rules and regulations of the 

University of Santo Tomas (UST) Institutional Animal Care and 

Use Committee (IUCAC).Triton X-100 (100 mg/kg BW)11 and 

fenofibrate (10 mg/kg BW) concentrations followed the 

method of Keshetty, et al.12. Fenofibrate and NSS were 

administered orally by gavage. Blood extraction was 

administered using tail clipping method.  

2.6. Lipid peroxidation (TBARS assay) 

Previously described by Oyinbo, et al.13. TBARS assay 

determines the amount of lipid peroxidation by measuring its 

end-product malondialdehyde. This pink colored aldehyde is 

measured and decrease in the absorbance signifies inhibition 

of lipid peroxidation14. For this analysis, a volume of 0.6 mL 

of 0.67% (w/v) thiobarbituric acid (TBA) and 0.75 mL of 8% 

(w/v) trichloroacetic acid (TCA) was added to 0.15 mL liver 

homogenate. The rat liver in the control was used as 

reference.  

For in vitro analysis15, the same volumes of TBA, TCA and 

liver homogenate were added to 0.15 mL of Fenofibrate. 

The reaction mixture was heated in a 100°C water bath for 

15 min, followed by a centrifugation at 13000g. The pink 

chromogen formed was measured at 532 nm. 

2.7. Hepatic Antioxidant: Estimation of Reduced Glutathione 

(GSH) 

Reduced glutathione was measured to observe if fenofibrate 

affects its release. GSH is one of the major natural 

antioxidant defense of the body. The method used in 

quantifying GSH in the liver is as previously described Kaur, 

et al.16. An aliquot of 0.5 mL of liver homogenate was 

precipitated with 0.5 mL of 4% (w/v) sulphosalicylic acid. 

The samples were kept at -4.0°C for 1 hr followed by 

centrifugation at 1200g for 15 min. The assay mixture was 

prepared by combining 0.1 mL aliquot of fenofibrate, 2.7 

mL phosphate buffer and 0.2 mL DTNB. The absorbance was 

read at 412 nm.  

2.8. Hepatic Antioxidant: Catalase Activity 

Catalase, including GSH, is classified as antioxidant 

enzymes. It acts by directly decomposing hydrogen peroxide 

to ground state O2. The amount of CAT in the liver was 

measured using a method previously described Kaur, et al.16. 

Mixture of 1.95 mL of phosphate buffer, 1.0 mL H2O2 and 

liver homogenate was mixed in a tube. After mixing, the 

change in absorbance was read at 240 to calculate the CAT 

activity. 

2.9. Analysis of serum lipid profile and serum transaminases  

Triglyceride, LDL and (HDL) – for serum lipid profile; serum 

glutamate pyruvic transaminases and serum glutamate 

oxaloacetic transaminases – for serum transaminases were 

analyzed by SIM Clinical Laboratory (Manila, Philippines).  

SIM Clinical Laboratory (TIN no. 000-333-374-000; DTI 

Business permit certificate no. 00116763) is a Center for 

Health Development-licensed laboratory accredited by the 

Department of Health.  

2.10. Statistical analysis 

The results gathered in this study will be expressed as mean 

± SD. One-way analysis of variance (ANOVA) and Post-hoc 

analysis for multiple comparisons were used to determine if 

there are significant differences between the concentrations 

fenofibrate and p <0.05 was regarded as statistically 

significant. 

Results and Discussions 

3.1. In vitro analysis 
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Fenofibrate was tested for its antioxidant activity in vitro 

through: DPPH assay, nitric oxide assay, hydroxyl radical 

assay and TBARS assay. 

3.1.1. DPPH assay 

DPPH is a stable and well characterized solid radical source, 

which is traditionally used to determine the free radical 

scavenging activity of a potential antioxidant. This assay is 

based on the ability of DPPH assay to decolorize in the 

presence of antioxidants. Antioxidants reduce DPPH radical 

to 1, 1 – diphenyl – 2 – picryl hydrazine, a colorless 

compound. Decolorized DPPH can be quantitatively 

measured from the changes in absorbance, wherein a 

decrease in absorbance correlated with higher DPPH 

radical- scavenging activity of the antioxidant. 

Figure 1 shows the activity of fenofibrate against DPPH 

radical, with the maximum percentage of control of 87.2%. 

Median inhibitory concentration (IC50) of fenofibrate against 

DPPH was computed at >0.38 mg/mL. This represents the 

H+- donating ability of fenofibrate. The concentration of the 

purple DPPH radical decreases as its odd electron is paired 

with hydrogen from the antioxidant. Thus, results showed the 

general antioxidant ability of fenofibrate. 

3.1.2. Fenton Assay 

Fenton assay is based on the ability of the antioxidant to 

scavenge the highly –reactive •OH. This radical can be 

generated via Fenton reaction where H2O2 reacts with Fe+2 

bound to EDTA to yield •OH. In this assay, a decrease in 

absorbance indicates the ability of the antioxidant to 

scavenge the hydroxyl radical present in the reaction 

mixture.  

Figure 2 shows the activity of fenofibrate on the highly –

reactive •OH. Media stimulatory concentration (SC50) of 

fenofibrate on hydroxyl radical was <0.05 mg/mL. The 

sample showed a stimulatory effect on hydroxyl radical at 

all concentration. Thus, as shown by the increased 

percentage control as the concentration increase, fenofibrate 

exhibits a pro-oxidant effect.This activity may be compared 

with the known antioxidant ascorbic acid, which produces 

•OH on higher concentrations. But aside from this, stimulation 

of •OH radicals may be of help for our body\s defense 

against pathogenic substances. It is known that macrophage 

and granulocytes releases this free radical to battle against 

bacteria that may cause infection17. 

3.1.3. Nitric Oxide 

In nitric oxide assay, NO• is generated from the breakdown 

of sodium nitroprusside (SNP) which when reacted to O2 

produces nitrite ions (NO2-). Nitrite ions reacted with 

sulfanilamide and NED produces pink solution which can be 

measured at 540 nm. 

As shown in Figure 3, NO• was reduced by the addition of 

fenofibrate but not dose-dependently, with a maximum 

percentage of 45.84%. Median inhibitory concentration of 

fenofibrate against NO• was computed at 22.81 µg/mL. 

NO• is a reactive nitrogen specie (RNS), which reacts with 

superoxide radical (O2•-) to generate the cytotoxic 

peroxynitrite (ONOO-). Addition of peroxynitrite to cell 

leads to rapid protonation followed by depletion of –SH 

groups, oxidation and nitration of lipids, DNA strand 

breakage, and nitration and deamination of DNA bases. 

Thus, these deleterious events can be prevented by the 

scavenging of NO•. In addition, excessive production of NO• 

may also cause tissue injury and vascular collapse. On the 

other hand, the reported induction of eNOS by fenofibrate 

in cell culture cannot be ignored3. This may suggest the NO• 

modulation activity of fenofibrate. 

3.1.4. TBARS assay 

Thiobarbituric acid reactive substances (TBARS) assay is a 

well-established method for screening and monitoring 

peroxidation of lipids. It is an assay where malondialdehyde 

(MDA) forms a 1:2 adduct with TBA to form a pink 

chromogen which can be measured at 532 nm. An increase in 

the intensity of the pink chromogen formed may correlate 

with the oxidative rancidity of the lipids. 

Fenofibrate had a maximum percentage control of 11.18% 

on TBARS assay as shown in Figure 4. The IC50 of fenofibrate 

against lipid peroxidation was computed at 30.37 mg/mL. 

This remarkably low value indicates the fenofibrate 

effectively protects lipoproteins from lipid peroxidation. 

Lipid peroxidation is a free radical-mediated, particularly, a 

hydroxyl radical-mediated degradative process where the 

double bonds of polyunsaturated fatty acids rearrange, 

resulting to reduced membrane fluidity. 

3.2. In vivo analysis 

The antioxidant and hypolipidemic effects of fenofibrate on 

rats with Triton X-100- induced hyperlipidemia were 

determined by obtaining their liver and sera. 
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Table 1 show the food and drug administration for the in vivo study. 

Group Feed Treatment 

I (Negative Control) Rodent chow + NSS No Fenofibrate 

II (Positive Control) Rodent chow + Triton X-100  No Fenofibrate 

III (Experimental) Rodent chow + Triton X-100  With Fenofibrate  

 

Figure 1. DPPH radical scavenging activity of 
fenofibrate. Values (n=2) represent mean ± SD, and 
*p<0.05 compared with control. 
 

 

Figure 2. Activity of fenofibrate on hydroxyl radical. 
Values (n=2) represent mean ± SD, and *p<0.05 
compared with control. 
 

 
 

Figure 3. Scavenging activity of fenofibrate against 
nitric oxide. Values (n=2) represent mean ± SD, and 
*p<0.05 compared with control. 
 

 

Figure 4. Inhibition of lipid peroxidation by fenofibrate. 
Values (n=2) represent mean ± SD, and *p<0.05 
compared with control. 
 

 
 

Figure 5. Prevention of lipid peroxidation by 
fenofibrate on hyperlipidemic livers of rats (n=4). Values 
(n=2) represent mean ± SD, and *p<0.05 compared 
with the Triton group. 

 

Figure 6. Increase in the levels of GSH on livers of 
hyperlipidemic rats (n=4) by fenofibrate. Values (n=2) 
represent mean ± SD, and *p<0.05 compared with the 
Triton group. 
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3.2.1. TBARS assay 

For the in vivo analysis, rat liver homogenate was used for 

the measurement of lipid peroxide levels. As shown in Figure 

5, hyperlipidemic livers had an increase of 53.44% in TBARS 

concentration compared to the control. Triton X-100, a non-

ionic detergent, interferes with the normal rate of lipid 

removal from the blood. It also has the capability of 

inhibiting lipoprotein lipase, thus, its elevated levels were 

confined to the blood of the Triton-induced animal. 

Fenofibrate significantly decreased TBARS concentration by 

24.79% compared to the Triton group. This result supports 

the claims that Fenofibrate makes apo-B containing 

lipoproteins more resistant to oxidative modifications18. 

3.2.2. Hepatic antioxidants: Reduced glutathione and catalase 

Glutathione reductase and CAT are two of the antioxidant  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

enzymes. The former maintains appropriate levels of GSH, 

while the later directly decomposes hydrogen peroxide to 

ground state O2. Livers of hyperlipidemic rats had lower 

activities of these enzymes, but treatment of fenofibrate, as 

shown in Figure 6, improved the hepatic antioxidant status 

compared to the Triton group. 

Reduced glutathione, an antioxidant produced by 

glutathione reductase, occurs naturally in all human cells. It is 

an antioxidant with an important role in detoxification of 

reactive oxygen species. In the presence of glutathione 

reductase, two moles of GSH can convert cellular hydrogen 

peroxide to water. Intracellular depletion of GSH ultimately 

results in cell death19. Figure 6 shows the elevated levels of 

GSH in the livers of hyperlipidemic rats with treatment of 

fenofibrate. 

Catalase, on the other hand, is an antioxidant enzyme 

present in most aerobic cells. It is involved in the 

detoxification of hydrogen peroxide by catalyzing its 

conversion to molecular oxygen and water20. Inadequate 

removal of reactive oxygen species results in oxidative stress 

which may cause damage to biological macromolecules. 

Figure 7 shows increased CAT by treatment of fenofibrate. 

The increased CAT activity may be related to the NO• 

scavenging of fenofibrate. According to Halliwell and 

Gutteridge21, NO• reversibly binds to the haems of CAT. 

Once this occurs, CAT activity declines. But since fenofibrate 

inhibits NO•, less NO• binds to CAT. This in turn increases the 

enzymatic activity of CAT. This shows the relation of the free 

Figure 7. Increase in the levels of CAT on livers of 
hyperlipidemic rats (n=4) by fenofibrate. Values (n=2) 
represent mean ± SD, and *p<0.05 compared with the 
Triton group. 
 

 

Figure 8. Decreased GOT activity on serum of 
hyperlipidemic rats (n=4) by fenofibrate. Values (n=2) 
represent mean ± SD, and *p<0.05 compared with the 
Triton group. 
 

 

Figure 9. Decreased GPT activity on serum of 
hyperlipidemic rats (n=4) by fenofibrate. Values (n=2) 
represent mean ± SD, and *p<0.05 compared with the 
Triton group. 
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radical scavenging activity of fenofibrate to its ability to 

improve the enzymatic antioxidant defense status in vivo. 

3.2.3. Serum transaminases: SGOT and SGPT 

Glutamate oxaloacetate transaminases (GOT) and 

glutamate pyruvate transaminases (GPT) are both found in 

the liver, with GPT as the more specific hepatic enzyme. Its 

leakage and elevated levels in the blood indicates damage 

of the source organ22. This justifies why activities of 

transaminases were elevated in the sera of hyperlipidemic 

rats. Figure 8 showed that fenofibrate treatments reduced 

the SGOT activity by 8.93%. The same reducing trend was 

observed with the SGPT activity at 3.65% as shown in Figure 

9. 

Decrease serum transaminases and increased hepatic 

enzymes both characterize hepatoprotection. Membrane 

integrity is enhanced with the presence of antioxidant 

defense enzymes. With this, transaminases, the indicators of 

liver and other organ damage, are prevented from leaking 

into the blood stream. 

3.2.4. Serum lipids 

Serum TGs and LDL-C (Cholesterol) increased while HDL-C 

(Cholesterol) levels decreased after hyperlipidemia was 

induced in rats. After the two-week experimental period, 

fenofibrate improved the lipid profile of rats. 

Administration of 10 mg/kg BW fenofibrate on 

hyperlipidemic rats significantly increased HDL-C by 45.13% 

and significantly decreased TG and LDL-C by 54.87% and 

16.76%, respectively. 

The remarkable decrease in the TG levels by fenofibrate 

supports the literature stating that it increases the expression 

of genes for lipoprotein lipase, and decreases the expression 

of apolipoprotein CIII23. Apoliproprotein CIII is a known 

potent inhibitor of lipoprotein lipase while apolipoprotein CII 

activates the same enzyme. An imbalance in apo CIII/CII 

ratio due to increase in plasma apolipoprotein CIII may 

cause inactivation of lipoprotein lipase24. 

Conclusion 

The results suggest that fenofibrate inhibits DPPH, NO• but 

not •OH. It also reduces TBARS concentration both in vitro 

and in vivo. In hyperlipidemic rats, it increases the 

concentrations of GSH, enhances the activity of CAT, reduces 

the activity of serum transaminases, and improves lipid 

profile. 

Therefore, fenofibrate is a drug that can also be used as an 

antioxidant that promotes protection of the liver in addition 

to its major lowering of triglycerides. 

Acknowledgement 

The authors thank Prof. Christina A. Binag, Ph.D., Director of 
the Research Center for the Natural and Applied Sciences.  
 
References  
[1] Beltowski J, Wijcicka G, Mydlarczyk M, Jamroz A. 

(2006). The effect of peroxisome-activated receptors α 
(PPARα) agonist, Fenofibrate, on lipid peroxidation, total 
antioxidant capacity, and plasma peroxinase 1 (PON1) 
activity. Can J Physiol Pharm. 53 (3): 463-475. 

[2] Olukman M, Sezer ED, Ulker S, Sozmen EY, Cinar GM. 
(2010). Fenofibrate Treatment Enhances Antioxidant 
Status and Attenuates Endothelial Dysfunction in 
Streptozotocin-Induced Diabetic Rats. Exp Diabetes Res. 
Retrieved fromhttp://www.hindawi.com/journals/ 
edr/2010/828531/ last November 2011.  

[3] Watts GF, Staels B. (2006). Regulation of Endothelial 
Nitric Oxide Synthase by PPAR Agonists: Molecular and 
Clinical Perspectives. Atheroscler Thromb Vasc Biol. 24: 
619-621. 

[4]Araki A. (2006). Homocysteine and diabetic 
macroangiopathy. Nippon Rinsho. 64(11):2153-8. 

[5] Mayer O, Simon J, Holubec L, Pikner R, Trefil L.(2006).  
Folate Co-administration Improves the Effectiveness of 
Fenofibrate to decrease the lipoprotein oxidation and 
endothelial dysfunction surrogates. Physiol Res. 55: 475-
481. 

 [6] Chen L, Haught WH, Yang B, Saldeen TG, 
Parathasarathy S, Mehta JL. (1997). Preservation of 
endogenous Antioxidant activity and inhibition of lipid 
peroxidation as common mechanism of atherosclerotic 
effect of vitamin E, lovastatin and amlodipine. J Am Coll 
Cardoil. 30(2): 569-575. 

[7] Green RJ. (2004). Antioxidant activity of peanut plant 
tissues. Retrieved August 12, 2009 from the World 
WideWeb: 
http://www.lib.ncsu.edu/theses/available/etd-
11242004-075813/unrestricted/ etd.pdf  

[8] Winterbourn CC. (1995). Toxicity of iron and hydrogen 
peroxide: the fenton reaction. Toxicol Lett. 82(83): 969-
974. 

[9] Caillet S, Yu H, Lessard S, Lamoreux G, Ajdukovic D, 
Lacroix M. (2007). Fenton reaction applied for screening 
natural antioxidants. Food Chem. 100: 542-552. 

[10] Hazra B, Biswas S, Mandal N. (2008). Antioxidant and 
free radical scavenging activity of Spondias pinnata. J 
Altern Complement Med. 8(63): 1-10. 

[11] Sodipo OA, Abdulrahman F, Sandabe U. (2012). Effects 
of Aqueous fruit extract of Solanum macrocarpum Linn. 
On the haematological parameters of Chronic Triton-
induced hyperlipidemic rats. J Phys Pharm Adv. 2(2): 
122-132. 



 
Santiago, L. A., et. al., June - July, 2013, 2(4), 511-518 

 

©SRDE Group, All Rights Reserved.                                                                                      Int. J. Res. Dev. Pharm. L. Sci.                  518 

 

[12] Keshetty V, Pabba S, Gudipatti R, Kandukuri JM, Allenki 
V. (2009). Antihyperlipidemic activity of methnaolic 
extract of Garlic (Allium sativum L.) in Triton X-100-
induced hyperlipidemic rats. J Pharm Res. 2(5), 777-780. 

[13]Oyinbo CA, Dare WN, Okugun GRA, Anyanwu LC. 
(2006). The hepatoprotective effect of vitamin C and E 
on hepatotoxicity induced by ethanol in sprague dawley 
rats. PJN. 5(6): 507-511. 

[14] Hakimoglu F, Kizil G, Kanay Z, Kizil, M, Isi H. (2007). 
The effect of ethanol extract of Hypericum lysimachioides 
on lipid profile in hypercholesterolemic rabbits and it’s in 
vitro antioxidant activity. Atherosclerosis. 192: 113–122. 

[15] Arnaiz LS, Travacio M, Monserrat AJ, Cutrin JC, Llesuy S, 
Boveris A. (1997). Chemiluminescence and antioxidant 
levels during peroxisome proliferation by fenofibrate. 
Biochim Biophys Acta. 1360(3): 222-228. 

[16] Kaur G, Jabbar Z, Athar M, Alam M. (2006). Punica 
granatum (pomegranate) flower extract possesses potent 
antioxidant activity and abrogates Fe-NTA induced 
hepatotoxicity in mice. Food Chem Toxicol. 44: 984-993. 

[17] Clifford DP, Repine JE. (1982). Hydrogen peroxide 
mediated killing of bacteria. Mol Cell Biochem. 49(3): 
143-149.  

[18] Śliwa-Jóźwik A, Jóźwik A, Fronczyk W, Guszkiewicz A, 
Kołątaj A. (2004). Effect of reduced glutathione (GSH) on 
activity of lysosomal system in subcellular fractions of 
mouse kidney. Anim Sci Pap Rep. 22(2): 237-245. 

[19] El-Gendy KS, Aly NM. Mahmoud FH, Kenawy A, El-
Sebae AKH. (2010). The role of vitamin C as antioxidant 
in protection of oxidative stress induced by imidacloprid. 
Food Chem Toxicol. 48: 215-221. 

[20] Halliwell F, Gutteridge J: “Free radicals in biology and 
medicine”, Oxford University Press , United States of 
America, Ed 4th, 2007.  

[21] Almo S, Smith DL, Danishefsky AT, Ringe D. (1994). The 
structural basis for the altered substrate specificity of the 
R292D active site mutant of aspartate aminotransferase 
from E. coli. Protein Eng. 7(3): 405–12. 

[22] Tsimihodimos V, Miltiadous G, Daskalopoulou S, 
Mikhailidis D, Elisaf M. (2005). Fenofibrate: Metabolic 
and pleiotropic effects. Curr Vasc Pharamcol. 3: 87-98. 

[23] Moberly J.B, Attman PO, Samuelesson O, Johansson AC, 
Knight-Gibson C, Alaupovic P.  (1999). Apolipoprotein C-
III, hypertriglyceridemia and triglyceride-rich lipoproteins 
in uremia. Miner Electrol Metab. 25(4-6): 258-562.  

 

 


