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ABSTRACT 

Oxidative stress is considered to impair health. The cell damage caused by the free radicals, 

generated by oxidative stress is believed to be a key reason for the pathogenesis of several 

diseases. Present study has designed to find out the acute and chronic effect of stress on the liver 

and to compare the antioxidant and hepatoprotective effect of curcumin and capsaicin. Forty two 

male wistar rats were examined for ten days. Results of the study revealed that both acute and 

chronic stress have altered the endogenous antioxidants like glutathione and peroxidase. it also 

increases the lipid peroxidation. It is found that the level of hepatic glutathione is decreased by 

33.63% and 51.51%  in acute and chronic groups respectively. The blood glutathione level and the 

peroxidase enzyme also followed the same trend. MDA, the end product of lipid peroxidation is 

increased by 18.08% and 32.64%  in the same groups. Both the curcumin and capsaicin showed 

the similar antioxidant and hepatoprotective effect and it regained the endogenous antioxidant 

level in to normal range.  Our data also revealed that there is no significant difference between the 

antioxidant and hepatoprotective effect of curcumin and capsaicin.  

Keyword: MDA: Malonyl dialdehyde, GSH: reduced glutathione, NAFLD: Non-alcoholic fatty 

liver diseases, NF-kB : nuclear factor kappa B, TNF : Tumour Necrosis Factor alpha 
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INTRODUCTION 

Introduction: There are several studies proving the effect of stress on liver and it is well known that 

the organ which is severely affected by stress is liver
1
. Before explaining the effect of stress on 

body, it is worthwhile to define what stress is. Hans Selye is the pioneer in stress research. He 

introduced and popularized the word stress to the research world. According to Hans Selye “stress 

is a nonspecific response of the body to any demand upon it”
2
. He defined stress as a threat to the 

homeostasis of an organism. An attempt to maintain the homeostasis is called adaptive or stress 

response
3
. The enzymatic and non- enzymatic antioxidants present in the cell protects themselves 

against the dangerous reactive oxygen species generated during stress. Important enzymatic 

antioxidants are catalase (CAT), Superoxide dismutase (SOD), glutathione peroxidase and the non- 

enzymatic antioxidants are reduced glutathione (GSH), vitamin A, E and C
 4

.  There is a balance 

between the Reactive Oxygen Species and the antioxidant level in the body. However chronic 

activation of stress impairs the balance between the ROS (Reactive Oxygen Species) and 

antioxidant level and shifts towards the ROS leading to a condition called oxidative stress 
5
. 

Increased level of free radicals can react with proteins 
6
, DNA 

7
, and cell membrane causing cell 

death 
8
. Main ROS such as superoxide, hydroxyl radical, nitric oxide radical and hydrogen 

peroxide 
9
 are produced during normal metabolic process like respiration, phagocytosis, electron 

transport chain reaction, activation of oxidase enzymes 
10,11

 and metabolism of substance like 

arachidonic acid
 12

. Physiological level of ROS has beneficial role in body, it acts as mediator for 

apoptosis mainly pre-cancerous cells, phagocytosis, gene expression and cell proliferation
 13

. 

Excess production of ROS due to stress adversely affect the body. Oxidative stress and associated 

free radical are mainly recognized as a factor in pathogenesis of different diseases like diabetic 

complications 
14

, IBS 
15

, muscular dystrophy, hepatitis 
16

, immune system decline 
17

, aging 
18,19

 and 

neurological diseases 
20

. It is reported that free radicals are the main factors for the pathogenesis of 

at least 50 diseases
 21

. 

In our study we focused to see the effect of stress on hepatocyte and find out the hepato protective 

and antioxidant effect of curcumin and capsaicin. It is well documented in previous studies about 

the effect of stress on hepatocytes. Researchers reported that majority of chronic liver diseases are 

associated with oxidative stress
 22

. It induces the apoptosis of the hepatocyte, leading to liver 

injury. Increased levels of free radical increases the level of pro inflammatory cytokine level by the 

activation of its transcription factor NF-kB (Nuclear Factor- kappa B) 
23

. This pro inflammatory 

cytokines enhances the caspases which leads to apoptosis of hepatocytes. NF-kB also cause the 
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activation of TNF (Tumour Necrosis Factor alpha), which eventually lead to cell destruction 
24

. 

Another physiological pathway connecting oxidative stress and liver diseases is, high level of ROS 

and oxidized NAD(P)H increase membrane permeability transition (MPT) by increasing 

intracellular Calcium
 25

 or mitochondrial serine protease 
26

. The prime factor for the pathogenesis 

of NAFLD (Non Alcoholic Fatty Liver Disease) is oxidative stress and associated mitochondrial 

dysfunction 
27,28 

Hepatic disorder constitute one of the main causes of world-wide mortality. There 

was a 25% increase in liver disease deaths between 2001 and 2009. This is in contrast to other 

major causes of death, which has been declared that liver disease kills people at a much younger 

age. 90% of people with liver disease dying in hospital are under 70 years old 
29

. This shows the 

challenge in managing the end of life care for patient group. Several studies has been conducted 

for obtaining a suitable solution for hepatic disease but we are far from effective treatment. “We 

are what we ate” 
30

, so there is increasing interest to find out the antioxidant effect of commonly 

used food. In this study we try to observe and compare the effect of antioxidant rich food 

supplement like curcumin and capsaicin in stress related liver disease. Curcumin and capsaicin 

have been proved that they can reduce the level of pro inflammatory mediators released from 

macrophages. 

Curcumin is an active constituent in turmeric, an Indian spice and it has a long history of use in 

ayurvedic medicine. It shows wide range of pharmacological anti-inflammatory 
31

, antioxidant and 

anti-cancer properties 
32-34 

Chemically it is di-feruloylmethane (C21H20O6), contain more than one 

functional group like phenyl rings, -di-keto group and carbon–carbon double bonds, all are 

capable for free radical scavenging. Some studies claimed that among all these functional group 

phenolic group is essential for the detoxification reaction 
35,36 

Curcumin shows antioxidant 

properties by two method, first one is the direct scavenging of ROS 
37,38

 and later by modulating 

cellular signals 
39,40

 Studies have shown that curcumin inhibits the activation of NF-kB, which is 

associated with the proliferation of tumor cell 
41

. It also suppress the other inflammatory markers 

like COX, LOX and iNOS 
42-44

 Recent study on curcumin proved that curcumin is a unique 

chemotherapeutic compound, unlike other chemotherapeutic agent, it acts only on affected cell and 

does not cause damage to the neighboring normal cell 
45,46

 Beneficiary of curcumin against liver 

fibrosis 
47

, Alzheimer’s disease 
48,49

, diabetes 
50,51

 skin diseases 
52

 and auto immune diseases 
53,54

 

have also been reported. Another spice which we have selected in our study is capsaicin. Like 

curcumin it also contain phenolic group. Chemically it is 8-methyl-N-vanillyl-6nonenamide 

(C18H27NO3), it is a pungent and active component in capsicum. Both the spices have structural 
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similarities
55

. Like curcumin, capsaicin also has the antioxidant
56

, antimutagenic, anti-

inflammatory 
57,58

 and anticarcinogenic activities 
59

. It’s reported that capsaicin suppress the 

growth of hepatic carcinoma cell 
60

 and leukemic cell 
61

. Recent studies showing that capsaicin 

have a role in managing prostate cancer 
62,63

 Capsaicin prevent the activation of NF-kB by 

suppressing the degradation of IBfactor. In our study we compare the antioxidant and hepato 

protective properties of these commonly used spices 
64

. 

MATERIALS AND METHOD 

Animals  

Forty two male albino rats 6-8 weeks old weighing 180-200 gms were used for the experiment. 

The rats were divided into seven groups of six rats. Animals were caged individually and 

maintained in an ideal laboratory conditions room temperature at 22-24
0
C and 12h light and dark 

cycle. The rats were fed with standard pellet and water ad libitum. All studies were conducted in 

accordance with the CPCSEA (Control for Protection to Cruelty to Experimental Animals), India 

guidelines. The study protocol was approved by IAEC. 

Experimental design  

The animals were divided in to seven groups as follows 

Group I – normal control 

Group II – exposed to acute water immersion stress 

Group III – exposed to chronic water immersion stress  

Group IV – acute water immersion + curcumin administration 

Group V – chronic water immersion + curcumin administration 

Group VI – acute water immersion + capsaicin administration 

Group VII – chronic water immersion + capsaicin administration 

Rats assigned to control group were kept in a standard laboratory conditions without being 

exposed to any type of stress. Rats assigned to stress group were exposed to forced swimming 

stress for one hour in a glass water tank. Forced swimming stress is considered as the ideal method 

for giving emotional stress to the experimental animals 
65

 The temperature of water in the tank was 

maintained at 28
o
C. Acute groups were exposed to water immersion stress for one day, whereas 

seven days of stress of 1hr a day were given for chronic group. Curcumin and capsaicin were 

purchased from Arjuna chemicals and given orally to respective group with a concentration of 

30mg/kg (average 6mg/rat) for 10 days 
66,55

 Rats were sacrificed at the end of treatment. Blood 

collected in heparin tubes from retro orbital venous sinus for blood GSH estimation. Liver tissues 
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were taken out, one part was frozen in liquid nitrogen and kept in -80
0
C until being used for 

biochemical assays and the other part was used for histopathology study. In the present study GSH 

level in both blood and liver were estimated by using Ellman’s reagent 
67

, MDA by using TBAR 

method
68

 and peroxidase estimation by pyrogallol method 
69

. Tissue samples are homogenized in 

0.1M ice cold phosphate buffer solution and centrifuged at 10000 rpm for 10 minutes at 4oC and 

collected the supernatant 

Estimation of malonyldialdehyde (MDA) 

Liver homogenate was mixed with the TBA-TCA- HCl solution and incubated in boiling water 

bath for 10 minutes. Cooled in room temperature and centrifuged again at 1000 rpm for 10 

minutes. Optical density of the supernatant was measured against the blank at 532. Concentration 

of MDA was calculated by using extinction co efficient ( = 1.56 x 105M-1 Cm 
-1

 ) and the result 

were expressed as nanomol MDA/gram of tissue. 

Estimation of reduced glutathione (GSH) 

Heparinized blood samples were used for the estimation of blood glutathione level. 750 micro liter 

of precipitating reagent and 450 micro liter distilled water were added to 50 micro liter of sample. 

Centrifuged at 10000 rpm for 45 minutes. Collected the supernatant and added 0.3M phosphate 

buffer (pH= 8) and DTNB solution (300 micro molar in 0.1 M phosphate buffer). Incubated at dark 

for 5 minutes and OD reading measured against the blank at 412 nm wave length. Concentration of 

GSH was calculated by using glutathione standard curve.  

Estimation of peroxidase  

5% pyrogallol (0.32ml), 30% hydrogen peroxide solution (0.16 ml) and phosphate buffer (pH=6, 

0.32ml) added to the sample. Absorbance was noted at every 20 seconds for 3minutes. Enzyme 

activity was calculated by using the formula (A420/20 second Test - A420/20 Blank) x 3 x df/ 

12x 0.1 

RESULT AND DISCUSSION 

Effect of stress  

The effect of acute and chronic water immersion stress on blood and hepatic GSH level is depicted 

in table 1. Hepatic GSH level was decreased by 33.63% in acute stress and 51.51% in chronic 

stress. Blood glutathione level was also decreased by 15.8% and 28.5 % in acute and chronic stress 

respectively. Activity of peroxidase enzyme also showed the similar results. It is decreased by 

44.38% in acute stress and 54.55% in chronic stress. The results also revealed that there is a drastic 

increase in MDA level in acute and chronic stressed group. In acute group there is an increase of 
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18.08% and in chronic water immersion group 32.64%. Histopathological results showed 

sinusoidal dilation, congested blood vessel, kupffer cell hyperplasia and portal inflammation in 

stress induced rats.  

Effect of pretreatment of curcumin and capsaicin. 

Administration of curcumin and capsaicin restored the GSH and MDA values in stress induced 

rats. All antioxidant markers are altered in stressed group compared to the control, however all the 

markers showed a marked recovery in response to curcumin and capsaicin administration to stress 

induced rats compared to untreated stressed rats. 
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Table 1: effect of water immersion stress and hepatoprotective effect of curcumin and capsaicin on rats. 

 Group 1 

(control) 

Group 2 

(Acute 

stress) 

Group 3 

(chronic 

stress) 

Group 4 

(acute+curcumin) 

Group 5 

(chronic+curcumin 

Group 6 

(acute+capsaicin 

Group 7 

(chronic+ca

psaicin 

Blood glutathione level 

(mg/ml of blood 

0.344±0.03 0.289±0.04* 0.246±0.03** 0.368±0.01 0.351±0.04 0.358±0.03 0.334±0.02 

Hepatic glutathione 

(mg/gm tissue)  

1.02±0.1 

 

0.68±0.2* 

 

0.49±0.18** 

 

0.93±0.23 

 

0.78±0.15 

 

0.87±0.18 

 

0.78±0.14 

 

Hepatic MDA level 

(nmole/gm of tissue) 

11.05±0.9 13.04±1.51* 14.44±1.86** 11.17±1.6 11.84±1.16 11.1±1.3 11.8±1.03 

Hepatic peroxidase 

(U/gm of tissue) 

7.79±1.9 4.33±0.9** 3.54±0.4** 10.58±1.69 7.87±2.9 10.79±2.5 9.29±1.89 

** 
 = strong significance (p<0.01) ;

 *
 significant (p<0.05) 
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Figure 1: Control rat liver 

 

Figure 2: Acute stress induced rat liver 

Kupffer cell hyperplasia , 2. Capillary congestion, 3.portal inflammation 

 

Figure 3: Chronic stress induced rat liver 

1. Congested blood vessels  2. Kupffer cell hyperplasia  3 Steatosis. 4. Sinusoidal dilatation  5. 

Portal inflammation 
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Figure 4: Acute stress + curcumin 

1. Vascular congestion 

 

Figure 5: Chronic stress + curcumin 

1. mild steatosis 

 

Figure 6: Acute stress + capsaicin 

1. Capillary congestion and mild portal infiltrate 
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Figure 7: Chronic stress + Capsaicin 

1. Mild steatosis 2. Sinusoidal dilation 

This study investigated the potent hepato protective and antioxidant properties of curcumin and 

capsaicin in acute and chronic stress, induced by water immersion stress. In the study, 

hepatotoxicity induced by water immersion stress was assessed by biochemical and 

histopathological parameters. Selected markers showed significant difference in stress induced 

groups and it restored to its normal value in curcumin and capsaicin treated groups. Several studies 

have demonstrated that ROS generated from oxidative stress has a major role in the pathogenesis 

of several disease mainly liver diseases. In our study MDA level shows significant increase both in 

acute and chronic stressed groups. MDA is the end product of lipid per oxidation and considered as 

an ideal marker for cellular injury 
70

. Previous studies also reported that administration of both 

acute and chronic stress cause significant elevation of MDA in different tissues 
71-72

 However 

some of the previous reports are inconsistent with this 
73-74

. It is universally accepted that increased 

level of corticosterone is a sign of stress.  Evidence indicates that there is a positive correlation 

between corticosterone level and MDA and it suggested that increased corticosterone secretion 

during stress accelerates the lipid per oxidation through ROS
75

. 

MDA level in all groups are presented in table. MDA level in curcumin and capsaicin treated 

groups were lower than stress induced group. These observations show that curcumin and 

capsaicin inhibit the lipid peroxidation and protect the cell from stress induced damages. Previous 

studies also proved the hepato protective effect of curcumin and capsaicin in iron induced 

hepatotoxicity 
76.

 Another study reported that curcumin prevent the generation of highly active 

hydroxyl radical, which initiate the lipid per oxidation by inhibiting the oxidation of Fe2+ with 

hydrogen peroxide 
77-78

 Primary mechanism for the lipid per oxidation is the activation of pro 

inflammatory mediators by the activation of NFkB. It is reported in recent papers that both 

curcumin and capsaicin reduce the activation of NFkB 
79-80
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Our study also demonstrated that concentration of reduced glutathione (GSH) in blood as well as 

liver was progressively decreased in acute and chronic group. Glutathione is an important non 

enzymatic antioxidant. Concentration of GSH is high in liver compared to other tissues, about 10% 

of total GSH is present in hepatocyte 
81

. Chemically glutathione is α L-glutamyl-L-cysteineglycin 

and more than 90% of cellular non protein thiole groups are present in it. It has been reported that 

depletion of GSH enhances the apoptosis of cell 
82

.  Depletion of GSH level has been reported in 

liver cirrhosis 
83

 and chronic hepatitis 
84

. It is also proved that blockage of GSH/GST 

detoxification system in tumor cell lines enhances the chemo sensitivity 
85

. A significant increase 

in GSH levels was observed in capsaicin and curcumin-treated rats. Reports from other studies 

demonstrated that curcumin increase the GSH level in hepatocytes
 86

 and kidney 
87

. An in-vitro 

study reported that curcumin enhances the formation of GSH 
46

. Peroxidase, another important 

endogenous antioxidant enzyme has similar effect. Recent study shows that curcumin treatment 

increased the antioxidant status of mouse exposed to different doses of gama radiation 
88

 and 

aflatoxin induced oxidative stress
89

. Study of Chakraborti et al reported that, glutathione depletion 

may lead to an increased lipid peroxidation, possibly due to the lowering of the cellular defense 

system against endogenous toxic intermediates 
90.

  

Hitopathological findings also supported the biochemical observations. Histopathological 

parameters comprised of sinusoidal dilation, congested blood vessel, hepatic steatosis, kupffer cell 

hyperplacia and portal inflammation in stressed rats. It has been reported that kupffer cells are 

more sensitive to oxidative stress
91

. The proinflammatory cytokines released during stress act on 

the kupffer cell and initiates the liver inflammation. At the same time the present result revealed 

that the pre- treatment of curcumin and capsaicin administration was able to reduce the 

hepatotoxicity induced by stress. Previous studies have been reported with similar antioxidant 

effect of curcumin and capsaicin.  

CONCLUSION  

In summary, exposure to stress induces production of free radicals and lead to the oxidative 

damage. Our results also suggest that oral administration of curcumin and capsaicin elevated the 

activity of glutathione, peroxidase concentrations and lowered the lipid peroxidation in rat liver 

exposed to water immersion stress. Our findings indicate that use of curcumin and capsaicin in our 

food may be one of benefit to reduce the effect of stress and generation of highly active free 

radicals. Both the curcumin and capsaicin have similar beneficial effect as an antioxidant and 

hepatoprotective agent. 

http://www.ajptr.com/


Saliha et. al., Am. J. PharmTech Res. 2016; 6(2)     ISSN: 2249-3387 

261 www.ajptr.com 

 

REFERENCES 

1. Sánchez-Valle V, Chávez-Tapia NC, Uribe M, Méndez-Sánchez N. Role of oxidative stress 

and molecular changes in liver fibrosis: A review. Curr. Med. Chem 2012; 19: 4850–60. 

2. Hans selye.Stress and the General Adaptation Syndrome.  Br Med J 1950; 1 (4667): 1383-

1392. 

3. Hans selye. Syndrome produced by diverse nocuous agents. Nature 1936; 138(3479): 32. 

4. Bukan N ,Sancak B, Yavuz O, Koca C, Tutkun F, Ozçelikay AT and Altan N. Lipid 

peroxidation and scanvenging enzyme levels in the liver of streptozotocin- induced diabetic 

rat. 2003, indian journal of biochemistry and biophysics, Vol. 40, pp. 447-50. 

5. Halliwell  B and Whiteman M.Measuring reactive species and oxidative damage in vivo 

and in cell culture: how should you do it and what do the results mean? Br J Pharmacol 

2004; 142: 231-255. 

6. B.Halliwell. Biochemistry of oxidative stress.  Biochem. Soc. Trans 2007; 35: 1147-50. 

7. M.Genestra.Oxyl radicals, redox-sensitive signalling cascades and antioxidant.cell signal 

2007; 19: 1807-19. 

8. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J.Free radicals and 

antioxidants in normal physiological functions and human disease.  The International 

Journal of Biochemistry & Cell Biology 2007; 39: 44-84. 

9. Pham-Huy, Lien Ai, He Hua and Pham-Huy and Chuong. "Free Radicals, Antioxidants in 

Disease and Health". International journal of biomedical science 2008;  4:  89-96. 

10. Ji Li Li, Leichtweis, Steve.Exercise and oxidative stress: Sources of free radicals and their 

impact on antioxidant systems. age 1997; 20: 91-106. 

11. V. Lobo, A. Patil, N. ChandraV.Free radicals, antioxidants and functional foods: Impact on 

human health. 8, 2010, pharmacognosy reviews, Vol. 4, pp. 118-126. 

12. J., Schreiber, TE., Eling and RP., Mason. The oxidation of arachidonic acid by the 

cyclooxygenase activity of purified prostaglandin H synthase: spin trapping of a carbon-

centered free radical intermediate. Arch Biochem Biophys 1986; 249: 126-36. 

13. Salganik and I Rudolf. The Benefits and Hazards of Antioxidants: Controlling Apoptosis 

and Other Protective Mechanisms in Cancer Patients and the Human Population. Journal of 

the American College of Nutrition 2001; 20( 5): 464-72. 

14. Daleke.M., Dana., Niedowicz and David. The Role of Oxidative Stress in diabetic 

complication.  Cell Biochemistry and Biophysics 2005;43: 289-330. 

http://www.ajptr.com/


Saliha et. al.,  Am. J. PharmTech Res. 2016;6(2)  ISSN: 2249-3387 

www.ajptr.com  262 

 

15. Konturek PC, Brzozowski T, Konturek SJ."Stress and the gut : pathophysiology, clinical 

consequences, diagnostic approach and treatment option." journal physiology and 

pharmacology 2011;  62: 591-9. 

16. Esrefoglu. and Mukaddes. Oxidative stress and the benefits of antioxidant agents in acute 

and chronic hepatitis. Hepatitis monthly 2012; 12: 160-7. 

17. Agarwal S.K. And Marshall G.D Jr.Stress effects on immunity and its application to 

clinical immunology. Clinical and Experimental Allergy  2001;31: 25-31. 

18. Muller FL, Lustgarten MS, Jang Y, Richardson A, Van Remmen H.. trends in oxidative 

aging theories.  Free Radic Biol Med 2007;43: 477-503. 

19. Harman D .Aging: a theory based on free radical and radiation chemistry. J Gerontol  1956; 

11: 298-300. 

20. Ravindra Pratap Singh, Shashwat Sharad, Suman Kapur. Free Radicals and Oxidative 

Stress in Neurodegenerative Diseases:Relevance of Dietary Antioxidants. JIACM  2004; 5: 

218-25. 

21. Halliwell, B.  Free Radicals, Antioxidants, and Human Disease: Curiosity, Cause, or 

Consequence? Lancet  1994; 344(8924): 721-4. 

22. Sha Li, Hor-Yue Tan, Ning Wang, Zhang-Jin Zhang, Lixing Lao, Chi-Woon Wong and 

Yibin Feng The Role of Oxidative Stress and Antioxidants in liver diseases. Int. J. Mol. 

Sci. 2015; 16: 26087-124. 

23. Koo JW, Russo SJ, Ferguson D, Nestler EJ, Duman RS. Nuclear factor-kappaB is a critical 

mediator of stress-impaired neurogenesis and depressive behavior. Proc Natl Acad Sci 

2010;107: 2669-74. 

24. Dey A, Cederbaum AI.Alcohol and Oxidative Liver Injury.   Hepatology 2006; 43: 563-74. 

25. Byrne AM, Lemasters JJ,Nieminen AL. contribution of incresed mitocondrial free Ca2+ to 

the mitochondrial permeabilty transition induced by tert-butyl hydroperoxide in rat 

hepatocytes. Hepatology 1999;  29: 1523-31. 

26. Aguilar HI, Botla R,Arora AS,Bronk SF,Gores GJ. Induction of the mitochondrial 

permeability transition by protease activity in rtas: mechanism of hepatocyte necrosis. 

Gastroenterology  1996;110: 558-66. 

27. Y. Sumida, E. Niki, Y. Naito, and T. Yoshikawa. Involvement of free radicals and 

oxidative stress in NAFLD/NASH.  Free RadicalResearch 2013; 47(11): 869-80. 

http://www.ajptr.com/


Saliha et. al., Am. J. PharmTech Res. 2016; 6(2)     ISSN: 2249-3387 

263 www.ajptr.com 

 

28. L.A.Videla, R.Rodrigo,J.Araya,andJ.Poniachik. Oxidative 

stressanddepletionofhepaticlong-chainpolyunsaturatedfatty acids may contribute to 

nonalcoholic fatty liver disease. Free RadicalBiologyandMedicine 2004; 37: 1499–1507. 

29. Lombard, Martin.Deaths from Liver Disease. england : National End of Life care 

programme, 2012. 

30. B.Wood and A.Brooks. Human evolution:We are what we ate.  Nature1990; 400(6741): 

219-20. 

31. Yan He, Yuan Yue , Xi Zheng Kun Zhang , Shaohua Chen and Zhiyun Du. Curcumin, 

Inflammation, and Chronic Diseases: How Are They Linked?  Molecules 2015; 20: 9183-

213. 

32. A. Goel, C. R. Boland, and D. P. Chauhan. Specific inhibition of cyclooxygenase-2 (COX-

2)expression by dietary curcuminin HT-29 human colon cancer cells . Cancer Lett 2001;  

172: 111-8. 

33. Y. J. Surh, K. S. Chun, H. H. Cha, S. S. Han, Y. S. Keum, K. K. Park, and S. S. 

Lee.Molecular mechanisms underlying chemopreventive activities of anti-inflammatory 

phytochemicals:Down-regulation of COX-2 and iNOS through suppression of NF-kB 

activation. Mutat Res 2001; 480:243-68. 

34. K.Srinivasan. Role of spices beyond food flavouring: Nutraceuticals with multiple health 

effects. Food Rev Int 2005;21: 167-88. 

35. L. R. C. Barclay, M. R. Vinqvist, K. Mukai, H. Goto, Y. Hashimoto, A. Tokuanga, and H. 

Uno. The antioxidant mechanism of curcumin: Classical methods are needed to determine 

antioxidant mechanism and activity.  Org Lett 2000; 2: 2841-3. 

36. K. I. Priyadarsini, D. K. Maity, G. H. Naik, M. S. Kumar, M. K. Unnikrishnan, J. G. Satav, 

and H. Mohan. Role of phenolic O:H and methylene hydrogen on the free radical reaction 

and antioxidant activity of curcumin. Free Radical. Biol Med 2003; 35: 475-84. 

37. Sharma O.P.  Antioxidant activity of curcumin and related compounds. Biochem 

pharmacol 1976; 25: 1811-2. 

38. E Kunchandy, M.N Rao. Oxygen radical scavenging activity of curcumin and related 

compounds. Int J of Pharm 1990; 58: 237-40. 

39. J.Y Liu, S.J.Lin, J.K.Lin. Inhibitory effect of curcumin on protein kinase C activity induced 

by 12-O-tetradeconyl-phorbol-13 acetatein NIH 3T3cells. Carcinogenesis 1993;14: 857-61. 

40. C.A Shih, J.K Lin Inhibition of 8 hydroxydeoxyguanosin formation by curcumin in mouse 

fibroblast cells.  Carcinogenesis 1993;14: 709-112. 

http://www.ajptr.com/


Saliha et. al.,  Am. J. PharmTech Res. 2016;6(2)  ISSN: 2249-3387 

www.ajptr.com  264 

 

41. Singh S, Aggarwal BB. Activation of transcription factor NF-kB is suppressed by curcumin 

(diferuloylmethane). J Biol Chem 1995;270: 24995-25000. 

42. H. C. Huang, T. R. Jan, and S. F. Yeh. Inhibitory effect of curcumin, an antiinflammatory 

agent, on vascular smooth muscle cell proliferation.  Eur J Pharmacol 1992;221: 381-5. 

43. Brouet I, Ohshima H. Curcumin, an anti-tumor promoter and anti-inflammatory agent, 

inhibits induction of nitric oxide synthase in activated macrophages. Biochem Biophys Res 

Commun 1995; 206: 533–540 . 

44. T. Kawamori, C. V. Rao, K. Seibert, and B. S. Reddy. Chemopreventive activity of 

celecoxib,aspecificcyclooxygenase-2inhibitor,againstcoloncarcinogenesis. Cancer Res 

1998; 58: 409-12. 

45. Jayaraj Ravindran, Sahdeo Prasad, and Bharat B. Aggarwal. Curcumin and Cancer Cells: 

How Many Ways Can Curry Kill Tumor cell selectively. The AAPS Journal 2009; 11: 495-

510. 

46. Christine Syng-ai, A. Leela Kumari and Ashok Khar. Effect of curcumin on normal and 

tumor cells: Role of glutathione and bcl-2. Mol Cancer Ther 2004; 3: 1101-8. 

47. Reyes-Gordillo K, Segovia J, Shibayama M, et al.Curcumin protects against acute liver 

damage in the rat by inhibiting NF-kB, proinflammatory cytokines production and 

oxidative stress. Biochim Biophys Acta 2007; 1770: 989-96. 

48. Ramdani L, Bourboulou R, Belkouch M et al,. Multifunctional Curcumin-Nanocarriers 

Based on Host-Guest Interactions for Alzheimer Disease Diagnostic . J Nanomedicine & 

Nanotechnology 2015; 6. 

49. Palanivelu, Shrikant Mishra and Kalpana. The effect of curcumin (turmeric) on Alzheimer's 

disease: An overview. Ann Indian Acad Neurol 2008; 11: 13-19. 

50. B. Meng, J. Li and H. Cao,. Antioxidant and antiinflammatory activities of curcumin on 

diabetes mellitus and its complications. Curr. Pharm. Des 2013; 19: 2101-13. 

51. M. Maradana, R. Thomas and B. O’Sullivan. Targeted delivery of curcumin for treating 

type 2 diabetes. Mol. Nutr. Food Res 2013; 57: 1550-6. 

52. S. Jun, Z. Yi, J. Hairong and H. Jinhong,. Curcumin relieves TPA-induced Th1 

inflammation in K14-VEGF transgenic mice. Int. Immunopharmacol. 2015; 25: 235–241. 

53. Harikumar, B. Aggarwal and K. potential Therapeutic effects of curcumin, the anti-

inflammatory agent, against neurodegenerative, cardiovascular, pulmonary, metabolic, 

autoimmune and neoplastic diseases . Int. J. Biochem. Cell Biol 2009; 41: 40-59. 

http://www.ajptr.com/


Saliha et. al., Am. J. PharmTech Res. 2016; 6(2)     ISSN: 2249-3387 

265 www.ajptr.com 

 

54. Jiangang Qu, Christian Mélot, Thierry Appelboom. Short Report of a Preliminary Open 

Study of Synofit-Containing Bio-Curcumin,Greenlipped Mussel and Blackcurrant Leaf 

extract in arthritis. Open Journal of Rheumatology and Autoimmune Diseases 2015; 5: 

113-7. 

55. Srinivasan, D Suresh and K. tissue distribution and elimination of capsaicin, piperine, and 

curcumin following oral intake in rats. Indian J Med Res 2010; 131: 682-91. 

56. Prabhanshu Kumar, Subhash Chand,Pranjal Chandra, pawan kumar Maurya. Influence of 

Dietary Capsaicin on Redox Status in Red Blood Cells during human aging. Adv Pharm 

Bull 2015; 5: 583-586. 

57. Toyoda, T., Shi, L., Takasu, S., Cho, Y., Kiriyama, Y., Nishikawa, A., Ogawa, K., 

Tatem."Anti-Inflammatory Effects of Capsaicin and Piperine on Helicobacter Pylori-

Induced Chronic Gastritis in Mongolian Gerbils. Helicobacter 2015. 

58. Kang JH, Kim CS, Han IS, et al. Capsaicin, a spicy component of hot peppers, modulates 

adipokine gene expression and protein release from obese-mouse adipose tissues and 

isolated adipocytes and suppresses the inflammatory responses of adipose tissue 

macrophage. FEBS lett 2007; 581: 4389-96. 

59. Siwei Cao, Huoji Chen, Shijian Xiang, Junhui Hong, Lidong Weng, Hongxia Zhu,Qiang 

Liu. Anti-Cancer Effects and Mechanisms of capsaicin in chilli peppers. American Journal 

of Plant Sciences 2015; 6: 3075-3081. 

60. Huang, S.P., Chen, J.C., Wu, C.C., Chen, C.T., Tang, N.Y., Ho, Y.T., Lo, C., Lin, J.P., 

Chung, J.G. and Lin, J.G. Capsaicin-Induced Apoptosis in Human Hepatoma HepG2 Cells. 

Anticancer Research 2009; 29: 165-174. 

61. Ito, K., Nakazato, T., Yamato, K., Miyakawa, Y., Yamada, T., Hozumi, N., Segawa, K., 

Ikeda, Y. and Kizaki, M. Induction of Apoptosis in Leukemic cells by Homovanilic Acid 

derivatives, Capsaicin, through Oxidative stress: Implication of phosphorylation of p53 at 

Ser-15 Residue by reactive oxygen species . cancer research 2004; 64: 1071-8. 

62. Zheng, L., Chen, J., Ma, Z., Liu, W., Yang, F., Yang, Z., Wang, K., Wang, X., He, D. and 

Li, L.Capsaicin Causes Inactivation and Degradation of the Androgen Receptor by 

Inducing the Restoration of miR-449a in Prostate cancer. Oncology Reports 2015; 34: 

1027-34. 

63. Venier, N.A., Yamamoto, T., Sugar, L.M., Adomat, H., Fleshner, N.E., Klotz, L.H. and 

Venkateswaran V. Capsaicin Reduces the Metastatic Burden in the Transgenic 

Adenocarcinoma of the Mouse Prostate Model. Prostate 2015; 75: 1300-11. 

http://www.ajptr.com/


Saliha et. al.,  Am. J. PharmTech Res. 2016;6(2)  ISSN: 2249-3387 

www.ajptr.com  266 

 

64. Han SS, Keum YS, Chun SK, Surh YJ. Suppression of phorbol ester-induced NF-kB 

activation by capsaicin in cultured human promyelocytic leukemia cells. Arch Pharma Res 

2002;25: 475-9. 

65. JEGANATHAN*, H. S. NAGARAJA AND P. S. FORCED SWIMMING STRESS-

INDUCED CHANGES IN THE PHYSIOLOGICAL AND BIOCHEMICAL 

PARAMETERS IN ALBINO RATS. Indian J Physiol Pharmacol 1999;43: 53-59. 

66. Reddy AC, Lokesh BR. Effect of curcumin and eugenol on iron-induced hepatic toxicity in 

rats. Toxicology 1996; 107: 39-45. 

67. Boyne, A.F. and Ellman, G.L. A methodology for analysis of tissue sulfhydryl components. 

Anal. Biochem 1972; 46: 639-53. 

68. Beuge JA, Aust SD. Microsomal lipid peroxidation. . Meth Enzymol 1978; 52: 302-311. 

69. Addy, S.K. and Goodman, R.N. Polyphenol oxidase and peroxidase in apple leaves 

inoculated with a virulent or an avirulent strain for Ervinia amylovora. . Ind. phytopath. 

1972; 25: 575-579. 

70. Edwin Ho a, Keyvan Karimi Galougahi a, Chia-Chi Liu, Ravi Bhindi, Gemma A. Figtree. 

Biological markers of oxidative stress: Applications to cardiovascular. Redox Biology 

2013; 1: 483–491. 

71. Ausaf Ahmad, Naila Rasheed,, Kailash Chand,Rakesh Maurya,Naheed Banu, Gautam 

Palit. Restraint stress-induced central monoaminergic and oxidative changes in rats and 

their prevention by novel Ocimum sanctum compounds. Indian J Med Res 2012; 135: 548-

54. 

72. Devaki M, Nirupama R, Yajurvedi HN. Reduced antioxidant status for prolonged period 

due to repeated stress exposure in rat. J Stress Physiol Biochem 2011; 7: 139-47. 

73. Uysal N, Acikgoz O, Gonenc S, Kayatekin BM, Kiray M, Sonmez A et al. Effects of acute 

footshock stress on antioxidant enzyme activities in the adolescent rat brain. . Effects 

Physiol Res 2005; 54: 437-42. 

74. Matsumoto K, Yobimoto K, Huong NT, AbdelFattah M, Van Hien T, Watanabe H. 

Psychological stress-induced enhancement of brain lipid peroxidation via nitric oxide 

systems and its modulation by anxiolytic and anxiogenic drugs in mice.. Brain Res 1999; 

839: 74-84. 

75. Mahvash Jafari, Maryam Salehi, Homeira Zardooz, Fatemeh Rostamkhani. Response of 

liver antioxidant defense system to acute and chronic physical and psychological stresses in 

male rats . EXCLI Journal 2014; 13: 161-171 . 

http://www.ajptr.com/


Saliha et. al., Am. J. PharmTech Res. 2016; 6(2)     ISSN: 2249-3387 

267 www.ajptr.com 

 

76. Manjunatha H, Srinivasan K. Protective effect of dietary curcumin and capsaicin on 

induced oxidation of low-density lipoprotein, iron-induced hepatotoxicity and carrageenan-

induced inflammation in experimental rats. FEBS J 2006; 273: 4528-37. 

77. Girotti AW, Thomas JP. Damaging effects of oxygen radicals on resealed erythrocyte 

ghosts. . J Biol Chem1984; 259: 1744–52. 

78. Reddy ACP, Lokesh BR. Studies on the inhibitory effects of curcumin and eugenol on the 

formation of reactive oxygen species and the oxidation of ferrous iron. . Mol Cell Biochem 

1994; 137: 1-8. 

79. Aggarwal BB, Kumar A & Bharti AC. Anticancer potential of curcumin: preclinical and 

clinical studies. Anticancer Res 2003;23: 363-98. 

80. Mori A, Lehmann S, O’Kelly J, Kumagai T, DesmondJC, Pervan M, McBride WH, Kizaki 

M & Koeffler HP. Capsaicin, a component of red peppers, inhibitsthe growth of androgen-

independent, p53 mutant pros-tate cancer cells. Cancer Res 2006; 66: 3222-9. 

81. Loguercio C, Di Pierro M. the role of glutathione is the gastrointestinal tract: a review.  Ital 

J Gastroenterol Hepatol 1990; 31: 401-7. 

82. Anderson CP, Tsai JM, Meek WE, et al. Depletion of glutathione by buthionine sulfoxine 

is cytotoxic for human neuroblastoma cells lines via apoptosis. Exp Cell Res 1999; 246: 

183-92. 

83. Loguercio C, piscopo P, Guerriero C, De Girolamo V, Disalvo D, Del Vecchio Blanco 

C.Effect of alcohol abuse and glutathione administration on the circulating level of 

glutathione and on antipyrine metabolism in patients with alcoholic liver cirrhosis. Scand J 

Clinn Lab invest. 1996; 56: 441-7. 

84. Barbaro G, Di Lorenzo G, M Soldini et al .serum ferittin and hepatic glutathione 

concentration in chronic hepatitis C patient related to the hepatitis C virus genotype. J 

hepatol. 1999; 30(5): 774-82. 

85. Armstrong DK, Gordon GB, Hilton J, Streepern RI, Colvin OM, Davids NE. Hepsulfam 

sensitivity in human breast cancer cell lines. The role of glutathione and glutathione-S-

transferases in resistance. . Cancer Res 1992; 52: 1416-21. 

86. White EL, Ross LJ, Schmid SM, Kelloff GJ, Steele VE, Hill DL. Screening of potential 

cancer preventing chemicals for induction of glutathione in rat liver cells. Oncol Rep 1998; 

5: 507-12. 

87. Venkatesan N, Punithavathi D, Arumugam V. Curcumin prevents Adriamycin 

nephrotoxicity in rats. Br J Pharmacol 2000; 129:231-4. 

http://www.ajptr.com/


Saliha et. al.,  Am. J. PharmTech Res. 2016;6(2)  ISSN: 2249-3387 

www.ajptr.com  268 

 

88. Rajanikant., Ganesh Chandra Jagetia and Golgod Krishnamurthy. Curcumin Stimulates the 

Antioxidant Mechanisms in Mouse Skin Exposed to Fractionated γ-Irradiation. 

Antioxidants 2015; 4: 25-41. 

89. El-Bahr S. M. Effect of Curcumin on Hepatic Antioxidant Enzymes Activities and Gene 

Expressions in Rats Intoxicated with Aflatoxin B1. Phytother Res 2015; 29: 134-40. 

90. Chakraborti A, Gulati K, Ray A. Age related differences in stress-induced neurobehavioral 

responses in rats: Modulation by antioxidants and nitrergic agents. Behav Brain Res 2008; 

194:86-91. 

91. Vrba J, Modriansky M. Oxidative burst of kupffer cell : target for liver injury treatment. 

Biomed Pap Med Fac 2002; 146: 15-20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  AJPTR is 

 Peer-reviewed       

 bimonthly 

 Rapid publication 

Submit your manuscript at: editor@ajptr.com 

http://www.ajptr.com/

