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INTRODUCTION
Sepsis is a systemic inflammatory response to infection 
mediated through cytokines and free radicals for con-
trolling local inflammation with eventual elimination 
of invading pathogens.1,2 Massive and uncontrolled  
release of cytokines such as tumor necrosis factor-alpha 
(TNF-α), interleukin-1β (IL-1β), high mobility group  
box-1 (HMGB1)3,4 and free radicals trigger the systemic  
inflammatory process. These mediators contribute to 
the migration of leukocytes, lymphocytes, and platelets  
to the infected area and cause endothelial damage, 
increased microvascular permeability, vasoplegia, 
hypoperfusion, ischemia/reperfusion injury leading to 
organ dysfunction and death.5,6 
LPS, the outer membrane component of Gram-negative 
bacteria, is a major pathogenic factor in sepsis7 and 
is a widely used valuable and reproducible model to 
induce systemic inflammatory response in laboratory 
animals, which mimic the initial clinical features of  
sepsis.8 Development of significant therapeutic strategies  
have been made to treat sepsis, nevertheless mortality  
rate was not significantly decreased.9 Previous studies  
have reported that antioxidants are able to protect 
LPS-induced septic shock in vivo.
Curcumin, a polyphenol of Curcuma longa, reported 
for its beneficial anti-inflammatory, antioxidant, anti-
mutagenic and anticancer activities.10-12 Effective in 
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protecting heat induced oxidant stress,13 chromium-
induced renal damage,14 cisplatin-induced hepatotox-
icity,15 aluminum-induced mitochondrial dysfunc-
tion in vivo.16 Whereas, capsaicin, a component of  
Capsicum annum exerts various pharmacological 
properties, including antioxidant, anti-inflamma-
tory and anti-epileptic effects.17,18,19 In vivo reports 
have established that capsaicin inhibits cisplatin-
induced nephrotoxicity, Lipid peroxidation, renal 
injury, oxidative stress and inflammation,20,21 cecal 
ligation and puncture (CLP) induced systemic 
inflammatory responses.22 Mechanism of action of 
curcumin and capsaicin on health beneficial activ-
ity have been extensively studied and reported.23,24,25 
Although these two spice principles share a consid-
erable amount of structural homology nevertheless 
possesses notable differences in the mechanism of 
action. The present study was designed to evaluate 
protective effect of combined curcumin and capsaicin 
against LPS-induced inflammation in mice.

MATERIALS AND METHODS 
Chemicals 
Curcumin, capsaicin, lipopolysaccharide, Glutathione 
(GSH), nitroblue tetrazolium (NBT) and Griess 
reagents were purchased from Sigma-Aldrich (USA). 
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Riboflavin, Butylated hydroxyl toluene (BHT) and thiobarbituric acid 
(TBA) were obtained from Merck (Darmstadt, Germany). The assay kits 
for serum glutamate oxaloacetate transaminase (SGOT), serum glutamate 
pyruvate transaminase (SGPT), alkaline phosphatase (ALP), urea, total 
bilirubin, creatinine and fasting blood sugar (FBS) were purchased from 
Robonik India Pvt. Ltd., (Mumbai, India). All other chemicals and sol-
vents of analytical grades were purchased from Sisco research Laborato-
ries (Mumbai, India).

Experimental animals
Adult male albino mice, weighing 25-30 g housed in individual stainless  
steel cages, were maintained on standard pellet diet with ad libitum 
water. The animals were maintained under 12 h light-dark cycle. The 
animals were used after an acclimatization period of three days in the 
laboratory animal house. Animal experiments were carried out taking 
appropriate measures to minimize pain/discomfort in accordance with 
the guidelines of NIH (USA) regarding the care and use of animals for 
experimental procedures and with due clearance from Animal Ethics 
Committee CPCSEA (Ref: NCP/IAEC/CL/101/05/2012-13).

Experimental design
Animals were fasted for 12 h and then divided into five groups  
(6 Animals/group) as mentioned below.
Group A: Normal control 
Group B: Positive control (LPS- 3 mg/kg b.w) 
Group C: Curcumin 20 mg/kg b.w
Group D: Capsaicin 4 mg/kg b.w
Group E: Combined curcumin and capsaicin (curcumin-10 mg/kg +
capsaicin-2 mg/kg b.w.)
Curcumin and capsaicin were dissolved in olive oil and administered 
orally for 7 days at respective doses. On the 7th day after 6 h of oral 
administration of curcumin, capsaicin and their combination (all the 
experimental samples), a single intraperitoneal injection of LPS (3 mg/
kg b.w) in PBS was administered to all the groups except normal/nega-
tive control. At the end of the experiment, all the animals were subjected 
to fasting for 6 hrs and later sacrificed under mild anaesthesia.

Collection and sampling of blood for marker enzymes analysis
Blood samples were collected and centrifuged immediately at 4000 rpm  
in cold (4ºC) for 10 min. serum was collected and subjected for  
biochemical analysis.

Preparation of tissues homogenate
The liver and kidney were washed and homogenized at 10% (w/v) using 
0.15 M KCl and centrifuged at 8000 rpm for 10 min. to remove cellular 
debris. The supernatant was stored at -20ºC for further analysis.

Estimation of Lipid peroxidation (LPO)
The malondialdehyde (MDA) content, a measure of lipid peroxidation was  
assayed in the form of thiobarbituric acid reactive substances (TBARS) 
according to the method of Berton et al, (1998).26 

Estimation of Superoxide dismutase (SOD) activity
To determine the SOD activity, the riboflavin-NBT assay was adapted 
with slight modification.27 The tissues homogenate (0.1 ml) was mixed 
with 0.1 ml of 67 mM phosphate buffer (pH 7.8) containing 0.01M 
EDTA and 0.1mL of 1.5mM NBT. Then, 3mL of 1.2 mM riboflavin was 
added followed by incubation at 37ºC for 5 min. The reaction mixture 
was exposed to light (25 W) for 15 min. The inhibition of NBT reduction 
was determined by measuring the absorbance at 560 nm. Unit of SOD 
activity was expressed as the amount of enzyme required to inhibit the 
reduction of NBT using the formula 

Decrease inOD 2
SODactivity

(S B)
×

=
−

Where, Decrease in OD = (S-B) - (T-C), S = Absorbance of standard,  
B = Absorbance of blank, T = Absorbance of test and C = Absorbance 
of control. 
The specific activity was expressed in terms of U/mg of protein.

Estimation of catalase (CAT) activity
Catalase activity was estimated by following the procedure of Aebi. 
(1984).28

Estimation of Glutathione S-Transferase (GST) activity
GST activity was estimated according to the method of Warholm et al. 
(1985).29

Estimation of Nitric oxide (NO)
Estimation of NO was carried out according to the method of Lee et al. 
(2006).30

Histological analysis
Liver, lung, heart and kidneys were removed and fixed in neutralized 
4% paraformaldehyde, embedded in paraffin, and sectioned at 6 µm 
thickness and were stained with hematoxylin-eosin. Histopathological 
changes were evaluated under a light microscope.

Statistical Analysis
All the experiments were performed in triplicate and statistical analysis 
was performed using one way ANOVA followed by Dunnett’s multiple 
comparison tests. Data was computed for statistical analysis by using 
GraphPad prism 5 (San Deigo, CA). The values of p<0.05, p<0.01 and 
p<0.001 were considered as statistically significant.

RESULTS
Effect of curcumin, capsaicin and their combination on serum non-
specific marker enzymes
Administration of LPS to the positive control group showed marked 
elevation in the level of serum SGOT, SGPT, ALP, total bilirubin (for 
liver injury), urea, creatinine, (for renal dysfunction) and sugar. Curcumin,  
capsaicin and their combination revealed significant decrease in the  
LPS-induced elevation of serum enzymes and molecules. The fold 
decrease was found to be 1.26, 1.3, 1.61, 2.44, 1.10, 1.28 and 1.20 in 
curcumin treated group; while 1.18, 1.35, 1.52, 2.20, 1.11, 1.11 and 1.30 
in capsaicin treated group; 1.94, 1.44, 1.78, 2.70, 1.22, 1.34 and 1.46 in 
combined curcumin and capsaicin treated group respectively (Table 1). 
Administration of curcumin and capsaicin ameliorated LPS-induced 
organ damage thereby decreasing the levels of serum enzymes. Never-
theless, combined curcumin and capsaicin has shown higher protective 
effect than individual molecules. 

Effect of curcumin, capsaicin and their combination on renal and 
hepatic LPO and NO
Administration of LPS results in the significant elevation of LPO and NO 
in kidney and liver of mice and the fold increase was found to be 1.65 and 
1.40 for LPO and 1.45 and 2.10 for NO respectively. However, curcumin, 
capsaicin and their combination has significantly decreased the LPO and  
NO in both kidney and liver. The fold decrease in LPO of liver and kidney  
was found to be 2.04 & 1.25 and 1.21 & 1.33 for NO in curcumin treated 
group; 1.80 & 1.15 for LPO and 1.54 and 1.06 for NO in capsaicin treated  
group and 2.33 & 1.53 for LPO and 2.16 & 1.46 fold in combined  
curcumin and capsaicin treated group respectively (Figure 1 and 2). 
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kidneys in the form of segmented sclerosis, bulged nephrons and hyaline 
atherosclerosis; heart in the form of coagulative necrosis, hemorrhages 
and inflammatory cells infiltration and lung in the form of injury to cells  
and inflammatory macrophage infiltration. Organ sections from curcumin  
and capsaicin groups resulted in the reduction of tissue necrosis, hepatic 
damage and sclerosis. However, combined curcumin and capsaicin 
markedly ameliorated the LPS-induced pathological changes and main-
tained the normal histology (Figure 3).

DISCUSSION
LPS stimulates immune response, leading to the activation of cascade of 
immune activities results in tissue damage, multiple organ failure and  
death.31 In the present study, a series of biochemical examinations to  
distinguish the anti-inflammatory potency of curcumin, capsaicin and 
their combination on LPS-challenged mice was performed.
The serum non-specific enzymes are potential indicators for the clinical 
diagnosis of tissues/organs damage during disease condition. LPS intoxi-
cation in the body activates cascade of immune responses results in the 
disruption of structural integrity of the organs and results in the leak-

Table 1: Effect of curcumin, capsaicin and their combination on serum non-specific marker enzymes  in LPS-induced mice.

Serum
non-specific 

enzymes

Treated groups

Normal Control Positive control Curcumin Capsaicin Cur +cap

SGOT
(IU/L)

88.1±2.82*** 180.4±3.79 144.2±3.30*** 153.4±1.84** 96.1±1.39***

SGPT
(IU/L)

80.16±2.20** 132.0±3.14 103.5±2.42** 100.1±3.98* 93.9±1.83**

ALP
(IU/L)

171.6±1.6*** 321.1±3.88 198.6±1.29** 210.4±2.09* 179.8±2.05***

TB
(mg/dl)

0.70±0.14*** 2.30±1.23 0.93±0.02** 1.03±0.3** 0.84±0.03***

Urea (mg/dl) 68±1.30*** 85.5±2.68 77.1±1.29** 77.2±0.2** 70.1±1.34***

Creatinine (mg/dl) 0.38±2.43** 0.51±2.03 0.40±1.93*** 0.46±3.40** 0.38±0.56***

FBS
(mg/dl)

49.9±2.31*** 95.7±0.32 79.6±2.50*** 75.2±1.65** 65.5±0.12***

Values are expressed as Mean ± SEM (n=6). One-way ANOVA was performed followed by Dunnett’s multiple comparison tests. Significant difference, *p<0.05, **p<0.01 
and ***p<0.001.

Figure 1: Effect of curcumin, capsaicin and their combination on lipid 
peroxidation in the (A) Liver and (B) Kidneys of LPS-induced mice. 
Values are expressed as Mean ± SEM (n=6). One-way ANOVA was 
performed followed by Dunnett’s multiple comparison tests. Significant 
difference *p<0.05, **p<0.01 and ***p<0.001.

Figure 2: Effect of curcumin, capsaicin and their combination on NO  
release in the (A) Liver and (B) Kidneys of LPS-induced mice.
Values are expressed as Mean ± SEM (n=6). One-way ANOVA was 
performed followed by Dunnett’s multiple comparison tests. Significant 
difference *p<0.05, **p<0.01 and ***p<0.001.

Effect of curcumin, capsaicin and their combination on antioxidant 
enzymes CAT, SOD and GST
The antioxidant enzymes CAT, SOD and GST were decreased promi-
nently up to 2.28, 3.38 and 1.5 fold in liver while in kidneys 3.11, 1.15 
and 1.7 fold. However, administration of curcumin, capsaicin and their 
combination shows significant increase in antioxidant enzymes in liver 
and kidneys. The fold increase in CAT, SOD and GST in liver were 1.52, 
3.46 and 1.29 respectively for curcumin; 1.22, 3.15 and 1.22 for capsaicin 
and 1.82, 2.96 and 1.53 for combined curcumin and capsaicin. In kidney, 
the fold increase was 2.79, 1.27 and 1.34 for curcumin; 1.67, 1.15 and 
1.11 for capsaicin and 3.48, 1.02 and 1.49 for combined curcumin and 
capsaicin (Table 2) respectively. 

Histopathological analysis
Liver, kidneys, heart and lung histopathology was done to determine 
the protective effects of curcumin, capsaicin and their combination on 
LPS-induced organ injury. The liver, kidneys, heart and lung sections 
from control group showed normal structural integrity (Figure 3). LPS-
administration caused extensive damage to liver in the form of tissue  
necrosis, kupffer cell hyperplasia, disorganized hepatic architecture;  
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However, the beneficial effect in combined treatment was significant 
when compared with individuals. LPS treatment induced higher LPO  
causing oxidative damage to cell membrane and cell death. Hence the LPO 
is a key marker to analyze the induced oxidative stress in animals.35,36 LPS 
significantly elevated the LPO, whereas, pretreatment with curcumin 
and capsaicin prevented the LPO in the liver and kidneys of LPS treated  
mice (Figure 1). However, protective effect of combined curcumin and  
capsaicin was found to be more than individual molecules corroborating 
the earlier report.25

NO produced during the conversion of arginine into citrulline by nitric 
oxide synthase in the normal metabolism. LPS treatment elevated NO, 
as analyzed in renal and hepatic tissues by quantifying nitrite.37,38 NO 
has been a major factor involved in the pathologic vasodilation, tissue  
damage and a marker in septic shock.39 Curcumin, capsaicin and their 
combination decreased LPS-induced NO production in liver and  
kidneys, and the fold decrease being even higher in combined molecules 
(Figure 2).  
Histopathology of vital organs such as liver, kidneys, lung and heart 
of treated groups mitigated the LPS-induced damage by inhibiting the 
infiltration of inflammatory cells and significantly decreased the tissues 
injury. However, combined spice principles have shown effective prevention  
of LPS-induced organ damage than individuals and in correlation with 
the serum marker enzymes. 

CONCLUSION
The present findings showed that dietary spice principles curcumin 
and capsaicin were effective in reducing the oxidant stress in liver and 
kidneys. Although individual curcumin and capsaicin controlled LPS 
induced inflammatory response in mice, however combined curcumin 
and capsaicin had shown additive effect.
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SUMMARY

•  Sepsis is a major worldwide, life threatening and a leading cause of death 
in intensive care units (ICU). Hyperactivation of the inflammatory response 
is a remarkable feature of sepsis, initiated at any site vastly by any kind of 
microbes and/or their products leading to multiple organ damage/dysfunction 
syndrome (MODS) and death mediated by involvement of multiple pathways. 
Available Non-steroidal anti-inflammatory drugs (NSAID) although effective at 
various stages of pathogenicity, pose adverse pathological consequences. The 
current study unravels anti-inflammatory potency of combined spice principles 
curcumin and capsaicin against lipopolysaccharide (LPS) induced organ dam-
age in mice model. Curcumin and capsaicin had shown significant restoration 
of non-specific serum marker enzymes, antioxidant enzymes and attenuated 
inflammatory cells infiltration thereby preventing tissue/organ damage in LPS-
challenged mice. However, the protective effect was found to be more when 
the two compounds were fed in combination. This beneficial potency of com-
bined spice treatment is may be due to the contribution of diversified active 
moieties of curcumin and capsaicin in combination compared to individual 
molecules.
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