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Abstract

Curcumin is a turmeric-based compound with potential health benefits. In our study, we focused on the anti-inflammatory effects of
curcumin. We investigated the effect of oral supplementation with curcumin on production of cytokines such as IL-4, IL-10, IFN-y, and
TNF-a both in vitro and in vivo. Mice supplemented with curcumin showed significant protection against LPS-induced endotoxemia
effects and against CCL,-induced hepatotoxicity. In addition, we directly compared the biological effects of five different types of
curcumin, showing that only some of them have significant biological activity.
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Introduction

Turmeric, a bright yellow spice isolated from the rhizomes of Curcuma longa, is being used in traditional Indian cooking. However,
in addition to the culinary appeals, turmeric and its active ingredients curcumanoids has long been used in both Indian and
Chinese medicine. The yellow color of turmeric is due to pigments curcumanoids, with the major factor being curcumin.

Numerous studies reported that curcumin has a wide range of biological activities including antimicrobial, antioxidant, antitumor
and anti-inflammatory effects [1]. Curcumin was also evaluated in rheumatoid arthritis inflammatory bowel disease and psoriasis
[2-4]. In addition, curcumin has some immunosuppressive activities including expression of cytokines such as IL-1 and TNF-a
[5-7]. On the other hand, curcumin enhanced phagocytic activity of macrophages [8]. In addition, this report contradicted the
effects on cytokines, as production of both IL-1 and TNF-a was increased. In breast cancer, curcumin induces apoptosis via p53-
dependent Bax induction [9]. Another possibility is restoration of tumor suppressor p53 via activation of Nrf2 signalling [10].
Numerous cellular targets include signaling proteins, cytokines, enzymes, adhesion molecules and cell cycle proteins [11]. The
differences in the observed effects of curcumin might be caused by differences in bioavailability and metabolism. Some versions of
curcumin, particularly nanocurcumin, showed significantly improved efficacy and anticancer activity [12].

Inflammation is one of the most important processes defending the integrity of organisms against insults. In general, inflammation
is a process by which the bodies and various substances they produce protect them from infection with foreign organisms, such as
bacteria and viruses. However, in some diseases, the immune system triggers an inflammatory response when there are no foreign
invaders to fight off. Acute inflammation is short-lived, chronic inflammation is lasting for weeks.

Curcumin has been shown to suppress inflammation in some diseases and promote immune response to acute inflammation [13].
Some studies suggested that curcumin attenuates inflammation by modulation of antioxidant enzymes and downregulation of IL-
1B, IL-6 and TNF-a [14]. In our study, we compared the anti-inflammatory effects of five different types of curcumin to see if the
inflammatory effects depend on the individual type of curcumin.

Material and Methods
Cells

Mouse macrophage cell line RAW264.7 (American Type Culture Collection, Manassas, VA, USA) was maintained in culture in
RPMI 1640 medium supplemented with 10% FCS at 37 °C in a humidified atmosphere supplemented with 5% CO,.
Reagents

Xylene, LPS, CFA and CCL , were purchased from Sigma (St. Louis, MO, USA), fetal calf serum (FCS) from Hyclone Lab (Logan,
UT, USA), KLH from Calbiochem (San Diego, CA, USA), rabbit complement from Pel Freeze (Rogers, AR, USA).
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Animals

Female, 8 week old BALB/c mice were purchased from the Jackson Laboratory (Bar Harbor, ME). Animals were sacrificed by CO,
asphyxiation followed by cervical dislocation. The use of animals was approved by the University of Louisville IACUC committee.

Samples

Curcumin C3 complex 95% (Sample #1) was purchased from Sabinsa (Sabinsa Corp., East Windsor, NJ, USA), curcumin powder
65% (Sample #2) and curcumin 94% (Sample #3) from Sigma, Curcumin 95 (95%, Sample #4) from Jarrow Formulas (Los Angeles,
CA, USA), and curcumin 95% (Sample #5) from Orcas Naturals (Landing, NJ, USA).

Hepatoprotective activity

Hepatotoxicity was induced by CCL, (0.5 ml/kg body weight in olive oil, injected ip.) according to Ferreira, et al. [15]. Mice were
randomly divided into several groups and administered orally by gavage.

Biochemical markers

The enzymatic activities of AST, ALT and ALP were assayed spectrophotometrically by Antech Diagnostics (Louisville, KY, USA).
Liver homogenate were prepared by the following technique: livers were excised and rinsed in saline. A small section from each
liver was placed in 10% PBS-formalin solution to be used in histological slides. The rest of livers was frozen in liquid nitrogen and
stored at -80 °C for later analysis. Frozen liver was grounded to a fine powder and 20-25 mg of powder was solubilized. Protein
concentrations were assayed using the bicinchroninic acid kit (Pierce, Rockford, IL, USA). The GSH levels were measured by
the GSH test kit (Dojindo Labs, Kumamoto, Japan), SOD activity was determined as described by Prasanna and Purnima and
malondialdehyde (MDA) level was estimated as shown in Yadav, et al. [16,17].

Cell culture

RAW264.7 cells were cultivated in 96-well plates at 2.5x10°/ml concentration for 24 hrs at 37 °C. The next day, the media were
removed and the cells were treated with new complete media supplemented with 500 ng/ml LPS and tested samples at appropriate

concentrations and cultivated for further 24 hr. Medium was collected, stored at -80 °C and used for subsequent evaluation of
TNEF-a.

Splenic macrophages

Splenic macrophages were isolated from BALB/c mice and stimulated as previously described [18]. Briefly, spleen cells were
cultivated for 3 hrs in RPMI-1640 medium supplemented with 10% FCS at 37 °C in a 5% CO, humidified incubator. After removal
of nonadherent cells, adherent macrophages were isolated by scrapping.

Lymphocytes

Lymph nodes were isolated from BALB/c 9 days after priming with 100 ug KLH in CFA in the footpads. The suspension was
depleted of B lymphocytes by adherence to goat-anti-mouse-Ig-coated Petri dishes for 2 hr at 4 °C and of CD8* lymphocytes by
incubation with anti-mouse CD8 antibody followed by addition of rabbit complement for 45 min at 37 °C. Resulting population
was more than 95% pure CD4* T cell population, These cells were incubated in 96-well tissue culture plates at 3x105 cells/well
concentration with macrophages (1x10° cells/well) and KLH (10 pg/ml) for 2 (IL-10) or 4 (IFN-y and IL-4) days [19].

Ear inflammation

Thirty minutes after dosing with test substances, 0.03 ml of xylene was topically applied to the anterior surface of the right ear.
The left one was used as a control. Two hours after xylene application, animals were sacrificed and both ears were removed and
weighted. To reduce the errors arising from individual body weight, the relative weights of the ears were calculated along with the
differences between the intact ear and induced ear as follows [19]:

Relative weight (%) = (absolute ear weight/body weight) x 100
Cytokines

We evaluated the prophylactic effects of curcumin treatment on LPS-induced endotoxemia effects. Curcumin was given
prophylactively 18 hrs prior to administration of LPS. Collected sera were analyzed for the levels of IL-6, IL-10, and TNF-a by use
of ELISA kits (R&D Systems, Minneapolis, MN) according to the manufacturer’s instructions.

Statistics

Students t-test was used to statistically analyze the data.
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Results

First, we focused on LPS-induced production of TNF-a by RAW264.7 cells in vitro. As shown in Figure 1, a concentration-
dependent inhibition of TNF-a secretion was observed after adding different doses of samples into the culture medium. Control
(LPS) groups showed 16,288 + 3,100 pg/ml of TNF-a In untreated mice, no secretion of TNF-a has been found.
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Figure 1: Effects of different doses of curcumin on LPS-mediated TNF-a secretion by RAW264.7 cells. Values represent a
mean of three independent experiments. *Significant difference between control and experimental group at P < 0.05 level

IL-10 is well known to regulate production of IFN-y and IL-4 in CD4-positive T cells, therefore we evaluated the cytokine profile
of CD4+ cells responding to the antigen after addition of curcumin-treated macrophages. As macrophages were washed several
times after termination of their incubation with curcumin, the direct effect of curcumin on lymphocytes was eliminated. Figure
2 shows that all samples significantly lowered secretion of II-10. In case of IFN-y only samples #1, 3 and 5 showed significant
effects (Figure 3). The last Figure shows effects on IL-4 production, which was very low in control group. All curcumin samples
significantly stimulated IL-4 secretion, with sample #1 being the most active (Figure 4).
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Figure 2: Evaluation of serum IL-10 levels after curcumin treatment in LPS-induced endotoxaemia. Values represent a
mean of three independent experiments. *Significant difference between control and experimental group at P < 0.05 level
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Figure 3: Evaluation of serum IFN-g levels after curcumin treatment in LPS-induced endotoxaemia. Values represent a mean
of three independent experiments. *Significant difference between control and experimental group at P < 0.05 level
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Figure 4: Evaluation of serum IL-4 levels after curcumin treatment in LPS-induced endotoxaemia. Values represent a mean of
three independent experiments. *Significant difference between control and experimental group at P < 0.05 level

The xylene-induced acute inflammation mouse ear model has generally been used as a classic model of inflammation. In this
model, we tested the direct anti-inflammatory effects of feeding with curcumin by observation of ear weight. Table 1 summarized
the effects of curcumin and shows whereas all samples significantly decreased the relative weight of induced ears, only sample #1
and in the case of relative weight sample #3 also decreased the relative weight.

In evaluation of the prophylactic effects, we found that sample #1 and sample #3 consistently inhibited secretion of IL-6, IL-10
and TNF-a at all three intervals post LPS injection. Sample #5 was active only in case of IL-10 and TNF-a and samples #2 and #4
inhibited only production of TNF-a (Table 2).
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Absolute weight (g) Relative weight (%)
Group
Intact ear Induced ear Intact ear Induced ear

Control 0.132 £ 0.012 0.182 + 0.031 0.461 + 0.051 0.617 £0.111
Sample #1 0.121 £ 0.008 | 0.141 £0.015%** | 0.444 £0.043 | 0.501 + 0.067*,**
Sample #2 0.128 £ 0.015 0.175 + 0.023* 0.460 + 0.051 0.602 + 0.098*
Sample #3 0.133 £0.011 | 0.161 £0.043*** | 0.464 £ 0.045 0.555 + 0.089*
Sample #4 0.135+0.014 0.171 + 0.026* 0.461 £ 0.039 0.599 + 0.102*
Sample #5 0.127 £ 0.011 0.173 + 0.023* 0.471 = 0.052 0.565 + 0.087*

Mean + SD (n=9). *Significant differences between intact and induced ear at P < 0.05 level, **

Significant differences between control and experimental induced ear at P < 0.05 level

Table 1: Effects of tested samples on changes in ear weight

IL-6 IL-10 TNF-a
Group
2 hrs 6 hrs 2 hrs 6 hrs 2 hrs 6 hrs

PBS 0 0 0 0 0 0
LPS 5,201 + 626 244 + 18 222.3+18.2 523+94 12,363 + 1,017 393 +22.7
Curcumin C3 | 2,515+ 232* 111 +12* 101.1 £ 10.1* 18.1 +£3.3* 737 £ 39.9* 166 + 15.1*
Sigma low 4,486 + 365 201 £ 23 179.8 £19.3 47.2+3.4 3.833 £ 474.2* 277 +22.9*
Sigma high 3,363 + 323* 155 + 25* 155.6 + 13.9% 37.1 £3.5% 2,061 £ 199.3% 209 +11.8*
Sample 1 5,101 £477 223 £ 17 177.9 £ 20.3 399+4.2 5,636 £ 636.3* 315+ 37.8%
Sample 2 4,825 + 399 228 £21 180.5+18.9 35.6 £ 4.1% 4,282 + 428.2% 299 + 21.5%

Mean + SD (n=9). *Significant differences between positive control (LPS) and curcumin treated groups at P < 0.05 level
Table 2: Effects of tested samples on cytokine production

In the last part of the study, we focused our attention on CCL,-mediated hepatotoxicity. After CCL, treatment, the groups were fed
with individual samples for 14 days. Use of CCL, caused significant stimulation of serum levels of AST, ALT and ALP. Treatment
with curcumin showed that all samples significantly decreased the levels of these enzymes, the most active samples were sample
#1 and #3 (Table 3). Similar data were observed when we focused our attention on hepatic enzymes (Table 4). CCL, reduced
levels of GSH and SOD, but stimulated levels of MDA. Individual curcumin samples helped to improve the liver damage tested by
enzymatic levels. The most active samples were samples #1, #4 and #5.

AST ALT ALP
Sample
(IU/L) (IU/L) (Tu/L)

PBS 72.5+52 19.1 £2.8 242 +2.1

CCL, 179.7 £13.2 177.6 £19.3 178.7 £ 15.7
Sample #1 73.9* £ 6.0 22.2*+4.1 31.1* £ 4.6
Sample #2 138.5* £9.8 51.5%*+5.8 40.3* £ 4.4
Sample #3 81.5% + 8.8 22.3*+49 27.0%+£2.2
Sample #4 111.2*£9.9 70.2* £ 4.7 80.3* + 8.3
Sample #5 92.2* +4.4 23.8%+3.3 28.6*+3.4

*Significant difference against CCL, group at P < 0.05 level
Table 3: Effects of tested samples on serum ALT, AST, and ALP

GSH MDA SOD

Sample (umol/mg (nmol/ mg (U/mg

protein) protein) protein)
PBS 18.1+1.2 8.7+0.8 582 +6.1
CCL, 9.7+0.9 77.6 £9.1 18.7 £ 1.5
Sample #1 23.0*+ 0.9 252*+9.6 40.4* + 4.5
Sample #2 125+1.7 59.4+45 29.9*£2.5
Sample #3 135 £1.8 21.3*+2.1 20.1 +2.3
Sample #4 14.3* 1.1 152* + 1.7 23.8+33
Sample #5 10.9 £ 1.6 432*+43 38.8*+43

*Significant difference against CCL, group at P < 0.05 level
Table 4: Effects of tested samples on level of hepatic enzymes GSH, MDA and SOD
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Discussion

Turmeric/curcumin has a long history as a spice, dye and remedy. Curcumin contains app. 3-5% of curcuminoids and up to
5% of essential oils and resins varying on geographical region and isolation [20,21]. It has been proposed to be a therapeutic
molecule having beneficial properties in arthritis, cancer, cardiovascular problems, diabetes, neurological diseases and bowel
diseases [22,23].

The most studied effects of curcumin are anti-inflammatory effects, observed both in animal and human models [24]. Cell culture
studies revealed that curcumin inhibits the transcriptional factor NFkB and increased caspase 3 activity [25]. Due to these effects,
curcumin also suppresses the paclitaxel-induced NF«kB pathway in cancer cells and shows anti-apoptotic properties. In lung cancer
model, curcumin suppressed not only expression of NFkB, but also cyclooxygenase 2 and matrix metalloproteinase-9 [26]. In an
arthritis model, curcumin inhibited activity of neutrophilis granulocytes [27].

RAW264.7 cell experiments confirmed the anti-inflammatory effects of curcumin and are in agreement with the previously
published data [21]. Compared to LPS-stimulated controls, curcumin led to a dose-dependent reduction in the formation of pro-
inflammatory cytokines. Similarly, an experimental model of LPS-stimulated production of TNF-a showed a dose-dependent
reduction of the TNF-a secretion by cells exposed to curcumin. TNF-a is a major cytokine involved in inflammation [28]. A similar
reduction of the serum level of TNF-a was observed in rats with experimental nephrotoxicity [29]. In addition to TNF-a curcumin
supplementation also resulted in inhibition of LPS-induced IL-10 and IFN-y and in stimulation of IL-4 secretion, suggesting
that the mechanism of action for curcumin contains a component for differential regulation of cellular immune response during
inflammation similar to the effects found for lactoferrin [30]. A study of long term effects of curcumin showed downregulation of
IL-6 and TNF-a production [31].

As the cell density might be an important factor in these studies, we used the same cell numbers as originally described [32]. The
concentrations of curcumin used in these experiments had no effects on proliferation of human breast cancer cells ZR-75-1 or
human prostate cancer cells PC3 or RAW264.7 (data not shown). The anti-inflammatory effects of curcumin are probably due
to its ability to modulate various signaling pattern, including NF- kB, p38 mitogen-activated protein-kinase and COX-2 [33,34].

Xylene-induced inflammation is well-established model of acute inflammation. As the result of pretreatment of mice with
curcumin, the changes associated with acute inflammation such as the marked increase of induced ear weight and increase of
the thickness of ear tissue were significantly suppressed. These results represent direct evidence that food supplementation with
curcumin inhibits the induction of the acute inflammation.

Curcumin has been found to have palliative effects on different types of experimentally-induced colitis [34,35]. In a IL-10 gene-
deficient model of colitis, curcumin supplementation resulted in potent anti-inflammatory effects mediated via inhibition of
secretion of pro-inflammatory cytokines [36]. Inflammatory bowel disease is a family of health problems defined as a form of
autoimmune disease manifested by persistent bowel inflammation. Curcumin has both anti-inflammatory and anti-oxidant
effects, having strong potential for innovative treatment of inflammatory bowel disease [37]. In vivo and in vitro studies showed
that curcumin treatment resulted in different a reaction in idiopathic inflammatory bowel disease and in Crohn’s disease [38].

Some studies suggested hepatoprotective effects of curcumin on CCL,-mediated oxidative stress [39]. Experimentally-induced
liver damage (regardless if the cause is ethanol, LPS or CCL,) is of intense interest for both clinicians and researchers. CCL, in
particular is the most intensively studied model for xenobiotic-induced oxidative hepatotoxicity [40]. Most of the toxic effects are
caused by trichloromethyl free radicals [41]. Many authors have demonstrated that lipid peroxidation is closely associated with liver
pathogenesis. MDA is a byproduct of oxidant-induced liver protein and lipid oxidation, GSH is a component of the antioxidant
system. SOD represents important endogenous antioxidant and acts via dysmutation of superoxide anions. The efficacy of any
hepatoprotective molecule depends on its ability to suppress damaging effects. The results of our investigation revealed that daily
oral supplementation with curcumin helped to reduce the levels of ALT and AST in the serum of tested mice. It is possible that
the protective effects are caused by strong potentiation of antioxidant protective system, supported by protection of the GSH levels
depressed due to the liver damage by hepatotoxins. CCL, is metabolized by the cytochrome 450 to the trichloromethyl free radical
which subsequently forms trichloromethyl peroxyl radical attacking lipids on the endoplasmic reticulum [42,43]. In summary,
our findings showed that inflammatory response to liver toxicity was significantly decreased by treating the animals with orally-
supplemented curcumin. These effects were in agreement with inhibiting of the changes in molecules such as AST, ALT, ALP, GSH,
SOD and MDA, caused by experimentally-induced liver damage. These findings correspond to the effects observed for fermented
Curcuma longa extract [39].

Conclusion

The aim of this study was to directly compare the biological effects of five various samples of curcumin. Based on our results,
sample #1 (Sabinsa) was consistently the most active sample, followed by sample #3 (highly purified sample from Sigma). We can
conclude that despite the fact that curcumin truly represents a biologically active natural molecule, its activity differs widely based
on the type of sample. Clearly, not all curcumins available were created equal.

Annex Publishers | www.annexpublishers.com Volume 3 | Issue 2



7 Journal of Nutrition and Health Sciences

References

1. Ruby AJ, Kutta, G, Babu KD, Rajasekharan RN, Kuttan R (1995) Anti-tumour and antioxidant activity of natural curcuminoids. Cancer Lett 94: 79-83.
2. Deodhar SD, Sethi R, Srimal RC (1980) Preliminary study on antirheumatic activity of curcumin (diferuloyl methane). Ind ] Med Res 71: 632-4.

3. Bundy R, Walker AF, Middleton RW, Booth J (2004) Turmeric extract may improve irritable bowel syndrome symptomology in otherwise healthy adults: a pilot
study. ] Alternat Complement Med 10: 1015-8.

4. Heng MC, Song MK, Harker J, Heng MK (2000) Drug-induced suppression of phosphorylase kinase activity correlates with resolution of psoriasis as assessed
by clinical, histological and immunohistochemical parameters. Br ] Dermatol 143: 937-49.

5. Gao X, Kuo J, Jiang H, Deeb D, Liu Y, et al. (2004) Immunomodulatory activity of curcumin: suppression of lymphocyte proliferation, development of cell-
mediated cytotoxicity, and cytokine production in vitro. Biochem Pharmacol 68: 51-61.

6. Chan MM (1995) Inhibition of tumor necrosis factor by curcumin, a phytochemical. Biochem Pharmacol 49: 1551-6.

7. Moon DO, Jin CY, Lee JD, Choi YH, Ahn SC, et al. (2006) Curcumin decreases binding of Shiga-like toxin-1B on human intestinal epithelial cell line HT29
stimulated with TNF-alpha and IL1 beta: suppression of p38, JNK and NF-kappaB p65 as potential targets. Biol Pharm Bull 29: 1470-5.

8. Bisht K, Choi WH, Park SY, Chung MK, Koh WS (2009) Curcumin enhances non-inflammatory phagocytic activity of RAW264.7 cells. Biochem Biophys Res
Commun 379: 632-6.

9. Choudhuri T, Pal S, Agwarwal ML, Das T, Sa G (2002) Curcumin induces apoptosis in human breast cancer cells through p53-dependent Bax induction. FEBS
Lett 512: 334-40.

10. Das L, Vinayak M (2015) Long term effect of curcumin in restoration of tumour suppressor p53 and phase-ii antioxidant enzymes via activation of Nrf2
signalling and modulation of inflammation in prevention of cancer. PLoS One DOI: 10.1371/journal.pone.0124000

11. Shezad A, Rehman G, Lee YS (2013) Curcumin in inflammatory diseases. Biofactors 39: 69-77.
12. Basniwal RK, Khosla R, Jain N (2014) Improving the anticancer activity of curcumin using nanocurcumin dispersion in water. Nutr Cancer 66: 1015-22.

13. Hamidpour R, Hamidpour S, Hamidpour M, Sohraby M, Hamidpour R (2015) Turmeric (Curcuma longa): from a variety of traditional medicinal application
to its novel roles as active antioxidant, anti-inflammatory, anti-cancer, and anti-diabetes. Int ] Pharmacol Phytochem Ethnomed 1: 37-45.

14. Singh AK, Vinayak M (2015) Curcumin attenuates CFA induced thermal hyperalgesia by modulation of antioxidant enzymes and down regulation of TNF-q,
IL-1p and IL-6. Neurochem Res 40: 463-72.

15. Ferreira EA, Gris EF, Felipe KB, Gomes Correira JF, Cargnin-Ferreira E, et al. (2010) Potent hepatoprotective effect in CCL,-induced hepatic injury in mice of
chloroacetophenone from Myrcia multiflora. Libyan ] Med doi:10.3402/ljm.v510.489.

16. Prasanna GS, Purnima A (2011) Protective effect of leaf extract of Trichilla connaroides on hypercholesterolemia induced oxidative stress. Int ] Pharmacol 6:
106-12.

17. Yadav D, Hertan HI, Schweitzer P, Norkus EP, Pitchumoni CS (2002) Serum and liver micronutrient antioxidants and serum oxidative stress in patients with
chronic hepatitis C. Am ] Gastroenterol 97: 2634-9.

18. Kang HY, Song YJ, Kim KM, Choe YK, Hwang SY, et al. (1999) Curcumin inhibits Th1 cytokine profile in CD4+ T cells by suppressing interleukin-12
production in macrophages. Br ] Pharmacol 128: 380-4.

19. Kim HD, Cho HR, Moon SB, Shin HD, Yang KJ, et al. (2007) Effects of p-glucan from Aureobasidium pullans on acute inflammation in mice. Arch Pharm Res
30: 323-8.

20. Argawal DK, Mishra PK (2010) Curcumin and its analogues: potential anticancer agents. Med Res Rev 30: 818-60.
21. Esatbeyoglu T, Huebbe P, Ernst IMA, Chin D, Wagner AE, et al. (2012) Curcumin - from molecule to biological function. Angewandte Rev 51: 5308-32.

22. Das L, Vinayak M (2014) Curcumin attenuates carcinogenesis by down regulating proinflammatory cytokine interleukin-1 (IL-1a and IL-1f) via modulation
of AP-1 and NF-IL6 in lymphoma bearing mice. Int Immunopharmacol 20: 141-7.

23. Zhou H, Beevers CS, Huang S (2011) The targets of curcumin. Curr Drug Targets 12: 332-47.

24. Koosirirat C, Linpisarn S, Changsom D, Chawansuntati K, Wipasa J (2010) Investigation of the anti-inflammatory effect of Curcuma longa in Helicobacter
pylori - infected patients. Int Inmunopharmacol 10: 815-8.

25. Bharti AC, Donato, N, Singh S, Aggarwal BB (2003) Curcumin (diferuloylmethane) down-regulates the constitutive activation of nuclear factor-kappa B and
IkappaBalpha kinase in human multiple myeloma cells, leading to suppression of proliferation and induction of apoptosis. Blood 101: 1053-62.

26. Aggarwal BB, Shishodia S, Takada Y, Banerjee S, Newman RA, et al. (2005) Curcumin suppresses the paclitaxel-induced nuclear factor-«kB pathway in breast
cancer cells and inhibits lung metastasis of human breast cancer in mice. Clin Cancer Res 11: 7490-8.

27. Jancinova V, Perecko T, Nosal R, Mihalova D, Bauerova K, et al. (2011) Pharmacological regulation of neutrophil activity and apoptosis: Contribution to new
strategy for modulation of inflammatory processes. Interdiscip Toxicol 4: 11-4.

28. Clark IA (2007) How TNF was recognized as a key mechanism of disease. Cytokine Growth Factor Rev 18: 335-43.

29. Kuhad A, Pitkhwal S, Sharma S, Tirkey N, Chopra K (2007) Effect of curcumin on inflammation and oxidative stress in cisplatin-induced experimental
nephrotoxicity. ] Agric Food Chem 55: 10150-5.

30. Kruzel ML, Haradi Y, Mailman, D, Actor JK, Zimecki ML (2002) Differential effects of prophylactic, concurrent and therapeutic lactoferrin treatment on LPS-
induced inflammatory responses in mice. Clin Exp Immunol 130: 25-31.

31. Das L, Vinayak M (2014) Long term effect of curcumin down regulates expression of TNF-a and IL-6 via modulation of ETS and NF-kB transcription factor
in liver of lymphoma bearing mice. Leukemia & Lymphoma 55: 2627-36.

32. Nayak BN, Kaur G, Buttar HS (2015) TNF-a modulation by natural bioactive molecules in mouse RAS 264.7 macrophage cells. ] Complement Integr Med 13:
1-7.

33. Camacho-Barquero L, Villegas I, Sanchez-Calvo JM, Talero E, Sanchez-Fidalgo S, et al. (2007) Curcumin, a Curcuma longa constituent, acts on MAPK p38
pathway modulating COX-2 and iNOS expression in chronic experimental colitis. Int Inmunopharmacol 7: 333-42.

34.Jiang H, Deng CS, Zhang M, Xia ] (2006) Curcumin-attenuated trinitrobenzene sulphonic acid induces chronic colitis by inhibiting expression of cyclooxydase-2.
World J Gastroenterol 12: 2848-53.

Annex Publishers | www.annexpublishers.com Volume 3 | Issue 2


http://www.ncbi.nlm.nih.gov/pubmed/7621448
http://www.ncbi.nlm.nih.gov/pubmed/11069500
http://www.ncbi.nlm.nih.gov/pubmed/15673996
http://www.ncbi.nlm.nih.gov/pubmed/7390600
http://www.ncbi.nlm.nih.gov/pubmed/15183117
http://www.ncbi.nlm.nih.gov/pubmed/7786295
http://www.ncbi.nlm.nih.gov/pubmed/19121625
http://www.ncbi.nlm.nih.gov/pubmed/16819191
http://www.ncbi.nlm.nih.gov/pubmed/11852106
http://www.ncbi.nlm.nih.gov/pubmed/25860911
http://www.ncbi.nlm.nih.gov/pubmed/23281076
http://www.ncbi.nlm.nih.gov/pubmed/25068616
https://www.scipress.com/IJPPE.1.37
http://www.ncbi.nlm.nih.gov/pubmed/25479948
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3071176/
http://scialert.net/abstract/?doi=ijp.2011.106.112
http://www.ncbi.nlm.nih.gov/pubmed/12385452
http://www.ncbi.nlm.nih.gov/pubmed/10510448
http://www.ncbi.nlm.nih.gov/pubmed/17424938
http://www.ncbi.nlm.nih.gov/pubmed/20027668
http://www.ncbi.nlm.nih.gov/pubmed/22566109
http://www.ncbi.nlm.nih.gov/pubmed/24613204
http://www.ncbi.nlm.nih.gov/pubmed/20955148
http://www.ncbi.nlm.nih.gov/pubmed/20438867
http://www.ncbi.nlm.nih.gov/pubmed/16243823
http://www.ncbi.nlm.nih.gov/pubmed/12393461
http://www.ncbi.nlm.nih.gov/pubmed/21577278
http://www.ncbi.nlm.nih.gov/pubmed/17493863
http://www.ncbi.nlm.nih.gov/pubmed/18001039
http://www.ncbi.nlm.nih.gov/pubmed/12296849
http://www.ncbi.nlm.nih.gov/pubmed/24491024
http://www.ncbi.nlm.nih.gov/pubmed/26457790
http://www.ncbi.nlm.nih.gov/pubmed/17276891
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4087932/

Journal of Nutrition and Health Sciences 8

35. Sugimoto K, Hanai H, Tozawa K, Aoshi T, Uchijima M, et al. (2002) Curcumin prevents and ameliorates trinitrobenzene sulfonic acid-induced colitis in mice.
Gastroenterology 23: 1912-22.

36. Ung VY, Foshaug RR, MacFarlane SM, Churchill TA, Diyle JSG, et al. (2010) Oral administration of curcumin emulsified in carboxymethyl cellulose has a
potent anti-inflammatory effect in the IL-10 gene-deficient model of IBD. Dig Dis Sci 55: 1272-7.

37. Brumatti LV, Marcuzzi A, Tricarico PM, Zanin V, Girardelli ML, et al. (2014) Curcumin and inflammatory bowel disease: Potential and limits of innovative
treatments. Molecules 19: 21127-53.

38. Epstein J, Sanderson IR, MacDonald TT (2010) Curcumin as a therapeutic agent: The evidence from in vitro animal and human studies. Br ] Nutr 103: 1545-57.

39. Kim Y, You Y, Yoon HG, Lee YH, Kim K, et al. (2014) Hepatoprotective effects of fermented Curcuma longa L. on carbon tertrachloride-induced oxidative
stress in rats. Food Chem 151: 148-53.

40. Brautbar N, Williams J (2002) Industrial solvents and liver toxicity: Risk assessment, risk factors and mechanisms. Int ] Hyg Environ Health 205: 479-91.

41. Brent JA, Rumack BH (1993) Role of free radicals in toxic hepatic injury. II. Are free radicals the cause of toxin-induced liver injury? J Toxicol Clin Toxicol 31:
173-96.

42. Clawson GA (1989) Mechanism of carbon tetrachloride hepatotoxicity. Pathol Immunopathol Res 8: 104-12.
43. Rees KR, Spector WG (1961) Reversible nature of liver cell damage due to carbon tetrachloride as demonstrated by the use of phenergan. Nature 190: 821-2.

I
1
I
» Easy online submission process :
» Rapid peer review process :
» Online article availability soon after acceptance for Publication :
» Open access: articles available free online :
> More accessibility of the articles to the readers/researchers within the field !
» Better discount on subsequent article submission :
I
|
1
1

Submit your manuscript at
http://www.annexpublishers.com/paper-submission.php

Annex Publishers | www.annexpublishers.com Volume 3 | Issue 2


http://www.ncbi.nlm.nih.gov/pubmed/12454848
http://www.ncbi.nlm.nih.gov/pubmed/19513843
http://www.mdpi.com/1420-3049/19/12/21127
http://www.ncbi.nlm.nih.gov/pubmed/20100380
http://www.ncbi.nlm.nih.gov/pubmed/24423514
http://www.ncbi.nlm.nih.gov/pubmed/12455270
http://www.ncbi.nlm.nih.gov/pubmed/8433412
http://www.karger.com/Article/PDF/157141
http://www.ncbi.nlm.nih.gov/pubmed/13740297

