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ABSTRACT
Objectives: To explore the protective effects of curcumin against renal injury induced by
formaldehyde in rats.
Materials and Methods: A total of 21 male Sprague-Dawley rats were included. The animals were
divided into three groups. The control group, received 10 ml/kg of physiological saline intragastrically
and intraperitoneally on a daily basis. The formaldehyde group were given 10 ml/kg of physiological
saline intragastrically plus 10 mg/kg of formaldehyde intraperitoneally. The formaldehyde+curcumin
group, received 10 mg/kg of intraperitoneal formaldehyde daily as well as 100 mg/kg of curcumin
intragastrically. After the completion of 14 days, the kidneys were removed. Tissue microscopic
examination was performed with Hematoxylin-Eosin and Periodic Acid Schiff staining. Also,
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and xanthine oxidase
(XO) activities and malondialdehyde (MDA) and nitric oxide (NO) levels were measured in tissue
samples.
Results: Formaldehyde induced renal injury. The degenerative tissue changes in the
formaldehyde+curcumin group seemed to regress, exhibiting similar characteristics to those of the
controls. MDA, XO and NO were significantly higher in formaldehyde group than in controls, while a
significant reduction occurred in SOD, CAT and GSH-Px activities in the formaldehyde group. Also,
renal tissue MDA, XO and NO were significantly lower in the formaldehyde+curcumin group than in
the formaldehyde group, while tissue SOD, CAT, and GSH-Px activities were significantly higher.
Conclusions: Curcumin improved the formaldehyde-induced renal degeneration. Also, curcumin was
found to prevent the reduction in SOD, CAT, and GSH-Px activity, while preventing MDA, XO and
NO levels, exhibiting a protective effect against the formaldehyde induced oxidative renal injury.
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INTRODUCTION
Formaldehyde, a colourless liquid with strong hydrophilic characteristics and odour, is
commonly used in medicine and industry (1). After introduced into the organism,
formaldehyde is converted into formic acid in the liver and erythrocytes by the catalytic
activity of formaldehyde dehydrogenase, and is excreted without accumulation in the body
through urine and feces as well as in the form of carbondioxide through respiration (2). In
rats, systemic administration of formaldehyde has been shown to induce nephrotoxicity (3,
4).
Curcumin has a wide spectrum of biological and pharmacological effects including
antioxidant, anticancerogen, antimutagenic, antidiabetic, antibacterial, antiviral, antiinflammatory, and anti-nociceptive effects (5, 6). Curcumin inhibits the nitric oxide synthase
activity. Due to its ability to bind to free radicals, it protects DNA from oxidative damage. Its
antiapoptotic effects result from the antioxidant properties (7, 8). In rat study, 60% of an oral
dose of curcumin was found to be absorbed, and the great majority of the remaining dose was
detected in feces and in the urine in the form of glucuronide and sulfate conjugates (9).
Several studies have also reported protective effects of curcumin against renal injury in rats
induced by a variety of different substances (10, 11).
This study was undertaken to examine the reno-protective effects of curcumin against
formaldehyde induced nephrotoxicity in rats.

MATERIALS AND METHODS
The experimental protocol used in this study was reviewed and approved by the Local
Animal Ethics Committee of Namik Kemal University, in accordance to National Institutes
of Health guidelines for the care and use of laboratory animals.
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In this study, a total of 21 biologically and physiologically similar male Sprague-Dawley rats
kept in standard conditions were divided into three groups as follows:
Control group (n=7): For 14 days, 10 ml/kg of physiological saline, was administered
intragastrically and intraperitoneally on a daily basis.
Formaldehyde group (n=7): For 14 days, 10 ml/kg of physiological saline was administered
intragastrically and 10 mg/kg of formaldehyde was administered intraperitoneally on a daily
basis.
Formaldehyde+Curcumin group (n=7): For 14 days, 10 mg/kg of formaldehyde was
administered intraperitoneally plus 100 mg/kg of curcumin was given intragastrically, on a
daily basis.
At the completion of the 14 days, the rats were sacrificed with ketamine-xylazine anesthesia
and the renal tissues were removed for histopathological and biochemical assessments.
Microscopic examination of kidney tissue specimens
The kidney tissue specimens were fixed in neutral formalin solution (10%). Tissue specimens
were embedded in paraffin wax and sectioned (thickness, 5 mm). Paraffin sections were used
for light microscopic examination. For light microscopic evaluation, paraffin sections were
stained with Hematoxylin-Eosin and Periodic Acid Schiff (PAS) and examined with an
Olympus BX41 light microscope.
Biochemical Tests
Xanthine oxidase (XO) and catalase (CAT) enzyme activities and malondialdehyde (MDA),
nitric oxide (NO) levels of the kidney tissues have been determined spectrophotometrically in
the biochemical examinations. Activities of tissue superoxide dismutase (SOD) and
glutathione peroxidase (GSH-Px) were determinated by ELISA.
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Tissue homogenization and sample preparation
The wet tissues were set to 1 gram, stored cold and divided into pieces with clean surgical
scissors. A 2 ml Tris-HCl buffer was added to the tissue, which was previously put into a
glass tube. The tissue in the glass tube was placed into an ice-filled container and
homogenized at a speed of 16.000 rev/minutes. A buffer, 10 times the final volume of the
tissue, was added. A second homogenization was carried out and finished in 3 minutes.
Without increasing the homogenate temperature, it was transferred into eppendorf tubes and
coded. The wet tissue weight and added buffer amount was recorded. MDA specifications
were carried out with the obtained homogenates. Supernatant was obtained by centrifuging
the homogenates at 3220 rpm/430 minutes+6 °C in a refrigerated centrifuge. CAT and
protein specifications of the separated supernatants were carried out. With a rate of 1/1 (v/v),
supernatant was vortexed with chloroform/ethanol (3/5, (v/v) (28) and centrifuged in a glass
tube at 3220 rpm/40 minutes +4°C. Protein and SOD enzyme activity specification of the
ethanol phase on the top was carried out.

Superoxide Dismutase Enzyme Activity Determination
Tissue SOD levels were determined using commercial kits (EASTBIOPHARM, CK-E30267,
Hangzhou, China) and were expressed as ng/mg protein.

Catalase Enzyme Activity Determination
CAT activity was determined according to the method of Aebi [16]. Results were expressed
as k/g.
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Glutathione Peroxidase Enzyme Activity Determination
Tissue GSH-Px were measured using commercial kits (EASTBIOPHARM, CK-E90555,
Hangzhou, China) and the results were expressed as ng/mg protein.

Determination of Malondialdehyde Levels
The tissue MDA levels were determined by the method of Draper and Hadley (12) based on
the reaction of MDA with thiobarbituric acid (TBA) at 95 oC. Results were expressed as
nmol/g protein.

Measurement of tissue XO activity
XO activity was assayed spectrophotometrically at 293 nm and 37°C with xanthine as
substrate (13). Results were expressed as units per gram protein.
Measurement of tissue NO level
As NO measurement is very difficult in biologic specimens, sample nitrite and nitrate
concentrations are used as an index of NO production. The method was based on the Griess
reaction (14). Results were expressed as μmol/g protein.

Protein analysis
The protein levels of the samples were determined according to the recommended method of
Lowry et al. (15).

Statistical Analysis
Statistical analysis was performed with “PASW® Statistics 18 for Windows” (SPSS Inc.,
Chicago, IL, USA) software program. Results were expressed as mean±standard deviation.
The obtained "P" value of <0.05 was considered to be statistically significant. We used One-
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Sample Kolmogorov-Smirnov for the assessment of the normal distribution. "One-way
ANOVA" test was used for the comparison of the differences between the groups. The
groups were compared in pairs with “Tukey HSD” which is one of the Post Hoc tests.

RESULTS
Light microscopic findings
In control group, collecting tubules of kidney were a normal histological appearance (Figure
1a). In formaldehyde group, quite prominent dilatation of kidney collecting tubules were seen
(Figure 1b). In formaldehyde+curcumin group, dilatation of kidney collecting tubules was
less than in formaldehyde group (Figure 1c). In the light microscopic evaluation of the kidney
tissue specimens, glomeruli and tubules were observed as normal in the control group (Figure
2a). In formaldehyde group, quite prominent dilatation of the proximal and distal tubules and
significant PAS positivity of basal membranes of the proximal and distal tubules was
determined (Figure 2b). In kidney section of rats treated with formaldehyde and curcumin,
dilatation and PAS positivity of the proximal and distal tubules was less than in formaldehyde
group (Figure 2c).

The results of biochemical analyses in renal tissues
The SOD, CAT, GSH-Px, XO activities and MDA and NO levels in renal tissues from study
groups are shown in Table 1 and 2. As compared to control rats, a significant higher in MDA,
which is a marker of lipid peroxidation, was found in rats that received intraperitoneal
formaldehyde. On the other hand, rats in the curcumin+formaldehyde group had significantly
lower MDA level than in rats that received formaldehyde alone. In the formaldehyde alone
group, there was a significant reduction in the activities of SOD, CAT, and GSH-Px, while
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curcumin could significantly prevent the impaired enzymatic activity induced by
formaldehyde. Also, there was a significant increase in the renal tissue XO activity in the
formaldehyde group as compared to controls, while curcumin significantly reduced the
enzyme activity. Tissue NO level was significantly higher in the formaldehyde group, and
curcumin significantly reduced tissue NO levels.

DISCUSSION
To our knowledge, this study is the first of its kind to assess the protective effects of
curcumin against formaldehyde induced renotoxicity in rats. In this study, parameters of
oxidative stress as well as histopathological changes were assessed in the kidney tissues.
Formaldehyde exposure in rats resulted in marked dilation of the collector tubules of the rat
kidney as well as dilatation of the proximal and distal tubules, and significant PAS positivity
in the basal membranes of the distal tubuli. These findings clearly show the functional tissue
loss induced by formaldehyde. Although the mechanisms of renotoxicity due to
formaldehyde exposure are not well understood, oxidative stress is thought to play a role.
Accordingly, there was a significant increase in the activity of XO enzyme in the
formaldehyde exposure group that is responsible for the production of superoxide anion
radicals. Similar to our results, Güleç et al. found increased XO activity in the liver tissue of
rats exposed to formaldehyde (16). Lu et al. reported increased activity of D amine oxidase
enzyme, which is an important oxidative enzyme and which is responsible for hydrogen
peroxide production, upon formaldehyde exposure (17). Lino-dos-Santos-Franco et al. in
their cell culture studies, found that formaldehyde induced an increase in the production of
hydrogen peroxide, which is an extremely diffusible oxidative molecule (18). Also the same
authors reported a formaldehyde related increase in cyclooxygenase 1 enzyme, which is an
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important oxidative enzyme (18). Also, they observed increased levels of IL-6 and IL-1 beta,
which are important inflammatory cytokines for oxidative stress (18). MacAllister et al.
found increased oxidation due to formaldehyde through the Fenton-like system, which was
reported to be a significant factor in cytotoxicity (19). Oxidative compounds such as the
superoxide anion radical or hydrogen peroxide oxidize the unsaturated fatty acids,
particularly those in the cell membrane, and trigger a chain reaction referred to as the lipid
peroxidation. The oxidized lipids are degraded until the end-oxidation products such as
MDA. This process leads to the loss of normal physiological functions of the cell and
eventually to cell death. In our group, significantly increased renal MDA levels were found in
the formaldehyde group, suggesting that formaldehyde may cause tissue damage through
oxidative stress. Also, previous reports showed that formaldehyde may oxidize other
structural and vital molecules such as certain other proteins and nucleic acids, in addition to
lipids (20-22).
The results of the histopathological assessment are supportive of biochemical results.
Tissue MDA levels and XO activity were lower in formaldehyde+curcumin group as
compared to formaldehyde group. These results suggest that curcumin was able to block the
production of oxidative molecules, thus protecting the lipids of the cell membrane from
oxidative stress. Also, histopathological findings of the renal tissues in the curcumin group
are supportive of this view. Light microscopic examination showed that curcumin treatment
was able to improve the degenerative changes in the kidney, with a histological appearance
similar to than in controls, suggesting a renoprotective effect. The significant reduction in
both MDA and XO levels in conjunction with microscopic findings indicate a protective
effect of curcumin on formaldehyde-induced oxidative injury. Our findings are also
consistent with previous reports. For instance, curcumin has been reported to provide
protection against the effect of a number of different oxidative molecules (21, 23, 24).
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Zararsiz et al. found a statistically significant increase in MDA activity in the kidney, after
intraperitoneal formaldehyde administration (25). Ugur et al. and Sahin et al. concluded that
curcumin may have a role in alleviating the cisplatin-induced nephrotoxicity in rats (26, 27).
Sun et al. found that curcumin was able to prevent the inflammatory response in diabetic
nephropathy in a rat model (28). All these results suggest that curcumin may be effective in
the removal/scavenging of the oxygen radicals and reactive oxygen species (ROS) in the
medium, thus preventing lipid oxidation.
The cellular antioxidant defense mechanisms against the noxious effects of oxygen
species include enzymes such as SOD, CAT, GSH-Px and non-enzymatic compounds such as
vitamin E, selenium, and glutathione. These antioxidant systems detoxify or clear the ROS,
protecting the cells against oxidative injury. In our study, administration of formaldehyde into
the rats resulted in an impaired antioxidant defense in the renal tissues, as shown by a
significant reduction in the activity of antioxidant enzymes such as SOD, CAT, and GSH-Px
in the formaldehyde group as compared to controls. Previous studies also showed a reduction
in the antioxidant enzyme activity in rats exposed to formaldehyde (29, 30), with a lowering
in the levels of other antioxidants such as selenium and glutathione (31, 32). In the curcumin
group, the negative impact on antioxidant enzyme activity/levels due to formaldehyde was
prevented. These results show that curcumin could prevent the impairment in the antioxidant
defenses caused by formaldehyde. Accordingly, curcumin group had higher tissue antioxidant
levels as compared to formaldehyde alone group. Several studies are consistent with our
study in terms of the results of antioxidant enzyme activity. The decrease in the antioxidant
enzyme activity due to certain toxic compounds was prevented by curcumin (33, 34). These
findings point out to the preventive effect of curcumin on the consumption of antioxidant
enzymes or on the loss of activity.
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NO is a molecule synthetized from arginine through a reaction catalyzed by the
enzyme nitric oxide synthase. It reacts with the superoxide anion radical and converts it into
peroxynitrite. Peroxynitrite is an oxidative molecule, causing cellular damage, particularly
via the oxidation of structural molecules such as proteins or DNA. Increased synthesis of NO
and superoxide anion radicals lead to increased concentrations of peroxynitrite, causing
further damage. In this study, rats in the formaldehyde group had higher NO than controls.
Formaldehyde is thought to increase NO synthesis through iNOS (inducible nitric oxide
synthase) activity. In the study by Ucmakli et al. formaldehyde resulted in the increased
expression of iNOS in rat hepatocytes as well as elevating the nitric oxide levels in hepatic
tissues (35).

Lino-dos-Santos-Franco et al., exposed allergic rats to inhalational

formaldehyde and observed increased gene expression of iNOS (36). These and similar
studies show that formaldehyde causes nitrosative stress and tissue injury through increased
NO synthesis caused by elevated iNOS activity. In our study, rats in the formaldehyde group
had increased renal NO, while a lower NO level was found in formaldehyde+curcumin
group, as compared to formaldehyde alone. Many studies showed that curcumin was able to
decrease the NO synthase production in activated macrophages (37) and prevented the
production of NO (38, 39). Curcumin prevents the formation of peroxynitrite by its radical
scavenging activity and also suppresses the NO synthesis through the inhibition of iNOS
activity. Thus, we believe that it prevents cellular damage by the inhibition of nitrosative
stress through the abovementioned two mechanisms.
In conclusion, in formaldehyde induced renal injury characterized by increased renal
MDA, NO and XO as well as reduced antioxidant enzyme levels, oxidative stress seems to
play a major role, while curcumin treatment may have beneficial effects in terms of the
prevention of the formaldehyde induced oxidative nephrotoxicity both through histological
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improvement at the renal tissue level and also through increased antioxidant enzyme levels
and reduced oxidative products.
Conflict of Interest
The Authors declare that there are no conflicts of interest.

11

Protective Effects of Curcumin

REFERENCES
1.

Smith AE. Formaldehyde. Occup. Med. (Lond)., 1992; 42: 83-8.

2.

Usanmaz SE, Akarsu ES, Vural N. Neurotoxic effects of acute and subacute
formaldehyde exposures in mice. Environ Toxicol Phar 2002; 11: 93-100.

3.

Boj JR, Marco I, Cortes O, Canalda C. The acute nephrotoxicity of systemically
administered formaldehyde in rats. Eur J Paediatr Dent 2003; 4: 16-20.

4.

Bakar E, Ulucam E, Cerkezkayabekir A. Protective effects of proanthocyanidin and
vitamin E against toxic effects of formaldehyde in kidney tissue. Biotech Histochem
2015; 90: 69-78.

5.

Somanawat K, Thong-Ngam D, Klaikeaw N. Curcumin attenuated paracetamol
overdose induced hepatitis. World J Gastroenterol 2013; 19: 1962-7.

6.

Tajik H, Tamaddonfard E, Hamzeh-Gooshchi N. The effect of curcumin (active
substance of turmeric) on the acetic acid-induced visceral nociception in rats. Pak J
Biol Sci 2008; 11: 312-4.

7.

Maheshwari RK, Singh AK, Gaddipati J, Srimal RC. Multiple biological activities of
curcumin: a short review. Life Sci 2006; 78: 2081-7.

8.

Miquel J, Bernd A, Sempere JM, Diaz-Alperi J, Ramirez A. The curcuma
antioxidants: pharmacological effects and prospects for future clinical use. A review.
Arch Gerontol Geriat 2002; 34: 37-46.

9.

Sharma RA, Gescher AJ, Steward WP. Curcumin: the story so far. Eur J Cancer 2005;
41: 1955-68.

10.

Trujillo J, Chirino YI, Molina-Jijon E, Anderica-Romero AC, Tapia E, PedrazaChaverri J, Renoprotective effect of the antioxidant curcumin: Recent findings. Redox
Biol 2013; 1: 448-56.

12

Sener et al

11.

Morsy MA, Ibrahim SA, Amin EF, Kamel MY, Rifaai RA. Hassan M.K., Curcumin
ameliorates methotrexate-induced nephrotoxicity in rats. Adv Pharmacol Sci 2013;
2013: 387071.

12.

Draper HH, Hadley M. Malondialdehyde determination as index of lipid peroxidation.
Methods Enzymol 1990; 186: 421-31.

13.

Prajda N, Weber G. Malignant transformation-linked imbalance: decreased xanthine
oxidase activity in hepatomas. Febs Lett 1975; 59: 245-9.

14.

Cortas NK, Wakid NW. Determination of inorganic nitrate in serum and urine by a
kinetic cadmium-reduction method. Clin Chem 1990; 36: 1440-3.

15.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin
phenol reagent. J Biol Chem 1951; 193: 265-75.

16.

Gulec M, Gurel A, Armutcu F. Vitamin E protects against oxidative damage caused
by formaldehyde in the liver and plasma of rats. Mol Cell Biochem 2006; 290: 61-7.

17.

Lu JM, Gong NA, Wang YC, Wang YX. D-Amino acid oxidase-mediated increase in
spinal hydrogen peroxide is mainly responsible for formalin-induced tonic pain. Brit J
Pharmacol 2012; 165: 1941-55.

18.

Lino-dos-Santos-Franco A, Correa-Costa M, Durao AC, de Oliveira AP, BreithauptFaloppa AC, Bertoni Jde A et al. Formaldehyde induces lung inflammation by an
oxidant and antioxidant enzymes mediated mechanism in the lung tissue. Toxicol Lett
2011; 207: 278-85.

19.

MacAllister SL, Choi J, Dedina L, O'Brien PJ. Metabolic mechanisms of
methanol/formaldehyde in isolated rat hepatocytes: carbonyl-metabolizing enzymes
versus oxidative stress. Chem Biol Interact 2011; 191: 308-14.

20.

Tulpule K, Dringen R. Formate generated by cellular oxidation of formaldehyde
accelerates the glycolytic flux in cultured astrocytes. Glia 2012; 60: 582-93.

13

Protective Effects of Curcumin

21.

Ciftci G, Aksoy A, Cenesiz S, Sogut MU, Yarim GF, Nisbet C et al. Therapeutic role
of curcumin in oxidative DNA damage caused by formaldehyde. Micros Res Techniq
2015; 78(5): 391-5.

22.

Ye X, Ji Z, Wei C, McHale CM, Ding S, Thomas R et al. Inhaled formaldehyde
induces DNA-protein crosslinks and oxidative stress in bone marrow and other distant
organs of exposed mice. Environ Mol Mutagen 2013; 54: 705-18.

23.

Zhang BY, Shi YQ, Chen X, Dai J, Jiang ZF, Li N et al. Protective effect of curcumin
against formaldehyde-induced genotoxicity in A549 Cell Lines. J Appl Toxicol 2013;
33: 1468-73.

24.

De Paz-Campos MA, Ortiz MI, Pina AEC, Zazueta-Beltran L, Castaneda-Hernandez
G. Synergistic effect of the interaction between curcumin and diclofenac on the
formalin test in rats. Phytomedicine 2014; 21: 1543-8.

25.

Zararsiz I, Sonmez MF, Yilmaz HR, Tas U, Kus I, Kavakli A et al. Effects of omega3 essential fatty acids against formaldehyde-induced nephropathy in rats. Toxicol Ind
Health 2006; 22: 223-9.

26.

Ugur S, Ulu R, Dogukan A, Gurel A, Yigit IP, Gozel N et al. The renoprotective
effect of curcumin in cisplatin-induced nephrotoxicity. Ren Fail 2015; 37: 332-6.

27.

Sahin K, Orhan C, Tuzcu M, Muqbil I, Sahin N, Gencoglu H et al. Erratum to:
Comparative In Vivo Evaluations of Curcumin and Its Analog Difluorinated
Curcumin Against Cisplatin-Induced Nephrotoxicity. Biol Trace Elem Res 2015; 164:
162-3.

28.

Sun LN, Yang ZY, Lv SS, Liu XC, Guan GJ, Liu G. Curcumin prevents diabetic
nephropathy against inflammatory response via reversing caveolin-1 Tyr14
phosphorylation influenced TLR4 activation. Int Immunopharmacol 2014; 23: 236-46.

14

Sener et al

29.

Aydin S, Ogeturk M, Kuloglu T, Kavakli A. Effect of carnosine supplementation on
apoptosis and irisin, total oxidant and antioxidants levels in the serum, liver and lung
tissues in rats exposed to formaldehyde inhalation. Peptides 2014; 64C: 14-23.

30.

Yu GY, Song XF, Liu Y, Sun ZW. Inhaled formaldehyde induces bone marrow
toxicity via oxidative stress in exposed mice. APJCP 2014; 15: 5253-7.

31.

Kum C, Sekkin S, Kiral F, Akar F. Effects of xylene and formaldehyde inhalations on
renal oxidative stress and some serum biochemical parameters in rats. Toxicol Ind
Health 2007; 23: 115-20.

32.

Sato I, Sera K, Suzuki T, Kobayashi H, Tsuda S. Effects of formalin-preservation on
element concentrations in animal tissues. J Toxicol Sci 2006; 31: 191-5.

33.

Tawfik SS, Abouelella AM, Shahein YE. Curcumin protection activities against
gamma-rays-induced molecular and biochemical lesions. BMC Res Notes 2013; 6:
375.

34.

Das L, Vinayak M. 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 2015; 10:
e0124000.

35.

Ucmakli E, Armutcu F, Ozturk A. The effects of formaldehyde intoxication on the
inducible nitric oxide synthase expression and nitric oxide level in the liver tissue of
rats. Turk J Med Sci 2013; 43: 52-6.

36.

Lino-dos-Santos-Franco A, Gimenes-Junior JA, Ligeiro-de-Oliveira AP, BreithauptFaloppa AC, Acceturi BG, Vitoretti LB et al. Formaldehyde inhalation reduces
respiratory mechanics in a rat model with allergic lung inflammation by altering the
nitric oxide/cyclooxygenase-derived products relationship. Food Chem Toxicol 2013;
59: 731-8.

15

Protective Effects of Curcumin

37.

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: 533-40.

38.

Chang C-H, Chen H-X, Yu G, Peng C-C, Peng RY. Curcumin-Protected PC12 Cells
Against Glutamate-Induced Oxidative Toxicity. Food Technol Biotech 2014; 52: 46878.

39.

Zhao F, Gong Y, Hu Y, Lu M, Wang J, Dong J et al. Curcumin and its major
metabolites inhibit the inflammatory response induced by lipopolysaccharide:
Translocation of nuclear factor-κB as potential target. Mol Med Rep 2015; 11: 308793.

16

Sener et al

Table 1:The results of biochemical parameters (SOD, CAT, GSH-Px). Results were
expressed as mean±standard deviation.
SOD
(ng/mg protein)
0.012±0.001

CAT
(k/g protein)
166.478±18.389

GSH-Px
(ng/mg protein)
0.084±0.011

Group 2:Formaldehyde (n=7)

0.008±0.001

109.332±9.935

0.055±0.007

Group 3:Formaldehyde+Curcumin (n=7)

0.010±0.002

136.150±16.431

0.068±0.010

Groups
Group 1:Control (n=7)

P values
Group 1-2

0.001

0.001

0.001

Group 1-3

0.004

0.004

0.020

Group 2-3

0.004

0.011

0.042

Table 2:The results of biochemical parameters (MDA, XO, NO). Results were expressed as
mean±standard deviation.
MDA
(nmol/g protein)
7.579±0.828

XO
(U/g protein)
4.211±0.909

NO
(µmol/ g protein)
0.098±0.027

Group 2:Formaldehyde (n=7)

12.104±1.231

6.644±1.220

0.229±0.041

Group 3:Formaldehyde+Curcumin (n=7)

8.294±0.830

4.987±0.809

0.127±0.026

Groups
Group 1:Control (n=7)

P values
Group 1-2

0.001

0.001

0.001

Group 1-3

N.S.

N.S.

N.S.

Group 2-3

0.001

0.016

0.001

N.S.: Not significant
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