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Abstract: The present study was designed to investigate the protective effects of short term treatment of 

curcumin against psycho-behavioral abnormalities induced by lead exposure. Twenty four male Albino Wistar 

rats were divided into four groups namely vehicle control (VC) which received neutral oil orally and 0.9% 

saline intraperitoneally, curcumin (CUR) which received curcumin dissolved in neutral oil orally 100mg/ml/kg 

for 7 days, lead group (L) which received lead acetate intraperitoneally (ip) 100mg/ml/kg for 7 days and 

lead+curcumin (LC) which were co-administered with lead acetate and curcumin. To assess memory and 

cognition Morris water maze test (MWM) and Novel object recognition test (NOR) were performed. For the 

assessment of anxiety and depression like symptoms Elevated Plus maze (EPM) and Tail Suspension test (TST) 

were performed. Open Field test (OFT) was performed to monitor ambulatory activity. Exposure to lead 

significantly impaired memory and cognitive function and also induced anxiogenic and depression like 

symptoms in rats while co-administration of curcumin with lead attenuated lead induced behavioral deficits and 

recovered impairments in learning and memory suggesting preventive role of curcumin on brain against heavy 

metal induced toxicity.   
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Introduction 
Curcumin is a lipophilic molecule1 and does 

not appear to be toxic even at high doses1, 2. It has 

been used extensively in ancient medicinal system 

and home remedies.  Curcumin possesses a broad 

spectrum of biological actions including anti-

inflammatory, anti-carcinogenic, anti-mutagenic, 

anti-coagulant, anti-diabetic, anti-bacterial, anti-

ulcer, anti-venom, anti-fertility, anti-protozoal, anti-

fibrotic, anti-apoptotic, anti-proliferative, anti-aging1, 

3, 4, 5. Curcumin also provides protection against 

reactive oxygen and nitrogen species6, 7. Antioxidant 

effects of curcumin have been reported 4, 8, 9. In 

addition to above biological activities curcumin has a 

major role in stress and depression like symptoms. 

Involvement of serotonergic system and 5-HT1A/1B 

and 5-HT2C receptors have also been reported in 

exerting antidepressant effects by curcumin10, 11.  

Neuroprotective effects of curcumin against diseases 

like Epilepsy and Alzheimer’s have also been 

reported12, 13. Lead (Pb+2) is a heavy metal and is 

widely used in number of technological processes as 

a result of which humans are exposed to it14. There 

many sources of lead contamination in environment 

for example lead-based paints, contaminated soil, 

water, air and a number of other lead-based 

products15.  A number of actions have been taken in 

past to minimize the lead use but still a significant 

health hazard14. 

The basic mechanism responsible for lead 

toxicity is its ability to replace other cations like Ca+2 

and Zn+2in the cell14, 16. Lead poisoning cause 

cognitive deficits, motor impairment and is more 

dangerous in childhood, as brain is in the 

developmental stage14, 17. Glial and neuronal changes 

have been reported following lead poisoning18. It has 

also been reported that repeated exposure to lead 

affects brain serotonin metabolism and causes 

memory impairment19. On the basis of beneficial 

effects of curcumin the present study was designed 

to investigate the neuroprotective effects of 

curcumin on different behaviors following lead 

induced toxicity in rats. 
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Materials and Methods 

Animals:   

The study was performed on 24 male Albino wistar 

rats weighing 180-200gms. All animals were healthy 

and purchased from Aga Khan University. All 

animals were housed individually under a 12h light-

dark cycle and controlled temperature (22+ 20C) 

with free access to cubes of standard rodent diet and 

tap water for at least 3-4 days before 

experimentation so that rodents could adapt 

themselves to the new environment. All experiments 

were conducted after approval from Local Animal 

Care Ethical Committee. 

 

Drugs: 

Lead acetate was purchased from Merck (Germany) 

and Curcumin was purchased from Sigma Chemicals 

(USA). 

Protocol: 

Animals were randomly divided into four groups, 

vehicle control (VC), curcumin (CUR), lead (L) and 

lead+curcumin (LC). Animals in the VC group were 

orally administered with neutral oil and injected (i.p) 

with saline. Animals in the CUR group were orally 

administered with curcumin at a dose of 

100mg/ml/kg. Animals in the L group were injected 

with lead (i.p) at the dose of 100mg/ml/kg and 

animals in the LC group were orally administered 

with curcumin and i.p injected with lead. Doses of 

curcumin and lead acetate were selected on the basis 

of previously reported studies (Girish and Pradhan, 

2012; Haider et al., 2005). All the drugs were 

administered for 7 days and then behavioral tests 

were performed. 

 

Behavioral Tests 
Plus Maze Test: 

The Plus Maze test is used to assess anxiety-like 

behavior in laboratory animals21. The apparatus used 

in the present study consisted of two open arms 

(50x10 cm) crossed with two closed arms of the 

same dimensions with walls 40cm high. The arms 

were connected with a central square (5x5 cm) to 

give the apparatus a plus sign appearance. The maze 

was elevated 60cm above the floor. To monitor the 

activity, rats were individually placed in the central 

square facing an enclosed arm and the time spent in 

open arm by the rat was recorded. 

 

Open Field Test: 

The open field test is designed to measure behavioral 

responses such as locomotor activity and exploratory 

behavior22. The apparatus for open field test is a 

square (76 × 76 cm) with opaque walls 42 cm high. 

The floor is divided into 25 equal squares. To 

monitor the activity animals taken out from their 

home cages were placed in the central square of the 

open field (one at a time). Numbers of squares 

crossed with all four paws were counted for 5 min. 

Tail Suspension Test: 

The tail suspension test is most widely used to assess 

despair like behavior in rats and was developed by 

Steru et al (1985)23. The test is based on the fact that 

animals subjected to short term, inescapable stress of 

being suspended by their tail will develop an 

immobile posture. Method is essentially the same as 

described previously22. The test is usually quite 

short. Cut off time being 6 min, and the amount of 

time the rats spend immobile is recorded. In the 

present study the apparatus consisted of a wooden 

box painted gray (54 × 30 × 52 cm) with a hook in 

the center of the ceiling. Each rat was individually 

suspended by the tail from the hook with an adhesive 

tape. 

Novel Object Recognition Test: 
The experimental apparatus used for the object 

recognition task was an open field box (40x40x40 

cm) made up of gray painted wood. The floor was 

covered with saw dust. The method was essentially 

the same as that described by Batool et al (2016)24. 

The objects to be discriminated were two similar 

transparent glasses filled with white cement (A1 and 

A2) and a metallic container of same size filled with 

white cement (new object, B). The test was 

comprised of three phases: 1) Habituation phase 2) 

Training phase and the 3) Test phase. On the 1st day, 

each rat was initially habituated to the open field box 

without any object for 15 minutes. On the 2nd day, 

each rat was placed in the open field for 15 minutes 

and allowed to freely explore two identical objects 

A1 and A2 (two glasses filled with white cement). 

On 3rd day, during the test phase, one the object used 



Naqvi et al.                                                                                                                                                               3 

during training session was replaced by a novel 

object (B) and animals were left to explore the 

objects until they had accumulated 30s of total object 

exploration time or for a maximum of 20 minutes. 

 

Morris Water Maze Test: 

Morris Water Maze (MWM) test is used to examine 

the effects on spatial memory. It was developed by 

Morris in 198125. This is a well-known, conventional 

cognitive test which requires an animal to use spatial 

learning and memory to locate a hidden platform just 

below the surface of a circular pool of water and also 

to remember its location as in the previous trial. It is 

reported that the animal uses cues in order to locate 

the hidden platform. The maze used for rats is same 

as described by Haider et al (2011)26. It is a circular 

pool of water with a diameter of 45cm, height 37cm 

and depth of water is 12cm. The pool is a metal 

cylinder painted white on the inner surface and the 

escape platform is also made of metal cylinder with 

flat metallic top having a surface diameter of 8cm 

and is 2cm below the surface of water during water 

maze training. The pool is filled with water (23 ± 

2ºC) and made opaque with milk in order to obscure 

the platform and to allow proficient tracking of the 

swim paths of the rats. In our experiment we have 

assessed the working (short-term) memory in terms 

of latency to locate the escape platform. The test is 

based upon 2 phases; the training phase and the test 

phase. Memory functions of rats were tested by 

noting down the retention latency. The cut off time 

was 2 minutes for each session. Initially the training 

session was performed during which each rat was 

placed into the water in such a way that their face 

was towards the wall of the tank. After placing 120 

seconds were given each animal to find and mount 

onto the hidden platform, if the rat located the 

platform it was allowed to stay on it for 10 seconds. 

If it failed to locate the platform during the allocated 

time then it was guided gently onto the platform. 

Then test session was performed after 90 minutes in 

which time taken to reach the hidden platform was 

again recorded.   
 

 

 

Statistical analysis 
The statistical evaluation was performed by One-

way anova while post-hoc analysis was done by 

Tukey’s test using SPSS version 20. Results are 

expressed as the mean ± SD; p value < 0.05 was 

considered significant.  

 

Results 
Effect of curcumin and lead on cognition: 

Data analysis by one-way anova revealed a 

significant [F (3, 20)= 17.06, P<0.01)] of drugs on 

cognition in NOR. Post-hoc analysis showed 

significant reduction in cognitive abilities in lead 

(P<0.01) treated and lead+curcumin (P<0.05) treated 

rats as compared to vehicle controls, however there 

was a significant increase (P<0.05) in cognition in 

lead+curcumin treated rats as compared to only lead 

treated rats. (Fig. 1) 

 
Figure 1: Effect of curcumin and lead on cognition. Data represented 

as mean +SD; n= 6 rats per group. * p<0.05; ** p<0.01 versus vehicle 

control and +p<0.05; ++p<0.01 versus lead group. 

 

Effect of curcumin and lead on short-term memory 

(STM): 

Data analysis by one-way anova revealed a 

significant [F (3, 20)= 10.38, P<0.01)] of drugs on 

short term memory in MWM. Post-hoc analysis 

showed a significant (P<0.01) increase in escape 

latency in lead treated rats as compared to vehicle 

controls while this increase in escape latency was 

significantly attenuated (p<0.05) by curcumin in LC 

group when compared to lead treated rats only. (Fig. 

2) 
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Figure 2: Effect of curcumin and lead on memory. Data represented as 

mean +SD; n= 6 rats per group. * p<0.05; ** p<0.01 versus vehicle 

control and +p<0.05; ++p<0.01 versus lead group. 

 

Effect of curcumin and lead on immobility: 

Data analysis by one-way anova revealed a 

significant [F (3,20)= 37.73, P<0.01)] of drugs on 

depression like behavior in TST. Immobility time 

was significantly (p<0.01) decreased in curcumin 

treated rats as compared to vehicle controls while 

immobility was significantly increased (P<0.01) in 

lead treated rats as compared to vehicle controls. Co-

administration of curcumin with lead significantly 

(p<0.05, P<0.01) attenuated lead induced increase in 

escape latency as compared to vehicle controls and 

lead treated rats respectively. (Fig.3) 

 
Figure 3: Effect of curcumin and lead on immobility. Data represented 

as mean +SD; n= 6 rats per group. * p<0.05; ** p<0.01 versus vehicle 

control and +p<0.05; ++p<0.01 versus lead group. 

 

Effect of curcumin and lead on anxiety like 

behavior: 

Data analysis by one-way anova revealed a 

significant [F (3,20)= 25.74, P<0.01)] of drugs on 

anxiety like behavior in EPM. Post-hoc analysis 

showed a significant decrease (P<0.01) in time spent 

in open arm in rats treated with lead as compared to 

vehicle controls while rats co-treated with lead and 

curcumin showed a significant increase (P<0.05) in 

time spent in open arm as compared to only lead 

treated rats. (Fig. 4) 

 
Figure 4: Effect of curcumin and lead on anxiety like behavior. Data 

represented as mean +SD; n= 6 rats per group. * p<0.05; ** p<0.01 

versus vehicle control and +p<0.05; ++p<0.01 versus lead group. 

 

Effect of curcumin and lead on ambulatory 

activity: 

Data analysis by one-way anova revealed a 

significant [F (3,20)= 15.52, P<0.01)] of drugs on 

ambulatory activity in OFT. Post-hoc analysis 

showed significant (P<0.01) reduction in number of 

squares crossed/5min in lead exposed rats as 

compared to vehicle controls. However co-

administration of curcumin with lead significantly 

increased (P<0.05) number of squares crossed/5min 

as compared to lead treated rats. (Fig. 5)  
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Figure 5: Effect of curcumin and lead on ambulatory activity. Data 

represented as mean +SD; n= 6 rats per group. * p<0.05; ** p<0.01 

versus vehicle control and +p<0.05; ++p<0.01 versus lead group 

 

Discussion 

Lead is a toxic metal without any essential biological 

function.  It is a critical environmental pollutant that 

is accumulated in soils, especially in urban systems, 

creating a public and environmental health 

concern27.  Due to its use in a number of products of 

daily life humans are highly exposed to it. Lead is a 

neurotoxin and cause damage to the central nervous 

system28 and also affects the synthesis and release of 

various neurotransmitters29,30.  

             In the present study subcutaneous 

administration of lead for 7 days severely affects the 

time spent in open arm in plus maze test indicating 

anxiogenic effect of lead. The adverse effect of lead 

on rat behavior is in agreement with the findings of 

other researchers31,32,33. However co-administration 

of curcumin with lead significantly attenuated lead 

induced anxiety in rats showing its neuroprotective 

and anxiolytic effect against heavy metals induced 

changes. Our study also showed that administration 

of lead resulted in increased immobility and despair 

indicating depressogenic effect of lead.  Previously it 

has been reported that exposure to lead results in 

alterations in complex behaviors of brain32. It has 

been reported that repeated exposure to lead affects 

brain serotonin metabolism and causes memory 

impairment19,34. In the present study treatment with 

curcumin significantly attenuated depressogenic 

effect of lead evident by decreased immobility in 

forced swim test. This decrease in immobility 

reflects the anti-depressogenic property of curcumin 

against neurotoxic metal and this effect of curcumin 

may be due to restoration of lead induced decrease in 

5-HT metabolism. Increased 5-HT levels following 

curcumin administration have been reported 

earlier35. Involvement of curcumin in stress and 

depression like symptoms have also been reported 

previously10. Lead poisoning is a possible factor in 

severe behavioral deficits, vulnerability of brain 

damage, mental impairment and cognitive 

impairments14,36. Reduction of 2-4 IQ points has 

been reported with every increase of 1µg/dl in blood 

lead levels in the range of 5-35µg/dl14,37. The present 

study is also in agreement with the previously 

reported studies as exposure to lead significantly 

impaired performance in both memory tests. In 

Morris water maze test time taken to reach the 

platform in lead exposed rats was significantly 

increased reflecting impairment in memory whereas 

co-administration of curcumin with lead reversed the 

lead induced impairment in memory. In the present 

study a 62% decrease in cognition was observed in 

lead exposed rats whereas rats co-administered with 

lead and curcumin exhibited only 31% decrease in 

cognition demonstrating attenuation of memory 

deficit by curcumin as compared to vehicle controls. 

Compared to lead exposed rats an increase of 83% in 

cognition was observed in rats co-administered with 

lead and curcumin indicating the neuroprotective 

role of curcumin against memory deficits induced by 

lead. Improved memory function and cognition 

following curcumin administration in lead exposed 

rats may be attributed to the scavenging and 

chelating property of curcumin as reported 

previously38.  The results of the present study 

therefore suggests a neuroprotective role of 

curcumin against lead induced behavioral deficits 

and toxicity. 

 

 

 

 

 



6                                                                          Curcumin attenuates behavioral deficits by Lead toxicity in rats  

References 
 

1. Hatcher H, Planalp R, Cho J, Torti FM and 

Torti SV. Curcumin: from ancient medicine 

to current clinical trials. Cell Mol Life Sci. 

2008; 65:1631-1652. 

2. Soni KB and Kuttan R. Effect of oral 

curcumin administration on serum peroxides 

and cholesterol levels in human volunteers. 

Indian J Physiol Pharmacol. 1992; 36:273-

275. 

3. Bala K, Tripathy BC and Sharma D. 

Neuroprotective and anti-ageing effects of 

curcumin in aged rat brain regions. 

Biogerontology. 2006; 7:81-89. 

4. Chattopadhyay I, Biswas K, Bandyopadhyay 

U and Banerjee RK. Turmeric and curcumin: 

Biological actions and medicinal 

applications. Current Science. 2004; 87:44-

53. 

5. Aggarwal BB and Sung B. Pharmacological 

basis for the role of curcumin in chronic 

diseases: an age-old spice with modern 

targets. Trends Pharmacol Sci. 2009; 30:85-

94.  

 

6. Sreejayan and Rao MN. Nitric oxide 

scavenging by curcuminoids. J Pharm 

Pharmacol. 1997; 49 105-107. 

7. Haider S, Naqvi F, Batool Z, Tabassum S, 

Sadir S, Liaquat L, Naqvi F, Zuberi NA, 

Shakeel H and Perveen T. Pretreatment with 

curcumin attenuates anxiety while 

strengthens memory performance after one 

short stress experience in male rats. Brain 

Res Bull. 2015; 115:1-8.  

8. Vajragupta O, Boonchoong P, Watanabe H, 

Tohda M, Kummasud N and Sumanont Y. 

Manganese complexes of curcumin and its 

derivatives: evaluation for the radical 

scavenging ability and neuroprotective 

activity. Free Radic Biol Med. 2003; 

35:1632-1644. 

9. Thiyagarajan M and Sharma SS. 

Neuroprotective effect of curcumin in middle 

cerebral artery occlusion induced focal 

cerebral ischemia in rats. Life Sci. 2004; 

74:969-985. 

10. Wang R, Xu Y, Wu HL, Li YB, Li YH, Guo 

JB and Li XJ. The antidepressant effects of 

curcumin in the forced swimming test 

involve 5-HT1 and 5-HT2 receptors. Eur J 

Pharmacol. 2008; 578:43-50. 

11. Xu Y, Ku BS, Yao HY, Lin YH, Ma X, 

Zhang YH and Li XJ. Antidepressant effects 

of curcumin in the forced swim test and 

olfactory bulbectomy models of depression in 

rats. Pharmacol Biochem Behav. 2005; 

82:200-206. 

 

12. Mehla J, Reeta KH, Gupta P and Gupta YK. 

Protective effect of curcumin against seizures 

and cognitive impairment in a 

pentylenetetrazole-kindled epileptic rat 

model. Life Sci. 2010; 87: 596-603.  

13. Begum AN, Jones MR, Lim GP, Morihara T, 

Kim P, Heath DD, Rock CL, Pruitt MA, 

Yang F, Hudspeth B, Hu S, Faull KF, Teter 

B, Cole GM and Frautschy SA. Curcumin 

structure-function, bioavailability, and 

efficacy in models of neuro inflammation and 

Alzheimer's disease. J Pharmacol Exp Ther. 

2008; 326:196-208.  

14. Garza A, Vega R and Soto E. Cellular 

mechanisms of lead neurotoxicity. Med Sci 

Monit. 2006; 12:RA57-65.  

15. Mohammed AS, Kapri A and Goeland R. 

Heavy metal pollution: source, impact, and 

remedies. Environmental Pollution. 2011; 20: 

1–28. 

16. Godwin HA. The biological chemistry of 

lead. Curr Opin Chem Biol. 2001; 5: 223-

227. 

17. Canfield RL, Kreher DA, Cornwell C and 

Henderson CR Jr. Low-level lead exposure, 

executive functioning, and learning in early 

childhood. Child Neuropsychol. 2003; 9:35-

53. 

18. Sansar W, Ahboucha S, Gamrani H. Chronic 

lead intoxication affects glial and neural 

systems and induces hypoactivity in adult rat. 

Acta Histochem. 2011; 113:601-607. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Aggarwal%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=19110321
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sung%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19110321
http://www.ncbi.nlm.nih.gov/pubmed/19110321


Naqvi et al.                                                                                                                                                               7 

19. Haider S, Shameem S, Ahmed SP, Perveen T 

and Haleem DJ. Repeated administration of 

lead decreases brain 5-HT metabolism and 

produces memory deficits in rats. Cell Mol 

Biol Lett. 2005; 10:669-676. 

20. Girish C and Pradhan SC. Hepatoprotective 

activities of picroliv, curcumin, and ellagic 

acid compared to silymarin on carbon-

tetrachloride-induced liver toxicity in mice. J 

Pharmacol Pharmacother 2012; 3: 149-155. 

21. Perveen T, Hashmi BM, Haider S, Tabassum 

S, Saleem S and Siddiqui MA. Role of 

monoaminergic system in the etiology of 

olive oil induced antidepressant and 

anxiolytic effects in rats. ISRN Pharmacol. 

2013; 2013:615685. doi: 

10.1155/2013/615685. 

22. Naqvi F, Haider S, Batool Z, Perveen T and 

Haleem DJ. Sub-chronic exposure to noise 

affects locomotor activity and produces 

anxiogenic and depressive like behavior in 

rats. Pharmacol Rep. 2012; 64:64-69. 

23. Steru L, Chermat R, Thierry B and Simon P. 

The tail suspension test: a new method for 

screening antidepressants in mice. 

Psychopharmacology (Berl). 1985; 85:367-

370. 

 

24. Batool Z, Sadir S, Liaquat L, Tabassum S, 

Madiha S, Rafiq S, Tariq S, Batool TS, 

Saleem S, Naqvi F, Perveen T and Haider S. 

Repeated administration of almonds 

increases brain acetylcholine levels and 

enhances memory function in healthy rats 

while attenuates memory deficits in animal 

model of amnesia. Brain Res Bull. 2016; 

120:63-74.  

 

25.  Morris RG. Spatial localization does not 

depend on the presence of local cues. 

Learning and Motivation. 1981; 12: 239- 

260. 

26. Haider S, Tabassum S, Ali S, Saleem S, 

Khan AK and Haleem DJ. Age-related 

decreases in striatal DA produces cognitive 

deficits in male rats. J Pharmacol Nutri Sci. 

2011; 1:20–27. 

27. Mielke HW, Laidlaw MA and Gonzales CR. 

Estimation of leaded (Pb) gasoline's 

continuing material and health impacts on 90 

US urbanized areas. Environment 

International. 2011; 37: 248-257. 

28. Wilson MA, Johnston MV, Goldstein GW 

and Blue ME. Neonatal lead exposure 

impairs development of rodent barrel field 

cortex. Proc Natl Acad Sci USA. 2000; 

97:5540–5545. 

29. Leret ML, Garcia-Uceda F and Antonio MT. 

Effects of maternal lead administration on 

monoaminergic, GABAergic and 

glutamatergic systems. Brain Res Bull. 2002; 

58:469–473 

30. Devi CB, Reddy GH, Prasanthi RP, Chetty 

CS and Reddy GR. Developmental lead 

exposure alters mitochondrial monoamine 

oxidase and synaptosomal catecholamine 

levels in rat brain. Int J Dev Neurosci. 2005; 

23:375–81. 

31. Moreira EG, Vassilieff I and Vassilieff VS. 

Developmental lead exposure: behavioral 

alterations in the short and long term. 

Neurotoxicol Teratol. 2001; 23: 489-495. 

32. Leret ML, Millán JA and Antonio MT. 

Perinatal exposure to lead and cadmium 

affects anxiety-like behaviour. Toxicology. 

2003; 186:125-130. 

33. Sansar W, Bouyatas MM, Ahboucha S and 

Gamrani H. Effects of chronic lead 

intoxication on rat serotoninergic system and 

anxiety behavior. Acta Histochem. 2012; 

114: 41-45.  

34. Nehru B and Sidhu P. Behavior and 

neurotoxic consequences of lead on rat brain 

followed by recovery. Biol. Trace Elem. Res. 

2001; 84: 113-127. 

35. Kulkarni SK, Bhutani MK and Bishnoi M. 

Antidepressant activity of curcumin: 

involvement of serotonin and dopamine 

system. Psychopharmacology (Berl). 2008; 

201:435-442. 



8                                                                          Curcumin attenuates behavioral deficits by Lead toxicity in rats  

36. Flora SJS, Saxena G and Mehta A. Reversal 

of Lead-Induced Neuronal Apoptosis by 

Chelation Treatment in Rats: Role of 

Reactive Oxygen Species and Intracellular 

Ca2+. The journal of pharmacology and 

experimental therapeutics. 2007; 322: 108-

116. 

37. Klaassen CD. Heavy metals and heavy 

metals antagonists. In: Hardman JG, Limbrid 

LE, Gilman AG (eds). The Pharmacological 

basis of Therapeutics. 10ed. New York: 

McGraw Hill, 2001; 1851-1875. 

38. García-Niño WR and Pedraza-Chaverrí J. 

Protective effect of curcumin against heavy 

metals-induced liver damage. Food Chem 

Toxicol. 2014; 69:182-201.  

 


