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To determine the protective effects of curcumin and nanocurcumin against arsenic-induced hepatotoxicity in female rats, using liver function tests 
and oxidative stress parameters. 

-1Arsenic trioxide (4 mg kg  b.wt.), 
-1curcumin and nano curcumin (50 mg kg  b.wt.) were 

administered to healthy rats as a chronic treatment for 
60 days through gavage. The liver tissue samples of 
exposed rats were examined for histopathological 
alterations, liver function tests viz. alanine 
transaminase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), lactate 
dehydrogenase (LDH), bilirubin (BIL) and a lipid 
peroxidation product-malonaldehyde (MDA).

Treatments with both forms of curcumin could 
significantly (p 0<0.05) improve liver function as 
indicated by serum enzyme biomarkers viz. AST, ALT, 
ALP and LDH. Hyper-bilirubinemia was also 
diminished.  Fibro-proliferation caused by arsenic in 
the liver was also controlled by curcumin (s). 
Histopathological observations of liver showed 
significant improvement in its morphology post 
treatments

Present results suggest that curcumin 
and nanocurcumin both express hepatoprotective 
effects in arsenic treated rats. However, nanocurcumin 
was found to offer better protection than curcumin.

Key words: Arseniasis, Fibrosis, Lipid peroxidation, 
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study on the protective effects of curcumin/ nanocurcumin on 
arsenic induced chronic hepatotoxicity in female rats has not 
been seemingly made. The main objective of present study was 
to observe their comparative effects on- bioaccumulation of 
arsenic in liver, on enzyme biomarkers of liver function, lipid 
peroxidation, fibrosis and morphological changes in the liver of 
female Wistar rats.

Materials and Methods

Preparation of nano-curcumin: Nano-curcumin was prepared 
following the method suggested by Bhawna et al. (2011). Briefly, 
100 mg of extra pure curcumin was mixed with 20 ml of 
dichloromethane. one milliliter of this solution was sprayed into 50 
ml of boiling water drop by drop under ultrasonic conditions 
(power 100W, frequency 30 kHz for 10min. After sonication, the 
solution was stirred on a magnetic stirrer at room temperature for 
about 20 min. A clear solution thus obtained was concentrated 

0under reduced pressure at 50 C and then freeze dried using a 
lyophilizer (Lab Conco, USA). The particles were characterized 
employing standard procedures of X-ray diffraction, zeta potential 
and transmission electron microscopy.

Characterization of nanocurcumin: The crystalline structure, 
the mean particle size and zeta potential of nano-curcumin were 
determined following the standard methods using a particle size 
analyzer (Litesizer 500, Anton Paar, Austria). The sample was 
prepared by dissolving 1mg of lyophilized nano-curcumin powder 
in 10 ml of ultrapure distilled water. These observations were 
made with the help of Central Instrument Laboratory of Panjab 
University, Chandigarh (India). The morphological features and 
size of nano-curcumin were determined through transmission 
electron microscopy (TEM, Hitachi G20-FE1). These 
investigations were made using Electron Microscopy Facility of 
All India Institute of Medical Sciences (AIIMS), New Delhi.

Experimental model: Two-month-old (180-200 g) female Wistar 
rats were purchased from Animal Facility of All India Institute of 
Medical Sciences, New Delhi (India). They were maintained in the 
animal house of Ch. Charan Singh University, Meerut under 

ostandard laboratory conditions (room temperature -25± 5 C and 
relative humidity – 60 ±10%) at 12 hr alternate light and dark 
cycle. Each rat was housed individually in a polypropylene cage 
and offered food pellets (Golden Feeds, New Delhi) and tap water 
ad libitum. Present experiments were performed after the 
approval of Institutional Animal Ethical Committee of Ch Charan 
Singh University, Meerut vide approval number 384/a/9-6-2018.

Treatments with arsenic, curcumin and nano-curcumin: Rats 
were divided into six groups each containing five rats. Rats of 
Group A were administered through gavage a predetermined 

-1sub-lethal dosage i.e. 4mg kg  b.w of arsenic (III) oxide on each 
alternate day for 60 days as described earlier. Rats of group B 
were administered arsenic (III) oxide similar to the rats of Group A, 

-1and 50 mg kg  b.wt. of curcumin through gavage on days 
alternate to arsenic treatment for 60 days. Rats of Group C were 

Introduction

Human exposure to arsenic in several parts of the globe is 
known to occur through ground water contamination (Rahman et 
al., 2001). Subsequent to exposure and absorption, arsenic 
reaches different organ systems and manifests its toxicity 
(Mazumdar, 2008). Biochemical and molecular mechanisms of its 
toxicity, in recent past, have also been explored by several 
laboratories.  Briefly, trivalent arsenicals have been found to be 
more potent toxicants than pentavalent arsenicals. Several 
articles have been published on its mechanism of action (Druwe 
and Vaillan, 2008; Kitchin and Conolly, 2010). These reviews 
attribute mechanisms viz. altered DNA methylation, signal 
transduction, cell proliferation, reactive oxygen species, oxidative 
stress and DNA damage to its toxicity. Agencies like International 
Agency for Research on Cancer (IARC, 2004) and European 
Food Safety Authority (EFSA, 2009) have declared it as a human 
carcinogen. Agency for Toxic Substance and Drug Registry 
(ATSDR) has registered it as number one substance in the 
comprehensive Environmental Response Compensation and 
Liability Act (CERLA) priority list of substances (ATSDR, 2007a).

Hepatotoxicity of different forms of arsenic in various 
experimental models has also been studied by several 
laboratories.  Significant contribution has been made by Waalkes 
et al. (2000) and Csanaky et al. (2003). Recently, its role in 
endoplasmic stress, mitochondrial stress and apoptosis has also 
been studied (Rana, 2019). Chemoprevention of arseniasis by 
antioxidants, chelating agents and nutrients in experimental 
animal models has also been reported. Ascorbic acid was found 
to modulate arsenic toxicity in the liver of Wistar rats (Singh and 
Rana, 2010). Fruit extract of Embica officinalis (Amla) attenuated 
arsenic induced toxicity in mice (Singh et al., 2015). Lutein, a 
carotenoid, was also found to improve the structure and function 
of liver in arsenic treated mice (Li et al., 2015). It was 
demonstrated that ursodeoxycholic acid expresses protective 
effects against arsenic induced hepatotoxicity through Nrf2 
(nuclear factor erythroid 2 – related factor 2) signalling pathway 
(Li et al., 2020). Recently, pharmacological effects of lentinan, α- 
β -1,6;1,3 glucan extract from Lentinus edodes which has 
antioxidant and  immune-modulating properties, have been 
studied in mice (Yang et al., 2022).  

Curcumin (diferuloylmethane) is a hydrophobic bioactive 
ingredient found in the rhizome of Curcuma longa that belongs to 
Zingiberaceae family has drawn considerable attention for its 
biological and pharmacological properties (Esatbeyoglu et al., 
2012). Further, nano range formulations of curcumin (CUR) have 
been reported to express increased biological and 
pharmacological effects (Karthikeyan et al., 2020). It ameliorated 
the toxic effects of aluminium oxide in the bone marrow and liver 
of male mice (Alghriany et al., 2022). It could also abate the liver 
toxicity of copper in rats (Alhusaini et al., 2018). Another study 
concluded that curcumin/nanocurcumin could improve the 
performance, antioxidant status and jejunal tissue health in 
broiler chicken (Rahmani et al., 2018). However, a comparative 
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thiobarbituric acid method (Jordan and Schenkman, 1982). 
Absorbance was recorded at 532 nm using a spectrophotometer 
(Systronics, India). 1.1.3’.3’ tetramethoxypropane was used as 
the standard. Total proteins in these samples were estimated 
following Lowrys’ method (Lowry et al., 1951).

Liver collagen: Collagen in liver samples was estimated using 
trichloroacetic acid, following the method of Fitch et al. (1955).

Histopathological observations: Small pieces of liver collected 
from rats of each group were fixed overnight in 10% neutral 
formaldehyde, washed in running tap water for 24hr, dehydrated 
in ethyl alcohol, cleared in xylene and embedded in paraffin wax. 
Six micron thick paraffin sections were prepared using a rotary 
microtome (Leica, China). These sections were stained with 
hematoxylin and eosin and examined under research microscope 
(Nikon, Japan).

Statistical analyses: The data (mean values±SEM) was 
analyzed employing Students’ “t” test. Values at p<0.05 were 
considered statistically significant. Inter group comparisons were 
made through ANOVA followed by Duncans’ post hoc test.

Results and Discussion

Transmission Electron Microscopy was employed to 
determine the morphological features of nano-curcumin. TEM 
images of nano-curcumin exhibited almost spherical shape of 
particles with an average diameter less than 100 nm. Zeta 
potential of nano-curcumin was measured in 10 mM sodium 
chloride. All samples exhibited negative zeta potential. Nano-
curcumin used in the present study showed it to be -40.9 mV 
indicating a moderate stability of the colloid. A comparison of X-
ray diffractograms for curcumin and nano-curcumin indicated that 
nano-curcumin particles possessed an amorphous character. 
Characteristic peaks of curcumin were found missing in the 
results on nano-curcumin. (Fig. 1. a,b). Arsenic is known to be 
cumulative in soft tissues like liver and kidney. Its 
bioconcentration increased significantly in the liver of rats treated 
with arsenic. However, arsenic concentration decreased in the 
liver of As + curcumin as well as As + nano-curcumin treated rats 
(Fig. 2a). Several attempts have been made to ameliorate arsenic 

also  arsenic as the rats of Group A for 60 days but 
-1force fed on nano-curcumin (50 mg kg  b.wt.) on days alternate to 

arsenic treatment for a period of 60 days. Rats of Group D and E 
-1were offered curcumin (50 mg kg  b.wt.) and nano-curcumin (50 

-1mg kg  b.wt.) respectively at the dosage similar to the rats of 
Group B and C so as to serve as parallel controls. Rats of Group F, 
administered saline (1 ml)  only through gavage, were treated as 
controls.

Collection of test samples: On termination of respective 
treatments, rats were starved overnight and sacrificed using 
isofurane as anaesthesia. Small pieces of liver were removed and 
processed for estimating arsenic concentration, malondialdehyde 
content, collagen and histopathological lesions. Blood was 
collected through cardiac puncture and processed for the 
estimation of serum enzyme markers and total bilirubin.

Bioaccumulation of arsenic in liver: Arsenic concentration in 
the liver of rats of all the groups (A-F) was determined through 
Inductive Coupled Plasma Emission Spectroscopy. Briefly, 1.0g 
liver sample collected from each rat was digested in 10 ml of 
concentrated nitric acid (AR). It was diluted with 10 ml of ultrapure 
water. five milliliter of the aliquot was used for arsenic analysis. 
Arsenic (III) oxide (Sigma, USA) was used as the standard. 
Absorbance was recorded using a plasma emission 
spectrophotometer (Perkin Elmer, model MPAES 4210). These 
observations were made with the help of Central Instrument 
Facility of Indian Institute of Technology, Roorkee (India).

Determination of enzymatic biomarkers: Serum enzymes viz. 
AST and ALT were determined following the method of Reitman 
and Frankel (1957). Alkaline phosphatase was estimated 
following   the method of King and Armstrong (1934). LDH activity 
in serum samples was estimated followed the protocols of  
Kaplan and Szabo (1983).

Bilirubin: Total bilirubin in serum samples was determined 
following alkaline picrate method suggested by Toro and 
Ackerman (1975).

Malondialdehyde: Malondialdehyde, a lipid peroxidation 
product, was estimated in respective liver samples using 

administered

Table 1: Values of enzymes biomarkers of liver function in nano-curcumin and arsenic treated female rats

Enzymes Arsenic Arsenic + Curcumin Arsenic + Nano curcumin Control
Curcumin Nanocurcumin

-1 @ # #@ #@ #@AST (IU l ) 233.51 ± 29.41*  183.12 ± 41.06* 40.99 ± 7.34* 159.56 ± 34.18*  65.08 ± 27.72*  42.09 ± 6.01
-1 @ # #@ #@ #@ALT (IU l )  71.00 ± 10.10* 60.25 ± 12.56* 16.60 ± 4.90* 23.23 ± 4.22*  48.95 ± 15.23* 35.25 ± 7.62

@ # #@ #@ #@Alkaline  163.036 ± 26.35* 119.81 ± 16.93* 121.19 ± 17.56*  136.85 ± 25.70*  83.33 ± 5.77* 102.15 ± 7.94
-1phosphatase (IU l )

NS@ # #@ #@ #@Lactate 183.41 ± 6.02 203.86 ± 14.42* 175.92 ± 9.62*  201.83 ± 8.78*  182.29 ± 5.11* 152.37 ± 7.96
-1dehydrogenase (IU l )

Results are expressed as mean of five replicates ± S.E.; *#@ Results are significantly (p < 0.05) different from control values of female rats. NS = Non 
significant in comparison to control rats.
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toxicity in experimental models employing chelating agents, 
antioxidants and natural dietary compounds (Rana, 2022; 
Bjorklund et al., 2022). However, protective effects of nano-
curcumin against arseniasis are poorly understood. Present 
study demonstrated that arsenic concentration in the liver of 
arsenic treated rats declined after curcumin or nano-curcumin 

treatments. It is envisaged that curcumin might have orchestrated 
this effect through chelation, being a potent chelator of redox 
active metal ions (Baum and Ng, 2004). Curcumin is also known 
to reduce the tissue burdeon of other toxic elements viz. cadmium 
(Eybl et al., 2004) and lead (Shukla et al., 2003) through 
chelation. A synergistic effect of nano-MiADMSA and curcumin in 
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Fig. 1: X-ray diffractogram of nano-curcumin shows the amorphous character of particles; (b) X-ray diffractogram of curcumin shows peaks different 
from curcumin indicating a difference in their chemical composition than N-CUR. 
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witnessed in the results obtained in this study on enzyme 
biomarkers of liver function.  Arsenic exposure caused significant 
increase in serum enzyme(s) viz. AST, ALT, ALP and LDH values 
compared to control group(s) of rats. Earlier studies made in our 
laboratory have confirmed that chronic treatments with arsenic 
lead to elevation in the activity of serum enzymes expressing 
significant liver function impairment (Huma et al., 2022).

Significance of enzyme biomarkers in xenobiotic induced 
hepato-toxicity has been widely reviewed and discussed (Ozer et 
al., 2008). Present results demonstrated that administration of 
curcumin/ nanocurcumin could significantly reduce serum values 
of these enzymes. Reduction of enzyme values, in general, was 
greater in nanocurcumin treated rats than curcumin treated rats. 
In addition to arsenic chelation, curcumin / nanocurcumin might 
have manifested these effects through anti-inflammatory, 
antioxidative and/or antiapoptotic mechanisms. Inhibition of 
serum transaminases by curcumin might have been facilitated by 
the inhibiting the release of inflammatory cytokines viz. TNFα and 
interleukin-1 from macrophages (Corson and Crews et al., 2007). 
Arsenic induced hepato-toxicity was recently attributed to 
inflammation and apoptosis (Huma et al., 2022). Further, JAK-
STAT signalling pathway was considered to be involved in anti-
inflammatory effects of curcumin (Kim et al., 2003). Total bilirubin, 
another reliable marker of liver function, also declined after 
curcumin / nanocurcumin treatments (Fig. 2b). Increased bilirubin 

reducing arsenic concentration in the liver of mouse has also 
been attributed to chelation (Kushwaha et al., 2018). However, no 
significant difference between the effects of curcumin or nano-
curcumin on As chelation in rat liver were observed during present 
investigations. Results obtained on different enzyme biomarkers 
of liver function are shown in Table. 1. AST activity increased 
significantly in arsenic treated rats, however, a decline in enzyme 
values was registered in rats co-treated with As + curcumin and 
As + nano-curcumin. Inhibition of enzyme activity was greater in 
nano-curcumin treated rats than curcumin treated rats. Many fold 
increase in ALT activity, in comparison to control rats, was 
recorded in arsenic treated rats.

Treatment of As administered rats with curcumin or nano-
curcumin inhibited enzyme efflux into the blood. However, 
inhibition was higher in nano-curcumin treated rats than curcumin 
treated rats. Elevated activity of serum alkaline phosphatase was 
registered in arsenic treated rats than control rats. However, its 
concentration declined in rats co treated with As + curcumin or As 
+ nano-curcumin. Enzyme inhibition was higher in As + curcumin 
treated rats than As + nano-curcumin treated rats. LDH activity, in 
comparison to control rats, increased in the serum of arsenic 
treated rats. Co-treatments with curcumin or nano-curcumin of 
arsenic treated rats, further orchestrated an increase in LDH 
activity. Diminution of liver burdeon of arsenic by curcumin or 
nano-curcumin, helped in improving the liver function as 

Fig. 2:  a. Effect of curcumin and n-curcumin on arsenic accumulation in the liver of rat; (b) Effect of curcumin and n-curcumin on bilirubin in the serum of 
arsenic treated rats; (c) Effect of curcumin and n-curcumin on liver Malondialdehyde in the liver of arsenic treated rats and (d) Effect of curcumin and n-
curcumin on liver collagen in the liver of arsenic treated rats.
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Fig. 3: (a) A cross section of the liver of an arsenic treated rat shows cytoplasmic degeneration of hepatocytes (HC). Nuclei (NU) possess condensed 
chromatin. Proliferation of Kupffer cells is also noticed. X 400. H/E  stain; (b) Cross section of the liver of arsenic + curcumin treated rat exhibits 
perilobolar sclerosis (SC). Inflammed and segregated hepatocytes (HC) possess small nuclei (NU) with hypochromatin. X400. H/E  stain; (c) Most of the 
lesions observed in the liver of arsenic treated rats, as shown in fig.I, are wanting in the liver of curcumin  only treated rats. Hepatocytes (HC) possess  
eosinophilic  uniform cytoplasm and nuclei  (NU) with prominent nucleolus. BC= bile canaliculus. X 400. H/E stain; (d) Liver of arsenic+ nano-curcumin 
treated rat shows no necrosis, cytoplasmic degeneration,  sclerosis and inflammation. However, constricted bile canaliculi (BC) were noticed. CV= 
central vein. X400. H/E  stain; (e) Liver of rats treated with nano-curcumin only exhibited normal cellular architecture. However, a few binucleated cells 
were observed. X 200. H/ E. Stain and (f) Cross section of a healthy rat stained with hematoxlin/ eosin exhibited normal histo-architecture. Hepatic 
parenchymal cells (HC), epithelial cells (EC), Kupffer cells (KC) and bile canalicular spaces (BC) showed no pathological changes. X400. H/E stain.
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levels in arsenic treated rats have been reported in earlier 
investigations (Huma et al., 2022). It occurs due to functional 
impairment of damaged liver cells. Restoration of its values by 
curcumin / nanocurcumin suggests hepatic parenchymal 
regeneration. Arsenic is a potent inducer of lipid peroxidation. 
Values of its product i.e. malondialdehyde in the liver increased 
significantly in comparison to the control rats. However, co-
treatments with curcumin or nanocurcumin decreased its values. 
Decrease was higher in nanocurcumin treated rats than curcumin 
treated rats (Fig. 2c). Malondialdehyde, a lipid peroxidation 
product in the cell and a reliable marker of oxidative stress 
increased in the liver of arsenic treated rats. 

A couple of reports from our laboratory and other groups 
have confirmed that arsenic manifests its toxicity by inducing LPO 
in target organs (Allen and Rana, 2007). Present results on 
decreased values of malondialdehyde noticed in arsenic and 
curcumin / nanocurcumin treated rats suggested their 
antioxidative properties.  An earlier study reported that free 
curcumin and nanocurcumin both decreased LPO and increased 
the activity of antioxidant enzymes in kidney and brain of male 
rats (Sankar et al., 2016). Moreover, curcumin has been found to 
possess free radical scavenging properties (Yadav et al., 2016). 
Antioxidant function of curcumin / nanocurcumin has precisely 
been attributed to their free radical scavenging actions 
(Soudamini et al., 1992). Arsenic treatment to rats caused 
significant increase in the accumulation of collagen in the liver. 
However, co treatment with curcumin or nanocurcumin 
decreased fibro-proliferation in the liver (Fig. 2d). Decrease was 
higher in the liver of nanocurcumin treated rats. 

  Arsenic treatment for 60 days induced specific lesions in 
the liver of rat. These included pronounced focal necrosis, 
parenchymal/ cytoplasmic degeneration, epithelial cell damage 
and portal inflammation. Nuclei possessed condensed 
chromatin. Number of Kupffer cells also increased (Fig. 3a). 
Administration of curcumin to arsenic fed rats also caused severe 
pathological changes. Significant amongst these were perilobular 
sclerosis. Focal necrosis and cytoplasmic degeneration in 
hepatic parenchyma were wanting. Hepatic cords were 
segregated. Wide bile canalicular spaces were filled with blood 
cells. Nuclei were enlarged but mitotic activity was insignificant 
(Fig. 3b). Parallel control experiments treating rats with curcumin 
and nanocurcumin were also made simultaneously. 

Curcumin caused mild hyperplasia of hepatic 
parenchyma. However, other lesions viz. inflammation, necrosis, 
sclerosis, cytoplasmic degeneration and Kupffer cell proliferation 
were wanting. Nuclear changes were insignificant (Fig. 3c). 
Nanocurcumin treatment was found to express protection against 
arsenic induced morphological changes in the liver of rat. 
Inflammation, necrosis and sclerosis were wanting. Hepatic 
parenchyma exhibited no cytoplasmic degeneration. Portal 
inflammation was also missing. Further, no Kupffer cell 
proliferation and extension of sinusoidal spaces were noticed 
(Fig. 3d). Treatment of rats with nanocurcumin did not induce 

pathological changes in liver. Normal parenchymal, epithelial and 
Kupffer cells were observed. Nucleus possessed centrally placed 
nucleolus (Fig. 3e). Liver of saline treated rats (controls) showed 
no pathological lesions. Intact hepatocytes with round nuclei and 
centrally placed nucleoli were observed (Fig. 3f). 

Arsenic is known to cause pathological changes in liver, 
kidney, and other organs in experimental animal models. 
Elevation in serum enzyme values usually reciprocates to 
parenchymal injury in liver. Several experimental studies with 
arsenic and other xenobiotics have confirmed this relationship 
between liver structure and function (Singh and Rana, 2010; 
Rana and Rastogi, 1998) During present investigation, arsenic 
induced hepatocellular degeneration, portal inflammation and 
nuclear/chromatin changes. Treatment(s) of arsenic fed rats with 
curcumin / nano-curcumin could partially protect hepatic tissue 
against its manifestations. Nano-curcumin expressed much 
better effects than curcumin. Hepatoprotective effects of 
curcumin are supported by an earlier study (Yousef et al., 2008).

  In brief, antioxidant and metal chelating properties of 
curcumin might have contributed to ameliorative effects 
(Barzegar and Moosavi, 2011). Secondly, curcumin possesses 
electron donating group i.e. phenolic hydroxyl groups and a β 
diketone structure that account for its free radical scavenging 
properties (Dinkova and Talalay, 1999). Curcumin is quickly 
metabolized by reduction and conjugation to di, tetra, hexa and 
octahydrocurcumin(s) that manifest its diverse biological 
functions (Prasad et al., 2014). Present results, in nut shell, 
suggest better protection by nano-curcumin than curcumin 
against arsenic induced hepatotoxicity. These effects may be 
attributed to its nano size, increased bioavailability and sustained 
uptake by hepatocytes. Further studies on its influence on redox 
mechanisms are in progress. Lower solubility and bioavailability 
of curcumin than nano-curcumin appears to be compounding 
factor as suggested by Rahimi and co-authors (2016). 
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