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Protective Effect of Curcuma longa Against CCL,
Induced Oxidative Stress and Cellular Degeneration in Rats
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Abstractl: Curcuma Longa 1s a member of the Zingiberaceae or ginger family. The plant is native to India and
1s the source of its culinary spice known as Turmeric and its medicinal extract called Curcumin. In the present
study, the protective effect of Curcuma longa extract against the acute hepatotoxicity of carbon tetrachloride
(CCl,) was investigated Intraperitoneal injection of rats with CCIl, drastically decreased total protein,
immunoglobulins (IgG, IgM and IgA), superoxide dismutase (SOD) activity and glutathione (GSH) level and
mereased nitric oxide (NO) production, vy glutamyl transferase (v GT), glutamate oxaloacetate transaminase
(AST), glutamate pyruvate transaminase (ALT) levels. Daily Oral administration of 80 mg/kg curcuma longa
powder for four weeks prior to CCl, uyection alleviated CCl,-suppressive effect on SOD activity and GSH level
and prevented CCl,-induced NO production, ¥ GT, AST, ALT levels and became nearly to normal.
Histopathological exammation of liver tissues 1n the group treated with curcuma longa powder prior to and
after CCl, injection showed mild degenerative changes of the hepatocytes and hepatic cells regeneration
respectively, however, no multifocal necrosis was observed. Moreover, injection of rats with CCl, caused a
significant reduction of RBCs count, PCV%, HB content and WBCs count, while oral admimstration of curcumin
before CCl, injection reduced the suppressive effect of CCl, on RBCs count, PCV%, HB content and WBCs
count. These results indicated that curcuma longa powder administration has a protective effect agamst the
CCl,-mediated hepatotoxicity and endotoxemia through down regulation of reactive oxygen species (ROS) and
NO production and up-regulation of the antioxidant factors mainly GSH and SOD.

Key words:Carbon tetrachloride (CCl,) - Curcuwma Longa - Superoxide dismutase (S0D) - Reduced
glutathione (GSH) - v glutamyl transferase (y GT) - Glutamate oxaloacetate transaminase (AST)
- Glutamate pyruvate transaminase (ALT)

INTRODUCTION was reported to has antiinfilammatory [3],

anti-

Turmeric (Curcuma longa) is a rhizomatous

herbaceous perennial plant of the gmger family,
Zingiberaceae. It 13 native to tropical South Asia and
needs temperatures between 20 and 30°C and a
considerable amount of annual rainfall. The Curcuma
Longa extract is a yellow-orange polyphenol and its
usual form 1s a dry yellow powder that 1s oil-soluble m 1its
natural state. The extract is without flavor and aroma.
Curcuma Longa extract exhibits strong antioxidant and
antifibrotic affect [1]. Current traditional Indian medicine
claims the use of Curcuma Longa 1. powder against
biliary disease, ancrexia, coryza, cough, diabetic wounds,
hepatic disorders, rheumatism and sinusitis [2]. Curcumin

immunedeficiency virus [4] and, antibacterial [5] effects.
Curcumin has also been shown to inhibit hydrogen
peroxide induced cell damage [6] and reduces the
oxidative stress mduced by ethanol and protects the
liver cell in vitro [7]. Curcumin was reported to reverse
the alteration of immumnity in rat subjected to chronic
mild stress such as increased serum IL6, tumor necrosis
factor and reduction of natural killer cells activity in
splenocytes [&].

Liver diseases constitute a major problem of world
wide proportions. CCl, 1s a well known hepatotoxin that 1s
widely used to induce acute toxic liver injury in a large
range of laboratory amimals. Acute hepatotoxicity occur
through metabolic activation of CCl, to highly reactive
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substances such as reactive metabolites which induce
lipid peroxidation, believed to be one of the major causes
of cell membrane damage leading to a number of
pathological situations [9, 10 ].

The liver plays a major role in detoxification
and excretion of many endogenous and exogenous
compounds. Management of liver diseases 1s still a
challenge to the modermn scientific community [11]. There
are few conventional drugs that can stimulate liver
function and offer hepato-protection or help in the
regeneration of hepatic cells [12]. Many plant-derived
the be
hepatoprotective and therefore can be used to treat acute

natural  products  have potential  to
and chronic liver diseases. The challenge is to identify the
most promising compounds and evaluate their protective
mechanism [13].

The aim of this study was to investigate the ability of
curcumin (a phytopolyphencl pigment isolated from the
plant curcuma longa) to protect and improve the

alterations due to CCl,-hepatotoxicity m rats.
MATERIALS AND METHODS

Animals: 60 male Wistar albino rats (100 - 120g) were
used in the present study. The animals were acclimatized
for one week before the beginning of the experiment and
were fed with standard animal feed and water ad libitum
and divided mto six groups of 10 rats each.

Group 1 (G1): (control) was given I ml of corn oil per os
daily for four weeks.

Group 2 (G2): Was given curcumin only in a dose 80
mg/eg per os dissolved in com oil daily for four weeks.

Group 3 (G3): Was given curcumin in a dose 80 mg/kg
per os dissolved in corn oil daily for four weeks
thereafter injected intra-peritoneally with 0.4 ml/kg CCl, as
a single dose 48 hours before the end of experiment .

Group 4 (G4): Was injected intra-peritoneally with 0.4
mlkg CCl, as a single dose at the first day of experiment
and was given curcumin from the second day of
experiment 1 a dose 80 mg/kg per os dissolved in com
oil daily till the end of four weeks.

Group 5 (G5): Was ingjected with intra-peritoneally
with 0.4 ml/kg CCl, as a single dose at the first day of
experiment and given 1ml of corn oil per os daily .
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Group 6 (G6): This group was given 1ml of comn oil per os
daily and injected intra-peritoneally with 0.4 ml/kg CCl, as
a single dose 48 hours before the end of experiment

Sampling and Biochemical Analysis: Samples of the
whole blood were collected from each animal via the retro-
orbital venous plexus after fasting for 12 hours (h). The
first blood sample was collected on heparin for estimation
of superoxide dismutase (SOD) activity [14] and reduced
glutathione (GSH) level [15]. The second sample was
collected m centrifuge tube and left to coagulate then
centrifuged at 3,000 r.p.m. for 15 minutes. The collected
sera were used for biochemical analysis of y-Glutamyl
(v-GT)  [16]
transaminase (AST) and Glutamic -pyruvic transaminase
(ALT) [17], Also, mtric oxide [18] and «-L- Fucosidase
tumour marker [19] were measured. ITmmunoglobulins
(TgG,Igh and IgA) [20], the red blood cells count, white
blood cells count, packed cell volume (PCV %) and blood
indices [21] and the hemoglobin contents [22] were
determined.

transferase Glutamic-oxaloacetic

Histopathological FExamination: For microscopic
evaluation, livers were fixed in 10% neutral phosphate-
buffered formalin solution. Following dehydration in
ascending series of ethanol (70-100%), tissue samples
were cleared i xylene and embedded in paraffin and
tissue section of 5 pm were stained with haematoxyline

and eosin (H&E), for histopathological examination [23].

Statistical Analysis: Values expressed as mean + S.E.
were compared using ANOVA test. Differences were
considered significant when P<0.05. The obtained data
were analyzed by one way ANOVA test using SAS
computer program [24].

RESULTS

Effect of Curcumin on Oxidant and Anti-oxidant
Biomarkers: As summarized in table 1, results indicate
a significant (P < 0.05) decrease in the activities of
antioxidant enzyme (SOD) as well as GSH level and a
significant (P< 0.05) mncrease in the oxidant mtric oxide in
CCl, uyected groups (G5, G6) as compared to that seen in
G1 and G2. The daily oral administration of rats with
curcumin 4 weeks before and after CCl, injection alleviated
the CCl,-induced suppressive effect on antioxidant
enzymes and decreased the CCl,-induced increase in nitric
oxide in G3 and G4 as compared to that seen in (G1, G2).
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Table 1: Oxidant and Antioxidant biomarkers in hepatotoxic rats induced by CCl4 and treated with Curcumin.

G3Curcumin G4 CCly (04ml /kg) G5 CCly G6 CCl,
G2 (80mg'kg.) 1st day then (0.4ml /kg ) (0.4ml kg)

Gl Curcumin ThenCCl, (0.4ml kg) Curcumin 1st day before collection
Groups Criteria Control (80mg/ke.) before collection 48h (80mg/kg.) 48h
Superoxid dismutase
(SOD)ug/dl) 91.356% 2.379 91.978<+ 1.586 83.308°+ 1.025 73.370°+ 2.519 64.840 2.779 G67.440F% 2,561
Reduced glutathione
(GSH)(mg/d1 89.156+0.589 90.178=0.721 84.798"+ 0.618 81.37+ 1.335 T1.240,£0.976 78.440/+1.749
Nitric oxide (NO)
(umol/L) 28.356°+0.760 27.778£0.619 35.798%1.122 38.370°£1.190 44.280°£0.780 41, 640°+£0.534

Values which have different letters are significantly different from each other at P< 0.05

Table 2: Liver function test and a-L-fucosidase biomarkers in hepatotoxic rats induced by CCl4 and treated with Curcumin.

G3Curcurnin G4 CClL (04ml /kg)  GSCCL G6 CCly
G2 (80mg'kg.) 1st day then (0.4ml /kg ) (0.4ml kg)
Gl Curcumin ThenCCly (0.4ml kg) Curcumin 1st day before collection
Groups Criteria Control (80mg/ke.) before collection 48h (80mg/kg.) 48h
yelutamy| transferase
(vGT) (UL) 28.356° £0.760 27.778£0.619 35, 7984:1.122 38370° 1.190 44.280°+£0.780 41.640P£0.534
Glutamate
oxalo-acetate
transaminase (AST),
(U/ml)y 33.200°4 2.200 32.600P£2.293 41. 400°+ 1.630 45.200°+ 2.311 50.2000& 2.107 482007+ 2.107
Glutamate pyruvate
transaminase (ALT)
(Ufml) 39.200°4+0.860 38.2007£0.969 44,6000, 509 49,200°+0.583 54.400°+0.509 51.400P+0.748
a-L-fucosidase(U/L)  0.992°+0.118 0.972%£0.126 1.082*+0.189 1.096°+0.194 1.170°+0.203 1.090°+0.200
Values which have different letters are significantly different from each other at P< 0.05
Table 3: Total protein and Immunoglobulin biomarkers in hepatotoxic rats induced by CCl4 and treated with Curcumin.
G3Curcurnin G4 CClL (04ml /kg)  GSCCL G6 CCly
G2 (80mg/ke.) 1st day then (0.4ml /kg ) (0.4ml /kg)
Gl Curcumin ThenCCly (0.4ml kg) Curcumin 1st day before collection
Groups Criteria Control (80mg/kg.) before collection 48h (80mg/kg.) 48h
Immunoglobulin
(TG mg/dl T40.346* £17.126  T30.252°+19.447 612.356™+ 43.950 602334+ 46,052 574.114*+43.718 593.280°+48.947
Immunoglobulin
(IgM) (mg/dl ) 177.868+7.601 178.828+7.504 163.504*+7.241 162.546%+7.405 153.436"+7.356 155.306+6.801
Tmmunoglobulin
(TgA Wmg/dl) 43.004°+0.930 42.698(r+1.751 38.636%+ 1.343 36,4200+ 2.481 30.640°+ 1.367 34.9520°+0.002
Values which have different letters are significantly different from each other at P< 0.05
Table 4: The Blood picture in hepatotoxic rats induced by CCl4 and treated with Curcumin :
G3Curcumin G4 CClL (04ml /kg) G5 CCL G6 CCl,
G2 (80mg/ke.) 1st day then (0.4ml /kg ) (0.4ml /kg)
Gl Curcumin ThenCCl, (0.4ml kg) Curcumin 1st day before collection
Groups Criteria Control (80mg/kg.) before collection 48h (80mg/kg.) 48h
RBCSmillion/UL 7.136*+0.139 7.036°*+£0.131 6.000P£0.196 5.518+0.241 4.9864£0.122 5.074%£0.103
PCV% 38.004°+1.088 38.076'+ 0.989 34,058+ 1.202 31.100+1.493 28.420°+0. 699 29.700°+0.363
Hb(gm®%e) 12.850°+0.355 12.834°+0.340 10.324°+0.174 9.880°+0.128 8.9024£0.231 9.404°+0, 208
MCV(cubic micron)  53.150°+2.227 54.226°+1.118 57.082°+2.964 56.456°£1.859 56.904°+2.564 58.636+1.418
MCH(pico gram) 17.83840.397 18.282*+0.698 17.292°+£0.715 18.046°+0.842 17.9160.717 18.560°+0.478
MCHC% 33.950r+1.483 33.842°+1.554 30.496°+1.368 31.998+1.268 31.442°41.378 31.690+0.878
WRCSthousand/UL 8.328+0.649 8.756°+0.302 6.540°+0.600 4.814+0.359 3.970F£0.368 5.118°+0.082

Values which have different letters are significantly different from each other at P< 0.05
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Fig. 2: Liver function test and ¢-L-fucosidase biomarkers m hepatotoxic rats induced by CC1, and treated with Cureumin

As
summarized m table 2 results showed that ijection of
rats with CCl, significantly ( P< 0.05) increased v GT,
AST,ALT m (G5, G6) as compared to that seen in G1 and
(G2. While daily oral administration of curcumin prevented

Effect of Curcumin on Liver Function Test:

the mcrease in hepatic enzymes and tend to retumn the
levels to normal (G3, G4) compared to that seen in G1 and
(G2. The result obtained in case of tumor marker «-I.-
fucosidase was non signmificant increase i G3, G4, G5 and,
(G6 as compared to that seen in G1 and G2

Effect Total
Immunoglobulin: As summarized n table 3, the obtained
result showed that a significant ( P< 0.05) decrease in

of Curcumin on Protein and

total protein and immunoglobuling in G5 and G6 as
compared to that seen m Gl and G2. When rats orally
administered every day with curcumin 4 weeks before and
after CCl, iyection, curcumin alleviate the CCl,-induced
reduction of total protein and immunoglobuling in groups
(G3 and G4 towards normal as compared to that seen in
G1 and G2.

Effect of Curcumin on Blood Parameters: As summanzed
wmtable 4, mjection of rats with CCl,caused a significant
(P= 0.05) reduction of RBCs count, PCV%, HB content
and WBCs count in G5 and G6 as compared to Gl and G2.
Daily oral administration of curcumin 4 weeks before and
after CCl, ijection reduced the suppressive effect of CCl,
on RBCs count, PCV%, HB content and WBCs count in
G3 and G4 as compared to G1 and G2. MCV showed non
significant merease in G3, G4, G5 and G6 as compared to
that seen in G1 and G2. MCH and MCHC?% showed non
significant decrease n G3, G4, G5 and G6 as compared to
that seen in G1 and G2.

Histopathological Findings: Oral admimstration of
curcumin at a dose of 80 mg/k.g B.W daily for 4 weeks
(G2) did not affect the parenchyma of the liver of rat
comparing with control group (G1) in which the
hepatocytes were intact and observed m fairly radial
position in relation to the central vein (Fig. 4).

CC], injection at a dose of 0.4 ml/kg B.W as a single
dose by intrapentoneal route (G6) 48 hr before the end of

275



Global Veterinaria, 5 (5): 272-251, 2010

lyG

4 Total protein
[z} =
<4 5
2 3
g2 £ |
D == s . - — L | 1 Lt il
Gl G2 G3 G4 G5 6 G1 G2 G3 G4 G5 G6
GROUPS GROUPS
lgM lgh
200 50
g g0
E E 30 1
S 520 1
@ @
£ 20+
0

GROUPS

GROUPS
Fig. 3: Total protein and Immunoglobulin biomarkers in hepatotoxic rats induced by CC14 and treated with Cureumin

Blood picture

70

&0 S [=Tey
8 50 Sl | m G2
T 40 (mfes]
§ an 7 Do
£ 20 - " ies
10 e 'i'l'%s ‘ o Gs

T L 1 L LR

O < o 0 o

& g = = 5

=

Hemaglohin

Fig. 4: The Blood picture in hepatotoxic rats induced by CC14 and treated with Cureumin

A .
Fig. 4: Liver (G2),
in fairly radial position in relation to the central

vein. HE, 200.

showing intact hepatocytes arranged

experiment revealed big areas of necrosis more or less
centrolobular in position and showing inflammatory cell
reaction particularly at the periphery (Fig.5). Also, there
wasg dilatation of blood sinusoids with marked activation
of sinusoidal cells and single hepatic cell necrosis which
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‘ '

Fig. 5: Liver (G6), revealed big areas of necrosis more or

less centrolobular in position and showing
inflammatory cell reaction particularly at the

periphery. HE, 200

occasionally involved most of the cell cord (Fig. 6).
Examination of liver of some animals in this group showed
centrolobular big vacuoles in hepatic cells which revealed
signet ring appearance of fatty change (Fig7).
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Fig. 6: Liver (G6), showing single hepatic cell necrosis
and dilatation of blood sinusoids with marked
activation of sinusoidal cells. HE, 200

Fig. 7: Liver (G6), showing big vacuoles in hepatic cells

compress the nuclei at the periphery of cells
giving the appearance of signet ring appearance of
fatty change. HE, 200

Fig. 8: Liver

(G3),
changes of the hepatice cells and single cell
necrogis. HE, 200

showing dight degenerative

277

Fig. 9: Liver (G5), showing multifocal necrotic areas,
which showed destructed hepatic cells with
nuclear changes in the form of condensation of
chromatin mass and fragmented nuclei. HE, 100,
inset showing focal necrotic area with

inflammatory cells reaction. HE, 200

Fig. 10: Liver (35), showing a necrosed area invaded
and  surrounded by inflammatory cellular
reaction giving the picture of granuloma like

lesion. HE, 200

Oral administration of curcumin at a dose of
80 mg /kg B.W daily for 4 weeks prior to CCl, injection
(G3), showed slight degenerative changes of hepatic cells
and the presence of single cell necrosis (Fig. 8).

Injection of 0.4 ml/kg B.W CCl, infra-peritoneal
route as a single dose at the first day of the
experiment showed multifocal necrotic area (Fig.9)
that revealed destructed hepatic cells with nuclear
changes in the form of condensation of chromatin
mass and fragmented nuclei. In some cases, the necrotic
areas were surrounded and invaded by inflammatory
cellular reaction giving the picture of granuloma like lesion
(Fig. 10).
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_ s,
Fig. 11: Liver (G4), showing evidence of regeneration of
hepatic cells which manifested by increased
number of binucleated cells, slight cytomegally

of hepatocytes with cloudy cytoplasm,
hyperchromatic nuclei with haphazardly arranged
hepatocytes. HE, 200

When rats were administered Curcumin daily for 4
weeks after CCl, injection (G4), microscopic examination
of the liver revealed slight alteration in hepatic cells as in
group 3. In some cases, liver showed evidence of
regeneration of hepatic cells which manifested by
increased number of binucleated cells, evidence of slight
cytomegally of hepatocytes with cloudy cytoplasm,
hyperchromatic nuclei with haphazardy armranged

hepatocytes (Fig.11).
DISCUSSION

The present study investigated the effects of
supplementation with curcumin on hepatic antioxidant
status in rats with CCl,-induced liver injury. The free
radicals, from both endogenous and exogenous sources,
are implicated in the etiology of several degenerative
diseases such as coronary artery disease, stroke,
rheumatoid arthritis, diabetes and cancer [25]. CCl,
hepatotoxicity depends on its biotransformation by the
cytochrome P-450 system mainly CYP2E1 and CYP2B into
two free radicals. The first, trichloromethyl free radical
(CCl,) is formed from the metabolic conversion of CCl,[26]
and reacts very rapidly with O, to forms a second
metabolite, trichloromethyl peroxy free radical (CCl.00O")
or abstract hydrogen atoms to form chloroform [27]. The
previously mentioned free radicals initiate the
peroxidation of membrane poly-unsaturated fatty acids
[28]. The lipid peroxidation process results in the
generation of ROS like the superoxide anion O, H;0, and
the hydroxyl radical, OH. ROS affect the antioxidant
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defense mechanisms, decrease the intracellular
concentration of reduced glutathione (GSH) and reduces
the activity of SOD [29].

The results of the present study showed that the
activities of antioxidant enzyme SOD and GSH level were
significantly decreased in the rats of groups G5, G6
injected with CCl, as a single dose. Thiz decrease of the
antioxidant enzyme SOD and GSH may be atfributed to the
exhaustion of these antioxidant factors in a trial to
scavenge exceszes production of ROS cauzed by the toxic
effect of CCl, [30]. The reduction of the antioxidant factors
can be also due to decreasing the hepatocytes ability to
produces these anfioxidant factors due to cell damages.
This is confirmed by histopathol ogical finding of the liver
in these groups (G5, G6) which showed significant hepatic
damage in the form of multifocal necrotic areas. The
necrotic areas were surrounded and invaded by
inflammatory cells. This was stated to be due to increase
of chemokines production [31] which leads to
aggregations of mono nuclear inflammatory cells and
activation of sinusoidal cells in the liver in present study.
Moreover; histopathological examination of the liver
showed fatty change. This result is in accordance with
that reported by Hsu ef al [32] who reported that
administration of CCl, to ratz resulted in acute hepatic
necrogis and fatty changes with foamy degeneration. This
fatty changes may be caused by over production of ROS
mainly NO [33]. CCl, administration increazes the iNOS
mRNA expression and hence NO production. Inducible
NO zynthase generated NO not only directly contributes
to tissue damage but also up-regulates the inflammatory
response [34]. The protective effect of curcumin against
CCl,-induced tissue damage may be atfributed to its
ability to suppress NO production. Chan et al [35]
reported that in vivo oral treatment of curcumin reduces
iNOS mRNA expression in the liver of lipopolysaccharide
(LPS)-inj ected mice by 50%-70%,

In this study, CCl, injection to rats resulted in
significant increased levels of v-GT and amino transferase
enzymes (AST and ALT), this in agreement with
Hewawasam ef @/ [36] who reported that this significant
increase due to CCl; cause hepatic damage. o-L
fucosidase {(a-Lf) is a lyzosomal enzyme present in all
mammalian cells that rises in primary hepatocellular
carcinoma at early stage [37] but our result there was a
non significant increase in g-L fucosidase (¢-Lf) owing to
the short duration in exposure to CCl, toxicity .

It iz worth stating that in group of rats which
received curcumin only, the liver parenchyma was normal
and the biochemical and physiological parameter were
normal in agreement with a study by Prakash ef i [38]
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who reported a normal histological appearance of liver of
rats after admmistration of curcumin per os daily at a dose
of 100mg /kg B.W for successive 30 days. In this study,
daily oral administration of rats with curcumin 4 weeks
prior CCl, Cel,
suppressive effect on antioxidant enzyme and decrease
the CCl, -induced increase in mtric oxide. This ability of
curcumin to protect the liver from inflammatory condition

iyjection  alleviated the -induced

especially if given before the exposure of the liver to such
oxidant agent may be due to its anti-inflammatory effect
through inhibition of expression of cyclo-oxygenase-2
[39]. The protective effect of curcumin against CCl,-
mduced hepatotoxicity may be related to its ability to
elevate the antioxidant agents m the body. It was stated
that many activities of curcumin can be explained by its
ability to suppress acute and chronic mflammation by
scavenging reactive oxygen specles and nitrogen oxide
and enhancing antioxidant defense by  mcreasing
reduced glutathione [40]. In present study,
curcumin administration prior to CCl, prevented the CCI,-
suppressive effect on the levels of antioxidant agents
SOD and GSH and normalized the CCl,-induced levels of
NO, yGT, AST and ALT. The protective effect of
curcumin is also proved by histopathological examination

level

of livers of rats administered curcumin prior to CCI,
adminstration which were almost normal in structure with
slight changes. This protection may be due to effective
blocking of oxidative stress and cytokines production. It
was reported that pretreatment of curcumin protected
against lipopoly saccharide (LPS) induced liver damage
through decreasing the level of TNF-¢ and IL6 and
prevented cytotoxic effect of oxygen free radicals and
cytokines [41]. The protective effect of curcumin may be
through its ability to attenuate the CCl,-induced oxidative
stress in accordance with a previous report by Fu et al
[42]. that curcumin attenuated oxidative stress and
suppressed inflammation.

To mvestigate the ability of curcumin to treat CCl,
toxicity and to help the regeneration of damaged liver cells
a group of rates, were given daily oral admimistration of
curcumin for 4 weeks after CCl, mjection. The results
showed that curcumin tended to alleviate the CCl,-
mnduced suppressive effect on the antioxidant enzymes in
addition to promoting the regeneration of hepatic cells, as
histological examination showed that liver of some rats
showed evidence of regeneration. The results of the
biochemical analysis were in the same direction as the
curcumin oral administration kept the antioxidant enzymes
and the liver enzymes ALT and AST near their normal
levels. This may be attributed to its ability to stabilize the
plasma membranes.
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In this study, there was a significant decrease in the
mean values of total protemn, immunoglobulins ( IgG, Igh
and TgA) in CCIl, treated groups, while in the groups
treated with curcumin the values returned nearly to the
normal. This is in accordance with what reported by
Prakash et al. [43] about the ability of curcumine for
inducing choleretic hepato protection. This explained by
Tagetia, and Aggarwal, [44] stated that curcumin has
been shown in the last two decades to be a potent
immunomodulatory agent The significant decrease in
erythrocytic count (RBCs), hemoglobmn, packed cell
volume and WBCS could be attributed to CCl, toxicity.
These features of anemia disappeared in the treated
groups with curcumm and the blood parameter values
retumed nearly to the normal levels this in accordance
with Vachharajani et al. [45] that curcumin, an active
ingredient of turmeric and an anti-inflammatory agent,
could disrupt mteractions between circulating blood cells
and endothelium and improvement its survival.

In conclusion, the results presented above showed
that dietary admimistration of curcumin to rats can
counteract the hepatic injury induced by CCl, injection. Tt
seems that curcumin directly affects major targets, just as
ROS scavenging and induction of antioxidant mechanism
in the body in addition to its hepatoprotective effect. As
the pathogenesis of many diseases 1s believed to be
related to reactive oxygen species and nitrogen oxide
i the body, curcumin may be
recommended to be added to human food being especially

overproduction

for those whom are at risk of development of some ROS

which mduced diseases as cancer, Alzheimer,
parkinsonism and aging.
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