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Abstract

To examine the therapeutic effect of curcumin and/or vitamin B6 in treatment of cholestasis, a model of cholestasis
was induced in mice using lithocholic acid (LCA). Alterations in biochemical parameters and liver histopathological and
histochemical changes were examined in cholestatic mice and after treatments with curcumin, vitamin B6 and combination
of both. Moreover, hepatic expressions of bilirubin-metabolizing enzymes, their regulatory nuclear receptors, and bile acid
lipid transporters were examined using RT-PCR. Cholestatic mice showed an increase in the blood levels of AST, ALT,
ALP, direct and total bilirubin and a decrease in cholesterol levels that were ameliorated by treatments. Liver histopathology
showed multiple necrotic foci of different sizes spread all over the liver with congestion of hepatic blood vessels in LCA
group. These foci were regenerated in hepatic tissues after administration of curcumin and vitamin B6.
Immunohistochemical examination of liver showed an increase in glutathione and NF-kB expressions in treated mice.
Cholestatic mice showed down-regulation of mRNA expression of hepatic bile acid and bilirubin-metabolizing/detoxifying
enzymes (Cyp2bl0, Ugtlal, Sult2al), their regulatory nuclear receptors (CAR, PXR, farnesoid X receptor), and bile
acid/organic anion and lipid transporters (Oatp2, Bsep, Mrp2, Abcg8, Asbt). These changes were ameliorated and restored
by treatment with curcumin, vitamin B6 and both. Only of examined genes, NTCP was up-regulated in cholestatic mice. In
conclusion, treatment with curcumin mainly, vitamin B6 or the combination of them has the potential to ameliorate changes
observed in induced cholestasis.
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Introduction hepatocytes during cholestasis and have the potential to

cause cytotoxicity (25). Liver injury caused by obstructive

Cholestasis results from obstruction of the biliary
tracts or due to inhibition of the bile salt export pump
(BSEP) at the canalicular surface of the hepatocyte. This
blockage results in accumulation of bile acids or their
metabolites in hepatocytes and serum (34). The excess
accumulation of bile acids markedly alters the expression
of various genes involved in cholesterol and phospholipid
homeostasis, resulting in cell death and inflammation,
leading to severe liver injury (27). Bile acids accumulate in

cholestasis in rodent model is characterized by bile infarcts
which appear as areas of focal necrosis (15). Exposure of
hepatic cells to high levels of the bile acids does not cause
cell death directly (36). Several studies showed that high
concentrations of toxic bile acids in rat hepatocytes
resulted in hepatocellular apoptosis, mediated by
mitochondrial and lysosomal dysfunction (14). Various
studies revealed that the nature of acute liver injury in
obstructive cholestasis is mainly an inflammatory injury,
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triggered by the biliary leakage of osteopontin and the
generation of CXC chemokines by hepatocytes exposed to
bile acids (22).

Among varieties of bile acids, lithocholic acid
(LCA) is a toxic hydrophobic secondary bile acid formed
in the large intestine by bacterial 7a-dehydroxylation of
chenodeoxycholic acid. Feeding LCA for rodents was used
as a model of liver injury and cholestasis (11, 26). The
accumulation of high biliary concentrations of LCA and its
metabolites results in precipitation of LCA in cholangioles,
segmental bile duct obstruction and destructive cholangitis
(12).

The metabolizing enzymes play an important role
in bile acid and bilirubin detoxification fundamentally via
phase | hydroxylation and phase Il conjugation which
produce less toxic metabolites that are more liable to be
excreted by urine. Also, bile acids are eliminated by
transporters either on the canalicular membrane into bile or
on the sinusoidal membrane into blood (13). Homeostasis
is tightly regulated through multiple nuclear receptors
including FXR, RXR, and CAR. These transporters undergo
post-transcriptional regulation including insertion of
transporters into/from the plasma membrane. These
mechanisms regulate bile acid synthesis and transport
under normal physiological conditions. Also they regulate
intracellular concentrations of bile acids through
suppression of bile acid synthesis, induction of bile acid
metabolism as well as inhibition of hepatic bile acid
uptake, and stimulation of bile acid efflux (35).

Curcumin is a phenolic compound found in the
known spice turmeric, derived from the rhizome of
Curcuma longa (1). Curcumin possesses antioxidant, free
radical scavenging, anti-inflammatory, chemotherapeutic,
radio-protective, and carcinogen-induced tumorigenesis-
inhibitory effects in humans and laboratory animal (29).
Curcumin can play different roles as antioxidant, as
elimination of hydrogen peroxide, hydroxyl radical and
peroxynitrite (3). Curcumin can also enhance the body’s
antioxidant capacity; and can increase the glutathione
content and remove the reactive oxygen species (ROS).
Vitamin B6 is involved in the metabolism of amino acids,
nucleic acids, glycogen, lipids, and porphyrin and may
play a vital role in antioxidant mechanism (21).

Vitamin B6 may react directly with the peroxy
radicals and thus scavenge radicals and inhibit lipid
peroxidation (19). Also, vitamin B6 may play an
antioxidant role indirectly by acting as coenzyme in the
glutathione antioxidant defense system through trans-
sulfuration pathway of homocysteine to cysteine which act
as an important participant in synthesis of reduced
glutathione (GSH). A Japanese study reported that
consumption of vitamin B6 reduces fecal ratio of
lithocholic acid to deoxycholic acid in rats fed a high-fat
diet (24).

Therefore, the current study aimed to examine the
effect of curcumin and/ or vitamin B6 on the LCA feeding
model and study their effect on hepatic bile acid and

bilirubin-metabolizing/detoxifying enzymes (Cyp2bl0,
Cyp3all, Ugtlal, Sult2al), their regulatory nuclear
receptors (CAR, PXR, farnesoid X receptor), and bile acid
and lipid transporters (Ntcp, Oatp2, Bsep, Mrp2, Abcgs,
Asbt) in the liver. Moreover, biochemical assessments,
histopathologic and immunohistochemical examinations of
glutathione and NFkB in the liver will be performed

Material and methods
Materials

Adult male specific pathogen-free (SPF) Balb/c
mice, 8 weeks old, weighting (20-25 g) were purchased
from King Fahd Institute for Scientific Research, King
AbdelAziz University, Saudi Arabia. Lithocholic acid was
from Santa Cruz Biotechnology, Heidelberg Germany.
Curcumin was from Taif markets and was identified by
botanist.  Vitamin B6 was  purchased  from
Julphar pharmaceutical Company,  Saudi  Arabia.
Biochemical kits for liver and other profiles were
from Clini Lab, Cairo, Egypt. Solvents and related
materials were from ADWIA pharmaceutical company,

Egypt.

Animals and experimental Procedure

Eighty adult male mice were housed under
conditions of controlled temperature (25 £ 2°C) with a 12
h/12 h day-night cycle in laboratory animal unit, College
of Applied Medical Sciences, Turabah, Taif University.
Animals gained free access to food and water ad libitum.
All procedures were approved by the Animal Care
Committee of Taif University for the project # 5169-437-1.

Experimental design

Adult healthy male mice were allocated into 8
groups, (10 mice each). Group (1): Negative control group
- didn't receive any medication and gained free access to
food and water. Group (2): Curcumin group -received 150
mg/kg curcumin daily by oral gavage (33). Group (3):
Vitamin B6 group received 24 mg/kg vitamin B6 daily in
the diet (28). Group (4): Curcumin and vitamin B6 group
received 150 mg/kg curcumin by oral gavage and 24
mg/kg vitamin B6 daily in the diet. Group (5): Cholestatic
group fed on 1% LCA mixed in diet for 4 days (1gm LCA
added to 100 gm diet) and allowed food and water ad
libitum. (1). Group (6): Cholestatic group treated with
curcumin; fed on 1% LCA mixed in diet for 4 days then
received 150 mg/kg curcumin daily by oral gavage. Group
(7): Cholestatic group treated with vitamin B6; fed on 1%
LCA mixed in diet for 4 days then received 24 mg/kg
vitamin B6 daily in the diet. Group (8): Cholestatic group
treated with curcumin and vitamin B6; fed on 1% LCA
mixed in diet for 4 days then curcumin in a dose of 150
mg/kg orally and vitamin B6 in a dose of 24 mg/kg daily in
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diet. Animals received their treatments daily for one
month. At the end of experiments animals were
decapitated and blood was collected for biochemical
examination. Liver specimens were collected for
histopathology and gene expression.

Assay of biochemical parameters

Serum samples were analyzed by standard
enzymatic assays using commercial available kits for
alanine aminotransferase (ALT), aspartate
aminotransferase (AST), direct and total bilirubin (DBIL
and TBIL), cholesterol in accordance with the
manufacturer’s protocols (Jiang-Cheng Biological, Nanjin,
China). Gamma-glutamyl transferase (GGT) was assayed
by using commercial Kit #GT1065, Randox, U.K.
according to manufacturer’s instructions manual.

Gene expression and reverse transcription polymerase
chain reaction (RT-PCR)

For preparation of total RNA, liver samples (50
mg each) were immediately frozen in liquid nitrogen and
subsequently stored at -70°C in 1 ml Qiazol. Frozen
samples were then homogenized using a Polytron 300 D
homogenizer (Brinkman Instruments, Westbury, NY).
Then 0.3 ml chloroform was added to the homogenate.
These mixtures were shaken for 30 seconds followed by
centrifugation at 4°C at 12000 rpm for 20 min. The
supernatant was then transferred to a new set of tubes, and
an equal volume of isopropanol was added to the tubes,
shacked for 15 seconds and centrifuged at 4°C at 12000
rpm for 15 min. The RNA pellets obtained were washed
with 70% ethanol, briefly dried up then dissolved in
Diethylpyrocarbonate (DEPC) water. RNA integrity was
checked by electrophoresis. RNA concentration and purity
were detected spectrophotometrically at 260 nm (10).

For cDNA synthesis, mixture of 2 pg total RNA
and 0.5 ng oligo dT primer in a total volume of 11 pl
sterilized DEPC water was incubated in the PeX 0.5
thermal Cycler (PCR machine) at 65°C for 10 min for
denaturation. Then, 4 ul of 5X RT-buffer, 2 pl of 10 mM
dNTPs and 100 U Moloney Murine Leukemia Virus (M-
MuLV) Reverse Transcriptase were added in a total
volume of 20 ul by DEPC water. This mixture was re-
incubated in the thermal Cycler at 37°C for 1h. To
inactivate the enzyme, incubation at 90°C for 10 min was
done.

Specific primers for genes were designed using
Oligo-4 computer program and synthesized by Macrogen
(Macrogen Company, GAsa-dong, and Geumcheon-gu.
Korea) as shown in Table 1. PCR was conducted in a final
volume of 25 pl consisting of 1 pl cDNA, 1 pl of 10
picomolar (pM) of each primer (forward and reverse), and
12.5 pl PCR master mix (Promega Corporation, Madison,
WI1) the volume was brought up to 25 pl using sterilized,
deionized water. PCR reaction was carried out at 94 °C for

5 minutes one cycle, followed by 30-35 cycles each
consisted of denaturation at 94 °C for one minute,
annealing at the specific temperature corresponding to each
primer (Table 1) and extension at 72 °C for one minute
with additional final extension step at 72 °C for 5 minutes.
As a reference, expression of glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) mRNA as house keeping gene
was done. PCR products were electrophorized on 1%
agarose gel stained with ethidium bromide in TBE (Tris-
Borate-EDTA) buffer. PCR products were visualized
under UV light and photographed using gel documentation
system.

Histopathological examination

Liver specimens were fixed in 10% buffered
neutral formalin solution for at least 24 hours and then
routinely processed for paraffin embedded. Paraffin
sections of 5 micron thickness were prepared, stained with
Hematoxylin and Eosin stain (H&E) and then examined
microscopically.

Immunohistochemical examination of glutathione and NF-
kB

Hepatic tissues were fixed in 10% buffered
neutral formalin, washed, dehydrated, cleared, embedded
in paraffin, and sectioned. Tissue sections were
deparaffinized and treated with 3% H,O;, for 10 min to
inactivate the peroxidases. Subsequently, samples were
heated in 10 mM citrate buffer at 121°C for 30 min for
antigen retrieval and blocked in 5% normal serum for 20
min, and then were incubated with a rabbit polyclonal anti-
glutathione primary antibody (1:100; sc-71155; Santa Cruz
Biotechnology, Inc., Dallas, TX) or NFxB p50 antibody
(1:100; sc-7178; Santa Cruz Biotechnology, Inc.) in
phosphate-buffered saline (PBS) overnight at 4°C. After
three extensive washes with PBS, the sections were
incubated with a goat anti-rabbit 1gG biotin-conjugated
secondary antibody (1:2,000; sc 2040; Santa Cruz
Biotechnology, Inc.) for 20 min at 32°C. After further
incubation with horseradish peroxidase-labeled
streptavidin, antibody binding was visualized using
diaminobenzidine, and the sections were counterstained
with hematoxylin (18).

Statistical analysis

Results are shown as means + standard error of
means (SEM). Data analysis were done using analysis of
variance (ANOVA) and post hoc descriptive tests by SPSS
software version 11.5 for Windows (SPSS, IBM, Chicago,
IL, USA) with p<0.05 considered as statistically
significant. Regression analysis was done using the same
software.

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br . All rights reserved 2007.


http://bjvp.org.br/wp-content/uploads/2018/07/v11-n2-3.pdf
http://www.bjvp.org.br/
http://www.ijpmonline.org/article.asp?issn=0377-4929;year=2017;volume=60;issue=1;spage=2;epage=7;aulast=Gaur#ref1
http://www.ijpmonline.org/article.asp?issn=0377-4929;year=2017;volume=60;issue=1;spage=2;epage=7;aulast=Gaur#ref1

Nassan, et al.; Ameliorative effect of curcumin and vitamin B6 against lithocholic acid-induced
cholestasis and liver injury in mice. Braz J Vet Pathol, 2018, 11(2), 50 — 63.

DOI: 10.24070/bjvp.1983-0246.v11i2p50-63

Table 1. Polymerase chain reaction conditions for the genes analyzed.

53

Gene Product size temﬁgrnaetﬁlri:% Q) Sense Antisense
G3PDH 396 59 tgttcctacccccaatgtgt tgtgagggagatgctcagtg
CYP2B10 340 59 agtacccccatgttgcagag ggaggatggacgtgaagaaa
UGT1A1 344 60.5 cctatgggtcacttgccact cgatggtctagttccggtgt
SULT2A1 342 59 tcggctggaatcctaagaga tgggaagatgggaggttatg
CAR 476 60.5 gggcttcttcagacgaacag tctggtcctccatggttagg
PXR 300 60.5 gctgaaggctagcagcttgt ctcagaccccacaccaagtt
FXR 483 59 agttgccgtgaggaagctaa gtgagcgcgttgtagtggta
ABCG8 446 59 tctccaggtectgattggtc ggcaatcagagtcaacagca
ASBT 443 58.5 gactcgggaacgattgtgat gcaaagacgagctggaaaac
MRP2 499 59 tcctagacagcggcaagatt ctctggctgtccaacactca
BSEP 335 60 actggtaggggctttgtgtg gggaagcatctgtagcaagc
OATP2 358 58 acccaagaggctgtctctca gccaacagaaatgccttgat
NTCP 387 60.5 cctcagtgctttccttctgg acagccacagagagggagaa

Genes abbreviations are CYP2B10, cytochrome P450, family 2, subfamily b, polypeptide 10; UGT1Al, UDP
glucuronosyltransferase family 1 member Al; SULT2AL, Sulfotransferase Family 2A; CAR, constitutive androstane
receptor; PXR, pregnane X receptor; FXR, Farnesoid x receptor; ABCG8, ATP-binding cassette sub-family G member
8; ASBT, Apical Sodium Dependent Bile Acid Transporter; MRP2, Multidrug resistance-associated protein 2; BSEP, Bile
Salt Export Pump; OATP2, organic anion-transporting polypeptide; NTCP, Sodium/Taurocholate Co-transporting
Polypeptide.

Results

Therapeutic effect of curcumin, vitamin B6 and both on
biochemical changes in lithocholic acid model of
cholestasis

As shown in Table 2, both curcumin and vitamin
B6 groups showed slightly normal levels with no
significant changes compared to control group. Feeding on

lithocholic acid, increased AST, ALT, ALP, BIL-T, BIL-D
and GGT compared to control group. All these increased
parameters  were  significantly  normalized  after
administration of curcumin, vitamin B6 or both of them in
lithocholic acid model of cholestasis (p<0.05). However,
cholesterol decreased significantly (p<0.05) in lithocholic
acid fed mice (30+1.28) and restored after administration
of curcumin (123+1.51), vitamin B6 (143+1.06) or both of
them (104+2).

Table 2. Therapeutic effect of curcumin and vitamin B6 or both on biochemical changes in lithocholic acid model of
cholestasis.

Test by Control Curcumin  Vit.B6 Cur+Vit.B6 Lithocholic A Lith+Cur Lith+Vit B6 Lith+Cur+Vit B6
AST (UIL) 170162 1414150 180107 179%128 5718+331% 30242507 3582607 258 +2.78%
ALT (UIL) 494122 43170 574142 49222 1go54311% 59+195%° 8741747 8342 06"
ALP (U/L) 90+1.06  po+158" 50+1.36% 60+1.24" 140+2.13% 60+1.81%7" 80 +1.53%"  40+1.63"
BIL-T (mg/dI) 0.03 £0.004 (03 +0.003% 0-050.003 g 02 +0.002%# 0.92 +0.019% 0.42 +0.016%* 0.12 +0.010%*  0.09 +0.005%
BIL-D (mg/dl) 0.05+0.005 0.04 +0.005 0.05+0.003 0.06 +0.005 0.53+0.083 (03 +0.005%* 0 12 +0.005%* 0.22 +0.010%
Cholesterol (mg/dl) 101+1.80 84 +1.46% 132+165% 98+151% 30+1.28%  123+15"  143+1.06%" 104 +2
GGT (U/L) 81024 100507 9:031% 1040377 65+1.36" 18+0.86"" 26+1.30%"  1510.37

Values are means * standard error (SEM) for 3 independent experiments per each treatment. Values are statistically
significant at #p < 0.05 Vs.control; *p<0.05 Vs. lithocholic acid.
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Histopathological findings

Livers of control, curcumin, vitamin B6 or both
treatment groups showed normal tissue architecture with
normal hepatic lobules, central veins and hepatic sinusoids
(Fig. 1A, 1B, 1C and 1D respectively). Liver of lithocholic
acid group showed multiple necrotic foci of different sizes
spread all over the liver with congestion of hepatic blood
vessels (Fig. 1E). Liver of lithocholic acid group treated
with curcumin showed regeneration of hepatic tissue with
multifocal hydropic degeneration (Fig. 1F). Liver of
lithocholic acid group treated with vitamin B6 showed
normal hepatic tissue except for minute necrotic foci in
some areas with congestion of portal vein (Fig. 1G). Liver
of lithocholic acid group treated with curcumin and
vitamin B6 showed mostly normal hepatic tissue (Fig. 1H).
Number and size of the necrotic foci are shown in Table 3.

Immunohistochemical expression of glutathione and NF-
kB

Livers of control, curcumin, vitamin B6 or both
treatment groups showed mild expression of glutathione in
hepatic tissue (Fig. 2A, 2B, 2C and 2D respectively). Liver
of lithocholic acid group showed mild expression of
glutathione in hepatic tissue surrounding necrotic foci (Fig.
2E). Liver of lithocholic acid group treated with curcumin
showed strong expression of glutathione all over the
hepatic tissue (Fig. 2F). Liver of lithocholic acid group
treated with vitamin B6 showed strong expression of
glutathione in some areas of hepatic tissue, still other areas
had weak or negative expression (Fig. 2G). Liver of
lithocholic acid group treated with curcumin and vitamin
B6 showed strong expression of glutathione all over the
hepatic tissue (Fig. 2H).

Livers of control, curcumin, vitamin B or both
treatment groups showed mild or no expression of NF-kB
in hepatic tissue (Fig. 3A, 3B, 3C and 3D respectively).
Liver of lithocholic acid group showed moderate
expression of NF-kB in hepatic tissue surrounding necrotic
foci (Fig. 3E). Liver of lithocholic acid group treated with
curcumin showed strong expression of NF-kB all over the
hepatic tissue especially around central veins (Fig. 3F).
Liver of lithocholic acid group treated with vitamin B6
showed strong expression of NF-kB in some areas of
hepatic tissue, still other areas have weak or no expression
(Fig. 3G). Liver of lithocholic acid group treated with

curcumin and vitamin B6 showed strong expression of NF-
kB all over the hepatic tissue (Fig. 3H).

Therapeutic effects of curcumin, vitamin B6 or both of
them on regulatory nuclear receptors of bile acid (PXR,
FX receptor and CAR) in lithocholic acid model of
cholestasis

No significant change was detected in PXR and
FXR expressions in groups 1, 2, 3 and 4, meanwhile
expression of CAR was downregulated in group 2, 3 and 4
compared to control group. In cholestatic mice, there was
a significant downregulation (p<0.05) in mMRNA
expressions of PXR, FXR and CAR (Fig. 4D 5A and 5B,
respectively) as compared with control group. Cholestatic
mice treated with curcumin, vitamin B6 or both treatment
showed significant (p<0.05) upregulation in mMRNA
expressions of PXR, FX receptor and CAR toward the
normal expressions levels.

Therapeutic effects of curcumin, vitamin B6 or both of
them on bile acid/organic anion and lipid transporters
(OATP2, BSEP, NTCP, ASBT, MRP2 and ABCGS3) in
lithocholic acid model of cholestasis

As presented in Figures 5C, 5D, 6B, 6C and 6D,
only OATP2 expression was upregulated in curcumin and
vitamin B6 group when compared to control. Curcumin
downregulated BSEP expression, meanwhile curcumin and
vitamin B6 upregulated it. Vitamin B6 & curcumin and
vitamin B6 groups showed significant increase in mRNA
expression of NTCP. Curcumin & curcumin and vitamin
B6 downregulated mRNA expression of ASBT when
compared to control. Both curcumin group and vitamin B6
group downregulated mRNA of MRP2 in comparison to
control. Curcumin, vitamin B6 & curcumin and vitamin B6
downregulated mMRNA expression of ABCG8 when
compared to control. Induction of cholestasis in mice with
lithocholic acid induced a significant downregulation
(p<0.05) in mRNA expressions of OATP2, BSEP, ASBT,
MRP2 and ABCGS, respectively compared to control
group. However, NTCP mRNA expression was increased
significantly (p<0.05) in cholestatic mice compared to
control mice (Fig. 6A). Regarding the observed
downregulation in mRNA expressions of OATP2, BSEP,
ASBT, MRP2 and ABCGS8, administration of curcumin,
vitamin B6 and both of them restore their expressions
significantly compared to cholestatic mice.

Table 3. Number and diameter (um) of the necrotic foci in different groups.

Group 1 2 3 4 5 6 7 8
Necrotic foci
Number (per low power field) 0 0 0 3-4 0-1 0-1 0-1
Diameter (um) 0 150-300 50-100 50-100 10-50

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br . All rights reserved 2007.


http://bjvp.org.br/wp-content/uploads/2018/07/v11-n2-3.pdf
http://www.bjvp.org.br/

Nassan, et al.; Ameliorative effect of curcumin and vitamin B6 against lithocholic acid-induced 55
cholestasis and liver injury in mice. Braz J Vet Pathol, 2018, 11(2), 50 — 63.
DOI: 10.24070/bjvp.1983-0246.v11i2p50-63

Figure 1. A. B. C. D. Livers of control, curcumin, vitamin B6 and curcumin & vitamin B groups respectively with normal
tissue architecture with normal hepatic lobules, central6 veins (CV), hepatic sinusoids and portal areas (PA). E. Liver of
lithocholic acid group with multiple necrotic foci (arrows) of different sizes spreaded all over the liver with congestion of
hepatic blood vessels (C). F. Liver of lithocholic acid group treated with curcumin showed healing of hepatic tissue
especially around central veins (CV) with hydropic degeneration of some areas (H). G. Liver of lithocholic acid group
treated with vitamin B6 showed normal hepatic tissue except for minute necrotic foci (arrow) in some areas with congestion
of portal vein. H. Liver of lithocholic acid group treated with curcumin and vitamin B6 showed mostly normal hepatic
tissue. H&E, scale bar=100 pm.
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Discussion

The results of the present study clearly highlights
the therapeutic effects of curcumin, vitamin B6 or both of
them on LCA model of cholestasis and liver injury in mice.
This was evidenced by liver morphology as well as the
significant decrease in serum ALT, AST, ALP, GGT, total
and direct bilirubin with restortion of cholesterol levels
together with increased tissue expression of glutathione
and NF-kB. Elevated serum GGT enzyme activity has been
widely used as a marker of liver dysfunction (2). Other
experimental findings have shown that GGT plays a crucial
role in cellular antioxidant defense systems (20). Higher
levels of ALT, AST and ALP may suggest inflammation of
liver cells or the death of some cells due to liver damage as
in lithocholic acid group. Cotreatment with curcumin
and/or vitamin B6 ameliorates the changes caused by
lithocholic acid. This could be due to the antioxidant
activities of curcumin and relatively vitamin B6. Curcumin
exhibit a differential antioxidant activity in several in
vitro and in vivo models, for example, preventing lipid
peroxidation in a variety of cells together with its ability to
react directly with reactive species and to induce an
upregulation of various cytoprotective and antioxidant
proteins (32). Vitamin B6 may directly react with the
peroxy radicals and thereby scavenge radicals and inhibit
lipid peroxidation and may indirectly play an antioxidant
role by serving as coenzyme in the glutathione antioxidant
defense system (17). Higher tissue expression of
glutathione was detected in treated groups when compared
to control and lithocholic acid groups. Glutathione (GSH)
is often referred to as the “master antioxidant,” and has a
major role in protection against oxidative stress and
removal of xenobiotics (5). Histopathological results
confirmed previous results, that feeding of high levels of
LCA caused focal hepatic necrosis (11). This necrotic
pattern is caused by the precipitation of hydrophobic LCA
or its metabolites in cholangioles resulting in obstruction of
biliary flow. Number and size of the necrotic foci were
increased in LCA group with reduction in treated groups,
especially curcumin and vitamin B6 group. The focal
nature of the liver damage is attributed to the increased
biliary pressure during obstructive cholestasis which
results in rupture of cholangioles causing the leakage of
bile back into the parenchyma (12). The nuclear factor
kappa B (NF-xB) is a critical regulator of immune and
inflammatory processes and is involved in cellular
responses to stimuli (23). It can be activated by
porinflammatory cytokines and endotoxins and then
translocate to the nucleus to promote transcription of
inflammatory  mediators, regulates inducible gene
expression under both physiological and pathological
conditions. NF-xB plays a key regulatory role in

controlling Thl and Th2 immune responses (16). Mild or
no expression of NF-kB was detected in hepatic tissue of
control, curcumin, vitamin B6 or curcumin & vitamin B6
groups. Liver of lithocholic acid group showed moderate
expression of NF-kB in hepatic tissue surrounding necrotic
foci. Activation of NF-xB in treated groups (mainly
curcumin and curcumin and vitamin B6 and to lesser
degree the vitamin B6 group alone) could be attributed to
its role in activating genes related to cell survival or
cellular proliferation (16).

Administration of curcumin mainly, vitamin B6
and both of them result in stimulation of major hepatic bile
acid/bilirubin metabolizing and detoxifying enzymes and
hepatic major alternative excretory pumps, results that are
adapted to counteract cholestasis. Our results showed that
CAR expression was downregulated in group 2, 3 and 4 as
compared to control group and was severely reduced in
LCA group. Slight restoration of CAR expression was
detected in curcumin /or vitamin B6 treated groups.
Activation of the constitutive androstane receptor (CAR)
can be a result of LCA administration to protect the liver
against bile acid-induced toxicity (36). No significant
change was detected in expressions of PXR and FXR in
groups 2, 3 and 4 when compared to control. Severe
reduction of PXR expression was detected in LCA group
with elevation of gene expression in treated groups.
Activation of CAR and the pregnane X receptor (PXR) can
protect the liver against bile acid-induced cholestasis via
up-regulation of bile acid metabolizing genes such as
Sult2A (31). Also other studies showed significant degree
of hepatocellular injury observed in the absence of CAR
(CAR-null mice) (4). FXR expression showed significant
reduction in LCA group in comparison to control group,
this reduction was ameliorated in treated groups especially
the combined group. Other studies showed that the
expression of detoxification enzymes SULT2A1 and
canalicular membrane transporters ABCG8  were
significantly down-regulated in obstructive cholestatic
patients, and were significantly and positively correlated
with FXR reduction suggesting that targeted down-
regulation of FXR may improve the hepatic detoxification
ability in human obstructive cholestasis (4).

Administration of of vitamin B6 downregulated
expression of UGT1A1, meanwhile curcumin and vitamin
B6 upregulated it. Administration of curcumin and/or
vitamin B6 downregulated SULT2A1 expression. Both
Vitamin B6 & curcumin and vitamin B6 significantly
downregulated CYP2B1,0 in comparison to control group.
Expression of bile acid metabolizing enzymes and
transporters (UGT1A1, SULT2A, CYP2B10) was also
declined in LCA group with elevation of expression in
treated groups especially curcumin group and both
curcumin and vitamin B6 treated group.
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Figure 2. Immunohistochemical examination of glutathione expression. A. B. C. D. Livers of control, curcumin, vitamin B
and curcumin & vitamin B groups respectively. Mild expression of glutathione in hepatic tisuue. E. Liver of lithocholic acid
group showed mild expression of glutathione in the hepatic tissue surrounding necrotic foci. F. Liver of lithocholic acid
group treated with curcumin showed strong diffuse expression of glutathione. G. Liver of lithocholic acid group treated with
vitamin B6 showed strong expression of glutathione in some areas of hepatic tissue, still other areas had weak or negative
expression. H. Liver of lithocholic acid group treated with curcumin and vitamin B6 showed strong diffuse expression of
glutathione. Immunohistochemistry, DAB, Hematoxylin counter stain, scale bar=100 pm.
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Figure 3. Immunohistochemical examination of NF-kB expression. A. B. C. D. Livers of control, curcumin, vitamin B6 and
curcumin & vitamin B6 groups respectively.Mild or no expression of NF-kB in hepatic tisuue. E. Liver of lithocholic acid
group showed moderate expression of NF-kB in hepatic tissue surrounding necrotic foci. F. Liver of lithocholic acid group
treated with curcumin showed strong diffuse expression of NF-kB, especially around central veins. G. Liver of lithocholic
acid group treated with vitamin B6 showed strong expression of NF-kB in some areas of hepatic tissue, still other areas have
weak or negative expression. H. Liver of lithocholic acid group treated with curcumin and vitamin B6 showed strong
diffuse expression of NF-kB. Immunohistochemistry, DAB, Hematoxylin counter stain, scale bar=100 pm.
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Figure 4. Semi-quantitative RT-PCR analysis of A. UGT1A1, B. SULT2A1, C. CYP2B10 and D. PXR mRNA expressions
and their corresponding G3PDH in liver. Experimental groups were left as a control (CTR), administered curcumin (CUR),
vitamin B6 (B6), or curcumin plus vitamin B6 (CUR+B6), lithocholic acid (Lith), lithocholic acid treated with curcumin
(Lith+Cur), lithocholic acid treated with vitamin B6 (Lith+B6), lithocholic acid treated with curcumin and vitamin B6
(Lith+Cur+B6) as described in materials and methods. Values are means = SEM obtained from 3 independent experiments.
P*< 0.05 vs. control group, and P#< 0.05 vs. lithocholic acid administered group.
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Figure 5. Semi-quantitative RT-PCR analysis of A. FXR, B. CAR, C. OATP2 and D. BSEP mRNA expressions and their
corresponding G3PDH in liver. Experimental groups were left as a control (CTR), administered curcumin (CUR), vitamin
B6 (B6), or curcumin plus vitamin B6 (CUR+B6), lithocholic acid (Lith), lithocholic acid treated with curcumin (Lith+Cur),
lithocholic acid treated with vitamin B6 (Lith+B6), lithocholic acid treated with curcumin and vitamin B6 (Lith+Cur+B6) as
described in materials and methods. Values are means + SEM obtained from 3 independent experiments. P*<0.05 vs.
control group, and P#< 0.05 vs. lithocholic acid administered group.

These metabolizing enzymes and transporters
participate in bile acid elimination, including cytochrome
(CYP2B10, UGT1Al1, SULT2A1), bile salt export pump
(BSEP), multidrug resistance-associated protein (MRP 2,
NTCP, Oatp2), and organic solute transporter B (7).
Nuclear receptors and transcription factors, such as
pregnane X receptor (PXR), farnesoid X receptor,
constitutive androstane receptor can regulate these genes

and are considered potential therapeutic targets of
cholestasis (30,38). PXR and its human homolog (steroid
and xenobiotic receptor) are known to induce UGT1Al
expression (8). So increased expression of the nuclear
receptors and transcription factors in treated groups led
subsequently to activation of bile acid metabolizing
enzymes and transporters. UGT1Al when activated
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mediates the glucuronidation of bilirubin, which makes it

more hydrophilic and prone to excretion (6).
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Figure 6. Semi-quantitative RT-PCR analysis of A. NTCP, B. ASBT, C. MRP2 and D. ABCG8 mRNA expressions and
their corresponding G3PDH in liver. Experimental groups were left as a control (CTR), administered curcumin (CUR),
vitamin B6 (B6), or curcumin plus vitamin B6 (CUR+B6), lithocholic acid (Lith), lithocholic acid treated with curcumin
(Lith+Cur), lithocholic acid treated with vitamin B6 (Lith+B6), lithocholic acid treated with curcumin and vitamin B6
(Lith+Cur+B6) as described in materials and methods. Values are means = SEM obtained from 3 independent experiments.
P*< 0.05 vs. control group, and P#< 0.05 vs. lithocholic acid administered group.

Only expression of OATP2 was upregulated in
curcumin and vitamin B6 group when compared to control.
Curcumin downregulated BSEP expression, meanwhile
curcumin and vitamin B6 upregulated it. Vitamin B6 &
curcumin and vitamin B6 groups showed significant
increase in MRNA expression of NTCP. Curcumin and

curcumin and vitamin B6 downregulated mMRNA
expression of ASBT when compared to control. Both
curcumin group and vitamin B6 group downregulated
mRNA of MRP2 in comparison to control. All treatment
groups showed downregulated ABCG8 mRNA expression,
when compared to control. Although variability in
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expression of different genes in healthy state, there was an
obvious normalization in treated groups, after significant
downregulation in LCA group. Expression of bile acid and
lipid transporters (Oatp2, Bsep, Mrp2, Abcg8, Asbt) was
reduced in LCA group with partial restoration of genetic
expression in treated groups. Expression of NTCP
elevated in LCA group in comparison to control group.
Bile acids are taken up from the sinusoidal blood into
hepatocytes by the uptake transport proteins sodium
taurocholate cotransporting polypeptide (NTCP) and
organic anion transporting polypeptides (OATPs) (9). At
the canalicular membrane, bile acids are excreted into bile
predominantly via the bile salt export pump (BSEP) in an
ATP-dependent manner. Multidrug resistance-associated
protein 2 (MRP2), which is the main driving force for bile
salt-independent bile flow through canalicular excretion of
reduced glutathione, also transports glucuronide and sulfate
conjugates of bile acids. Cholangiocytes (bile duct
epithelial cells) also express ion and organic anion
transporters on the apical (i.e. ASBT, OATP1A2) and
basolateral membranes that modify the composition of bile
before it passes into the larger bile ducts (9).

Conclusion

In conclusion, induction of hepatic detoxification
enzymes and alternative efflux systems after treatment with
curcumin mainly, vitamin B6 and both of them in case of
cholestasis may limit accumulation of toxic biliary
compounds in hepatic cells.
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