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Abstract

iethylnitrosamine (DEN) is a highly potent substance that causes severe damage to the liver
D and contributes to the development of liver toxicity and liver cancer. This study assessed the

potential protective effects of curcumin and fish oil on biological and biochemical parameters
in rats suffering from DEN-induced carcinoma. Twenty-eight mature rats were divided into four
groups: The normal-control group, the positive-control group, the 3™ group (curcumin group): rats
received a daily dose of curcumin (100mg/kg) for 28 days, along with a single intraperitoneal
injection of DEN on day 21, and the 4™ group (fish oil group): rats received a day after day dose of
fish oil (300 mg/kg) for 28 days, along with a single intraperitoneal injection of DEN on day 21.
Administration of curcumin and fish oil protected against DEN-induced hepatocellular carcinoma
(HCC). This protection resulted in decreased liver enzyme levels and elevated total protein, albumin,
and globulin levels. Additionally, curcumin and fish oil protected against DEN-induced decreases in
antioxidant enzyme activities and increases in tumor necrosis factor-alpha (TNF-a), interleukin-1beta
(IL-1B), and alpha-fetoprotein (AFP) in the sera of rats. Furthermore, they protected against
dysregulation of Wnt pathway genes (cyclin D1, -catenin, and PCNA). This suggests that curcumin
and fish oil may have potential prophylactic effects against DEN-induced HCC.

Keywords: Hepatocellular carcinoma, Diethylnitrosamine, Curcumin, Fish oil, Wnt pathway.

mechanism for the development of hepatocellular
carcinoma (HCC) using DEN [5-6].

Introduction

Nitrosamines encompass a range of environmental
carcinogens present in nitrite-cured meats, tobacco
smoke, and smoked pickled fish [1].
Diethylnitrosamine (DEN) is a highly potent
substance that causes severe damage to the liver and
is a known cause of liver cancer. Amines undergo
activation through a reaction with nitrate, resulting in
the formation of N-nitrosamines under the effect of

Although there have been notable improvements
in cancer treatment, the rates of cancer occurrence
and death are still elevated. Hence, pursuing of more
effective and less harmful cancer prevention methods
continue to be a primary focus of ongoing scientific
investigation.

Curcumin, a bioactive compound derived from

acidity in the stomach [2-3]

Liver cancer remains a major health issue, with
its occurrence increasing on a global scale. By 2025,
the number of patients suffering from liver cancer
each year is projected to exceed 1 million.
Hepatocellular carcinoma (HCC) is the predominant
type of liver cancer, representing 90% of all
occurrences [4].

The induction of hepatocyte damage,
characterized by increased cell proliferation and
hepatocellular necrosis, is a widely recognized

the Curcuma longa plant, has garnered significant
interest in the last 20 years because of its potent
anticancer effect. [7]. Furthermore, it exhibits a range
of pharmacological functions, such as anti-
inflammatory, antiproliferative, antioxidant, and
antiangiogenic activities [8].

Fish oil has also garnered significant interest in
the last 20 years because of its ®3 polyunsaturated
fatty acids content. It has been reported that it may
reduce cell proliferation and cause apoptosis [9].
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Research has demonstrated that consuming fish
oil can provide protection against some chronic
degenerative  diseases, including autoimmune
disorders, rheumatoid arthritis, cardiovascular
disease, type 2 diabetes, and cancer [10].

Fish oil ®3 also provides protection against liver
damage by counteracting free radicals, enhancing
antioxidant enzyme functions, and decreasing the
synthesis of inflammatory cytokines [11].

Therefore, we studied the potential preventive
properties of curcumin and fish oil against the early
stage of chemically induced HCC.

Material and Methods

Experimental design

Twenty-eight mature male albino rats from the
Sprague-Dawley strain, weighing 150+£10g, were
housed in clean, well-ventilated cages. They were
provided with a basal diet, as described by Reeves et
al. [12]. The rats were randomly divided into four
equitably sized groups (7/group) and categorized as
follows:

1. The normal-control group consisted of rats that
were given a basic diet and administered 0.5%
carboxyl methylcellulose (CMC) daily through a
stomach tube at a volume of 0.5 ml per rat.

2. The positive-control group consisted of rats that
were given a basic diet and administered a single
toxic dosage of Diethylnitrosamine (DEN) (200
mg/kg, Intraperitoneally) (Sigma-Aldrich, USA) on
day 21 of the trial, as described by Tessitore et al.
and Bansal et al. [13-14].

3. administered a daily dose of curcumin (100mg/kg)
dissolved in 0.5% CMC [15] by a tube into their
stomachs for 28 days. On day 21, they received a
single injection of DEN (200 mg/kg,
intraperitoneally).

4. The fish oil group: rats were given a standard diet
and orally administered fish oil (300 mg/kg) day
after day for 28 days, along with a single dose of
DEN (200 mg/kg, intraperitoneally) on day 21. This
information is based on studies conducted by Raghu
et al. and Aljadani et al. [16-17]. Following the
completion of the experiment, which lasted for a
duration of 28 days, the rats underwent an overnight
fasting period before being euthanized. Serum and
liver samples were collected.

Nutritional related parameters

Relative liver weight, body weight gain percent
(BWG%), Feed intake (FI), and feed efficiency ratio
(FER) were calculated in accordance with Chapman
etal. [18].
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Biochemical analysis of serum

The determination of liver enzymes levels was
conducted using the methodology described by
Bergmeyer et al. [19]. Quantification of albumin was
conducted following the methodology outlined by
Drupt [20]. The quantification of total protein was
conducted following the methodology described by
Sonnenwirth and Jaret [21], whereas the calculation
of serum globulin was performed using the procedure
described by Chary and Sharma [22]. The levels of
Malondialdehyde (MDA) and superoxide dismutase
(SOD) were measured in liver tissue using the
protocols established by Paoletti and Mocali, and
Satoh [23-24], respectively.

In addition, the levels of inflammatory markers,
specifically tumor necrosis factor-alpha (TNF-o)) and
interleukin-1beta (IL-1f), were measured using the
enzyme-linked immune sorbent assay (ELISA)
technique. The IL-1f levels were assessed using the
ELISA kit from Hycult Biotech in the Netherlands,
while the TNF-a levels were examined using the
ELISA kit from RayBio in the USA. Measurements
were conducted following the instructions provided
by the respective manufacturers. Nuclear factor-
erythroid 2-related factor 2 (Nrf2) and the cancer
marker alpha-fetoprotein (AFP) were evaluated using
ELISA kits from Kamiya Biomedical (USA) and
Cusabio (China), respectively, following the
instructions provided by the manufacturer Sell &
Beckar [25].

Histopathological examination

The liver was preserved in a 10% neutral buffered
formaldehyde solution with a pH of 7.5, treated with
xylol to remove impurities, and then enclosed in
paraffin for further analysis. A segment with a
thickness of 4-5 pm was produced and treated with
Hematoxylin and Eosin (H&E) stain for further
examination, following the method of Bancroft and
Gamble [26].

Gene expression analysis

Following the homogenization of the liver
samples, RNA was extracted and subsequently
reverse-transcribed according to the provided
manufacturer’s instructions (Qiagen, USA).

Gene expression was performed using real-time
PCR as per the manufacturer’s instructions. Ready-
made primers for Cyclin DI, p-catenin, and
proliferating cell nuclear antigen (PCNA) were
obtained from Thermo Scientific, USA. The
reference gene used was B-actin.

Statistical analysis

The sample size was determined following the
method outlined by Arifin and Zahiruddin [27].
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Statistical analysis was performed using SPSS
version 11. The data were analyzed using one-way
classification and analysis of variance (ANOVA). A
Duncan test, with a significance level set at p<0.05,
was employed to evaluate the significance of mean
differences. The findings were reported as mean + SD.

Ethical approval

This study was revised and approved by the
Medical Research Ethical Committee (Approval No.
008092023), National Research Center, Giza, Egypt.
Results

Nutritional related parameters

Table (1) indicated that there were no significant
alterations in the total feed intake (FI) among the
experimental groups. The data from the same table
showed that the positive-control group had a notable
reduction in both body weight gain percent (BWG%)
and feed efficiency ratio (FER) compared with the
normal-control group. The values for the positive-
control group were 37.860+3.024% and 0.041+0.004
for BWG% and FER, respectively, whereas the
values for the normal-control group were
52.140+1.574% and 0.053+0.005.

Rats that consumed curcumin and fish oil via oral
gavage experienced a considerable increase in
BWG% and FER. The average values were
(69.710+2.563%, 81.290+2.138%) and
(0.074+0.008, 0.084+0.008) respectively. The
curcumin group achieved the most favorable
outcome, closely resembling the normal-control

group.

While the data given in Table (2) demonstrated
the impact of curcumin and fish oil on the liver's
relative weight in rats. The mean values of relative
liver weight did not show any significant differences
among the normal-control, curcumin, and fish oil
groups, with  values of  3.371£0.756%,
3.771£0.725%, and 3.228+0.325%, respectively. On
the other hand, the positive-control group exhibited a
substantial rise (4.914+0.614%) compared to the
normal-control group.

Biochemical analysis of serum
Liver functions

The impact of curcumin and fish oil on alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) levels is summarized in
Table (3). The levels of ALT and AST in the
positive-control group showed a significant increase,
with values of 88.640+1.312 U/L and 114.780+2.168
U/L, respectively, compared to the normal-control
group, which had values of 21.912+1.298 U/L and
35.288+1.873 U/L, respectively. Rats that received
curcumin and fish oil exhibited a notable reduction
(p<0.05) in the same parameters compared to the
positive-control group. The group that received

curcumin achieved the most favorable outcome, with
values closely resembling those observed in the
normal-control group.

Serum Total protein, Globulin and Albumin

The data in Table (4) shows the impact of
curcumin and fish oil on the levels of total protein
(T.P), globulin (GLOB), and albumin (ALB) in the
blood serum of rats. The positive-control group
showed a significant decrease in total protein,
albumin, and globulin levels (4.150+0.111 g/dL,
1.900+0.406 g/dL, and 2.250+0.320 g/dL,
respectively) compared to the normal-control group
(6.394+0.267 g/dL, 2.160+0.114 g/dL, and
4.23440.169 g/dL, respectively). Rats administered
with curcumin and fish oil demonstrated noticeable
improvements in all the mentioned criteria, with no
significant difference compared to the normal control

group.
Oxidant and antioxidant parameters

The study was conducted to examine the effects
of curcumin and fish oil on superoxide dismutase
(SOD), an antioxidant enzyme, and malondialdehyde
(MDA), an oxidative parameter, in the sera of rats
(Table 5). The results of the SOD analysis showed a
significant decrease in the positive-control group
(503.600+£2.292 U/L) compared to the normal-
control group (1032.800+1.923 U/L). Oral
administration of curcumin and fish oil resulted in a
statistically significant increase (p<0.05) when
compared to the positive-control group. The group
administered with curcumin showed the most
favorable outcome, with values similar to those
observed in the normal-control group.

The MDA analysis revealed a substantial increase
in the positive-control group (402.900+1.779
mmol/L) compared to the normal control group
(87.290+1.947 mmol/L). Rats administered with
curcumin and fish oil exhibited a significant
reduction (p<0.05) compared to the positive-control
group. Once again, the group administered with
curcumin showed the most favorable outcome, with
values closely resembling those of the normal control
group.

Immunological parameters

Table (6) displays the impact of curcumin and
fish oil on tumor necrosis factor-alpha (TNF-a),
Interleukin-1beta (IL-1p), nuclear factor erythroid 2—
related-factor 2 (Nrf2) and alpha-fetoprotein (AFP)
levels in rat’s blood. The positive-control group
showed a substantial increase in IL-1p, TNF-a, and
AFP levels compared to the normal-control group.
Specifically, IL-1f increased to 8.932+0.567 ng/ug,
TNF-o increased to 175.740+1.728 U/mL, and AFP
increased to 10.832+1.699 ng/mL in the positive-
control group. In contrast, the normal-control group
had IL-1p levels of 4.752+0.423 ng/ug, TNF-a levels
of 58.600+2.302 U/mL, and AFP Ilevels of
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1.716+0.617 ng/mL. Rats administered curcumin or
fish oil exhibited a statistically significant reduction
(p<0.05) in the aforementioned measures when
compared to the positive-control group. The group
treated with curcumin achieved the most favorable
outcomes in terms of IL-1B and AFP levels, which
closely approached those of the normal-control
group. The fish oil group achieved the most
favorable outcome in terms of TNF-a, with a value
closest to that of the normal-control group. The
results of the study on Nrf2 showed a substantial
drop in the positive-control group (2.750 +0.129
pg/mL) compared to the normal-control group (4.330
+0.2016 pg/mL). The curcumin group achieved the
most favorable outcome for Nrf2, exhibiting no
notable disparity compared to the normal-control

group.
Histopathological examination of liver tissue

The livers of the normal-control group had
typical hepatocytes organized in cords around a
central vein (Fig. 1a). In contrast, the positive-control
group showed significant neoplastic characteristics in
the hepatocytes, along with noticeable periportal and
intralobular oval cell proliferation (Fig. 1b).

The livers of the group treated with curcumin
exhibited a significant reduction in neoplastic
features within the liver cells and an increase in
apoptosis (cell death) within the liver cells (Fig. 1c).
Meanwhile, the livers of the group that received fish
oil showed a significant reduction in neoplastic
features within the liver cells, including decreased
variation in shape and cytoplasmic basophilia (Fig.
1d).

Gene expression analysis

The data reported in Table (7) demonstrate the
impact of curcumin and fish oil on B-catenin, PNCA,
and Cyclin D in the livers of rats. A notable increase
in their expression was observed in the positive-
control group (3.088+0.250), (3.006+0.331), and
(2.072+0.297), respectively, compared to the normal-
control group (1.303%0.126), (1.068+0.113), and
(1.010+0.162), respectively. The rats that were
administered curcumin or fish oil exhibited a notable
decrease in expression (p<0.05) when compared to
the positive-control group. The best result for B-
catenin was recorded by the curcumin group, which
was the closest value to the normal-control group.
The best result for PNCA was recorded by the
curcumin group, which was the closest value to the
normal-control group. The curcumin group recorded
the best result for Cyclin D, which was the nearest
value to that of the normal-control group.

Discussion

The current study showed that curcumin and fish
oil have possible prophylactic effects against DEN-
induced HCC. This could be attributed to their anti-
inflammatory and antioxidant effects as well as to
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their anti-cancer effects through suppression of the
Wnt signaling pathway.

The prevalence of HCC is expected to increase
because of the growing incidence of alcohol-related
liver disease and metabolic dysfunction-associated
steatotic liver disease. The therapeutic landscape is
changing and necessitates a multidisciplinary
approach that frequently incorporates multi-modal
treatments such as surgical removal, transplantation,
local regional therapy, and systemic treatments [28]

Despite significant advancements in cancer
treatment, the incidence and mortality rates of cancer
remain high.  Therefore, the ongoing scientific
inquiry focuses on developing more efficient and less
harmful cancer prevention strategies.

Curcumin, a dietary supplement originating from
the turmeric family, is anticipated to selectively
prevent the progression of HCC. Curcumin has
demonstrated favorable therapeutic effects across the
entire course of nonalcoholic fatty liver disease and
liver fibrosis. The progression was hindered by
mechanisms that affected numerous pathways,
including antioxidant, anti-inflammatory, and
apoptotic regulation [29]

Omega-3 fatty acids regulate the formation of
eicosanoids, which are inflammatory signaling
molecules that control the inflammatory response
and cell proliferation. Studies and meta-analysis have
also investigated the potential impact of ®-3 fatty
acid supplementation on different types of cancer
[30]. Several studies have indicated that consuming
®-3 fatty acids may protect against cancer risk.
Nevertheless, the actual connection between ®-3
fatty acid intake and cancer risk remains a subject of
debate [31]

The aim of this research was to explore the
potential protective effect of curcumin and fish oil
against liver cancer in DEN-induced rats.

The data presented earlier showed that the
positive-control group experienced a significant
decrease in both body weight gain percent (BWG%)
and feed efficiency ratio (FER) compared to the
normal-control group. On the other hand, the
consumption of curcumin and fish oil resulted in a
notable increase in BWG% and FER. Metwally et al.
[32] found that the group injected with DEN
experienced a significant reduction in BWG%
compared with the control group. Sreepriya and Bali
[33] explained that the decrease in body weight
observed in mice treated with DEN may be attributed
to the loss of adipose tissue and skeletal muscle.
Curcumin possesses digestive characteristics, thus
enhancing growth performance [34]. Hixson [35]
found that curcumin improves the digestion and the
use of nutrients by reducing the number of excreted
nutrients. According to Manal [36], the inclusion of
curcumin in the diet of Nile tilapia, O. niloticus, at
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doses of 5, 10, and 20 g/kg resulted in enhanced feed
efficiency ratio (FER) and growth. Ismail & El
Meligy [37] also noticed that rats who received
curcumin experienced a considerable increase in
their final body weight. Pérez-Martinez et al. and
Atakisi et al. [38-39] demonstrated that the
administration of fish oil along with DEN injection
resulted in enhanced body weight growth compared
to the group that received only DEN injection.
Including omega 3 in the diet led to a significant
increase in both BWG% and FI compared with the
positive control group, as reported by Rabeh et al.
[40].

The liver weight relative to body weight in the
DEN group was considerably greater than that in the
control group, likely because of the formation of
liver tumors in the DEN group [41]. Uehara et al.
[42] also observed a notable rise in the proportionate
liver weight in rats that were administered DEN. Oral
administration of curcumin in rats significantly
decreased relative liver weights [43]. In contrast,
Uehara et al. [42] found no statistically significant
variations in the liver's relative weight among rats
fed a diet containing a mixture of fish oil and virgin
olive oil, with or without the injection of DEN,
compared to the control group.

Sivaramakrishnan et al. [44] corroborated the
findings of our investigation, which indicated that
DEN administration led to a notable elevation in
ALT levels. They further established that this
increase in ALT levels caused by DEN may be
attributed to the process of lipid peroxidation in the
membranes of hepatocytes. Al-Rejaie et al., Sayed-
Ahmed et al., and Altindag et al. [45- 47] similarly
observed that treatment with DEN resulted in a
significant increase in AST and ALT levels
compared to the control group. The current study
further demonstrated that regular ingestion of
curcumin reduces ALT and AST levels. Consistent
with these findings, Hussein et al. [48] reported that
the use of curcumin in rats with liver toxicity resulted
in a notable reduction in ALT and AST levels. This
reduction was attributed to the curcumin's ability to
inhibit peroxidation, inflammation, and oxidative
stress, while also improving the antioxidant status of
the liver tissues. The current finding was also
corroborated by Li et al. [49], who observed that
curcumin led to a decrease in the levels of ALT and
AST. Conversely, the group that consumed fish oil
demonstrated a noteworthy reduction in ALT and
AST levels. Administration of fish oil at
concentrations of 5% and 10% for a duration of 25
days effectively improved DEN-induced alterations
in biochemical parameters and protected against
hepatocellular cancer [32]. A study conducted by
Moghadamnia et al. [11] found that fish oil omega-3
supplements have a protective effect against
thioacetamide-induced hepatic dysfunction in rats.
The hepatic protective action of fish oil can be

described by its ability to enhance antioxidant
capacity, hence inhibiting the reactive oxygen
species (ROS) formation induced by the synthetic
pesticide fipronil in female rats [50].

Similar to our results, the injection of
nanoparticulate curcumin leads to an increase in total
protein and albumin levels because of its strong anti-
inflammatory, anti-carcinogenic, antioxidant, and
anti-angiogenic  properties. In  addition, it
significantly suppresses the development of liver
cancer produced by DEN Mohammed et al., [51].
Metwally et al. [32] found that administering fish oil
to rats injected with DEN resulted in an enhancement
of total protein levels. The study conducted by
Rabeh et al. [40] found that rats with Crohn’s disease
showed an increase in blood albumin content when
they were given omega 3.

Our study also observed a notable reduction in
SOD levels in the positive-control group compared to
the normal-control group, as well as a considerable
elevation in MDA levels in the positive-control
group compared to the normal-control group.
Consistent with these findings, Mohammed et al.
[51] elucidated those mice treated with DEN
exhibited a notable decrease in the activities of SOD.
Furthermore, there was a notable rise in MDA levels,
suggesting an intensified production of free radicals
because of DEN injection. This injection affects the
protective mechanisms against oxidative stress,
elevating ROS levels and the peroxidation of
membrane lipids. Amer et al. [52] assessed the
effects of dietary curcumin on the growth,
antioxidant activity, histomorphology of specific
organs, production of proinflammatory cytokines,
and immune status of Oreochromis niloticus. The
results showed that the addition of curcumin to the
diet increased the activity of serum SOD and
decreased the level of MDA. Metwally et al. [32]
showed that administering fish oil to the
experimental group resulted in a substantial and
statistically significant decrease in MDA levels
compared to the group treated with DEN. The
administration of fish oil resulted in a substantial
elevation in SOD levels compared to the positive-
control group. Consistent with these findings, Lee
and Kyung [53] demonstrated that Omega-3
influenced oxidative stress indicators, specifically
reducing MDA levels and increasing SOD activity.
Omega-3-supplemented diets led to a notable
reduction in MDA levels because of their antioxidant
properties, as reported by Rabeh et al. [40].

The current results demonstrated elevated levels
of IL-1B, TNF-a, and AFP in the positive-control
group compared with the normal-control group. This
conclusion aligns with the study conducted by
Mansour et al. [54], which also observed an
upregulation of oxidative stress and inflammation
biomarkers as well as AFP in response to DEN
induction. Simultaneously, DEN reduced Nrf2 levels
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in the liver. Sun et al. [55] demonstrated notable
elevations in the levels of TNF-a, IL-1B, and IL-6 in
the DEN group compared to the control group.
Curcumin exhibited a notable reduction in the
concentration of AFP in the bloodstream, which was
attributed to its anticarcinogenic and antioxidant
characteristics [56]. According to Shahcheraghi et al.
[57], curcumin activated the antioxidant pathways
Nrf2 HO-1 and Nrf2-Keapl and increased the
expression of the modifier subunit of glutamate-
cysteine ligase, which is involved in the synthesis of
the intracellular antioxidant glutathione. Curcumin
was found to dramatically reduce TNF-o and IL-6
levels compared to the positive group, as assessed by
Hatipoglu and Keskin [58]. The administration of
Omega-3 reduced the generation of TNF-o when the

Our histopathological findings were consistent
with those of Al-Aameli et al. [61]. Shahcheraghi et
al. [57] demonstrated that curcumin effectively
protected liver cells exposed to AFBI1 from hepatic
damage, and this protection exhibited a pattern that
depended on the dosage of curcumin. Conversely, the
livers of the group that received fish oil exhibited a
significant reduction in neoplastic features within the
liver cells, such as decreased variation in shape and
cytoplasmic basophilia (Fig. 1d), which is consistent
with the findings of Chen et al. [62]. Joana et al. [63]
found that the DeRitis index showed a small but
statistically significant decrease in
hypercholesterolemic rats treated with fish oil (G3)
compared to hypercholesterolemic control rats (G2).

Additionally, the administration of curcumin or
fish oil exhibited a notable decrease in expression
(p<0.05) of the Wnt/ B-catenin signaling pathway
genes. The preceding findings aligned with the
studies conducted by Dou et al., Chang et al. and
Vallée et al. [64-66]. These studies concluded that
curcumin and fish oil can hinder the advancement of
hepatocellular carcinoma by decreasing the Wnt/p-
catenin pathway expression.

Conclusion

In conclusion, the results of the present study
suggest that curcumin and fish oil have protective
effects against DEN-induced hepatocarcinogenesis in
albino rats. They help protect the liver from
pathological changes and elevated levels of liver
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body was exposed to cyclophosphamide.
Furthermore, omega-3 supplementation reduced the
levels of nuclear factor-kB, TNF-a, interferon-y, and
interleukin-8 in peripheral blood mononuclear cells
[59]. Administration of fish oil alone in female rats
resulted in a reduction in the expression levels of IL-
1B and TNF-a, which were comparable to those
observed in the control group of female rats. The
hepatoprotective action of fish oil can be ascribed to
its ability to enhance antioxidant capacity, hence
inhibiting the production of ROS generated by the
synthetic pesticide fipronil in female rats [51], Saleh
et al. [60] proposed that ®-3FA has demonstrated a
significant stimulation of the Nrf2/HO-1 signaling
pathway in response to Doxorubicin-induced liver
damage.

enzymes, as well as stimulate the hepatic antioxidant
system and  inhibit the  production  of
proinflammatory cytokines. It is believed that
curcumin and fish oil exert their protective effects by
inhibiting the Wnt/B-catenin pathway. Incorporating
significant amounts of curcumin and fish oil into
one’s daily routine, either through diet or as dietary
supplements, can effectively prevent and treat liver
illnesses, particularly hepatocellular carcinoma.
Further in vitro and preclinical investigations are
recommended to  determine  the  precise
bioavailability, bioefficacy, and cellular transduction
signaling mechanisms of curcumin and fish oil for
treating liver disorders associated with oxidative
stress.
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TABLE 1. The impact of curcumin and fish oil on the consumption of food (feed intake (FI)), the percentage of weight
growth (BWG%), and the efficiency of converting feed into body weight (feed efficiency ratio (FER)) in rats.

FI .
Groups (/28 day) BWG% FER
Normal-control-group 985.710+29.500" 52.140+1.574° 0.053+0.005°¢

977.570+62.60a
954.710+79.233°

Positive-control-group

37.860+3.024¢
69.710+2.563"

0.04120.004¢
0.074+0.008"

Curcumin group

Fish oil group 996.000+100.457° 81.290+2.138° 0.084-+0.008"

- Values are represented as the average value plus or minus the standard deviation.

- Significance is indicated at a significance level of p<0.05.

- Values that have distinct letters in each column exhibit significant differences, but those that share similar
letters exhibit insignificant differences

TABLE 2.The impact of curcumin and fish oil on relative liver weight in rats

Relative liver weight (%)

3.371+0.756b
4.914+0.614a

Groups

Normal-control-group
Positive-control-group
Curcumin group 3.771+0.725b
Fish oil group 3.228+0.325b

- Values are represented as the average value plus or minus the standard deviation.

- Significance is indicated at a significance level of p<0.05.

- Values that have distinct letters in each column exhibit significant differences, but those that share similar

letters exhibit insignificant differences

TABLE 3. impact of curcumin and fish oil on aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
in blood of rats

ALT
(U/L)

Groups

AST
(U/L)

21.912+1.298¢
88.640+1.312°
32.000+3.082¢

Normal-control-group
Positive-control-group
Curcumin group

Fish oil group

57.114+1.363°

35.288+1.873¢
114.780+2.168*
39.022+1.987¢
74.798+1.517°

- Values are represented as the average value plus or minus the standard deviation.
- Significance is indicated at a significance level of p<0.05.
- Values that have distinct letters in each column exhibit significant differences, but those that share similar

letters exhibit insignificant differences

TABLE 4. Impact of curcumin and fish oil on Total protein (T.P), Globulin (GLOB), and Albumin (ALB) in sera of rats

Groups T.P GLOB ALB
(g/dL) (g/dL) (g/dL)
Normal-control-group 6.394+0.267° 2.160+0.114* 4.234+0.169*
Positive-control-group 4.150+0.111° 1.900:£0.406° 2.250+0.320°
Curcumin group 6.900:£0.070° 2.960+0.230° 3.940+0.250°

Fish oil group

6.880+0.083"

2.980+0.258°

3.900+0.187%

- Values are represented as the average value plus or minus the standard deviation.

- Significance is indicated at a significance level of p<0.05.

- Values that have distinct letters in each column exhibit significant differences, but those that share similar
letters exhibit insignificant differences

TABLE 5. Impact of curcumin and fish oil on superoxide dismutase (SOD) and malondialdehyde (MDA) in sera of rats

SOD MDA
(U/L) (mmol/L)
1032.800+1.923* 87.290+1.947¢
503.600+2.292¢ 402.900+1.779*
Curcumin group 964.680+1.557° 106.020+0.736°
Fish oil group 852.400+1.097¢ 153.760+2.667°
- Values are represented as the average value plus or minus the standard deviation.
- Significance is indicated at a significance level of p<0.05.
- Values that have distinct letters in each column exhibit significant differences, but those that share similar
letters exhibit insignificant differences

Groups

Normal-control-group
Positive-control-group
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TABLE 6. Impact of curcumin and fish oil on Tumor necrosis factor alpha (TNF-a), Interleukin-1beta (IL-1p), alpha
fetoprotein (AFP), and nuclear factor erythroid 2—related factor 2 (Nrf2) in sera of rats.

Groups TNF IL-1p AFP Nrf2
(U/mL) (ng/ug) (ng/mL) (pg/mL)
Normal-control-group 58.600+2.302¢ 4.752+0.423¢ 1.716+0.617¢ 4300+0.216"
Positive-control-group 175.740+1.728° 8.932+0.567° 10.832+1.699° 2.750+0.129°
Curcumin group 75.080+3.825° 5.810+0.431° 4.000+0.524°¢ 4.050+0.602°
Fish oil group 68.560+1.960° 7.3504+0.510° 6.076+0.539° 5.950+0.506

- Values are represented as the average value plus or minus the standard deviation.

- Significance is indicated at a significance level of p<0.05.

- Values that have distinct letters in each column exhibit significant differences, but those that share similar
letters exhibit insignificant differences

TABLE 7. Impact of curcumin and fish oil on hepatic B-catenin, PNCA, and Cyclin D gene expression

Groups B-catenin PNCA Cyclin D

Normal-control-group 1.303+0.126° 1.068+0.113° 1.010+0.162¢
Positive-control-group 3.088+0.250" 3.006+0.331° 2.072+0.297°
Curcumin group 1.215+0.254¢ 1.177+0.121°¢ 1.316+0.143°
Fish oil group 1.553+0.212° 1.596+0.245° 1.438+0.110°

- Values are represented as the average value plus or minus the standard deviation.

- Significance is indicated at a significance level of p<0.05.

- Values that have distinct letters in each column exhibit significant differences, but those that share similar
letters exhibit insignificant differences

Fig.1. Livers of (a) the normal-control-group showed normal hepatocytes arranged in cords around a central vein (CV
indicates central vein and arrowhead indicates normal hepatocytes), (b) the positive-control-group showed marked
neoplastic features within the hepatocytes (white arrowhead), and marked periportal and intralobular oval cells
proliferation(black arrowhead), (c) the curcumin group showed marked decrease neoplastic features within the
hepatocytes and increased the apoptosis within the hepatic cells (white arrowheads), (d) the fish oil group showing
marked decrease neoplastic features within the hepatocytes associated with decrease pleomorphism and cytoplasmic
basophilia (white arrowheads), (H&E stain), X200, bar= 50 pm.
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