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Background: Nonalcoholic fatty liver disease (NAFLD) increased the risk factor of hepa-
tocellular carcinoma (HCC). NAFLD induces the hepatic-related cancer deaths mostly in 
middle-aged men. NAFLD enhanced the inflammatory reaction and oxidative stress in the 
hepatic tissue. Curcumae exhibited the anti-inflammatory and antioxidant effects. In this 
study, we made an attempt to scrutinize the protective effect of curcumae on obesity-induced 
HCC via alteration of inflammation, oxidative stress and gut microbiota.
Methods: The rats used in this experiment were Wistar rats, 100 mg/kg intraperitoneal 
injection of diethylnitrosamine (hepatic carcinogen) was used at 2 weeks. After 6 weeks of 
the experimental study, the rats were randomly divided into high-fat diet (HFD) with or 
without curcumae-treated group rats and received the treatment for 22 weeks. Hepatic, non- 
hepatic, cardiac, antioxidant, pro-inflammatory and inflammatory were estimated at the end 
of the study. The stools of the experimental rats were collected for estimating the gut 
microbiota.
Results: Curcumae-treated group rats exposed reduction of the hepatic nodules in hepatic 
tissue. Curcumae significantly (P<0.001) diminished the level of hepatic parameters and 
antioxidant parameters in the serum. Curcumae significantly (P<0.001) suppressed the pro- 
inflammatory cytokines level, viz. interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necro-
sis factor-α (TNF-α), interleukin-2 (IL-2), interleukin-7 (IL-7) and augmented the level of 
interleukin-10 (IL-10) in the serum and hepatic tissue. Curcumae significantly (P<0.001) 
suppressed inflammatory mediators including cyclooxygenase (COX-2), prostaglandin E2 
(PGE2) and nuclear factor kappa B (NF-κB) in the serum and hepatic tissue. Furthermore, 
curcumae increased the gut microbial diversity and richness and decreased the relative 
abundance of genus Mucispirillum and Clostridium, respectively.
Conclusion: Curcumae prevents HFD-induced inflammation during the hepatic carcinoma 
by modulating the oxidative stress, inflammatory reaction and gut microbiota.
Keywords: curcumae, hepatic cellular carcinoma, gut microbiota, inflammation, antioxidant

Introduction
NAFLD commonly affects the vital organ such as hepatic tissue. In China, NAFLD is 
a common disease that affects women, men, children and older people.1 According to 
the reports, 3% cases of NAFLD can boost during the inflammatory stage, which can 
further induce liver cirrhosis and finally cause liver failure and end-stage liver disease 
including hepatocellular carcinoma (primary liver cancer).1,2 At that time, only liver 
transplantation was the only option to treat the disease. Currently, both death rate and 
incidence of HCC are greater in China. In China, the incidence rate of HCC is 40 in 
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males and 15.3 in females per 1,00,000 and the mortality 
rate 37.4 in males and 14.3 in females per 1,00,000, 
respectively.3 The incidence of NAFLD between normal 
and obese people has been reported to be 25% and 67.5%, 
respectively. Furthermore, NAFLD has been related to 
changes in gut microbiota, plays a key role in the progres-
sion of a chronic low-grade inflammatory state in the host, 
and promotes the growth of NASH and HCC.1,2 Studies 
suggest that HCC patients suffering from NAFLD have 
more complex tumor and have shorter survival duration. 
Due to the high mortality rate and poor prognosis, no effec-
tive therapeutics were available for treating HCC, which 
reduce the progression and expansion of HCC, so it is 
necessary to scrutinize the potential chemotherapeutics for 
treating HCC.1,2,4

HCC is the world’s fifth most common cancer, and it 
ranks third in terms of deaths among all cancers.5,6 It is 
well known that chronic inflammation induced by biological, 
physical factors and chemical is commonly observed in 
human cancers. Studies suggest that the primary liver cancer 
(70–90%) is considered the HCC.7,8 Hepato-carcinogenesis 
is closely associated with liver cirrhosis, which grow after 
20–40 years of chronic liver inflammation and finally cause 
the HCC.9 Currently available therapeutics such as transplan-
tation, ablation and resection are available for treating the 
early stage of HCC. Sorafenib and chemoembolization for 
treating intermediate stage and end stage of HCC, 
respectively.10 The effect of the inflammation fibrosis cancer 
axis plays a role between inflammation and cancer. 
Moreover, it boosts the inflamed liver evolving to HCC and 
cirrhosis/fibrosis.8,11 Various risk factors, such as chemicals, 
toxicants, parasites, viruses and alcohol, induce inflamma-
tion, leading the chronic hepatic diseases, which may further 
expand the various stages of cirrhosis, fibrosis and HCC.11,12 

HCC is the final stage of this process. Moreover, the various 
patients cannot be observed at an early stage, resultant 
delayed treatment; moreover, recurrence is of high frequency 
due to microscopic dissemination, which ultimately 
increases the survival rate of 5 years for HCC patients.13,14 

Moreover, the prevention of HCC disease is at the primary 
stage to decrease the disease burden. Chemoprevention is an 
essential way to treat HCC. For treating HCC, the expansion 
of disease can be reversed or arrested in the early stage of 
carcinogenesis.5,15

Published literature suggests that traditional Chinese 
medicines contain various active phyto-constituents, 
which show a remarkable anticancer effect with or with-
out inducing the little or no untoward effects. Curcumae 

(1,7-bis[4-hydroxy-3-methoxyphenyl]-1,6-heptadiene- 
3,5-dione) is a hydrophobic polyphenol isolated from the 
turmeric (jiang huang) and widely used as flavoring and 
coloring agent in the food industry and also used as 
a active ingredients of various herbal formulation.16–18 

Traditionally, curcumae has been used in various herbal 
formulations against the various diseases. Curcumae is 
the major phytoconstituent of jiang huang and it has 
demonstrated the antimicrobial, anticarcinogenic, antiox-
idant, antidiabetic and anti-inflammatory effects. The 
curcumae is used in herbal medicine for the treatment 
of various diseases such as diarrhea, vomiting, headache, 
etc.19,20 Currently, pharmacological investigations have 
demonstrated that curcumae has powerful anti- 
inflammatory, anticancer, antioxidant and anti-microbial 
activities.19,20 Curcumae appears to be a very safe pro-
duct for humans, according to growing research. It has 
the ability to not only prevent carcinogenesis and 
improve chemotherapy therapeutic efficacy by sensitis-
ing cancer cells to routinely used chemotherapy but also 
to protect normal cells from chemotherapy-induced 
damage.19 Curcumae exhibited a protective effect against 
the gut microbiota due to antioxidant, anti-inflammatory 
and gut-protective effect of curcumae. In the current 
experimental study, we scrutinized the chemoprotective 
effect of curcumae against the diethylnitrosamine 
(DEN)-induced and high-fat diet (HFD)-promoted HCC 
development in the rats. Additionally, we investigated 
the preventive effect of curcumae on the gut microbiome 
in the HFD-promoted hepatic cancer model.

Materials and Methods
Chemical
Curcumae (98%), diethylnitrosamine (DEN), dimethyl sulf-
oxide (DMSO) were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). Dulbecco's Modified Eagle 
Medium (DMEM), fetal bovine serum (FBS), streptomycin 
and penicillin were purchased from the Invitrogen-Gibco 
(Grand Island, NY). Biochemical kits were purchased from 
the Nanjing Jiancheng Bioengineering Institute, China. All 
other chemicals were purchased from Sigma-Aldrich 
(St. Louis, MO, USA).

Animals
For this experiment, albino Wistar rats (weighing 125±20 
g) were used. The rats were brought from the departmental 
Animal House and were housed in polyethylene cages. 
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The animals were acclimated to the normal conditions 
(25°C; 12/12 h light and dark cycle). The rats were fed 
regular rat chow and free access to water. The whole 
animal study was approved from the Institute (3829-3432).

Induction of Hepatocellular Carcinoma 
(HCC)
For the induction of HCC, intraperitoneal injection of 
DEN (100 mg/kg, b.w.) was used.1 The rats were received 
an intraperitoneal injection of DEN on day 0. After the 
DEN was induced, alpha fetoprotein (AFP) was measured 
to confirm the existence of HCC.

Experimental Procedure
The rats were divided into five groups as follows: Group I: 
normal control (received PBS); Group II: DEN (100 mg/kg 
dissolved in PBS) + HFD; Group III: DEN (100 mg/kg) + 
HFD + Curcumae (2.5 mg/kg); Group IV: DEN (100 mg/kg) 
+ HFD + Curcumae (5 mg/kg) and Group V: DEN (100 mg/ 
kg) + HFD + Curcumae (10 mg/kg) for 22 weeks.

The body weight, water and food intake of all 
groups were estimated at a regular interval. Blood samples 
were collected from all groups of rats were obtained by 
puncturing the heart at the end of the study, and all groups 
of rats were scarified by cervical dislocation. The blood 
samples of all groups were kept at 4°C and centrifuged for 
separation of the plasma for further biochemical and other 
parameters’ estimation.

Biochemical Parameters
At the end of the study, all groups of rats were used for 
estimating biochemical parameters such as alkaline phos-
phatase (ALP) (A059-1-1), alpha fetoprotein (AFP) 
(E014-1-1), aspartate transaminase (AST) (C010-2-1), 
alanine transaminase (ALT) (C009-1-1) and average 
total acid phosphatase (ACP) (A060-1-1) were estimated 
using the kits by following the manufacture instruction 
(Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China).

Antioxidant Parameters
Antioxidant parameters such as glutathione (GSH), cata-
lase (CAT), glutathione peroxidase (GPx), superoxide dis-
mutase (SOD), glutathione-S-transferase (GST), 
malondialdehyde (MDA) and P. carbonyl were estimated 
by the standard method with minor modification.21–23

Phase I Enzymes
The previously mentioned method was used to quantify 
phase I enzymes such as cytochrome P450 reductase, 
NADH-cytochrome b5, cytochrome P420, and cytochrome 
b5 reductase.24–26

Estimation of Cytokines
The cytokines such as IL-1β (BMS6002TEN), IL-2 (BMS221- 
2), IL-6 (BMS213-2) (Thermo Fisher Scientific Company, 
USA), IL-7, TNF-α (ab181421) and IL-10 (ab185986) 
(Abcam, UK) were scrutinized using the commercial ELISA 
kits following the manufacturer's instructions.

Inflammatory Mediators
The prostaglandin E2 (PGE2) (H099-1), COX-2 (H200) 
and NF-κB (H202) level in the serum and liver tissue of 
experimental rats were estimated using the ELISA kits 
following the manufacturer’s instruction (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China).

Histopathological Analyses
The rat liver's left lobe was fixed in a 10% neutral buffered 
formalin solution (Thermo Fisher Scientific), then tissue 
processing, embedding, and sectioning were performed. 
For a histopathological study, five-micrometer portions of 
formalin-fixed and paraffin-embedded liver tissue were 
stained with hematoxylin and eosin (H&E, Sigma-Aldrich).

Gut Microbial
At the end of the experiment, bacterial DNA was extracted 
from caecum samples using the QIAamp quick DNA Stool 
Mini Kit (Qiagen) according to the manufacturer’s instruc-
tions. The V1-V2 region of 16S rDNA was amplified using 
Library quantification, and normalisation and pooling were 
performed using the 27Fmod (50-agrgtttgatymtggctcag-30) 
and 338R (50-tgctgcctcctaggagt-30) protocols, as defined. 
For more amplification, the Nextera XT Index Kit was used 
to connect Illumina sequencing adapters and multiplexing 
indices. Sequencing was carried out using a paired-end, 
2300-bp cycle on an Illumina MiSeq sequencing system 
(Illumina) with MiSeq v3 reagent kits (600 Cycles, 15 Gb 
output), followed by fresh NaOH denaturation of a mixture 
of pooled libraries and Illuminagenerated PhiX control 
libraries. To perform quality control, FastQ files were cre-
ated at the end of the run. Internally, PhiX Control was used 
to verify the accuracy of the run, and then each pair-end 
sequence was allocated to corresponding samples based on 
the multiplexing indexes. The command fastq-join from the 
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package ea-utils was used to join pair end reads, which were 
then processed using the pipeline mentioned. Pandas put 
together raw paired end reads.

Data Analysis
The results are presented as mean standard error of the mean 
(SEM). One-way analysis of variance (ANOVA) and 
Dunnett's test were used to estimate the total variation in 
a collection of results. The significance level was set at 
P<0.05.

Result
Microscopical Observation
Macroscopical observation was performed to identify the 
expansion or identification of HCC (Figure 1). Normal rats 
did not show any sign or symptom of hepatic nodules. DEN- 
induced rats showed 138 hepatic nodules with 100% tumor 

incidence. Curcumae (2.5 and 5 mg/kg) treatment demon-
strated hepatic nodules 83, 45 with 58.38% and 45.45% hepa-
tic nodules. Curcumae (10 mg/kg) illustrated the 12 hepatic 
nodules with 20% hepatic nodules incidence (Table 1).

Table 2 shows the hepatic nodules and different sizes 
of hepatic nodules of different experimental rats. No hepa-
tic nodules were observed in the normal group of rats. 
DEN-induced HCC rats showed the 43.45±2.94 average 
number of nodules with relative size 69 (≤1 mm), 38 
(<3 mm > 1mm) and 31 (≥3mm), respectively. Curcumae 
(10 mg/kg)-treated rats showed a maximum reduction in 
the average number of nodules 6.83±1.45 with relative 
size 7 (≤1 mm), 4 (<3 mm >1mm) and 1(≥3mm).

Body Weight
During the HCC, the body weight of the rats diminished 
due to expansion of disease. DEN-induced rats showed 

Figure 1 Hepatic nodules of different group of rats. (A) DEN control, (B) DEN + CU (2.5 mg/kg), (C) DEN + CU (5 mg/kg) and (D) DEN + CU (10 mg/kg). Normal 
control rats did not show any sign of hepatic nodule.
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reduction in the body weight of experimental rats. 
Curcumae-treated rats concentration-dependently showed 
augmented body weight (Figure 2A).

Figure 2B shows the boosted weight of liver tissue 
after the DEN treatment compared to normal rats. 
Curcumae treated rats showed a reduction in liver weight 
compared with DEN control group rats. Curcumae (10 mg/ 
kg) treated rats showed a maximum reduction in liver 
weight compared to all treated group rats.

Hepatic Parameter
AFP is regarded as the gold standard for predicting HCC. 
DEN-induced rats showed increased levels of AFP, which 
was significantly (P<0.001) reduced via curcumae treat-
ment. Curcumae (10 mg/kg) treatment exhibited the max-
imum reduction in the level of AFP. Other hepatic 
parameters such as ALP, AST, ACP and ALT considerably 

boosted during HCC. A similar result was observed in the 
DEN-induced HCC rats. Curcumae treatment substantially 
(P<0.001) decreased the amount of hepatic parameters, 
bringing them close to normal (Figure 3).

Membrane-Bound Enzyme
Figure 4 exhibits the effect of curcumae on the membrane- 
bound enzymes. The membrane-bound enzymes include Ca2+ 

ATPase, Na+/K+ ATPase and Mg2+ ATPase decreased, after 
the DEN administration. Curcumae treatment significantly 
(P<0.001) dose-dependently increased the level of membrane- 
bound enzymes.

Phase I Enzymes
Figure 5 exhibits the effect of DEN and curcumae on 
phase I enzymes. Phase I enzymes such as NADPH cyto-
chrome P450, cytochrome P420, NADPH cytochrome b5 

Table 1 Effect of Curcumae on the Development of Hepatic Nodules of DEN-Induced HCC Rats

S. No. Groups Number of Rats/Number of Rats with 
Nodules

Total Number of 
Nodules

Tumor Incidence 
(%)

1 DEN 10/10 138 100

2 DEN+CU (2.5 mg/kg) 12/7 83 58.38

3 DEN+CU (5 mg/kg) 11/5 45 45.45
4 DEN+CU (10 mg/kg) 10/2 12 20

Note: Normal control group rats did not showhepatic nodules.

Table 2 Effect of Curcumae Against DEN-Induced HCC Rats

S. No. Groups Total Number of 
Nodules

Average Number of Nodules/ Nodule- 
Bearing Rats

Relative Size (% of Number Size)

≤1mm <3mm 
>1mm

≥3mm

1 DEN 138 43.45±2.94 69 (50) 38 (27.53) 31 (22.46)
2 DEN+CU (2.5 mg/kg) 83 29.49±2.35 45 (54.21) 28 (33.73) 10 (12.04)

3 DEN+CU (5 mg/kg) 45 15.93±1.91 24 (53.33) 13 (28.89) 8 (17.77)

4 DEN+CU (10 mg/kg) 12 6.83±1.45 7 (58.33) 4 (33.33) 1 (8.33)

Note: Normal control group rats did not showhepatic nodules.

Figure 2 Effect of curcumae on the body weight and liver weight of obesity-induced hepatocellular carcinoma in rats. (A) Body weight and (B) liver weight. Tested group 
rats were compared with the DEN control group rats. *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, more significant and extreme significant, 
respectively.

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S330499                                                                                                                                                                                                                       

DovePress                                                                                                                       
5555

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


and cytochrome b5 were estimated in the serum of experi-
mental rats. DEN administration showed a reduction in the 
level of NADPH cytochrome P450, cytochrome P420 and 

enhancement in the level of cytochrome P420, NADPH 
cytochrome b5. Curcumae treatment modulates the level 
of phase I dose-dependent enzymes.

Figure 3 Effect of curcumae on the hepatic parameters of obesity-induced hepatocellular carcinoma in rats. (A) AFP, (B) AST, (C) ALT, (D) ALP and (E) ACP. Tested group rats 
were compared with the DEN control group rats. *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, more significant and extreme significant, respectively.

Figure 4 Effect of curcumae on the membrane-bound enzymes of obesity-induced hepatocellular carcinoma in rats. Tested group were compared with the DEN control 
group rats. *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, more significant and extreme significant, respectively.
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Antioxidant Parameters
Antioxidant parameters, viz. MDA, GPx, P. carbonyl, 
GST, GSH, SOD, MPO and CAT, were estimated in all 
groups of rats. Figure 6 shows the boosted levels of MDA, 
P. carbonyl, GST, GSH, MPO and reduced levels of SOD, 
CAT in the DEN-induced HCC rats. Curcumae-treated rats 
showed suppressed levels of MDA, P. carbonyl, GST, 
GSH, MPO and up-regulated the level of SOD, CAT in 
DEN-induced HCC rats.

Pro-Inflammatory Cytokines
Pro-inflammatory cytokines, viz. IL-1β, TNF-α, IL-6, IL-2, 
IL-7 and IL-10, were estimated in the group rats. DEN- 
induced rats showed increased levels of TNF-α, IL-2, IL-1β, 
IL-7, IL-6 and reduced level of IL-10 as comparison to 
normal rats. DEN-induced HCC rats treated with the curcu-
mae significantly (P<0.001) increased the level of IL-10 and 
dose-dependently suppressed the level of TNF-α, IL-1β, IL- 
2, IL-6, IL-7 (Figure 7).

Inflammatory Mediators
COX-2 and PGE2 were measured in the serum and liver 
tissue as inflammatory mediators. Figure 8 shows the 
increased levels of COX-2 and PGE2 in the serum and 
liver tissue in the DEN-induced HCC rats. Curcumae- 
treated rats showed reduced levels of COX-2 and PGE2 

in the serum and liver tissue in a dose- dependent manner.

Figure 9 exhibits the level of NF-κB in the serum and 
liver of the group rats. DEN-induced HCC rats showed an 
increased level of NF-κB in the serum and liver tissue. 
Curcumae treatment significantly (P<0.001) reduced the 
level of NF-κB in the serum and liver tissue in DEN- 
induced HCC rats.

Gut Microbiota
To determine the gut microbiota composition alteration in the 
rat after the curcumae treatment, we used the 16S rDNA 
sequencing. For the identification of gut microbiota alteration, 
we determined the difference between the ACE, CHAO1 and 
OTUs in all experimental groups. Figure 10A shows a boosted 
richness of the intestinal microbiome. Figure 10B clearly indi-
cates that curcumae treatment significantly increased microbial 
diversity. Figure 10C shows that the relative abundance of 
gram-positive bacteria increased while the relative abundance 
of gram-negative bacteria decreased. We estimate the gut 
microbiota in the fecal sample, we have observed the six 
major phyla of bacteria such as Tenericutes, Bacteroidetes, 
Deferribacteres, Firmicutes, Actinobacteria and 
Proteobacteria. In Figure 11, we compared the fecal sample 
microbiota. The reduction in the proportion of relative abun-
dance of Bacteroidetes and Deferribacteres and higher propor-
tion of Firmicutes were compared with the DEN group rats. It 
is well documented that 10 genera including Mucispirillum, 
Bacteroides, Lactobacillus Parabacteroides, Clostridium, 
Bifidobacterium and Escherichia were the most predominant. 

Figure 5 Effect of curcumae on the phase I and Phase II enzymes of obesity-induced hepatocellular carcinoma in rats. (A) NADPH cytochrome P450, (B) cytochrome P420, 
(C) NADPH cytochrome b5 and (D) cytochrome P5. Tested group rate were compared with the DEN control group rats. *P<0.05, **P<0.01 and ***P<0.001 were 
considered as significant, more significant and extreme significant, respectively.
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DEN-induced HCC rats showed reduced relative abundance of 
Bifidobacterium, Lactobacillus and increased relative abun-
dance of Mucispirillum, Bacteroides, Parabacteroides and 
Clostridium, and curcumae treatment considerably increased 
the relative abundance of Bifidobacterium, Lactobacillus and 
reduced the relative abundance of Mucispirillum, Bacteroides, 
Parabacteroides and Clostridium.

Figure 11 shows that the curcumae treatment signifi-
cantly suppressed the relative abundance of Clostridium 
genus. Figure 11 shows a reduction in the relative abun-
dance of Clostridium, Deferribacteres phylum and its 

correspondent and Mucispirillum genus and 
Mucispirillum schaedleri species and enhanced the relative 
abundance of Clostridium species.

Histopathology
Figure 12 shows the expansion of cell necrosis, cell swel-
ling, inflamed blood vessels, cytochrome with irregular 
shape, thick cords of hepatic parenchyma, pseudoacini 
and abrupt cells with rich sinusoids in the DEN-induced 
HCC rats. DEN-induced rats also showed hepatocytes are 
enclosed with the lipid droplets and also contained 

Figure 6 Effect of curcumae on the antioxidant parameters of obesity-induced hepatocellular carcinoma in rats. (A) MDA, (B) GPx, (C) p. carbonyl, (D) GST, (E) GSH, (F) 
MPO, (G) SOD and (H) CAT. Tested group rats were compared with the DEN control group rats. where *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, 
more significant and extreme significant, respectively.
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Figure 7 Effect of curcumae on the pro-inflammatory cytokines of obesity-induced hepatocellular carcinoma in rats. (A) TNF-α, (B) IL-1β, (C) IL-2, (D) IL-6, (E) IL-7 and 
(F) IL-10. Tested group rats were compared with the DEN control group rats. *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, more significant and 
extreme significant, respectively.

Figure 8 Effect of curcumae on the inflammatory parameters of obesity-induced hepatocellular carcinoma in rats. (A) COX-2 (serum), (B) PGE2 (serum), (C) COX-2 (liver 
tissue), (D) PGE2 (liver tissue). Tested group rats were compared with the DEN control group rats. *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, more 
significant and extreme significant, respectively.
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eosinophilic masses in vacuolation guarded via cytoplasm. 
Hepatic stellate cells (HSCs) proliferated in the portal 
region of DEN rats, indicating focal proliferation. DEN- 
induced rats treated with curcumae exhibited the preven-
tive effect via reducing the number of necrotic cells and 
inflammatory cells, expanding proliferation in HSCs area, 
and enlarging karyomegaly. Curcumae treatment showed 
less focal proliferation and less microdroplets.

Discussion
HCC is a chronic progressive treatment resistance disease that 
affects the multiple molecular pathogenesis.27,28 During the 

induction of hepatocellular carcinoma, the major pathogenic 
mechanisms have been associated with the modulation in 
various cellular signaling pathways.29,30 This pathway helps 
with therapeutic effects via delay, reduction, or prevention of 
tumerogenesis effects. Through the increased knowledge of 
oncogenic processes, this signaling pathway regulates tumor 
cell differentiation, proliferation, metastasis and invasion, 
which has led to the identification of numerous possible ther-
apeutic targets that help develop molecular targeted 
therapies.8,31–33 Chronic inflammation of the liver tissue is 
a well-known risk factor for carcinogenesis, but the molecular 
relationship between hepatic fibrogenesis, inflammation and 

Figure 9 Effect of curcumae on the inflammatory parameters of obesity-induced hepatocellular carcinoma in rats. (A) NF-κB (serum) and (B) NF-κB (liver tissue). Tested group 
rats were compared with the DEN control group rats. *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, more significant and extreme significant, respectively.

Figure 10 Effect of curcumae on the microbiota richness and distribution at genus, species and phylum level in obesity-induced hepatocellular carcinoma in rats. (A) relative 
abundance of major bacteria at phylum level, (B) relative abundance of major bacteria at genus level, (C) relative abundance of gram-negative or gram-positive bacteria, (D) 
Shannon index, (E) richness. Tested group rats were compared with the DEN control group rats. *P<0.05, **P<0.01 and ***P<0.001 were considered as significant, more 
significant and extreme significant, respectively.
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hepatocellular carcinoma remains unclear.34,35 The liver tissue 
is a prime site for the inflammatory response to the intestine- 
derived bacterial products to cross the intestinal barrier. 
Various investigations have shown that toll-like receptors 
(TLRs) and their pro-inflammatory mediators may be of the 
host inflammatory response to infection and play a significant 
role in human hepatic disease.23,36

Diethylnitramine (nitroso family compound), a well- 
known hepato-carcinogenic agent, can be contained in 
water, tobacco smoke, agricultural chemicals, fried 
meals, cured meals, cheddar cheese, pharmaceutical and 
cosmetic products, and in trace amounts in baby bottle 
nipples. Studies suggest that the DEN-induced hepatocel-
lular carcinoma in the rodents was similar to human hepa-
tocellular carcinoma.23,24,29,37

Biochemical parameters are commonly used for esti-
mating cancer conditions. Biochemical parameters are also 
used for the examination, diagnosis, and progression of 
disease, and finally explain the effect or response of a drug 
or therapy.27,38 During the disease/cancer, the activity of 
these enzymes is altered. The altered levels of these bio-
chemical enzymes are correlated with the various trans-
formed cells during cancer. During liver cancer, an 
alteration in the transport function that is regulated via 
cell organelles of hepatocytes occurred. Hepatic enzymes 
start secretion into the serum due to alteration of plasma 
membrane permeability and this increases the level of 
these enzymes in the blood and cells.11,28,39 AFP (marker 
of hepatic cancer) is a gold marker, which is commonly 
used for estimating HCC. During the HCC, the level of 
AFP was considerably boosted. The shape or size of the 

Figure 11 Effect of curcumae on the relative abundance of major bacteria at species level in obesity-induced hepatocellular carcinoma in rats. Tested group rats were 
compared with the DEN control group rats.
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AFP is similar to the other serum proteins, but the level of 
AFP is found in minute quantities in a normal patient. The 
level of AFP increased 50–100 times during HCC.29,40 In 
patients with cirrhosis caused by hepatitis, AFP is also 
used to diagnose chronic and acute viral hepatitis.29,40 In 
patients with cirrhosis caused by hepatitis, AFP is also 
used to diagnose chronic and acute viral 
hepatitis.8,29,33,40 DEN-induced HCC rats showed 
increased levels of AFP and curcumae treatment signifi-
cantly (P<0.001) reduced the level of AFP and reached 
almost near to the normal level. Hepatic enzymes such as 
ALT, AFP, AST, GGT and ALP boosted after the DEN 
administration and caused hepatic dysfunction. AST and 
ALT (hepatic enzymes) are related to the conversion of 
amino to keto acids and contribute to the expansion of 
HCC. In the current experimental study, we observed that 
DEN treatment stimulates the liver markers that lead to 
liver tissue damage. DEN-induced group rats showed 
increased levels of AFP, ALT, AST, ALP and GGT.

In the current investigation, DEN-induced HCC and aug-
mented the oxidative stress in the liver and altered the endo-
genous antioxidant enzymes. DEN reduced the endogenous 
antioxidant defense system by considerably boosting the 
level of MDA (oxidative stress marker) and reducing the 
levels of SOD, GPx, GSH and GR (free radical scavenging 
antioxidant).34,41 Previous studies suggest that DEN was 
metabolized in hepatic tissue via the action of cytochrome 

p450 enzymes and finally increased oxidative stress.23,36,42 

During the metabolism in hepatic tissue and reactive with the 
various metabolites, these are mainly responsible for the 
hepatic toxic effects. DEN bioactivates the ethyldiazonium 
ion, which alkylates DNA bases to form promutagenic 
adducts like O6-ethyldeoxyguanosine and O4 and O6- 
ethyldeoxythymidine.23,24,43 These ROS induce oxidative 
stress and cytotoxicity by killing biomolecules like DNA, 
lipids, and proteins. The reduced levels of GSH and GSH- 
dependent enzymes, GR and GPx, commonly observed due 
to suppression in their biosynthesis during HCC 
injury.37,44,45 The levels of these enzymes are reduced due 
to excessive usage of free radical scavenging during the 
scavenging of free radicals that are generated during the 
metabolism of DEN in the liver. Furthermore, since GSH is 
a critical co-factor for these enzymes, the reduction of cel-
lular GSH may have suppressed the activities of GSH- 
dependent enzymes such as GR and GPx.

Previous studies have shown that a high level of lipid 
peroxidation (LPO) leads to the reduction of body weight 
due to liver failure.43,46 The main effect of carcinogenesis 
is the induction of oxidative stress. The endogenous anti-
oxidant contributes to the stable free radical level via 
donating an electron or scavenging the free radical.47,48 

Endogenous antioxidants have been identified and distinct 
as substances that have a concentration lower than the 
substrate, which is susceptible to reducing ROS generation 

Figure 12 Effect of curcumae on the histopathology of obesity-induced hepatocellular carcinoma in rats. (A) Normal control, (B) DEN, (C) DEN + CU (2.5 mg/kg), (D) 
DEN + CU (5 mg/kg) and (E) DEN + CU (10 mg/kg). Tested group rats were compared with the DEN control group rats.
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and also capable of delaying oxidation. Antioxidants play 
a significant role in scavenging the tissue and cells, 
thereby protecting cellular and tissue damage from 
disease.36,49 Umbelliferone, a coumarin derivative mainly 
found in Agele marmilosa, is well known antioxidant 
enzymes. Kumar et al showed that the DEN administration 
boosted the lipid peroxidation reaction along with the 
suppression of endogenous antioxidant enzymes.33 Lipid 
peroxidation is a well-known process that starts via free 
radical attack on one or more fatty acids and boosts/gen-
erates the numerous ranges of toxic metabolites including 
4-hydroxynonenal and malondialdehyde.11,30 These meta-
bolites directly or indirectly attack the DNA and cause 
carcinogenicity and mutation. DEN-induced HCC is 
directly responsible for the boosted oxygen free radical 
metabolism.40,50

In the current experimental study, we found that the 
boosted level of LPO after the treatment of DEN and 
curcumae reduced the LPO level either by scavenging 
the free radical or by suppressing the formation of LPO 
metabolites.27,39 A change in ROS metabolism in hepatic 
tissue was estimated via scrutinizing the endogenous anti-
oxidant enzymes, including CAT and SOD. After the DEN 
administration, the activities of CAT and SOD were due to 
the generation of free radicals, and the biological system 
needed antioxidants to scavenge free radicals. SOD cata-
lyzes the dismutation of O2 to H2O2, which later on is 
deactivated into water via CAT.11,30 CAT and SOD are the 
first-line endogenous antioxidant enzymes that eliminate 
or scavenge free radicals. Reduction of the activities of 
these enzymes may lead to enhanced hydrogen peroxide 
(H2O2) and superoxide anion (O2). Due to an increase in 
the level of free radicals, which starts the generation of 
hydroxyl radicals (OH), and finally induces lipid 
peroxidation.8,32,40 This investigation shows a reduction 
in antioxidant enzyme levels in DEN-induced rats, which 
might have led to the initiation of HCC.

According to a previous study, the DEN causes an 
increase in LPO and GSH, which may minimize DNA 
carcinogen interaction by providing a large nucleophilic 
pool for electrophilic carcinogens (DEN).33,41 GSH pro-
vides the SH group, which neutralizes the electrophilic site 
and makes the metabolite more water soluble. The 
increased activities of endogenous antioxidant enzymes 
have been identified, as NADPH, which is required for 
GSH production, is produced via the pentose phosphate 
pathway.34,42,49 Curcumae has the potential to increase 
glucose absorption in cells, which could lead to further 

glucose being taken in by cells and eventually serving as 
fuel for both the oxidative phosphorylation and pentose 
phosphate pathways, raising cellular levels. NADPH/ 
NADP+ (NADPH/NADP+). DEN boosted the activity of 
GR, which also increased the GSH level.1 In this study, we 
found that the increased level of antioxidant enzymes such 
as GPx, SOD, CAT, GR and reduced the level of non- 
enzymatic antioxidant enzymes includes GSH after the 
curcumae treatment. Curcumae treatment significantly 
(P<0.001) reduced lipid peroxidation by either scavenging 
the free radical or maintaining the ROS integrity and cell 
membrane permeability, thus, protecting the tissues and 
cells against the oxidative damage induced by free radi-
cals. Curcumae’s potential effect is explained not only by 
its antioxidant properties but also by its ability to inhibit 
the cytochrome P450 isoenzyme 2E1 (CYP2E1), which 
metabolises DEN and causes lipid peroxidation and ROS 
generation.44,51,52

DEN administration causes the secretion of pro- 
inflammatory cytokines from the liver tissue. Interleukin 
family cytokines, such as IL-1β considered as the potent 
pro-inflammatory cytokines, play a potent role in the 
expansion and progression of inflammatory 
reactions.28,39 According to numerous studies, a high 
level of IL-1β activates a local inflammatory response 
by increasing tumor invasiveness and tissue damage 
linked to inflammation. Clinical investigation confirmed 
that the IL-1β considerably boosted during HCC 
expansion.31,40,50 Pro-inflammatory cytokines such as 
IL-6 and IFN-γ are released via hepatocytes in response 
to DEN treatment that showed liver toxicity, while cur-
cumae treatment showed a reduction in the level of pro- 
inflammatory cytokines and improved the liver toxicity. 
Similarly, cytokines such as IL-6 are considered as the 
tumor marker for HCC.32,33 It also helps identify a subset 
of HCC patients with high AFP levels that may serve as 
a tumor marker. DEN administration showed an 
increased level of IL-6, suggesting the HCC expansion. 
Other cytokines such as IFN-γ are considered as the anti- 
proliferative and immunomodulatory agent. In the hepa-
tic tissue, IFN-γ fate of hepatocytes toward either cell 
cycle arrest or apoptosis.34,35,41 The increased level of 
IFN-γ activated lymphocytes includes natural killer 
T cells, NK cells and T lymphocytes, suggesting the 
inflammatory reaction and hepatic tissue damage. DEN- 
induced rats showed increased levels of pro- 
inflammatory cytokines and curcumae significantly 
(P<0.001) reduced the cytokines. NF-κB plays an 
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important role in the tumor-related inflammation. The 
various ranges of genes are regulated via NF-κB such 
as encoding cytokines such as IL-1 (IL-2, IL-6, and IL- 
12), inducible effector enzymes (PGE2, COX-2 and 
iNOS) and chemokines (IL-8 and MCP1).25,42,49 In the 
current experimental study, curcumae-reduced DEN 
induced hepatic inflammation via reduction of the cyto-
kines and inflammatory mediators.

Hepatic tissue is most linked to the intestinal tract by 
protecting the detrimental bacterial metabolites and their 
composition from portal circulation.1 A previous study sug-
gests that the reduced gut microbial bacteria was observed 
in the NASH patients as compared with normal people, 
which is a significant factor for the induction of HCC, 
a long-term upshot of inflammation, fibrosis and liver 
injury. In the current experimental study, we found that 
the HCC control group rats showed a reduction in the 
level of gut microbiota and that curcumae treatment con-
siderably increased the diversity and richness of gut micro-
biota. The gut microbiota contains two types of bacteria 
(gram-positive and gram-negative). Previous reports sug-
gest that Gram-negative bacteria can enhance the produc-
tion of hepatotoxic products, including lipopolysaccharide. 
In this study, DEN group rats showed an increased tendency 
to gram-negative bacteria and boosted lipopolysaccharide 
production. Curcumae-treated reduced gram-negative bac-
teria tendency and suppressed lipopolysaccharide produc-
tion, which causes inflammation via boosting cell 
proliferation, developing resistance to cell apoptosis and 
activating the Toll-like receptor 4. Mucispirillum is linked 
to inflammatory reactions and enhanced serum leptin levels. 
We have observed the three main phylums and only the 
Deferribacteres (phylum) and represents species and genes 
as well as the relative abundance of Mucispirillum and 
Mucispirillum schaedleri, which were considerably reduced 
after the curcumae treatment. Curcumae also reduced the 
Mucispirillum species, which showed a reduction in the 
inflamed reactions/cytokines and suggests the anti- 
inflammatory effects. Curcumae treatment also reduced the 
changes of Clostridium genus. Clostridium, Clostridium 
species and increased the Clostridium sp. Clone. Previous 
studies have well documented that boosted Clostridium 
species are involved in the suppression of fatty acid oxida-
tion and boosting hepatic lipogenesis, which showed that 
Clostridium sp. may be a potential target of curcumae to 
treat hepatic cancer.1 Although, the curcumae treatment 
enhanced the diversity and richness of gut microbiota and 
improved the condition of various potential bacteria, which 

in turn helped in the regulation of hepatic lipid metabolism, 
hepatic circadian clock and inflammation via gut liver 
interaction.

Conclusion
Curcumae considerably showed a chemoprotective effect 
against DEN-induced HCC rats. Curcumae significantly 
(P<0.001) down-regulated the AFP level and other hepa-
tic enzymes, including ALT, ALP, ACP and AST. 
Curcumae significantly (P<0.001) increased the activity 
of membrane-bound enzymes. Curcumae altered the 
endogenous antioxidant level, phase I enzyme, and pro- 
inflammatory cytokine levels in the DEN-induced HCC 
rats. Curcumae reduced the level of inflammation media-
tors such as COX-2, NF-κB and PGE2 in the serum and 
liver tissue. Curcumae treatment considerably altered the 
gut microbiota and suppressed the growth of the HCC. 
The chemoprotective effect of curcumae could be attrib-
uted to

● Reduced the AFP level (gold marker of hepatic can-
cer) along with reduction of hepatic enzymes.

● Increased the body weight and reduced the liver 
weight.

● Improved endogenous antioxidant level and phase 
I enzymes.

● Reduced the level of pro-inflammatory cytokines.
● Down-regulated the inflammatory mediators in the 

serum and tissue.
● Altered the gut microbiota.
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