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Summary 
This analysis aims to see whether 6-shogaol could protect rats 
against D-galactosamine (D-GalN)-induced Hepatotoxicity. The 
Wistar rats were divided into four groups (n=6). Group 1 
received a standard diet, Group 2 received an oral administration 
of 6-shogaol (20 mg/kg b.wt), Group 3 received 
an intraperitoneal injection of D-GalN (400 mg/kg b.wt) on 
21st day, and Group 4 received an oral administration of 
6-shogaol (20mg/kg b.wt) for 21 days and D-GalN (400 mg/kg 
b.wt) injection only on 21st day. The hepatic marker enzymes 
activity, lipid peroxidative markers level increased significantly 
and antioxidant activity/level significantly reduced in D-GalN-
induced rats. 6-shogaol Pretreatment effectively improves the 
above changes in D-GalN-induced rats. Further, inflammatory 
marker expression and MAPK signaling molecules were 
downregulated by 6-shogaol. These findings showed that 
6-shogaol exerts hepatoprotective effects via the enhanced 
antioxidant system and attenuated the inflammation and MAPK 
signaling pathway in D-GalN-induced rats. 
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Introduction 
 

The liver is a crucial organ vulnerable to various 
causes, such as alcohol, chemical compounds, oxidative 

products, and hepatitis viruses. This all-cause liver injury 
and even more severe hepatic cell destruction. Liver-
related disorders have been viewed as a grave menace to 
individuals worldwide due to their high morbidity and 
mortality rates [1]. D-Galactosamine (D-GalN) is  
a known hepatotoxic drug that causes liver injury similar 
to the necrosis, inflammation, and regeneration seen in 
human viral hepatitis [2]. D-galactosamine alters uridine 
diphosphate (UDP)-glucose and UDP-galactose, causing 
intracellular calcium homeostasis to be disrupted and 
hepatocyte energy consumption to be inhibited. These 
alterations impact cell membranes and organelles and 
protein and nucleic acid synthesis, all of which contribute 
to the reported liver damage [3]. Subsequently, damage to 
organelles and hepatocyte necrosis takes place. D-GalN 
directly promotes mast cells to release histamine and 
Kupffer cells to release tumor necrosis factor-alpha, both 
of which promote cell death in various methods, 
including oxidative stress raising and inflammatory 
process [4]. 

Nuclear factor kappa B (NF-κB) is a protein 
transcription factor with a long history. In acute liver 
injury, the activation of the NF-κB signaling pathway 
plays a vital role. NF-κB coordinates several signals that 
drive cell activation and proliferation during 
immunology, inflammation, and oncogenesis [5]. 
Numerous studies have demonstrated that decreasing  
NF-κB activity effectively increases liver damage or 
fibrosis regression. Moreover, mitogen-activated protein 
kinases (MAPKs) are a family of serine-threonine protein 
kinases. MAPKs control cell growth, proliferation, 
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differentiation, and particular metabolic pathways [6].  
An extracellular signal-regulated kinase (ERK),  
p38 kinase, and the primary inflammatory kinase c-Jun 
N-terminal kinase are MAPK family members (JNK). 
Activation of MAPKs in the liver of rats is associated 
with cell death through oxidative stress [7]. 
Consequently, addressing the NF-κB and MAPK 
signaling pathways is likely a helpful therapy method for 
preventing liver injury from worsening. 

Natural products are essential for developing 
novel anti-hepatitis medications to treat inflammatory 
liver problems [8]. Ginger (Zingiber officinale) is a food 
spice used in traditional medicine for cooking and disease 
swarm therapy [9]. 6-shogaol, a dietary agent, is a crucial 
bioactive element in ginger; it has medical benefits, 
antioxidant [10], anti-inflammatory [11] and anticancer 
[12]. Sapkota et al. discovered that 6-shogaol and its 
metabolite, 6-paradol, have neuroprotective properties in 
a mouse model of multiple sclerosis [13]. Bischoff-Kont 
et al. reported that the 6-shogaol inhibits inflammation- 
and angiogenesis-related cell functions in primary human 
endothelial cells [14]. 6-shogaol is a potential treatment 
for head and neck squamous cell carcinoma in SCC4 and 
SCC25 cells [15]. Furthermore, 6-shogaol treatment 
prevented articular cartilage lesions, synovitis and the 
presence of pro-inflammatory mediators, and disease 
markers in osteoarthritis animals [16]. This study aimed 
to evaluate the antioxidant and anti-inflammatory effects 
of 6-shogaol on rats with D-GalN-induced 
Hepatotoxicity. This study aims to examine the impact of 
6-shogaol on NF-kB and MAPK signaling pathways in 
lowering the inflammatory response and cell death. 
 
Materials and Methods 
 
Chemicals 

D-Galactosamine and 6-shogaol were obtained 
from Sigma-Aldrich. Rabbit phosphorylated p38, JNK, 
ERK and β-actin primary antibodies and goat anti-rabbit 
IgG HRP-conjugated secondary antibodies were obtained 
from Santa Cruz Biotechnology, USA. 

Animals and ethical statement 
This study used 24 male Wistar rats weighing 

approximately 180-200 g each. Rats were confined to  
a chamber with regulated air conditions (temperature 24 
± 1°C, humidity 50-65 %), a 12-hour light-dark cycle, 
and free access to sterilized food and water. The Animal 
Welfare and Research Ethics Committee of Baoding First 
Central Hospital, Hebei, China, examined and authorized 
all animal research. 
 
Experimental procedure for induction of hepatotoxicity 

According to Najmi et al. [17] and Radhiga et al. 
[18] reported that the hepatotoxicity produced by D-GalN 
induction by intraperitoneal injection (400 mg/kg BW) in 
freshly generated physiological saline. 
 
Experimental design 

The animals were assigned into four groups of six 
rats, each at random. Control animals were given  
a vehicle solution of 6-shogaol 20 mg/kg dissolved in  
0.05 % dimethyl sulfoxide (DMSO). Annamalai and 
Suresh [12] reported that the 6-shogaol 20 mg/kg bt. had 
an effective dose compare to other doses. According to the 
reference we selected for this dose in this study (Table 1). 

The entire experimentation duration was  
21 days. At the end of the experiment (i.e. the 22nd day), 
the rats were anaesthetized, then sacrificed and their 
blood was collected for serum and plasma separation. The 
liver tissue was promptly extracted, washed with cold 
isotonic saline, and stored at -80 °C for further analysis. 

 
Activities of liver marker enzymes 

Assessing hepatocyte injury by measuring 
aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) enzyme activity (ALT). ALT 
and AST serum levels were determined using test kits 
from the Jiancheng Bioengineering Institute of Nanjing. 
5 µl of buffer solution, 20 µl of substrate solution and 
2 µl of 2 mmol/L sodium pyruvate solution were added 
and mixed well to were added to 5 µl of serum and then 
incubated at 37 °C for 30 mins. After incubation, 20 µl of 

 
 
Table 1. Experimental study plan 
 

Group I Rat received a standard pellet diet for 21 days 
Group II Rat received 6-shogaol (20mg/kg b.wt, oral administration) for 21 days 
Group III Rat received an intraperitoneal injection of D-GalN (400 mg/kg b.wt) on the 21st day only 
Group IV Rat received 6-shogaol (20mg/kg b.wt, oral adminstration) for 21 days and D-GalN (400 mg/kg 

b.wt) injection only on the 21st day.  
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chromogenic agent was added, mixed with 10s and 
incubated at 37 °C for 20 mins. 200 µl of alkali reagent 
was added and mixed well; then stand for 15 mins at RT 
and measure the OD value of each well with microplate 
reader at 510 nm. 

 
Histopathology 

The liver of the rat was excised and quickly 
fixed in a 10 % formalin buffer solution for pathological 
examination. Fixed tissues were usually paraffin-
embedded, and 5-µm slices were produced and stained 
with Haematoxylin and Eosin (H&E) stain before being 
mounted in a neutral deparafinated xylene solution 
according to standard techniques. An optical microscope 
was used to examine stained areas. 

 
Analysis of the MDA and antioxidant status 

The livers were homogenized (10 %) in the 
appropriate buffer at 4 °C and centrifuged for 20 minutes 
at a speed of 3000g. To level of Malondialdehyde (MDA) 
content was estimated by the commercial kit (Nanjing 
Jiancheng Bioengineering Institute, China). The 
following protocol estimated MDA. 200 μl of sample and 
added 600 μl of TBA solution to generate 800 μl of 
MDA-TBA adduct then incubated at 95 °C for 1 h; 
placed with on ice bath for 15 min. After incubation, the 
reaction mixture was measured at 532 nm on the 
microplate reader.  

GSH was estimated by a commercial kit 
(Nanjing Jiancheng Bioengineering Institute, China). 5 µl 
of homogenate was pipetted out and precipitated with  
2.0 ml of 5 % TCA. 2.0 ml of supernatant was taken after 
centrifugation and added 1.0 ml of Ellman’s reagent and 
4.0 ml of 0.3M disodium hydrogen phosphate. The 
yellow color developed was read in a Spectronic 20 at 
412 nm. SOD is based on inhibition of the formation of 
NADH-phenazinemethosulphate, nitrobluetetrazolium 
formazon. The reaction is initiated by the addition of 
NADH to assay mixture. After incubation for 90 s, glacial 
acetic acid was added to stop the reaction. The color 
developed at the end of the reaction was extracted into  
n-butanol layer and measured at 520 nm. The following 
procedure assayed Catalase (CAT) activity. Dichromate 
in acetic acid was converted to perchromic acid and then 
to chromic acetate when heated in hydrogen peroxides 
(H2O2). The chromic acetate formed was measured at  
620 nm. The catalase preparation was allowed to split 
H2O2 for various periods. The reaction was stopped at 
different time intervals by adding a dichromate-acetic 

acid mixture and the remaining H2O2 as chromic acetate 
was determined microplate reader. The known amount of 
enzyme preparation assayed that the glutathione 
peroxidase activity (GPX) was allowed to react with 
H2O2 and glutathione (GSH) for a specified time. Then, 
the GSH content remaining after measured the reaction.  
 
Measurement of inflammatory cytokines 

Using an ELISA kit and the instructions from 
the manufacturer (BioLegend, Inc., CA, USA), TNF-α, 
IL-6, and IL-1β were measured by the following protocol. 
50 µl of the sample and 50 µl of an antibody cocktail 
were added to the experimental wells. The reaction 
mixture was incubated at 37 °C for one hour.  
3,3′,5,5′-Tetramethyl-benzidine substrates (100 µl) were 
used to wash the experimental wells before they 
underwent a 10-minute incubation period. At the end of 
the reaction, 100 L of stop solution was added to the 
chosen wells, and the color developed was then read 
using an ELISA reader at OD 450 nm. 
 
Inflammatory gene expression determination by real 
time-PCR 

According to the manufacturer's protocol, the 
RNeasy Mini kit extracted total RNA from liver tissue. 
(Qiagen, USA). Real-time PCR was used to assess the 
mRNA expression of TNF-α, IL-6, NF-κB, and COX-2 in 
liver tissue (Eppendorf, Thermocycler, USA). The primer 
sequence was TNF-α  
F: GTACTAACTCCCAGAAAAGCAAGC and  
R: CAGTAGACAGAAGAGCGTGGTG, IL-6  
F: CAATGCTCTCCTAATGGAGAAGTTA and  
R: ATGTCCACAAACTGATATGCTTAGG, NF-κB  
F: ATTCACATAGCTGTGATGAGCAAC and  
R: AACGAGATGTTGTCGTACTCCAC, COX-2  
F: ATCCCGCCCTGCTGGTGGAA and  
R: TGGTAGGCTGCGGGTCTTGC. Gene expression 
levels in each sample were standardized to GAPDH 
mRNA. Using the 2_ΔΔCt formula, the relative gene 
expression was calculated using the mean Ct values from 
triplicate experiments. 

 
Determination of MAPK signaling by western blot 
analysis 

According to a previous study, liver tissue was 
homogenized with RIPA buffer [19]. The protein samples 
were equally distributed over the 10 % SDS-PAGE gel 
before being transferred to the PVDF membrane. The 
nonspecific binding proteins were inhibited with 5 % 
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BSA for one hour. The membrane was subsequently 
incubated with primary antibodies against phosphorylated 
p38, JNK, and ERK at 4 °C overnight. After this reaction, 
the membranes were incubated at room temperature for  
2 hours with HRP-linked secondary antibodies. The 
membranes were washed three times at 10-minute 
intervals, and ECL western blotting substrate reagent was 
used to detect the bands. 
 
Statistical analysis 
 The groups were compared using Duncan's 
Multiple Range Test (DMRT) and one-way analysis of 
variance (ANOVA) using SPSS Software Package, 
version 25. The results were expressed as means standard 
deviation for each set of six rats. A value of P ≤ 0.05 was 

considered statistically significant. 
 
Results 
 
Activities of serum liver marker enzyme 

Fig. 1. shows the influence of 6-shogaol on  
D-GalN-induced liver enzyme activities in rats is 
examined using serum measurements of AST and ALT. 
The results show that the activities of AST, and ALT 
were increased significantly in D-GalN-induced rats  
(P ≤ 0.05), compared to control rats. However, the  
6-shogaol pretreatment significantly reduced the activities 
of AST and ALT (P ≤ 0.05) compared to D-GalN-
induced rats.  

 
 
 

Fig. 1. Effect of 6-shogaol on hepatic marker 
enzymes in the serum of D-GalN induced 
hepatotoxic and control rats. All data are presented 
as means ± SEM (n = 6 in each group). **p<0.05 
vs. control group; ^^p<0.05 vs. D-GalN group. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 2. Effects of 6-shogaol on histopathology of 
liver of D-GalN induced hepatotoxic and control rats. 
Control (A) and 6-shogaol control (B) groups had 
tnormal cellular and lobular architecture. D-GalN 
group displayed severe inflammatory cell infiltration, 
widespread portal vein inflammation, and cell 
necrosis (C). 6-shogaol pretreatment group, the 
severity of the histological damage brought on by  
D-GalN was only sligh (D) 
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Histopathological observations 
Fig. 2. depicts histopathological research on the 

impact of 6-shogaol in the liver of D-GalN-induced rats. 
The liver tissues in the control group had typical cellular 
and lobular architecture (Fig. 2 A&B). In contrast, the  
D-GalN group displayed severe inflammatory cell 
infiltration, widespread portal vein inflammation, and cell 
necrosis (Fig. 2C). In the 6-shogaol pretreatment group, 
the severity of the histological damage brought on by  
D-GalN was only slightly reduced (Fig. 2D). 

 

Lipid peroxidative markers and antioxidant status 
The quantitative examination of MDA, SOD, 

CAT, GPx, and GSH (Fig. 3.) served as indicators for 
evaluating oxidant damages generated by D-GalN.  
D-GalN dramatically decreased SOD, CAT, GPx, and 
GSH activity/levels while increasing MDA levels. In 
comparison to the D-GalN group, 6-shogaol pretreatment 
successfully decreased MDA levels (P<0.05) and 
considerably enhanced the levels of liver SOD, CAT, 
GPx, and GSH (P<0.05). 

 
 

Fig. 3. Effects of 6-shogaol on 
hepatic MDA, SOD, CAT, GSH-Px 
and GSH levels in D-GalN-
induced hepatotoxic and control 
rats. All data are presented as 
means ± SEM (n = 6 in each 
group). **p<0.05 vs. control 
group; ^^p<0.05 vs. D-GalN 
group. U*-Enzyme concentra-
tion required for 50 % inhibition 
of nitroblue tetrazolium reduc-
tion in one minute. U**- µmol of 
hydrogen peroxide consumed 
per minute. U***- µg of gluta-
thione consu-med per minute. 
 
 
 
 
 
 
 
 
 
 

 
 

Inflammatory cytokines in serum 
The serum levels of the inflammatory cytokines 

TNF-α, IL-6, and IL-1β were considerably elevated 
(P<0.05) in D-GalN-induced rats compared to control rats 
(Fig. 4.). Pretreatment with 6-shogaol dramatically 
reduced (P<0.05) inflammatory markers compared to  
D-GalN-induced animals. 
 
Inflammatory markers expression by real-time PCR 

As seen in Fig. 5. D-GalN-induced rats had 
significantly higher TNF-α, IL-6, NF-κB and COX-2 
expression levels than healthy control rats (P<0.05). 
Pretreatment with 6-shogaol resulted in noticeably 
decreased expression of TNF-α, IL-6, NF-κB and COX-2 
compared to D-GalN-induced animals. 

 
p38, JNK and ERK expression by western blot analysis 

Fig. 6. depicts a Western blot analysis of p38, 

JNK, and ERK expression in rats induced with D-GalN. 
The protein expression of phosphorylated p38, JNK, and 
ERK was considerably increased (P<0.05) in D-GalN-
induced rats compared to normal control rats. 
Significantly decreased phosphorylated p38, JNK, and 
ERK levels were seen when 6-shogaol was administered. 
p38, p-JNK and p-ERK protein expressions was 
performed by densitometric analysis with normalized to 
β-actin normalized with beta-actin (6B, C and D). 

 
 

Discussion 
 
Oxidative stress and inflammation are thought to 

be closely linked biological events that play a role in the 
development of many diseases, such as liver toxicity [20]. 
Scientific evidence suggests that D-GalN causes liver 
damage through oxidative stress and inflammatory
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Fig. 4. Effect of 6-shogaol on inflammatory markers level in the serum of D-GalN-induced hepatotoxic and control rats. All data are 
presented as means ± SEM (n = 6 in each group). **p<0.05 vs. control group; ^^p<0.05 vs. D-GalN group. 

 
 

 
Fig. 5. Effect of 6-shogaol on inflammatory marker gene expression in the liver tissue of D-GalN-induced hepatotoxic and control rats. 
Effects of 6-shogaol on TNF-α, COX-2 and NF-κB expression were measured by real time PCR. Relative expressions were performed 
with normalized to GAPDH. All data are presented as means ± SEM (n = 3 in each group). **p<0.05 vs. control group; ^^p<0.05  
D-GalN group.  

 

 
 

Fig. 6. Effect of 6-shogaol on MAPK signaling pathway in the liver tissue of D-GalN-induced hepatotoxic and control. A. Effects of  
6-shogaol on p-P38, p-JNK, and p-ERK, protein expressions was measured by Western blotting. B, C, D. Protein expressions were 
performed by densitometric analysis normalized to β-actin. All data are presented as means ± SEM (n = 3 in each group). **p<0.05 vs. 
control group; ^^p<0.05 D-GalN group.  
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responses similar to those caused by viral hepatitis [21]. 
Researchers have found that 6-shogaol has several 
biological effects, such as antioxidant, anti-inflammatory, 
and antiapoptotic properties [11,12]. So, this study aimed 
to determine if 6-shogaol had antioxidant, anti-
inflammatory, and antiapoptotic effects in rats with liver 
damage caused by D-GalN. 

D-GalN-induced rats, the plasma membrane was 
damaged, resulting in enzyme leakage from the cell and 
increased serum enzyme levels. Elevated serum enzyme 
levels indicate liver cell membrane leakage and a loss of 
functional integrity. Therefore, a significant increase in 
transaminases could be interpreted as liver damage. 
Although the serum marker enzymes (AST, ALT) usually 
are cytoplasmic, liver damage causes them to leak into 
the bloodstream due to altered membrane permeability 
[22]. Oral administration of 6-shogaol to prevent cellular 
leakage and the loss of the functional integrity of the cell 
membrane in hepatocytes may have hepatoprotective 
effects. In addition, our results were validated by an H&E 
study that revealed pathological alterations, including 
cellular necrosis and infiltration of inflammatory cells. 
The preceding results suggested the presence of liver 
damage. In contrast, Pretreatment with 6-shogaol restored 
hepatic function, as evidenced by reduced pathological 
conditions and transaminase activity.  

In the event of liver injury, an imbalance 
between the production of free radicals and the action of 
antioxidants would likely contribute to oxidative stress 
and lipid peroxidation [20]. D-GalN exposure modifies 
the antioxidant system of the liver and leads to biological 
lipid peroxidation. The activity of antioxidant enzymes, 
including SOD, CAT, GSH, and GSH-Px, are reported to 
decline in response to D-GalN stimulation [23]. In 
addition, MDA, the final product of lipid breakdown and 
a dependable measure of oxidative stress, is elevated in 
rats triggered by D-GalN [2]. Our present research shows 
that 6-shogaol administration dramatically decreased 
MDA levels and restored the activities of SOD, CAT, 
GSH, and GSH-Px. These analytical findings indicated 
that the protection of 6-shogaol impact might be 
attributable to its antioxidative properties. This result was 
supported by previous research that stated that 6-shogaol 
has potent antioxidant activity reducing ROS-induced 
lipid peroxidation [11,12]. Suresh et al. [24] reported that 
ginger bioactive compound (6)-paradol significantly 
decreased the TBARS levels in experimental animals, 
which suggests that (6)-paradol has anti-lipid 
peroxidative effect in oral carcinogenesis. 

Inflammation is one of the most prevalent causes 
of many clinical disorders related to oxidative stress [25]. 
TNF-α, IL-6 and IL-1β are inflammatory cytokines that 
play a significant role in liver injury and can cause 
hepatocyte apoptosis and necrosis [26]. When D-GalN 
stimulates liver macrophages and Kuppfer cells, 
inflammation is ultimately driven by the invasion of 
inflammatory cells and the excessive production of  
pro-inflammatory cytokines [27]. It has been noted that 
D-GalN-induced hepatotoxic rats have altered levels of 
pro-inflammatory cytokines like TNF-α, IL-6 and IL-1β 
[28]. This investigation discovered that 6-shogaol 
dramatically lowered TNF-α, IL-6 and IL-1β in rats with 
LPS/D-GalN administration. According to the findings, 
6-shogaol might shield mice from 6-shogaol generated by 
LPS/DGalN via regulating inflammatory and oxidative 
responses. 

p38 MAP kinase (MAPK)-mediated signaling is 
closely connected signal cascades governing cytokine 
synthesis and stress response. It has been confirmed that 
MAPK signaling pathways are essential in controlling 
inflammatory mediators [29]. Hyperphosphorylation of 
the p38 MAPK pathway activates NF-B and results in the 
production of inflammatory proteins, which ultimately 
cause inflammation of the liver [30]. Most researchers 
have examined three parallel subfamilies of ERK, p38, 
and JNK about inflammation-related disorders. 
Activation of p38 is often required for the production of 
several inflammatory molecules. The ERK pathway is 
also essential for regulating NO and various cytokines 
(including TNF-α, IL-1β and IL-6). Continuous DGalN 
stimulation will trigger JNK activation and translocation 
to mitochondria, resulting in enhanced mitochondrial 
permeability conversion and liver cell death [31]. D-GalN 
injection enhanced the activation of ERK, JNK, and p38 
MAPK in the present investigation. In contrast, 
phosphorylation of ERK, JNK, and p38 MAPK was 
reduced by 6-shogaol Pretreatment. Thus, 6-shogaol's 
anti-inflammatory of 6-shogaol action is tied to the 
MAPK signaling pathway. 

Apoptosis is regarded as one of the principal 
causes of cell death in liver damage illnesses [32]. 
Oxidative stress stimulates numerous biological 
processes, such as proliferation and apoptosis. Bax and 
Bcl-2 are two essential representatives of the pro- and 
antiapoptotic protein families, respectively. The purpose 
of Bcl-2 is to prevent cell death, whereas Bax tends to 
hasten cell death. Casp 9 should be activated by  
the release of cytochrome C, controlled by Bcl-2 and  



452  Zong et al.  Vol. 72 
 
 
Bax [33]. In the present investigation, we found that  
6-shogaol had hepatoprotective effects against D-GalN-
induced hepatotoxicity by increasing the level of Bcl-2 
protein and decreasing the amounts of Bax, Cyto-C, and 
Caspase 9 proteins. As demonstrated by the findings, the 
apoptotic signaling system may play a role in the 
hepatoprotective activity of 6-shogaol against 
hepatotoxicity. 

 
Conclusion 

The findings showed that 6-shogaol has 

antioxidant, anti-inflammatory, and antiapoptotic 
properties against D-GalN-induced Hepatotoxicity. The 
possible mechanism focused primarily on antioxidant 
capacity, liver apoptosis inhibition, and regulation of 
inflammatory cytokines via MAPK signaling pathways. 
As a result, our findings imply that 6-shogaol protects 
against hepatotoxicity caused by D-GalN in rats. 
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