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ABSTRACT. Type 2 diabetes mellitus (T2-DM) is a chronic metabolic
disorder characterized by high blood glucose levels. T2-DM patients
suffer from many complications, such as diabetic fatty liver and
diabetic nephropathy. The liver, the pivotal organ involved in both
glucose and lipid metabolism, is primarily damaged in T2-DM patients,
especially in those with high levels of blood lipid. In this study, the
hepatoprotective activity of ginsenoside Rgl was investigated in a
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T2-DM rat model. The results revealed a potent hepatoprotective
effect of ginsenoside Rgl. This effect was primarily mediated by the
antiapoptotic effect, inhibition of JNK activity, and suppression of
inflammation after ginsenoside Rgl treatment. Ginsenoside Rgl also
lowered the blood glucose level and insulin resistance index in T2-DM
rats. Moreover, the blood lipid profile (total cholesterol, triglycerides,
and low-density lipoprotein cholesterol levels) and liver function
(aspartate transaminase and alanine transaminase levels) improved
after ginsenoside Rgl treatment. The aforementioned hepatoprotective
effects of ginsenoside Rgl in the T2-DM rat model suggests its clinical
potential as an adjuvant drug for T2-DM therapy, especially for T2-DM
patients with fatty liver disease.

Key words: Ginsenoside Rgl; Type 2 diabetes mellitus; Hepatoprotection;
Apoptosis

INTRODUCTION

Diabetes mellitus (DM) is an endocrinal and metabolic disease featuring high blood
glucose (de Azevédo Silva et al., 2015; Ghodsian et al., 2015). Following cardiovascular
disease and cancer, DM is the third serious chronic, non-infectious disease threatening human
health. Currently, there are approximately 230 million patients worldwide with the highest
disease prevalence in China (Wong and Wang, 2006; Xu et al., 2013). By 2030, the number
of global diabetic patients will approximate 336 million, and the disease will also present at a
younger age (Wild et al., 2004). With increasing morbidity and mortality, diabetes and diabetic
complications have attracted considerable attention. Furthermore, the majority of patients with
diabetes have type 2 diabetes mellitus (T2-DM) (Goldenberg and Punthakee, 2013).

The liver, an important metabolic organ, is also a target organ of insulin. Liver damage
can cause an imbalance in glucose and blood lipid levels, and lead to many other metabolic
disorders. Studies have also shown that T2-DM can cause liver disease (Lo et al., 2011; Zein
et al., 2011; Fukuda et al., 2016). Approximately 21-78% patients with T2-DM also exhibit
fatty liver (McCullough, 2002). The liver is primarily damaged in T2-DM patients, especially
in those with high blood lipid levels. However, the mechanism of T2-DM causing liver disease
is not yet fully known.

Ginsenoside Rg1 is one of the most important components of Panax ginseng (Zhang
et al., 2012; Yue Z et al., 2014; Ma et al., 2016; Xiao et al., 2016). P. ginseng has been
used for the treatment of various diseases for thousands of years (Yu et al., 2015). Studies
have shown that ginsenoside Rgl has anti-inflammatory, antioxidant, immunomodulatory,
cardiovascular, and neuronal protective effects (Zhu et al., 2009; Lee and Kim, 2014; Lee
et al., 2015; Gao et al., 2015; Sun et al., 2016). Few studies have investigated the effect
of ginsenoside Rgl on liver damage. Thereby, the objective of the present study was to
investigate the protective effects of ginsenoside Rgl on liver injury in rats with streptozotocin
(STZ)- and high-fat diet-induced type 2 diabetes. Furthermore, we examined whether the
hepatoprotective effects of ginsenoside Rgl were mediated through its antiapoptotic effect
and inhibition of c-Jun N-terminal kinase (JNK) activity together with its anti-inflammatory
effect in the T2-DM rat model.
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MATERIAL AND METHODS
Materials

The study protocol was approved by the Animal Care and Use Committee of Kunming
Medical University. Male 4-week-old Sprague Dawley rats (N = 80, 200 + 20 g) were purchased
from the Animal Center of Kunming Medical University. The rats were housed at 23° + 2°C
and 55 + 2% humidity. The animals had free access to tap water and normal rat diet prior to the
start of the experiment. Ginsenoside Rg1 of>98% purity measured via high-performance liquid
chromatography was obtained from the College of Pharmacy of Kunming Medical University.
STZ was obtained from Sigma Chemical Co. (St. Louis, MO, USA). The bicinchoninic acid
(BCA) protein assay kit was obtained from TIANGEN Biotech (Beijing) Co., Ltd. Glucose
and insulin enzyme-linked immunosorbent assay (ELISA) kits were purchased from Bio-
Swamp Life Science Lab, China. Mouse monoclonal anti-JNK, anti-phospho-JNK (p-JNK),
anti-caspase-3, anti-BCL-2-associated X protein (BAX), anti-B cell leukemia/lymphoma 2
(BCL-2), and anti-B-actin were obtained from Santa Cruz Biotechnology (Santa Cruz, CA).
Goat anti-mouse antibody labeled with horseradish peroxidase was obtained from Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China.

Experimental protocol

All the rats were acclimatized for 2 weeks before the start of the experiment. Of the 80
rats, 20 rats were randomly selected as normal controls while the remaining 60 rats received
a high-fat diet for 8 weeks, followed by intraperitoneal injection of STZ (30 mg/kg in 0.1%
citric acid buffer solution, pH 4.5) to induce T2-DM. Blood glucose levels were determined
with a SureStep™ Plus blood glucose meter (Johnson & Johnson Co., New Brunswick, NJ,
USA). T2-DM was considered as successfully induced when 3 days after STZ injection, the
rat blood glucose levels were >16.7 mM for three consecutive days. The 60 rats that developed
diabetes were randomly divided into three groups as follows: the model control group (N
= 20), the high-dose (50 mg-kg!-day') ginsenoside Rgl treatment group (N = 20), and the
low-dose (25 mg-kg'-day') ginsenoside Rgl treatment group (N = 20). Ginsenoside Rgl
was administered daily via gavage for 8 weeks. Rats in the normal control and model control
groups received the same volumes of 0.9% saline solution.

Sample collection

After 4 or 8 weeks of treatment, half the rats from each group were weighed and
anesthetized with 3.6% chloral hydrate (8 mL/kg, ip), and were affixed to the operating table.
Blood samples obtained from the heart were allowed to stand for 30 min, and were then
centrifuged at 3850g for 15 min at 4°C. The supernatant was collected and frozen at -80°C for
subsequently determining the levels of blood glucose, interleukin (IL)-1, IL-6, tumor necrosis
factor-alpha (TNF-a), total cholesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), aspartate transaminase (AST), and alanine transaminase (ALT). After
blood sample collection, the livers were dissected. The harvested liver tissue was cut into two,
and one part was immediately frozen at -80°C until western blot analysis, while the remaining
tissue was fixed in 10% neutral-buffered formalin.
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Hematoxylin and eosin staining

Isolated liver tissues were embedded in paraffin and cut into 4-um-thick sections for
subsequent hematoxylin and eosin (HE) staining as per a standard procedure. The changes
and inflammatory cell infiltration in the liver tissues were observed using an Olympus AX70
microscope (Olympus, Tokyo, Japan).

Enzyme-linked immunosorbent assay

Serum insulin was measured via ELISA following the manufacturer protocol (product
number: HM10073).

Determination of inflammatory reaction factors and the parameters of liver function
and blood lipids

Inflammatory reaction factors (IL-1, IL-6, and TNF-a), blood lipids (TC, TG,
and LDL-C), and liver function (AST and ALT) were detected using an AU400 automatic
biochemical analyzer (Olympus).

Determination of relevant protein levels

Western blot analysis was used to detect JNK, p-JNK, caspase-3, BCL-2, and BAX
expression levels in the liver tissues. Briefly, total protein from the liver was extracted using the
radioimmunoprecipitation assay buffer via a standard procedure, and the protein concentration
was determined using the BCA protein assay kit. All the proteins were separated using 10%
SDS-PAGE and transferred onto nitrocellulose membranes. The membranes were blocked
with 5% bovine serum albumin for 60 min, followed by overnight incubation with the primary
antibodies against INK, p-JNK, caspase-3, BCL-2,BAX, and B-actin (1:500 dilution) at 4°C.
The membranes were then washed three times with Tris-buffered saline-Tween and incubated
with the appropriate secondary antibody at a dilution of 1:500 for 120 min. Proteins were
detected using an enhanced chemiluminescence reagent, Merck Millipore, Co., Ltd., Beijing,
China. The densitometric quantification of the bands was carried out using Image-Pro Plus 6.0
system (Media Cybernetics, Shanghai, China) and expressed relative to B-actin.

Data analyses

Data are reported as means £ SD. Comparisons between study groups were made
via one-way analysis of variance, followed by Bonferroni post-hoc test. Data were analyzed
using SPSS software (version 19.0; SPSS Inc., Chicago, IL, USA). P < 0.05 was considered
statistically significant. Western blot densitometric values are reported in arbitrary units (A.U.).
RESULTS

General observations

The rats in the normal control group had normal body weight and white shiny fur,
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while the rats treated with the high-fat diet and STZ injection had noticeably withered and
dry fur. Moreover, polydipsia, polyuria, or polyphagia symptoms gradually worsened with
a slower reaction time after STZ injection. Compared with the untreated diabetic rats, those
treated with ginsenoside Rgl had a good physical state mentioned above. The high-dose
treated rats were noticeably better in physical conditions than the low-dose treatment group.

Histological evaluation

Hepatoprotection from lipid-induced and inflammatory damages is important,
especially for patients with non-alcoholic steatohepatitis. In this study, via histological
evaluation, ginsenoside Rgl was found to show a hepatoprotective effect in the T2-DM rat
model (Figure 1). Compared with the normal control group (Figure 1A and E), the hepatic
tissue of the T2-DM rats was infiltrated by inflammatory cells and the structure of the hepatic
lobule was abnormal with increasing volume of liver cells (hydropic degeneration) and
fatty change in the model control group (Figure 1B and F). However, these hepatic changes
improved after ginsenoside Rgl treatment for 4 and 8 weeks (Figure 1C, G, D, and H).

Figure 1. Ginsenoside Rgl ameliorated pathological liver damage in T2-DM rats. A. B. C. D. H&E-stained liver
sections of normal control group, model control group, low-dose treatment group (25 mg-kg'-day™'), and high-dose
treatment group (50 mg-kg!-day') with Rgl for 4 weeks, respectively; while E-H correspond to the same groups
with or without ginsenoside Rgl treatment for 8 weeks.

Ginsenoside Rgl improved glucose metabolism

DM is primarily characterized by high blood glucose level, and maintaining normal
blood glucose level is of clinical significance. To investigate whether ginsenoside Rgl lowered
blood glucose levels and improved its metabolism, the glucose and insulin levels, and insulin
resistance index (IRI) were monitored in the T2-DM rats after treatment with ginsenoside Rgl.
The results showed that ginsenoside Rgl potently decreased the blood glucose level and IRI in
a dose- and time-dependent manner as compared to that in the model control group (Table 1).
Meanwhile, the blood glucose levels and IRI in the model control group were remarkably higher
than those of the control group, indicating a successful T2-DM rat model. However, the effect of
ginsenoside Rgl on insulin level was not noticeable.
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Table 1. Glucose and insulin levels, and IRI in T2-DM rats with different ginsenoside Rgl treatments.

Glu (mM) Insulin (mU/L) IRI
4 weeks 8 weeks 4 weeks 8 weeks 4 weeks 8 weeks
Normal control 6.4+1.0 6.1+0.9 10.1+1.0 10.2+04 221£0.11 2.36+0.27
Model control 249+1.5 273+1.5 12.3+0.6 12.6+0.7 13.32+£0.24 15.21+£0.16
Low-dose treatment 19.5 + 1.0* 17.3 +1.6* 12.9+0.5 11.6+ 1.1 11.18 +0.17* 10.92 + 0.09*
High-dose treatment 156+ 1.1* 13.5 +0.9% 11.9+0.7 10.9+0.5 8.25 +0.30% 7.54 +0.34*

*P < 0.05, compared with model control. Results are presented as mean + SEM, N =10. Glu, glucose level; IRI,
insulin resistance index.

Ginsenoside Rgl improved hepatic function

To evaluate the improvement of hepatic function by ginsenoside Rgl in T2-DM rat
model, AST and ALT levels were detected. As shown in Table 2, compared with the normal
control group, the rats in the model control group had significantly higher mean serum levels
of AST and ALT. However, with the ginsenoside Rgl treatment, the levels of AST and ALT

decreased substantially in a dose- and time-dependent manner (all P < 0.05).

Table 2. Liver function of T2-DM rats after different ginsenoside Rgl treatments.

AST (U/L) ALT (U/L)
4 weeks 8 weeks 4 weeks 8 weeks
Normal control 66.9 +4.7 69.7+5.1 477+64 49.2 +7.0
Model control 148.3 + 6.6 150.3+4.7 133.5+£8.2 1342+6.2
Low-dose treatment 118.2 + 14.4* 107.3 £ 12.9% 117.5 +5.0% 110.2 +8.1*
High-dose treatment 95.9 +4.1* 87.3 £ 6.6 94.2 + 6.3* 89.1 + 6.5*

*P < 0.05, compared with model control. AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Ginsenoside Rg1 ameliorated blood lipid metabolic effects

The T2-DM rat model used in this study was established using STZ-injection combined

with a high-fat diet. Thus, to clarify the effect of ginsenoside Rgl on blood lipid levels, TC,
TG, and LDL-C levels were measured. The results showed that ginsenoside Rgl effectively
reduced TC, TG, and LDL-C serum levels in a dose-dependent manner, while the time course
effect was not remarkable (Table 3).

Table 3. Blood lipid profile of T2-DM rats after different ginsenoside Rg1 treatments.

TC (mM) TG (mM) LDL-C (mM)
4 weeks 8 weeks 4 weeks 8 weeks 4 weeks 8 weeks
Normal control 1.13£0.10 1.10 +0.09 0.16 +0.03 0.15+0.06 0.13+0.04 0.12+0.06
Model control 1.38+£0.18 1.37+0.16 0.40+0.13 0.45 +0.02 0.26 +0.08 0.27 +0.09
Low-dose treatment 1.29 +£0.12* 1.26+0.11* 0.32+0.01* 0.36 +0.17* 0.18 +0.03* 0.22 +0.06*
High-dose treatment 1.19 £ 0.09* 1.14 +0.12% 0.23 +0.05* 0.20 = 0.07* 0.15+0.03* 0.14 + 0.05*

*P < 0.05, compared with model control. TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein

cholesterol.

Ginsenoside Rgl reduced inflammation by inhibiting JNK activity

DM patients often have chronic inflammation. Therefore, to validate the anti-
inflammatory effect of ginsenoside Rgl in the T2-DM rat model, the levels of inflammatory
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factors IL-1, IL-6, and TNF-o. were examined. As shown in Table 4, the model control
group had significantly higher mean serum levels of IL-1, IL-6, and TNF-a than the rats in
normal control group did. However, after 4 or 8 weeks of treatment with ginsenoside Rgl,
the levels of IL-1, IL-6, and TNF-a decreased remarkably in a dose- and time-dependent
manner. Furthermore, p-JNK and total-JNK protein levels were detected via western blotting
as JNK mediates inflammatory and apoptotic processes. Ginsenoside Rgl potently inhibited
JNK activity as indicated by the p-JNK level in ginsenoside Rgl treatment groups after both
4 and 8 weeks (Figure 2A and B), but had no effect on total-JNK levels (Figure 2A and B).
Moreover, JNK transcription level was examined, and the results revealed no significant
difference between the treatment and control groups (Figure 2C).
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Figure 2. Ginsenoside Rg! inhibited JNK activity. Ginsenoside Rg! substantially increased levels of phosphorylated
JNK in model control group (T2-DM rat model) as compared to normal control group in 4 (A) and/or 8 weeks (B).
However, phosphorylated JNK was reduced after ginsenoside Rgl treatment for 4 (A) and/or 8 weeks (B) in a
dose-dependent manner in both low-dose treatment (25 mg-kg'-day™") and high-dose treatment (50 mg-kg'-day')
groups. No significant differences in JNK transcription levels were found among the four groups (C).
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Table 4. Levels of inflammatory cytokines in T2-DM rats after different ginsenoside Rg1 treatments.

IL-6 (pg/mL) IL-1 (pg/mL) TNF-a (pg/mL)
4 weeks 8 weeks 4 weeks 8 weeks 4 weeks 8 weeks
Normal control 643+2.1 62.6+4.8 88.4+£5.7 89.7+4.2 36.7+3.8 36.5+5.0
Model control 1382+ 7.1 137.1 + 8.6 175.1+13.6 180.0 = 15.1 118.0+11.4 120.5+11.4
Low-dose treatment 111.2 +6.2* 99.6 £9.1* 137.4 +£5.0* 125.0 £ 6.7* 91.0 +3.5% 76 +7.2%
High-dose treatment 89.3 £4.9* 72.5+£7.2% 100.3 +£4.7* 90.4 +5.4* 58.4 +8.5*% 48.8+9.1*

*P < 0.05, compared with model control. Results are presented as mean £ SEM, N = 10.

Ginsenoside Rg1 inhibited hepatocellular apoptosis

The liver is often injured as a result of its critical function in glucose and lipid
metabolism and detoxification. In patients with diabetes, hepatic damage from elevated blood
glucose and lipid levels is common. Hence, to confirm the antiapoptotic effect of ginsenoside
Rgl in the T2-DM rat model, active caspase-3, BCL-2, and BAX protein levels in liver
tissue were detected by western blot analysis after ginsenoside Rgl treatment. The levels of
proapoptotic proteins, active caspase-3 (Figure 3A) and BAX (Figure 3B and C), increased,
whereas the level of antiapoptotic protein BCL-2 decreased (Figure 3B and C), in the model
control group. However, in ginsenoside Rgl treatment groups, active caspase-3 (Figure 3A)
and BAX (Figure 3B and C) significantly reduced, while BCL-2 (Figure 3B and C) increased
in a dose- and time-dependent manner (all P < 0.05).
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Figure 3. Effect of ginsenoside Rg1 on apoptotic proteins. Active caspase-3 significantly increased in the model control
group (T2-DM rat model) as compared to that in the normal control group after ginsenoside Rg1 treatment for 4 and/or 8
weeks. However, active caspase-3 decreased potently in low-dose treatment (25 mg-kg'-day"') and high-dose treatment
groups (50 mg-kg'-day) after 4 and/or 8 weeks (A). Decreased BCL-2 and increased BAX levels were found in model
control group compared to normal control group after 4 and 8 weeks (B and C). Ginsenoside Rg1 treatment restored BCL-
2 to normal levels in low-dose treatment and high-dose treatment groups after 4 and/or 8 weeks. However, BAX levels
decreased substantially in both low-dose treatment and high-dose treatment groups after 4 and/or 8 weeks (B and C).
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Furthermore, the transcription levels of caspase-3, Bax, and Bc/-2 were monitored.
Interestingly, transcription levels of caspase-3 (Figure 4A), Bax (Figure 4C), and Bcl-2 (Figure
4B) demonstrated similar change patterns as that of the proteins between ginsenoside Rgl
treatment groups and model control group.
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Figure 4. Effect of ginsenoside Rgl on transcription levels of apoptotic proteins. Interestingly, the transcription
levels of caspase-3 significantly increased in the model control group after 4 and/or 8 weeks compared to that in
the normal control group. However, after treatment with ginsenoside Rgl, caspase-3 levels decreased substantially
in a dose-dependent manner in low-dose treatment (25 mg-kg!-day™') and high-dose treatment (50 mg-kg'-day")
groups after 4 and/or 8 weeks (A). Downregulation of Bcl-2 transcription level (B) and upregulation of Bax
transcription level (C) were observed in the model control group after 4 and/or 8 weeks. However, elevated Bcl-2
and decreased Bax transcription levels were observed after ginsenoside Rgl treatment in low-dose treatment and
high-dose treatment groups after 4 and/or 8 weeks in a dose-dependent manner.

DISCUSSION

In this study, a T2-DM rat model was successfully established with high-fat diet and
STZ injection (Skovse et al., 2015; Chen et al., 2016). Thereafter, the mechanisms underlying
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the hepatoprotective effect of ginsenoside Rgl in the T2-DM rat were investigated. First,
histological evaluation of HE-stained liver sections from the T2-DM rat model showed hepatic
tissue infiltration by inflammatory cells, abnormal hepatic lobule structure, and some features
of apoptosis. However, the morphology of the hepatic tissue significantly improved after
ginsenoside Rgl treatment. Similarly, liver function, monitored by assessing AST and ALT
levels, improved as well. Second, T2-DM-associated blood glucose level and IRI significantly
ameliorated after ginsenoside Rgl treatment. T2-DM is a chronic disorder characterized by
hyperglycemia in the context of insulin resistance, and maintaining normal blood glucose
levels has clinical significance. The blood glucose-lowering effect of ginsenoside Rgl could
have clinical therapeutic potential together with first-line anti-diabetic therapeutics. Third,
levels of blood lipids including TC, TG, and LDL-C potently reduced after treatment with
ginsenoside Rgl. T2-DM patients are usually diagnosed with high levels of blood lipids and
have a prevalence of associated non-alcoholic fatty liver disease. In T2-DM patients, high
levels of blood lipids cause increased hepatic damage and cardiovascular complications, this
aggravates other diabetic complications, such as diabetic nephropathy and diabetic retinopathy.
The reduction in blood lipid levels by ginsenoside Rg1 treatment suggests its clinical potential
at least for adjuvant therapy. Additionally, inflammation, monitored by measuring the levels
of inflammatory cytokines, including TNF-a., IL-1, and IL-6, substantially decreased after
ginsenoside Rgl treatment in T2-DM rat model. Meanwhile, p-JNK activity was inhibited
as well. Many studies have reported that the inflammation reaction is primarily mediated by
the JNK signaling pathway or TNF-a-nuclear factor-kappa B (NF-xB) pathway (Kaminska,
2009; Reber et al., 2009; Zha et al., 2014; Pan et al., 2015; Liu et al., 2016). Whe ther the
anti-inflammatory activity of ginsenoside Rgl in the T2-DM rat model was mediated by
the NF-«xB signaling pathway is unknown, and will be further elucidated in our subsequent
study. However, the hepatoprotective activity of ginsenoside Rgl in the T2-DM rat model was
attributed to its anti-inflammatory activity. The anti-inflammatory effect of ginsenoside Rgl
could have therapeutic potential for treating diabetic complications such as diabetic hepatic
disease and diabetic renal disease, which are primarily attributed to an imbalance between
inflammatory and anti-inflammatory processes.

The underlying mechanism of liver injury in STZ and high-fat diet-induced type 2
diabetic rats is complex. High glucose and inflammatory cytokines can contribute to liver
injury. However, the specific mechanism is unclear. Apoptosis of liver cells is an important
cause of liver injury. There are two key apoptosis signaling pathways, the mitochondrial and
death signal pathways. In the mitochondrial pathway, members of the Bcl-2 family have
proapoptotic or antiapoptotic effects (Strasser et al., 2000; Friedlander, 2003; Chen et al.,
2012). The proapoptotic/antiapoptotic balance of the Bcl-2 family members, such as Bax
(Hengartner and Horvitz, 1994), plays a dominant role in cell apoptosis. Death signal pathway
involves first apoptosis signal (Fas) or TNF-RI activated Fas-associated death domain protein
(FADD) and caspase-8. Each of the two pathways converges to a common execution phase
of apoptosis that requires proteolytic activation of caspase-3 through both the extrinsic and
intrinsic signaling pathway (Salvesen and Dixit, 1997; Yamada et al., 1999; Ghavami et al.,
2009). Bcl-2, Bax, and active caspase-3 were three important target molecules in this study.
JNK signaling pathway is an important branch of mitogen-activated protein kinase (MAPK)
pathways, and activation of the INK pathway in the long term can lead to cell apoptosis.

Aprevious study suggested that ginsenoside Rg1 reduced inflammatory reaction factors
in renal tissues and improved renal pathological changes in rats with diabetic nephropathy
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(Ma et al., 2010). Moreover, ginsenoside Rgl also ameliorated oxidative stress and myocardial
apoptosis in STZ-induced diabetic rats (Yu et al., 2015). However, the effect of ginsenoside
Rgl on liver injury has been seldom reported. This study demonstrated that ginsenoside Rgl
inhibited inflammatory reaction and the activation of JNK signaling pathway to reduce liver
cell apoptosis and improve liver injury. However, the apoptotic pathway and specific molecules
involved in its mode of action are not completely known. Moreover, the role of MAPK signaling
pathway needs to be further explored. Previous studies (Ma et al., 2010; Yu et al., 2015; Yu et al.,
2016) have mainly focused on the protective effects of ginsenoside Rg1 in the diabetic rat model
and not in patients with diabetes, which is also a limitation of this study. In a future study, we
will evaluate the hepatoprotective effect of ginsenoside Rgl in patients with diabetes, especially
those with high levels of blood lipids or hepatic adipose disease, which would support its clinical
application for T2-DM treatment, at least in adjuvant therapy.

CONCLUSIONS

In this study, ginsenoside Rgl was found to have a hepatoprotective effect in T2-
DM rats. This hepatoprotection by ginsenoside Rgl was mainly mediated by its antiapoptotic
effect and inhibition of INK pathway, together with its anti-inflammatory action. Meanwhile,
ginsenoside Rgl improved blood glucose metabolism, as indicated by the decreased glucose
level and IRI after ginsenoside Rgl treatment. Moreover, the blood lipid levels and hepatic
function of the T2-DM rat model were ameliorated after ginsenoside Rgl treatment. The
aforementioned effects converged to provide hepatoprotection in the T2-DM model, which
indicates the potential clinical application of ginsenoside Rgl as an adjuvant drug for T2-DM
therapy, especially for T2-DM patients with fatty liver disease.
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