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ABSTRACT

ARTICLE HISTORY

Context: TangGanlian (TGJ) has a curative effect in the clinical treatment of nonalcoholic fatty liver dis-
ease (NAFLD) with type 2 diabetes mellitus (T2DM), while the mechanism involved in the treatment pro-
cess remains unclear.

Objective: This study details the mechanism of TGJ on the treatment of NAFLD with T2DM.

Materials and methods: NAFLD was induced in T2DM rat model. Male Wistar rats were assigned into six
groups: Group | (control), Group Il (model), Group Il (pioglitazone, 0.5 mg/kg), Group IV (high dose of TGJ,
24.8 g/kg), Group V (middle dose of TGJ, 12.4 g/kg) and Group VI (low dose of TGJ, 6.2 g/kg). All rats in each
group were treated with the corresponding drugs by gavage for 8 weeks. Haematoxylin and eosin analysis
was conducted. The indicators of inflammatory and oxidative stress were analysed utilizing one-way ANOVA.
Results: The contents of TNF-o (15.794+3.302pg/mL), IL-6 (76.801+8.491pg/mL), IL-1B
(100.101 £13.150 pg/mL), CRP (1.052+0.079 pg/mL) and MDA (3.972+0.159 pg/mL) were obviously ele-
vated in NAFLD with T2DM rats compared to controls. Except for the IL-6, the levels of other markers
declined in a dose-dependent manner after treatment with TGJ. The SOD (14.139 + 1.479 U/mgprot) and
GSH-PX (81.511 +5.276 U/mgprot) levels significantly decreased in NAFLD with T2DM rats, while the levels
of these indicators increased after treatment with TGJ.

Conclusions: TGJ may be a therapy for the NAFLD with T2DM rats by modulating the inflammatory
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response and the oxidative stress capacity.

Introduction

Diabetes mellitus, also known as diabetes, is a group of metabolic
disorders (Guariguata et al. 2014). Generally, diabetes is classified
into four categories, including type 1 diabetes mellitus (T1DM),
type 2 diabetes mellitus (T2DM), gestational diabetes and other
specific types (Maraschin 2013). At present, the prevalence of
diabetes in China is 9.7%. It is estimated that the number of dia-
betic patients in China will reach 143 million by 2035
(Guariguata et al. 2014), and T2DM accounts for more than 90%
of cases. Intriguingly, the proportion of nonalcoholic fatty liver
disease (NAFLD) in T2DM is 80%, and about 45% of NAFLD
patients suffer from T2DM (Fan 2013). This indicates that
T2DM is likely to associate with NAFLD.

Currently, insulin resistance (IR) and dysfunction of B cells
are the major risk factors for T2DM. In addition, chronic inflam-
mation also serves as the mechanism of IR and T2DM.
Meanwhile, Day (2011) reveals that IR, oxidative stress and lipid
peroxidation are crucial factors for the NAFLD occurrence. In
other words, IR, oxidative stress and inflammatory reaction may

be the common factors for T2DM and NAFLD. Notably, the
inflammatory reaction activates nonspecific immune system,
macrophages, adipocytes and endothelial cells. Then, large
amounts of cytokines are generated, mainly including interleu-
kin-1 (IL-1), interleukin-6 (IL-6) and tumour necrosis factor-o
(TNF-at). Subsequently, these cytokines produce acute phase pro-
teins in the liver, and may cause IR and apoptosis of pancreatic
B cells. This also suggests that the immune system has critical
roles in the T2DM development. C-reactive protein (CRP),
members of the small pentraxins family, is the most sensitive
indicators in the acute stage of inflammation and can be used as
a marker of inflammatory in clinical application (Black et al.
2004). A previous study finds that CRP is closely correlated with
NAFLD (Park et al. 2004).

Oxidative stress, the result of the imbalance between the
reactive oxygen production and reactive nitrogen, and antioxi-
dant defences, causes the injury of the organism tissue cells and
biological macromolecules (Reddy et al. 2009). Numerous studies
show that oxidative stress results in IR, inducing the formation
of diabetes (Evans et al. 2002, 2005; Kaneto et al. 2005). In a
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Figure 1. Appearance of the liver (A) and haematoxylin and eosin (H&E) analysis
(B). I: control; Il: model; Ill: pioglitazone; IV: high dose of TangGanlian (TGJ:
24.8 g/kg); V: middle dose of TGJ (12.4 g/kg); VI: low dose of TGJ (6.2 g/kg).

serious manner, diabetes will increase the risk of multiple com-
plications, such as diabetic neuropathy (Hernandez-Beltran et al.
2013), diabetic retinopathy (Souza et al. 2011) and diabetic car-
diovascular disease (Selvaraju et al. 2012). Insulin receptor
(InsR), insulin receptor substrate (IRS) and phosphoinositide 3-
kinase (PI3-K) are important components of the upstream insu-
lin signalling pathway (Li et al. 2010). Notably, oxidative stress
interferes with the phosphorylation of InsR and IRS through
multiple pathways, thereby impeding the insulin signalling path-
way (Hallak et al. 2001). For example, oxidative stress promotes

the phosphorylation of InsR and IRS under the reactive oxygen
species (ROS) stimulation (Evans et al. 2003). Besides, oxidative
stress inhibits activities of PI3-kinase bound to IRS (Shibata
et al. 2010). Moreover, ROS activates NF-kB through regulating
the cytokine and chemokine gene expression, which further
proves that oxidative stress is related to IR (Schaffer et al. 2012).
Previous studies unravel that the IR can be induced by TNF-o
(Hotamisligil et al. 1993; Shoelson et al. 2008). Additionally, sev-
eral other cytokines and chemokines, such as IL-6 and monocyte
chemo-attractant protein-1 (MCP-1), have pivotal roles in the
progression of IR and T2DM (Shoelson et al. 2008). These find-
ings show that oxidative stress and inflammatory are closely
associated with IR. Therefore, NAFLD with T2DM patients were
likely to be treated by new medicines or methods through
involving oxidative stress and inflammatory process.

TangGanJian (TGJ) is a kind of traditional Chinese medicinal
compound, including White Paeony root, Angelica sinensis,
Bupleurum chinense, Wolfiporia cocos, Atractylodes macrocephala
Koidz, Artemisiacapillaris Thunb, Polygonum cuspidatum Sieb. et
Zucc, Schisandra chinensis (Turcz.) Baill and Coptis chinensis
Franch. TGJ can improve the hyperlipidaemia and protect the
liver (Hu and Yan 2010b). Wang et al. (2007) finds that TG]J
improves the IR of T2DM and fatty liver. Our previous study
demonstrates that TGJ modulates the glucose and lipid metabol-
ism of NAFLD with T2DM patients effectively (Hu and Yan
2010a). Overall, these results reveal that TGJ may be used to
treat NAFLD with T2DM patients. In the current study, we fur-
ther explore the TG]J effects on NAFLD with T2DM rats, and
expect to elucidate the underlying mechanism of TGJ on
NAFLD with T2DM.

Materials and methods
Materials

The high-fat and high-sugar (HFS) diet (87.5% basic feed, 10%
lard, 2% cholesterol, 0.5% sodium cholate) and TGJ (8.47%
White Paeony root 10g, 8.47% Angelica sinensis 10g, 6.8%
Bupleurum chinense 8g, 8.47% Wolfiporia cocos 10g, 8.47%
Atractylodes macrocephala Koidz 10g, 16.95% Artemisiacapillaris
Thunb 20g, 16.95% Polygonum cuspidatum Sieb. et Zucc 20g,
16.95% Schisandra chinensis (Turcz.) Baill 20g, 8.47% Coptis chi-
nensis Franch 10g) were made in Wuhan Traditional Chinese
Medicine Hospital. Pioglitazone was obtained from Nanjing
Pharmaceutical Factory (Nanjing, China). Rat TNF-o ELISA kit
was purchased from CUSABIO (Wuhan, China). ELISA kits for
rat IL-6, IL-1f and CRP were purchased from Elabscience
(Wuhan, China). Glutathione peroxidase (GSH-PX), malondial-
dehyde (MDA) and superoxide dismutase (SOD) kits were
obtained from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China).

Animals

All experiments were approved by the Ethics Committee and
Animal Management Committee of the Wuhan Hospital of
Traditional Chinese Medicine. A total of 59 male Wistar rats
(6 weeks old; weight 180-220g) were provided by Hubei
Provincial Center for Disease Control and Prevention (Wuhan,
China). All rats were housed at a constant temperature
(20£2°C) and humidity in a 12h light/dark cycle. All animals
had free access to purified water.
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Table 1. The fasting plasma insulin, glucose (FBG) and plasma glucose levels (2hPG) of rats.

Groups | Il 1] 1% Vv VI

Insulin (nlU/mL)  20.989+3.216 75.626+17.188% 48.328+9.895°° 27.669+9.326° 45162+ 12.260°° 67.777 +12.964°
FBG (mmol/L) 4720+0.233  11.430+0.965° 5.103+0.548° 5081+0535> 11.316+0.616° 11.472 +0.523°
2hPG (mmol/L) 7.670+£0.349 14.391+0.772° 7.779+0.620° 7.743+0.681°  14.155+0.566° 14.253 +0.487°

Group I: control; Group II: model; Group llI: pioglitazone; Group IV: high dose of TangGanJian (TGJ); Group V: middle dose of
TGJ; Group VI: low dose of TGJ; FBG: fasting plasma glucose; 2hPG: plasma glucose level after rats fed for 2 h.

Data are expressed as mean + standard deviation.
ap < 0.05 compared with the control group.
Pp < 0.05 compared with the model group.

Experimental protocols

A total of 59 rats were randomly assigned into two groups: a
control group (Group I, n=38), which was fed with the ordinary
diet for 4 weeks; and a model group (n=51), which was fed
with HFS diet for 4 weeks. Afterwards, the rats in the model
group were treated with an intraperitoneal injection of 30 mg/kg
streptozotocin (STZ; Sigma, St. Louis, MO), while the rats in the
control group were injected with 0.1 mol/L sodium citrate buffer
solution (30 mg/kg). The level of fasting plasma glucose (FBG)
was measured after a 14-16h fast. Besides, we fed rats with 40%
glucose, and 2 h later, the plasma glucose level (2hPG) was meas-
ured. Finally, rats with 5.6-7.0mmol/L FBG level and
7.8-11.1 mmol/L 2hPG level were regarded as T2DM. A total of
47 rats in the model group were further randomly allocated into
five groups: Group II (model, n= 8), Group III (pioglitazone,
n=9), Group IV (high dose of TGJ, n= 10), Group V (middle
dose of TGJ, n= 10) and Group VI (low dose of TGJ, n= 10).
Rats in the Group I and Group II were given saline, and rats in
the Group III were given pioglitazone (0.5mg/kg). Notably, rats
in the Groups IV, V and VI were given TGJs at doses of 24.8,
124 and 6.2g/kg by gavage once per day for 8 weeks,
respectively.

Measurement of serum and tissue indicators

After a 14-16h fast, the rats were anesthetized with 300 mg/kg
chloral hydrate through the intraperitoneal injection method.
Then blood samples (4mL) were isolated from the abdominal
aorta of all rats. Afterwards, sera were obtained after centrifuga-
tion at 1000xg for 5min and used for measuring the levels of
TNF-o, IL-6, IL-1B and CRP utilizing ELISA kits following the
instructions of manufacturer. Afterwards, all rats were euthan-
ized by 1.5% pentobarbital sodium (375 mg/kg) and the rat liver
was collected. Furthermore, the contents of GSH-PX, SOD and
MDA in rat liver were measured utilizing biochemical assay Kits.

Haematoxylin and eosin (H&E) analysis

First, rat liver tissues were fixed overnight in 4% paraformalde-
hyde. Then, the fixed liver tissues were embedded in paraffin,
sectioned at a thickness of 4 um, and stained with haematoxylin
and eosin. Finally, a microscope was used to view the results of
H&E staining results.

Statistical analysis

Statistical analysis was conducted utilizing Social Science
Software (SPSS, Version 17.0, Chicago, IL). All data are pre-
sented as means + standard deviation of the mean. Comparisons
among groups were made using one-way ANOVA followed by a
least significant difference t-test. p Value <0.05 was considered

as statistically significant, and significant differences were
denoted by different lowercase letters.

Results
Histopathological examination

The results showed that the liver in Group I was deep red, glossy
and moist. Whereas in the Group II, the liver was close to white
and turned dim (Figure 1(A)). Furthermore, liver injury in the
TGJ treated rats (Group IV-Group VI) was ameliorated signifi-
cantly in a dose-dependent manner (Figure 1(A)). HE staining
results showed that the liver was normal, clear and liver lobular
structure was regular in Group I (Figure 1(B)). Whereas the liver
in Group II exhibited a widespread lipid vacuoles and the liver
cells were damaged. However, we found that treatment with high
dose of TGJ (24.8 g/lkg) dramatically alleviated the microvesicular
fatty and histopathological changes (Figure 1(B)).

Effects of TGJ on insulin and glucose levels

The levels of serum FBG, 2hPG and insulin significantly
increased in the model group compared with the control group
(Table 1; p<0.05). However, compared with the model group,
the levels of serum FBG, 2hPG and insulin dramatically
decreased in a dose-dependent manner in the TGJ treatment
groups (Table 1; p < 0.05). Here, the levels of serum FBG, 2hPG
and insulin were also lower in pioglitazone treatment group than
those in model group (Table 1; p <0.05). These observations
indicated that TGJ had significant glucose-lowering effects in
NAFLD with T2DM.

Effects of TGJ on serum ALT and AST levels

As shown in Table 2, the serum ALT and AST levels of rats
were significantly increased in the model group compared with
the control group (Table 2; p < 0.05). While compared with the
model group, the levels of AST and ALT dramatically reduced
in TGJ pretreatment groups in a dose-dependent manner
(Table 2; p < 0.05).

Effects of TGJ on serum TNF-a, IL-6, IL-1 and CRP levels

The levels of TNF-a and IL-6 dramatically increased in Group
I, 111, V and VI compared with Group I. Analogously, the con-
tents of IL-1p and CRP in Groups II and VI were higher than
those in Group I (Table 3; p<0.05). The results presented that
the levels of TNF-a, IL-6, IL-1P and CRP markedly decreased in
Group III (pioglitazone) compared with Group II (model) (Table
3; p < 0.05). Notably, the levels of TNF-o. and CRP were prevail-
ingly decreased after treatment with different doses of TGJ
(Groups IV-VI) compared with the model group (Group II).
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Table 2. The aspartate transaminase (AST) and alanine transferase (ALT) levels of rats.

Groups | Il Il \% v VI
ALT (U/L) 41.115+2.247 84.070+5818" 61.738+5237%° 62.252+5.846° 8335145584 83.564+6.775°
AST (U/L) 45947 +3.445 94754+4.453" 66.461+5678% 66.195+6.089°° 93.760+6.134*  94.060 + 6.202°

Group |: control; Group Il: model; Group lI: pioglitazone; Group IV: high dose of TangGanlian (TGJ); Group V: middle

dose of TGJ; Group VI: low dose of TGJ.

Data are expressed as mean + standard deviation.
4p < 0.05 compared with the control group.

Pp < 0.05 compared with the model group.

Table 3. Content of tumour necrosis factor-o. (TNF-o), interleukin-6 (IL-6), interleukin 1 beta (IL-1B) and C-reactive protein

(CRP) in rat serum.

Groups | Il [\ \' Vi

TNF-o. (pg/ml)  4.696+0.582  15.794+3.302° 7.278+£1.076°  6.466+1.138°  9.462+1235® 12.518+2.358%
IL-6 (pg/mL)  54.897+9.348  76.801+8491°  64.740+5291% 71.859+7.800° 73.387+9.117%  82.525+9.874°
IL-1B (pg/mL)  34.839+9.561 100.101+13.150* 52.525+5.892% 30.520+6.569° 40.631+11.507° 94.327 +9.806°
CRP (pg/mL) 0.218+0.091 1.052 +0.079° 0.269+0.060°  0.199+0.062°  0.329+0.063%°  0.502+0.029°

Group I: control; Group II: model; Group lll: pioglitazone; Group IV: high dose of TangGanlian (TGJ); Group V: middle dose of

TGJ; Group VI: low dose of TGJ.

Data are expressed as mean + standard deviation.
p < 0.05 compared with the control group.

Pp < 0.05 compared with the model group.

We found that IL-1f content was also dramatically decreased after
treatment with high dose of TGJ (Group IV) and middle dose of
TGJ] (Group V). However, compared with the model group
(Group 1II), the IL-6 level was not decreased after treatment with
different doses of TGJ (Groups IV-VI). Especially, we found that
the contents of TNF-a, IL-1p and CRP in Group IV (high dose of
TG]J) were close to the levels in Group I (control) (Table 3).

Effects of TGJ on SOD, MDA and GSH-PX levels

Currently, SOD, MDA and GSH-PX levels are used for evaluat-
ing the oxidative stress capacity. A lower SOD content was found
in Groups II, III, V and VI, compared with Group I. Similarly,
the GSH-PX level in Groups II, V and VI was also lower than
those in Group I. However, the contents of SOD and GSH-PX
markedly increased in the Group III (pioglitazone) and Group
IV (high dose of TGJ) compared with Group II (model). In par-
ticular, the SOD level also obviously increased after treatment
with middle dose of TG] (Group V) compared with the model
group (Group II). We found that the MDA level in Groups II
and VI were higher than that in Group I. After treatment with
pioglitazone (Group III) or high dose of TGJ (Group IV), the
MDA level dramatically reduced compared with the model group
(Group II). Interestingly, the contents of SOD, MDA and GSH-
PX in Group IV (high dose of TG]J) were close to the levels in
Group I (control) (Table 4).

Discussion

Worldwide, T2DM and NAFLD are crucial health issues related
to the obesity epidemic and affect the quality of people life
(Feneberg and Malfertheiner 2012). Here, NAFLD with T2DM
rats model was successfully established, and the contents of
TNF-a, IL-6, IL-1B, CRP and MDA were elevated obviously in
NAFLD with T2DM rats compared to controls. After treatment
with TG]J, the levels of these markers declined in a dose-depend-
ent manner. Besides, the levels of SOD and GSH-PX decreased
significantly in NAFLD with T2DM rats, while the levels of these
indicators increased after treatment with TGJ. A two-hit hypoth-
esis, which characterized by oxidative stress and IR, is used for
elucidating the pathogenesis of NAFLD (Day and James 1998).

Narasimhan et al. (2010) determined increased oxidative stress is
independently related to NAFLD with T2DM subjects.
Additionally, a previous study reports that the inflammation
indicator levels in diabetic patients with NAFLD are higher than
those diabetic patients without NAFLD (Kelley et al. 2003).
Oxidative stress and inflammation have a potential part in the
formation of NAFLD with T2DM. Therefore, NAFLD with
T2DM is supposed to be treated through modulating inflamma-
tory response and oxidative stress.

Currently, several antioxidants and anti-inflammatory agents
are applied to treat NAFLD with T2DM, such as vitamin E,
angiotensin II, pentoxifylline, etc. (Tziomalos et al. 2012). In the
present study, the contents of SOD and GSH-PX obviously
increased in the Group IV (high dose of TGJ) compared with
Group II (model) after treatment with TG]J. In particular, the
SOD level also significantly increased in the Group V (treatment
with middle dose of TG] compared with the model group)
(Group II). We also found that the MDA level was significantly
reduced in the high dose of TGJ group (Group IV) compared
with the model group (Group II). Interestingly, the contents of
SOD, MDA and GSH-PX in Group IV (high dose of TGJ) were
close to the levels in Group I (control). To the best of our know-
ledge, SOD is a crucial antioxidant defence in nearly all living
cells exposed to oxygen. GSH-PX protects the organism from
oxidative damage and decrease lipid hydroperoxides to their cor-
responding alcohols. MDA is a lipid peroxide formed by ROS
degrading polyunsaturated lipids in cell membrane, which can be
used as a biomarker to measure the oxidative stress level in an
organism (Del et al. 2005). Therefore, the elevated levels of SOD
and GSH-PX, and decreased level of MDA protected the rat liver
from oxidative damage. These results further indicated that TGJ
might be used for treating NAFLD with T2DM by modulating
the oxidative stress.

TNF-a, involved in systemic inflammation, has critical roles
in the progression of NAFLD with T2DM (Qin et al. 2015). CRP
is synthesized by the liver in response to factors released by fat
cells and is the most sensitive marker for inflammation (Lau
et al. 2005). It has been reported that CRP levels are dramatically
related to fatty liver histological features such as necroinflamma-
tion, steatosis grade and fibrosis (Imani Fooladi et al. 2013).
Here, we found that the levels of TNF-a and CRP prevailingly
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Table 4. Contents of superoxide dismutase (SOD), malondialdehyde (MDA) and glutathione peroxidase (GSH-PX) in rat liver.

Groups | I \Y% Vv VI

SOD (U/mgprot) 24427+2570 14.139+1479° 18307 +1.937% 24200+2.850°  18.750+2.681% 14.014+2.690°
MDA (nmol/mgprot) 3.616+0.249  3.972+0.159° 3.690+0.119° 3.573+0.201° 2.813+0.238 3.893 +0.209°
GSH-PX (U/mgprot) ~ 102.977+9.409 81.511+5.276° 106.914+11.308° 103.254+20.596° 83.769+7.764°  84.046 +8.010°

Group I: control; Group II: model; Group llI: pioglitazone; Group IV: high dose of TangGanlian (TGJ); Group V: middle dose of TGJ;

Group VI: low dose of TGJ.

Data are expressed as mean + standard deviation.
ap < 0.05 compared with the control group.

Pp < 0.05 compared with the model group.

diminished after treatment with different doses of TGJ (Groups
IV-VI) compared with the model group (Group II). Previous
study uncovers that the hepatic fatty storage level in HFS diet
treated mice can be decreased through inhibiting the TNF-a level
(Gao et al. 2013). Moreover, the HE results also showed that
treatment with high dose of TGJ (24.8 g/lkg) dramatically allevi-
ated the histopathological and microvesicular fatty changes.
These results suggested that TGJ might be used for treating
NAFLD with T2DM by downregulating the TNF-o and
CRP level.

IL-1PB has an important effect on the liver, including sensitiza-
tion to hepatocyte death and fat deposition in hepatocytes
(Szabo and Petrasek 2015). Several studies reveal that IL-1 signal-
ling inhibition may be used for treating NAFLD with T2DM
patients (Howard et al. 2014; Szabo and Petrasek 2015). Church
and McDermott (2009) demonstrated that IL-1 signalling can be
inhibited using a human monoclonal neutralizing antibody IL-
1B. We found that IL-1PB content was dramatically decreased
after treatment with high dose of TGJ (Group IV) and middle
dose of TGJ (Group V) compared with the model group (Group
II). Thus, TGJ might be used for treating NAFLD with T2DM
by downregulating the IL-1B level. However, compared with the
model group (Group II), the IL-6 level was not decreased after
treatment with different doses of TGJ (Groups IV-VI). These
results indicated that TGJ supplementation had no effect on IL-6
level. In particular, it has been reported that oxidative stress
increases the pro-inflammatory cytokines production such as
TNF-o and IL-6 (Tripathy et al. 2003; Feldstein et al. 2004). This
further suggested that oxidative stress and inflammatory response
interact with each other, and may contribute to the progression
of NAFLD with T2DM in a non-independent way. However, the
detailed interaction mechanism between oxidative stress and
inflammatory response needs to be studied in the future.
Meanwhile, there are several limitations in the current study. For
example, the results of this study only reflect the pharmacody-
namic effect of TGJ. Nevertheless, the metabolomics methods
will be used to analyse the pharmacodynamic effect biomarkers
of TGJ in the future.

Conclusions

Qur results revealed that TGJ was able to diminish the levels of
inflammatory indicators (e.g., TNF-o, IL-6, IL-1B, CRP) and
increase the levels of oxidative stress indicators such as GSH-PX
and SOD. Therefore, it can be concluded that TGJ may be a
therapy for the NAFLD with T2DM rats through modulating the
inflammatory response and the capacity of oxidative stress, espe-
cially the high dose of TGJ. These findings will lay a foundation
for the application of TGJ in NAFLD with T2DM treatment.

Disclosure statement

The authors report no conflicts of interest.

Funding

This work was supported by the Hubei Provincial Natural Science
Foundation [grant number 2016CFB341]; Wuhan Young and
Middle-aged Medical Talents [(2015) 9]; and Wuhan Medical
Science Research Funding Project (grant number WZ18MO02).

References

Black S, Kushner I, Samols D. 2004. C-reactive protein. ] Biol Chem.
279:48487-48490.

Church LD, McDermott MF. 2009. Canakinumab, a fully-human mAb
against IL-lbeta for the potential treatment of inflammatory disorders.
Curr Opin Mol Ther. 11:81-89.

Day CP, James OF. 1998.
Gastroenterology. 114:842-845.

Day CP. 2011. Non-alcoholic fatty liver disease: a massive problem. Clin Med
(London, England). 11:176-178.

Del RD, Stewart AJ, Pellegrini N. 2005. A review of recent studies on malon-
dialdehyde as toxic molecule and biological marker of oxidative stress.
Nutr Metab Cardiovasc Dis. 15:316.

Evans JL, Goldfine ID, Maddux BA, Grodsky GM. 2002. Oxidative stress and
stress-activated signaling pathways: a unifying hypothesis of type 2 dia-
betes. Endocr Rev. 23:599-622.

Evans JL, Goldfine ID, Maddux BA, Grodsky GM. 2003. Are oxidative stress-
activated signaling pathways mediators of insulin resistance and beta-cell
dysfunction? Diabetes. 52:1-8.

Evans JL, Maddux BA, Goldfine ID. 2005. The molecular basis for oxidative
stress-induced insulin resistance. Antioxid Redox Sign. 7:1040-1052.

Fan JG. 2013. Epidemiology of alcoholic and nonalcoholic fatty liver disease
in China. ] Gastroenterol Hepatol. 28:11-17.

Feldstein AE, Werneburg NW, Canbay A, Guicciardi ME, Bronk SF,
Rydzewski R, Burgart L], Gores GJ. 2004. Free fatty acids promote hepatic
lipotoxicity by stimulating TNF-o expression via a lysosomal pathway.
Hepatology. 40:185-194.

Feneberg A, Malfertheiner P. 2012. Epidemic trends of obesity with impact
on metabolism and digestive diseases. Digest Dis (Basel, Switzerland).
30:143-147.

Gao HY, Huang ], Wang HY, Du XW, Cheng SM, Han Y, Wang LF, Li GY,
Wang JH. 2013. Protective effect of Zhuyeqing liquor, a Chinese trad-
itional health liquor, on acute alcohol-induced liver injury in mice.
] Inflamm. 10:30-39.

Guariguata L, Whiting DR, Hambleton I, Beagley ], Linnenkamp U, Shaw JE.
2014. Global estimates of diabetes prevalence for 2013 and projections for
2035. Diabetes Res Clin Pract. 103:137-149.

Hallak H, Ramadan B, Rubin R. 2001. Tyrosine phosphorylation of insulin
receptor substrate-1 (IRS-1) by oxidant stress in cerebellar granule neu-
rons: modulation by N-methyl-p-aspartate through calcineurin activity.
] Neurochem. 77:63-70.

Hernindez-Beltrdn N, Moreno CB, Gutiérrez-Alvarez AM. 2013
Contribution of mitochondria to pain in diabetic neuropathy. Endocrinol
Nutr. 60:25-32.

Hotamisligil GS, Shargill NS, Spiegelman BM. 1993. Adipose expression of
tumor necrosis factor-alpha: direct role in obesity-linked insulin resist-
ance. Science (New York, NY). 259:87.

Howard C, Noe A, Skerjanec A, Holzhauer B, Wernsing M, Ligueros-Saylan
M, Thuren T. 2014. Safety and tolerability of canakinumab, an IL-1f

Steatohepatitis: a tale of two “hits"?



572 Y. FAN ET AL.

inhibitor, in type 2 diabetes mellitus patients: a pooled analysis of three
randomised double-blind studies. Cardiovasc Diabetol. 13:94-16.

Hu A, Yan L. 2010a. Clinical observation for treating type 2 diabetes mellitus
with fatty liver utilizing TangGanJian. Hubei ] Trad Chin Med. 32:16-18.

Hu A, Yan L. 2010b. Effects of TGJ on the liver function and pathological
morphology of liver tissue of rats suffered from diabetes and fatty liver.
J Integrated Trad Western Med. 2:229-232.

Imani Fooladi AA, Mahmoodzadeh HH, Nourani MR, Khani S, Alavian SM.
2013. Probiotic as a novel treatment strategy against liver disease.
Hepatitis Month. 13:e7521.

Kaneto H, Nakatani Y, Kawamori D, Miyatsuka T, Matsuoka TA, Matsuhisa
M, Yamasaki Y. 2005. Role of oxidative stress, endoplasmic reticulum
stress, and c-Jun N-terminal kinase in pancreatic beta-cell dysfunction and
insulin resistance. Int ] Biochem Cell Biol. 37:1595-1608.

Kelley DE, Mckolanis TM, Hegazi RA, Kuller LH, Kalhan SC. 2003. Fatty
liver in type 2 diabetes mellitus: relation to regional adiposity, fatty acids,
and insulin resistance. Am ] Physiol Endocr Metabol. 285:E906.

Lau DC, Dhillon B, Yan H, Szmitko PE, Verma S. 2005. Adipokines: molecu-
lar links between obesity and atherosclerosis. Am ] Physiol Heart Circul
Physiol. 288:H2031.

Li S, Brown MS, Goldstein JL. 2010. Bifurcation of insulin signaling pathway
in rat liver: mTORCI required for stimulation of lipogenesis, but not
inhibition of gluconeogenesis. Proc Natl Acad Sci USA. 107:3441-3446.

Maraschin JDF. 2013. Classification of diabetes. New York (NY): Springer.

Narasimhan S, Gokulakrishnan K, Sampathkumar R, Farooq S, Ravikumar R,
Mohan V, Balasubramanyam M. 2010. Oxidative stress is independently
associated with non-alcoholic fatty liver disease (NAFLD) in subjects with
and without type 2 diabetes. Clin Biochem. 43:815-821.

Park SH, Kim BI, Yun JW, Kim JW, Dong IP, Yong KC, Sung IK, Chang
YP, Chong IS, Jeon WK, et al. 2004. Insulin resistance and C-reactive pro-
tein as independent risk factors for non-alcoholic fatty liver disease in
non-obese Asian men. ] Gastroenterol Hepatol. 19:694-698.

Qin H, Jin-Ke L, Fang L, Ru-Gui L, Guo-Qing Z, Gang L, Wei-Xing D, Hua-
Bing T. 2015. Mechanism of action of gypenosides on type 2 diabetes and
non-alcoholic fatty liver disease in rats. World ] Gastroenterol. 21:2058.

Reddy VP, Zhu X, Perry G, Smith MA. 2009. Oxidative stress in diabetes
and Alzheimer’s disease. ] Alzheimer’s Dis. 16:763.

Schaffer SW, Jong CJ, Mozaffari M. 2012. Role of oxidative stress in dia-
betes-mediated vascular dysfunction: unifying hypothesis of diabetes revis-
ited. Vasc Pharmacol. 57:139-149.

Selvaraju V, Joshi M, Suresh S, Sanchez JA, Maulik N, Maulik G. 2012.
Diabetes, oxidative stress, molecular mechanism, and cardiovascular dis-
ease—an overview. Toxicol Mech Methods. 22:330-335.

Shibata M, Hakuno F, Yamanaka D, Okajima H, Fukushima T, Hasegawa T,
Ogata T, Toyoshima Y, Chida K, Kimura K, et al. 2010. Paraquat-induced
oxidative stress represses phosphatidylinositol 3-kinase activities leading to
impaired glucose uptake in 3T3-L1 adipocytes. ] Biol Chem.
285:20915-20925.

Shoelson SE, Lee J, Goldfine AB. 2008. Inflammation and insulin resistance.
FEBS Lett. 582:97-105.

Souza BM, Assmann TS, Kliemann LM, Gross JL, Canani LH, Crispim D.
2011. The role of uncoupling protein 2 (UCP2) on the development of
type 2 diabetes mellitus and its chronic complications. Arq Bras
Endocrinol Metabol. 55:239-248.

Szabo G, Petrasek J. 2015. Inflammasome activation and function in liver dis-
ease. Nat Rev Gastroenterol Hepatol. 12:387.

Tripathy D, Mohanty P, Dhindsa S, Syed T, Ghanim H, Aljada A, Dandona
P. 2003. Elevation of free fatty acids induces inflammation and impairs
vascular reactivity in healthy subjects. Diabetes. 52:2882-2887.

Tziomalos K, Athyros VG, Karagiannis A. 2012. Non-alcoholic fatty liver dis-
ease in type 2 diabetes: pathogenesis and treatment options. Curr Vasc
Pharmacol. 10:162-172.

Wang J, Hu A, Zhang J. 2007. Clinical study for improving the insulin resist-
ance of type 2 diabetes mellitus and fatty liver using TangGanJian. Hunan
J Tradit Chin Med. 23:22-23.



	Abstract
	Introduction
	Materials and methods
	Materials
	Animals
	Experimental protocols
	Measurement of serum and tissue indicators
	Haematoxylin and eosin (HE) analysis
	Statistical analysis

	Results
	Histopathological examination
	Effects of TGJ on insulin and glucose levels
	Effects of TGJ on serum ALT and AST levels
	Effects of TGJ on serum TNF-, IL-6, IL-1 and CRP levels
	Effects of TGJ on SOD, MDA and GSH-PX levels

	Discussion
	Conclusions
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


