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ABSTRACT
Aim: Hepatotoxicity is one of the most important secondary com-
plications of diabetes. The leading causes of diabetes-induced liv-
er damage are oxidative stress and inflammation. Sinapic acid (SA) 
has been proposed as a potent antioxidant and antiinflamatuar. In 
the present study, we aimed to investigate the hepatoprotective 
effects of SA by evaluating TNF-α, AST, ALT levels, and histologi-
cal changes in the experimental diabetes model.

Material and Method: Rats were divided into four groups (n=7): 
Sham (S), SA, Diabetic (D), Diabetic+Sinapic Acid (D+SA). S group 
was given only saline by intragastric (i.g.). SA group was received 
20 mg/kg/day SA by i.g. for 28 days. D group was injected with a 
single dose of 50 mg/kg streptozotocin (STZ) intraperitoneal (i.p.). 
D+SA was injected with a single dose of 50 mg/kg STZ i.p. and 
received 20 mg/kg/day SA by i.g. for 28 days. Tumor necrosis 
factor-alpha (TNF-α) expression was measured using the immu-
nohistochemical method to assess inflammation in the liver. The 
liver was stained with Masson’s trichrome (MT) stain to evaluate 
possible fibrosis in the liver and hematoxylin-eosin (H-E) stain for 
histological examination. In addition, serum aspartate aminotrans-
ferase (AST) and alanine transaminase (ALT) levels, which is liver 
function tests, were measured.

Results: S and SA groups had normal histological architecture 
and negative TNF-α immunoexpression. The D group had higher 
AST and ALT levels and MT staining intensity than the S group. 
In addition to severe TNF-α immunoexpression, histopathological 
changes such as vascular dilatation, apoptotic cells, and infiltra-
tion of inflammatory cells were observed in group D. TNF-α im-
munoexpression histopathological changes, AST and ALT levels 
decreased in the D+SA group compared to the D group.

Conclusion: Our study revealed that SA might have a hepatopro-
tective effect against hepatotoxicity in STZ-induced diabetic rats.
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ÖZET
Amaç: Hepatotoksisite diyabetin en önemli sekonder komplikas-
yonlarından biridir. Diyabetin neden olduğu karaciğer hasarının ana 
nedenleri oksidatif stres ve inflamasyondur. Sinapik asidin güçlü bir 
antioksidan ve antiinflamatuar olduğu öne sürülmüştür. Bu çalış-
mada, deneysel diyabet modelinde sinapik asidin (SA) hepatopro-
tektif etkilerini TNF-α, AST, ALT seviyeleri, MT boyama yoğunluğu 
ve histolojik değişiklikleri değerlendirerek araştırmayı amaçladık.

Materyal ve Metot: Sıçanlar dört gruba ayrıldı (n=7): Sham (S), SA, 
Diyabetik (D), Diyabetik+Sinapik Asit (D+SA). S grubuna intragastrik 
(i.g.) yolla serum fizyolojik verildi. SA grubuna 28 gün boyunca i.g. 
yolla 20 mg/kg/gün SA verildi. D grubuna tek doz 50 mg/kg STZ int-
raperitoneal (i.p.) enjekte edildi. D+SA grubuna, tek doz 50 mg/kg 
STZ i.p. yolla enjekte edildi ve 28 gün boyunca 20 mg/kg/gün SA 
i.g. yolla verildi. Tümor nekroz faktör-alfa (TNF-α) ekspresyonu im-
münohistokimyasal yöntemle değerlendirildi. Karaciğerde olası fibro-
zisi değerlendirmek için Masson’s trichrome (MT) boyası ve histolojik 
inceleme için hematoksilen-eozin (H-E) boyası ile karaciğer boyandı. 
Ayrıca karaciğer fonksiyon testleri olan serum AST ve ALT seviyeleri 
ölçüldü.

Bulgular: S ve SA grupları normal histolojik mimariye ve negatif 
TNF-a immüno-ekspresyonuna sahipti. S grubu ile karşılaştırıldı-
ğında, D grubu daha yüksek AST ve ALT seviyelerine ve MT bo-
yama yoğunluğuna sahipti. D grubunda şiddetli TNF-α immün 
ekpresyonunun yanı sıra vasküler dilatasyon, apoptotik hücreler ve 
inflamatuar hücrelerin infiltrasyonu gibi histopatolojik değişiklikler 
gözlendi. D grubu ile karşılaştırıldığında D+SA grubunda TNF-α im-
munoexpression, histopatolojik değişiklikler, AST ve ALT seviyeleri 
azaldı.

Sonuç: Çalışmamız, STZ ile indüklenen diyabetik sıçanlarda SA’nın 
hepatotoksisiteye karşı hepatoprotektif bir etkiye sahip olabileceği-
ni ortaya koydu.
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Introduction
The liver is one vital organ in the body, which per-
forms many vital functions such as detoxification, se-
cretion, synthesis, and storage. Liver damage, fibrosis, 
and liver inflammation have occurred due to many 
pathologies such as diabetes and viral infections1. 
Concern regarding diabetes is that diabetes can cause 
severe symptoms that can affect multiple vital organ 
systems such as hepatotoxicity, nephrotoxicity, reti-
notoxicity, neurotoxicity and are difficult to reverse2. 
Diabetes is thought to be one of the most important 
causes of liver disease. Therefore, the prevalence of 
liver disease in diabetic patients is quite high3. Two 
critical parameters of diabetes-induced liver injury 
are inflammation and oxidative stress4. Increased in-
flammatory response and oxidative stress are caused 
by hepatocyte injury and its death2. Proinflammatory 
cytokines such as TNF-α play an essential role in the 
pathogenesis of diabetes5. Hyperglycemia active the 
release of pro-inflammatory cytokine TNF-α that is 
produced mainly in macrophages6.

Primary prevention and early treatment are neces-
sary to avoid late diagnosis and advanced damage of 
diabetes. The growth and development of diabetic 
complications cause acute metabolic diseases such 
as obesity, insulin resistance, hyperglycemia, and hy-
perlipidemia7. Previous studies have reported that 
diabetes is associated with liver pathologies such as 
fibrosis, cirrhosis, increased liver function enzymes, 
and abnormal glycogen and fat accumulation in the 
liver1,8.

Since antidiabetic drugs cause undesirable side ef-
fects, it has been observed that the patient develops 
resistance after prolonged using9. New treatment 
strategies are needed due to the limited effective-
ness of existing treatments caused by these chronic 
symptoms in the long run. Animal models have long 
played a critical role in the study and elucidation of 
disease pathophysiology, identifying target therapeu-
tic molecules, and evaluating new therapeutic agents 
and treatments in vivo/in vitro. SA, found in various 
plants, has been reported to be an antihyperglycemic, 
antiinflamatuar, and antioxidant agent10–12. However, 
the mechanism of action of SA on the liver in diabetic 
animals is not fully understood. Therefore, we aimed 
to assess the possible protective effects of SA in the 
hepatotoxicity caused by STZ in diabetic rats by de-
termining TNF-α expression, liver function tests, and 
structural changes in the liver.

Materials and Methods

Drugs and Chemicals
SA (Sigma CAS number: 530-59-6) was acquired from 
Sigma-Aldrich. STZ (sc-200719) and TNF-α primary 
antibody (sc-52746) was obtained from Santa Cruz 
Biotechnology (Dallas, TX, United States).

Experimental Animals and Design
The experiment protocol was approved by Van 
Yüzüncü Yil University Animal Experiments Local 
Ethics Committee (approval number: 2019/12), Van, 
Turkey. In our study, we used a total of 28 adult Wistar 
albino rats (200–250 g weighing and 2–3 months 
old) obtained from Van Yüzüncü Yil University 
Experimental Medicine Application and Research 
Center. The animals were allowed to live under stan-
dard conditions (24±2°C, 12 h light/dark cycle), and 
their water and foods were given as ad libitum. The ani-
mals were grouped into 7 in each group.

 1. S group: The sham group was received saline for 
28 days.

 2. D group: All animals were injected 50 mg/kg with 
a single dose of STZ (i.p.)12,13.

 3. SA group: All animals in this group were admin-
istered 20 mg/kg with a dose of SA for 28 days 
(i.g.)14.

 4. D + SA group: All animals in this group were ad-
ministered 20 mg/kg with a dose of SA (i.g.) after 
being administered STZ for 28 days.

Collection of Samples
The thoracic region was dissected, and blood taken 
from the heart was kept in heparinized tubes. The 
blood taken from the heart’s left ventricle from the dis-
sected thoracic region was transferred to heparinized 
tubes. For histological and immunohistochemical ex-
amination, liver tissue from rats was immersed in for-
malin solution for fixation.

Measurements of Liver Function Markers
Serums were obtained by centrifuging the blood sam-
ples at 3000 rpm (10 min). Then, serum was collected 
to measure AST and ALT levels. The samples were 
analyzed to determine ALT and AST levels via an au-
tomated biochemical autoanalyzer (Abbott, Architect 
ci16200, USA).
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Histological Analysis
After fixation and routine tissue processing, the liver was 
embedded in paraffin. Liver sections taken from paraffin 
blocks with a thickness of 5 µm were stained with H-E 
for histopathological evaluation of the liver and stained 
with M-T staining for possible liver fibrosis evaluation. 
Sections were examined by light microscopy (Olympus 
BX53, Japan). Stained sections were examined, an aver-
age of 10–15 areas were evaluated by random sampling 
for the liver of each animal in the groups. The findings 
were evaluated semi-quantitatively according to the 
degree of damage observed in the examined regions. 
Accordingly, it was evaluated as: normal tissue: –, very 
minor damage: + (damage <25%), minor damage: ++ 
(25–50%), medium damage: +++ (50–75%), severe 
damage: ++++ (damage >75%).

Immunohistochemical Analysis
The streptavidin peroxidase method was used for im-
munohistochemical analysis. 5 µm thick sections taken 
from paraffin blocks of the liver were deparaffinized 
and rehydrated and then incubated in 3% Hydrogen 
peroxide (H2O2), citrate buffer (ph 6.1), Ultra V Block, 
TNFα antibody (Santa Cruz Biotechnology, dilu-
tion ratio: 1/100), Biotinylated Goat Anti-Polyvalent 
and Streptavidin–peroxidase conjugate, respectively. 
Sections were washed in distilled water and then in-
cubated in Diaminobenzidine (DAB) as a chromogen 
and stained with Mayer’s hematoxylin as a counter-
stain. Immune positive cells in the sections were count-
ed and evaluated by H-score.

Statistical Analysis
Statistical analyses were performed by using SPSS 21.0 
software. The one-way analysis of variance (ANOVA) 
was used to determine the differences between the 
groups, followed by Tukey post hoc. P≤0.05. All group 
data were expressed as mean ± standard deviations (SD).

Results

Effects of SA on levels of AST and ALT in diabetic rats
We assessed liver function markers and found signifi-
cant increases in AST and ALT levels in the D group 
compared to the S group (p<0.05). But AST and ALT 
significantly decreased in the D+SA group compared 
to the D group (p<0.05). There was no significant dif-
ference in the SA group compared to the control group 
(Table 1).

Histological Observations of Liver Tissues With H-E and 
MT Stainings
In histological examination with H-E stain, S (Figure 
1A) and SA (Figure 1D) groups had normal histologi-
cal structure. Vascular dilatation, apoptotic cells, and 
infiltration of inflammatory cells were seen in the D 
group (Figure 1B). However, there were fewer apop-
totic cells and infiltration in the D+SA group com-
pared to the D group (Figure 1C).

In the light microscopic examination of the MT stain-
ing performed to evaluate fibrosis in the liver, dense 
fibrous tissue was found mainly around the vessel in 
group D (Figure 2B) compared to group S (Figure 
2A). However, SA treatment reduced fibrosis in dia-
betic rats (Figure 2C). MT staining of the SA group 
was similar to the S group.

Immunohistochemical Evaluation of TNF-α in the Liver
To determine the effects of SA on inflammation in 
the hepatic tissue, we assessed the expressions of the 
TNF-α using the immunohistochemical method. S 
(Figure 3A) and SA (Figure 3D) groups were negative. 
It was found that the expressions of TNF-α increased 
in the D group and especially around the central vein 
(Figure 3B). But, SA treatment reduced TNF-α ex-
pression in the liver tissue of STZ-induced diabetic 
rats (Figure 3C). The TNF-α score is given in Figure 4.

Table 1. Effects of the treatments of SA on AST and ALT levels in diabetic rats

Parameters

    Groups

C D D + SA            SA

AST activity (mIU/L) 145,00±16,06 a 459,71±91,72 b  245,71±32,08 a,b  117,57±5,99 a

ALT activity (IU/L) 48,57±4,38 a 319,00±52,44 b 184,57±15,15 a,b 40,71±0,94 a

Values are expressed as means ± SD. 
Significant differences as compared with the D group at P < 0.05. 
b Significant differences as compared with the C group at P < 0.05. 
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Figure 1.  Light microscopic images of liver sections stained with H-E 
staining (×40). The vessels were dilated in the D group (B) relative to the S 
group (A), and D+SA treated groups (C). Cell infiltration (arrow) and apop-
totic cells (arrow head) are observed in group D. Less cell infiltration, and 
apoptotic cells are kept in the D+SA group compared to the D group (×40).

Figure 2. Light microscopic images of liver sections stained with MT stain-
ing (×40). A, sham group; B, D group; C, D+SA group; D, SA group. Col-
lagen fibers are stained with blue. Group D has intense MT staining (B). 
D+SA has moderate MT (C).

Figure 3. Representative photomicrographs of immunohistochemical de-
tection of TNF-α in the rat liver tissue (×20). The liver sections of the S (A) 
and SA (D) groups are negative. The intense immunoexpression of TNF-α 
in D group (B) and low immunoexpression of TNF-α in D+SA group (C) 
are present. 

Figure 4. The immunohistochemical score of TNF-α expression. Intense 
TNF-α expression in group D and moderate TNF-α expression in group 
D+SA are observed.
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Hepatocytes play an essential role in the metabolism 
of different nutrients, especially carbohydrates26. The 
lipid metabolism pathogenesis and high-level glucose 
play an important role in liver pathogenesis, includ-
ing liver fibrosis27. It has been reported that TGF-β, 
which is accepted as an indicator of liver fibrosis, in-
creases the expression of extracellular matrix genes 
and thus causes liver fibrosis by increasing the accu-
mulation of type collagen fibrils1. In addition, MT 
staining was carried out to establish the fibrosis de-
gree or accumulation of collagen. The STZ-induced 
rat liver tissue sections showed noticeable collagen 
accumulation. But, SA treatment showed a notewor-
thy reduction in fibrosis in STZ-induced rats. These 
findings revealed that SA plays a significant role in 
liver protection, as evident by low collagen accumu-
lation in the SA treatment group. Our histopatho-
logical findings showed that SA reduced liver damage 
and dysfunction in diabetic rats.

The liver expresses receptors for many stimuli that 
stimulate inflammatory markers such as TNF-α, 
which cause the activation of kupffer cells28. 
Inflammation is a pathological condition primar-
ily associated with liver injury induced by diabetic 
complications29. Previous studies have reported the 
occurrence of liver inflammation in an experimental 
animal model of STZ-induced diabetes1. Wang et al. 
demonstrated that liver inflammation increased in 
diabetic rats, but Quercetin and Allopurinol reduced 
the increased liver inflammation30. Similarly, Chang 
et al. reported that liver inflammation increased in 
STZ-induced diabetic rats, and Resveratrol decreased 
the increased liver inflammation31. Consistent with 
the previous study1,30, according to the immunohis-
tochemical findings of our study, the expression of 
TNF-α, a marker of inflammation, increased in the 
liver of diabetic rats. In addition, histopathological 
findings revealed an increase in the infiltration of in-
flammatory cells in the liver sections of rats in the 
diabetic group. However, SA treatment decreased 
both TNF-α expression and cell infiltration in the 
liver. These findings of our study reveal that SA may 
have an anti-inflammatory effect in the liver of dia-
betic rats.

Conclusion

As a result, the findings of our study demonstrated that 
SA could have a hepatoprotective effect by reducing 
the increased inflammation, fibrosis and apoptotic cell 

Discussion
Diabetes, characterized by hyperglycemia, occurs 
mainly due to impaired insulin synthesis and secre-
tion15. It has many harmful effects on the structure 
and function of many organs, especially the liver. Some 
antioxidants, including SA, naturally occur as protec-
tive and hypoglycemic agents16. This study aimed to 
investigate the possible hepatoprotective effects of SA 
against SZT-induced hepatotoxicity.

It has been reported that AST and ALT increased in 
STZ-induced diabetic animals. The increase in lev-
els of these enzymes is an indication of disruption of 
hepatocyte membrane integrity17. Therefore, these 
enzymes are routinely used as serum enzyme mark-
ers in detecting liver diseases18. In our study, AST and 
ALT levels increased in the untreated diabetic group. 
But, SA treatment decreased AST and ALT levels in 
the D+SA group. Consistent with our study, Yang 
and Kang revealed that serum AST and ALT levels 
increased in STZ-induced diabetic rats. Still, querce-
tin and resveratrol treatment decreased the increased 
AST and ALT levels19. Elevated AST and ALT levels 
in serum are indicators of abnormal liver function re-
sulting from their release into the bloodstream from 
liver-damaged cells. The present study reveals that 
SA can exert a hepatoprotective effect against STZ-
induced hepatotoxicity by reducing the level of liver 
function enzymes. Our findings are compatible with 
the literature20.

Histopathological examinations with light microscopy 
are used in pathophysiology to give the morphologi-
cal structures of cells that can change when exposed 
to oxidative stress. Many studies have been found in 
the literature on hepatocyte replacement caused by 
metabolic diseases and therapeutic treatments21–24. 
In our study, changes such as apoptotic cells, enlarge-
ment of central vein, and sinusoids were observed in 
the light microscopic examination of the liver. But, SA 
treatment restored these pathological changes in liver 
histology. Consistent with the histopathological find-
ings of our study, Ghara et al. reported that the liver 
of diabetic animals exhibits pathological changes such 
as an abnormal sinusoid and necrosis. Still, Capparis 
decidua extract reduced these pathological changes25. 
Similarly, Nambirajan et al. reported that the liver ex-
hibited changes such as lipid accumulation, necrosis, 
and swelling of hepatocytes in diabetic rats treated 
with STZ. Still, the bud and flower of Avaram reduced 
these pathologies4.
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number in diabetic rats induced by STZ. Therefore, al-
though additional studies are needed to support our 
study’s findings, it is suggested that SA can be used as a 
hepatoprotective agent in diabetic patients.
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