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Abstract. The side effects of chemotherapy drugs have been 
hindering the progress of tumor treatment. The liver is the meta‑
bolic site of most drugs, which leads to the frequent occurrence 
of liver injury. Classical chemotherapy drugs such as piraru‑
bicin (THP) can also cause dose‑dependent hepatotoxicity, and 
the related mechanism is closely related to liver inflammation. 
Scutellarein (Sc) is a potential Chinese herbal monomer exhib‑
iting liver protection activity, which can effectively alleviate 
the liver inflammation caused by obesity. In the present study, 
THP was used to establish a rat model of hepatotoxicity, and 
Sc was used for treatment. The experimental methods used 
included measuring body weight, detecting serum biomarkers, 
observing liver morphology with H&E staining, observing cell 
apoptosis with TUNEL staining, and detecting the expression 
of PTEN/AKT/NFκB signaling pathways and inflammatory 
genes with PCR and western blotting. However, whether Sc can 
inhibit the liver inflammation induced by THP has not been 
reported. The experimental results showed that THP led to the 
upregulation of PTEN and the increase of inflammatory factors 
in rat liver, while Sc effectively alleviated the aforementioned 
changes. It was further identified in primary hepatocytes that 
Sc can effectively inhabited PTEN, regulate AKT/NFκB 
signaling pathway, inhibit liver inflammation and ultimately 
protect the liver.

Introduction

The liver is the metabolic organ of the majority of substances 
in the human organism, particularly various drugs  (1,2). 
Drug‑induced liver disease (DLD) is a kind of disease that 
causes liver damage when patients receive conventional drugs, 
Chinese herbal medicine, and health care products (3,4). With 

the advent of various new drugs, the occurrence of DLD is also 
showing an increasing trend (3‑5). The proportion of DLD in 
acute hepatitis and liver failure, is gradually increasing, which 
has aroused widespread concern of people and clinicians (3,4). 
The main clinical manifestations of DLD include fever, fatigue, 
anorexia and jaundice  (3,4,6,7). Laboratory examinations 
mainly focus on abnormal elevation of alanine aminotrans‑
ferase (ALT) and aspartate aminotransferase (AST) (8). In 
severe cases, cirrhosis, hypoproteinemia, coagulation dysfunc‑
tion and even liver failure may occur, threatening life (6,7). 
Pirarubicin (THP) is a common anthracycline antineoplastic 
drug, but its clinical application is often affected by its toxic 
and side effects, mainly including hepatotoxicity, cardiotox‑
icity and myelotoxicity (9‑11). A recent study reported that 
THP can induce accumulation of reactive oxygen species in 
hepatocytes, induce apoptosis and ferroptosis of hepatocytes, 
and finally cause liver damage (9). On the other hand, in the 
process of liver injury, inflammatory reaction also plays an 
important role (12,13). How to prevent and treat DLD and 
broaden the clinical application of corresponding drugs has 
become a thorny problem.

With the rapid development of the modernization of 
traditional Chinese medicine, finding effective ingredients 
from natural plants and developing new drugs from natural 
sources have become an effective means to protect the 
liver (14,15). Flavonoids are one of the important categories 
of secondary metabolites of plants, which are not only widely 
found in numerous medicinal plants, but also in almost all 
vegetables and fruits (16,17). They have excellent biological 
activities including anti‑oxidation, anti‑inflammatory, anti‑
cancer and organ protection, which are of great benefit to 
human health (16,18‑20). Scutellarein (Sc), (chemical name 4', 
5,6,7‑tetrahydroxyflavone) is the aglycone and active metabo‑
lite of scutellarin, which is widely distributed in Scutellaria 
genus of Labiatae family and Erigeron genus of Compositae 
family, particularly in the stems and leaves of Erigeron brevis‑
capus (Vaniot) and Scutellaria baicalensis Georgi (21). It is a 
natural flavonoid compound with stronger biological activity, 
particularly anti‑inflammatory effect (21,22). Previous studies 
have found that Sc has strong anti‑inflammatory, antioxidant, 
anti‑insulin resistance and regulatory effects on nonalcoholic 
fatty liver disease caused by obesity (23,24). However, it is 
unknown whether Sc has potential protective effect on DLDs, 
particularly those induced by THP.
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PTEN is a key molecule in the development of certain 
inflammatory diseases, which is widely expressed in the 
liver and mediates its physiological activities  (25‑27). For 
example, PTEN can promote the transformation of PIP3 to 
PIP2, weaken the phosphorylation process of AKT promoted 
by PIP3, and then indirectly activate the expression of NFκB, 
affect the secretion of inflammatory factors in hepatocytes, 
and finally regulate liver inflammation (28‑30). However, it is 
unknown whether the anti‑inflammatory effect of Sc can be 
achieved by regulating PTEN.

The purpose of the present study was to investigate the 
effect of Sc on the expression of PTEN and inflammatory 
response in THP‑induced rat liver and its possible mechanism, 
so as to provide experimental basis for exploring the specific 
mechanism of Sc in improving THP induced hepatotoxicity 
and screening therapeutic targets. It provides a theoretical 
basis for the development and application of Sc as a potential 
PTEN natural agonist to treat liver diseases.

Materials and methods

Reagents. THP (cat. no. HY‑13725) and Sc (cat. no. HY‑N0752) 
were purchased from MedChemExpress. Hematoxylin‑eosin 
staining kit (cat.  no. C 0105M) and Cell Counting Kit‑8 
(CCK‑8; cat.  no. C 0039) were purchased from Shanghai 
Biyuntian Biotechnology Co., Ltd. ALT (cat. no. C009‑2‑1), 
AST (cat. no. C010‑2‑1), CRP (cat. no. H126‑1‑2), monocyte 
chemoattractant protein‑1 (MCP‑1; cat.  no.  H115), IL‑1β 
(cat. no. H002‑1‑2) and IL‑6 (cat. no. H007‑1‑2) assay kits 
were purchased from Nanjing Jiancheng Bioengineering 
Research Institute. Lentiviral particles carrying PTEN 
(LvPTEN) and empty vector (LvControl) were constructed 
by Biotechnology Co., Ltd. The primary antibodies of 
PTEN (cat.  no.  22034‑1‑AP), AKT (cat.  no.  10176‑2‑AP), 
phosphorylated (p)‑AKT (cat. no. 80455‑1‑RR) and GAPDH 
(cat. no. 10494‑1‑AP) were purchased from Wuhan Protein 
Technology Biotechnology Co., Ltd. The primary anti‑
bodies of IκBα (cat. no. 4812S), p‑p65 (cat. no. 3033T) and 
t‑p65 (cat. no. 8242T) were purchased from Cell Signaling 
Technology, Inc. Secondary antibody [HRP‑conjugated goat 
anti rabbit IgG H + L (cat. no. 31460)] was purchased from 
Thermo Fisher Scientific, Inc. All reagents were of analytical 
grade.

Animals. The present study was approved by the Ethics 
Committee for Experimental Animals of The Affiliated 
Hospital of Chengdu University (Chengdu, China). The 
IACUC number of animal experiment is CDFS12020220056. 
A total of 20 male SD rats (8 weeks‑old, 180‑200 g) were 
purchased and raised in the Experimental Animal Center of 
Chengdu University. Rat grouping was as follows: i) Control 
group, normal saline; ii) Sc group, 100 mg/kg Sc + normal 
saline; iii) THP group, normal saline + 3 mg/kg THP; and 
iv) Sc + THP group, 100 mg/kg Sc + 3 mg/kg THP. Sc was 
administered by gavage and THP was administered by intra‑
venous injection. Sc was dissolved in a very small amount 
of DMSO before being dissolved in normal saline (DMSO: 
normal saline ≈1:1,000). The animal model was established 
for 6 weeks, venous blood was received once a week, and body 
weight and food intake were measured once a week. The rats 

were housed under normal laboratory conditions (21±2˚C, 
12/12‑h light/dark cycle, humidity 50‑60%) with free access to 
standard pellet diet and water.

Sample collection and stain. The rats were anesthetized 
with pentobarbital sodium (40 mg/kg intraperitoneally) and 
then sacrificed by cervical dislocation. Blood and liver tissue 
were collected from aorta rapidly, and the bleeding serum 
was centrifuged (22˚C, 1,000 x g, 15 min). The venous blood 
obtained every week was also separated by this method. The 
liver tissue was cleaned in normal saline, partially fixed in 
paraformaldehyde (4%) solution (22˚C, 48 h), followed by 
dehydration, transparency, waxing, and embedding. The tissue 
was then sliced into sections of ~5 µm using a slicing machine. 
The other parts of the liver were frozen at ‑80˚C for subse‑
quent molecular research. TUNEL staining was performed 
according to the kit instructions. The paraffin sections of the 
liver were dewaxed, rinsed and soaked with protease K drop‑
wise (37˚C, 30 min), followed by DNase I reaction solution 
dropwise (37˚C, 30 min). Subsequently, after cleaning, TdT 
enzyme reaction solution was added dropwise to the sample 
(37˚C, 60 min, away from light). Then, after cleaning, strepta‑
vidin TRITC working solution was added (37˚C, 30 min, away 
from light) dropwise to the sample. Finally, DAPI staining 
solution was used to stain the nucleus (37˚C, 10 min, away from 
light). The sample was then cleaned, an appropriate amount of 
sealing agent (glycerol: PBS=6:4) was added dropwise, sealed 
and observed under an optical microscope.

Serum biomarkers of liver function and inflammatory factor. 
The levels of ALT, AST, CRP, MCP‑1, IL‑1β and IL‑6 in serum 
were determined according to the corresponding kit protocol.

Histological analysis. The liver tissue was paraffin‑embedded 
through fixation, dehydration, transparency, wax penetration 
and embedding, and finally sectioned to become 4‑5‑µm thick 
paraffin sections. Then, paraffin sections were used for hema‑
toxylin and eosin (H&E) staining for histopathology. Staining 
images were viewed using a Nikon eclipse 80i microscope 
(Nikon Corporation) at a magnification of x200.

Cell extraction of primary rat hepatocytes. A male SD rat 
(4 week) was purchased from the Animal Experiment Center 
of Chengdu University and fixed after disinfection. The 
abdominal cavity was opened to expose the hepatic portal vein 
and inferior vena cava. The hepatic portal vein was perfused 
(5 ml/min), and the inferior vena cava was opened to clear 
the blood. Then collagenase IV was replaced and perfusion 
was continued until the liver became soft. After removing the 
blood vessels and capsule in the liver tissue, the liver tissue 
was separated, filtered with 100 µm sieve, and then washed. 
After centrifugation at 1,800 x g for 5 min (22˚C), it was resus‑
pended in DMEM medium (containing 10% FBS). Cells were 
counted (primary hepatocytes were magnified at x100 under a 
light microscope for observation), and the mixed cell suspen‑
sion was transferred into a cell culture dish for 48 h. Later, it 
was found that the morphology of primary hepatocytes was 
consistent, and island like connections were formed between 
the cells. The extraction scheme of primary hepatocytes in the 
present study was derived from a previous study (31).
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CCK‑8 method to explore the optimal concentration of 
THP and Sc and the viability of hepatocytes. Hepatocytes 
were treated with increasing concentrations of THP (0, 1, 5, 
10 and 20 µmol/l) for the following time intervals: 0, 6, 12, 
24 and 48 h. Under the optimal THP treatment concentration 
and time, the Sc treatment concentration was set to 0, 20, 
40, 80, 160 and 320 µmol/l. According to the instructions of 
CCK‑8 test kit, the cell viability of primary hepatocytes in 
each group was detected. Briefly, hepatocytes suspension was 
inoculated into a 96‑well plate (~5,000 cells per well), and 
after drug stimulation, 10 µl of CCK‑8 solution was added to 
each well. After further incubation for 1 h in the cell culture 
chamber (pH, 7.2‑7.4; temperature, 37˚C; humidity, 95%; CO2, 
5%), the absorbance value at 450 nm was measured using an 
enzyme‑linked immunosorbent assay.

Lentiviral particles processing. In the present study, PTEN 
gene was overexpressed by lentiviral particles (Lv). PTEN 
specific lentivirus (shRNA sequence: 5'GCT​AGA​ACT​
TAT​CAA​ACC​CTT‑3') and non‑targeted control lentivirus 
(shRNA sequence: 5'CAA​CAA​GAT​GAA​GAG​CAC​CAA‑3') 
were purchased from Qingke Biotechnology Co., Ltd. The 
packaging and transfection of lentivirus and the screening 
of cells were all completed by Qingke Biotechnology Co., 
Ltd. Before transfection, 293T cells (Qingke Biotechnology 
Co., Ltd.) were cultured to 80‑90% degree of polymeriza‑
tion, PEI (1 µg/µl) and plasmid were dissolved in Optimem 
respectively, and then mixed. After 48 h, centrifugation was 
performed (4˚C, 18,00 x g, 10 min), and the supernatant was 
received and mixed with 5X PEG8000. Then centrifugation 
(4˚C, 2,500 x g, 20 min) was performed to obtain the virus. 
According to the manufacturer's instructions, lentiviral vector 
was transferred into primary hepatocytes under the 15 µg/ml 
Polybrene with a complex multiplicity of infection (MOI) 
of 10. The DMEM was changed 24 h after infection. After 
72 h, primary hepatocytes were screened using 2.0 µg/ml 
puromycin and cultured at 37˚C in an incubator containing 
95% air and 5% carbon dioxide. The generation system used 
was 3rd. All the aforementioned reagents were obtained from 
Qingke Biotechnology Co., Ltd. The corresponding operation 
scheme can be observed at the following link: https://tsingke.
com.cn/equipment/Modified_synthesis.

Primary hepatocytes grouping and treatment. Briefly, primary 
hepatocytes were divided into 7 groups and treated for 24 h: 
i) Control group, ii) THP group (5 µmol/l THP), iii) Sc + THP 
group (80 µmol/l Sc + 5 µmol/l THP), iv) LvControl group 
(non‑targeted Control lentivirus vector), v) LvControl + THP 
group (non‑targeted Control lentivirus vector + 5  µmol/l 
THP), vi)  LvPTEN group (lentiviral vector of PTEN), 
and vii) LvPTEN + Sc group (lentivirus vector of PTEN + 
80 µmol/l Sc).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from frozen pulverized rat liver and 
primary hepatocytes using TRIzol (Invitrogen; Thermo 
Fisher Scientific, Inc.), then was transcribed by two‑step 
method using Super script First‑Strand Synthesis System. The 
RT‑qPCR thermocycling conditions were as follows: Initial 
denaturation at 95˚C for 10 min, followed by 40 cycles of 95˚C 

for 15 sec and 64˚C for 30 sec. The 2‑ΔΔCq method was used to 
calculate the relative number of tested genes (32). The PCR 
products were quantified with the SYBR Green PCR Master 
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.), and 
the results were normalized to β‑actin gene expression. The 
primer sequences were as follows: PTEN forward, 5'‑CAA​
TGA​CAG​CCA​TCA​TCA​AAG​AG‑3' and reverse, 5'‑GCT​
CAG​ACT​TTT​GTA​ATT​TGT​G‑3'; NFκB forward, 5'‑AGA​
GGA​TTT​CGA​TTC​CGC​TA‑3' and reverse, 5'‑CGT​GAA​
GTA​TTC​CCA​GGT​TTG‑3'; IL‑1β forward, 5'‑GAC​CTG​TTC​
TTT​GAG​GCT​GAC‑3' and reverse, 5'‑TTC​ATC​TCG​AAG​
CCT​GCA​GTG‑3'; IL‑6 forward, 5'‑AAC​CAC​GGC​CTT​CCC​
TAC​TTC‑3' and reverse, 5'‑GAT​GAA​TTG​GAT​GGT​CTT​
GGT​C‑3'; TNF‑α forward, 5'‑GCC​TCT​TCT​CAT​TCC​TGC​
TT‑3' and reverse, 5'‑TGG​GAA​CTT​CTC​ATC​CCT​TTG‑3'; 
VCAM‑1 forward, 5'‑AAG​TGG​AGG​TCT​ACT​CAT​TCC‑3' 
and reverse, 5'‑GGT​CAA​AGG​GGT​ACA​CAT​TAG‑3'; and 
β‑actin forward, 5'‑AGC​TGA​GAG​GGA​AAT​CGT​GC‑3' and 
reverse 5'‑ACC​AGA​CAG​CAC​TGT​GTT​GG‑3'.

Western blotting. Firstly, radioimmunoprecipitation assay 
buffer (cat. no. P0013B; Shanghai Biyuntian Biotechnology 
Co., Ltd.) was added to the tissue or cells to extract proteins, 
and the protein concentration was measured using a BCA 
protein concentration detection kit (cat. no. P0010; Shanghai 
Biyuntian Biotechnology Co., Ltd.). Subsequently, protein 
loading buffer was added (cat. no. P0015; Shanghai Biyuntian 
Biotechnology Co., Ltd.) and lysates were heated at 95˚C for 
10 min to denature the protein. In turn, liver tissue lysates 
or cell lysates (~20 µg) were subjected to SDS‑PAGE (10%). 
Subsequently, the protein was transferred to the PVDF 
membrane at  4˚C and PVDF membrane was soaked in 
QuickBlock™ Blocking Buffer (cat.  no. P0220; Shanghai 
Biyuntian Biotechnology Co., Ltd.) at room temperature for 
15 min. The membrane was incubated at 4˚C for 14 h with the 
following primary antibodies against: PTEN (1:1,000), AKT 
(1:1,000), p‑AKT (1:1,000), IκBα (1:1,000), p‑p65 (1:1,000), 
t‑p65 (1:1,000) and GAPDH (1:5,000). Following the primary 
incubation, the membrane was incubated with secondary 
antibody (1:10,000) at room temperature for 1 h. Subsequently, 
protein visualization was performed using BeyoECL Plus 
(Beyotime Institute of Biotechnology) and Image Lab 2.5.2 
software (Bio Rad Laboratories, Inc.). GAPDH was used as an 
internal reference protein.

Statistical analysis. The SPSS software (version 18.0; SPSS, 
Inc.) was used for statistical analysis. Data are expressed as 
the mean ± SEM. The normal distribution and homogeneity 
of variance of the data was detected using one‑way or two‑way 
ANOVA. Tukey's multiple comparison post hoc test was used to 
analyze the significant differences between the groups. P≤0.05 
was considered to indicate a statistically significant difference.

Results

Effects of Sc and THP on body weight and feed intake of rats. 
During the 6‑week period, in THP group rats, the body weight 
decreased significantly from the third week (vs. Control, 
Fig. 1A), and the feed intake decreased significantly from 
the second week (vs. Control, Fig. 1B). The body weight and 
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food intake of rats in the Sc + THP group began to increase 
at week 4 (vs. THP, Fig. 1A and B). Sc alone had no statisti‑
cally significant effect on the weight and feed intake of rats (vs. 
Control, Fig. 1A and B).

Effects of Sc and THP on ALT and AST in serum and holism 
of rats. During the 6‑week period, in THP group rats, the ALT 
increased significantly from the fourth week (vs. Control, 
Fig. 1C), and the AST increased significantly from the third 
week (vs. Control, Fig. 1D). The ALT and AST in serum of 
rats in the Sc + THP group began to decrease at week 4 (vs. 
THP, Fig. 1A and B). Sc alone had no statistically significant 
effect on the ALT and AST in serum of rats (vs. Control, 
Fig. 1A and B).

Effects of Sc and THP on serum inflammatory factor and 
liver histomorphology of rats. After 6 weeks, the serum CRP 
(Fig. 2A), IL‑1β (Fig. 2B), IL‑6 (Fig. 2C) and MCP‑1 (Fig. 2D) 
of THP group rats were significantly increased (vs. Control). 
Serum CRP (Fig. 2A), IL‑1β (Fig. 2B), IL‑6 (Fig. 2C) and 
MCP‑1 (Fig. 2D) of Sc + THP group rats were significantly 
decreased compared with the THP group. Sc alone has no 
statistically significant effect on inflammatory factors in rat 
serum (vs. Control, Fig. 2A‑D).

As revealed in Fig. 2E, the liver tissue morphology of 
rats in the control group was normal, while that of rats in 

the THP group exhibited disorder of hepatocyte fusion and 
arrangement, increased cell gap, abnormal nucleus and blood 
cell infiltration, while that of rats in the Sc + THP group was 
relatively light. Sc alone had no significant effect on the liver 
histomorphology of rats.

The results demonstrated also that there were almost no 
apoptotic cells in the liver tissues of rats in the control group 
and Sc group, while some apoptotic cells appeared in the liver 
tissues of rats in the THP group, while those in the Sc + THP 
group were relatively light (Fig. 2F).

Effects of Sc and THP on liver PTEN/AKT/NFκB signal 
pathway in rats. The expression of p‑AKT/t‑AKT and IκBα 
protein in the liver of THP group rats decreased significantly, 
and the expression of p‑p65/t‑p65 and PTEN protein increased 
significantly (vs. Control, Fig. 3A‑E). The corresponding protein 
expression in Sc + THP group was significantly reversed (vs. 
THP, Fig. 3A‑E). The liver protein expression in Sc alone group 
was not significantly abnormal (vs. Control). Semi‑quantitative 
analysis of PTEN (Fig. 3B), p‑AKT/t‑AKT (Fig. 3C), IκBα 
(Fig. 3D) and p‑p65/t‑p65 (Fig. 3E) provided more evidence. 
Sc alone had no significant effect on PTEN/AKT/NFκB signal 
pathway in rat liver (vs. Control).

Effects of Sc and THP on liver PTEN gene and inflammatory 
gene in rats. PCR results of rat liver demonstrated that PTEN 

Figure 1. Dynamic changes of body weight, food intake and liver function in rats during 6 weeks. (A) The effect of THP and Sc on the Body weight of rats 
during 6 weeks. (B) The effect of THP and Sc on the food intake of rats during 6 weeks. (C) The effect of THP and Sc on the ALT in serum of rats during 
6 weeks. (D) The effect of THP and Sc on the AST in serum of rats during 6 weeks. Values are expressed as Mean ± SD. *P<0.05 (THP vs. Control) and ̂ P<0.05 
(Sc + THP vs. THP). THP, pirarubicin; Sc, scutellarein; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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gene (Fig.  3F) and inflammatory gene NFκB (Fig.  3G), 
TNF‑α (Fig. 3H), IL‑1β (Fig. 3I), IL‑6 (Fig. 3J) and VCAM‑1 
(Fig. 3K) were significantly increased and IL‑10 (Fig. 3L) 
gene was significantly decreased in the liver of rats in THP 
group (vs. Control), while the level of Sc + THP group was 
significantly reversed (vs. THP, Fig. 3F‑L). Sc alone had no 
significant effect on PTEN gene and inflammatory gene in rat 
liver (vs. Control).

Optimum concentrations of THP and Sc in primary 
hepatocytes. As revealed in Fig. 4A, in the time‑concentration 
gradient relationship of THP treatment of primary hepatocytes, 
1 µmol/l THP had little effect on the viability of hepatocytes 

within 48 h. However, 10 and 20 µmol/l THP had significant 
effect on the viability of hepatocytes within 48 h; Therefore, 
5 µmol/l THP was selected as the treatment concentration. 
At 24 h, 5 µmol/l THP inhibited the viability of hepatocytes 
to ~50%, which was suitable for the experiment. Therefore, 
5 µmol/l THP and 24 h were selected as the final treatment 
concentration and time.

It was identified that in the concentration gradient relation‑
ship of primary hepatocytes treated with Sc, 20 and 40 µmol/l 
Sc have little effect on the viability of THP‑treated hepa‑
tocytes (vs. THP, Fig. 4B). A total of 80 and 160 µmol/l Sc 
significantly increased the viability of hepatocytes (vs. THP), 
thus 80 µmol/l Sc was selected as the treatment concentration. 

Figure 2. Changes of serum inflammatory factors and liver tissue morphology in rats. (A‑D) The effect of THP and Sc on the (A) CRP (B) IL‑1β (C) IL‑6 and 
(D) MCP‑1 in serum of rats. (E) The effect of THP and Sc on the liver tissue morphology in rats. (F) TUNEL stain. Values are expressed as the mean ± SD. 
*P<0.05. THP, pirarubicin; Sc, scutellarein; MCP‑1, monocyte chemoattractant protein‑1.
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Similarly, 80 µmol/l Sc alone did not significantly affect the 
viability of hepatocytes (vs. Control).

Effects of Sc and THP on hepatocyte viability. As shown in 
Fig. 4C, both THP (vs. Control) and LvPTEN (vs. LvControl) 
significantly decreased the viability of hepatocytes, while 
the viability of hepatocytes in the Sc + THP (vs. THP) and 
LvPTEN + Sc groups (vs. LvControl + THP) increased signifi‑
cantly. LvControl alone did not significantly affect the viability 
of hepatocytes (vs. Control).

Effects of Sc and THP on PTEN/AKT/NFκB signal pathway 
in hepatocytes. The expression of p‑AKT/t‑AKT and IκBα 
protein in the THP (vs. Control) and LvPTEN groups (vs. 
LvControl) decreased significantly, and the expression of 
p‑p65/t‑p65 and PTEN protein in the THP (vs. Control) 
and LvPTEN groups (vs. LvControl) increased significantly 
(Fig. 4D‑H). The corresponding protein expression in the Sc 
+ THP (vs. THP) and LvPTEN + Sc (vs. LvControl + THP) 
groups was significantly reversed (Fig. 4D‑H). The liver protein 

expression in LvControl alone group was not significantly 
aberrant (vs. Control). Semi‑quantitative analysis of PTEN 
(Fig. 4E), p‑AKT/t‑AKT (Fig. 4F), p‑p65/t‑p65 (Fig. 4G) and 
IκBα (Fig. 4I) provided more evidence.

The results also revealed that the expression of nuclear 
p‑p65/t‑p65 protein was significantly increased in the THP 
(vs. control group) and LvPTEN groups (vs. LvControl), while 
it was significantly reversed in the Sc + THP group (vs. THP) 
and LvPTEN + Sc group (vs. LvControl + THP, Fig. 4I). There 
was no significant abnormality in nuclear protein expression in 
the single LvControl group (compared with the control group). 
Semi‑quantitative analysis provides additional evidence for 
nuclear p‑p65/t‑p65 (Fig. 4J).

Effects of Sc and THP on PTEN gene and inflammatory 
gene in hepatocytes. PCR results of hepatocytes showed that 
PTEN gene (Fig. 5A) and inflammatory gene NFκB (Fig. 5B), 
TNF‑α (Fig. 5C), IL‑1β (Fig. 5D), IL‑6 (Fig. 5E) and VCAM‑1 
(Fig. 5F) increased significantly and IL‑10 (Fig. 5G) decreased 
significantly in the THP (vs. Control) and LvPTEN groups 

Figure 3. Changes of the hepatic PTEN/AKT/NFκB signaling pathway and inflammation‑related genes in rats. (A) The effect of THP and Sc on the p65, 
AKT, PTEN and IκBα protein expression in liver of rats. (B‑E) Semi‑quantitative analysis of (B) PTEN, (C) AKT, (D) IκBα and (E) p65 protein expression. 
(F‑L) The effect of THP and Sc on (F) PTEN, (G) NFκB, (H) TNF‑α, (I) IL‑1β, (J) IL‑6, (K) VCAM‑1 and (L) IL‑10 gene expression in liver of rats. Values 
are expressed as the mean ± SEM. *P<0.05. THP, pirarubicin; Sc, scutellarein; p‑, phosphorylated.
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(vs. LvControl), and the corresponding gene expression in 
the Sc + THP (vs. THP) and LvPTEN + Sc (vs. LvControl + 
THP) groups was significantly reversed. The hepatocytes gene 
expression in LvControl alone group was not significantly 
aberrant (vs. Control).

Diagram of PTEN/AKT/NFκB signal pathway and 
inflammation. As shown in the diagram of Fig. 5H, THP 
activates the expression of PTEN in hepatocytes, leading to 
the decrease of PIP3, which leads to the decrease of AKT 
phosphorylation, and finally activates the expression of NFκB. 
NFκB binds IκBα and then transfers to the nucleus, eventually 
causing the explosion of inflammatory factors in the hepato‑
cytes, leading to liver inflammation. Sc effectively inhibits the 
expression of PTEN activated by THP, and finally alleviates 
the liver inflammatory reaction.

Discussion

In the present study, it was found that the hepatotoxicity caused 
by THP increased in a dose‑dependent and time‑dependent 
manner. For example, during the 6‑week THP administration 
period, the body weight and food intake of rats decreased 
continuously, and the serum ALT and AST increased continu‑
ously. When hepatocyte necrosis is caused by various reasons, 
ALT and AST are released into the blood in large quanti‑
ties; as a result, they are important indicators and sensitive 
markers for the diagnosis of viral hepatitis and drug‑induced 
hepatitis (33,34). Drugs and compounds that are toxic to the 
liver, including chlorpromazine, isoniazid, quinine, salicylic 
acid preparations, ampicillin, carbon tetrachloride and organic 
phosphorus, can lead to increased serum ALT and AST 
activities (3,35).

Figure 4. Changes of hepatocyte viability and the PTEN/AKT/NFκB signaling pathway. (A) Selection of the optimal concentration of THP for hepatocyte 
treatment. (B) Under the condition of 5 µmol/l THP treatment, the optimal concentration of Sc for hepatocyte treatment was selected. (C) Effects of THP, Sc 
and Lentivirus on the viability of hepatocytes. (D) The effect of THP, Sc and Lentivirus on the p65, AKT, PTEN and IκBα protein expression in hepatocytes. 
(E‑H) Semi‑quantitative analysis of (E) PTEN, (F) AKT, (G) p65 and (H) IκBα protein expression. (I) The effect of THP, Sc and Lentivirus on the nucleus p65 
protein expression in hepatocytes. (J) Semi‑quantitative analysis of nucleus p65 protein expression. Values are expressed as the mean ± SEM. *P<0.05. THP, 
pirarubicin; Sc, scutellarein; p‑, phosphorylated.
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In order to find out how THP causes liver damage, the 
relevant inflammatory markers and genes were examined. 
The results showed that inflammatory markers and inflam‑
matory genes were significantly increased in serum and 
hepatocytes. The expression of p‑AKT and IB decreased, 
while the expression of PTEN and p‑p65 increased. Similarly, 
the gene expression of PTEN also increased. In further cell 
research, it was found that overexpression of PTEN gene 
showed a similar phenomenon to THP treatment, such as 
downregulation of p‑AKT and upregulation of p‑p65, and the 
expression of corresponding inflammatory genes, including 

NFκB, TNF‑α, IL‑1β, IL‑6 and VCAM‑1, were significantly 
upregulated. PTEN gene exists in almost all tissues in the 
organism and can modify other proteins and fats by removing 
phosphate groups  (36). Therefore, it is characterized as a 
phosphatase gene. It is the first tumor suppressor gene with 
double specific phosphatase activity found so far and plays 
an important role in cell growth, apoptosis, adhesion, migra‑
tion and invasion (27,36,37). PIP3 is the main substrate of 
PTEN, while AKT is the serine and threonine kinase down‑
stream of PI3K/PTEN  (29,36). PTEN converts PIP3 into 
PIP2 through dephosphorylation, maintaining a low level of 

Figure 5. Changes of inflammation gene in hepatocytes. (A‑G) The effect of THP, Sc and Lentivirus on the (A) PTEN, (B) NFκB, (C) TNF‑α, (D) IL‑1β, 
(E) IL‑6, (F) VCAM‑1 and (G) IL‑10 gene expression in hepatocytes. (H) Diagram of the PTEN/AKT/NFκB signaling pathway and inflammation. Values are 
expressed as the mean ± SEM. *P<0.05. THP, pirarubicin; Sc, scutellarein.
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PIP3 in cells (38). PIP3 is an important second messenger, 
which can recruit AKT and PDK to the inner side of the cell 
membrane and activate PDK to promote the phosphorylation 
of AKT (30,36). PTEN attenuates this change, thereby nega‑
tively regulating the AKT signal.

AKT is an important target to interfere with inflamma‑
tion (39). When AKT signal is activated, it can inhibit the 
release of proinflammatory factors including NFκB, IL‑1β, 
IL‑6 and TNF‑α and promote the expression of anti‑inflam‑
matory factors such as IL‑10 and TGF  (39,40). As a key 
nuclear transcription factor in inflammatory reaction, NFκB 
usually binds to the inhibitor proteins of NFκB (IκB) in the 
form of heterodimer formed by p50 and p65, and exists in 
the cytoplasm in an inactive form (41,42). When subjected to 
upstream stimulus signal, IκB is phosphorylated and degraded 
under IKK induction to activate NFκB (42‑44). The activated 
NFκB enters the nucleus to initiate gene transcription, and 
produces and releases inflammatory factors including IL‑1β, 
IL‑6 and TNF‑α, and the released inflammatory factors can 
in turn act again and activate NFκB, forming positive feed‑
back regulation, thus amplifying the inflammatory reaction 
cascade (45,46).

Another outstanding finding of the present study was 
that Sc appears to have the potential to prevent THP‑induced 
liver inflammation. Similar to its pathogenesis, Sc can inhibit 
the activation of PTEN, in turn activate the phosphorylation 
of AKT, inhibit the release of numerous proinflammatory 
factors, and ultimately improve the liver inflammatory state. 
As one of the representative drugs of natural flavonoids, Sc 
has great potential in anti‑inflammatory efficacy (21,22). In 
the study of non‑alcoholic fatty liver disease, it was found 
that Sc has significant anti‑obesity, anti‑insulin resistance, 
anti‑inflammatory and antioxidant effects in the liver (23,24). 
The specific mechanism is closely related to the inhibition 
of gene expression of inflammatory cytokines and the fine 
regulation of genes responsible for energy metabolism (23,24). 
However, it is worth noting that Sc can inhibit the prolifera‑
tion and metastasis of HepG2 cells by upregulating PTEN and 
the PI3K/AKT/NFκB signaling pathway in the study of liver 
cancer  (20). A previous study also found that Sc induced 
Fas‑mediated exogenous apoptosis and G2/M cell cycle arrest 
in Hep3B hepatoma cells, indicating that Sc may be used as 
a potential natural drug for the treatment of liver cancer (47). 
Although this is in contrast to the results of the present study 
in hepatocytes, it is considered that this may be due to the 
heterogeneity between liver cancer cells and normal hepato‑
cytes. In short, Sc is beneficial in both anti inflammation and 
elimination of liver cancer cells in the liver. The therapeutic 
effect and even adjuvant anti‑tumor effects of Sc have been 
demonstrated in studies targeting other organs (48,49). For 
example, in the study of bleomycin (BLM)‑induced pulmonary 
fibrosis, it was found that Sc not only alleviated BLM induced 
pulmonary fibrosis, but also increased tumor cell apoptosis 
in combination with BLM treatment (49). In another study, 
Sc was confirmed to play a role in treating atherosclerosis 
by regulating the Hippo‑FOXO3A and PI3K/AKT signaling 
pathways (48). These studies have proven that Sc is a powerful 
organ‑protective compound, but there remains a long way to 
go in terms of its specific application in clinical treatment of 
human diseases.

In conclusion, increasing evidences have demonstrated that 
inhibiting the activation of PTEN is considered to be an effec‑
tive therapeutic strategy to alleviate hepatitis, whether viral 
or pharmaceutical. Chinese traditional herbal extracts have 
attracted increasing researchers' interest due to their competi‑
tive advantages of safety, cheapness and easy access. Although 
most Chinese herbal extracts have not been fully character‑
ized, the research is also in the preliminary stage, and the 
clinical efficacy remains to be determined. Nevertheless, a 
large number of studies have identified that Sc has numerous 
beneficial effects on various liver diseases, particularly 
anti‑inflammatory effects. It is worth noting that the current 
study demonstrated that Sc, as a potential natural inhibitor 
of PTEN, regulates the AKT/NFB signaling pathway, effec‑
tively alleviates the upregulation of PTEN and the outbreak 
of inflammatory factors in the liver caused by THP, and 
ultimately protects liver function, providing a theoretical and 
experimental basis for clarifying the pharmacological role of 
Sc in liver protection.
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