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A B S T R A C T

In a previous study, we showed that octreotide alleviate hepatic fibrosis. However, its underlying molecular
mechanisms are still poorly understood. In the current study, rats with CCl4-induced liver injury and Hepatic
Stellate Cells (HSCs) were employed for in vitro and in vivo studies to observe the effects of octreotide on
progression of liver fibrosis. The results in rats indicated that octreotide remarkably alleviated hepatic injury.
The treated rats showed improved pathological manifestations and reduced liver indicators, e.g., liver weight,
liver index and liver hydroxyproline (Hyp) content. Additionally, activities of serum total bilirubin (TBIL), as-
partate transaminase (AST) and alanine transaminase (ALT), and serum levels of hyaluronic acid (HA), laminin
(LN), type IV collagen (IV-C) and procollagen III peptide (PIIIP) also decreased. Furthermore, releasing in-
flammatory factors and proliferation of activated HSCs under different treatments were detected in which levels
of IL-1β, IL-6, TNF-α decreased and hepatocytes proliferative capacity reduced through Bcl-2/Bax-dependent
apoptosis. Finally, our results demonstrated that octreotide was able to exert an inhibitory effect on the acti-
vation of HSCs regulating the PI3K/AKT signaling pathway. In summary, our study corroborated that octreotide
could prevent liver fibrosis probably via modulating Bcl-2/Bax and PI3K/AKT signaling pathway.

1. Introduction

Hepatic fibrosis is a dynamic wound-healing process in which the
liver responds to a series of chronic liver injuries, including viral in-
fection, alcohol consumption, cholestasis, autoimmune diseases and
non-alcoholic steatohepatitis [1,2]. It is well known that the activation
of hepatic stellate cells (HSCs) plays a key role in liver fibrogenesis
[3,4]. In normal liver tissue, HSCs remain quiescent within the perisi-
nusoidal space and keep the balance of the basal membrane matrix.
Correspondingly, HSCs would secrete a variety of pro-inflammatory
factors and extracellular matrix (ECM) proteins after activation leading
to the progression of liver fibrosis [5–7]. It is reported that damaged
hepatocytes are able to induce activation of HSCs by virtue of releasing
multiple fibrogenic cytokines and inflammatory factors [8]. Hence, it is
recommended to inhibit the release of fibrogenic cytokines and in-
flammatory factors and the proliferation of activated HSCs, which may

represents a potential strategy for the treatment of liver fibrosis.
Recently, several studies have investigated the mechanisms of liver

fibrosis, which indicate that PI3K/AKT signaling is closely associated
with the activation, proliferation and ECM synthesis of HSCs [9,10].
Additionally, it has been reported that the inhibition of PI3K/AKT
signaling via genetic and pharmacological methods suppresses the ac-
tivation of HSCs [11,12]. Biologically, the Bcl-2/Bax signaling pathway
is also estimated to be involved in the progression of hepatic fibrosis
through cell apoptosis pathway [13,14]. Bcl-2 and Bax, as the members
of Bcl-2 family, play an important role in apoptosis by modulating
mitochondrial outer membrane permeability [15]. It has also been re-
ported that Bcl-2/Bax signaling pathway could exert dual effects in
hepatocyte and activated HSCs in which hepatocyte apoptosis promotes
hepatic fibrosis and activated HSC apoptosis alleviates hepatic fibrosis
[16–18].

Somatostatin and its analogue, octreotide, are known to inhibit DNA
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synthesis and proliferation of activated HSCs [19]. Previous studies
have demonstrated that somatostatin exerted its inhibitive action on
activated HSCs by means of somatostatin receptors subtypes (SSTRs),
especially SSTR2 [20]. Meanwhile, there were studies demonstrated
that octreotide could alleviate liver fibrosis through the inhibitory ef-
fect on the activation of HSCs by down-regulating the expression of
transforming growth factor (TGF)-β [21]. Our previous study found that
octreotide could attenuate liver fibrosis by inhibiting the Wnt/β-catenin
signaling pathway [22]. However, further mechanisms underlying the
protective effect of octreotide on liver fibrosis remain to be explored.

In summary, the present study aims to investigate the effects of
octreotide on the progression of liver fibrosis through in vivo and in
vitro experiments and to evaluate inflammation, HSC activation,
apoptosis and their relevant signaling pathways to illustrate orche-
strated mechanism of the antifibrosis effect of octreotide.

2. Materials and methods

2.1. Animal models

Male Sprague-Dawley rats (180-200 g) were obtained from the
Experimental Animal Center of Anhui Medical University (Hefei, Anhui,
China). All animal experimental procedures were approved by the
Anhui Medical University Committee on the Care and Use of Animals.
All rats were housed under a 12 h light/dark cycle at 20–24 °C and
humidity was 40%–60% with free access to food and water.

Thirty rats were divided randomly into three groups: control group,
model group and octreotide group. Rats in the model group and the
octreotide group were subcutaneously injected with CCl4 was diluted
into 40% (v/v) in olive oil at a dose of 3mL/kg twice a week for
8 weeks to induce liver fibrosis. Meanwhile, rats in the octreotide group
were hypodermically injected with octreotide (Novartis Pharma AG,
Basel, Switzerland) diluted with saline (10 μg/kg) twice a day for
8 weeks. Rats in the control group were received with the same volume
of olive and saline at the same time intervals. Our pilot study showed
that octreotide had no toxicity at the dose of 10 μg/kg (data are not
shown). At the end of the experiment, all rats were anesthetized with
10% chloral hydrate and sacrificed. Blood was collected and cen-
trifuged (1000×g for 15min) to determine the serum biochemical
parameters, and liver tissues were harvested to calculate the liver index.
The liver samples in each group were fixed with 10% formalin, and the
other parts of the liver tissue were stored at −80 °C.

2.2. Calculation of liver index

The liver index was calculated as the following formula:
= ×Liver index 100%liver weight

body weight .

2.3. Primary HSCs isolation

Primary HSCs were extracted via collagenase-pronase perfusion
followed by centrifugation in a Nycodenz solution. The portal vein was
severed and inserted by special needle. Perfusion buffer perfused liver
via portal vein. After the blood was washed away by perfusion buffer
and then liver turned to white, the liver was perfused with enzymes fix
(sigma, GER) until liver was digested completely. The liver was care-
fully removed from the abdominal cavity and minced under sterile
condition. Then the liver was disrupted to obtain cell suspension which
was filtered to remove undigested debris. Cell suspension was cen-
trifuged by several times, and the cell suspension density was adjusted
with Nycodenz mixture. Primary HSCs were collected by the gradient
centrifugation.

2.4. Cell culture and treatment

The LX-2 cell line, immortalized human HSC line, was donated by
Dr. Scott Friedman (Mount Sinai School of Medicine, USA). LX-2 cells
were cultured and maintained at 37 °C in a humidified atmosphere
containing 5% CO2 on Dulbecco's modified Eagle's medium (DMEM,
Gibco, USA) supplemented with 10% fetal bovine serum (FBS, Gibco,
USA), 100 U/mL penicillin and 100 U/mL streptomycin. Cells were di-
vided into five groups and plated in 6-well plates and 96-well plates and
incubated for western blot analysis, real-time PCR analysis and cell
proliferation analysis as follows: 1) normal group: cells with DMEM
only; 2) control group: cells with DMEM containing TGF-β1 (10 ng/
mL); 3) octreotide group: cells with DMEM containing TGF-β1 (10 ng/
mL) and octreotide (1×10−8 mol/L, 1× 10−7 mol/L and
1×10−6 mol/L).

2.5. Cell proliferation analysis

Cell proliferation was measured using a 3-(4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. LX-2 cells were
seeded into 96-well plates at a density of 5000 cells/well. After stabi-
lization for 24 h, the culture medium was changed and 10 ng/mL TGF-
β1 was added to wells of the control group and the octreotide group,
incubating for another 24 h. Then, three different concentrations of
octreotide in 100 μL of the culture medium (1×10−8 mol/L,
1× 10−7 mol/L and 1×10−6 mol/L) were added to the corresponding
wells. After incubating for 48 h, 20 μL of MTT at 5mg/mL was added to
each well for an incubation of 4 h. Thereafter, the supernatant was
removed and 100 μL dimethylsulfoxide (DMSO) was added to each well
and plates were vibrated for 10min. The optical density (OD) value was
measured in enzyme-linked immunity implement (Elx800, Bio-TEK, VT,
USA) at 570 nm.

2.6. Histological analysis

Liver tissues were fixed in 10% formalin and embedded in paraffin.
After being cut into 5 μm-thick sections, liver tissue sections were
stained with hematoxylin-eosin (HE) and Masson's stains for evaluating
the changes in liver pathology and collagen deposition. Microscopic
fields in liver sections were selected randomly for evaluation and
photographed by using an Olympus BX-145 microscope (Olympus,
Japan).

2.7. Biochemical analysis

The activities of TBIL, ALT and AST from each serum sample were
measured with kits (Jianchenbio, Nanjing, China) according to the
manufacturer's protocol. Liver Hyp content was determined by using a
hydroxyproline detection kit (Sigma-Aldrich, St. Louis, Mo, USA) ac-
cording to the manufacturer's protocol. Concentrations of HA, LN, IV-C
and PIIIP were measured by radioimmunoassay kits (Beifang Institute
of Biotechnology, Beijing, China) according to the manufacturer's pro-
tocol.

2.8. Immunohistochemistry staining

The remaining slices with 5 μm sections were deparaffinized and
covered with 3% hydrogen peroxide for 20min at 37 °C to block en-
dogenous peroxidase activity, and washed in phosphate buffered saline
(PBS). Antigen repair was performed by heating in sodium citrate buffer
(PH 6.0) for 10min. Sections were further immersed in 2% bovine
serum albumin and then incubated with rabbit primary antibody
against α-SMA (1:50, Proteintech, No.55135-1-AP, USA), collagen I
(1:100, Abcam, ab34710, UK), Bcl-2 (1:300, Abcam, ab32124, UK) and
Bax (1:250, Abcam, ab32503, UK) overnight at 4 °C. The next day, after
rinsing, the sections were incubated with biotinylated secondary
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antibody at room temperature for 1 h. Then, generally diaminobenzi-
dine (DAB) stained, hematoxylin slightly stained, and neutral balata
fixed. Samples were measured by light microscope (Olympus, Tokyo,
Japan). The integral optical density (IOD) value of three randomly se-
lected fields at ×200 magnification was quantitatively assessed by
using the software of Image-pro plus 6.0 (Media Cybernetics, Inc.,
Rockville, MD, USA).

2.9. TUNEL assay

Paraffin sections were deparaffinized and in situ detection of the
hepatocyte apoptosis in the liver tissues was performed by a fluorescent
terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL)
assay, according to the manufacturer's instructions (Roche Diagnostics
GmbH, Mannheim, Germany). Briefly, following routine dewaxing and
treatment with 3% hydrogen peroxide for 20min, the sections were
digested with pepsin for 30min at 37 °C and treated with TUNEL re-
action mixture for 1 h at 37 °C. Hematoxylin dye was used for coun-
terstaining. The average number of apoptotic cells was measured by
counting TUNEL-positive nuclei. The number of TUNEL-positive cells in
each sample was calculated with ×400 magnification.

2.10. Small interfering RNA transfection

Transfection experiments with small interfering RNA (siRNA)
against Bcl-2 and PI3K were performed by using lipofectamine™ 2000
(Invitrogen, USA) according to the manufacture's protocols. Bcl-2
siRNA (sc-29214), PI3K siRNA (sc-61340) and Control siRNA-A (sc-
37007) were purchased from Santa Cruz Biotechnology (Danvers, USA).
Briefly, LX-2 cells and primary HSCs were cultured in DMEM medium
with 10% fetal bovine serum (FBS, Gibco, USA), 100 U/mL penicillin
and 100 U/mL streptomycin. After 6 h transfection, the culture medium
was changed and TGF-β1 was added. LX-2 cells and primary HSCs were
cultured at 37 °C in a humidified atmosphere containing 5% CO2 in-
cubator for 24 h. The culture medium was changed again and
1×10−6 mol/L octreotide was added. After incubator for 24 h, LX-2

cells and primary HSCs were collected for Western blotting.

2.11. Western blotting

The total protein content was extracted from the liver tissues and
cells using radio immunoprecipitation assay (RIPA) lysis buffer
(Beyotime, China). The protein was separated by a 10% sodium dodecyl
sulfate-polyacrylamide (SDS-PAGE) gel electrophoresis and transferred
to polyvinylidene fluoride membranes (Millipore Corp, Billerica, MA,
USA). After they were blocked with 5% defatted milk for 2 h at room
temperature, the membrane was incubated with the specific primary
antibodies overnight at 4 °C. Rabbit polyclonal anti-α-SMA
(Proteintech, No.55135-1-AP, USA), collagen I (Abcam, ab34710, UK),
Bcl-2 (Abcam, ab32124, UK), Bax (Abcam, ab32503, UK), PI3K
(Abcam, ab32089, UK), p-PI3K (Abcam, ab182651, UK), AKT (Abcam,
ab179463, UK), p-AKT (Abcam, ab38449, UK), caspase3 (Abcam,
ab13847, UK) and cleaved-caspase3 (Abcam, ab32042, UK) were di-
luted 1:500, 1:1000, 1:1000, 1:6000, 1:6000，1:600, 1:500, 1:600,
1:500 and 1:500，respectively. Mouse monoclonal anti-β-actin
(Abcam, ab8226, UK) was diluted 1:5000. After washing with TBS/
Tween20 buffer, the membranes were then incubated with secondary
antibodies for 1 h at room temperature. The special protein bands were
developed onto a chemiluminescence western blotting detection
system. The protein was visualized with a ECL-chemiluminescent kit
(ECL-plus, Thermo Fisher Scientific). The software of Image J was used
to analyze the intensity of bands.

2.12. Real-time PCR analysis

Total RNA was extracted from liver tissues and LX-2 cells samples
using TRIzol reagents (Invitrogen, USA) according to the manufacture's
protocol. A NanoDrop 2000 (Thermo Fisher Scientific) was used to
measure concentration and purity of the RNA. The first-strand cDNA
synthesis kit (TaKaRa, Shiga, Japan) was used to generate cDNA from
total RNA in each sample. Afterward, real-time PCR was conducted in a
detection system with SYBR-Green Master Mix (TaKaRa, Shiga, Japan).
The relative expression mRNA level of the genes in liver tissues and
cells samples was calculated using the 2-ΔΔCt method, normalizing for
the expression of housekeeping gene GAPDH. The primer sequences
used in this study are shown in Table 1.

2.13. Statistical analysis

All data are represented as means± SD (standard deviation). The
significance of difference was analyzed by One-Way ANOVA or
Student's t-test using the SPSS 19.0 software (IBM Co., Armonk, NY,
USA). Values of P < 0.05 are considered to be statistically significant.

Table 1
Primer sequence used for RT-PCR.

Target gene Race Forward sequence Reverse sequence

α-SMA Human 5′-TCATGGTCGGTATGGGTCAG-3′ 5′-CCGTGCTCGATAGGGTACTT-3′
Rat 5′-CAATGGCTCCGGGCTCTGTA-3′ 5′-CTCTTGCTCTGCGCTTCGTC-3′

Collagen I Human 5′-CACCAATCACCTGCGTACAG-3′ 5′-GCAGTTCTTGGTCTCGTCAC-3′
Rat 5′-ACCTCAGGGTATTGCTGGAC-3′ 5′-GACCAGGGAAGCCTCTTTCT-3′

Bax Human 5′-CCCGAGAGGTCTTTTTCCGAG-3′ 5′-CCAGCCCATGATGGTTCTGAT-3′
Rat 5′-AGACACCTGAGCTGACCTTGGAG-3′ 5′-GTTGAAGTTGCCATCAGCAAACA-3′

Bcl-2 Human 5′-GGTGGGGTCATGTGTGTGG-3′ 5′-CGGTTCAGGTACTCAGTCATCC-3′
Rat 5′-TGAACCGGCATCTGCACAC-3′ 5′-CGTCTTCAGAGACAGCCAGGAG-3′

IL-1β Human 5′-GGACAAGCTGAGGAAGATGC-3′ 5′-TCGTTATCCCATGTGTCGAA-3′
Rat 5′-TACCTATGTCTTGCCCGTGGAG-3′ 5′-ATCATCCCACGAGTCACAGAGG-3′

IL-6 Human 5′-CACACAGACAGCCACTCACC-3′ 5′-AGTGCCTCTTTGCTGCTTTC-3′
Rat 5′-TCACTGTGCGTTGCAAACAGTGTC-3′ 5′-ATACCACAAGGTTGGCAGGTGGAT-3′

TNF-α Human 5′-AACCTCCTCTCTGCCATCAA-3′ 5′-CTGAGTCGGTCACCCTTCTC-3′
Rat 5′-CTTCTGTCTACTGAACTTCGGGGT-3′ 5′-TGGAACTGATGAGAGGGAGCC-3′

GAPDH Human 5′-CTGCCTCGATGGGTGGAGTC-3′ 5′-AGGCGCCCAATACGACCAAA-3′
Rat 5′-AAGGCTGTGGGCAAGGTCAT-3′ 5′-TTTCTCCAGGCGGCATGTCA-3′

Table 2
Effect of octreotide on body weight, liver weight and liver index of rats (n= 10,

±χ S).

Group Body weight (g) Liver weight (g) Liver index

Control 313.20 ± 30.26 8.56 ± 0.54 0.028 ± 0.002
Model 228.80 ± 43.06*** 11.77 ± 0.69*** 0.053 ± 0.007***
OCT 266.80 ± 36.09# 10.21 ± 0.99## 0.039 ± 0.002###

Compare with Control group: ***P < 0.001; Compare with Model group:
#P < 0.05, ##P < 0.01, ###P < 0.001.
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3. Results

3.1. Octreotide alleviates CCl4-induced liver injury and fibrosis in rats

As shown in Table 2, octreotide treatment significantly increased
the body weight of rats in the octreotide group compared to model
group (P < 0.05). Upon treatment, the liver weight in the octreotide
group decreased significantly compared with the model group

(P < 0.01). The liver index scores rose significantly in the model and
octreotide group (P < 0.001). A great difference in liver index was
observed between the model group and octreotide group.

The histopathological analysis with Hematoxylin & Eosin (H&E)
staining and Masson's trichrome staining indicated that the lobular
structure was destroyed in the model group, accompanied by extensive
hepatic necrosis, inflammatory cell infiltration, bundles of collagen
fiber deposition, vacuolated hepatocytes and hyalinization cytoplasm,

Fig. 1. Octreotide alleviates CCL4-induced liver injury and fibrosis in rats. (A–C) Hematoxylin and eosin (H&E) staining of rats liver sections (×400); (D–F) Masson
staining of rats liver sections (×400); (G) change ratio of inflammatory cell infiltration and collagen deposition of rats liver sections were measured by the software
of Image-pro plus 6.0; (H–J) serum concentrations of TBIL, ALT, AST in rats; (K) hydroxyproline (Hyp) content in rat livers. ⁎⁎⁎P < 0.001, ⁎⁎P < 0.01 versus control
group; #P < 0.05, ##P < 0.01 versus model group.

Table 3
Effect of octreotide on serum concentrations HA, LN, PIIINP and IV-C (n=10, ±χ S).

Group HA (U/L) LN (ng/mL) PIIINP (ng/mL) IV-C (ng/mL)

Control 34.12 ± 6.71 13.30 ± 2.69 1.95 ± 0.24 16.23 ± 2.50
Model 214.50 ± 48.48*** 128.20 ± 24.04*** 5.50 ± 0.93*** 107.09 ± 14.48***
OCT 158.60 ± 36.91# 83.16 ± 24.84## 4.18 ± 0.66## 83.14 ± 11.07##

Compare with Control group: ***P < 0.001; Compare with Model group: #P < 0.05, ##P < 0.01.

C. Zhang, et al. International Immunopharmacology 73 (2019) 515–526

518



while no necrosis, inflammation and a few collagen fibers around the
central vein were observed in the control group. Treatment with oc-
treotide, however, clearly decreased collagen deposition, inflammatory
cell infiltration and vacuolated hepatocytes to improve hepatic

architecture and morphology (Fig. 1A–G).
Serum concentrations of TBIL, ALT and AST, compared to the con-

trol group, were significantly higher in the model group (P < 0.001).
Octreotide treatment significantly reduced the levels of TBIL, ALT and

Fig. 2. Octreotide suppresses inflammation and the activation of HSC. (A) Relative mRNA levels of IL-1β, IL-6 and TNF-α in rats liver tissue. (B–D) No primary
antibody control was run and showed no detectable staining. Expression of (E–G) α-SMA and (H–J) collagen I were determined by immunohistochemistry (×400);
(K) relative integral optical density (IOD) value of the expression of α-SMA and collagen I were measured by the software of Image-pro plus 6.0; (L–M) the protein
and mRNA level of α-SMA and collagen I in rats liver tissue were measured by Western blot and Real-time PCR analysis, respectively. ⁎P < 0.05, ⁎⁎P < 0.01,
⁎⁎⁎P < 0.001 versus control group; #P < 0.05, ##P < 0.01 versus model group.
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Fig. 3. Octreotide suppresses CCL4-induced hepatocyte apoptosis via Bcl-2/Bax signaling pathway. (A–C) DAPI staining, (D–F) TUNEL staining and (G–I) MERGE
image in rats liver tissue (×400) and (J) the positive ratio of TUNEL staining in the three groups; expression of (K–M) Bcl-2 and (N–P) Bax were determined by
immunohistochemistry (×400); (Q) relative integral optical density (IOD) value of the expression of Bax and Bcl-2 were measured by the software of Image-pro plus
6.0. (R–S) The protein and mRNA level of Bax, Bcl-2, Caspase3 and Cleaved Caspase3 in rats liver tissue were measured by Western blot and Real-time PCR analysis,
respectively. ⁎P < 0.05, ⁎⁎P < 0.01 versus control group; #P < 0.05, ##P < 0.01 versus model group.
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AST compared to the model group (P < 0.01, Fig. 1H–J). Furthermore,
Hyp, the major component of collagen protein, elevated remarkably in
the model group compared to the control group (P < 0.001) but de-
creased in the octreotide group compared to the model group
(P < 0.05, Fig. 1K). In addition, the serum markers of liver fibrosis
(HA, LN, IV-C and PIIIP) also increased in the model group, but de-
creased in the octreotide group (P < 0.05, Table 3).

3.2. Octreotide suppresses inflammation and the activation of HSCs in CCl4-
induced liver fibrosis

Levels of inflammatory cytokines (IL-1β, IL-6 and TNF-α) were
significantly up-regulated in the model group, while their levels all
decreased with octreotide treatment (P < 0.05; P < 0.01, respec-
tively, Fig. 2A). Furthermore, as shown in Fig. 2E–J, im-
munohistochemistry analysis revealed that the expression of α-SMA
and collagen I were clearly elevated in the model group compared to
the control group (15.6-fold of the control group, 17.2-fold of the
control group, respectively; P < 0.01, Fig. 2K), suggesting that HSCs
could activate in CCl4-induced liver fibrosis in rats. Interestingly, ex-
pression of α-SMA and collagen I (5.0-fold of the control group, 4.9-fold
of the control group, respectively; P < 0.05, Fig. 2K) decreased by the
octreotide treatment. Meanwhile, the protein and mRNA expression of
α-SMA and collagen I in liver tissues were detected by western blot and
qRT-PCR, respectively (Fig. 2L and M). We found that octreotide down-
regulated the protein and mRNA expression of α-SMA and collagen I
(P < 0.05; P < 0.01, respectively) in agreement with im-
munohistochemistry results.

3.3. Octreotide suppresses CCl4-induced hepatocyte apoptosis via Bcl-2/Bax
signaling pathway in fibrotic liver tissues

The hepatocyte apoptosis was evaluated by TUNEL staining
(Fig. 3A–I) and the results indicate that a significant increase of hepa-
tocyte apoptosis was found in model group compared to control group
(P < 0.05). However, the octreotide group shows a significantly
smaller number of TUNEL-positive hepatocytes than that of model
group (P < 0.05). Meanwhile, the protein level of caspase3 and
cleaved caspase3 was detected by western blot. As indicated in Fig. 3R,
the results shown that the protein level of cleaved caspase3 significantly
elevated in the model group (P < 0.01), and it reduced by octreotide
treatment (P < 0.05). However, the expression levels of caspase3 were
not significantly different among three groups.

Additionally, apoptosis-associated protein Bcl-2 and Bax were
measured by immunohistochemistry. As shown in Fig. 3K–P, the results
indicated that compared to control group, the expression level of Bcl-2
decreased in the model group (0.2-fold of the control group, P < 0.05,
Fig. 3Q), whereas the expression level of Bax elevated in the model
group (10.3-fold of the control group, P < 0.05, Fig. 3Q). Intriguingly,
octreotide treatment up-regulated the expression level of Bcl-2 (0.5-fold
of the control group, P < 0.05, Fig. 3Q) and down-regulated the

expression level of Bax (3.3-fold of the control group, P < 0.05,
Fig. 3Q), all compared to model group. In addition, western blot and
qRT-PCR were used to measure the protein and mRNA expression of
Bcl-2 and Bax, and the results were in agreement with im-
munohistochemistry (P < 0.05, Fig. 3R and S).

3.4. Octreotide suppresses PI3K/AKT signaling pathway in CCl4-induced
liver fibrosis

As shown in Fig. 4, compared to the control group, the protein ex-
pression of p-PI3K/PI3K and p-AKT/AKT increased in the model group
(P < 0.01). However, the protein expression of p-PI3K/PI3K and p-
AKT/AKT was suppressed by octreotide treatment, compared to the
model group (P < 0.05), which revealed that octreotide alleviated
liver fibrosis by inhibiting the PI3K/AKT signaling pathway. Mean-
while, the expression of PI3K and AKT did not significantly change.

3.5. Octreotide suppresses inflammation and the activation of HSCs in TGF-
β1-treated LX-2 cells and primary HSCs

The effects of octreotide on the expression of inflammatory cyto-
kines were detected by qRT-PCR. The results indicated that compared
to the normal group, the levels of IL-1β, IL-6 and TNF-α increased in the
control group, while their levels all decreased in a dose-dependent
manner by octreotide treatment (P < 0.05, Fig. 5A). Additionally, the
expression of protein and mRNA of α-SMA and collagen I were eval-
uated by western blot and qRT-PCR, respectively. The protein and
mRNA expression of α-SMA and collagen I, compared to the normal
group, were higher in the control group (P < 0.01, Fig. 5B and C).
Octreotide down-regulated protein and mRNA expression of α-SMA and
collagen I in a dose dependent manner, compared to in the control
group (P < 0.05, Fig. 5B and C). As shown in Fig. 5D and E, compared
to the siBcl-2 and siPI3K-treated group, the protein expression of α-SMA
and collagen I did not significantly changed in siBcl-2, siPI3K and oc-
treotide-treated group.

3.6. Octreotide suppresses the proliferation of activated LX-2 cells via Bcl-
2/Bax signaling pathway in vitro

As shown in Fig. 6A, LX-2 cells treated with TGF-β1 were used as
controls. The MTT assay showed that octreotide inhibited cell pro-
liferation in a dose-dependent manner (P < 0.05). Meanwhile, in order
to explore whether octreotide was cytotoxic to LX-2 cells exposed to
concentrations of 1×10−8, 1× 10−7 and 1×10−6 mol/L, the MTT
assay was used to analyze the cytotoxicity of octreotide, and the results
demonstrated that octreotide had no lethal effect on the LX-2 cells
(P > 0.05, Fig. 6B). Then, images of LX-2 cells exposed to TGF-β1 and
octreotide were taken by a phase contrast microscope, and the results
revealed that when LX-2 cells treated with TGF-β1, the shape of cells
tend to showed fibroblast-like appearances (spindle-like and spread)
and high density, and when activated LX-2 cells treated with octreotide,

Fig. 4. Octreotide suppresses PI3K/Akt signaling pathway in CCL4-induced liver fibrosis in rats. The protein level of p-PI3K, PI3K, p-Akt and Akt in rats liver tissue
were measured by Western blot. ⁎⁎P < 0.01 versus control group; #P < 0.05 versus model group.
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the shape of LX-2 cells showed decrease in spread and density (Fig. 6C).
Furthermore, as shown in Fig. 6D and E, western blot and qRT-PCR
results showed that the protein and mRNA expression of Bcl-2 in the
control group significantly increased compared to the normal group
(P < 0.001). In comparison with the normal group, the protein and
mRNA expression of Bax in the control group was markedly decreased
(P < 0.01). Meanwhile, treatment with octreotide dose-dependently
down-regulated the expression of Bcl-2 and increased the expression of
Bax compared to control group (P < 0.05).

3.7. Octreotide suppresses PI3K/AKT signaling pathway in TGF-β1-treated
LX-2 cells

The protein expression levels of p-PI3K, PI3K, p-AKT and AKT were
evaluated by western blot. As shown in Fig. 7, the protein expression of
p-PI3K/PI3K and p-AKT/AKT in control group increased compared to
normal group (P < 0.001). Meanwhile, the decrease in p-PI3K/PI3K
and p-AKT/AKT was observed following the treatment with octreotide
dose-dependently (P < 0.05). Collectively, octreotide inhibited the
PI3K/AKT signaling pathway in TGF-β1-treated LX-2 cells.

4. Discussion

Liver fibrosis is a consequence of prolonged exposure to several
drugs or inflammatory hepatic diseases and can progress to liver cir-
rhosis or hepatocellular carcinoma [23,24]. The pathology of liver fi-
brosis is induced by activation of HSCs and massive accumulation of
extracellular matrix (ECM). In previous studies, octreotide is reported
to alleviate liver fibrosis by reducing the release of inflammatory cy-
tokines [25,26]. The findings of the present study were consistent with
those of previous studies and further demonstrate that octreotide alle-
viates liver fibrosis via multiple pathways, including the inflammatory
response, hepatocyte apoptosis, proliferation and activation of HSCs,
Bcl-2/Bax signaling pathway and the PI3K/AKT signaling pathway.
These results indicated that there would be a potential octreotide an-
tifibrotic therapy in the treatment of hepatic fibrosis.

Serum TBIL, ALT and AST, as markers of hepatotoxicity, reflects the
degree of hepatocyte injury [27–29]. When liver cells are stimulated by
certain factors to become necrotic, these markers are released into the
blood from tissue cells and serve as indicators of liver status. In our
study, the results of TBIL, ALT and AST showed that octreotide could
alleviate liver injury. Hyp is a constituent of collagen and a marker of
collagen deposition [30,31]. Liver Hyp content significantly increased
in the model group compared to control group, and significantly de-
creased in the octreotide treatment group. Serum HA, LN, IV-C and
PIIIP are used to evaluate the degree of liver fibrosis [32,33]. With the
progression of liver disease, the concentration of HA, LN, IV-C and PIIIP
increase and reach the highest levels in liver cirrhosis. The serum levels
of HA, LN, IV-C and PIIIP are up-regulated in the model group com-
pared to control group, and markedly down-regulated in the octreotide
treatment group. Meanwhile, in line with those results, HE and Mas-
son's staining demonstrated that the liver lobule in the model group was
replaced by extensive development of fibrosis and paraplastic con-
nective tissues. Deposition of abnormal excess collagen is characteristic
of hepatic fibrosis, and the damage of liver tissues is improved by oc-
treotide. Therefore, octreotide may be a promising treatment for he-
patic fibrosis.

Recent studies have reported that activated HSCs could promote the
fibrogenic process by stimulating and secreting a wide range of pro-

inflammatory cytokines (e.g. IL-1β, IL-6 and TNF-α) [34–36]. These
inflammation factors, which induce the fibrotic response and partici-
pates in hepatic fibrosis by contributing to the deposition of ECM, may
be involved in hepatic fibrosis causing liver tissue injury. In agreement
with these findings, octreotide in our study induced a decrease of CCl4-
induced inflammation in vivo and TGF-β1-induced inflammation in
vitro to inhibit the progression of liver fibrosis by down-regulating the
mRNA expression of IL-1β, IL-6 and TNF-α as a result of CCl4 and TGF-
β1 intoxication.

Furthermore, the activation of HSCs plays an important role in the
pathological process of liver fibrosis and has been considered as a target
for anti-fibrotic therapy [37–39]. Hepatic fibrosis is characterized by
the massive accumulation of ECM, especially collagen I, which is pri-
marily produced by myofibroblasts. HSCs are the major source of
myofibroblasts during the procession of liver injury [40]. Myofibro-
blasts increase the expression of α-SMA that is regarded as a biomarker
of activated HSCs [41]. Therefore, activated HSCs are responsible for
accumulation and deposition of the majority of massive ECM in the
fibrotic liver by up-regulating secretion of α-SMA and collagen I. In this
study, the expression levels of α-SMA and collagen I were measured to
evaluate the effect of octreotide on HSCs activation by im-
munohistochemistry, western blot and qRT-PCR. The results clearly
demonstrated that octreotide could inhibit HSC activation to attenuate
liver fibrosis by down-regulating α-SMA and collagen I.

Apoptosis, a form of cell death, is regulated by multiply molecular
signaling pathways, including mitochondrial pathways [42,43]. Hepa-
tocyte apoptosis and activated HSC apoptosis are vital step in the
progress of hepatic fibrosis [13,44,45], thus it could be a useful ther-
apeutic target to reverse hepatic fibrosis. The mitochondrial pathway of
apoptosis is regulated by the Bcl-2 family of protein, such as Bcl-2 and
Bax [46,47]. In our study, the expression levels of Bcl-2, Bax, caspase3
and cleaved caspase3 were detected by immunohistochemistry, western
blot and qRT-PCR. The results indicate that octreotide inhibited hepa-
tocyte apoptosis might be dependent on down-regulated Bax and
cleaved caspase3; up-regulated Bcl-2, and induced activated HSC
apoptosis, accompanying by inhibiting the proliferation of activated
HSCs, through increased Bax and a decrease in Bcl-2. Meanwhile, the
TUNEL assay was performed to further evaluate the anti-apoptosis ef-
fect of octreotide. The results also revealed that apoptosis was induced
in numerous hepatocytes in CCl4-induced liver fibrosis and decreased
by octreotide treatment, which is consistent with im-
munohistochemistry, western blot and qRT-PCR results. Thus, our
findings suggested that inhibition of hepatocyte apoptosis and promo-
tion of activated HSC apoptosis could potentially alleviate hepatic fi-
brosis, and the Bcl-2/Bax signaling pathway would be a target for the
anti-fibrosis strategy of octreotide.

Previous studies have revealed that the PI3K/AKT signaling
pathway is critical for the progression of hepatic fibrosis, including
inhibiting HSC apoptosis, stimulating HSC proliferation and modulating
ECM synthesis [48–50]. Activation of PI3K leads to the activation of its
key downstream kinase, AKT, thereby regulating cellular activities
[11,51]. However, whether octreotide could attenuate liver fibrosis and
HSC activation by inhibiting PI3K/AKT signaling pathway remains
unclear. Therefore, this study was designed to investigate whether the
PI3K/AKT signaling pathway was inhibited by octreotide. The results
indicated that the levels of p-PI3K and p-AKT apparently increased in
the fibrosis models and significantly decreased after octreotide treat-
ment, suggesting that the anti-hepatic fibrosis effect of octreotide is
could be dependent on the suppression of the PI3K/AKT signaling

Fig. 5. Octreotide suppresses inflammation and the activation of HSCs in TGF-β1-treated LX-2 cells and primary HSCs. (A) Relative mRNA levels of IL-1β, IL-6 and
TNF-α in TGF-β1-treated LX-2 cells; (B–C) the protein and mRNA level of α-SMA and collagen I in TGF-β1-treated LX-2 cells were measured by Western blot and Real-
time PCR analysis, respectively. (D) The protein level of α-SMA and collagen I in siBcl-2 or siPI3K-treated activated LX-2 cells were measured by Western blot. (E) The
protein level of α-SMA and collagen I in siBcl-2 or siPI3K-treated primary HSCs were measured by Western blot. ⁎P < 0.05, ⁎⁎P < 0.01, ⁎⁎⁎P < 0.001 versus control
group; #P < 0.05, ##P < 0.01, ###P < 0.001 versus model group.
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Fig. 6. Octreotide suppresses the proliferation of activated LX-2 cells via Bcl-2/Bax signaling pathway in vitro. (A) Octreotide inhibits the proliferation of activated
LX-2 cells in dose-dependent manner measured by MTT assay; (B) octreotide has no effect on the cell viability of LX-2 cells; (C) phase contrast imaging of LX-2 cells
(×200); (D–E) the protein and mRNA level of Bcl-2 and Bax in vitro were determined by Western blot and Real-time PCR analysis, respectively. ⁎P < 0.05,
⁎⁎P < 0.01, ⁎⁎⁎P < 0.001 versus normal group; #P < 0.05, ##P < 0.01, ###P < 0.001 versus control group.
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pathway.
In conclusion, this study indicated that octreotide possessed a

therapeutic effect on CCl4-induced liver fibrosis in vivo and TGF-β1-
treated LX-2 cells in vitro. The anti-fibrotic effect of octreotide was
associated with multiple mechanisms, including inhibition of in-
flammation, regulation of Bcl-2/Bax signaling pathway preventing he-
patocyte apoptosis and promoting activated HSC apoptosis; and in-
hibition of HSC activation and ECM synthesis via the suppression of the
PI3K/AKT signaling pathway. These results provided the evidence that
octreotide has therapeutic potential against hepatic fibrosis and might
provide a novel mechanism for the anti-fibrotic effects of octreotide.
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