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Abstract. Octreotide (OCT) can inhibit tumor growth with 
few side‑effects. In this study, we hypothesized that an OCT- 
and poloxamer 407 (P407)-based temperature‑sensitive gel 
may compensate for the short half‑life of OCT, which may 
thus lead to the development of a novel therapy for patients 
with end‑stage liver cancer by intratumoral injection. The 
proliferation and apoptosis of mouse Hca‑F hepatocel-
lular carcinoma cells were determined by MTT assay and 
Annexin V‑PI staining. A mouse model of hepatocellular 
carcinoma was established by the subcutaneous transplan-
tion of Hca‑F cells and OCT‑P407 or OCT solution were 
injected into the tumors, followed by the detection of OCT 
levels by high performance liquid chromatography (HPLC) 
over a specific time period. OCT‑P407, ethanol, OCT, P407 
or normal saline (NS) were injected into the tumors and the 
tumor size, weight and inhibition rate were measured 8 days 
later. Additionally, the expression of somatostatin receptor‑2 
(SSTR‑2), vascular endothelial growth factor (VEGF) and 
caspase‑3 was detected by immunohistochemistry and 
RT‑PCR. Compared with the OCT group, the tumor inhibi-
tion rate and the apoptotic rate in the OCT‑P407 group were 
higher and the effects were longer. The tumor size and weight 

in the OCT‑P407 group were lower and the tumor inhibition 
rate higher compared with the OCT, P407 and NS groups, with 
the exception of the ethanol group. The protein and mRNA 
expression of SSTR‑2 and caspase‑3 in the OCT‑P407 group 
was higher, and that of VEFG was lower compared with the 
other groups, with the exception of the ethanol group. In the 
present study, we demonstrate that the intratumoral injection 
of OCT‑P407 maintains OCT local effective concentration 
and prolongs its action time, with a greater therapeutic effect 
than that of OCT on its own. Although ethanol is more 
effective in certain aspects, its tumor inhibitory effects are 
similar to OCT‑P407 and as such, OCT‑P407 may be a suit-
able alternative.

Introduction

Hepatocellular carcinoma is a serious disease which develops 
rapidly and is difficult to detect at an early stage. Only 10‑30% 
of patients can be treated by surgery (1,2) and for those who 
cannot, targeted therapy is considered a good choice which has 
always been a hot spot of research.

Transcatheter arterial chemoembolization (TACE), percu-
taneous ethanol injection (PEI) and radiofrequency ablation 
(RFA) play important roles in the treatment of both early and 
advanced stage hepatocellular carcinoma. However, since 
many advanced stage patients suffer from hepatic dysfunction 
and such therapies may worsen the hepatic function, leading 
inclusively to hepatic failure, such applications are avoided. 
Among these techniques, PEI, a method of percutaneous 
intratumor injection, is used to treat the tumor mainly by the 
injection of ethanol, which causes protein denaturation, dehy-
dration of the cancer cells and coagulation of small vessels 
within the tumor. Nevertheless, some patients are allergic to 
ethanol and the osmotic ability of ethanol has been found to be 
limited; hence, larger doses and repeated multiple‑site injec-
tions are required in order to achieve complete tumor necrosis, 
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which inevitably increases the likelihood of a variety of 
side‑effects (3‑5). On the other hand, the intratumoral injection 
of chemotherapeutic drugs for the treatment of hepatocellular 
carcinoma has been extensively studied  (6); however, the 
drugs injected into the tumor do not diffuse evenly. Studies 
have shown that the diffusion is even and the release is delayed 
when poloxamer 407 (P407)-based thermosensitive gels are 
added to the injected drugs (7,8). In recent years, the anticancer 
effects of somatostatin (SST) and somatostatin analog (SSTA) 
have gained increasing attention, with studies showing that the 
SSTA, octreotide (OCT), can significantly inhibit the growth 
of tumor cells and shrink the size of the tumor with prolonged 
intravenous application (9‑11). Compared with SST, OCT has 
a longer half‑life, stronger effects and fewer adverse effects. 
Targeted intratumoral injection therapy can further improve 
the therapeutic efficacy (12); however, for use in the treat-
ment of advanced hepatocellular carcinoma by intratumoral 
injection, the half‑life of OCT is still too short and frequent 
applications will add to the economic, physical and mental 
burden of patients.

In the present study, we hypothesized that P407 as a 
carrier may be combined with OCT to obtain OCT‑P407 as 
a sustained‑release preparation, which can make up for the 
shortcomings of OCT. At the same time, we established a 
mouse model of hepatocellular carcinoma by the subcuta-
neous transplantion of Hca‑F cells to confirm the effects of 
this new agent (administered by intratumoral injection) on 
hepatocellular carcinoma. The findings of the present study 
may provide patients with advanced hepatocellular carcinoma 
with a novel, well‑tolerated treatment method administered 
by intratumoral injection.

Materials and methods

Animal care. Kunming mice (weighing 18‑22 g) were obtained 
from the Experimental Animal Center of Dalian Medical 
University, Dalian, China. The present study was carried out 
in strict accordance with the recommendations in the Guide 
for the Care and Use of Laboratory Animals of the Canadian 
Council on Animal Care. The protocol was approved by the 
Committee on the Ethics of Animal Experiments of Dalian 
Medical University (permit no.  SCXK 2008‑0002). All 
surgical procedures were performed under ether anesthesia 
and all of the subcutaneous inoculations and tumor injections 
were administered in a quiet and comfortable environment.

Animal model. The mice were housed in a specific pathogen-
free (SPF) environment maintained at 24‑26˚C with a relative 
humidity of 60‑65%. They were allowed free access to water 
and food throughout the experimental period.

During the study, we tried our best to reduce the pain and 
suffering of the mice. The animals ate and drank freely in a 
comfortable and quiet environment while the mouse models of 
liver cancer were established by the subcutaneous transplan-
tion of cancer cells. After the injection of the solutions to the 
4 groups for 8 days, the mice were sacrificed. All the experi-
ments were performed under diethyl ether anesthesia and the 
in vivo experiments conformed to the Medical Laboratory 
Animal Guidelines. This study was performed in compliance 
with the Helsinki Declaration. The surgical procedures were 

approved by the Animal Care and Use Committee of Dalian 
Medical University.

Materials
Cell line. The mouse hepatocellular carcinoma ascites cell line 
with a high lymphatic metastatic potential, Hca‑F, was estab-
lished and preserved in the Morphology Laboratory of Dalian 
Medical University.

Experimental animals. The SPF mice used in this study 
were provided by the Experimental Animal Center of Dalian 
Medical University.

Reagents. OCT powder and OCT standard preparation 
(Xinlibang Bio-Pharmaceutical Co., Chengdu, China; purity 
>99%); P407 and OCT‑P407 were prepared by the College 
of Pharmacy of Dalian Medical University and the Dalian 
University of Technology, at a concentration of 0.1 mg/ml; 
RPMI‑1640 culture medium (HyClone Co., Logan, UT, USA); 
methyl thiazolyl tetrazolium (MTT) (Amresco LLC, Solon, 
OH, USA); Annexin  V‑FITC kit (Jingmei BioTech Co., 
Shenzhen, China); RT‑PCR amplification kit (Thermo Fisher 
Scientific Inc., Waltham, MA, USA); rabbit anti‑mouse VEGF 
antibody was acquired from Thermo Fisher Scientific Inc.; 
rabbit anti‑mouse caspase‑3 antibody (Boster Biotechnology 
Inc., Wuhan, China); the ready‑to‑use Immunohistochemistry 
kit and DAB coloration kit were acquired from Beijing 
Zhongshan Golden Bridge Biotechnology Co. (Beijing, China).

Methods
Preparation of thermosensitive gel and OCT‑P407. The P407-
based thermosensitive gel consisted of P407, cellogran and 
other excipients, such as PEG‑PLA block copolymer, ethylhy-
droxyethylcellulose and PEG‑polymer‑PLC block copolymer. 
OCT solution of the required concentration was added to the 
P407-based thermosensitive gel and incubated overnight at 4˚C 
after gentle stirring. A colorless and transparent viscous liquid 
(OCT‑P407) was thereby formed. OCT‑P407 was placed in an 
ice water bath before use.

In vitro experiments
Cell culture. Hca‑F cell counting, passage, culture, recovery 
and cryopreservation were performed as previously 
described (13,14). Cells expanded as a single‑layer suspension 
when observed under an inverted phase‑contrast microscope 
(Olympus Co., Tokyo, Japan).

Measurement of cell proliferation. Screening for the 
optimum concentration of cells was performed as previously 
described  (15). Groups were defined as follows (n=5): the 
control group used for colorimetric zeroing, where no cells 
were inoculated and only solution was added; the negative 
control group, where the cells were inoculated, but no solu-
tion was added; the OCT‑P407 group, which was divided into 
4 subgroups according to the different OCT concentrations 
(0.1, 1, 10 and 100 µg/ml); the OCT group, defined as the posi-
tive control group, divided into 4 subgroups containing the 
same OCT concentrations as in the OCT‑P407 group; the P407 
group, which was the same as the OCT‑P407 group except that 
OCT‑P407 was replaced by P407. There were 4 parallel wells 
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corresponding to each OCT concentration. The calculation of 
the inhibition rate (IR) was carried out according to the formula: 
IR = (1 ‑ OD value of the experimental well/OD value of the 
control well) x100%. The 50% inhibitory concentration (IC50) 
was calculated by the modified Karber method according to 
the formula: LgIC50 = Xm ‑ I [P ‑ (3 ‑ Pm ‑ Pn)/4], where 
Xm represents the l g of the maximum dose; I represents l g 
(maximum dose/adjacent dose); P represents the sum of positive 
response rates; Pm represents the maximum positive response 
rate; and Pn represents the minimum positive response rate. 
After the optimum concentration of cells and optimum 
inhibitory concentration were calculated, cell suspension was 
inoculated into a 96‑well plate. OCT solution, OCT‑P407 and 
P407 containing the same concentrations of OCT (20 µg/ml) 
were added separately. Three 96‑well plates were placed in a 
37˚C incubator with 5% CO2 and saturated humidity and taken 
out separately after 12, 24 and 48 h. After the addition of 20 µl 
of 500 µg/ml MTT into each well, the cells were cultured for 
an additional 4 h. The cells were then centrifuged at 1,000 rpm 
for 10 min, the supernatant was aspirated carefully and 150 µl 
of dimethyl sulfoxide (DMSO) were added to each well. The 
plates were then shaken on a micro oscillator for 15 min, after 
which the absorbance (OD) was detected using a microplate 
reader at a wavelength of 492 nm. The OD detection was in 
duplicate and the values averaged. The growth inhibition ratio 
of each group was calculated by the IR formula.

Evaluation of apoptosis. Hca‑F cells in the exponential 
phase were collected and the cell concentration adjusted to 
1x106 cells/ml. The cells were divided into 4 groups as follows: 
negative control group, only cells were inoculated and no solu-
tions was added; the OCT‑P407, OCT and P407 groups, where 
the concentration of the solution was the optimum inhibitory 
concentration detected by MTT assay. After the cells were 
cultured with the different solutions for 12, 24 and 48 h, apop-
tosis was detected by Annexin V‑FITC/PI staining and flow 
cytometry (on a Becton‑Dickinson cytometer) according to 
the manufacturer's instructions as previously described (16). 
Changes in cell morphology were detected and photographed 
under an inverted optical microscope after 48 h of culture.

In vivo experiments
Establishment of a mouse model of liver cancer by subcu‑
taneous transplantion of cancer cells. Second generation 
of ascites liver cancer cells (with a survival rate >98%) was 
collected, washed twice with phosphate-buffered saline (PBS; 
0.2 ml) and the cells were adjusted to 2.0x106/ml (17,18). One 
hundred mice were subcutaneously injected with 0.2 ml of 
cell suspension (~5x106 cells) in the left axillary fossa and the 
tumor growth was monitored. Seven days after the injection, 
tumor diameter was measured with a slide caliper rule. Mice 
whose tumor diameter was 2 cm, were used for the detection of 
the P407 retention time in the tumor cavity, whereas 50 mice 
whose tumor diameter was 1 cm were used for the detection 
of the therapeutic effects of the intratumoral injection of the 
different solutions.

Intratumoral injection. Fur around the tumor was shaved and 
the mice were anaesthetized with ether and placed in a supine 
position. The SP6‑12 probe of Siemens Color Doppler ultra-

sound system (116834 type; Siemens Co., Munich, Germany) 
was used to scan the position of the tumor. Following routine 
sterilization and draping, the solutions were injected with a 
needle of a 1 ml syringe into the center of the tumor under 
ultrasound guidance. The needle was appropriately adjusted 
during the injection and the solution was slowly injected from 
deep to shallow, in order to distribute it homogeneously in the 
tumor cavity and the position of the needle was appropriately 
adjusted during the injection. The whole process was moni-
tored in real‑time and recorded by ultrasound.

Detection of P407 retention time in the mouse tumor 
cavity. Methylene blue solution was mixed with P407 and 
normal saline solution (NS) separately to obtain methylene 
blue‑P407 and methylene blue solution. Sixteen mice whose 
tumor diameter was 2 cm were randomly divided into the 
methylene blue‑P407 and methylene blue solution groups, 
each group containing 8 mice. Under ultrasound guidance, 
the 2 reagents mentioned above were slowly injected into the 
center of the tumor and the pigmentation status of the skin 
around the tumor was observed. Twenty‑four hours after the 
injection, the mice were culled and the tumors excised. The 
pigmentation status of the solid tumors inoculated with the 
2  reagents was compared. Forty‑eight mice whose tumor 
diameter was 2 cm were selected for receiving intratumoral 
injections under ultrasound guidance. Mice were randomly 
divided into the OCT‑P407 and OCT groups, according to 
the solutions that were injected (n=24) and at 12, 24 and 48 h 
after injection, 8 mice (at each time point) were sacrificed by 
cervical dislocation. Following the dissection of the tumors, 
the selection of the wavelength of the high performance liquid 
chromatography (HPLC) and the chromatographic condition, 
as well as the treatment of the sample were performed as 
previously described (19).

Indicators and methods for tumor detection. Fifty mice liver 
transplanted with cancer were randomly divided into 5 groups: 
the OCT‑P407, OCT, ethanol, P407 and NS groups (n=10), 
which were respectively injected with P407 plus 20 µg of OCT, 
20 µg of OCT, 0.2 ml of ethanol, P407 and 0.2 ml of NS.

Detection of tumor volume. On day 0, 2, 4, 6 and 8 after 
injection, 3 orthogonal radial lines of the tumor, the length, 
width and thickness, were measured with a slide caliper rule; 
each radial line was measured 3 times and the values were 
averaged. Calculation of the tumor volume was carried out 
according to the formula: V = π/6 x a x b x c (V, volume of the 
tumor; a, the longest radial line; b, the shortest radial line; c, 
thickness).

Detection of tumor weight and IR. All mice were culled 
8  days after injection. Tumors were completely excised, 
weighed immediately and the tumor weight IR was calculated 
according to the formula: tumor weight IR = (1 ‑ mean tumor 
weight of the drug administered group/mean tumor weight of 
the negative control group) x100%.

Mice from each group were sacrificed by cervical dislo-
cation and the tumor tissue was isolated. After the tumors 
were weighed, part of them was immediately fixed in 10% 
neutral formalin solution and then embedded in paraffin. 
The other part of the tumor tissue was preserved in a liquid 
nitrogen container. Detection of the expression of somatostatin 
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receptor‑2 (SSTR‑2), vascular endothelial growth factor 
(VEGF) and caspase‑3 in the tumor tissue was performed 
by immunohistochemistry according to previous work in our 
laboratory (20).

Reverse transcription polymerase chain reaction (RT‑PCR). 
Extraction of total RNA and evaluation of RNA quality were 
carried out as described in our previous study (20). SSTR‑2, 
VEGF, caspase‑3 and the control β‑actin primers were designed 
by us in accordance with GenBank data: SSTR‑2 (154 bp) 
forward, 5'‑GAGGCCTTTCCCCTAGAGTT‑3' and reverse, 
5'‑CACCGTAACGCTTGTCCTT‑3'; VEGF (228 bp) forward, 
5'‑ATGGCAGGAGCCCCGGGGTGTCCC‑3' and reverse, 
5'‑GGCTTGTCAATTTTTCTGGCTTTG‑3'; caspase‑3 
(255 bp) forward, 5'‑CAGACTCCGGCAGTAGTCGCC‑3' and 
reverse, 5‑GTGGACGCAGCCAACCTCAGA‑3'; β‑actin 
(266 bp) forward, 5'‑ACAGAGTACTTGCGCTCAGGAG‑3' 
and reverse, 5'‑GTCACCCACACTGTGCCCATCT‑3'. The 
one‑step protocol was performed according to the RT‑PCR 
(Thermo Fisher Scientific Inc.) manufacturer's instructions 
followed by semi‑quantitative analysis.

Statistical analysis. Statistical software SPSS v17.0 was used 
for the analysis. Results are indicated as the means ± SD. 
Measurements were performed in duplicate or triplicate and 
the t‑test or one‑way or two‑way ANOVA analysis was applied. 
P-values <0.05 were considered to indicate statistically signifi-
cant differences.

Results

Cell culture experiments
OCT‑P407 effectively inhibits liver cancer cell proliferation. 
We first determined the optimum inhibitory concentration of 
OCT in OCT‑P407 by testing the effects of various concentra-
tions of OCT in OCT‑P407 on liver cancer cell proliferation 
after 24 h of treatment. We observed that OCT‑P407 containing 
OCT at a concentration range of 1‑100 µg/ml inhibited the prolif-
eration of Hca‑F cells after 24 h in a concentration‑dependent 
manner, with an IC50 of 20 µg/ml (Fig. 1A). OCT (20 µg/ml) 
was therefore defined as the optimum inhibitory concentration 
for the OCT‑P407 and OCT groups and used in all subsequent 
experiments. We then compared the IRs of OCT, OCT‑P407 
and P407 on liver cancer cell proliferation over time. The 
IR of OCT‑P407 was significantly different (P<0.05) from 
the other groups and within the OCT‑P407 group it was also 
significantly different (P<0.05) at 48 h when compared with 12 
and 24 h of treatment (Fig. 1B).

OCT‑P407 effectively induces liver cancer cell apoptosis. We 
compared the apoptotic rates of Hca‑F cells in the absence of 
the solution and in the presence of OCT, OCT‑P407 and P407 
over time. The apoptotic rate of OCT‑P407 was significantly 
different (P<0.05) compared with the other groups and within 
the OCT‑P407 group it was also significantly different (P<0.05) 
at 48 h when compared with 12 and 24 h of treatment (Fig. 2).

OCT‑P407 induces evident liver cancer cell morphological 
changes. We analyzed the morphological changes of Hca-F 
cells after 48 h of treatment with no solution, OCT, OCT-P407 
and P407 under an inverted optical microscope. As was 

observed in the negative control group, the cells were round-
shaped, with a transparent cytoplasm and they grew densely 
and were evenly distributed; in the P407 group, some cells 
formed clusters; while in the OCT-P407 group, they had an 
irregular shape, DNA condensation and fragmentation and the 
majority aggregated into clusters; in the OCT solution group, 
some of the cells showed morphological changes as mentioned 
above. Thus, in the OCT-P407 group, the morphological 
changes of the Hca-F cells were greater than those of cells 
in the OCT group and P407 group, as well as the negative 
control group (P<0.05). In the OCT group and P407 group 
the morphological changes of Hca-F cells were significantly 
greater than those in the negative control group (P<0.05). 
In Fig. 3, we present a bar graph illustrating the number of 
morphological changes observed in each group.

Animal experiments
P407 has a long retention time in the mouse tumor cavity. 
Methylene blue‑P407 and methylene blue solution were 
injected into the tumor cavities of the mice that were subcuta-
neous transplanted with liver cancer cells. Our results revealed 
that mice that were injected with methylene blue‑P407 had less 
effluent at the injection site and thereby a lighter blue‑stained 
local skin, while mice that were injected with methylene blue 
solution had deeper blue‑stained local skin due to a larger 
amount of effluent. Similar results were observed at 3 min after 
the injection, as well as 24 h later. When the solid tumor cavity 

Figure 1. Inhibition of liver cancer cell proliferation upon treatment with 
octreotide (OCT)‑poloxamer 407 (P407). (A) Hca‑F cells were treated for 
24 h with P407 and various concentrations of OCT and the inhibition rate (IR) 
was calculated, defining an IC50 for OCT of 20 µg/ml. (B) Hca‑F cells were 
treated for different periods of time with P407 or 20 µg/ml of OCT alone or in 
conjunction with P407 and the IR was calculated. Treatment with OCT‑P407 
inhibited cell proliferation more effectively that the other treatments (*P<0.05), 
with the difference being significantly greater at 48 h compared with the pre-
vious time points (#P<0.05).
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was opened, we found a stronger pigmentation of methylene 
blue‑P407 than methylene blue solution, indicating that the 
retention time of the former in the tumor cavity was longer 
than the latter (data not shown).

OCT‑P407 has a large residual concentration in the mouse 
tumor cavity. At 12  h after the intratumoral injection of 
100 µg/ml of OCT alone or in conjunction with P407, the peak 
areas (AU) of the 2 groups were detected by HPLC and the 
residual concentration of OCT (in µg/ml) was calculated by the 
external reference method. Our results revealed that the residual 
concentration of OCT in the OCT‑P407 group was significantly 
higher than the OCT group (P<0.05). Moreover, at 24 and 48 h 
after injection, OCT could still be detected in the OCT‑P407 
group, but no was longer detected in the OCT solution group.

OCT‑P407 prevents the increase in tumor volume and tumor 
weight. Before treatment there were no statistically significant 
differences in the tumor volume between the groups (P>0.05). 
As can be observed in Fig.  4B, the tumor volume in the 
untreated (NS) group increased gradually from day 0 to 8 after 

Figure 2. Induction of liver cancer cell apoptosis upon treatment with octreotide (OCT)‑poloxamer 407 (P407). Hca‑F cells were treated for different periods of 
time points with normal saline, P407 or 20 µg/ml of OCT alone or in conjunction with P407, stained with Annexin V‑FITC/PI and analyzed by flow cytometry. 
The apoptotic rate of the different groups at the different time points was calculated as the percentage of Annexin V‑FITC-positive/PI-negative cells. Treatment 
with OCT‑P407 induced apoptosis more effectively than the other treatments (*P<0.05), with the difference being significantly greater at 48 h compared with 
the previous time points (#P<0.05).

Figure 3. Bar graph showing the number of morphological changes of liver 
cancer cells upon treatment with OCT-P407 (n=3). Hca-F cells were treated 
for 48 h with no solution, P407 or 20 µg/ml of OCT alone or in combination 
with P407 and cell morphological changes were observed under an inverted 
microscope. The number of morphological changes of Hca-F cells in the OCT-
P407 group was greater than that of cells in the OCT group and P407 group, 
as well as the negative control group (*P<0.05). In the OCT group and P407 
group, the number of morphological changes of Hca-F cells was significantly 
greater than that of cells in the negative control group (#P<0.05).
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administration, growing to twice the original size on day 8.
Changes in tumor volume in the P407 group were similar 
to those in the NS group, with these 2 groups presenting no 
significant differences (P<0.05) at all time points (Fig. 4B). On 
the second day after treatment, the tumor volume in the OCT 
group was not significantly altered compared with the volume 
before administration, but was significantly decreased when 
compared with the NS group (P<0.05). However, after 4, 6 and 
8 days of administration, tumor volume increased and there 
was no statistically significant difference compared with the 
NS group (P>0.05) (Fig. 4B). After 2, 4 and 6 days of admin-
istration, tumor volumes in the OCT‑P407 group were not 
increased and on day 8, there was no statistically significant 
difference compared with the volumes before administration 
(P>0.05) (Fig. 4B). Although on the second day after adminis-
tration there was no significant difference between the tumor 
volumes in the OCT‑P407 and OCT solution groups, from 
day 4 onwards, the tumor volume in the OCT group increased 
and the differences between these 2 groups became significant 
(P<0.05). Tumor volumes in the ethanol group did not increase 
over time and had no statistically significant differences when 
compared with the volumes before treatment (P>0.05) and 
also when compared with the tumor volumes in the OCT‑P407 
group at different time points (P>0.05) (Fig. 4B).

After 8 days of treatment, the tumors were excised and we 
observed by the naked eye. The tumor volumes in the NS and 
P407 groups were larger, followed by the OCT solution group. 
The tumor volumes in the ethanol and OCT‑407 groups were 
the lowest (Fig. 4A). Tumor weight was then measured and the 
tumor IR calculated. In accordance with the tumor volumes, 
tumors in the OCT‑P407 and particularly those in the ethanol 
group were significantly lighter in weight (P<0.05) than those 
in the OCT, NS and P407 groups (Fig. 4C).

OCT‑P407 induces protein expression of SSTR‑2 and 
caspase‑3 and decreases that of VEGF. As detected by immu-

nohistochemistry of the mouse tumor sections, the number of 
positive cells, as well as the staining intensity of SSTR‑2 and 
the number of cytoplasm yellow granules in the OCT‑P407 
group were significantly higher (P<0.05) than those in the OCT, 
P407 and NS groups and, even though there was no statistically 
significant difference (P>0.05), they were also higher than those 
in the ethanol group (Fig. 5). On the contrary, the number of 
positive cells, as well as the staining intensity of VEGF and 
the number of cytoplasm yellow granules in the OCT‑P407 
group were significantly lower (P<0.05) than those in the OCT, 
P407 and NS groups and, although there was no statistically 
significant difference (P>0.05), they were also lower than those 
of the ethanol group (Fig. 5). Similar to SSTR‑2, the number 
of positive cells, as well as the staining intensity of caspase‑3 
and the number of cytoplasm yellow granules in the OCT‑P407 
group, were significantly higher (P<0.05) than those in the OCT, 
P407 and NS groups; however, they were lower, although not 
significantly (P>0.05), than those in the ethanol group (Fig. 5).

OCT‑P407 induces mRNA expression of SSTR‑2 and caspase‑3 
and decreases that of VEGF. As detected by RT‑PCR in the 
mouse tumor sections, the mRNA expression of SSTR‑2 in the 
OCT‑P407 group was significantly higher (P<0.05) than that 
in the OCT, P407, NS and even the ethanol group (Fig. 6). On 
the contrary, the mRNA expression of VEGF in the OCT‑P407 
group was significantly lower (P<0.05) than that in the OCT, 
P407 and NS groups and, but was not statistically significant 
compared with the ethanol group (P>0.05) (Fig. 6). Similar to 
SSTR‑2, the mRNA expression of caspase‑3 in the OCT‑P407 
group was significantly higher (P<0.05) than that in the OCT, 
P407, NS and even the ethanol group (Fig. 6).

Discussion

The incidence and mortality rates of primary hepatocellular 
carcinoma rank 7th and 4th, respectively worldwide among 

Figure 4. Changes in tumor volume and tumor weight upon treatment with octreotide (OCT)‑poloxamer 407 (P407). (A) On day 8 of treatment with normal 
saline (NS), P407, OCT, ethanol and OCT‑P407, the mice were culled and the tumors excised. Lane 1, NS group; lane 2, P407 group; lane 3, OCT group; 
lane 4, dehydrated alcohol group; lane 5, OCT-P407 group. (B) Tumor volume was measured at different time points, showing that the tumors in the OCT‑P407 
and ethanol groups were significantly smaller than those in the other groups (P<0.05). (C) On day 8 of treatment, tumor weight was measured and the tumor 
inhibition rate was calculated, showing that the tumors in the OCT‑P407 and ethanol groups were significantly lighter than those in the other groups (*P<0.05).
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tumors (21). Medication cannot improve the condition of the 
patients, whereas surgical procedures, such as hepatectomy 
or liver transplantation may be more efficient. However, even 
if the tumor is small and localized, the 5‑year survival rate 
only reaches up to 37.9‑50% (22,23). Studies have shown that 
the survival rate can be significantly improved when TACE 
is combined with physical or medical methodologies when 
treating solid tumors, such as PEI, liquid nitrogen freezing, high 
frequency laser, microwave and RFA among others. Progress 
has been made in TACE, positron emission tomography (PET) 

and RFA (24,25) thus far, and studies have also begun to focus 
on percutaneous intratumoral injection chemotherapy (26‑28). 
However, for those patients with advanced liver cancer with 
liver dysfunction and a poor physical condition, such treat-
ments often have to be discontinued.

In recent years, OCT has been reported to have antitumor 
effects  (12,29‑32). Compared with traditional chemothera-
peutics, OCT has a better specificity, fewer side‑effects and is 
harder to acquire resistance. Its action is mild and it has hepa-
toprotective effects (33). With these advantages, it is possible to 

Figure 5. Protein levels of somatostatin receptor‑2 (SSTR‑2), vascular endothelial growth factor (VEGF) and caspase‑3 upon treatment with octreotide 
(OCT)‑poloxamer 407 (P407; magnification, x100). Protein levels of SSTR‑2, VEGF and caspase‑3 were detected by immunohistochemistry in tumor sections 
of mice treated with normal saline (NS), P407, OCT, ethanol and OCT‑P407. OCT‑P407‑treated tumors displayed significantly higher  protein levels of SSTR‑2 
and caspase‑3 (*P<0.05) and significantly lower protein levels of VEGF compared with the tumors treated with the other treatments (*P<0.05).
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conduct antitumor therapy in such patients mentioned above. 
In order to overcome the disadvantage of the short half-life of 
OCT, in the present study, we tried to prolong the action time 
of OCT and improve its treatment effectiveness by changing 
the pharmaceutical dosage form.

As a type of polymer, P407-based thermosensitive gels 
in situ have been extensively studied in recent years (34‑36). 
It uses the difference in temperature between the environment 
and the human body to its advantage. It can be administered 
by injection and forms a gel at physiological temperatures, 
prolonging the action time of drugs, improving their therapeutic 
effects (28). In vivo and in vitro experiments have indicated 
that P407 has a stable release effect (37‑41) and compared with 
other similar materials, it is more stable and can carry more 
drugs, in addition to the fact that its toxicity is low, its surface 
is smooth and soft and requires little stimulation. It will not be 
sensed as a foreign body on the injection site. Furthermore, it 
has a good biocompatibility and is easy to produce. It has been 
widely used in delayed and controlled release gel systems and 
it is an ideal and safe adjuvant used for the delayed release of 
drugs. P407 has been reported to be combined with adriacin, 
chitosan and other polymers to form depot preparations for 
intratumoral injection therapy (42‑46). In the present study, 
considering that OCT has disadvantages, such as instability 
and a short half‑life and that P407 may increase drug stability, 
we tried to combine these 2 materials to form the OCT‑P407 
depot preparation to enhance the effects of intratumoral injec-
tion for the treatment of hepatocellular carcinoma.

We conducted cell culture and in  vivo experiments to 
investigate the antitumor effects of OCT‑P407. First, MTT 
assay was used to detect the effects of OCT and OCT‑P407 on 
the proliferation of Hca‑F hepatocellular carcinoma cells. Our 
results indicated that the proliferation of liver cancer cells in 
the OCT solution group was inhibited. In our study, compared 

with the control group, 24 h after treatment of the Hca‑F cells 
with OCT‑P407 containing various concentrations of OCT, cell 
proliferation was markedly suppressed. With the increasing 
drug concentrations, the IR increased and once the best inhibi-
tory concentration was defined, the inhibitory effects increased 
over time (P<0.05). The IRs of the OCT‑P407 group upon 12, 
24 and 48 h of treatment were significantly higher (P<0.05) than 
those of the OCT solution group. This may be due to the cumu-
lative effects of drug delayed release that enhanced its effects.

Cell apoptosis is closely associated with the occurrence, 
development and malignant transformation of tumors. Studies 
have proven that OCT can not only inhibit the proliferation of 
tumor cells, but can also induce tumor cell apoptosis (47,48). 
To assess this, we performed quantitative analysis of tumor 
cell apoptosis using the Annexin V‑FITC/PI double staining 
method combined with flow cytometry. Our results indicated 
that the effects of OCT‑P407 on the induction of apoptosis 
were significantly higher than those of OCT alone at different 
time points (P<0.05) and that these effects increased over 
time. We additionally observed the morphological changes 
in the liver cancer cells 48 h after the addition of OCT‑P407 
and OCT under an inverted light microscope and found that 
changes induced by OCT‑P407 were more obvious.

Mouse livers are relatively small and therefore are not easy 
to operate on and observe and the Hca‑F liver cancer cells 
used in this study grow better in lymphatic tissue. Moreover, 
establishing a mouse liver cancer implantation tumor model is 
easier, faster and reliable; therefore we used it as our in vivo 
experimental model.

It has been reported that the leaching method with no 
membrane is commonly used to investigate the release time 
of drugs in gels (49); however, this method is time consuming 
and can only be conducted in vitro. In this study, after estab-
lishing the mouse model of liver cancer by the subcutaneous 

Figure 6. mRNA levels of somatostatin receptor‑2 (SSTR‑2), vascular endothelial growth factor (VEGF) and caspase‑3 upon treatment with octreotide 
(OCT)‑poloxamer 407 (P407). (A) Normal saline (NS); (B) P407; (C) OCT; (D) ethnaol; (E) OCT‑P407. mRNA levels of SSTR‑2, VEGF and caspase‑3 were 
detected by RT‑PCR in tumor sections of mice treated with NS, P407, OCT, ethanol and OCT‑P407. OCT‑P407‑treated tumors display significantly higher 
(*P<0.05) mRNA levels of SSTR‑2 and caspase‑3 than all the other groups and significantly lower (#P<0.05) mRNA levels of VEGF than those of the other 
groups, excluding the ethanol one.
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transplantation of cancer cells, methylene blue and methylene 
blue thermosensitive gel were injected into the tumor cavity 
to investigate their retention at different time points. We 
observed a high amount of methylene blue in the methylene 
blue P407 group 24 h later compared with the methylene blue 
solution group. This experiment proved that P407 itself had an 
outstanding adhesive attraction that slowed down the flow speed 
of methylene blue in the solid tumor and prolonged its retention 
time in the solid tumor cavity, providing direct evidence for 
its delayed release effect in the tumor cavity. In this study, we 
injected prepared OCT‑P407 or OCT solution into the tumor 
cavities of mice and observed the effects 12 h after injection. 
The OCT content in the mouse tumor cavities was higher in the 
OCT‑P407 group than in the OCT solution group. In contrast 
to the OCT solution group, OCT could still be detected in the 
OCT‑P407 group 24 and 48 h later. We concluded that the 
retention time of OCT‑P407 was higher than that of OCT and 
this indicated that P407 has a delayed release effect.

Since our in vitro data have confirmed that OCT‑P407 can 
inhibit liver cancer cell proliferation and induce tumor cell 
apoptosis, we proceeded to investigate its antitumor effects 
through in vivo experiments. We therefore compared OCT‑P407 
with ethanol, a well known therapeutic drug administered by 
intratumoral injection for the treatment of liver cancer, as well 
as with a conventional OCT preparation, NS and P407. These 
reagents were separately injected into mice subcutaneously 
transplanted with Hca‑F hepatocellular carcinoma cells. As a 
result, the proliferation of tumor cells in the OCT‑P407, ethanol 
and OCT groups was inhibited, with the tumor volumes at 
different time points after injection being smaller than those in 
the NS and P407 groups (P<0.05). Two days after the injection, 
tumor volumes in the OCT‑P407 and ethanol groups were very 
similar to those in the OCT solution group (P<0.05); however, 
4, 6 and 8 days after injection, their volumes were significantly 
lower than those in the OCT solution group (P<0.05). This 
indicated that the action time of OCT‑P407 was significantly 
longer than that of OCT. Even though the tumor volume in the 
ethanol group tended to be lower than that in the OCT‑P407 
group, there was no statistically significant difference between 
them (P>0.05). In the end, the tumor weights in the OCT‑P407 
and ethanol groups were lower than those in the OCT, NS and 
P407 groups, although the tumor weight in the ethanol group 
was lower than that in the OCT‑P407 group (P<0.05). Their IRs 
were 67 and 61%, respectively, with the difference between them 
being statistically significant (P<0.05). Our results confirmed 
that OCT‑P407 had a greater inhibitory effect on tumor cell 
proliferation than OCT and that its effects were similar to those 
of ethanol as regards tumor volume, although its effects were 
not as prominent as those of the latter as regards tumor weight 
and IR. This may be due to the central tumor necrosis caused 
by ethanol.

Previous studies have suggested that the antitumor mecha-
nism of OCT may be related to the following factors: i) The 
direct inhibition of tumor cell proliferation, which is related to 
the expression of the SSTR on the tumor cell surface (50). In 
1998, Kouroumalis et al (51) found that there were SSTRs in 
human liver cancer cells contrary to normal liver tissue. The 
combination of OCT and SSTR produces vasoconstrictive 
effects and induces a dysfunction of the blood circulation in 
tumor tissue. It has been described that there are one or more 

types of SSTRs in the majority of tumor cells, which can be 
inhibited by OCT and SSTR‑2 is the most common. OCT has a 
great affinity for SSTR‑2 and it is its selective receptor antago-
nist. The combination of OCT and SSTR can exert cytotoxic 
effects, thereby inducing a lethal effect on target cells (51,52). 
ii) The inhibition of angiogenesis, which inhibits tumor cell 
proliferation by reducing tumor blood supply. It has been 
reported that OCT can also reduce angiogenesis by inhibiting 
VEGF (53). VEGF is the strongest vascular growth factor with 
the highest specificity. It acts on vascular endothelial cells 
specifically, participates in the angiogenesis of solid tumors 
and it is closely associated with the biological characteristics of 
solid tumors, such as invasion and metastasis (54,55). iii) The 
induction of tumor cell apoptosis. It has been described that 
one of the antitumor mechanisms of OCT may be the induc-
tion of the apoptosis of malignant cells  (56,57). The core 
component of the apoptotic cascade is the cysteinyl aspartate 
specific proteinase (caspase) family (58), with caspase‑3 being 
the crucial effector molecule in this process (59,60).

In this study, we investigated the mRNA and protein 
expression of SSTR‑2, VEGF and caspase‑3 and found that, 
compared with the ethanol group, the OCT‑P407 group tended 
to have increased mRNA and protein expression levels of 
SSTR‑2 and caspase‑3; however, there was no statistically 
significant difference (P>0.05). The difference was however, 
significant when compared with the OCT solution, P407 and 
NS groups (P<0.05). The expression of VEGF protein in the 
OCT‑P407 group tended to be lower than that in the ethanol 
group, despite the absence of significance (P>0.05). VEGF 
mRNA and protein expression in the OCT‑P407 group was 
lower than that in the OCT solution, P407 and NS groups 
(P<0.05), but higher than that in the ethanol group as regards 
mRNA expression (P<0.05).

Taken together, our results indicate that the delayed release 
effect of OCT‑P407 leads to a stronger antitumor effect 
than OCT alone and that the mechanisms involved may be: 
i) Upregulation of the expression of SSTR‑2, inhibiting the 
growth of liver cancer cells and inducing apoptosis. It has 
been shown that with the application of an osmotic micropump 
containing OCT, the long‑term sustaining release of OCT can 
lead to the upregulation of SSTR‑2 and in tumor models, this 
upregulation of SSTR‑2 depends on the continuous contact 
with OCT, demonstrating that the sustained release of small 
doses of OCT can lead to the upregulation of SSTR‑2 in tumor 
cells (61). ii) OCT‑P407 can enhance the inhibitory effects 
on angiogenesis by enhancing the inhibitory effects of OCT 
on the gene and protein expression of VEGF. The occur-
rence and development of liver cancer are closely related to 
the expression levels of VEGF (57,62). The delayed release 
effect of OCT‑P407 can inhibit the occurrence and develop-
ment hepatocellular carcinoma. iii) OCT‑P407 can induce 
apoptosis through the signal transduction pathway mediated 
by caspase‑3. OCT‑P407 is similar to ethanol in its antitumor 
mechanism. The only difference between them was that the 
mRNA expression level of VEGF was lower in the ethanol 
group than the OCT‑P407 group, indicating that ethanol may 
inhibit angiogenesis faster and more prominently by causing 
tissue necrosis.

As stated above, in the present study, firstly, we proved by 
in vitro cell culture experiments that OCT‑P407 inhibits the 
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proliferation and induces the apoptosis of liver cancer cells. We 
then showed that the retention time of OCT‑P407 in the solid 
tumor cavity is longer than that of OCT, which indicates that 
OCT‑P407 has a delayed release effect. We also observed that 
even though the antitumor effects of the intratumoral injec-
tion of OCT‑P407 were not as effective as those of ethanol in 
general, in some aspects they had similar results. This suggests 
that OCT‑P407 may prove to be effective as an antitumor drug. 
There were some drawbacks in this experiment, such as the 
ratio of the concentration of the thermosensitive gel and cell 
culture medium which was difficult to handle in the in vitro 
cell culture experiments and thus 3 days after the gels were 
added, the medium became muddy and difficult to observe. 
Also, in the in vivo experiments, the livers of the mice were 
too small to obtain tumor tissue transplants and we were thus 
unable to establish the liver solid tumor model. Moreover, in 
the design of the experiment, a chemotherapeutics group was 
meant to be included in the control groups; however, due to the 
variety of drugs already described, we decided not to include 
such a group. To date, only a few cell culture experiments 
using gels have been performed by us and others and we hope 
that the experimental methodology can be improved in the 
future. Our laboratory will select a more appropriate model of 
liver cancer solid tumors for further experiments and we are 
looking forward to providing patients with a new advanced 
liver cancer treatment with the advantages of delayed release, 
low toxicity and better compliance.
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