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Abstract: Recently, the incidence of pituitary adenoma has been gradually increasing. Therefore, it is urgent to 
explore safe and effective treatments. We administered celecoxib, an early and highly selective COX-2 inhibitor, 
to treat rat pituitary adenoma, pair (GH3) cell proliferation, apoptosis, and hormone secretions. Here, we discuss 
celecoxib’s mechanism that interferes with GH3 cells. We treated GH3 cells with different concentrations of cele-
coxib in vitro. We then analyzed the effect of the drug on GH3 cell proliferation activity using an MTT assay, and we 
measured the apoptosis of GH3 cells using TUNEL staining and flow cytometry. In addition, we measured the protein 
expressions of Bax, Bcl-2, and caspase-3 using western blot. Compared with the control group, the GH3 cell apop-
tosis and proliferation inhibition rates were associated with the concentration of celecoxib in the low, medium, and 
high dose celecoxib-groups and showed significant differences (P<0.05). At the same time, the Bax and caspase-3 
protein expressions in the celecoxib-group were significantly increased (P<0.05), and the Bcl-2 protein expression in 
the high dose group was significantly reduced (P<0.05). Celecoxib can inhibit tumor cell proliferation and accelerate 
cell apoptosis. 
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Introduction

Pituitary adenoma is a common intracranial 
tumor that occurs in the anterior and posterior 
pituitary lobes of the tumor. Recently, its inci-
dence has increased dramatically, and is the 
most common intracranial tumor after gliomas 
and meningiomas [1]. An intracranial benign 
pituitary tumor, pituitary adenomas do not 
undergo aggressive growth, so their treatment 
is mainly surgery followed by postoperative 
radiotherapy and chemotherapy. Most patients 
respond well to treatment and there is a low 
recurrence rate after the treatment. However,  
a small number of patients with pituitary tu- 
mors suffer infiltration sieve to the sphenoid 
sinus and sella bone, and the surrounding tis-
sue damages the saddle area. Such pituitary 
tumors are called invasive pituitary adenoma. 
The surgical resection rate of those tumors is 
low, and postoperative chemotherapy is inef-
fective. Therefore, it is urgent to explore more 

safe and effective treatments [2]. Cycloo- 
xygenase (COX) is a key arachidonic acid meta- 
bolism factor involved in the whole metabolic 
process [3]. Cyclooxygenase includes two iso-
meric structures: COX-1 maintains the stability 
of the intracellular PG, and COX-2 plays a role  
in inducing the expression. When the COX-2 
expression increases, it can participate in ma- 
lignant cell proliferation and anti-apoptosis [4]. 
Studies have found that COX-2 is involved in the 
progression of pituitary adenomas, and cele-
coxib is a highly selective COX-2 inhibitor, main-
ly used to treat rheumatoid arthritis and cancer-
ous familial bowel polyps in the clinic [5]. More 
recently, studies have focused on the interven-
tion effect of celecoxib on the invasion and 
angiogenesis of pituitary tumors [6]. However, 
there is little data on the drug’s effect on pitu-
itary cell proliferation and apoptosis. In addi-
tion, the mechanism by which COX-2 and cele-
coxib interfere with pituitary cell proliferation 
and apoptosis is still unclear. Therefore, it is 
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urgent to determine how celecoxib works. In 
the present study, we completed an analysis of 
celecoxib intervention on GH3 cell proliferation, 
apoptosis, and hormone secretion to explore 
celecoxib’s potential mechanism.

Materials and methods

Cells

Rat GH3 cells: purchased from Nanjing Grand 
Biotechnology Company.

Agents

The FBS was purchased from the Nanjing 
Helprin Tech Co. The RPMI 1640 medium was 
purchased from Guinness, owned by the Nan- 
jing Biological Technology Co., Ltd.; The MTT 
was purchased from the United States Mego 
Company. The celecoxib was purchased from 
the Yangtze River Pharmaceutical Co. (Zhunzi 
h20120063). The TUNEL kit was purchased 
from the Shanghai Biological Technology Co., 
and the Bax and Bcl-2 antibodies were pur-
chased from the Nanjing Liyun Biotechnology 
Co., Ltd. The caspase-3 and β-actin monoclo-
nal antibodies were purchased from Nanjing 
Zhongshan Biotechnology Ltd. The flow apopto-
sis kit was purchased from the Shanghai Kaiji 
Biotechnology Co., Ltd.

GH3 cells

Rat GH3 cells were cultured in ab RPMI 1640 
medium, at 37°C, with 5% CO2 and a humidity 
of 100%. We changed the medium every two 
days. The GH3 cells in the logarithmic growth 
cycle were used last in the experiments [7].

Treatments

There were four groups: the control group 
(which contained the same amount of DMSO), 
and the low, medium, and high dose celeco- 
xib-groups. The concentrations of the low, 
medium, and high doses were 20, 40, and 80 
μmol/L, respectively.

GH3 cell morphology

All four groups of the GH3 cells were placed on 
6-well plates, and the cell density was 1.0 × 
106 cell/mL. After the drug treatment, we cul-
tured the cells for another 72 hours, then we 
used an inverted phase contrast microscope to 
analyze the morphology of the GH3 cells.

GH3 cell proliferation

An MTT assay was used to analyze the effect of 
celecoxib on the GH3 cells in 96-well plates, 
with a seeding cell density of 1.0 × 104 cell/mL. 
After 24 h culture, the cells were treated with 
celecoxib, and then they were cultured in an 
RPMI 1640 medium for another 72 h. We ad- 
ded 20 μL MTT to each well and incubated 
them for 4 h, and then the supernatant was  
discarded and 150 μL DMSO was added. We 
measured the absorbance of each well at a 
wavelength of 570 nm using an enzyme-linked 
immunosorbent monitor. We then analyzed the 
GH3 cell proliferation inhibition rate and the 
inhibition rate (treated group, the average value 
of A/control group mean A value).

GH3 apoptosis rate

In the present study, the TUNEL method was 
used to analyze the effect of celecoxib on GH3 
cell apoptosis. The GH3 cells on a logarithmic 
growth cycle were seeded in 6-well plates with 
a cell density of 1.0 × 104 cell/mL, and cultured 
for 24 h. Then the cells were treated with the 
different concentrations of celecoxib. According 
to the TUNEL reagent operating instructions, 
we randomly selected six high-power fields (ea- 
ch with ≥100 cells) and placed them under  
a fluorescence microscope to analyze the GH3 
cell apoptosis: cell apoptosis rate = (TUNEL-
positive cells/total cells) × 100%. GH3 cells on 
logarithmic growth cycle were seeded in 96- 
well plates, and cultured for 24 h. Then the 
cells were treated with the different concentra-
tions of celecoxib. According to the kit’s instruc-
tions, we used flow cytometry to measure the 
cell apoptosis rate.

The expressions of Bax Bcl-2 and caspase-3 
protein in the GH3 cells

Western blot was used to determine the Bax, 
Bcl-2, and caspase-3 protein expressions in  
the GH3 cells. The GH3 cells on a logarithmic 
growth cycle were seeded in the 6-well plates. 
After 24 h culture, the cells were treated with 
celecoxib and then cultured in a RPMI 1640 
medium for another 72 h. The cells were lysed 
and we extracted the total protein. 40 μg pro-
tein was used for the SDS-polyacrylamide gel 
electrophoresis. After that, we transferred the 
protein onto a PVDF membrane, and we block- 
ed it with 5% nonfat milk. We incubated the 
membranes with Bax, Bcl-2, and a caspase-3 
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showed increased brightness 
and good refraction. The vol-
ume of GH3 cells in the high-
dose celecoxib group was sig-
nificantly reduced and had a 
lower refractive index, and the 
majority of the GH3 cells disin-
tegrated, had a medium color, 
and became cloudy.

Celecoxib interfered with the 
cell apoptosis

According to the results of the 
TUNEL assay and flow cytome-
try: compared with the control 
group, the apoptosis rates of 
all three celecoxib groups in 
the rat GH3 were significantly 
higher (P<0.05). And the apop-
tosis rates in the GH3 cells 
increased in a dose-dependent 
way according to the celecoxib 
concentrations (Table 1).

Table 1. The GH3 apoptosis rate in each group after the interven-
tions

Groups
GH3 apoptosis rate (%)

TUNEL Flow cytometry method
Control 1.71±0.59 1.36±0.45
Low-dose celecoxib group 12.54±2.14* 11.21±1.96*
Middle-dose celecoxib group 19.52±3.24* 17.21±2.74*
High-dose celecoxib group 31.25±0.59* 29.74±3.14*
Note: One-way ANOVA was performed to compare the differences among the dif-
ferent groups. Compared with the control group, *P<0.05 indicates a significant 
difference.

antibody (1:1000) overnight. After we washed 
the membranes with a TBST buffer three times, 
the membrane was incubated with horseradi- 
sh peroxidase-labeled secondary antibody and 
placed at room temperature for 2 h. Then we 
washed it with a TBST buffer three times and 
then we exposed it. β-actin protein was used as 
a internal reference standard to analyze the 
value of each group’s optical density (sample 
optical density/internal reference optical den-
sity) [8].

Statistical analysis

The data were processed using SPSS 19.0 soft-
ware and are presented as the mean ± stan-
dard deviation (SD). One-way ANOVA was per-
formed to compare the differences among the 
different groups. P<0.05 indicated a statistical 
significance.

Results

Changes in cell morphology

The number of GH3 cells in the low and medi-
um celecoxib groups was significantly reduced, 
and the remaining GH3 cells became round, 
with reduced brightness and decreased refrac-
tion, while the GH3 cells in the control group 

Intervention on the proliferation of the GH3 
cells

According to the results of the MTT assay and 
the flow cytometry: compared with the control 
group, after being treated with celecoxib, the 
proliferation inhibition rate of the GH3 cells 
increased in a dose-dependent way according 
to the celecoxib concentrations, and the differ-
ences were significant (P<0.05) (Table 2).

The intracellular Bax, Bcl-2, and caspase-3 
protein expressions in the GH3 cell 

Compared with the control group, the Bax and 
caspase-3 proteins were significantly increased 
in all the celecoxib groups, and the differences 
were significant (P<0.05). Compared with the 
control group, the Bcl-2 protein expression in 
all the celecoxib groups was significantly re- 
duced, and the differences were significant 
(P<0.05) (Table 3 and Figure 1).

Discussion

Celecoxib, the main drug treatment for arthritis, 
selectively inhibits COX-2 expression. A previ-
ous study found that celecoxib can inhibit a 
variety of tumors, and it can be used with other 
drugs to create a synergistic anti-tumor effect 

Table 2. The GH3 cell proliferation inhibition rate in each group
Group GH3 Inhibition rates of cell proliferation (%)
Control 3.56±0.58
Low-dose celecoxib group 13.11±1.43*
Middle-dose celecoxib group 20.22±2.12*
High-dose celecoxib group 30.16±3.23*
Note: One-way ANOVA was performed to compare the differences among the dif-
ferent groups. Compared with the control group, *P<0.05 indicates a significant 
difference.
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In the present study, after rat 
pituitary adenoma GH3 cells 
were treated with celecoxib, 
compared to the control group, 
the cells showed significant 
morphological changes, had in- 
creased apoptosis, and the rat- 
es of cell proliferation inhibiti- 
on and apoptosis were signifi-
cantly increased in a dose-
dependent way (P<0.05), sug-
gesting that celecoxib signifi-
cantly inhibits cell proliferation 
and promotes cell apoptosis. 
Compared with the control gr- 
oup, the Bax and caspase-3 
proteins in the celecoxib group 
were significantly increased 
(P<0.05). Compared with the 
control group, the Bcl-2 prote- 
in expression was significantly 
reduced (P<0.05). Therefore, 
celecoxib’s mechanisms that 
accelerate rat pituitary adeno-
ma GH3 cell apoptosis may 
involve the upregulation of Bax 
and caspase-3 and the down-
regulation of Bcl-2.

In summary, the present stu- 
dy found that celecoxib inhi- 
bits tumor cell proliferation and 
accelerates cell apoptosis, find- 
ings which will provide basic 
experimental evidence for the 
clinical use of COX-2 inhibitors 
to treat pituitary adenoma.
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Table 3. Expression of Bax, Bcl-2 and caspase-3 proteins in GH3 
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Groups Bax Bcl-2 caspase-3 
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