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Objective: To elucidate the neuroprotective function of metformin in suppressing propofol-
induced apoptosis of HT-22 cells.

Methods: HT-22 cells were treated with 0, 10 or 100 pmol/L propofol, followed by
determination of their proliferative ability. Subsequently, changes in proliferation and apop-
tosis of propofol-treated HT-22 cells induced with metformin were assessed. Apoptosis-
associated genes in HT-22 cells were detected by Western blot. At last, regulatory effects of
Cav-1 on propofol and metformin-treated HT-22 cells were examined.

Results: Propofol treatment dose-dependently decreased proliferative ability and increased
apoptosis ability in HT-22 cells, which were partially blocked by metformin administration.
Upregulated Bcl-2 and downregulated Bax were observed in propofol-treated HT-22 cells
following metformin administration. In addition, Cav-1 level in HT-22 cells was regulated by
metformin treatment. Notably, metformin reversed propofol-induced apoptosis stimulation
and proliferation decline in HT-22 cells via downregulating Cav-1.

Conclusion: In our study, we found that propofol could induce apoptosis of HT-22 cells and
metformin could rescue the apoptosis effect regulated by propofol. Then, we found that
metformin protects propofol-induced neuronal apoptosis via downregulating Cav-1.
Keywords: metformin, propofol, Cav-1, apoptosis

Introduction
Propofol (2,6-diisopropylphenol) belongs to a type of short-acting intravenous anes-
thetics. Propofol is commonly used to induce and maintain anesthesia in adults owing
to its rapid induction and recovery time.'? Since it has a good antiemetic effect,
propofol is also widely applied in the induction and maintenance of pediatric and
obstetric anesthesia.® Nevertheless, a certain dose of propofol may induce neurotoxicity
as the nervous system is extremely sensitive to changes in internal and external
environment.*> Recent studies reported that propofol administration would induce
neuronal apoptosis®’ and may impair learning, memory and cognitive function in
children during brain development.® Therefore, it is necessary to clarify the mechanism
underlying the neurotoxicity of propofol. So far, several mechanisms have been
identified for explaining propofol-induced neurotoxicity, including mitochondrial dys-
function, translocation of apoptosis-inducing factors and the mTOR pathway.”'° It is
worth noting that propofol can regulate a variety of cellular pathways.'°

Apoptosis results from changes in plasma membrane phospholipids, cell shrink-
age and nuclear DNA condensation and cleavage.'' Apoptosis is regulated by
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abundant genes, especially the Bcl-2 family.'> Among
them, Bax, Bad and Bak exert pro-apoptotic effects,
while Bcl-2 and Bel-xL are anti-apoptotic genes.'> The
balance between expression levels of pro-apoptotic pro-
teins (Bax, Bak, and Bad) and anti-apoptotic proteins (Bcl-
2 and Bel-xL) is critical for neuronal survival.'* Apoptosis
may be a crucial target during the process of propofol-
induced neurotoxicity. Suppression of neuronal apoptosis
could be a novel strategy for the treatment of propofol-
induced neurotoxicity.

Metformin is a first-line antidiabetic drug. Metformin
exerts hypoglycemic outcomes through reducing hepatic
gluconeogenesis, increasing glucose utilization and
improving insulin sensitivity.'”> Abundant evidence have
suggested the potential function of metformin in anti-
inflammation, anti-apoptosis and anti-oxidation in central
nervous system diseases (ie, ischemic stroke, intracerebral
hemorrhage and multiple sclerosis).'® As a result, metfor-
min is believed to exert the function of neuronal
protection.

Caveolins is a membrane protein family composed of
three members with 21-24 kDa. Caveolin-1 (Cav-1) is
abundantly expressed in endothelial cells, and caveolin-3
(CAV-3) is mainly expressed in muscle cells.'” Cav-1 is
a structural protein responsible for maintaining vesicle
morphology. It is involved in the disease progression of
ischemia/reperfusion (I/R).'"*2° A recent study demon-
strated the extensive functions of Cav-1 in regulating

multiple cellular behaviors.?!

A recent study reported
that Cav-1 knockdown increases the therapeutic sensitivity
of lung cancer to cisplatin-induced apoptosis.** Besides, B-
Carotene induces apoptosis in esophageal squamous cell
Cav-1/AKT/NF-«B

pathway.”® The previous study showed that Cav-lwas

Carcinoma via the signaling
strongly associated with apoptosis. However, the role of
Cav-1 in propofol-induced apoptosis remains unclear.

In this paper, we mainly explored the potential regula-
tory effects of metformin and Cav-1 on propofol-induced
neurotoxicity.

Methods
Cell Culture of HT-22

Immortalized mouse hippocampal neuron HT-22 (CL-
0595) cells were provided by Cell Bank, Shanghai. Cells
were cultured in DMEM containing 10% FBS, 100 wmL
penicillin and 100 ng/mL streptomycin (Invitrogen,
Carlsbad, CA, USA). They were maintained at 37°C, 5%

CO,. Cells were inoculated in 6-well plates with 1x10°
cells per well, and incubated with 0, 1, 10 or 100 pmol/L
propofol for 24 hrs, respectively.

Transfection

HT-22 cells were treated with 100 pmol/L propofol and 10
pumol/L metformin for 24 h. Then, si-NC, si-Cav-1,
pcDNA-NC pcDNA-Cav-1
Invitrogen (Invitrogen, CA, USA) were transfected into

and purchased from
HT-22 cells using Lipofectamine 3000. After transfection

for 4-6 h, medium containing 10% FBS was replaced.

Cell Counting Kit-8 (CCK-8) Assay

Cells were seeded in the 96-well plate and cultured for 80%
confluence. Twenty microliters of CCK-8 (Houston TX, USA)
solution was added in each well and reacted at 37°C in dark for
2 h. Absorbance (A) at 450 nm was recorded at the appointed
time points using the CCK-8 kit (Dojindo Laboratories,
Kumamoto, Japan) for depicting the viability curves.

5-Ethynyl-2'-Deoxyuridine (EdU) Assay
Cells were labeled with 100 pL of EdU (Ribobio,
Guangzhou, China) reagent (50 umol/L) per well for 2
h. After PBS washing, cells were fixed in 50 puL of fixation
buffer, decolored with 2 mg/mL glycine and permeated
with 100 pL of 0.5%Triton X-100 (Solarbio, Beijing,
China). Cells were dyed with Apollo for 30 min, followed
by Hoechst in dark for 10 min. EdU-positive cells,
Hoechst-labeled cells and their merged images were deter-
mined under a fluorescent microscope.

Flow Cytometry

Cells were prepared into suspension with 1x10%/mL. One
hundred microliters of suspension was added in each tube,
incubated with 10 pL of AnnexinV, 380 pL of buffer and
10 pL of PI (propidium iodide). After 15-min incubation
in dark, apoptosis was analyzed by a BD FACSCalibur
flow cytometer (BD Bioscience, USA).

TdT-Mediated dUTP Nick-End Labeling
(TUNEL)

For TUNEL assay (Roche, Shanghai, China), cells were
subjected to 30-min fixation in 4% paraformaldehyde,
followed by 30-min incubation in H,O, to inactivate the
endogenous enzyme. Cells were immersed in 0.2% Triton
X-100 solution for 5 min to enhance cell membrane per-
meability, and further incubated with deoxynucleotide
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terminal transferase (rTdT) at 37°C for 1 h. The cell
nucleus was stained brown. Each section was randomly
selected for 5 fields. Apoptotic rate (TUNEL-positive
ratio) was finally calculated (magnification 400x%).

Western Blot

Cellular protein was extracted and quantified by BCA
method. After electrophoresis, proteins were transferred on
a PVDF membrane. Membranes were immersed in 5% skim
milk for blocking the non-specific sites. Two hours later,
membranes were reacted with primary and secondary anti-
bodies. Band exposure was achieved by ECL and analyzed
by Image Software. The antibodies purchased from
Proteintech used in our research were as follows: Bax
(50599-2-Ig, 1:1000), Bcl-2 (26593-1-AP, 1:1000), Cav-1
(16447-1-AP, 1:1000), Gapdh (60004-1-Ig, 1:1000).

Statistical Processing

SPSS 22.0 was used for data analyses. Data were
expressed as mean =+ standard deviation. Differences
were analyzed by one-way ANOVA. P < 0.05 was con-
sidered as statistically significant.

Results

Propofol Administration Inhibited
Proliferation and Induced Apoptosis in
HT-22 Cells

CCK-8 assay revealed a dose-dependent decline in the
viability of HT-22 cells after propofol administration
(Figure 1A). EdU assay further depicted the dose-
dependently declined EdU-positive ratio in propofol-
treated HT-22 cells (Figure 1B and C). After treatment of
increased doses of propofol, the apoptotic rate gradually
increased (Figure 1D and E). TUNEL-positive ratio was
dose-dependently elevated by propofol treatment in HT-22
cells (Figure 1F and G). Apoptosis-associated genes were
determined by Western blot. As data revealed, Bcl-2 was
downregulated and Bax was upregulated in propofol-
treated hippocampal neurons in a dose-dependent way
(Figure 1H).

Metformin Treatment Reversed
Propofol-Induced Apoptosis in HT-22
Cells

To elucidate the influence of metformin on HT-22 cells,
they were administrated with metformin and propofol.

Interestingly, the declined viability owing to propofol
treatment was reversed following metformin administra-
tion (Figure 2A). Similarly, decreased EdU-positive ratio
in propofol-treated HT-22 cells was partially blocked by
metformin (Figure 2B and C). Decreased apoptotic rate
was observed after metformin administration in propofol-
treated HT-22 cells (Figure 2D and E). Compared with
those treated with propofol, TUNEL-positive ratio
decreased in HT-22 cells treated with both propofol and
metformin (Figure 2F and G). As data revealed, Bcl-2 was
downregulated and Bax was upregulated in propofol-
treated hippocampal neurons which were reversed by met-
formin (Figure 2H). As a result, metformin effectively
reversed propofol-induced proliferation inhibition and
apoptosis stimulation in hippocampal neurons.

Metformin Regulated Cav-I Level

Western blot analysis uncovered that the protein level of
Cav-1 dose-dependently upregulated in propofol-treated
HT-22 cells (Figure 3A and B). Furthermore, metformin
treatment downregulated Cav-1 level in propofol-treated
HT-22 cells (Figure 3C and D). Hence, metformin was
able to regulate propofol-induced Cav-1 upregulation.

Propofol-Induced Apoptosis in HT-22
Cells by Upregulating Cav- |

To further explore the function of propofol in inducing
neuronal apoptosis, we constructed si-Cav-1 and pcDNA-
Cav-1. Transfection efficacy of si-Cav-1 was determined
in HT-22 cells by Western blot (Figure 4A). The protein
level of Cav-1 was markedly upregulated after propofol
treatment, which was then downregulated by transfection
of si-Cav-1 (Figure 4B). CCK-8 assay showed that knock-
down of Cav-1 partially reversed the declined viability in
HT-22 cells treated with propofol (Figure 4C). EdU assay
obtained a similar result (Figure 4D and E). The increased
apoptotic rate in propofol-treated HT-22 cells was slightly
reduced after transfection of si-Cav-1 (Figure 4F and G).

Metformin Reversed Propofol-Induced
Neuronal Apoptosis Through

Downregulating Cav-|

Next, transfection efficacy of pcDNA-Cav-1 was verified
in HT-22 cells (Figure 5A). Transfection of pcDNA-Cav
-1 inhibited the upregulated protein level of Cav-1 in
propofol-treated HT-22 cells (Figure 5B). Metformin
reversed the declined viability and EdU-positive ratio in
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Figure | Propofol-induced apoptosis in HT-22 cells. (A) CCK-8 assay results showed viability in HT-22 cells treated with 0, I, 10 and 100 uM propofol, respectively. (B and
C) EdU assay results showed EdU-positive HT-22 cells treated with 0, I, 10 and 100 uM propofol, respectively (B). Quantitative analysis of EdU-positive ratio (C). (D and E)
Flow cytometry results showed distribution of apoptotic cells, necrotic cells and survival cells following the treatment of 0, I, 10 and 100 uM propofol in HT-22 cells,
respectively (D). Quantitative analysis of apoptosis rate (E). (F and G) TUNEL results showed TUNEL-positive cells following the treatment of 0, I, 10 and 100 tM propofol
in HT-22 cells, respectively (F). Quantitative analysis of TUNEL-positive rate (G). (H) Protein levels of Bcl-2 and Bax in HT-22 cells treated with 0, |, 10 and 100 uM

propofol, respectively (*p<0.05 compared to control group).

propofol-treated HT-22 cells, which were further reduced
after overexpression of Cav-1 (Figure 5C-E). In the
meantime, overexpression of Cav-1 enhanced apoptosis
in propofol-treated neurons even after metformin treat-
ment (Figure 5F and G). The above data proved that Cav-
1 was responsible for protective effects of metformin on
propofol-induced neurotoxicity.

Discussion

Increasing evidence have proved that propofol administra-
tion is able to induce developmental neurotoxicity, thereafter
leading to long-term cognitive and learning abnormalities.

Hence, the safety usage of propofol in pediatric anesthesia is

1?° proposed that propofol

well concerned.?* Fredriksson et a
administration dose-dependently aggravates the apoptotic
degree in neurons of young rats, which could impair the long-
term learning and memory ability of rats. In 7-day-old neo-
natal SD rats, propofol treatment markedly induces apoptosis
in hippocampal neurons.*® Our results revealed that propofol
treatment dose-dependently decreased proliferative ability
and increased apoptosis in HT-22 cells.

Apoptosis is of significance in maintaining homeostasis
and normal development. Nevertheless, excessive apopto-
sis leads to adverse biological consequences. For instance,
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Figure 2 Metformin reversed propofol-induced apoptosis in HT-22 cells (A) CCK-8 assay results showed viability in propofol-induced HT-22 cells either treated with 10 uM
metformin or not. (B and C) EdU assay results showed EdU-positive HT-22 cells with propofol induction, followed by 10 uM metformin treatment or not (B). Quantitative
analysis of EdU-positive ratio (C). (D and E) Flow cytometry results showed distribution of apoptotic cells, necrotic cells and survival cells in propofol-induced HT-22 cells
either treated with 10 pM metformin or not (D). Quantitative analysis of apoptosis rate (E). (F and G) TUNEL results showed TUNEL-positive cells in propofol-induced HT-
22 cells either treated with 10 uM metformin or not (F). Quantitative analysis of TUNEL-positive rate (G). (H) Protein levels of Bcl-2 and Bax in propofol-induced HT-22
cells either treated with 10 uM metformin or not (*p<0.05 compared to control group; p<0.05, compared to propofol (100uM) group).

uncontrolled apoptosis is closely linked to ischemic heart
disease, AIDS and Alzheimer’s disease, Parkinson’s dis-
ease and other neurodegenerative diseases.”’ Cell apopto-
sis has been well concerned in biology and medical
researches.

Metformin has been verified as a safe and effective oral
hypoglycemic agent extensively used in the treatment of
diabetes.”®* In nervous system, metformin stimulates the
growth of newly formed hippocampal neurons and improves
spatial learning and memory in mice.>**! Through activat-
ing the S1P1-dependent ERK1/2 pathway, metformin pro-

tects rabbits from sevoflurane-induced neuronal apoptosis.*>

Besides, metformin another AMPK activator AICAR acti-
vates AKT S473 which provides survival signal for cells by
inhibiting apoptotic signaling pathways.** In this analysis,
metformin treatment protected propofol-induced prolifera-
tion inhibition and apoptosis stimulation in HT-22 cells.
Therefore, we have proved the protective effect of metfor-
min on propofol-induced neurotoxicity.

Cav-1 is a 22 kDa plasma membrane scaffold protein.**
A previous study reported that Cav-1 regulates Caspase
3-mediated apoptosis pathway by downregulating Survivin.*
Cav-1 deficiency has protective effects on both intracellular

and extracellular apoptosis.>® In addition, through interacting
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with Ras, Cav-1 promotes the activation of the Ras/Raf/ERK  following metformin treatment. In particular, knockdown of
pathway, an important pathway participating in cell prolifera-  Cav-1 suppressed propofol-induced apoptosis in HT-22 cells.
tion and apoptosis.®’** Here, Cav-1 level was upregulated in ~ Rescue experiments further confirmed that overexpression of
propofol-treated HT-22 cells, which was downregulated Cav-1 abolished the anti-apoptosis function of metformin in
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Figure 5 Metformin reversed propofol-induced apoptosis in HT-22 cells through downregulating Cav-1. (A) Transfection efficacy of pcDNA-Cav-1 in HT-22 cells. (B)
Protein level of Cav-1 in propofol-induced HT-22 cells transfected with pcDNA-NC or pcDNA-Cav-| with either metformin treatment or not. (C) CCK-8 assay results
showed viability in propofol-induced HT-22 cells transfected with pcDNA-NC or pcDNA-Cav-| with either metformin treatment or not. (D and E) EdU assay results
showed EdU-positive cells in propofol-induced HT-22 cells transfected with pcDNA-NC or pcDNA-Cav-1 with either metformin treatment or not (D). Quantitative analysis
of EdU-positive ratio (E). (F and G) Flow cytometry results showed distribution of apoptotic cells, necrotic cells and survival cells in propofol-induced HT-22 cells
transfected with pcDNA-NC or pcDNA-Cav- | with either metformin treatment or not (F). Quantitative analysis of apoptosis rate (G) (*p<0.05 compared to control group;

&p<0.05, compared to propofol (100uM) group).

propofol-treated HT-22 cells. Collectively, metformin pro-
tected propofol-induced neurotoxicity through Cav-1.

Conclusions

In our study, we found that propofol treatment dose-
dependently decreased proliferative ability and increased
apoptosis in HT-22 cells. Besides, metformin could rescue
the apoptosis effect of propofol induced in HT-22. In
addition, we found that propofol induced the apoptosis of
HT-22 by up-regulating Cav-1 and metformin protects

propofol-induced neuronal apoptosis via downregulating
Cav-1.
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