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ABSTRACT

Objective: As the first gynecological tumor, ovarian cancer seriously threatens women'’s lives and health. Here, the
possible mechanism of midazolam against ovarian cancer progression was investigated.

Material and Methods: OVCAR3 and SKOV3 cells were treated with midazolam for 24 h, and cell activity
was subsequently detected by cell counting kit-8 assay to screen for the suitable treatment concentrations of
midazolam. Cell proliferation was investigated through 5-ethynyl-2’-deoxyuridine staining and cell plate cloning
experiments. Apoptosis rate was detected by flow cytometry, and cell invasion and migration ability were
examined through transwell test and scratch test. Western blot was adopted to explore the expression changes of
apoptotic proteins, cell cycle-related proteins, and extracellular signal-regulated kinase/c-Jun N-terminal kinase
(ERK/JNK) pathway-related proteins.
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Affiliated of Qingdao Results: After midazolam intervention, the OVCAR3 and SKOV3 cells showed decreased proliferation,

University, Qingdao, China. invasion, and migration abilities and accelerated apoptosis rate. Western blot results displayed that midazolam
downregulated the phosphorylation levels of ERK, JNK, and P38. Anisomycin reversed the effect of midazolam

asdfg123450126@126.com on the ERK/JNK pathway and cell proliferation, apoptosis, cell cycle, invasion, and migration.

Conclusion: Midazolam can block the development of ovarian cancer, and the relevant mechanism may be
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As the “first gynecological cancer;” ovarian cancer seriously threatens women’s health. Globally,

over 320 thousand new cases of ovarian cancer and over 200 thousand deaths from ovarian cancer
have been reported.!! Owing to the location of the ovaries deep in the pelvic cavity and the lack of
typical recognition features, the early diagnosis of ovarian cancer is difficult. Therefore, the onset
of ovarian cancer is relatively secretive, and three-quarters of patients have entered the advanced
stage by the time of diagnosis.””! Surgical treatment is mainly used in clinical practice; however,
surgical stress can cause the spread of residual cancer cells, which is also one of the reasons for
tumor recurrence and metastasis. Anesthetics, such as fentanyl,”! ropivacaine, and lidocaine,!
can affect the malignant behavior of cancer cells and the prognosis of patients undergoing cancer
surgery. Therefore, the selection of appropriate anesthetics is of great significance in the surgical
treatment of ovarian cancer.
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Midazolam is a water-soluble benzodiazepine with anti-
anxiety, sedative amnesia, anti-muscle relaxation, and
other effects and is mostly used to induce sleep before
surgery and to treat insomnia.”’ By inhibiting synaptic
timing in the hippocampal CAIl region and regulating
central CaMKII protein expression, this drug exerts
sedative effects while reducing negative effects on patients’
cognitive ability.¥! Midazolam is a commonly used sedative
drug in clinical surgery with a proven excellent sedative
effect.”? Rania et all' confirmed that midazolam plus
epidural morphine could reduce the total post-operative
analgesia in patients undergoing colorectal cancer surgery.
Novac et al.'"l evaluated the effects of midazolam for total
intravenous anesthesia on inflammatory responses after
minimally invasive gynecological surgery and found that
it has anti-inflammatory and immunomodulatory effects
when combined with fentanyl. Midazolam also reduces bone
cancer pain by inhibiting “neuron-astrocyte activation” in
the spinal cord.'” It prohibits the growth of colon cancer
and leukemia cells by activating the intrinsic pathway
of mitochondrial apoptosis.'¥! It blocks liver cancer cell
metastasis and promotes apoptosis, which is related to miR-
217 down-regulation." Despite its potential anti-tumor
effects, only a few reports are available on the correlation
between midazolam and ovarian cancer.

In this work, the effect of midazolam on the biological
behaviors of ovarian cancer was studied through functional
experiments to clarify the mechanism of this drug during
the progression of ovarian cancer and provide reference and
guidance for subsequent studies.

MATERIAL AND METHODS
Cell culture

Ovarian cancer cells OVCAR3 (BH-C238) and SKOV3
(BH-C124) were bought from Bohui Biotechnology
(Guangzhou, China) and subjected to short tandem repeat
(STR) identification and mycoplasma detection. The cell
culture conditions were as follows: Roswell Park Memorial
Institute-1640 medium (PM150110B, Pricella, Wuhan,
China) with penicillin/streptomycin  solution (1%,
60162ES76, Yeasen, Shanghai, China) and fetal bovine
serum (FBS, 10%, C2056-1A, EK-Bioscience, Shanghai,
China), 37°C, and 5% carbon dioxide. The experiments
were conducted when the cells grew to the logarithmic
stage. The cells were treated with midazolam at half the
maximal inhibitory concentration (ICs) for 24 h. At
2 h before midazolam (H20031037, NHWA, Xuzhou,
China) treatment, 10 uM of anisomycin (HBS-M1117,
Huibaishiji, Changsha, China) was added to induce JNK
activation in vitro.
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Cell counting kit-8 (CCK-8) assay

Ovarian cancer OVCAR3 and SKOV3 cells (5 x 10*/well)
were inoculated in a 96-well plate and treated with midazolam
(0, 10, 30, 50, 100, and 200 pumol/L, H20031037, NHWA,
Xuzhou, China) for 24 h. The cells were continuously
incubated for 2 h with CCK-8 solution (10 uL, CKO04,
Dojindo, Shanghai, China). At 450 nm, the absorbance
values were measured using an enzyme-labeled instrument.

Cell plate cloning experiment

The cells were inoculated into a six-well plate and treated
with midazolam for 24 h after adhesion. After 24 h, the cells
were fixed (4% paraformaldehyde, YB-169Z, Ybscience,
Shanghai, China) and stained by crystal violet (0.1%, YB-
MO007, Ybscience, Shanghai, China). The number of clones
was counted under a microscope (CX41, Olympus, Japan).

5-ethynyl-2’-deoxyuridine (EdU) staining

The cells were inoculated in a 96-well plate (1 x 10* cells/mL).
After cell adhesion, 100 uL of EAU solution was added for
2 h. After washing with phosphate buffered saline (PBS), 1x
Apollo and 4,6-diamino-2-phenylindole staining solution
were added after fixation and permeability. The EAU positive
cell rate was calculated under a fluorescence microscope
(DM2500, Leica, Germany).

Cell scratch test

The «cells were inoculated into a six-well plate
(1 x 109 cells/well). A straight line was drawn with the pipette
tip perpendicular to the cell surface, and the different parts
were marked. Photographs were taken at 0 and 24 h to
calculate the healing efficiency.

Transwell assay

The cells (3 x 10° cells/chamber) in each group were
inoculated in transwell chamber and incubated in 37°C
incubator for 60 min. The upper chamber was precoated with
Matrigel (356234, Solarbio, Beijing, China), and a complete
medium was added to the lower chamber. After incubation
overnight, polyformaldehyde (4%) and crystal violet (0.1%)
were added for fixation and staining, respectively. The
transmembrane cells were counted under a microscope
(Olympus, Japan).

Western blot assay

Proteins were obtained from the cells using cleavage
buffers containing protease inhibitors and quantified in
accordance with the instructions for the bicinchoninic acid
kit (P0012S, Beyotime, Shanghai, China). The proteins
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were added to 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis gel and then electrically transferred to a
polyvinylidene fluoride membrane (IPVH00010, Millipore,
Boston, Massachusetts, USA). The cells were added with
primary antibodies (anti-extracellular signal-regulated
kinase [ERK]: 66192-1-Ig, 1:10000, Sanying, Wuhan, China;
anti-ERK1/2: 4696S, 1:2000, Cell signaling technology,
Boston, USA; anti-P38: 66234-1-Ig, 1:5000, Sanying, Wuhan,
China; anti-p-P38: 9216L, 1:2000, Cell signaling technology,
Boston, USA; anti- ¢-Jun N-terminal kinase [JNK]: 66210-
1-Ig, 1:5000, Sanying, Wuhan, China; anti-p-JNK: sc-81502,
1:1000, Santa Cruz Biotechnology, Dallas, USA; and anti-
GAPDH: 60004-1-Ig, 1:50000, Sanying, Wuhan, China) and
incubated at 4°C overnight, followed by incubation with
the secondary antibody (AS003, 1:5000, ABclonal, Wuhan,
China). After an enhanced chemiluminescent solution
(C500044, Sangon Biotech, Shanghai, China) was added,
photographs were taken by a gel imaging analysis system
and grayscale analysis was performed by Image] software
(National Institutes of Health, New York, NY, USA).

Flow cytometry (FCM)

The cells of logarithmic growth stage were treated with
midazolam (midazolam group) or equal volume PBS (control
group). For the cell apoptosis assay, the cell suspension
was incubated with Annexin V-fluorescein isothiocyanate/
propidium iodide (PI) solution (BL107B, Jinpan Biotech,
Shanghai, China) for 30 min. For the cell cycle experiment,
the cells were fixed using 75% alcohol and then treated
with 400 uL of PI and 100 puL of RNase A (R31498-50T,
BIOBOMEI, HeFei, China) under the dark at 4 °C for
30 min. Finally, apoptosis and cell cycle were detected by
FCM (CytoFLEX, Beckman Coulter, USA).

Statistical analysis

Data were expressed as mean tstandard deviation and
analyzed by SPSS 16.0 statistical software (the Statistical
Package for the Social Sciences Inc., IBM Corporation,
Chicago, IL, USA). Tukey’s test of one-way analysis of
variance was used to determine differences among different
groups, and t-test was used for pairwise comparison between
groups. P < 0.05 indicated that the difference was statistically
significant. All experiments were repeated 3 times.

RESULTS
Toxicity of midazolam to ovarian cancer cells

SKOV3 and OVCAR3 cells were treated with different
midazolam concentrations (0, 10, 30, 50, 100, and
200 wmol/L) for 24 h to investigate its toxicity to ovarian
cancer. As shown in Figure 1 a, the OVCARS3 cells showed
dose-dependent inhibition of cell viability after midazolam
treatment. The ICs, of midazolam on OVCAR3 cells
was 73.40 umol/L. In SKOV3 cells, different midazolam
concentrations also caused a decrease in cell viability, and
the ICs, was 78.94 umol/L [Figure la and b]. Therefore, we
treated the cells with midazolam at half the concentration
of 1Cs, that is, 36 umol/L for OVCAR3 cells and 39 umol/L
for SKOV3 cells, to achieve the appropriate experimental
effect.

Midazolam inhibited the proliferative behavior of ovarian
cancer cells

The effect of midazolam on ovarian cancer cell proliferation
was observed by cell plate cloning experiments and EdU
methods. Experimental results showed that midazolam
notably reduced the EdU positive cell rate of OVCAR3
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Figure 1: Toxicity of midazolam to ovarian cancer cells. (a) Growth of OVCAR3 cells treated with
midazolam at different concentrations as detected by CCK-8 assay. (b) Growth of SKOV3 cells treated
with midazolam at different concentrations as detected by CCK-8 assay. n = 3, *P < 0.05, **P < 0.01,
*¥**¥P < 0.001, ¥***P < 0.0001. CCK-8: Cell counting kit-8.

CytoJournal « 2025 22(91) | 3



Sun, et al.: Midazolam regulates the progression of ovarian cancer

(P < 0.01) and SKOV3 cells (P < 0.001) [Figure 2a and b] of midazolam on the expression of cell cycle-related
and inhibited their clone formation capacity (P < 0.001),  proteins. Midazolam decreased the expression of CDK4
[Figure 2c¢ and d]. Western blot verified the influence (P < 0.001) and cyclin D1 (P < 0.001) [Figure 2e-g].

OVCAR3 SKOV3

Control Midazolam Control Midazolam

OVCAR3

Control Midazolam
ONLro SCAZO AL

P 2
fm“a'.*\ Tg.
c OVCAR3 ) d ! OVCAR3 SKOV3
Control
OVCAR3 SKOV3 m= Midazolam Control
=
Control i Control Mi £
N E
Cyclin D1 - S 136KDa )
| - :
a8
o - - - ¢
£ z
36KDa &
GAPDH o. X
OVCAR3 SKOV3 OVCAR3 SKOV3
e f g

Midazolam
Control

W Midazolam

Cell distribution( % )
&
T

GO/G1 S G2M

e

Control

s Midazolam

Cell distribution ( %)
.
s
1

GO/G1 S G2M

=~

Figure 2: Midazolam inhibited the proliferative behavior of ovarian cancer cells. (a and b) Effect
of midazolam on ovarian cell proliferation as confirmed by EdU experiment (scale bar: 50 um,
magnification: x200). (c and d) Effect of midazolam on the clone formation capacity was confirmed
by cell plate cloning experiment. (e-g) Effect of midazolam on the level of cell cycle-related proteins
as confirmed by Western blot assay. (h-k) Effect of midazolam on cell cycle as confirmed by FCM.
n =3, ¥P < 0.05, **P < 0.01, ***P < 0.001. DAPI: 4,6-diamino-2-phenylindole, EdU: 5-ethynyl-
2’-deoxyuridine, CDK4: Cyclin-dependent kinase 4, GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase, FCM: Flow cytometry.
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Figure 3: Midazolam induced the apoptosis of ovarian cancer cells. (a and b) FCM confirmed the effect of midazolam on the apoptosis
of OVCAR3 and SKOV3 cells. (c-f) Western blot experiment confirmed the effects of midazolam on apoptosis-promoting and apoptosis-
inhibiting proteins. n = 3, ***P < 0.001, ****P < 0.0001. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase, FCM: Flow cytometry.
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Figure 4: Midazolam hindered the metastatic behavior of ovarian cancer cells. (a and b) Effect of midazolam on the migration ability of
OVCAR3 and SKOV3 cells as demonstrated by scratch experiments (scale bar: 200 um, magnification: x40). (c and d) Transwell assay showed
the effect of midazolam on the invasion ability of OVCAR3 and SKOV3 cells (scale bar: 50 pm, magnification: x200). n = 3, **P < 0.01,
**AEP < 0.0001.
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Figure 5: Midazolam blocked the activation of the ERK/JNK signaling pathway in ovarian cancer cells. (a-j) Western blot results showed
the effects of midazolam on the expression of total P38, JNK, and ERK and the phosphorylation levels of P38, JNK, and ERK in OVKAR3
and SKOV3 cells. (e-h) Western blot results showed that anisomycin neutralized the effect of midazolam on the ERK/JNK pathway
in OVKARS3 cells. (i-1) Western blot results showed that anisomycin neutralized the effect of midazolam on the ERK/JNK pathway in
SKOV3 cells. n = 3, *P < 0.05, ***P < 0.001, ****P < 0.0001: Compared with control group; **P < 0.01, “*P < 0.001: Compared with
midazolam group. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase, ERK: Extracellular signal-regulated kinase, JNK: c-Jun N-terminal

kinase.

Moreover, midazolam significantly increased the proportion
of GO/G1 phase (P < 0.01) and decreased the proportion of
the S phase (P < 0.05) [Figure 2h-k]. Therefore, midazolam
prohibited the proliferation of ovarian cancer cells to some
extent.

Midazolam induced the apoptosis of ovarian cancer cells

After treatment with midazolam, the proportion of early
and late apoptotic cells increased significantly (P < 0.0001),
[Figure 3a and b]. Western blot results showed that
midazolam notably down-regulated Bcl-2 (P < 0.0001)
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and up-regulated Bax (P < 0.001) and cleaved caspase-3
(P < 0.001) [Figure 3c-f]. These results suggested that
midazolam induced the apoptosis of ovarian cancer cells.

Midazolam hindered the metastatic behavior of ovarian
cancer cells

Scratch healing experiment verified the change in cell
migration ability after midazolam treatment. Midazolam
showed a significant migration inhibitory effect on OVCAR3
and SKOV3 cells (P < 0.0001), [Figure 4a and b]. Transwell
assay displayed that the invasion ability of OVCAR3 cells
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(P < 0.01) and SKOV3 cells (P < 0.0001) was inhibited
after midazolam treatment [Figure 4c and d]. Hence, we
concluded that midazolam could hinder the metastatic
behavior of ovarian cancer cells to some extent.

Midazolam blocked the activation of ERK/JNK pathway

We examined the expression of ERK/JNK pathway protein
markers after treating ovarian cancer cells with midazolam.
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Figure 6: Anisomycin neutralized the effect of midazolam on cell proliferation. (a and b) EAU experiments confirmed that the inhibitory
effect of midazolam on the proliferation of OVCAR3 cells was neutralized by anisomycin (scale bar: 50 wm, magnification: x200). (c and d)
EdU experiments confirmed that the inhibitory effect of midazolam on the proliferation of SKOV3 cells was neutralized by anisomycin (scale
bar: 50 wm, magnification: x200). (e and f) Anisomycin neutralized the inhibitory effect of midazolam on the clone formation capacity of
OVCAR3 and SKOV3 cells. n = 3, **P < 0.01, ***P < 0.001, ****P < 0.0001: compared with control group; P < 0.05, *“P < 0.01: compared
with midazolam group. DAPI: 4,6-diamino-2-phenylindole, EdU: 5-ethynyl-2’-deoxyuridine.
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Western blot results displayed that the expression levels of total
P38, JNK, and ERK were not affected by midazolam. Meanwhile,
the phosphorylation levels of P38 (OVCAR: P < 0.0001; SKOV3:
P < 0.001), JNK (OVCAR: P < 0.001; SKOV3: P < 0.001), and
ERK (OVCAR: P < 0.001; SKOV3: P < 0.001) were significantly
reduced [Figure 5a-d]. Anisomycin reversed the effect
of midazolam on the ERK/JNK pathway [Figures 5e-],
neutralized its inhibition of the cell proliferation of SKOV3 and
OVCARS cells (both P < 0.05) [Figure 6a-d], and counteracted
its inhibitory effect on the clone formation capacity of OVCAR3
(P < 0.01) and SKOV3 cells (P < 0.05) [Figure 6e and f]. The
promoting effect of midazolam on G1 phase was reversed by
anisomycin (OVCAR: P < 0.05; SKOV3: P < 0.01) [Figure 7a-e].
Moreover, the effects of midazolam on cell apoptosis and
migration [Figure 8a-d] were also neutralized by anisomycin
(all P < 0.001). Moreover, the effects of midazolam on the cell
invasion of OVCAR3 cells and SKOV3 cells (both P < 0.01) were

counteracted by anisomycin [Figure 8e and f]. Therefore, we
suggested that midazolam affected ovarian cancer progression
by blocking the activation of the ERK/JNK pathway.

DISCUSSION

Surgery is the preferred treatment for most primary tumors,
and more than 80% of patients need to be diagnosed and
treated through anesthesia. Ovarian cancer is mainly
treated through surgery, which can remove the tumor as
much as possible and create conditions for post-operative
chemotherapy or radiotherapy to improve the curative
effect.’) However, surgery may also activate the sympathetic
nervous system and certain tumor-derived factors, resulting
in tumor micrometastasis and clinical metastasis.!'’!
Anesthetics can affect the prognosis of patients undergoing
surgery, especially those undergoing tumor surgery.
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Figure 8: Anisomycin neutralized the effects of midazolam on cell invasion and migration. (a and b) Anisomycin neutralized the effects

of midazolam on the migration of OVCAR3 cells (scale bar: 200 um,

magnification: x40). (¢ and d) Anisomycin neutralized the effects

of midazolam on the migration of SKOV3 cells (scale bar: 200 um, magnification: x40). (e and f) Anisomycin neutralized the effects of
midazolam on cell invasion (scale bar: 50 pm, magnification: x200). n = 3, *P < 0.05, **P < 0.01, ¥***P < 0.001, ****P < 0.0001: compared

with control group; **P < 0.01, P < 0.001: Compared with midazolam

As a commonly used intravenous anesthetic, midazolam
is frequently applied for the pre-operative, anesthesia
induction, and perioperative sedation of patients with tumors
due to its rapid effect and significant sedation effect.'” This
drug is a potent benzodiazepine, which can relieve anxiety
in patients with cancer. In clinical settings, midazolam is the
choice combination medication for most children because it
can significantly reduce the anxiety symptoms and adverse
behaviors of children before surgery.”® When combined

group.

with ketamine, it can effectively achieve analgesia in children
with hematologic tumors undergoing invasive surgery.!"”)
Furthermore, patients with cancer experiencing chronic pain
are often treated with opioids combined with midazolam and
ketamine to reduce their pain.” A recent discovery is that
midazolam can hinder the growth of tumor cells and induce
apoptosis.???! Here, we investigated its role in ovarian
cancer cell progression. Midazolam reduced the proliferation
capacity of ovarian cancer cells, prohibited cell invasion and
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migration, and accelerated cell apoptosis rate, indicating its
certain effect on the malignant behavior of ovarian cancer
cells. Our findings were similar to those reported by other
scholars. For instance, midazolam was found to induce
apoptosis in A549 cells and hinder cell migration.””! In
breast cancer, midazolam blocks the levels of mesenchymal
proteins, cell migration, invasion, and proliferation.!
Furthermore, midazolam induces cell apoptosis and thus
impedes cell proliferation, migration, and invasion.?! Hence,
we concluded that midazolam accelerates apoptosis and
blocks the proliferation of ovarian cancer cells.

MAPK is the main carrier of information from the cell
surface to the nucleus. Mammals have many MAPK
genes, such as ERK, JNK/SAPK, P38MAPK pathway, big
MAPkinase-1 (BMK1/ERKS5), and ERK3, 4, 6, 7, and 8.12¢
ERK is an important molecule of MAPK, which regulates
cell circulation and promotes cell growth and division.
JNK and p38 mainly regulate cell stress response and
apoptosis.””! Anesthetics affect the progression of ovarian
cancer cells through the MAPK pathway. For example,
propofol exerts anti-cancer effects through the MEK/
ERK pathway in ovarian cancer.?®! Here, we examined
the role of midazolam on the ERK/JNK pathway by
Western blot assay. After OVCAR3 and SKOV3 cells were
treated with midazolam for 24 h, the phosphorylated
forms of p-ERK and p-JNK decreased. These inhibitory
effects were neutralized by anisomycin. Similarly,
midazolam inhibits the development of lung cancer
by inactivating the EGFR/MEK/ERK pathway.” and
delays the I/R-induced apoptosis of rat cardiomyocytes
by reducing the phosphorylation levels of JNK, P38, and
ERK.® Anisomycin reversed the effects of midazolam
on cell proliferation, apoptosis, cell cycle, invasion, and
migration. Thus, we hypothesized that midazolam affects
ovarian cancer progression by blocking the activation of
the ERK/JNK pathway.

This study still has shortcomings. In vivo and
immunohistochemical experiments to confirm the function
of midazolam in the progression of ovarian cancer are
currently lacking. Moreover, the specific mechanism of
midazolam for the ERK/JNK pathway in ovarian cancer
needs further experimental verification.

SUMMARY

Midazolam plays an anticancer role in ovarian cancer by
inhibiting cell proliferation, invasion, and migration, and
promoting cell apoptosis. Its mechanism may be related to
blocking the ERK/JNK pathway.
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