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Abstract

Background: We aimed to explore the mechanism of the effect of remimazolam (Rem) on the proliferation
of colorectal cancer (CRC) cells with CRC as a disease context.

Methods: Translocation protein (TSPO) expression in CRC was determined by Western blotting and qRT-
PCR in the Second Affiliated Hospital of Qiqgihar Medical University from March 2019 to February 2022.
TSPO-interacting proteins were predicted through string database. The proliferation was measured by CCK-8
and 5-ethynyl-2-deoxyuridine (EDU). The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT)
and clonal colony on cells were formed to screen for the optimal concentration of Rem and to detect the via-
bility. The expression of apoptosis-related proteins, Bcl-2 and P53, was determined by qRT-PCR and Western
blotting. The effect of Rem on the expression of tumor markers, CEA and CA19-9, in CRC was examined
through ELISA.

Results: TSPO expression in CRC tissues and cells was higher than that in ANT samples and normal intesti-
nal epithelial cells. Over-expression of TSPO promoted the proliferation of HCT116 and the expression of
tumor markers CEA and CA19-9 and inhibited the apoptosis of HCT116. Interference with TSPO inhibited
the proliferation of HCT116 and the expression of CEA and CA19-9 and promoted the apoptosis of HCT116.
1 pg/mL Rem could inhibit the viability of HCT116, the proliferation of HCT116 and the expression of CEA
and CA19-9, and improve the apoptosis of HCT116. TSPO could interact with VDAC and affect its protein
expression, and Rem could inhibit the proliferation and the expression of CEA and CA19-9 through the
TSPO/VDAC pathway, to promote its apoptosis.

Conclusion: Rem affects the proliferation of CRC cells by inhibiting the TSPO/VDAC pathway.
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Introduction

Colorectal cancer (CRC) is the third most com- are mainly surgery, chemotherapy and radiother-
mon cause of death worldwide. Among the peo- apy; however, they will have many side effects,
ple diagnosed with metastatic CRC, the number such as leukopenia and neutropenia (2). There-
of those who survive longer than 5 years was less fore, it is urgent to find new and effective thera-
than 20% (1). The standard treatments for CRC pies for treating CRC.
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The role of Benzodiazepines (BZDs) in CRC is
gradually discovered (3). The over-expression of
benzodiazepine receptor (PBR) is a new inde-
pendent prognostic marker for CRC in stage I1I
(4). One of the peripheral BZD receptors, 18
kDa translocation protein (TSPO), localized in
the outer membrane of the mitochondria, is up-
regulated in CRC (5,6), and TSPO is involved in
the apoptosis-regulated of HT29 in CRC cells (7).
The pharmacological effects of BZDs require
both TSPO and voltage-dependent anion channel
(VDAC) -bound complexes to play a role (8).
Moreover, TSPO and VDAC and adenine nuele-
otide translocase (ANT) to maintain the balanced
of mitochondrial respiratory chain (9) and regu-
late functions of mitochondrion (10). Therefore,
BZDs can regulate the functions of mitochon-
drion through the TSPO/VDAC pathway, to
exert their pharmacological effects in the disease
control. Both BZDs and TSPO function in CRC,
and BZDs are required to target TSPO, there-
fore, targeting the TSPO/VDAC pathway can
help in controlling the development of CRC.
Remimazolam (Rem) is a newer BZD (11). Rem
has an onset time of 1-3 min (12) and a terminal
half-life of 0.75 h (13) and does not accumulate
in tissues (14), showing good safety and good
drug tolerance in clinical experiments (15). The
role of Rem as a new BZD in CRC has not been
reported, therefore, Rem will likely be used as a
new generation of targeted drugs for the treat-
ment of CRC.

Effective CRC-targeted drugs currently play an
important role in the detection and treatment for
CRC patients, and searching for new biomarkers
can identify the susceptibility or eatly stages of
the disease. Therefore, this study deeply explored
the role of Rem in the treatment of CRC, aiming
to develop a new molecular pathway for the tar-
geted prediction of CRC, to help in the predic-
tion and prevention of CRC.

Available at:  http://ijph.tums.ac.ir

Materials and Methods

Collection of clinical samples

Twenty paired CRC tissues and adjunct normal
tissues (ANT) samples (with the distance away
from the tumor > 5 cm) were collected from pa-
tients diagnosed with primary CRC through the
evaluation by histopathology at the Second Affil-
iated Hospital of Qigihar Medical University be-
tween March 2019 and February 2022. All pa-
tients had no diseases of heart, brain, kidney or
other vital organs, without signs of distant metas-
tasis. No patient received any form of medication
and radiation or/and chemotherapy prior to sut-
gery. All patients had signed an informed consent
in this study, which has been approved by the
Ethics Committee (NO.20190221).

Cell culture

Normal intestinal epithelial cell line, NCM460,
and CRC cell line, HCT116, were obtained from
the Cell Bank of Wuhan University. Cells were
cultured in DMEM high-glucose medium con-
taining 10% FBS (Art. No.: 164210-500). Sterile
penicillin and streptomycin (100 pg/mL) were
added in the medium. All cells were cultured in
an incubator with 5% CO..

Cell transfection

TSPO plasmids were used as the over-expression
vector, and the over-expression vector (GEFP-
TSPO) and the control (Vector) were constructed
by Triangle Biotechnology Co., Ltd. (Shanghai,
China). Sequence of siRNA targets designed for
knockdown of TSPO expression (si-TSPO):
ACCATTGGGCCTGCTGGTA. The reagent
for transfection was Lipofectamine 2000 (Invi-
trogen Gibco, USA), and the plasmid incubation
solution was opti-MEM (Invitrogen Gibco,
USA). The mixture was slowly dropped to the
surface of cells. After transfection for 4.5h, the
medium was replaced with proliferation medium.

Drug treatments

Cells were seeded in six-well plates at 5X10°
cell/well, which were divided into four groups:
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control (0 pg/mL Rem) and three Rem-treated
groups (0.1, 1 and 10 pg/mL Rem) (16-19). The
optimal inhibitory concentration of Rem on the
viability of CRC cells was detected by MTT and

cell colonies.

Western blotting

The protein extraction kit (Beyotime, P0033,
China) was used for extracting proteins from tis-
sues and cells. After denaturing, SDS-PAGE gel
electrophoresis was performed, then the proteins
were transferred to PVDF membrane (Millipore,
MA, USA, IPFL00010) at the current of 200 mA.
Then it was closed with skim milk powder, which
was incubated overnight with primary antibodies
(TSPO: BS-3674R, Bioss; B-actin: BS-0061R, Bi-
oss; VDAC: S-7647R, Bioss), and then incubated
with goat anti-rabbit IGG-HRP (1:5000, Milli-
pore, MA, USA, AP112P) for another 2h. Protein
expression was finally detected by ECL-Western
Blotting Substrate Kit (Abnova, KA3725) and
chemiluminometry image system (Fusion Solo,
Villber Lourmat).

qRT-PCR
Total RNA was extracted with the RNA extrac-
tion kit (Thermo, USA). Templates were synthe-
sized according to the operation requirements of
reverse transcription kit (Thermo, USA). When
the concentration of the reverse transcribed
cDNA strand was determined by the Nano in-
strument, qRT-PCR amplification was performed
in the instrument with the TB Green Premix EX
Taq II kit (Thermo, USA). The reaction system
of qPCR is as follows: 10ul of cDNA, 2 ul for
each of gene upstream and downstream primers,
66 pl of ddH20, and 20 pl of SYBR Greenl dye.
The setting procedure is: 95°C for 5 min, 94°C
for 15s, 55°C for 30s, 72°C for 30s, 4°C for
30min, for 40 cycles. Internal reference primers
were synthesized by a company.
The sequences of primers are as follows:
B-actin: F-5CTCCATCCTGGCCTCGCTGT-3,
R-5GCTGTCACCTTCACCGTTCC-3.
TSPO: F-5GCTAGCTTGCAGAAACCCTC-3,
R-5GCTGACCAGTGTAGAGACCC-3.
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Bcl-2: F-5GAGGATTGTGGCCTTCTTTG-3,
R-5GTTCCACAAAGGCATCCCAG-3.
P53: F-5GTTTCCGTCTGGGCTTCT-3,
R-5ACCTCAGGCGGCTCATAG-3.
VDAC: F-5AAGGTCTGCAACTATGGGCT-3,
R-5AACACAGCCCAGCCATAGAT-3.
All the primers above were synthesized by a
company.

CCK-8

Transfected cells were seeded into 96-well plates,
and 15 pl of CCK-8 reagent (10 uL, abcam) was
added to each well and incubated for 3h before
the absorbance (450nm) was measured with a
microplate reader (Bio-Rad Laboratories, Hercu-
les, CA, USA) and averaged in triplicate.

EDU

Cells were seeded in 96-well plates at 4x10°
cells/well and transfected. After transfection for
24 h, 10 uM of EDU (C0075S, Beyotime) was
added to each well, and incubated at 37°C for 2
h. The cells were fixed with 4% paraformalde-
hyde at room temperature for 15 min. After
washing out the excess fixation fluid, the mem-
brane was permeabilized with 1 mL of PBS con-
taining 0.3% Triton X-100 at room temperature
for 15 min. Finally, the cells were stained with
Hoechst 33342 for 10 min, observed and photo-
graphed under a microscope (BX63, Olympus).
Five groups of cells were randomly selected and
counted to count the rate of EDU positive cells.

Detection for formation of cell colonies

One hundred cells were seeded in six-well culture
plates, which were cultured after adding the pro-
liferation culture medium, and the formation of
colonies was regularly observed during the cul-
ture of cells. Colonies with more than 50 cell
clones under microscope were fixed, then the
cells were stained with 0.1% crystal violet. The
number of colonies formed was counted and all
experiments were performed in triplicate.

MTT
1 x 10* cells were seeded into 96-well plates and
cultured for 24h to allow cell adherence, and then
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in the absence of serum, the cells were incubated
with Rem (0.1, 1 and 10 pg /ml, Rem,
CAS:308242-62-8,Shanghai Pfam Pharmaceutical
Technology Co., Ltd.) at 37°C for 24h. Then,
MTT solution (0.5 mg/ml, abcam) was added
and further incubated at 37°C for 3 h. Finally, the
absorbance was measured at 580nm.

ELISA

Cells were inoculated into 6-well culture plates.
Cells were treated with Rem (1 pg/mlL) for 24h,
The supernatant was collected and coincubated
with HRP-conjugated antibodies. The optical
density (OD) at 450 nm was determined after the
colouration. Concentrations of carcinoembryonic
antigen (CEA) (Fujirebio Diagnostics AB, Swe-
den) and carbohydrate antigen 199 (CA19-9) (Fu-
jirebio Diagnostics AB, Sweden) in serum was
detected.

Construction of protein-protein Interaction
network

The protein interaction network of TSPO was
acquired  via  String  online  database
(https:/ /string-db.otg/). After protein and spe-
cies selection, the protein-protein interaction
network of TSPO was collected, and finally, the
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network map between the top 10 interacting pro-
teins was obtained.

Data Analysis

Relevant data analysis were performed with
Prism GraphPad 7.0 (GraphPad Software, La
Jolla, CA, USA). The number of cells were
counted and analyzed with Image J (1.4.3.67 Bro-
ken Symmetry software), which was also used to
count protein gray scale results. Data were ex-
pressed as mean * standard deviation (SD), and
t-test was used to analyze differences between
groups. Univariate ANOVA test was performed
for the difference statistics of data from more
than two groups. P<0.05 and “P<0.01 indicates
a statistical difference in the data.

Results

TSPO expression is specific in colorectal
cancer

As shown in Fig. 1A-B, TSPO expression was
higher in CRC tissues than that in ANT samples
(P<0.01). TSPO expression was higher in CRC
cell, HCT116, than that in the normal intestinal
epithelial cell line, NCM460, (Fig. 1C-D, P<0.01).
It further confirmed the correlation between
TSPO and the development of CRC.
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Fig. 1: Correlation between TSPO and CRC
Note: A: Western blotting for the expression difference of TSPO in CRC and ANT; B: qRT-PCR for the expression
difference of TSPO in CRC and ANT; C: Western blotting for the expression difference of TSPO in HCT116 and
NCM460; D: qRT-PCR for the expression difference of TSPO in HCT116 and NCM460. *P<(0.05, *P<0.01
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Eftect of TSPO on proliferation, apoptosis
and tumor markers

The effect of over-expressed TSPO on the pro-
liferation of HCT116 was determined by CCK-8,
the results are shown as Fig. 2A. 1 pg/mL of
GFP-TSPO increased the proliferation of
HCT116 (P<0.01). In contrast, the transfection
of si-TSPO significantly reduced the proliferation
of HCT116 (P<0.01). Subsequently, the expres-
sion of apoptosis-related proteins, Bcl-2 and P53,
was determined by qRT-PCR, and the results are
shown as Fig. 2B. Over-expressed TSPO CRC
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cells had a reduced apoptosis of HCT116
(P<0.01). However, TSPO increased the apopto-
sis of HCT116 (P<0.01). ELISA was used to de-
tect the changes of expression of CRC tumor
markers, CEA and CA19-9. In Fig. 2C, GFP-
TSPO promoted the expression of CEA and
CA19-9 (P<0.01), while si-TSPO inhibited CEA
and CA19-9 (P<0.01). Based on the above re-
sults, the changes in TSPO expression can affect
the proliferation and apoptosis of CRC cells, and
the expression of tumor markers.
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Fig. 2: Effect of TSPO on the proliferation and apoptosis of HCT116, as well as the expression of CEA and CA19-

Note: A: CCK-8 for TSPO; B: qRT-PCR for P53 and Bcl-2 expression; C: ELISA for CEA and CA19-9 expression.
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Effect of Remimazolam on colorectal cancer
cells

The optimal drug concentration of Rem acting
on HCT116 was first selected. According to
MTT analysis, the viability gradually decreased
with the increase of Rem action concentration
compared with the control cells without Rem-
treatment (0 pg/ml). However, its weakening
trend is smaller. When Rem treated HCT116 at 1
ug/mlL, a slight decrease in the viability was ob-
served (Fig. 3A, P<0.01). However, when the
concentration of Rem increased to 10 pg/mlL,
the decreasing trend of viability was slowed
down, it could be seen that the concentration of
Rem at 1 pg/mL had a great effect on the viabil-
ity of HCT116. The same results of cell cloning
experiments showed that Rem at 1 ug/mlL could
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significantly reduce the formation of clonal cell
colonies of HCT116 (Fig. 3B, P<0.01), so Rem at
1 pg/mL was chosen as the optimal drug concen-
tration.

HCT116 were treated with Rem at 1 pg/mlL for
24h, and the effect of Rem on the proliferation
was detected by CCK-8 and EDU. In Fig. 3C-D,
Rem at 1 pg/mlL significantly inhibited the pro-
liferation of HCT116 (P<0.01). Rem at 1 pg/mL
significantly promoted the apoptosis of HCT116
(Fig. 3E, P<0.01). Similarly, ELISA showed that
Rem at 1 pg/mlL significantly reduced the ex-
pression CEA and CA19-9 compared with con-
trols (Fig. 3F, P<0.01). The above results indicat-
ed that Rem at 1 pg/mlL inhibited the prolifera-
tion of HCT116.
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Fig. 3: Effect of Remimazolam medication on colorectal cancer cells
Note: A: MTT for the effect of Rem on the viability of cells; B: Detection on the formation of cell colonies for the
effect of Rem on the formation of cell clone; C: CCK-8 for the effect of Rem on the proliferation of HCT116; D:
EDU for the effect of Rem on the proliferation of HCT116; E: qRT-PCR for the effect of Rem on P53 and Bcl-2
expression; F: ELISA for the effect of Rem on the expression of CEA and CA19-9. N=3, "P<0.05, *P<0.01

Targeted regulatory molecules of TSPO in
colorectal cancer cells

The String online database (https://cn.string-
db.org/) was adopted. The result showed that
TSPO can interact with VDAC in CRC cells (Fig.
4A). The regulatory effect of TSPO on VDAC

Available at:  http://ijph.tums.ac.ir

expression was tested by Western blotting, and
the result showed that GFP-TSPO promoted
VDAC expression, while si-TSPO interfered with
VDAC expression in HCT116 (Fig. 4B, P<0.01),
indicating that TSPO on CRC may work by tar-
geting VDAC.
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Note: A: String online database for the prediction of TSPO interacting proteins; B: Western blotting for the regula-
tion of TSPO on VDAC expression. N=3, “P<0.05, “P<0.01

Remimazolam affects the progression of col-
orectal cancer by inhibiting TSPO/VDAC

qRT-PCR showed that Rem treatment inhibited
the expression of TSPO and VDAC, while after
over-expression of TSPO, the inhibitory effect of
Rem on TSPO and VDAC was weakened (Fig.
5A, B, "P<0.05, "P<0.01), suggesting that the
pharmacological effects of Rem in HCT116 are
related to the TSPO/VDAC pathway. As shown
in Fig. 5C. Rem inhibited the proliferation of
HCT116, while GFP-TSPO significantly pro-
moted the proliferation of HCT116 ("P<0.01),
which is consistent with previous results. When
HCT116 were simultaneously administered with
Rem and over-expressed for TSPO, the prolifera-
tion of HCT116 was reduced ("P<0.01), suggest-
ing that the promotion effect of TSPO on the
proliferation of HCT116 can be inhibited by

1384

Rem. Results of apoptosis detection was con-
sistent with this. The inhibition of TSPO on
HCT116 apoptosis can be relieved by Rem (Fig.
5D, *P<0.05, **P<0.01);. Similarly, the results of
tumor markers were consistent with this conclu-
sion, the promotion of TSPO on CEA and
CA19-9 can be inhibited by Rem (Fig. 5E,
*P<0.05, **P<0.01).. However, when TSPO was
simultaneously over-expressed and treated with
Rem, the expression of CEA and CA19-9 was
found to decrease due to the action of Rem (Fig.
5E, P<0.05, “P<0.01). Combined with the above
results, Rem inhibited the proliferation of
HCT116 and the expression of tumor markers,
and promoted the apoptosis, which acts through
targeted inhibition of the TSPO/VDAC path-
way.
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Remazolam reduces the expression of TSPO/VDAC and inhibits the proliferation of
colorectal cancer cells
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Fig. 6: Remimazolam reduces TSPO/VDAC expression and inhibits the proliferation of colorectal cancer cells

Discussion

We demonstrated that Rem affected mitochon-
drial energy metabolism and the mitochondria
and cytosol dialogue through the TSPO/VDAC
pathway, ultimately affected the proliferation and
apoptosis of CRC cells (Fig. 6). CRC is the fourth
leading cause of cancer death in 2019 (20,21), and
the third leading cause of cancer death in 2021
(1). Patients with early and late-onset CRC failed
to improve the quality of survival after chemo-
therapy regimen (22,23). Further investigation on
effective medical intervention is needed (24).
Targeted therapy is a new option for the treat-
ment of CRC, which can successfully prolong the
overall survival of CRC patients (25,26). This
study found that Rem targeted CRC and inhibit-
ed the proliferation of CRC cells. Rem is a new
short-acting BZD (27). Rem at 1 pg/mlL inhibit-

1386

ed the proliferation and promoted the apoptosis
in HCT116 (Result 3), which is the first report,
and this result expands the therapeutic range of
Rem and BZD in the field of tumor treatment.

The pharmacological effect of BZD is required
to bind with the peripheral BZD receptor (PBR)
(8). TSPO is a PBR, which involves in the regula-
tion of many cellular processes, including the in-
flammatory response, oxidative stress and mito-
chondrial homeostasis (28). This study found that
TSPO was highly expressed in CRC (Results 1,
2). Previous studies also demonstrated that TSPO
expression increased in cancer cells (29), which
was consistent with this study. We found that
that Rem not only inhibited TSPO expression
(Result 5), but also reduced the expression of
CRC markers, CEA and CA19-9, (Result 2).
BZD is an antagonist of TSPO (30), whose ap-
plication decreased TSPO expression (31), which

Available at:  http://ijph.tums.ac.ir
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proved that Rem reduced TSPO expression and
inhibited the proliferation of HCT116, as well as
the expression of CRC-markers, CEA and CA19-
9, and promoted the apoptosis of HCT116.
TSPO, like VDAC, is also a mitochondrial pro-
tein (32,33). String online database analysis found
that TSPO can interact with a variety of VDAC
molecules, and the regulation of TSPO expres-
sion can affect VDAC expression in HCT116
(Result 4). Meanwhile, studies found that
VDACT expression was higher in CRC and high-
er than that of surrounding healthy tissues (34),
and silencing of VDACI1 expression by siRNA
inhibited the proliferation of CRC cell lines (35).
These findings are consistent with our findings,
suggesting the expression pattern of the
TSPO/VDAC pathway in CRC and the thera-
peutic potential of regulating the TSPO/VDAC
pathway for CRC.

We found that the antiapoptotic protein Bcl-2
expression decreased, and the proapoptotic pro-
tein P53 expression increased after the inhibition
of VDAC expression. However, Bcl-2 controls
the permeability of mitochondrial outer mem-
brane to cytochrome C and other apoptotic fac-
tors (30), so it can be speculated that the reduc-
tion of VDAC can reduce the dialogue between
mitochondria and cytosol, change the energy me-
tabolism of mitochondria, and ultimately affect
the proliferation, apoptosis and the expression of
CRC tumor markers, CEA and CA19-9. Howev-
er, the use of Rem not only changed the expres-
sion of TSPO and VDAC, but also controlled the
proliferation and apoptosis of CRC cells, and the
activity of CRC tumor markers by inhibiting the
TSPO/VDAC pathway.

Conclusion

Rem regulates TSPO/VDAC expression in CRC,
affects the proliferation of CRC cells. Rem may
affect the growth of CRC cells by regulating mi-
tochondrial activity, and the detailed regulation of
Rem regulating mitochondrial function remains
to be further explored.

Available at:  http://ijph.tums.ac.ir

Journalism Ethics considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements

This study was funded by Qiqihar Science and
Technology Bureau (CSFGG-2021278).

Conflict of Interest

The authors declare that there is no conflict of
interest.

References

1. Biller LH, Schrag D (2021). Diagnosis and
Treatment of Metastatic Colorectal Cancer: A
Review. [AM.A, 325(7):669-685.

2. Johdi NA, Sukor NF (2020). Colorectal Cancer
Immunotherapy: Options and Strategies.
Front Immunol, 11:1624.

3. Lech G, Stotwinski R, Stodkowski M, Kras-
nodgbski IW (2016). Colorectal cancer tu-
mour markers and biomarkers: Recent thera-
peutic advances. World |  Gastroenterol,
22(5):1745-55.

4.  Maaser K, Grabowski P, Sutter AP, et al (2002).
Overexpression of the peripheral benzodiaz-
epine receptor is a relevant prognostic factor
in stage III colorectal cancer. Clin Cancer Res,
8(10):3205-9.

5. Zhang L, Hu K, Shao T, et al (2021). Recent de-
velopments on PET radiotracers for TSPO
and their applications in neuroimaging. Acfa
Pharm Sin B, 11(2):373-393.

6. Jia B, Ling X, Xing M, Ludwig JM, Bai M, Kim
HS (2020). Novel TSPO-targeted Doxorubi-
cin Prodrug for Colorectal Carcinoma Cells.
Apnticancer Res, 40(10):5371-5378.

7. Shoukrun R, Veenman L, Shandalov Y, et al
(2008). The 18-kDa translocator protein,
formetly known as the peripheral-type ben-
zodiazepine receptor, confers proapoptotic

1387


http://ijph.tums.ac.ir/

10.

11.

12.

13.

14.

15.

16.

17.

1388

Iran J Public Health, Vol. 52, No.7, Jul 2023, pp.1378-1389

and antineoplastic effects in a human colorec-
tal cancer cell line. Pharmacogenet Genonrics,
18(11):977-88.

Garnier M, Dimchev AB, Boujrad N, Price JM,
Musto NA, Papadopoulos V (1994). In vitro
reconstitution of a functional petipheral-type
benzodiazepine receptor from mouse Leydig
tumor cells. Mo/ Pharmacol, 45(2):201-11.

Halestrap AP, McStay GP, Clarke SJ (2002). The
permeability transition pore complex: another
view. Biochinsie, 84(2-3):153-66.

Batresi E, Robello M, Costa B, et al (2021). An
update into the medicinal chemistry of trans-
locator protein (ISPO) ligands. Ewur | Med
Chem, 209:112924.

Kilpatrick GJ (2021). Remimazolam: Non-
Clinical and Clinical Profile of a New Seda-
tive/Anesthetic ~ Agent.  Front  Pharmaol,
12:690875..

Antonik L], Goldwater DR, Kilpatrick GJ, Til-
brook GS, Borkett KM (2012). A placebo-
and midazolam-controlled phase I single as-
cending-dose study evaluating the safety,
pharmacokinetics, and pharmacodynamics of
remimazolam (CNS 70506): Part 1. Safety, effi-
cacy, and basic pharmacokinetics. Awesth An-
alg, 115(2):274-83.

Yang M, Liu X, Yang D, Bai Y, Qin B, Tian S,
Dong R, Song X (2021). Effect of remimazo-
lam besylate compared with propofol on the
incidence of delirium after cardiac surgery:
study protocol for a randomized trial. Tral,
22(1):717.

Zhang X, 1i S, Liu ] (2021). Efficacy and safety
of remimazolam besylate versus propofol
during hysteroscopy: single-centre random-
ized controlled trial. BMC _Anesthesiol,
21(1):156.

Sheng XY, Liang Y, Yang XY, Li LE, Ye X,
Zhao X, Cui YM (2020). Safety, pharmacoki-
netic and pharmacodynamic properties of
single ascending dose and continuous infu-
sion of remimazolam besylate in healthy Chi-
nese volunteers. FEur | Clhin  Pharmacol,
76(3):383-391.

Zhou XW, Ma Z, Geng T, Wang ZZ, Ding G,
Yu-an B, Xiao W (2014). Evaluation of in
vitro inhibition and induction of cytochrome
P450 activities by hydrolyzed ginkgolides. |
Ethnopharmacol, 158 Pt A:132-9.

Kimani MM, Lanzarotta A, Batson JS (2021).

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

Rapid determination of eight benzodiazepines
in suspected counterfeit pharmaceuticals us-
ing surface-enhanced Raman scattering with
handheld Raman spectrometers. | Forensic Se,
66(6):2167-2179.

Chen X, Sang N, Song K, et al (2020). Psycho-
motor Recovery Following Remimazolam-
induced Sedation and the Effectiveness of
Flumazenil as an Antidote. Chn Ther,

42(4):614-624.
Zhou J, Leonowens C, Ivaturi VD, et al (2020).
Population pharmacokinet-

ic/pharmacodynamic modeling for remima-
zolam in the induction and maintenance of
general anesthesia in healthy subjects and in
surgical subjects. | Clin Anesth, 66:109899.

Rawla P, Sunkara T, Barsouk A (2019). Epide-
miology of colorectal cancer: incidence, mor-
tality, survival, and risk factors. Pry Gastroenter-
0/, 14(2):89-103.

Dekker E, Tanis PJ, Vleugels JLA, Kasi PM,
Wallace MB (2019). Colorectal cancer. Lancet,
394(10207):1467-1480.

Wang H (2020). MicroRNAs and Apoptosis in
Colorectal Cancer. Int | Mo/ Se, 21(15):5353.

Taieb J, Balogoun R, Le Malicot K, (2017). Ad-
juvant FOLFOX +/- cetuximab in full RAS
and BRAF wildtype stage I1I colon cancer pa-
tients. Ann Oncol, 28(4):824-830.

Siegel RL, Miller KD, Jemal A (2019). Cancer
statistics, 2019. CA Caneer | Clin, 69(1):7-34.
Wolf AMD, Fontham ETH, Church TR, et al

(2018). Colorectal cancer screening for aver-
age-risk adults: 2018 guideline update from
the American Cancer Society. CA Cancer |

Clin, 68(4):250-281.

Xie YH, Chen YX, Fang JY (2020). Compre-
hensive review of targeted therapy for colo-
rectal cancer. Signal Transduct Target Ther,
5(1):22.

Sneyd JR, Rigby-Jones AE (2020). Remimazo-
lam for anaesthesia or sedation. Curr Opin
Apnaesthesiol, 33(4):506-511.

Bonsack F, Sukumati-Ramesh S (2018). TSPO:
An Evolutionarily Conserved Protein with
Elusive Functions. Int | Mol S¢ci, 19(6):1694.

Gatlift ], Campanella M (2015). TSPO is a RE-
DOX regulator of cell mitophagy. Biochen Soc
Trans, 43(4):543-52.

Fiorenza D, Nicolai E, Cavaliere C, Fiorino F,
Esposito G, Salvatore M (2021). Fully Auto-

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/
http://ijph.tums.ac.ir/

Liu et al.: Inhibiting the Proliferation of Colorectal Cancer Cells ...

mated Synthesis of Novel TSPO PET Imag-
ing Ligand [18F]Fluoroethyltemazepam. Mo/-
cles, 26(8):2372.

31. Ferniandez Hurst N, Zanetti SR, Baez NS, Bibo-
lini MJ, Bouzat C, Roth GA (2017). Diaze-
pam treatment reduces inflammatory cells
and mediators in the central nervous system
of rats with experimental autoimmune en-
cephalomyelitis. | Newuroinnmunol, 313:145-151.

32. Rupprecht R, Rammes G, Eser D, et al (2009).
Translocator protein (18 kD) as target for an-
xiolytics without benzodiazepine-like side ef-
fects. Science, 325(5939):490-3.

33. Reinsalu L, Puurand M, Chekulayev V, et al
(2021). Energy Metabolic Plasticity of Colo-
rectal Cancer Cells as a Determinant of Tu-
mor Growth and Metastasis. Front Oncol,

Available at:  http://ijph.tums.ac.ir

11:698951.

34. Ounpuu L, Truu L, Shevchuk I, et al (2018).
Comparative analysis of the bioenergetics of
human adenocarcinoma Caco-2 cell line and
postoperative tissue samples from colorectal
cancer patients. Brochenr Cell Biol, 30:1-10.

35. Arif T, Vasilkovsky L, Refaely Y, Konson A,
Shoshan-Barmatz ~ V  (2014).  Silencing
VDAC1 Expression by siRNA Inhibits Can-
cer Cell Proliferation and Tumor Growth In
Vivo. Mol Ther Nucteic Acids, 3(4):¢159.

36. Gupta R, Ghosh S (2017). Putative roles of mi-
tochondrial ~ Voltage-Dependent  Anion
Channel, Bcl-2 family proteins and c-Jun N-
terminal Kinases in ischemic stroke associated
apoptosis. Biochin: Open, 4:47-55.

1389


http://ijph.tums.ac.ir/

