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Abstract. - OBJECTIVE: Testicular torsion is
a condition that manifests with acute pain and
can lead to infertility despite urgent surgical
intervention. The aim of this study is to inves-
tigate the protective and preventive effects of
etomidate, an imidazole derivative, a non-bar-
biturate general anesthetic agent, without an-
algesic effect, on testicular ischemia-reperfu-
sion injury.

MATERIALS AND METHODS: Twenty-four
adult male Wistar rats weighing 200-250 g were
used in the study. Torsion was created in all
rats by rotating left testes 720° clockwise on
the day of the experiment. 30 minutes before
detorsion, 4 mg/kg etomidate and 10 mg/kg
propofol were administered intraperitoneally
to the etomidate and propofol groups, respec-
tively. After an hour of ischemia, the left testis
was reinstated, and the tissues were repaired
according to their physiology. Following 24
hours of reperfusion, the animals were eutha-
nized after ipsilateral and contralateral testes
were removed.

RESULTS: Etomidate applied before testic-
ular detorsion significantly suppressed germ
cell damage and Leydig cell loss in ipsilateral
tissue. It did not cause any significant chang-
es in the percentage of necrosis, histological
score, and tubule rupture in ipsilateral tissue.
Propofol administered before testicular detor-
sion significantly suppressed the percentage of
necrosis only in the ipsilateral tissue. In addi-
tion, no signs of damage were observed in the
contralateral testis.

CONCLUSIONS: These findings show that eto-
midate administered before detortion creates a
protective effect by preventing testicular isch-
emia-reperfusion injury.
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Introduction

Testicular torsion is a condition that manifests
with acute pain as a result of the spermatic cord
rotation, requires urgent surgical detorsion, and
causes 40-60% infertility despite emergency in-
tervention?. Damage in the torsioned testicular
tissue occurs due to both impaired perfusion and
post-detorsion reperfusion®*. In perfusion impair-
ment, the oxygen level in the tissues decreases
and the cellular energy sources are depleted. In
addition, the xanthine oxidase system is activat-
ed and the reactive oxygen species (ROS) such as
superoxide, hydrogen peroxide and hydroxyl rad-
icals are formed. All these changes lead to isch-
emic damage’. As a result of reperfusion follow-
ing detorsion, the release of ROS originating from
polymorphonuclear leukocytes and proinflamma-
tory cytokines is abrupt and excessive. This trig-
gers oxidative stress and deepens the damage®.
Over-produced ROS in a short time cannot be
eliminated by the enzymatic and non-enzymatic
antioxidant defense system. ROS, which cannot
be removed from the damaged tissue, cause poly-
unsaturated fatty acid peroxidation in cell and mi-
tochondrial membrane lipoproteins, inhibition of
mitochondrial respiratory chain enzymes, DNA

Corresponding Author: Mahluga Jafarova Demirkapu, MD; e-mail: mcaferova@hotmail.com 211

mjdemirkapu@nku.edu.tr



M. Jafarova Demirkapu, S. Karabag, H.M. Akgul, C. Mordeniz, H.R. Yananli

damage, and protein dysfunction. These changes
trigger germ cell destruction, reduce sperm stem
cells and cause infertility*.

Etomidate, an imidazole derivative, is a
non-barbiturate intravenous general anesthetic
agent’. Etomidate used in general anesthesia in-
duction lacks analgesic effect, with minimal ef-
fect on blood gases, ventilation or cardiovascular
system®’. Etomidate is also used off-label for pro-
cedural sedation®. Etomidate increases the effect
of gamma-aminobutyric acid (GABA), which is
the main inhibitory neurotransmitter, by stim-
ulating the GABA-A receptor and prolongs its
depressing effect on the central nervous system
(CNSY’. Etomidate also affects the adrenergic al-
pha 2 receptor, but its clinical significance is not
yet known'’. Previous studies have shown that
etomidate suppresses ischemia-reperfusion inju-
ry (IRI) of tissues and organs such as the heart,
lung, bone, skeletal muscle, spinal cord, retina!'-!6,
There are no studies investigating the effect of
etomidate on testicular torsion.

Propofol, like etomidate, is an intravenous
anesthetic agent. It is used in the induction and
maintenance of general anesthesia, as well as
refractory status epilepticus. Propofol, like eto-
midate, increases GABAergic transmission by
stimulating the GABA-A receptor’. In previ-
ous studies, the effects of propofol on testicular
torsion have been investigated and it has been
shown to suppress ischemia-reperfusion inju-
ry!17%8,

In this study, it was aimed to investigate the
protective and preventive effects of etomidate ap-
plied prior to testicular detorsion in 1 hour 720°
testicular torsion rat model on ipsilateral (tor-
sioned) and contralateral (not torsioned) testicular
tissue. In addition, the effects of propofol, which
has a protective effect on ischemia-reperfusion
injury in previous studies and increases GABAer-
gic transmission like etomidate, will be investi-
gated on both ipsilateral and contralateral testis.

Materials and Methods

Animals

In the study, a total of 24 male Wistar rats
(aged 2—4 months, weighing 200-250 g) were
used in 3 groups, with 8 animals in each group.
The research protocol was approved by the lo-
cal Ethics Committee TNKU DHEK (approval
number: T2021/662-6). The rats obtained from
TNKU-DHUAM were housed with a reversed 12
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h light/dark cycle at 21+3°C and 504+5% humidity.
There was unlimited access to standard rat chow
and water.

Experimental Procedure

The animals were first given a seven-day ad-
aptation period. Animals randomly divided into
control, propofol and etomidate groups were anes-
thetized with a ketamine-xylazine mixture. After
making sure that deep anesthesia was provided,
surgical torsion-detorsion was performed. The
left testis, which was made visible by the tran-
scrotal incision, was rotated 720° clockwise for
one-hour torsion”. 30 minutes before the detor-
sion, 4 mg/kg etomidate was administered to the
etomidate group, 10 mg/kg propofol to the propo-
fol group, and the same volume of saline to the
control group'¢. 30 minutes after the treatment,
the left testis was brought to its initial state, the
tissues were repaired according to their physiolo-
gy, and the animals were left to rest for 24 hours.
Animals with a 24-hour reperfusion period were
sacrificed with high-dose anesthesia, and both ip-
silateral and contralateral testes were removed for
histopathological examination'’.

Histopathologic Examination

Histopathological evaluation was performed
blindly by the same pathologist. All paraffin-em-
bedded sections of tissue processing using paraf-
fin block taken from the testicular tisssues already
preserved with 10% formaldehyde solution. They
were deparaffinized, stained with haematoxy-
lin and eosin (H&E), Masson trichrome staining
(Bench Mark Special Stains device), CD68 (Bench
Mark XT model device) and androgen receptor
antibodies (cell marque, Bench Mark XT model
device) were applied. Light microscope (Olym-
pus CX41 model) was used to examine the sec-
tions. The grading scale of Cosentino et al*, and
Johnson tubular biopsy score (JTBS) were used to
examine histological damage and spermatogen-
esis in testicular tissue, respectively (Table 1)**2!,
Injury degree evaluations were made according to
Johnson classification". Evaluations such as loss of
sperm cells, germ cell degeneration and damage,
tubule rupture, proliferation of Leydig cells, hem-
orrhage, edema, and fibrosis were made according
to Cosentino et al*? classification. In addition to
these evaluations, the percentage of necrosis, tu-
bule rupture and damage of the germ cell layer was
calculated. The number of Leydig cells in 1 large
magnification field was calculated by androgen re-
ceptor immunohistochemistry staining.
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Table I. Grades and explanations of testicular histological
damage’.

Grades Explanations

1 Normal testicular architecture with an
orderly arrangement of germinal cells

2 Less orderly, noncohesive germinal cells
and closely packed seminiferous tubules

3 Disordered, sloughed germinal cells with
shrunken, pyknotic nuclei and less distinct
seminiferous tubule borders

4 Seminiferous tubules that were closely
packed with coagulative necrosis of the
germinal cells

Drugs and Solutions

All animals underwent surgical torsion-de-
torsion under anesthesia of 100 mg/kg ketamine
(Alfamine, Alfasan, Kuipersweg, Woerden, The
Netherlands) and 10 mg/kg xylazine (Basilazine,
Bavet, Tuzla, Istanbul, Turkey). Etomidate (E6530,
Sigma-Aldrich, St. Louis, MO, USA) administered
at a dose of 4 mg/kg (16.4 uM) was dissolved in
propylene glycol (81350, Sigma-Aldrich, St. Lou-
is, MO, USA) and saline, respectively'. Propofol
(PO76, Sigma-Aldrich, St. Louis, MO, USA) was
administered at a dose of 10 mg/kg (56.1 uM)™. All

Statistical Analysis

Data were analyzed using GraphPad Prism
5.01 software (La Jolla, CA, USA). All data were
shown as meanzstandard error of mean (SEM).
Germ cell damage, Leydig cell counts, percent-
age of necrosis and histological score analyzed
with two-way ANOVA Bonferroni post-tests.
One-way ANOVA Kruskal-Wallis Dunn’s post-
test was used for tubule rupture. p<0.05 were con-
sidered statistically significant.

Results

Etomidate administered group (6.2540.82)
showed statistically significant decreased germ
cell damage in ipsilateral tissue (F,. .ci0n=3-98,
p:OOOS’ FTreatmem affect:2'91’ p:0067 FEnj side af-
teec—0-96, p=0.33; Figure 1A) compared to control
group (14.38+2.74). There was no statistical sig-
nificance in ipsilateral germ cell damage between
etomidate and propofol (16.43+£2.10) groups, in
the contralateral germ cell damage between con-
trol (7.86+2.14), propofol (11.88+1.62) and etomi-
date (12.50+2.11) groups (Figure 1A).

Leydig cell counts in ipsilateral tissue was

administrations were done intraperitoneally'*'¢. statistically significant (F,. ..o,=3-07, p=0.001;
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Figure 1. The effects of 4 mg/kg etomidate (n=8) and 10 mg/kg propofol (n=8) administered i.p. 30 min before left testicular
detorsion to the ipsilateral and contralateral germ cell damage (A), Leydig cell counts (B), percentage of necrosis (C), histolog-
ical score (D), and to the ipsilateral tubule rupture (E). All data are shown as mean+SEM. *p <0.05 and **p <0.01 compared

compared with the control group. il: ipsilateral, cl: contralateral.
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FTreatment affect=2'13’ p=001089 FEnj side affect=428’
p=0.001; Figure 1B) in etomidate administered
animals (15.75+0.84) compared to control group
(12.00£1.11). There was no statistical significance
in ipsilateral Leydig cell counts between eto-
midate and propofol (12.75+0.62) groups, in the
contralateral Leydig cell counts between control
(28.29+0.78), propofol (26.50+£0.60) and etomi-
date (26.75+0.94) groups (Figure 1B).
Percentage of necrosis in ipsilateral tissue was

statistically significant (F, . .cion=7-55, p=0.001;

Treatment affect=2‘169 p=0127 FEnj side affect=14'20’
p=0.001; Figure 1C) in propofol group (3.12+1. 31)
compared to control group (8.57+1. 43). There was
no statistical significance in ipsilateral percentage
of necrosis between etomidate (10.00+2.11) and
the control groups, in the contralateral percentage
of necrosis between control (4.14+1.22), propo-
fol (4.254£0.49) and etomidate (1.124+0.64) groups
(Figure 1C).

There was no statistical significance (F,..,..
=115, p=0.32; Frpment atree=2-61, p=0.08; Fp;
sideatice—118, p=0.001; Figure 1D) in ipsilateral and
contralateral histological score between control
(respectively, 3.62+0.18; 1.86+0.14), propofol (re-
spectively, 3.62+0.18; 2.38+0.18) and etomidate
(respectively, 3.87+0.12; 2.37+0.18) groups (Fig-
ure 1D).

tion

There was no statistical significance in ipsilat-
eral tubule rupture between control (5.00+1.54),
propofol (1.25£1.25) and etomidate (3.75+1.25)
groups (Figure 1E).

The effects of etomidate and propofol on the
signs of damage in seminiferous tubules compared
to the control group, are presented in Figure 2.

Discussion

The primary and secondary findings of our study
are that etomidate suppresses germ cell damage and
Leydig cell loss in the ipsilateral testis. Studies show
that germ cells are most susceptible to IRI damage
in testicular tissue, and if urgent detorsion is not
performed on time and ischemia time is prolonged,
Leydig cells may be also lost*?*. Rapidly and ex-
cessively produced ROS cannot be removed from
the environment and ischemia-reperfusion damage
deepens?. Etomidate decreases germ cell damage
and prevents Leydig cell loss in the ipsilateral tes-
tis possibly by suppressing oxidative stress and in-
flammation associated with IR, and possibly by de-
creasing the ROS level. As a matter of fact, similar
results were obtained in previous studies with eto-
midate. Studies investigating its effects on myocar-
dial IRI have shown that etomidate inhibits myocar-

Figure 2. The effects of 4 mg/kg etomidate and and 10 mg/kg propofol administered i.p. 30 min before left testicular detor-
sion on the signs of damage in seminiferous tubules. (A) Ipsilateral control group (H&E stain, original magnification x 100),
(B) Ipsilateral propofol group (H&E stain, original magnification x 100), (C) Ipsilateral etomidate group (H&E stain, original
magnification x 200), (D) Contralateral control grup (H&E stain, original magnification x 100), (E) Contralateral propofol
grup (H&E stain, original magnification x 100), (F) Contralateral etomidate grup (H&E stain, original magnification x 100).
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dial apoptosis and fibrosis by suppressing oxidative
stress and inflammation, and by decreasing percent-
ages of infarct/risk ratio and recoveries of cardiac
function'. Studies on CNS IRI have shown that eto-
midate exerts a neuroprotective effect, mitigates spi-
nal cord and brain damage, by suppressing oxidative
stress and inflammation®. It has been reported that
etomidate suppresses skeletal muscles IRI as well as
IRI occurring after tibial fracture surgery with the
same mechanism'*".

Etomidate is known to increase GABAergic activ-
ity in the brain by stimulating the GABA-A receptor,
to suppress the release of excitatory neurotransmitters
such as glutamate and substance P, and to inhibit the
excitability of cells by inhibiting synaptic transmis-
sion’. GABA not only creates a depressive effect in
the CNS, but also mediates vital effects in the periph-
eral tissue. GABA has been reported to exert anti-in-
flammatory effects in rheumatoid arthritis mouse
models®. The administration of GABA precursor
glutamate into the interpositus nucleus region, which
is responsible for the regulation of gastric activity in
the brain is attenuates gastric IRI by preventing apop-
tosis and proliferation in the gastric mucosa, while the
application of 3-mercaptopropionic acid, a glutamate
decarboxylase inhibitor, which mediates the produc-
tion of GABA from glutamate, into the same brain
area, or administration of bicuculline, a GABA-A re-
ceptor antagonist, into the lateral hypothalamic area
(LHA), another brain region responsible for gastric
activity reverses this mitigating effect®®. In anoth-
er study, it has been shown that GABA-A receptor,
which is overexpressed in the LHA using an adeno-
virus vector, suppresses gastric ischemia-reperfusion
injury”’. GABA therapy suppresses intestinal and
renal IRI, while the GABA-A antagonist picrotoxin
induces IRT and aggravates acute kidney injury®. An
in vivo study showed that the GABA-A agonist mus-
cimol reduces hepatic IRI and oxidative stress, but
this result was not supported by an in vitro study?. It
is claimed that GABA suppresses IRI indirectly rath-
er than directly and increases the activity of GABA
by binding to the GABA-A receptor®. In the light of
this information, etomidate may have suppressed ox-
idative stress and inflammation, inhibited apoptosis
by directly and/or indirectly affecting GABAergic
pathways in the CNS and peripheral nervous system
(PNS), thus preventing germ cell damage and Leydig
cell loss.

Etomidate administration has been reported
to be associated with adrenal suppression in some
clinical studies®'**. It has been shown that etomi-
date inhibits the 11beta-hydroxylase, which is re-
sponsible for the conversion of 11-deoxycortisol

to cortisol, thereby suppressing cotrizol produc-
tion*"*2. Male infertility is often seen in conditions
such as Cushing’s disease, exogenous hormone
therapy, or stress, which are thought to be associat-
ed with high cortisol levels****. High cortisol levels
suppress the expression of steroidogenic enzymes,
induce oxidative stress in testicular tissue, reduce
the testicular response to gonadotropins and thus
accelerate apoptosis of Leydig and germ cells*. Tt
can be concluded that etomidate suppresses isch-
emia-reperfusion injury by inhibiting excessive
cortisol production through adrenal suppression, in
addition to its effect on GABAergic pathways, thus
preventing germ cell damage and Leydig cell loss.

Other histopathological findings obtained in
our study are that etomidate did not change histo-
logical score, necrosis percentage and tubule rup-
ture in ipsilateral testis. According to the studies
providing reperfusion after detorsion, Sertoli and
Leydig cells other than germ cells in the testicular
tissue are protected'®>*,

Propofol, which was reported to attenuate IRI
by showing antioxidant and anti-inflammatory
effects in previous studies, is another intravenous
general anesthetic agent®. In our study, while
propofol did not affect germ cell damage and Ley-
dig cell loss, etomidate was effective in the ipsilat-
eral testis, by suppressing the percentage of necro-
sis in the ipsilateral testis, but they did not affect
other histopathological findings. Propofol, which
increases GABAergic transmission by binding to
the GABA-A receptor like etomidate, was expect-
ed to act similarly to etomidate, suppressing germ
cell damage and Leydig cell loss’. These findings
obtained in our study indicate that etomidate, like
propofol, not only increases GABAergic transmis-
sion, but also has a protective effect on IRI by di-
rectly or indirectly affecting different substances
and/or pathways. More studies are needed to better
understand the mechanism of action of etomidate.

Conclusions

Although there are publications that the con-
tralateral testis may be affected after ipsilateral
testicular torsion, this opinion is still controver-
sial®. Tt is claimed that sudden and excessive pro-
duction of ROS in IRI, immunological response,
acrosomal enzyme release, congenital testicular
dysplasia and/or reflexive vasospasm can lead to
changes in the contralateral testes*. However, we
did not observe any damage to the contralateral
testicular tissue in our study.

215



M. Jafarova Demirkapu, S. Karabag, H.M. Akgul, C. Mordeniz, H.R. Yananli

Financial support
Funded by researchers.

Conflict of Interests
The authors declare that they have no conflict of interest

References

1) Lavallee ME, Cash J. Testicular torsion: evalu-
ation and management. Curr Sports Med Rep
2005; 4: 102-104.

2) Cummings JM, Boullier JA, Sekhon D, Bose K.
Adult testicular torsion. J Urol 2002; 167: 2109-2110.

3) Filho DW, Torres MA, Bordin AL, Crezcynski-Pasa
TB, Boveris A. Spermatic cord torsion, reactive oxy-
gen and nitrogen species and ischemia-reperfusion
injury. Mol Aspects Med 2004; 25: 199-210.

4) Shimizu S, Tsounapi P, Dimitriadis F, Higashi Y,
Shimizu T, Saito M. Testicular torsion-detorsion
and potential therapeutic treatments: a possible
role for ischemic postconditioning. Int J Urol 2016;
23: 454-463.

5) Morgan M, Lumley J, Whitwam JG. Etomidate,
a new water-soluble non-barbiturate intravenous
induction agent. Lancet 1975; 305: 955-956.

6) Zed PJ, Abu-Laban RB, Harrison DW. Intubating
conditions and hemodynamic effects of etomi-
date for rapid sequence intubation in the emer-
gency department: an observational cohort study.
Acad Emerg Med 2006; 13: 378-383.

7) Williams LM, Boyd KL, Fitzgerald BM. Etomi-
date. 2020. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing. Available from:
https://pubmed.ncbi.nim.nih.gov/30570985/, ac-
cessed 29 August 2021.

8) Bahn EL, Holt KR. Procedural Sedation and Anal-
gesia: A Review and New Concepts. Emerg Med
Clin North Am 2005; 23: 503-517.

9) Krasowski MD, Koltchine VV, Rick CE, Ye Q, Finn
SE, Harrison NL. Propofol and other intravenous
anesthetics have sites of action on the gamma-am-
inobutyric acid type A receptor distinct from that for
isoflurane. Mol Pharmacol 1998; 53: 530-538.

10) Creagh O, Torres H, Rodriguez N, Gatica SR. Al-
pha-2B adrenergic receptor mediated hemodynamic
profile of etomidate. Health Sci J 2010; 29: 91-95.

11) Xie D, Li M, Yu K, Lu H, Chen Y. Etomidate alle-
viates cardiac dysfunction, fibrosis and oxidative
stress in rats with myocardial ischemic reperfu-
sion injury. Ann Transl Med 2020; 8: 1181.

12) Zou H, Sun X. Effects of cyclosporin A pre-treat-
ment combined with etomidate post-treatment on
lunginjury induced by limbischemia-reperfusionin
rats. J Int Med Res 2020; 48: 300060520934627.

13) Li R, Fan L, Ma F, Cao Y, Gao J, Liu H, Li V.
Effect of etomidate on the oxidative stress re-
sponse and levels of inflammatory factors from
ischemia-reperfusion injury after tibial fracture
surgery. Exp Ther Med 2017; 13: 971-975.

216

14) Erglin Y, Oksuz H, Atli Y, Kiling M, Darendeli S.
Ischemia-reperfusion injury in skeletal muscle:
comparison of the effects of subanesthetic doses
of ketamine, propofol, and etomidate. J Surg Res
2010; 159: el1-e10.

15) Yu Q, Zhou Q, Huang H, Wang Y, Tian S, Duan D.
Protective effect of etomidate on spinal cord isch-
emia-reperfusion injury induced by aortic occlusion
in rabbits. Ann Vasc Surg 2010; 24: 225-232.

16) Zhao X, Kuang F, You YY, Wu MM, You SW. Eto-
midate affects the anti-oxidant pathway to protect
retinal ganglion cells after optic nerve transec-
tion. Neural Regen Res 2019; 14: 2020-2024.

17) Yagmurdur H, Ayyildiz A, Karaguzel E, Akgul
T, Ustun H, Germiyanoglu C. Propofol reduces
nitric oxide-induced apoptosis in testicular isch-
emia-reperfusion injury by downregulating the
expression of inducible nitric oxide synthase.
Acta Anaesthesiol Scand 2008; 52: 350-357.

18) Urt Filho A, Inouye CM, Pontes JC, Silva AC, Silva
GV, Santos CH. Propofol effects on the morphology
of rat testes subjected to testicular ischemia-reper-
fusion. Acta Cir Bras 2012; 27: 172-178.

19) Turner TT, Brown KJ. Spermatic cord torsion: loss
of spermatogenesis despite return of blood flow.
Biol Reprod 1993; 49: 401-407.

20) Cosentino MJ, Nishida M, Rabinowitz R, Cock-
ett AT. Histopathology of prepubertal rat testes
subjected to various durations of spermatic cord
torsion. J Androl 1986; 7: 23-31.

21) Johnsen SG. Testicular biopsy score count-a
method for registration of spermatogenesis in
human testes: normal values and results in 335
hypogonadal males. Hormones 1970; 1: 2-25.

22) Cosentino MJ, Nishida M, Rabinowitz R, Cock-
ett ATK. Histological changes occurring in the
contralateral testis of prepubertal rats subjected
to various durations of unilateral spermatic cord
torsion. J Urol 1985; 133: 906-911.

23) Baker LA, Turner TT. Leydig cell function after
experimental testicular torsion despite loss of
spermatogenesis. J Androl 1995; 16: 12-17.

24) Turner TT, Tung KSK, Tomomasa H, Wilson LW.
Acute testicular ischemia results in germ cell-specific
apoptosis in the rat. Biol Reprod 1997; 57: 1267-1274.

25) Tian J, Yong J, Dang H, Kaufman DL. Oral GABA
treatment downregulates inflammatory responses
in a mouse model of rheumatoid arthritis. Autoim-
munity 2011; 44: 465-470.

26) Zhu SP, Fei SJ, Zhang JF, Zhu JZ, Li Y, Liu ZB, Qiao
X, Li TT. Lateral hypothalamic area mediated the
protective effects of microinjection of glutamate into
interpositus nucleus on gastric ischemia-reperfusion
injury in rats. Neurosci Lett 2012; 525: 39-43.

27) Gao L, Zhu T, Xie G, Lou X, Li S, Zhou Y, Deng Z,
Chu D, Lou J, Du D. GABAA receptor overexpres-
sion in the lateral hypothalamic area attenuates
gastric ischemia-reperfusion injury in rats. Mol
Med Rep 2015; 11: 1057-1062.

28) Kubota A, Kobayashi M, Sarashina S, Takeno R,
Yasuda G, Narumi K, Furugen A, Takahashi-Su-
zuki N, Iseki K. Gamma-aminobutyric acid (GA-
BA) attenuates ischemia reperfusion-induced al-
terations in intestinal immunity. Biol Pharm Bull
2018; 41: 1874-1878.



Effects of etomidate on testicular torsion and detorsion

29) Hori T, Gardner LB, Chen F, Baine AT, Hata T,
Uemoto S, Nguyen JH. Liver graft pretreated in
vivo or ex vivo by y-aminobutyric acid receptor
regulation. J Surg Res 2013; 182: 166-175.

30) Chen C, Zhou X, He J, Xie Z, Xia S, Lu G.
The roles of GABA in ischemia-reperfusion in-
jury in the central nervous system and periph-
eral organs. Oxid Med Cell Longev 2019; 2019:
4028394.

31) Vinclair M, Broux C, Faure P, Brun J, Genty C,
Jacquot C, Chabre O, Payen JF. Duration of adre-
nal inhibition following a single dose of etomidate
in critically ill patients. Intensive Care Med 2008;
34: 714-719.

32) Payen JF, Dupuis C, Trouve-Buisson T, Vinclair
M, Broux C, Bouzat P, Genty C, Monneret D,

Faure P, Chabre O, Bosson JL. Corticosteroid af-
ter etomidate in critically ill patients: a randomized
controlled trial. Crit Care Med 2012; 40: 29-35.

33) Rehman R, Amjad S, Tariq H, Zahid N, Akhter M,
Ashraf M. Oxidative stress and male infertility: a
cross sectional study. J Pak Med Assoc 2020; 70:
461-466.

34) Whirledge S, Cidlowski JA. Glucocorticoids and
reproduction: traffic control on the road to reproduc-
tion. Trends Endocrinol Metab 2017; 28: 399-415.

35) Andiran F, Okur D, Kilinc A, Gedikoglu G, Kilinc
K, Tanyel F. Do experimentally induced ipsilat-
eral testicular torsion, vas deferens obstruction,
intra-abdominal testis or venous obstruction dam-
age the contralateral testis through a common
mechanism? BJU Int 2000; 85: 330-335.

217



