ORIGINAL
ARTICLE

Veterinary
Research
Forum

Veterinary Research Forum. 2024; 15 (12): 665 - 672
doi: 10.30466/vrf.2024.2024815.4202

Journal Homepage: vrf.iranjournals.ir

Protective effects of Mito-TEMPO on ischemia-reperfusion injury in a mouse
testicular torsion and detorsion model

Zohreh Mostahsanl, Saeed Azizi2*, Ali Soleimanzadeh3, Ali Shalizar-Jalali4

1 DVSc Candidate, Department of Surgery and Diagnostic Imaging, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran; 2 Department of Surgery and
Diagnostic Imaging, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran; 3 Department of Theriogenology, Faculty of Veterinary Medicine, Urmia
University, Urmia, Iran; * Department of Basic Sciences, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran.

Article Info

Abstract

Article history:

Received: 13 March 2024
Accepted: 07 May 2024
Available online: 15 December 2024

Keywords:

Mice

Reperfusion injury
Spermatic cord torsion
Testis

Testicular ischemia-reperfusion (I/R) injury during testicular torsion is strongly influenced
by oxidative stress caused by excessive accumulation of unscavenged reactive oxygen species.
This study aimed to investigate the effects of intra-peritoneal administration of Mito-TEMPO
(MT) on I/R injury in testicular torsion/detorsion (T/D) in mice. Forty-two male mice were
divided into seven groups including 1 control and 6 treatment groups (360° T/D, 720° T/D,
360° T/D + 0.70 mg kgt MT, 360° T/D + 1.00 mg kg* MT, 720° T/D + 0.70 mg kg1 MT, and 720°
T/D + 1.00 mg kg! MT). After inducing 360° and 720° clockwise testicular torsions for 2 hr,
sperm parameters, apoptosis-related genes expression, and in vivo fertility index were
evaluated. The results showed that 720° T/D can lead to increased abnormal sperm
morphology, sperm DNA damage, and Bax expression, while the Bcl-2 expression was reduced
compared to the other groups. In addition, it also had negative effects on sperm total and
progressive motilities as well as viability and plasma membrane functionality (PMF). The
results also showed that administration of MT to T/D mice can result in a reduction in abnormal
sperm morphology, DNA damage, and Bax expression. It could also increase sperm total and
progressive motilities, viability and PMF, Bcl-2 expression, and in vivo fertility index. Based on
our results, it is concluded that MT, when administered after spermatic cord torsion in mice,
provides significant protection against acute testicular T/D injury.

© 2024 Urmia University. All rights reserved.

Introduction

reverse the twisted spermatic cord and restore blood flow
to the injured testicle. However, attempting to reperfused

Testicular torsion is a serious urologic surgical
emergency occurring when the testicle twists and the
spermatic cord becomes twisted. Delayed diagnosis and
treatment can lead to testicular necrosis and atrophy.
According to various studies, testicular torsion is the most
common cause of testicular loss in newborns, children, and
adolescent boys.! Approximately 26.00% of people
suffering from acute testicular problems suffer from
testicular torsion.! The degree and duration of torsion are
the two most important indicators of testicular injury.2 If
treated within 6 hr of pain onset, there is a significant
chance of saving the affected testicle, with a survival rate
of 90.00 - 100%. If treated within 6 - 12 hr, depending on
the degree of torsion, 20.00 - 50.00 % of the testicles can
be saved; while, if treated after 12 - 24 hr, the chance of
saving drops to 0.00 - 10.00%.3 Quick surgery is needed to
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ischemic tissue can result in a severe testicular injury.3

The phenomenon of ischemia-reperfusion (I/R) injury
can lead to persistent testicular degeneration even after
the initial ischemia damage.3* In both the ischemia and
reperfusion stages, pro-inflammatory cytokines are over-
produced, promoting the migration of neutrophils and
other leukocytes toward testicular tissue. This can lead to
the production of reactive oxygen species (ROS) by
neutrophils, harmful chemicals that can cause oxidative
damage to testicular cells.5 Such changes including lipid
peroxidation, pro-inflammatory cytokine over-production,
and significant release of intracellular calcium (Ca%*) can
lead to infertility.! Oxidative stress can impair the ability of
biological systems to detoxify reactive mediators and
repair the damage caused by ROS over-generation. Cell
swelling can produce peroxides and free radicals, which
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can damage all cell components, including proteins, lipids
and DNA, and impair cell performance.t Oxidative stress
contributes to the development of several diseases and
exacerbation of their symptoms.®

Reportedly, anti-oxidants with free radical scavenging
properties can help to reduce I/R damage in various
organs, including the testis.” Anti-oxidants are chemicals
preventing the oxidation of other molecules, which can
lead to free radical formation. These free radicals can
initiate chain reactions, but anti-oxidants can stop these
reactions through displacing free radicals and preventing
other oxidation reactions.® To support tissue repair and
prevent adverse effects of post-I/R testicular damage,
combinations of enzymes and drugs have been used.!
Additionally, various methods have been used to reduce
oxidative stress. Zinc aspartate, curcumin, and
dexamethasone are effective in reducing I/R damage and
increasing the activity of anti-oxidative enzymes.?

Plants and animals contain various anti-oxidants, such
as glutathione, vitamin C, vitamin E, catalase, and
superoxide dismutase. Mito-TEMPO (MT) is a compound
composed of piperidine nitroxide and triphenyl-
phosphonium cation as a lipophilic anti-oxidant.® This
cation can easily cross lipid bilayers and accumulate in
mitochondria.l® The MT is a mitochondrion-targeted anti-
oxidant protecting cells from oxidative damage in various
pathological conditions, including sepsis-induced acute
kidney injury, colitis, and endotoxin-induced liver injury.11
Several studies have demonstrated the protective effects
of MT against oxidative damage in several diseases.!2

To our knowledge, there are no previous reports
concerning the effects of MT on testicular I/R injury. This
study aimed to investigate the effects of intraperitoneally
(IP) Mito-TEMPO administration on sperm parameters,
apoptosis genes expression, and in vivo fertility index in
adult mice following testicular I/R injury.

Materials and Methods

Chemicals. All chemical substances were sourced from
reliable suppliers, including Sigma (St. Louis, USA).

Animals. Forty-two adult male mice weighing 20.00 -
25.00 g with the age of 6 - 8 weeks were provided from the
Animal Resource Center of Urmia University, Urmia, Iran.
Mice were placed in a standard location with regulated
temperature (20.00 - 22.00 °C), ventilation, light (12 hr
light/ dark), and relative humidity (50.00 * 10.00 %).
Animals were housed in plastic cages, fed ad libitum with
conventional laboratory chow, and had unrestricted access
to tap water. Before the experiment, they were
acclimatized for 1 week.

Experimental protocol. The mice were divided
randomly into seven groups each having six animals as
follows: Group 1 (sham-operated control group) under-
went a sham operation without testicular I/R injury,

Group 2 (360° torsion/detorsion [T/D]) experienced 2 hr
of 360° torsion-induced ischemia, Group 3 (720° T/D)
experienced 2 hr of 720° torsion-induced ischemia Group
4 (360° T/D + 0.70 mg kgt MT) experienced 2 hr of 360°
torsion-induced ischemia, and 30 min before testicular
detorsion, mice received MT (0.70 mg kg%; IP),13 Group 5
(360° T/D + 1.00 mg kg MT) experienced 2 hr of 360°
torsion-induced ischemia, and 30 min before testicular
detorsion, mice received MT (1.00 mg kg%; IP),** Group 6
(720° T/D + 0.70 mg kg MT) experienced 2 hr of 720°
torsion-induced ischemia, and 30 min before testicular
detorsion, mice received MT (0.70 mg kg?; IP),13 and
Group 7 (720° T/D + 1.00 mg kg! MT) experienced 2 hr of
720° torsion-induced ischemia, and 30 min before
testicular detorsion, mice received MT (1.00 mg kg-1; IP).14

Surgical procedure. The surgical procedure was
performed under sterile conditions. The mice were
anesthetized using intraperitoneal 80.00 mg kgketamine
(Alfasan, Woerden, The Netherlands) and 10.00 mg kg
xylazine (Alfasan). The testes were exposed through
ventral midline laparotomy and rotated clockwise 360°
(groups 2, 4, and 5) or 720° (groups 3, 6, and 7) following
the surgical preparation of the testicular region, shaving,
and cleaning with a 10.00 % povidone-iodine solution. The
testis was then fixed in the torsion position with three
simple single stitches (5/0 silk; Supa, Tehran, Iran), and
detorsion was performed after 2 hr. The incision was then
closed with a simple running suture technique (4/0 nylon;
Supa). The right testis and its epididymis were removed
after 30 days to assess the sperm parameters and
apoptosis-related genes expression.’> The study was
carried out in accordance with the regulations of the
Animal Ethics Committee of Urmia University, Urmia, Iran
(IR-UU-AEC-3/45).

Epididymal sperm collection. In each mouse,
sperms were collected from the caudal epididymis. The
caudal epididymis was quickly cut into small pieces and
placed in a Petri dish containing 1.00 mL of human tubal
fluid medium (2.00 mM CaClz2-2H:0, 2.50 mM glucose,
5.00 mM KCl, 0.40 mM KHzPOs4, 0.20 mM MgS04-7H:0,
100 mM NaCl, 25 mM NaCHO3, 18.50 mM sodium lactate,
0.30 mM sodium pyruvate, 0.20 mM penicillin G sodium
salt, 0.30 mM streptomycin sulfate, 4.00 g L1 bovine
serum albumin, and 2.00 mg L-! phenol red) for 30 min at
37.00 °Cand 5.00 % CO3.16

Epididymal sperm count. The sperms were diluted in
distilled water at a ratio of 1:5, devitalized, counted using a
Neubauer hemocytometer (Brand™, Berlin, Germany),
and the average number of epididymal sperm per mL was
determined.1¢

Epididymal sperm motility. The motility tests were
performed at room temperature using a computer-
assisted semen analysis system (Test Sperm 3.2; Videotest,
St. Petersburg, Russia). The system measured total motility
(%), progressive motility (%), curvilinear velocity (VCL;
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um per sec), straight-line velocity (VSL; um per sec),
average path velocity (VAP; um per sec), straightness
(STR; %), linearity (LIN; %), amplitude of lateral head
displacement (ALH; um per sec), and beat-cross frequency
(Hz).Y7 To examine the sperm, an aliquot of sperm
suspension of approximately 10 puL was loaded onto a
microscopic slide and observed using dark or phase-
contrast field microscopy (Olympus, BX41, Tokyo, Japan).
At least 500 spermatozoa were observed in five
microscopic fields.!8

Epididymal sperm viability and morphology. To
evaluate sperm viability and morphology, the Eosin-
Nigrosin staining method was used according to the World
Health Organization protocol.l® Eosin and Nigrosin (Merck,
Darmstadt, Germany) were mixed in distilled water. The
combination of one volume of semen with two volumes of
1.00 % Eosin-Nigrosin was analyzed using a light
microscope (Model CHT, Olympus Optics Co. Ltd., Tokyo,
Japan) at a magnification of 400 x. The non-viable sperms
appeared red due to the staining, while the viable sperms
remained colorless, allowing viability assessment.
Additionally, Eosin-Nigrosin staining was used to
determine the percentage of abnormal sperm. Sperms
with obvious abnormalities, such as cytoplasmic remnants,
were classified as abnormal. From each sample, 200
sperms were examined at 400x magnification, and the
results were presented as a percentage.!8

Epididymal sperm DNA damage. Acridine Orange
(AO) staining was used to detect denatured DNA in sperm
under low pH challenge. The denatured DNA showed the
strongest fluorescence. Concentrated smears were soaked
in a mixture of acetic acid and Carnoy’s fixative (1:3) for 2
hr and then, dried outdoors for 5 min. They were then
added to a stock solution consisting of 1,000 mL purified
water and 1.00 mg AO. The mixture was kept in a dark
room at 4.00 °C for 5 min. After staining, the spermatozoa
were examined under a fluorescence microscope (GS7;
Nikon Co., Tokyo, Japan) at a magnification of 400x.
Spermatozoa appearing red or yellow were considered
damaged or aberrant.!8

Sperm plasma membrane functionality (PMF). The
hypo-osmotic swelling test identified sperms with PMF. To
carry out the test, 100.00 pL of a hypo-osmotic solution
consisting of fructose (1.351 g L) and sodium citrate
(0.735 g L1) was mixed with 10.00 pL of sperm sample
and then, incubated at 37.00 °C for 1 hr. The functionality
of sperm plasma membrane was evaluated using a phase-

contrast microscope (BX41; Olympus Tokyo, Japan) at a
magnification of 400x. The main indicators of the test
were coiled or swollen tails.18

RNA extraction, cDNA synthesis, and real-time
quantitative polymerase chain reaction (qRT-PCR).
SinaSyber Blue HF-qPCR Mix (CinnaGen, Tehran, Iran) was
used on a StepOne Real-Time PCR System (Applied
Biosystems, Massachusetts, USA) using a 25.00 pL reaction
system. The cDNA samples were used to measure the
relative expression of the Bax and Bcl-2 genes compared to
the 18S rRNA gene as a reference gene (Table 1). The qRT-
PCR thermal cycle settings were as follows: A defatting
cycle at 95.00 °C for 10 min, 45 three-step cycles each with
10 sec defatting at 95.00 °C, and 30 sec compounding at 60
°C at the stretching step at 72.00 °C for 30 sec. Gene
expression in the samples was used to calculate relative
expression using the following formula:

Relative expression = 2- (SAct-CAct)

where, SAct is derived by subtracting cycle threshold
(ct) of the reference gene from ct of the tested gene, and
the CAct values of ct are internal control samples. To
generate the normal distribution of the relative
expression values, these numbers were fitted by
logarithm of 10 and then examined.1¢

In vivo fertility index. In this study, six male mice per
experimental group were placed in individual cages with
female mice unfamiliar with the males at a ratio of 1:2. It
was possible to mate for up to 72 hr. Vaginal swabs were
collected at 24, 48, and 72 hr post-mating to verify sperm
presence and determine pregnancy initiation. The mice
were euthanized 17 days after confirmed pregnancy using
a specific dosage of thiopental sodium (250 mg kg1, IP;
Exipental, Exir, Tehran, Iran).2021 The reproductive organs
were subsequently examined to calculate fertility indices.

Statistical analysis. The study data were analyzed
using SPSS Software (version 26.0; IBM Corp., Armonk,
USA). To determine significant differences between the
studied groups, a one-way ANOVA was performed. Tukey’s
post hoc analysis was used to identify which specific
groups differed significantly. A p value of < 0.05 was used
to determine statistical significance.

Results
Epididymal sperm parameters. Based on the results,

it was found that group 3 had significantly lower sperm
concentration than the other groups (p < 0.05; Table 2).

Table 1. Nucleotide sequences and product size of primers used in reverse transcription-polymerase chain reaction.

Genes Primers Band size (bp)
Bcl-2 Forward: 5- CTCGTCGCTACCGTCGTCACT TCG-3 242
Reverse: 5- CAGATGCCGGTTCAGGTACTCAGTC-3
Bax Forward: 5- ACC AGC TCTGAACAGATC ATG-3 424
Reverse: 5- TGG TCT TGGATCCAGACAAG-3
18SrRNA Forward: 5- GCAATTATTCCCCATGAACG - 3 123

Reverse: 5- GGCCTCACTAAACCATCCAA-3
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Although there was no significant difference between
groups 1 and 5 (p > 0.05; Table 2), but administrations of
0.70 and 1.00 mg kg! MT (groups 6 and 7, respectively)
increased sperm concentration following 720° T/D. The
T/D had a negative impact on sperm motility. In group 3,
total and progressive sperm motilities were significantly
lower than those in the control group (p < 0.05; Table 2).
The results showed that groups 6 and 7 were able to
increase total and progressive sperm motilities compared
to group 3 (p < 0.05; Table 2). The VCL, VSL, VAP, and ALH
were significantly reduced in group 3 compared to the
other groups (p < 0.05, Table 2). However, these
characteristics increased significantly in groups 6 and 7
compared to group 3. Furthermore, the results showed
that there was no significant difference between groups in
terms of STR and LIN (p > 0.05; Table 2).

The 720° T/D significantly reduced the sperm PMF and
viability (p < 0.05). However, administrations of MT at
doses of 0.70 and 1.00 mg kg! restored the above-
mentioned parameters. Furthermore, 720° T/D resulted in
a significant increase in sperm DNA damage and abnormal
morphology (p < 0.05; Table 2). The MT treatments at 2
aforementioned doses were also effective in preserving
sperm morphology and DNA (p < 0.05; Table 2).

Bax and Bcl-2 genes expression. Using qRT-PCR, the
levels of Bcl-2 and Bax mRNA were determined. Group 3
had higher levels of Bax mRNA than the other groups (p <
0.05; Fig. 1A). The results also showed that there was no
significant difference between groups 1, 2,4, 5,and 7 (p >
0.05; Fig. 1A). Furthermore, there were no significant
differences in Bcl-2 mRNA levels between groups 1, 4, and
5 (p > 0.05; Fig. 1B). However, the control group expressed
more Bcl-2 mRNA than the other groups (p < 0.05; Fig. 1B).

In vivo fertility index. Table 3 summarizes the in vivo
fertility follow-up findings. The copulation and gestation
indices were not significantly different between the
treatment groups and the control group, as shown in Table
3 (p > 0.05). According to the results, the fertility rate in
group 3 was lower than that in the other groups, but
administrations of 0.70 and 1 mg kg MT respectively to
groups 6 and 7 increased the fertility index compared to
that in group 3 (p < 0.05; Table 3). The fertility rates of
these groups were significantly lower than those of groups
1,2,4,and 5 (p < 0.05; Table 3).

Discussion

In testicular torsion, the blood supply of the organ is
severely disrupted, leading to testicular atrophy and
degeneration.22 The only effective treatment is to perform
surgery as soon as possible after damage occurs.23 The
main cause of the pathophysiological effects of testicular
torsion is the delay in detorsion, leading to the death of
germ cells due to a lack of reperfusion being necessary to
maintain the function of the ischemic tissue.

1.80 a

Bax/18SrRNA (Fold increase)

Bcl-2/18SrRNA (Fold increase)

Fig. 1. Reverse transcription-polymerase chain reaction findings
in different experimental groups. G1: Control group; G2: 360°
torsion and detorsion (T/D) group; G3: 720° T/D group; G4: 360°
T/D + 0.70 mg kg! Mito-Tempo group; G5: 360° T/D + 1.00 mg
kg Mito-Tempo group; G6: 720° T/D + 0.70 mg kg1 Mito-Tempo
group; G7: 720° T/D + 1.00 mg kg! Mito-Tempo group. The
densities of A) Bax and B) Bcl-2 (mRNA levels in testicular tissue
were measured by densitometry and normalized to the 185rRNA
mRNA expression level. Significant differences between groups
are indicated by different superscripts (p < 0.05; mean + SEM).

The accumulation of harmful compounds, like ROS, and
the decrease in oxygen levels during ischemia also
contribute to germ cell death.2* The use of exogenous anti-
oxidants may help to reduce the severity of oxidative
stress and tissue damage caused by T/D.25 Several drugs,
like omeprazole, hesperidin, and diclofenac are effective in
protecting the testes from I[/R injury.26 This study
examined the effectiveness of IP administration of MT in
mice as a protective agent against testicular T/D. The results
of this study showed that MT therapy could increase
sperm quantity and quality, and improve in vivo fertility
index and apoptosis following experimental testicular T/D.

It was observed that 720° T/D had a significant impact
on the seminiferous tubules, resulting in spermatogenesis
impairment. The group that underwent 720° T/D had alower
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sperm count, PMF, and motility than the other groups.
When assessing sperm fertilizing potential, motility is a
crucial factor;?’ sperm migration in female reproductive
system depends on progressive motility, the ability of
sperm to move forward in a specific direction. Sperm
motility is regulated by several metabolic and regulatory
pathways, like Ca?* pathway and cyclic adenosine mono-
phosphate pathway-dependent protein kinase or protein
kinase A.28 Mitochondria play a crucial role in maintaining
normal cellular function and energy metabolism through
oxidative phosphorylation and adenosine triphosphate
(ATP) synthesis.2® Studies have found that cell
mitochondria are sensitive to T/D, which can impair ATP
transport and reduce sperm motility.3? Studies have also
shown sperm damage after 4 hr of ischemia in testicular
tissue, resulting in reduced sperm concentration as well as
normal morphology and motility.3! It has been observed
that sperm abnormalities can lead to changes in sperm
motility and gene mutations. Oxidative stress caused by
ROS can lead to sperm damage during reperfusion,32
causing DNA, membrane lipid, and cellular protein
oxidation.33 Various studies have shown a positive
correlation between the percentage of progressive sperm
motility and sperm morphology.3* It has been suggested
that oxidative damage and elevated lipid peroxide levels
can cause DNA damage in the genome of sperm and germ
cells, impair sperm motility and trigger apoptosis in
testicular tissue.35> However, a recent study found that the
use of MT in sperm extenders can increase sperm
viability.3¢ Moreover, research on ram semen extenders
has shown that the use of MT can improve sperm total and
progressive motilities, VAP, PMF, and survival after the
thawing process.3” Our study supports these results and
showed that MT administration could alleviate sperm DNA
damage and abnormal morphology caused by 720° T/D
and improve sperm total and progressive motilities.
Multiple kinases and cysteine proteases, called
caspases, are involved in apoptosis, a form of planned cell
death. It is a genetically regulated suicide not cause
inflammation and is characterized by DNA cleavage.38
Several studies have shown that testicular I/R leads to
germ cell apoptosis being triggered by neutrophil-
produced ROS.3° The degradation of DNA and membrane
proteins and chromatin condensation are morphological
changes caused by caspase-3, also known as the main
executor caspase.*0 It was found in this study that after
T/D, the relative mRNA expression levels of Bax and Bcl-2
were respectively higher and lower in the T/D group
compared to the control group. This is consistent with
previous findings reporting that 720° T/D results in germ
cell-specific apoptosis in a rat model.#! The Bcl-2 is a
protein with anti-apoptotic properties*? preventing
caspase activation and delaying the onset of apoptosis.
This is achieved by preventing the release of
cytochrome c and the entry of the Bax protein into the

mitochondrial membrane. The results of this study
showed that administration of MT following testicular T/D
increased Bcl-2 expression and decreased Bax expression,
indicating reduced apoptotic processes in the mouse testis.
Trnka et al, showed that MT inhibits intracellular ROS
generation and mitochondrial ROS production, maintains
mitochondrial integrity, and reduces stress-induced
necrosis and apoptosis.*3 As a result, the structure of MT,
being comparable to that of hydroxylamine, can prevent
the over-flow and over-production of ROS during the T/D
process. Also, MT generates nitroxide radicals functioning
similar to superoxide dismutase to maintain the integrity
of membrane bilayer phospholipids and stability of the
electron transport chain.#3 In addition, MT is thought to
prevent mitochondrial Bax translocation, suggesting that it
may be a useful strategy to preserve mitochondrial
function and viability during the damage processes.*

Testicular torsion results in damage to the blood-testis
barrier, resulting in the release of cytokines causing
extensive apoptosis in the germinal epithelium of the
contralateral testis. Due to the high frequency of infertility
in individuals with testicular torsion, it is likely that
repeated apoptotic events are responsible.#> The
pregnancy rate and number of embryos after testicular
T/D were studied previously and it was found that the
pregnancy rate and number of embryos were significantly
lower in the testicular T/D group. According to Shokoohi
et al, this was likely caused by a decline in serum
testosterone levels and sperm quality.#¢ To increase sperm
viability and motility to reach the site of fertilization,
exogenous anti-oxidants administration in T/D patients
has been suggested.’ In our study, subsequent fertility
rates decreased significantly after 720° T/D, and increased
fertility was observed following MT therapy. Our research
findings supported a previous report declaring that MT, as
a sperm extender, can increase the fertility rate.3¢ The high
integrity of the plasma membrane could be the cause of
this improved fertility.*® Accordingly, the improvement of
sperm motility, viability, and membrane integrity could be
associated with the improvement of mitochondrial and
anti-oxidative enzymes activities. According to Lu et al,*
and Zhang et al,5° this improvement could be related to
the sperm fertilizing ability. This was supported by the
results of our study, showing that the use of MT can
improve sperm characteristics and testicular tissue cyto-
architecture, which can increase fertility rates in mice.

In conclusion, our results suggest that MT could act as a
powerful anti-oxidant, improving sperm parameters and
in vivo fertility index, as well as decreasing apoptosis-
linked genes expression. One limitation of our study was
the absence of specific details regarding the best timing
and dosage of MT administration for maximal effective-
ness. The dosage and timing used in our research were
chosen from available literature, and to determine the most
effective dosage and timing more researches is needed.
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