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ABSTRACT

Obijective: In this study we aimed to evaluate the effect of mitotempo, a
mitochondria-specific antioxidant, on endothelial and erectile dysfunction
in a Streptozotocin-induced rat diabetes model.

Material and Methods: Wistar Albino rats weighing 280-320 g were used
in the study. Diabetes was induced by intraperitoneal 50 mg/kg single
dose streptozotocin injection. Blood glucose levels above 300 mg/dl at the
end of 1 week were considered diabetes. Blood glucose was monitored for
4 weeks. The treatment group received mitotempo orally at 0.7 mg/kg/
day for 4 weeks. At the end of the 4th week, the aorta and corpus
cavernosum contraction and relaxation responses were evaluated in an
isolated organ bath after decapitation.

Results: According to our study results, mitotempo 0.7 mg/kg/day for 4
weeks in a diabetes model preserved endothelial relaxation responses in
both the thoracic aorta and corpus cavernosum. Phenylephrine
contractions calculated according to KCl contraction did not differ between
the groups.

Conclusion: Endothelial cells can be identified as one of the first organs to
be exposed to circulating substances. The effects of mROS on endothelial
dysfunction caused by hyperglycemia is known. In our study, we found
that a 0.7 mg/kg/day mitotempo treatment for 4 weeks showed protective
effects on STZ-induced diabetic endothelial dysfunction.
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Amag: Deneysel olarak siganlarda Streptozotosin ile olusturulmus diyabet
modelinde bir mitokondri spesifik antioksidan olan Mitotempo’nun endo-
telial ve erektil disfonksiyona etkisinin incelenmesi amaglanmustir.

Gereg ve Yontem: Deney igin 280-320 g agirli§inda Wistar-Albino soyu
siganlar kullanilmistir. Diyabet grubuna 50 mg/kg intraperitoneal tek doz
streptozotosin uygulanmistir. 1 hafta sonunda 300 mg/dl kan glikozu sevi-
yesinin Ustiinde olanlar diyabet kabul edilmistir. 4 hafta boyunca kan gliko-
zu takip edilmistir. Bu 4 hafta boyunca tedavi grubuna 0.7 mg/kg/giin oral
mitotempo uygulanmistir. 4. Hafta sonunda dekapite edilen hayvanlarin
aort ve korpus kavernozum dokulari alinarak kasilma ve gevseme yanitlari
izole organ banyosunda degerlendirilmistir.

Bulgular: Calisma sonuglarimiza gére diyabet modelinde mitotemponun
0.7 mg/kg/gin dozunda 4 hafta siire ile uygulanmasi hem torasik aorta
hem de korpus kavernosum endotel yanitlarini korumustur. KCl kasiimasi-
na gore rolatif olarak degerlendirilen fenilefrin kasilma yanitlari gruplar
arasinda farkhhk géstermemistir.

Sonug: Endotel hiicreleri, dolagimdaki maddelere ilk maruz kalan organlar-
dan biri olarak tanimlanabilir. Hipergliseminin neden oldugu endotel dis-
fonksiyonda mROS’un etkisi bilinmektedir. Diyabete bagl olusan endotel
disfonksiyonun engellenebilmesi hastaliga bagh mortalite ve morbiditenin
oniine gegebilir. Calismamizda mitotemponun diyabetik endotelial dis-
fonksiyon tizerine olasi etkileri degerlendirilmis ve sinirli koruyucu etkileri
gosterilmistir.
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INTRODUCTION

Diabetes Mellitus (DM) is a chronic disorder; microvascular and
macrovascular complications of DM lead to disorders in various
organs. Endothelial dysfunction means structural and/or func-
tional disability in endothelial responses, which is an important
factor in cardiovascular disorders (CVD). Endothelial dysfunc-
tion has been accepted as the initial step of atherosclerosis.
Erectile dysfunction (ED) is an early marker of CVD because the
initial and main pathology that underlies erectile dysfunction is
also accepted as endothelial dysfunction (1-3). Oxidative stress
triggered by hyperglycemia is related to ED (4). Some studies
have shown that mitochondrial and nonmitochondrial antio-
xidant agents can prevent endothelial disfunction (5). Animal
models of diabetes have been accepted as proper models for
erectile dysfunction and have been suggested for preclinical
studies for further insight into prevention and treatment (6).

Mitochondria-targeted antioxidants are newly developed
synthetic vehicles used for oxidative stress related pathologies
(7). Previously studied antioxidants have also been adapted to
mitochondrial antioxidant delivery systems for this purpose (8).

To create these agents, some additional complex structures are
used. For example, 2,2,6,6-tetramethylpiperidine-1-oxy (Tem-
po), a piperidine nitroxide derivative, is a protective radical in
various animal and cell models such as oxidative stress, aging,
and degenerative disorders (9). These effects are often attri-
buted to the antioxidant reactions of cyclic nitroxides. One of
the proper mitochondria-specific antioxidants is mitotempo.
Antioxidant effects of mitotempo have been shown in various
studies such as on age-related arterial endothelial dysfunction
and preeclampsia (10, 11).

In this study we aimed to show the endothelial protective ef-
fects of mitotempo on STZ-induced animal diabetes model in
thoracal aorta (TA) and corpus cavernosum (CC) tissues, both of
which have been proven to be the initiation of vascular comp-
lications and erectile dysfunction, respectively.

MATERIALS AND METHODS

Our study is approved by the Konya Necmettin Erbakan Uni-
versity Animal Care and Use Committee (application number
2018.034). Male Wistar Albino rats weighting 280-320 g were
procured and separated into 3 groups: Control, Diabetes and
Diabetes+Mitotempo.

The Control Group did not undergo any treatment procedure.
Diabetes was induced by intraperitoneal injection of a single
dose of 50 mg/kg of Streptozotocin (STZ) (12). The Diabetes and
Diabetes+Mitotempo groups received 50 mg/kg of STZ intrape-
ritoneally. One week after this procedure, blood glucose levels
were measured, and values over 300 mg/dl were accepted as
diabetes. While the Control and Diabetes groups received dis-
tilled water, the Diabetes + Mitotempo group received 0.7 mg/
kg/day mitotempo via oral gavage for 4 weeks. Weekly blood
glucose values were measured for all groups. After 4 weeks, the
animals were decapitated. TA and CC tissues were isolated for
the organ bath experiment.

Isolated Organ Bath Experiment Protocol:

After sacrification, TA and CC tissues were removed. Tissues
were enclosed in +4°C Krebs-Henseleit Solution (KHS). The exci-
sed TA was cleared from connective tissues without causing en-
dothelial damage, and ring-shaped preparations 2-3 mm wide
were prepared. Silk threads were applied to both ends of the
preparations. Using these silk threads, one end was suspended
on fixed metal; the other end was suspended on the isometric
transducer. The preparations were hung in the organ bath that
contained 37°C KHS and was gasified with a 95% O,+5% CO,
mixture. The excised CC tissue also underwent the same proce-
dures. Both tissues (TA and CC) were rested at 37°C and under
1 g tension by changing the Krebs solution every 15 minutes
per hour. Isometric tensions were recorded with an amplifier
system (MP30 Biopac systems Inc., Santa Barbara, CA, USA) on
a computer using the Biopac program.

After a 30 minute-resting period, tissues were contracted with
80 mM KCI. After the contraction responses reached a plateau,
the bath was refilled with 10 ml KHS and the tissues were al-
lowed to rest for 30 minutes (KHS was changed every 15 min).
After this 30 minute-resting period, 10° M phenylephrine (PE)
submaximal contraction responses were examined. When the
contraction responses reached the plateau phase, Acetylcho-
line (Ach) was added cumulatively to the organ bath (log mo-
lar, 10° to 10° M) and endothelial relaxation responses were
evaluated.

Chemicals Used: Acetylcholine HCI, (Product Number A6625);
Phenylephrine HCI (Product Number P6126); Mitotempo (Pro-
duct Number SML0737) and Streptozotocin (Product Number
S0130) obtained from Sigma Aldrich, (St. Louis, MO, U.S.)

Krebs Henseleit solution (mM):

NaCl 119, KCI 4.6 CaCl, 1.5 MgCl 1.2, NaHCO, 15, NaH,PO, 1.2,
glucose 5.5 pH: 7.4 and 80 mM KCl solution (mM): NaCl 43.6,
KClI 80, CaCl2 1.5, MgCl 1.2, NaHCO, 15, NaH,PO, 1.2, glucose
5.5 pH: 7.4 had the following composition. All chemicals for
Krebs solution were obtained from Merck KGaA (Darmstadt,
Germany).

Data Analysis:

Contraction responses after the PE application were calculated
as a percentage of KCl responses. As for relaxant agent respon-
ses, the submaximal response with PE application was taken
as 100% and Ach responses were calculated as a percentage of
this value. A comparison of data suitable for normal distribution
was made using the independent t-test (Unpaired Student’s
t-test), while the comparison of data not compatible with nor-
mal distribution was made using the Mann-Whitney U test. The
data with a p-value of less than 0.05 were considered statis-
tically significant. At the end of the study, all group responses
were compared. P-values of 0.05 were considered significant.
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RESULTS

In our results, PE contraction responses showed no sta-
tistical significance between Control, Diabetes, and
Diabetes+Mitotempo groups both for TA and CC tissue in
contraction responses with PE. Comparison of Ach-induced
relaxation responses showed a statistically significant differen-
ce between diabetes and Diabetes+Mitotempo groups. Ach
relaxation responses of the Diabetes+Mitotempo group were
higher than the Diabetes Group, which showed that mitotempo
had a protective effect against endothelial dysfunction and ED
that are caused by diabetes.

Blood Glucose Levels: Blood glucose levels of experimental ani-
mals were measured at 1-week intervals after STZ administra-
tion and values above 300 mg/dl were accepted as diabetes
(13). Average weekly blood glucose values are given in Figure
1. Although blood glucose levels of treated diabetic rats seem
to be slightly lower than the Diabetes Group, no statistical dif-
ferences was observed.
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Figure 1: Blood glucose values measured weekly

Contraction Responses of Aorta Tissue with Phenylephrine: In
our test protocol, 10°M PE contraction responses were evalua-
ted as a percentage of 80 mM KCl contraction. The contraction
response obtained from the Control Group (n=6) was deter-
mined to be 149.93+29.86%. In the Diabetes Group (n=6), PE
responses were obtained as 118.13+19.13%, whereas in the
Diabetes+Mitotempo Group (n=6), these results were observed
as 126.7545.46%. In the comparison of 10°M PE contraction
responses between groups, no significant difference was ob-
served between the groups (p >0.05) (Figure 2).

Relaxation Responses of Aorta Tissue with Acetylcholine af-
ter Phenylephrine Contraction: During the test protocol,
10°M-10°M cumulative effect of Ach was evaluated after 10°
M PE responses reached the plateau phase. Ach maximum
relaxation responses were 69.9429.9% in the Control Group,
34.49+4.04% in the Diabetes Group and 54.76+36.88% in the
Diabetes+Mitotempo Group. Maximum relaxation responses
obtained with Ach were evaluated as a percentage of 10° M
PE response; a statistically significant difference was observed
between the Diabetes Group when compared with the Control
and Diabetes+Mitotempo Groups (p <0.05) (Figure 3).

Contraction Responses of Corpus Cavernosum Tissue with
Phenylephrine: In our experiment protocol, 10°M PE contrac-
tion responses were evaluated as a percent over basal cont-
raction responses with 80 mM KCI contraction.

200~

]

§ 1504

a |

&

 100-

2

G

2

£ 50

o

o

0
The The The
Control Diabetes Diabetes+
Group Group Mitotempo
Group

Figure 2: Aortic PE contraction responses of the Control Group,
the Diabetes Group, and Diabetes+Mitotempo Group. Cont-
raction responses after the PE application were calculated as
a percentage of KCl responses.
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Figure 3: Maximum relaxation response of Aorta to acetylcholi-
ne. Ach responses were calculated as a percentage of the sub-
maximal dose PE application (10-6 M). * p<0.05

Contraction responses of the Control Group (n=6) were de-
termined to be 101.83+5.52%. In the Diabetes Group (n=6),
PE responses were obtained as 93.15+4.34%, while in the
Diabetes+Mitotempo Group (n=6), these results were obser-
ved as 92.34+4.78%. No significant difference was observed
between the groups (p>0.05) (Figure 4).

Relaxation Responses of Corpus Cavernosum with Acetylcholi-
ne after Phenylephrine Contraction: Cumulative 10°M to 10°M
Ach effect in the contraction response that reached the plateau
phase after 10° M PE application was evaluated. Ach maximum
relaxation responses were 78.74+12.18% in the Control Group,
32.47+15.85% in the Diabetes Group and 63.16+24.78% in the
Diabetes+Mitotempo Group. When the maximum relaxation
responses obtained with Ach were evaluated as a percentage
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of 10 M PE response, a significant difference was observed in
the Diabetes Group versus Control and Diabetes+Mitotempo
Group (p <0.05) (Figure 5).
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Figure 4: PE contraction responses of corpus cavernosum tis-
sue. Contraction responses after the PE application were cal-
culated as a percentage of KCl responses.
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Figure 5: Maximum relaxation response of corpus cavernosum
to acetylcholine. Ach responses were calculated as a percenta-
ge of the submaximal dose PE application (10-6 M). * p<0.05

DISCUSSION

Endothelial dysfunction and ED treatment have been investiga-
ted for years. Pharmaceutical products aim to reduce/regress
ED-related symptoms. Antioxidant treatments have been tried
in many disease models for many years. Antioxidants seem to
have protective effects on endothelial damage in animal model
of diabetes both for CC and vascular endothelium (5). On the
other hand, in clinical research, the protective efficacy of any
antioxidants is yet to be proven. One of the reasons for this
ineffectiveness of antioxidants in treatment is the fact that the
antioxidants applied cannot affect the inner cell, such as mi-

tochondria organelle, and therefore cannot have a protective
effect on pathological oxidative damage (14-16). Researchers
have been showing interest in mitochondrial pharmacology and
research on the subject is increasing every day.

Many diseases, such as atherosclerosis, DM, coronary artery
diseases, hypertension, and hypercholesterolemia cause ED.
The development of ED in these diseases has been associated
with mitochondrial dysfunction. Today, mROS is held respon-
sible for ED caused by diabetes (14).

The antihypertensive effect of mitotempo has been studied
in the hypertension mouse model. In this study, it is shown
that Angiotensin Il (ATIl) increases endothelial mitochondrial
superoxide production, and mitotempo therapy reverses this
effect. The results of the study showed that mitotempo therapy
was effective in the early and late periods of the treatment of
hypertension induced by AT Il and deoxycorticosterone acetate
(DOCA)-salt (17). There are many studies targeting the formati-
on of mitochondrial superoxide in the treatment of hypertensi-
on (18). These studies suggest that if hypertension occurs after
the formation of mitochondrial superoxide, mitotempo therapy
can reverse or improve this endothelial cell stress. In studies
conducted, it was stated that this antihypertensive effect was
dose-dependent (17).

Although atherosclerosis is frequently seen after hyperlipide-
mia, diabetes is also known as a risk factor for atherosclerosis.
In a study with APO E knockout mice known to be suitable for
the atherosclerosis model, mitotempo has been shown to pre-
vent endothelial cell activation and monocyte migration into
the aorta. The event described here as “endothelial cell acti-
vation” is indicated as an initiator of atherosclerosis/ED. Types
of mitochondrial reactive oxygen are thought to activate this
cascade. Mitotempo, on the other hand, appears to prevent
atherosclerosis by acting in this “initial” stage (19).

McCarthy et al. studied the effects of mitotempo on preec-
lampsia. Preeclampsia causes vascular dysfunction through
mitochondrial functions, as in DM. In this study, pretreatment
with mitotempo, which is a mitochondria-targeted antioxidant,
prevented cell death caused by 200 uM H,0, and showed suc-
cessful results in the preeclampsia model (11).

In our study, the effects of mitotempo treatment on endothelial
dysfunctions of the aorta and corpus cavernosum in the dia-
betes model created by STZ in Wistar rats were evaluated. Our
results have shown the limited protective effect of 0.7 mg/kg
mitotempo treatment over a period of 4 weeks in Wistar rats in
hyperglycemia-related endothelial dysfunction. This protective
effect of mitotempo cannot be correlated with blood glucose
levels because, like previous studies, our study also showed
no significant effect of mitotempo on blood glucose levels in
diabetic animal models (20, 21). It is known that many mitoc-
hondrial and non-mitochondrial oxidant systems have effects
on endothelium. Our study, for the first time, evaluated the
effects of the mitochondrial antioxidant system on corpus ca-
vernosum with mitotempo treatment in rat diabetes model.
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In our study we have evaluated the effects of only a 0.7 mg/kg/
day mitotempo treatment. This can be considered a limitation
of our study, since the effects of a higher dose have not been
demonstrated. In our dose selection we extrapolated the do-
sage of previous studies. Previously, Dikalova et al. has shown
the endothelial protective effect of mitotempo in angiotensin Il
and DOCA-salt induced hypertensive mice model. In this study,
mitotempo was administered at 0.7 mg/kg/day for seven days
(17). Nietal. also studied the protective effects of mitotempo
on STZ-induced cardiomyopathy in a diabetic mice model with
a dose of 0.7 mg/kg/day for 30 days. Their results showed that
mitochondrial ROS inhibition improved myocardial function in
a mice diabetes model (20). Higher doses of mitotempo have
also been studied. In a coronary endothelial dysfunction model,
1 mg/kg/day for 4 weeks has been studied in a diabetes model.
In this study, the protective effects of mitotempo have been
shown in coronary endothelial dysfunction.

In conclusion, endothelial cells can be defined as one of the
organs first exposed to circulating substances. The effect of
mROS is known in endothelial dysfunction induced by hypergl-
ycemia. As stated, endothelial dysfunction is the initiation of
both vascular diseases and ED. In our study, we obtained bene-
ficial results on diabetes-induced ED by using the mitochondrial
antioxidant mitotempo. This effect of mitotempo may be due
to the reduction of mROS production. Further studies should
be conducted to fully clarify the mechanism and the maximum
effective dose selection for the protective effect of mitotempo
on ED and endothelium.
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