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ABSTRACT

Ammonium Pyrrolidine Dithiocarbamate (APDTC) is an inhibitor of nuclear factor kappa b (NF-xB).
Beside of these function, its antitumoral, antioxidant, anticarcinogenic and antiviral properties and
also apoptosis inhibiting effect in smooth muscle cells were determined. Our experiments aimed to
investigate the mechanism of action of APDTC on rat aortic smooth muscle. Some adrenergic and
cholinergic receptors, I-type Ca®* channels and K* channels were blocked in 7 different groups, and
therefore the action mechanism of APDTC whether is used or not on which channels and receptors
and the extent to which they are effective were aimed to be determined. The contraction-relaxation
responses after the administration of APDTC, atropine, phentolamine, propranolol, nifedipine,
tetraethylammonium (TEA) and mix (atropine+phentolamine+propranolol) on living state controlled
with potassium chloride (KCI) and blocked nitric oxide (NO) synthesis with I-n%-nitro arginine methyl
ester (L-NAME) in the pre-contraction-induced aortic preparations with phenylephrine were
investigated. The obtained data were evaluated by kruskal wallis and mann-whitney u tests. APDTC
created the relaxation response in the aortic smooth muscle. Cholinergic receptor blocker atropine, a-
adrenergic receptor blocker fentolamine, p-adrenergic receptor blocker propranolol, I-type calcium
channel blocker nifedipine and potassium channel blocker TEA did not alter the relaxation response of
APDTC. In the mix group consisting of atropine+phentolamine+propranolol, APDTC created a
significant contraction response. It has been determined that APDTC can be effective on these
systems via different mechanisms.

Keywords: APDTC, aorta, non- adrenergic non- cholinergic (NANC) system, L-NAME,
phenylephrine, adrenergic, cholinergic, calcium channels, potassium channels.
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1. INTRODUCTION

The aorta is the most functional vessel that transmits blood to all parts of the body. The thickness of
the aorta is approximately 2.5 cm. The blood cycle in the body lasts 60 seconds. The pressure in the
aorta, brachial and other large arteries in a young adult human increases to a peak of approximately
120 mm Hg (systolic pressure) during each heart cycle and decreases to a minimum (diastolic
pressure) of about 70 mm Hg [1].

APDTC is a NF-xB inhibitor. APDTC has antioxidant effects. It inhibits apoptosis in vascular
endothelial cells, lymphocytes and neurons. It inhibits apoptosis in leukemia cells (HL-60) [2]. A
significant increase in TAK was detected in rats treated with APDTC (0.70+0.01 umol/mg protein).
APDTC has been found to increase anti-oxidant enzyme activity in cholestasis dependent hepatic
injury model. This result with APDTC is actually not surprising [3]. After showing that aldesterone
was effective in 1992, it was revealed that there were aldesterone receptors in the corpus cavernosum.
After investigating the penile tissues obtained from mature men, it was revealed that aldesterone did
not have a direct relaxant effect, but increased the effect of neurarenaline [4] . APDTC inhibits DON-
induced mitochondrial dysfunction and apaptosis via the NF-kB/iNOS pathway [5]. In models with
inflammatory disease, the therapeutic effect of antioxidants as potential NF-kB inhibitors has been
determined [6]. In the collagen-induced joint inflammation model, the anti-oxidant effect of APDTC
in brain, stomach, lung, myocardia, organ injuries, renal ischemia/reperfusion was investigated.
APDTC protects against NF-xB through pathological effects induced by some different stimuli,
including lipopolysaccharide and cytokines [7]. AMTB and APDTC administered intrathecally affect
TRPMS8 and NF-xB in the spinal dorsal horn, even the brain [8]. It revealed the fact that inactivation
of autophagy using APDTC reduces damage to the intestinal mucosal barrier. The effects of
autophagy inactivation were largely dependent on the dosage of APDTC. Overactive autophagy may
be weakened in accordance with physiology when using low or medium dose of APDTC. Using high-
dose APDTC can completely inhibit autophagy and lead to decreased survival of instestinal mucosal
cells. In this study, 10 mg/kg APDTC was shown to inhibit autophagy and perform best in
maintaining inestinal mucosal integrity. The bi-directional efficacy of APDTC also requires the
therapeutic window of APDTC, or other autophagy inhibitors, to be carefully investigated in humans
[9]. The effects of Klotho were determined to be comparable to NF-kB inhibition, with the inhibition
of NF-kB nuclear translocation and inhibition of APDTC administration, which is reported to inhibit
DNA binding activity. Accumulating evidence suggests that the anti-aging protein Klotho plays an
important role in inhibiting NF-kB and preventing nuclear translocation [10]. After injecting the
APDTC, the pH of the gastric juice did not change significantly, but the promotional effect of NaHS
on gastric acid secretion can be inhibited by APDTC. The pH value of the gastric juice changed values
from 5.41+0.32 before injection, to 5.34+0.36 (p> 0.05) after injection. There is no significant
difference after enterocele is injected with APDTC+NaHS. These results show that NaHS is involved
in the control of gastric acid secretion by activating the NF-kB pathway [11].

Muscle fibers are structures that convert chemical energy into mechanical energy by spending ATP
energy [12]. According to their microscopy, they are classified as striped and smooth muscles. The
reason is due to the different physical properties of contractile proteins [13]. Muscle tissues can be
stimulated, contracted, stretched and relaxed [14]. Smooth muscle cells are found on the walls of
various organs and pipes of the body along with blood vessels, stomach, intestine, bladder, respiratory
tract, penis, uterus and clitoral carenosal sinuses. Smooth muscle usually consists of smaller fibers, 1.5
um in diameter and 20-500 pm in length [15]. The concentration of myosin in smooth muscle is only
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one third of myosin in striated muscle, while the actin concentration can be twice as high. Despite
these differences, the maximal tension per sectional unit developed from smooth muscles and the
maximal tension developed in skeletal muscle are similar [16]. Smooth muscle activities are different.
In some organs, smooth muscle cells are active by constantly maintaining a tonus level [12]. Smooth
muscle cells cause tonic and phasic contractions in response to load or length changes. Smooth muscle
cells, completely separate from the stimulant, use the cross-bridge between actin and myaosin strands
to produce strength, and Ca*" ions trigger contraction [17]. Similar to skeleton and heart muscles, Ca**
plays a significant role in initiating smooth muscle contraction. However, the source of Ca®* increase
in unitary smooth muscle may be very different [18]. In order to relax contracted smooth muscle,
myosin needs to be dephosphorylated because dephosphorylated myosin can not bind to actin. Myosin
light chain phosphotase enzyme, which is constantly active in the smooth muscle during rest and
contraction periods, mediates dephosphorilation. When cytosolic calcium rises, the myosin
phosphorylation rate of activated kinase exceeds the phosphotase dephosphorylation rate, and
therefore the amount of phosphorylated myosin in the cell increases and the tension increases. When
the cytosolic calcium concentration decreases, the dephosphorylation rate exceeds the phosphorylation
rate, and the amount of phosphorylated myosin is low and relaxation occurs [16]. However,
dephosphorylation of myosin light chain kinase does not lead to smooth muscle relaxation. There are
several mechanisms. One is the latch bridge mechanism, that is, the myosin cross bridges continue to
hold on to actin for a while after the cytoplasmic calcium concentration has decreased. This little
energy produces continuous contraction and is especially important in vascular smooth muscles [18].
In addition to the cellular mechanisms that increase smooth muscle contraction, there are also cellular
mechanisms that cause relaxation. This feature is important in the smooth muscles surrounding the
blood vessels in order to increase blood circulation. It has long been known that endothelial cells,
which line the inside of blood cells, secrete a substance NO that relaxes smooth muscle. NO produced
in endothelial cells can spread into smooth muscle to act. Once becoming intramuscular, NO directly
activates the soluable guanylate cyclase to produce another second messenger molecule, cyclic
guanosine monophosphate (cGMP). This molecule activates ion channels, Ca homeostasis,
phosphatases, or cGMP-specific protein kinases that may affect them all, leading to smooth muscle

relaxation [18].

Atropine or I-hyocyanimine is an alkaloid obtained from the leaves of Atropa bellodona and Datura
stramonium plants of solanacea family and effective in the peripheral system [19]. Atropine is a non-
selective muscarinic receptor antagonist. The binding strength of muscarinic receptor antagonists to
the receptor may overlap among various subtypes [20]. It reduces parasympathetic tone to keep
sympathetic activity high. Atropine has the ability to change the cardiac rhythm [19]. Atropine and
bomatropine and similar drugs such as scopolamine inhibit the effect of acetylcholine on the
muscarinic types of cholinergic effector organs [21]. Imidazoline-derived phentolamine is a non-
selective a-adrenergic receptor antagonist. Phentolamine effects are nonselective. Phentolamine have
equal binding points on alpha-1 and alpha-2 receptors [22]. Nifedipine is a predominant calcium
antagonist with vascular effects. Nifedipine inhibits voltage-dependent L-type Ca** channels in
cardiac-related smooth muscle cell membranes. Nifedipine is a short-acting Ca** antagonist [19]. TEA
has K* channel blocker effect. It is the first substance showing ganglion blocker effect [23]. Taurine is
blocked by TEA. However, 4-AP facilitates K™ flow by a mechanism which is not affected by
glibenclamide, iberiotoxin or barium chloride (BaCl,). TEA has the effect of blocking the potassium
channel, which may be contrary to the effect of taurine. The vasorelaxan effect of taurine in rat
isolated arteries is reduced by TEA [24]. Most K* channels are blocked by externally supplied TEA.
However, sensitivity to TEA is different in various K* channel types [25]. The system that is not
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related to neither the cholinergic nor adrenergic part of the autonomic nervous system is called the
NANC system.

Both neuronal NO and endothelial NO have vasodilation effects. NO is thought to be the major
neuromediatory of NANC in most parts of the body. NO is synthesized from an amino acid (I-
arginine) at the nerve endings by NO synthetase [19]. In addition to adrenergic and cholinergic
conduction in the autonomic nervous system, it provides conduction in dopaminergic, peptidergic and
purinergic nerves [23]. NANC fibers were defined in 3 groups. The neurotransmitter of the purinergic
fibers is ATP and cause vasoconstriction. The neurotransmitter of nitrosidergic fibers is NO. It causes
vasodilatation. The neurotransmitter of the peptidergic nerves is vasoactive intestinal peptide (VIP) or
peptide related to the calcitonin gene (CGRP) [26]. Phenylephrine is a synthetic alpha antagonist that
is partially selective to alpha-1 receptors. It increases systolic and diastolic blood pressures by causing
vasoconstriction [23].

Isolated tissue and isolated organ preparations have been in use for over one hundred years, providing
researchers with convenient biological models that exist without the systemic influences of the intact
animal [27]. Isolated preparations can permit molecular biologists to quantitate the physiological
impact of the expression of these altered genetic sequences at the tissue and organ level [28]. Some
isolated organ baths are ADInstruments, DMT, Orchid Scientific, Ugo Basile and Campden
Instruments Ltd. [29].

Our experiments aimed to investigate the mechanism of action of APDTC on rat aortic smooth
muscle. The mechanism of action of APDTC is not fully elucidated and, therefore, it is possible to
inhibit the effects of a-adrenergic and B-adrenergic receptors, cholinergic receptors, I-type Ca®'
channels and K* channels in aortic smooth muscle contraction and dilatation responses with the aim of
investigating whether these factors are effective or not in the mechanism of action of APDTC. Some
adrenergic and cholinergic receptors, I-type Ca?* channels and K* channels were blocked in 7 different
groups, and therefore the action mechanism of APDTC whether is used or not on which channels and
receptors and the extent to which they are effective were aimed to be determined. The contraction-
relaxation responses after the administration of APDTC, atropine, phentolamine, propranolol,
nifedipine, TEA and mix (atropine+phentolamine+propranolol) on living state controlled with
potassium chloride (KCI) and blocked nitric oxide (NO) synthesis with L-NAME in the pre-
contraction-induced aortic preparations with phenylephrine were investigated.

2. MATERIALS AND METHODS

2.1. Laboratory Animal Supply

This study was carried out at Kiitahya Dumlupinar University (KDPU) Experimental Animals
Breeding Application and Research Center in the Faculty of Science and Art, Biology Department,
Physiology Laboratory. The study was approved by KDPU Animal Experiments Local Ethics
Committee (HAYDEK) with the decree of 2015.12.05. In the experiments, 70 male wistar albino rats,
produced in Saki Yenilli Experimental Animals Production Center, were used. The rats were fed ad
libitum in well ventilated rooms, at the normal day and night cycles, with standard industrial feed and
tap water. The studies were carried out immediately after obtaining the permission of the Animal
Ethics Committee. 70 male rats weighing 300-350 g with ages of 6 and 7 months held by
Experimental Animal Breeding Application and Research Center Laboratory were placed in cages as
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following groups presented in 2b and 2c sections with all the experimental groups and procedures
were explained.

2.2. Designing Test Groups

Test groups with used chemicals were as follows: 1st group is APDTC group (control), 2nd group is
alpha adrenoreceptor antagonist (phentolamine)+APDTC, 3rd group is beta adrenoceptor antagonist
(propranolol)+APDTC, 4th group is cholinergic receptor antagonist (atropine)+APDTC, 5th group is
I-type calcium channel blocker (nifedipine)+APDTC, 6th group is potassium channel blocker
(TEA)+APDTC and finally 7th group is both adrenergic and cholinegic receptor antagonist
(phentolamine+propranolol+atropine)+APDTC. 10 animals were used per group.

2.3. Experimental Protocol

Experimental protocol for rat aorta smooth muscle contraction and relaxation response measurements
is in detail as follows: After the animals were Killed by cervical dislocation method, the thoracic aorta
was removed by cutting from the neck to the abdomen (Figure 2.1). The reason that we use the
cervical dislocation method is to avoid hormonal changes. Then, it was left into krebs-henseleit
solution and was seperated from the surrounding connective tissue and then 3 mm circular sections
were obtained. The weight of each organ was determined by precision scales. Isolated organs were
placed in an organ bath. The temperature of the isolated organ bath was brought to 37°C and the a gas
mixture of 95% 0,-% CO, was applied to the bath to oxygenate tissues. Tissue preparations under 1 g
strain in the isolated organ bath were equilibrated by washing them with a krebs-henseleit solution for
45 minutes in every 15 minutes. The viability of the organs was tested with 6x102 M KCI. The organ
was washed three times with krebs-henseleit solution by fill-and-empty technique to remove KCI from
the bath. After 5 minutes, 102 M L-NAME was given to stop the NO effects. 10* M phenylephrine
was added to the bath for precontraction. After 10 minutes, the antagonist or blocking agent was
added to the designated groups in the bath. As the 1st group was the control group, only APDTC was
administered, 10° M phentolamine in the 2nd group, 10° M propranolol in the 3rd group, 10° M
atropine in the 4th group, 10°® M nifedipine in the 5th group, 10 M TEA in the 6th group and finally
7th group with phentolamine+propranolol+atropine were used. 5.5x10° M APDTC was added 15
minutes after the antagonist administered to the other groups except the first group. We waited 10
minutes and the relaxation responses of the organ to the given chemicals were recorded in the data
acquisition analysis system via the isometric transducer. All solutions during the experiment were
prepared with distilled water. We used the isolated organ bath from Commat, Turkey with data
acquisition analysis system from MP36, USA and isometric transducers from Biopac, USA.

2.4. Statistical Analysis

Bath recording lasted 1 hour 43 minutes. To compare, the phenylephrine and antagonist agent range
was used, and then the antagonist PDTC range. The calculation was performed as follows. When
phenylephrine is 100, % value was calculated by establishing the ratio of what would be the
antagonist and what would be APDTC. Simultaneous experiments were carried out in four baths.
SPSS program was used for statistical analysis. When statistical analysis was made in SPSS, both
standard error and standard deviation were calculated and used in statistical processing. We drew the
graphics according to our SPSS results in excel files. We also drew according to aortic phenylephrine
values in the 100 file. We created p-p values according to this file. First we found the p-p values. Then
we calculated how the drugs affected when the contraction was 100%. Then, we set the proportion to
compare them with phenylephrine, such as what is the value of atropine when phenylephrine is 100. It
also gave us statistical results if there were any significant results. The exact sig. or asymp. sig. from
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the mann-whitney test results made us decide whether the difference is meaningful or meaningless.
The data obtained from the experiments were evaluated by applying mann-whitney u and kruskal
wallis tests. p<0.05 values were considered statistically significant.

3. RESULTS

In our study, 7 different groups were studied as 1st group as the control group, 2nd group as atropine
group, 3rd group as phentolamine group, 4th group as propranolol group, 5th group as nifedipine
group, 6th group as TEA group and 7th group as mix group (phentolamine+propranolol+atropine).

In our study, contraction-dilatation responses of the tissue to APDTC were investigated by applying
various antagonists or channel blockers to pre-contracted aortic tissue with phenylephrine. There was
a significant difference between nifedipine administered group and phentolamine group, propranolol
group and mix groups (p<0.05). There was a significant difference between
phentolamine+propranolol+atropine-treated mix group and control group, atropine group and
nifedipine group (p<0.05) (Table 1 and Figure 2). APDTC on y axis in Figure 2 shows contraction
percentage of smooth muscle of aorta by adding APDTC on pre-contracted aorta with phenylephrine
in the presence and absence of antagonists or blockers in all 7 groups. Figure 2 is the comparison of
all groups in one graph.

2501

control atropine  pheatolamine propranelol  mifedipine TEA s

Figure 2. Effects of APDTC on pre-contracted aorta with phenylephrine in the presence and absence
of antagonists or blockers.
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Table 1. Comparison of APDTC among groups. There was a significant difference between
nifedipine administered group and phentolamine group, propranolol group and mix groups (p <0.05).
There was a significant difference between phentolamine+propranolol+atropine-treated mix group and
control group, atropine group and nifedipine group (p <0.05). Values that are smaller than 0.05 are in

bold.

Groups Control | Atropine | Phentolamine | Propranolol | Nifedipine | TEA | Mix
Control - 0.450 0.070 0.174 0.450 0.450 | 0.041
Atropine 0.450 - 0.131 0.326 0.070 0.940 | 0.023
Phentolamine | 0.070 0.131 - 0.734 0.008 0.199 | 0.880
Propranolol 0.174 0.326 0.734 - 0.023 0.364 | 0.940
Nifedipine 0.450 0.070 0.008 0.023 - 0.131 | 0.000
TEA 0.450 0.940 0.199 0.364 0.131 - 0.112
Mix 0.041 0.023 0.880 0.940 0.000 0.112 | -

There was a significant difference between precontraction responses induced by phenylephrine in the
aortic smooth muscle and APDTC responses in the presence of atropine (p <0.05). APDTC showed a
contraction response in the presence of atropine on the contraction induced by phenylephrine in aortic
tissue. However, there was no significant difference between the control and atropine group.
Phenylephrine-contracted aortic smooth muscle relaxation responses of APDTC did not affect

atropine, a nonselective muscarinic receptor antagonist (p> 0.05) (Table 2 and Figure 3).

1501
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Figure 3. The effect of APDTC in the presence of atropine and atropine substance on aortic
contraction.
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Table 2. Comparison of APDTC in the presence of atropine and by atropine. There was a significant
difference between precontraction responses induced by phenylephrine in the aortic smooth muscle
and APDTC responses in the presence of atropine (p <0.05). Values that are smaller than 0.05 are in
bold.

Atropine Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.001 0.001
Antagonist 0.001 - 0.257
APDTC 0.001 0.257 -

There was a significant difference between the contraction responses of phenylephrine and
phentolamine in aortic smooth muscle (p<0.05). APDTC showed contraction response in the presence
of phenylephrine. There was no significant difference between the control group and phentolamine
group. Phenylephrine-contracted aortic smooth muscle relaxation responses of APDTC were not
affected by (p>0.05) (Table 3 and Figure 4).

250 n
200 -
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APDTC
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Figure 4. The effect of APDTC on aortic contraction in the presecence of phenilephrine and
phentolamine.

Table 3. Comparison of APDTC in the presence of phentolamine and phenylephrine. There was a
significant difference between the contraction responses of phenylephrine and phentolamine in aortic
smooth muscle (p<0.05). Values that are smaller than 0.05 are in bold.

Phentolamine | Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.000 0.419
Antagonist 0.000 - 0.762
APDTC 0.419 0.762 -
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There was no significant difference between precontraction responses in the aortic smooth muscle
with phenylephrine and APDTC responses in the presence of propranolol (p> 0.05). APDTC showed
a relaxing effect in the presence of propranolol on contraction of aortic tissue with phenylephrine. At
the same time, the contraction effect of propranolol turned into a relaxing effect with the
administration of APDTC. There was no significant difference between the control group and the
propranolol administered group (p> 0.05) (Table 4 and Figure 5).

150 -

100 -
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phenylephrine propranolol APDTC

Figure 5. Effect of APDTC on aortic contraction with and presence of propranolol.

Table 4. Comparison of APDTC with and in the presence of propranolol.

Propranolol Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.419 0.106
Antagonist 0.419 - 0.307
APDTC 0.106 0.307 -

There is a significant difference in aortic smooth muscle contractile responses between APDTC
responses in the presence of nifedipine and phenylephrine (p <0.05). There was no significant
difference between the control group and nifedipine administered group (p> 0.05). APDTC showed a
relaxing effect on contraction of aortic tissue with phenylephrine in the presence of nifedipine. In
addition, the relaxant effect of nifedipine continued increasing gradually with the administration of
APDTC (p <0.05) (Table 5 and Figure 6).
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Figure 6. The effect of APDTC on aortic contraction with and in the presence of nifedipine.

Table 5. Comparison of APDTC with and in the presence of nifedipine. There is a significant
difference in aortic smooth muscle contractile responses between APDTC responses in the presence of
nifedipine and phenylephrine (p <0.05). The relaxant effect of nifedipine continued to increase
gradually with the administration of APDTC (p <0.05). Values that are smaller than 0.05 are in bold.

Nifedipine Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.001 0.000
Antagonist 0.001 - 0.016
APDTC 0.000 0.016 -

There was a statistically significant difference between contraction responses with phenylephrine and
potassium channel blocker TEA in aortic smooth muscle (p <0.05). TEA, a potassium channel blocker
in the aortic tissue, produced a relaxation response. However, there was no significant difference
between the control group and the TEA administered group (p> 0.05) (Table 6 and Figure 7).
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Figure 7. The effect of APDTC on aortic contraction with and in the presence of TEA substance.

Table 6. Comparison of APDTC in the presence of TEA and TEA. There was a statistically
significant difference between contraction responses with phenylephrine and potassium channel
blocker TEA in aortic smooth muscle (p <0.05). Values that are smaller than 0.05 are in bold.

TEA Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.001 0.001
Antagonist 0.001 - 0.791
APDTC 0.001 0.791 -

There is a significant difference in contractile responses of aortic smooth muscle induced between
APDTC responses in the presence of phentolamine+propranolol+atropine and phenylephrine (p
<0.05). APDTC showed a relaxation effect on contraction of phenylephrine-induced aortic tissue in
the presence of adrenergic and cholinergic receptor antagonists as phentolamine+propranolol+
atropine. In addition, the contraction effect of fentolamine+propranolol+atropine, which are
adrenergic and cholinergic receptor antagonists, turned into a statistically relaxing effect with the
application of APDTC (p<0.05). There was a significant difference between the control group and the
mix group. Phentolamine+propranolol+atropine changed APDTC's phenylephrine-contracted aortic
smooth muscle relaxation responses (p<0.05) (Table 7 and Figure 8).
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Figure 8. The effect of APDTC in aortic contraction with and in the presence of phentolamine+
propranolol+atropine.

Table 7. Comparison of APDTC with and in the presence of mix. There is a significant difference in
contractile responses of aortic smooth muscle induced between APDTC responses in the presence of
phentolamine+propranolol+atropine and phenylephrine (p<0.05). The contraction effect of
fentolamine+propranolol+atropine turned into a statistically relaxing effect with the application of
APDTC (p<0.05). There was a significant difference between the control group and the mix group.
Phentolamine+propranolol+atropine changed APDTC's phenylephrine-contracted aortic smooth
muscle relaxation responses (p<0.05). Values that are smaller than 0.05 are in bold.

Mix Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.419 0.001
Antagonist 0.419 - 0.001
APDTC 0.001 0.001 -

4. DISCUSSION AND CONCLUSION

APDTC, a specific inhibitor of low molecular weight NF-xB exibiting antioxidant ability to eliminate
free toxic radicals, interferes with the production of pro-inflammatory cytokines [30]. All substances
capable of inducing NF-kB can be blocked by antioxidants. It reduces the ability to bind to DNA,
interferes with the activation signal pathway for NF-«kB, and stabilizes or increases the IkBa synthesis
mechanism to inhibit NF-xB activity [31]. Investigating the contraction-relaxation responses of
APDTC, a dose-dependent relaxation response against precontraction of KCI after contraction was
obtained [32]. We have investigated the mechanism of action of APDTC in vitro in aortic smooth
muscle as a result of the fact that the mechanism of action of APDTC, which is determined to relax
the aortic smooth muscle, has not been revealed yet.
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In order to determine the mechanism of action of APDTC, our experiments were carried out in seven
groups ( control, atropine, phentolamine, propranolol, nifedipine, TEA, and fentolamine+propranolol
+atropine) to determine which receptors and channels were used in the aortic smooth muscle
contracted by phenylephrine whose NO synthesis was stopped by L-NAME. We used L-NAME to
prevent the relaxation effect of NO and for the pre-contraction to run smoothly. 5.5x10° M APDTC
produced a relaxation response in the aortic smooth muscle. In a study, the cellular mechanism of
nitric oxide (NO)-induced relaxation in corporeal smooth muscle (CSM) of the guinea-pig was
investigated. Changes in the intracellular concentration of calcium ions ([Ca*"];), membrane potential
and isometric tension were measured. CSM cells exhibited spontaneous depolarizations and transient
increases in [Ca®"]; (Ca®" transients) which were accompanied by contractions. This spontaneous
activity was abolished by nifedipine (10 pm). NO released by 3-morpholino-sydnonimine (SIN-1,
10 nm) hyperpolarized the membrane and prevented the generation of spontaneous depolarizations.
SIN-1 also abolished Ca®" transients and associated contractions. These effects of SIN-1 were blocked
by 1H-[1,2,4]oxadiazole[4,3-a]quinoxalin-1-one (ODQ, 10 uM), an inhibitor of guanylate cyclase.
Noradrenaline (NA, 1 pM) increased [Ca®']; to levels similar to those produced by high potassium-
containing solution (high K* solution, [K*], = 40 mm), however, NA-induced contractions were three
times greater in amplitude than those induced by high K* solution. In NA precontracted preparations,
SIN-1 inhibited 80% of the contraction and decreased [Ca®"]; by 20%. In contrast, nifedipine reduced
[Ca?*]; by 80%, while the level of contraction was decreased by only 20%. SIN-1-induced reduction in
[Ca?']; but not the tension effect, was abolished by pretreatment with cyclopiazonic acid (CPA, 10
uM). In high K* precontracted preparations, SIN-1 inhibited 80% of the contraction and reduced
[Ca?"]; by 20%. Nifedipine, however, largely abolished increases in both [Ca®*];and tension under
these circumstances. These results suggest that decreasing the sensitivity of contractile proteins to
Ca?" is probably the key mechanism of NO-induced relaxation in CSM of the guinea-pig [33].

In the atropine group, there was no statistically significant difference in phenylephrine-contracted
aortic smooth muscle contraction responses between the administration of 5.5x10° M APDTC in the
presence of atropine and the administration of 5.5x10° M APDTC to the control group. In the
presence of 10°® M atropine, APDTC caused contraction of the aortic smooth muscle. Previous studies
have shown that atropine causes relaxation in rat aortic smooth muscle [34]. Atropine has a double
effect on rat aortic contraction [34]. It causes a contraction effect at lower concentrations (10 nM-1
uM) and relaxation effect at higher concentrations (1-100 uM) on smooth muscle [34, 35]. Atropine
administration reversed the relaxation response of APDTC, but was not statistically significant. This
indicates that the APDTC dose of 5.5x10 M does not use muscarinic-cholinergic pathways in the
aortic smooth muscle. A comparative study explain some details as follow: 1. In the rabbit isolated
aorta, atropine (3 x 10® M-10* M) inhibited contractile response to noradrenaline without affecting
contraction to KCI. 2. In the presence of contraction to noradrenaline, atropine (3 x 10" M-10 M)
caused concentration-dependent relaxation. Pretreatment with theophylline (10°® M) potentiated the
relaxant action of atropine. Relaxation to atropine was not affected by the specific guanosine 3"5'-
cyclic monophosphate phosphodiesterase inhibitor, M & B 22,948 (10 M), tetraethylammonium (10
mM), indomethacin (10®® M), propranolol (10¢” M), nifedipine (10® M) or removal of the
endothelium. 3. Relaxation to either atropine or prazosin was not affected by preincubation with
prazosin and atropine, respectively. 4. In Ca®’-free medium containing EGTA and nifedipine,
atropine (10” M-10® M) inhibited the residual noradrenaline response more than the subsequent
Ca®"-induced contraction. Pretreatment with either theophylline (10® M), forskolin (3 x 10" M) or
a low concentration of prazosin (3 x 10 M) also inhibited the residual contraction to noradrenaline
and Ca®". The effect of combined treatment of atropine and any of these agents was much greater than
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with each individual agent. 5. Atropine (10® M-10 M) also inhibited increases in the level of
inositol monophosphates (IP) in response to noradrenaline. Theophylline (10¢® M) and a low
concentration of prazosin (3 x 10 M) also inhibited IP formation. Combined with atropine, the
effect was much greater than with each of these agents individually. 6. Atropine did not affect
adenosine 3":5'-cyclic monophosphate (cyclic AMP) levels in the aorta and also failed to displace
specific [3H]-prazosin binding.7. These results suggest the possibility that smooth muscle relaxation
to atropine may be due to the inhibition of phosphoinositide metabolism. The relaxation is not
apparently due to an action of atropine on ax-adrenoceptors, or a change in the level of cyclic AMP
[36].

In the phentolamine group results, administration of 5.5x10° M dose of APDTC in the presence of
phentolamine in the bath did not cause a statistically significant difference compared to 5.5x10° M
APDTC applied to the control group. There was a statistically insignificant increase in APDTC aortic
smooth muscle contractions in the presence of a 10° M dose of phentolamine. Electrical field
stimulation (EFS)-induced contractions were found to be significantly reduced in the presence of
phentolamine [37]. APDTC reversed the relaxant effect of phentolamine, but APDTC maintains its
relaxation response. For this reason, we thought that APDTC did not use a-adrenergic receptors. A
comparative study explain some details as follow: Endothelium is the main source of catecholamine
release in the electrical-field stimulation (EFS)-induced aortic contractions of the non- venomous
snake Panterophis guttatus. However, adrenergic vasomotor control in venomous snakes such
as Crotalus durissus terrificus and Bothrops jararaca has not yet been
investigated. Crotalus and Bothrops aortic rings were mounted in an organ bath system. EFS-induced
aortae contractions were performed in the presence and absence of guanethidine (30 puM),
phentolamine (10 uM) or tetrodotoxin (1 uM). Frequency-induced contractions were also performed
in aortae with endothelium removed. Immunohistochemical localization of both tyrosine hydroxylase
(TH) and S-100 protein in snake aortic rings and brains, as well as in human tissue (paraganglioma
tumour) were carried out. EFS (4 to 16 Hz) induced frequency-dependent aortic contractions in
both Crotalus and Bothrops. The EFS-induced contractions were significantly reduced in the presence
of either guanethidine or phentolamine in both snakes (p<0.05), whereas tetrodotoxin had no effect in
either. Removal of the endothelium abolished the EFS-induced contractions in both snakes aortae
(p<0.05). Immunohistochemistry revealed TH localization in endothelium of both snake aortae and
human vessels. Nerve fibers were not observed in either snake aortae. In contrast, both TH and S100
proteins were observed in snake brains and human tissue. Vascular endothelium is the main source of
catecholamine release in EFS-induced contractions in Crotalus and Bothrops aortae. Human
endothelial cells also expressed TH, indicating that endothelium- derived catecholamines possibly
occur in mammalian vessels [38].

There was no statistically significant difference between 5.5x10° M APDTC in the presence of a
propranolol dose of 10° M and 5.5x10"°> M APDTC administered to the control group in aortic smooth
muscle. In phenylephrine-contracted aortic smooth muscle, 10 M propranolol produced contraction.
Adrenaline-induced relaxation in rat thoracic aorta has been shown to be suppressed by propranolol
[39]. However, APDTC continued its relaxation responses. Blocking B-adrenergic receptors did not
alter the relaxation effect of APDTC and thus we cannot conclude that it acts through these receptors.
A comparative study explain some details as follow: AD-induced relaxation was completely
suppressed by propranolol (10~ M) or by 1CI1-118,551 (10°® M) plus atenolol (107° M), and was also
very strongly inhibited by 1C1-118,551 (10°® M) alone. AD (10> M) increased tissue CAMP levels by
approximately 1.9-fold compared with that in non-stimulated aortic tissue, but did not significantly
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increase CAMP levels in the presence of 1C1-118,551 (108 M) or SQ 22,536 (10 * M). AD-induced
relaxation was strongly suppressed by SQ 22,536 (10*M). NA-induced relaxation was almost
completely suppressed by atenolol (10™° M) plus ICI-118,551 (10" M) although it was hardly affected
by ICI-118,551 (10 ® M) alone. NA (10° M) increased tissue CAMP levels by approximately 2.2-fold
compared with that in non-stimulated aortic tissue, but did not significantly increase cCAMP levels in
the presence of atenolol (10 °M) or SQ 22,536 (10 *M). NA-induced relaxation was strongly
suppressed by SQ 22,536 (10 M). In rat thoracic aorta, AD- and NA-induced relaxations, which are
both strongly dependent on increased tissue CAMP levels, are mainly mediated through f,- and f;-
adrenoceptors respectively [40].

In the nifedipine treated group, there was no significant difference between the 5.5x10° M APDTC
control group and the phenylephrine-contracted APDTC administered group. Nifedipine inhibited
phenylephrine contraction responses in the aorta and caused relaxation. In aortic preparations, it
inhibits KCI-induced contractions in a concentration-dependent manner [41]. It has been found that
leptin-induced vasoconstriction in the thoracic aorta with endothelium is completely destroyed in the
presence of an I-type calcium blocker nifedipine [42]. The relaxation response caused by nifedipine
was continued with APDTC in statistically significant manner. Nifedipine increased the relaxation
effect of APDTC even more, and blocking the channel did not change this effect. L-type calcium
channels do not play a role in the mechanism of action of APDTC. A comparative study explain some
details as follow: Circulating leptin concentrations were increased in SHR. Serum metabolic
parameters, including glucose, insulin, total cholesterol and triglyceride levels, were also elevated in
SHR. Leptin did not modify the angiotensin Il-induced vasoconstriction in SHR either in intact or
endothelium-denuded aortic rings. In addition, leptin was not able either to diminish the angiotensin
l1-induced the peak rise of [Ca®"i or to accelerate the recovery rate to basal calcium levels in VSMCs
from SHR. However, OB-Ra and OB-Rb mRNA and protein expression were increased in SHR
VSMCs. The lack of effect of leptin on angiotensin I1-induced contraction in the aorta of SHR is due
to an impaired handling of [Ca2+]i in VSMCs. Hyperleptinemia and overexpression of OB-R in
VSMCs could be compensatory mechanisms against VSMC leptin resistance in genetically
hypertensive rats [43].

No statistically significant difference was found between the control group and the group of 5.5x10°
M APDTC administered organ bath containing 10° M TEA. The aorta showed relaxation response
with TEA. The administration of APDTC to the relaxed aorta with TEA caused contraction. In rat
isolated aortic rings contracted with phenylephrine, the vasorelaxation with taurine is blocked by TEA
[24]. The relaxant activity of T. fagifolia aqueous fraction (Tf-AQF) has been shown to decrease in
the presence of TEA (a non-selective inhibitor of K* channels) and the pharmacological potential is
weakened [44]. Contractions with APDTC are not important enough to alter the relaxation response
and therefore suggesting that APDTC does not use potassium channels. A comparative study explain
some details as follow: The acute toxicity, the antioxidant activity, and the pharmacological activity
on the gastrointestinal tract of rodents of the ethanolic extract (TFEE) from the bark of Terminalia
fagifolia Mart. & Zucc. (Combretaceae) and of its aqueous (TFAQF), hydroalcoholic (TFHAF), and
hexanic (TFHEXF) partition fractions have been evaluated. TFEE presented low acute toxicity,
antioxidant, and antiulcerogenic activity against ethanol-induced ulcers, which was partially blocked
by pretreatment with L-NAME and indomethacin. It reduced the total acidity and raised the pH of
gastric secretion. Additionally, TFEE delayed gastric emptying and slightly inhibited the small
intestinal transit and also presented a weakly antidiarrheal activity. The antiulcerogenic and
antioxidant activity were also detected in TFAqF and TFHAF but not in TFHEXF. The antisecretory
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and gastroprotective activity of TFEE partially involve the nitric oxide and prostaglandin
participation. Nevertheless, TFEE, TFAQF, and TFHAF drastically reduced the mucus layer adhered
to the gastric wall of rats treated with ethanol or indomethacin. Complementary studies are required in
order to clarify the paradox of the presence of a gastroprotector activity in this plant that, at the same
time, reduces the mucus layer adhered to the gastric Wall [45].

In the mix group, we tried to determine whether the NANC system plays a role on the mechanism of
action of APDTC. 5.5x10° M APDTC was applied to the organ bath containing the mix and a
significant difference between the control group was founded. Mix group in aortic smooth muscle
produced contraction response. APDTC inhibited the contraction by producing an antagonistic effect
with the mix group and produced a relaxation response. Significant decrease in relaxation in the mix
group compared to the APDTC relaxant effect in the control group showed that the mechanism of
action of APDTC could be either adrenergic or cholinergic.

In our investigative mechanism of action of APDTC study, with proven anti-oxidant, anti-viral and
anti-inflammatory effects in aortic smooth muscle, we determined that APDTC showed relaxation
response in rat aortic smooth muscle contracted with phenylephrine. This response was altered by the
mix group, suggesting that APDTC may be effective through adrenergic and cholinergic receptors.
We also think that the NANC system, which plays an important role in aortic smooth muscle
contraction-relaxation, or different pathways, will help to elucidate the mechanism of APDTC by
further studies.
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BELGELER 1 ‘

KARAR
BILGILERI

i
Yukarida basvuru bilgiler verilen aragtimma projesi gerekee, k girigildi ve ilgili belgeler incelen

Projenin etik agdan uygun oldufuna, cahgmamin agafidaki hususlar dikkate alinarek yiritiilmesine ve sorumlu aragbnciya
iletilmesine OV BIRLIGH ile karar verildi

1) Projede herhangi bir deggisiklik gerektiginde kurulumnuzdan onay almmasi,

2)  Projede galigacaf bildirilen aragtinieitarda degigiklik oldugunda kurulumuzdan onay ahnmast,

3)  Deney hayvanlan izerinds yapilacak girigimin baglangig ve bitis tarihinin bildirilmesi,

4)  Galigma siresinde tamamlanamaz ise ek sare talebinde bulunulmas:,

5)  Cahgma tamamlandifinda sonug raporunun ganderiimest

UYELER ]
Unvami/ Adi/ Soyadi Uzmanhk Tiiski
EK Oyeligi Dali Kurumu " Imza
Dog.Dr. Aynur GULCAN Mikrobiyolo)i ve Klinik Mikrobiyaloji . ; OE
Bagkan Anabilim Dzl Tip Fakaliesi mH i
i l
Yrd. Dog. Dr. Ahmet KOCAK Histoloji ve Embriyoloji Anabilim Tip Fakultesi OE ‘
Dali aH
Oye
Yrd, Dog, D, Sezer AKCER Anatomi Anebilim Dali Tip Fakaltesi .le
Oye

Vid. Dog. Dr. Ceylan AYADA Fizyoloji Anabilim Dal Tip Fakiltesi oE B)\\\j\/
tye

N
¥rd Dog. Dr. Hasan METINEREN Ortopedi ve Travmateloji Anabilim Tip Fakiiltesi E': /#\’]

Uye Dali
Dog.Dr. M Kasim CAYCI Biyoloi Anabilim Dal Fen-Edebiyal wE |
.Dr. sim CA iyoloji Anabilim Dali Fakultes: on
Uye -
Dog. Dr. Muhammed Q¥ LUMLU Kardiyoloji Anabilim Dah Tip Fakultesi ElrFl, /‘W\
_ Uye ﬁ
. , N .| o= (
Yrd, Dog. Dr. Zlfu BAYHAN Genel Cerrahi Anabilim Daly Tip Fakultesi il
Uye
i Tip Fakiltesi =)} 4
Vet HEKIM g:m AKCILAR Veleriner HEKIM DRHYUAM oh

. Fen-Edebiyat OE
YrdDuc.Dr.Ahmaé)l:l;m Selguk OZEN Zooloji Anabilim Dah Fakillest - H N
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