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Abstract: The purpose of our studies is to assist in fully understanding the role of oxytocin in the live
metabolism by examining the effects of oxytocin, oxytocin receptor antagonist atosiban, and oxytocinatosiban chemicals injected to the rats on activities of carbonic anhydrase (CA) and acetylcholinesterase
(AChE) enzymes in the lung tissue of the rats. For this purpose, 4 different groups each of which contains 6
rats formed. (Control group, oxytocin administered group, atosiban administered group, and both oxytocin
and atosiban administered group). The rats were necropsied after an hour from the injection of chemicals into
the rats intraperitoneally. The lung tissues of the rats were extracted. Carbonic anhydrase and
acetylcholinesterase enzymes activities were measured for the tissues. All the experimental results were
provided as mean ± SD (mean standard deviation). Because of the data was compatible with the normal range,
it was tested via variance analysis (ANOVA) and then, significance was determined by the Tukey test.
Statistical significance was identified to be p <0.05.
Accordingly, it was observed that there was neither a decrease of enzyme activities in oxytocin and atosiban
administered groups, nor a significant change of enzyme activities in both oxytocin and atosiban administered
group. Also, we observed that oxytocin reduced carbonic anhydrase enzyme activity as a systemic effect. We
think that this result may contribute to remedy of lung related diseases progressing with oxygen and carbon
dioxide transport disorders.
Keywords: Carbonic Anhydrase, Oxytocin, Atosiban, enzyme activity, rat

Sıçanların Akciğer Dokusunda Oksitosin ve Oksitosin Reseptör
Antagonisti Atosiban’ın Karbonik Anhidraz ve Asetilkolinesteraz Enzim
Aktiviteleri Üzerine Etkileri
Özet: Çalışmamızda, sıçanlara enjekte edilen oksitosin ve oksitosin reseptör antagonisti olan atosibanın, sıçan
akciğer dokusunda karbonik anhidraz (CA) ve asetilkolinesteraz (AChE) enzim aktiviteleri üzerine etkilerinin
incelenerek, oksitosinin canlı metabolizmadaki rolünün tam olarak anlaşılmasına yardımcı olmak
amaçlanmıştır. Bu amaçla, her biri 6 adet sıçandan oluşan 4 farklı grup oluşturuldu. (Kontrol grubu, oksitosin
verilen grup, atosiban verilen grup ve oksitosin ile atosibanın birlikte verildiği grup). Sıçanlara kimyasallar
intraperitoneal olarak enjekte edildikten bir saat sonra sıçanlar nekropsiye alındı. Sıçanların akciğer dokuları
çıkarıldı. Bu dokular için CA ve AChE aktiviteleri ölçüldü. Tüm deneysel sonuçlar ortalama±SH (ortalamanın
standart hatası) olarak ifade edildi. Veriler normal dağılıma uygunluk gösterdiği için varyans analizi
(ANOVA) ile test edildi ve daha sonra anlamlılık Tukey test ile belirlendi. İstatistiksel anlamlılık p<0.05
düzeyinde tanımlandı. Buna göre, oksitosin ve atosiban verilen gruplarda enzim aktivelerinde azalma,
oksitosin ile atosibanın birlikte verildiği gruptaki enzim aktivelerinde ise anlamlı bir değişiklik olmadığı
görüldü.Ayrıca Oksitosinin sistemik bir etki olarak CA enzim aktivitesini azalttığını gözlemledik. Bu sonucun
akciğerle alakalı olan akciğer oksijen karbondioksit taşınmasında bozuklukla seyreden hastalıklara katkısı
olabileceğini düşünmekteyiz.
Anahtar Kelimeler: Karbonik Anhidraz (CA), Oksitosin, Atosiban, enzim aktivite, rat
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1.
INTRODUCTION
Oxytocin (OT) is a peptide-structured hormone
released from the supraoptic (SOP) and
paraventricular (PVN) nuclei at hypothalamus and
comprises nine amino acids. OT is released from
these two nuclei as well as the other nuclei near
hypothalamus
(forebrainbundle,
bedstriaterminalis, zona incerta, substantia
innominata, etc.). OT is transferred to the pituitary
stem by axonal transport. Then, it is released into
the general circulation via the terminal buttons in
the posterior pituitary. After getting into the
systemic circulation, the OT affects the uterine
muscle, the mammary gland and the seminiferous
tubules in particular. In addition, OT acts as a
classical neurotransmitter on smaller nerves in the
caudal paraventricular nuclei of the hypothalamus
[1].
Oxytocin is a good example of biological
molecules, where an organism can be used for
many different purposes. Along with its known
effects, OT has many other effects which have
been revealed recently and a part of which is still
under discussion. Some of the physiological
effects of OT can be described as its effects on
reproduction, diabetes metabolism, thymus
physiology and immune system, sexual and
nutritional behaviors, cardiovascular system,
medulla spinalis and sensation of pain [2].
An analogue of desamino-oxytocin, atosiban is a
nonapeptide, and a vasopressin / oxytocin receptor
antagonist (VOTra). Atosiban inhibits the inositol
triphosphate release (performed via oxytocin)
from the myometrial cell membrane. As a result, it
reduces the release of intracellular calcium stored
in the sarcoplasmic reticulum of myometrial cells
and the flow of calcium in the extra cellular liquid
through voltage-dependent calcium channels. In
addition, atosiban suppresses prostaglandin E
(PGE) and prostaglandin F (PGF) released from
decidua via oxytocin [3].

Figure 1: Chemical structure of oxytocin.

Figure 2. Chemical structure of atosiban.

Carbonic anhydrase (CA, carbonate hydrolase,
E.C. 4.2.1.1) is a metalloenzyme that is very
important for biological systems and contains a
zinc (Zn+ 2) ion in its active site [4-7]. Carbonic
anhydrase is a very important enzyme, which
basically ensures that the CO2 emerging from
respiration is dissolved in water, transported and
driven out of body as well as plays an important
role in many physiological events such as acidbase balance, ion exchange, regulation of the
cardiovascular system [8,9]. The enzyme that is
initially isolated from human erythrocytes has
been studied via many living organisms and
tissues [4].
Acetylcholinesterase
(AChE,
acetylcholine
acetylhydrolase, EC: 3.1.1.7) is a fundamental
enzyme for neurotransmission, and reduces the
agglomeration of active neurotransmitters during
synaptic division in extreme cells, and hydrolyzes
the neurotransmitter acetylcholine [10-12]. It has
been noted that cholinergic therapeutics for
Alzheimer's
disease
(AD)
contains
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acetylcholinesterase
inhibitors
(AChEI),
acetylcholine precursors (ACh), ACh expression
facilitators, post-synaptic muscarinic M1 receptor
agonists [13,14].
When previous studies are examined, it has been
observed that there are many works intended to
investigate agents and factors affecting the
activities
of
carbonic
anhydrase
and
acetylcholinesterase enzymes at various types of
creatures and various tissues. In these studies, the
interactions between AChE and cyclic thioureas
[15], hetaryl sulfonamides [16], Mannich bases
[17], urea derived from phenethylamines [18],
tetrahydropyrimidines [19], diaryl ethers [20], βlactams [21], benzene sulfonamides [22, 23], and
tetrahydropyrimidine-5-carboxylates [24] as well
as the interactions between CA isoenzymes and
caffeic acid phenethyl ester [25], polyphenols and
phenolic acids [26, 27], benzotropones [28],
bromophenols [29, 30], dopaminergic compounds
[31, 32], sulfamides [33, 34, 35], sulfonamides
[36],
acyl
sulfonamides
[37],
benzene
sulfonamides [38], 1, 3, 5-trisubstitutedpyrazolines
[39],
tetra
lone-based
1.4benzothiazepine derivatives [40], novel eugenol
derivatives [41], some natural sulfonamide
derivatives [42] and novel (3aR, 4S, 7R, 7aS)-2(4-((E)-3-(3-aryl)acryloyl)phenyl)-3a, 4, 7, 7atetrahydro-1H 4.7 methanoisoindole-1.3(2H)dione derivatives [43], benzylsulfamides [44]
have been investigated. In our study, the purpose
is to investigate the effects of oxytocin, oxytocin
receptor antagonist atosiban, and oxytocinatosiban chemicals injected to the rats on the
activities of CA and AChE enzymes in the lung
tissues of rats, which has not been studied before.
This is because identifying the role of oxytocin
precisely is complicated due to the pulsatility of
oxytocin secretion in live metabolism and
difficulty of measuring the level of hormone.
However, it is expected that a contribution is
made for fully understanding the role of oxytocin
in the light of the data obtained.

2. METHOD
2.1. Animals and Lab:
Animal experimentations were carried out under
the granted approval from the Local Ethics
Committee for Animal Experimentation of
Cumhuriyet University with the issue number of
65202830-050.04.04-99. Adult 24 male standard
Wistar albino rats that were weighing between
240 to 260 gr housed in cages and kept stress-free
were used in the study. All rats were supplied
from the Animal Experimentation Unit of
Cumhuriyet University, and they were contained
in an isolated room having 12:12 hour
illumination cycle with room integers of 22 ± 2oC
temperature and 53 ± 5% relative humidity. Ad
libitum feeding regime using standard rat ration
along with fresh water were provided. All
manipulations were conducted on rats between 9
am to 3 pm inside a continuously monitored room.
All rats were divided into four distinct groups by
randomly choosing six rats into each group.
Resulting groups were as follows: Group 1 as
control; Group 2 for oxytocin (40 IU / kg (160 μg
/ kg); Group 3 for atosiban (2.5 mg / kg); and
Group 4 for oxytocin (40 IU / kg (160 μg / kg))
and atosiban (2.5 mg / kg) [45-47].
2.2. Chemicals:
p-nitrophenyl acetate (PNF) and protein assay
reagent were provided from Sigma-Aldrich Co.
(GmbH, Germany). All chemicals for analytical
grade were purchased from Merck (Germany).
2.3. Tissue Extraction and Homogenate
Preparation:
Following the IP injections of chemical
compounds, rats were taken into necropsy after 60
min. Lungs were removed, and tissue extraction
was carried out. Blood and other contaminants
were eliminated by washing three times with 0.9%
NaCl. Homogenate preparation was requiring
initial dispersion of tissues in Ultra-turrax
apparatus. By doing so, tissues were broken up
into much smaller fragments. Soon after this step,
resulting fragments were broken up by using
liquid nitrogen, and homogenized in a buffer
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solution containing 3 mL/gr 25 mM Tris HCl/0.1
M Na2SO4 (pH= 8.7).

enzyme was added to the sample tube. Then the
same color change assessment was conducted.

2.4. Carbonic Anhydrase Activity Assessment:

An enzyme unit (EU) conforming to enzyme
activity method has a definition of the amount of
enzyme which decreases the color change time of
CO2 solution compared to the absence of enzyme.
For each volume of enzyme solution, following
formula was used to calculate the enzyme unit
value [47, 51]:

2.4.1. Hydratase Activity:
Hydratase activeness needs to be assessed for the
calculation of CA activity [49], and the proposed
method was modified by Rickli et al. [50]. later on
[50]. The modified method lays in Foundation of
assessing the pH level increments as caused by the
H+ discharge by the CO2 hydration which is then
measured by the bromine thymol blue indicator in
a time plot.

EU 

to  tc
tc

The same approach was used in the determination
of activities from hemolysates, pure enzyme
solutions, and in inhibition studies.

To conduct the assessment, following reagents
were added and mixed in a blind tube: 1 mL
vernal buffer (0.025 M, pH: 8.2); 0.1 mL 0.04%
bromine thymol blue; 0.6 mL purified water; and
2.5 mL CO2 solution. Thus, total reaction volume
was 4.2 mL. A chronometer was used to calculate
elapsed time of color change from bromine
thymol blue to yellowish green (pH 6.3) starting
from the instance of the addition of CO2 solution
as indicated as t0. From the total reaction volume,
0.05 mL water dismissed and the same amount of

2.4.2. Esterase Activity:
Kinetic and inhibitory studies mostly require the
assessment of the esterase activity. Foundation of
this assessment lays in the presence of esterase
activity of CA. Hydrolyzation of CA substrate pnitrophenyl acetate (PNA) was allowed to provide
either p-nitrophenol or p-nitrophenolate which in
turn gave absorbance at 348 nm [52,53].
Mechanism of action detailed below:

O
O2N

O-C-CH3

+

H2O

CA

O2N

OH

+

CH3COOH

p-Nitrofenol

p-Nitrofenil asetat

Figure 3. p-Nitrophenylacetate (PNA) - p-nitrophenol conversion mechanism.

At 348 nm wavelength, both p-nitrophenol or pnitrophenolate give absorbance values, and
decomposition of H+ from phenol groups does not
alter the outcome [52, 53]. As p-nitrophenyl
acetate has very little to none absorbance values at
this wavelength, it can be used as blind.

Table 1 shows the procedure observed for activity
assessment when 1 mL quartz vessel was used for
each sequence of substrates that were forming the
treatments.

Table 1. The solutions used at each 1 mL quartz vessel for esterase activity.

Materials Used
Tris-SO4 (0.05 M; pH:7,4)
P-Nitro phenol acetate
Pure Water
Enzyme Solution
Total Volume

Control Tube (µL)
467
333
200
1000

Sample Tube (µL)
467
333
167
33
1000
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Once the reaction mixture as shown in Table 1
prepared, absorbance values were checked for
every 15 sec, and the absorbance difference at 348
nm wavelength at 25°C was calculated at the end
of the 3rd minute. Before replacing water with the
enzyme solution, the spectrophotometer was reset
to zero, and the same assessment carried over.
Daily preparation of substrate solution containing
PNA was done with following procedure: 27.2 g
of PNA was added into 1 mL acetone and allowed
to dissolve entirely which then transferred into 49
mL distilled water and thoroughly mixed. Because
of the constrained solubility of ester, maximum of
3 mM substrate solution was possible to be
prepared. Acetone was preferably chosen due to
its negligible inhibitory effects on hydrolysis
among other organic solvents [53]. Esterase

activeness assessments were also used in kinetic
measurements.
2.4.3. Acetylcholinesterase Activity
Measurement Method
The outlying basis of the method includes
catalysis reaction of cholinesterase where
acetylcholine dissolved into both thiocholine and
acetate. As a product, when thiocholine was
reacted with 5,5'-dithiobis (2-nitrobenzoic acid)
(DTNB) reaction results in yellow colored 5-thio2-nitrobenzoic acid. Color change results were
measured at 412 nm wavelength [47, 54] (Table
2).

Table 2. Vessel content in the study performed via acetylcholinesterase method.

Materials Used
Tris-HCl
Pure Water
Sample
DTNB
Enzyme Solution
Acetylcholinethioiodide

Control Tube (µL)
100
790
50
10
50

Sample Tube(µL)
100
780
10
50
10
50

2.5. Statistical Assessment
All results were presented as mean and standard deviation values, and as the obtained data were suitable
to fit in a normal range, variance analysis (ANOVA) was conducted, and Tukey test was performed to
determine significance which was deemed at p<0.05 point [47].

3. RESULTS AND DISCUSSION
The results that show the effect of the chemicals
on the activity of carbonic anhydrase and
acetylcholinesterase enzymes in the lung tissue
are indicated in Table 3.
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Table 3. The results that show the effect the chemicals on the activity of carbonic anhydrase and acetylcholinesterase enzymes
in the lung tissue.

Variable

CA
Activity
(EU/mL)

Esterase

Hydratase

AChE
Activity
(EU/mL)

Control
X±SD

Oxytocin
X±SD

Atosiban
X±SD

Oxytocin
+Atosiban
X±SD

ANOVA Comparison
Group

4.14±0.16

2.97±0.24

2.96±0.23

4.20±0,21

F= 55,026
P=0,001

215.89±13.37

138.63±11.27

134.61±6.85

227.26±8.29

F= 115,336
P=0,001

0.18±0.014

0.13±0.012

0.16±0.013

0.19±0.009

F= 115.336
P=0.001

Upon assessment of the activities of carbonic
anhydrase enzyme per esterase method (Graph 1),
it was observed that there is; a statistically
significant difference between control group and
the oxytocin administered group (p<0.05), a
statistically significant difference between control
group and the atosiban administered group
(p<0.05), a statistically significant difference
between the oxytocin administered group and both
oxytocin and atosiban administered group
(p<0.05), and a statistically significant difference
between atosiban administered group and both
oxytocin and atosiban administered group
(p<0.05).
Upon assessment of the activities of carbonic
anhydrase enzyme per hydratase method(Graph
1), it was observed that there is; a statistically
significant difference between control group and
the oxytocin administered group (p<0.05), a
statistically significant difference between control

1 Vs 2
1 Vs 3
1 Vs 4
2 Vs 3
2 Vs 4
1 Vs 2
1 Vs 3
1 Vs 4
2 Vs 3
2 Vs 4
1 Vs 2
1 Vs 3
1 Vs 4
2 Vs 3
2 Vs 4

Post hoc
p-value
0.001
0.001
0.955
0.999
0.001
0.001
0.001
0.331
0.924
0.001
0.001
0.168
0.468
0.001
0.001

group and the atosiban administered group
(p<0.05), a statistically significant difference
between the oxytocin administered group and both
oxytocin and atosiban administered group
(p<0.05), and a statistically significant difference
between atosiban administered group and both
oxytocin and atosiban administered group
(p<0.05). Since the results obtained here are same
as the results obtained from the esterase method,
it’s understood that there is an integrity.
Upon assessment of the activities of acetylcholine
esterase enzyme, it was observed that there is; a
statistically significant difference between control
group and the oxytocin administered group
(p<0.05), a statistically significant difference
between the oxytocin administered group and both
the oxytocin and atosiban administered group
(p<0.05), and a statistically significant difference
between the atosiban administered group and the
oxytocin administered group (p<0.05).
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Graph 1. The effect of the chemicals in the lung tissue of a rat on the carbonic anhydrase enzyme (a: Esterase method, b:
Hydratase method)

Considering the chemical structures of the
oxytocin hormone and oxytocin antagonist
atosiban (Figures 1 and 2), it might be considered
that there is a reduction in activities of carbonic
anhydrase and acetylcholinesterase due to -OH
and -NH2 groups in their structures [47].

Graph 2. The effect of the chemicals in the lung tissue of a
rat on the acetylcholinesterase enzyme

Absence of a significant change in the activities of
enzymes in the group where oxytocin and atosiban
were administered together might be considered
as a result of having antagonistic effects (Graph
2).
4. CONCLUSION

CA enzyme has hydratase and esterase activities.
However, hydratase activity is important in
physiological terms. Because, hydratase activity is
important due to regulation of acid-base balance
of the live organism. In the study, the activity of
CA enzyme was measured via both methods and
consistent results were obtained.
The most important function of carbonic
anhydrase isoenzymes is to take part in respiratory
action by catalyzing the reactions of conversion of
CO2, which is the metabolic product of tissue
capillaries, into HCO3, and conversion of HCO3
into CO2 in pulmonary capillaries. We observed
that oxytocin reduced the activity of carbonic
anhydrase enzyme as a systemic effect. We think
that this result may contribute to remedy of lung
related diseases progressing with oxygen and
carbon dioxide transport disorders.

Oxytocin is a neuropeptide hormone and yet its
systemic effects have not been understood fully.
In the literature, there is not any study
investigating the effect of oxytocin on carbonic
anhydrase enzyme. In this study, the primary
reason for us to focus on the lung tissue is that
lung is where blood is cleansed. And what plays
the key role here is the carbonic anhydrase
enzyme. In our study, we observed that oxytocin
reduced the activity of carbonic anhydrase
enzyme as a systemic effect (Table 3). We think
that this result may contribute to the remedy of
lung related diseases progressing with oxygen and
carbon dioxide transport disorders. It has been
understood that acetylcholine esterase activity is
reduced by oxytocin and atosiban.
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