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ABSTRACT

Nitrosamines can be formed from nitrate. Nitrate is not actually toxic to mammals but can be reduced to nitrite.
Nitrite, on the other hand, reacts with amino groups to form the carcinogenic N-nitroso compound. N-
nitrosomorpholine (NMOR) is a carcinogenic compound that is included in the nitrosamine class and is the most
common type of nitrosamines. Xanthine oxidase (XO) is an enzyme that catalyzes the hydroxylation of
hypoxanthine to xanthine and xanthine to uric acid in purine metabolism. Excessive production and/or
inadequate excretion of uric acid causes hyperuricemia. This condition is associated with kidney and
cardiovascular diseases, especially gout. In order to prevent hyperuricemia and therefore gout, suppressing the
activity of the XO enzyme is one of the main targets. In our study, the possible inhibitory effects of NMOR on
the activity of the XO enzyme were investigated by spectrophotometric method. XO activity was evaluated in
the presence of different concentrations of NMOR and analyzed using Lineweaver-Burk plot. The Km value was
determined as 0.55 mM and the Vmax value was determined as 2.45 U/ml. Finally, it was determined that the
XO enzyme was inhibited non-competitively by NMOR. Inhibition of XO enzyme with the help of NMOR may lead
to functional deficiencies by disrupting the pathway in which purines are metabolized, as well as mediating the
control of the production of uric acid formed in purine metabolism. More advanced methods and in vivo studies
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Introduction

Nitrosamines can be formed from nitrate. Nitrate is
not actually toxic to mammals but can be reduced to
nitrite. Nitrite reacts with amino groups to form the
carcinogenic N-nitroso compound. Nitrosamines are
known as amine derivatives containing the R1IR2N-N=0
functional group. Nitrosamine has been reported to be
carcinogenic to humans by the International Institute for
Research on Cancer [1,2]. In order to maintain the
freshness of meat products and preserve their color and
flavor, nitrate and nitrite salts are added to them during
production. Thus, although the microbial load is reduced
and the shelf life of meat products is improved due to its
effects on Salmonella, Clostridium botulinum, and
mesophilic bacteria, this process also brings some risks.
Especially nitrites and nitrates added to meat products
form N-Nitrosamine compounds as a result of reactions
involving nitrosating agents. Therefore, consumption of
meat products produced with the addition of additives
such as nitrite and nitrate can result in the formation of N-
nitrosamine through nitrosating agents in the presence of
stomach acid. Nitrosamine formation causes the risk of
diseases such as cancer and negatively affects public
health [3,4].

NMOR is a carcinogenic compound that is included in
the nitrosamine class and is the most common type of
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are needed to better understand the effects of NMOR on the organism and XO enzyme.
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nitrosamines. It is the nitrosamine with the fastest
formation reaction. It can be formed as a result of the
nitrosation reaction between morpholine and NaNO,. The
in-vivo synthesis of NMOR in the human body is quite high
compared to its direct intake from the environment [5].
NMOR has been detected in sewage systems where
wastewater is discharged, in workplace air, in tobacco
products, and in drugs [6-9]. When NMOR was given to
rats with drinking water, it was determined that it
mediated hepatocarcinogenic formation, and also
mediated changes in the expression of pyruvate kinase L
and M2 isoenzymes, and the expression of pyruvate
kinase L shifted towards the expression of pyruvate kinase
M2 [10]. It was determined that morphological changes
occurred in the bronchial epithelial cells of Syrian golden
hamsters exposed to NMOR and that NMOR exposure
mediated lung tumor formation in these animals [11].
However, in another study examining the development of
oncocytic cells in the thyroid, adrenal gland, pituitary
gland, pancreas, testis and femur bone of mice exposed to
NMOR, oncocytic cells were detected in different
endocrine tissues in more than half of the mice exposed
to NMOR. Although the endocrine tissues in which these
cells were observed varied from mouse to mouse, the
thyroid, adrenal gland, pituitary gland and pancreas were
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determined as the endocrine tissues in which these cells
were observed [12].

The XO enzyme is an enzyme that catalyzes the
hydroxylation of hypoxanthine to xanthine and xanthine
to uric acid. It was first purified from cow's milk. It is found
in nature in a highly protected form. This is because
organisms in nature need to metabolize purines.
However, the enzyme is found as a dehydrogenase in
most organisms except mammals. Excessive production
and/or inadequate excretion of wuric acid causes
hyperuricemia, which is a significant health problem
worldwide. Hyperuricemia is caused by excess uric acid in
the blood as a result of the destruction of nucleic acids
such as adenine and guanine. This can cause kidney
function losses, metabolic disorders, gouty arthritis and
cardiovascular diseases. Since the uricase enzyme, which
is found in many organisms and allows uric acid to be
broken down into allantoin, is not found in humans, the
X0 enzyme, which is responsible for the synthesis of uric
acid, is the main target for the treatment of hyperuricemia
and gout caused by hyperuricemia. Although some
compounds, especially allopurinol, topiroxostat and
febuxostat, which have XO inhibition, have been
discovered and used for therapeutic purposes in
medicine, these compounds have undesirable side
effects. Therefore, studies on new compounds that
mediate XO inhibition are useful for human health. These
inhibition studies of the enzyme are important for the
determination of effective compounds or extracts that
have the potential to be used in the treatment of diseases
caused by the activity of XO [13-15].

In our study, we aimed to look at the effects of NMOR,
which is one of the nitroso compounds we are exposed to
through different factors in our environment, on purine
metabolism. In line with this purpose, we examined the
effect of NMOR on the activation of the XO enzyme in
vitro.

Materials and Methods

XO Activity Determination

The basis of this method is the formation of uric acid
from xanthine by the enzyme xanthine oxidase and the
measurement of the formed uric acid
spectrophotometrically at a wavelength of 293 nm.
Xanthine oxidase activity is calculated from the amount of
uric acid formed per unit time by the formula. 1 umol of
urate formed per minute at pH 7.5 and 25°C was
determined as one unit activity [16].

NMOR Interaction with XO

In order to find the in vitro effect of NMOR on XO
activity, enzyme activities were determined against 2, 1,
0.5 and 0.3 mM substrate concentrations. NMOR was
added to 4 different substrate concentrations as an
inhibitor at 0, 20, 40 and 60 mM concentrations and
enzyme activity was determined. Vmax and Km values of
XO enzyme were calculated by drawing Lineweaver-Burk
plot.

Results

Michaelis-Menten Plot was drawn according to the
data obtained in vitro by using 4 different concentrations
of XO enzyme substrate (2, 1, 0.5, 0.3 mM) (Figure 1)
(Table 1).

250

g 60mM NMOR

E 40mM NMOR

=

> 20mM NMOR
o

50

0 05 1 15 2 25
[s] (mM)

Figure 1. Michaelis-Menten Plot on inhibition of XO by
NMOR

Lineweaver-Burk plot was drawn according to the data
obtained in vitro by using 4 different concentrations of XO
enzyme substrate (2, 1, 0.5, 0.3 mM). Vmax and Km values
were calculated with the help of Lineweaver-Burk plot
(Figures 2) (Table 2).
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Figure 2. Lineveawer-Burke plot on inhibition of XO by
NMOR

Table 2. Effects of NMOR on XO enzyme

Inhibitor-free 20mM-40 mM-— 60 mMV

NMOR NMOR NMOR
Vmax(U/ml).10* 2,45 1,59 0,95 0,67
Km(mM) 0,55 0,57 0,55 0,53

According to the data obtained from the Lineweaver-
Burk curve, when NMOR inhibitor was not added to the
reaction medium, Km of XO enzyme was determined as
0.55 mM and Vmax was determined as 2.45 U/ml 10*.
When 20 mM NMOR inhibitor is added, the Km of the XO
enzyme is 0.57 mM, Vmax is 1.59 U/ml 10%. When 40 mM
NMOR inhibitor is added, the Km of the XO enzyme is 0.55
mM, Vmax is 0.95 U/ml 10%. When 60 mM NMOR
inhibitor is added, the Km of the XO enzyme is 0.53 mM,
Vmax is 0.67 U/ml 10* (Figure 2) (Table 2).

265



Cumbhuriyet Sci. J., 46(1) (2025) 264-267

When the apparent Km value (Km value in the
presence of inhibitor) and Vmax values of the enzyme
were determined for each NMOR concentration with the
help of these curves, a remarkable decrease was detected
in the Vmax values of the enzyme with increasing NMOR
concentration, as seen in Figure 2 and Table 2. In
conclusion, non-competitive inhibition was confirmed as
the Vmax values decreased while the Km values remained
relatively unchanged.

Discussion

NMOR is a nitrosamine with carcinogenic effects. In
particular, it plays a role in the formation of hepatocellular
carcinomas [17]. It is known that nitrosamines inhibit the
activity of many enzymes involved in the regulation of
metabolism [18]. However, the literature study
investigating the effects of NMOR on metabolism-
regulating enzymes is quite limited.

It is known that the XO enzyme is responsible for
purine destruction. Hyperuricemia, which occurs as a
result of an increase in the activity of the enzyme, causes
neurodegenerative diseases, especially gout, as well as
chronic diseases such as cardiovascular diseases,
diabetes, and persistent wounds. Therefore, XO enzyme is
the main target for eliminating hyperuricemia. Inhibitors
of this enzyme are currently used in the clinic for the
treatment of diseases. However, these inhibitors have
serious side effects that can be fatal. Therefore, research
on XO inhibitors that cause minimal toxicity in the
organism and have high inhibitory activity is important
[19,20]. Therefore, in our study, due to the limited
literature on the roles of NMOR on enzymes involved in
metabolism; in order to contribute to the potential
inhibitor studies of XO enzyme, the in vitro effect of
NMOR on XO enzyme was investigated. In this study, XO
was interacted with NMOR in the reaction medium
containing different concentrations of xanthine substrate.
The activities found were graphed with Lineweaver-Burk.
In the graph, it was seen that NMOR inhibited XO non-
competitively. It was determined that the enzyme
interacting with NMOR lost its activity. The reason for this
may be that NMOR mediated the suppression of its
activity by binding to the enzyme protein when released
into the medium.

In non-competitive inhibition, the inhibitor interacts
with the enzyme to prevent product formation, whether
the substrate molecule is bound or not. The inhibitor
binds to a region separate from the substrate. It changes
the conformation of the enzyme. The enzyme and the
inhibitor are not similar in structure. There is no
competition in enzyme binding. Since the EIS complex is
degraded more slowly than the ES complex, the product
yield and enzyme speed slow down. In non-competitive
inhibition, Vmax values decrease while Km values remain
relatively unchanged [21]. As a result of our study, since
Vmax values decrease while Km values remain relatively
unchanged, it was concluded that XO enzyme inhibition
via NMOR is non-competitive inhibition in vitro. The in

vitro results obtained from this study may indicate that
NMOR can also inhibit purine degradation via XO enzyme
in vivo. Thus, we can say that NMOR can prevent
hyperuricemia in the body and the emergence of patients
with hyperuricemia. However, in order to speak more
definitively about the in vivo effects of NMOR on the XO
enzyme, in vivo studies are needed on this subject.

Conclusions

We can say that NMOR has a non-competitive
inhibitory effect on the purine metabolism enzyme XO in
in vitro conditions, and that in this respect, NMOR may
mediate the suppression of uric acid synthesis resulting
from purine destruction in the body, and thus the
hyperuricemia state. However, in vivo studies are needed
to be sure about this issue.
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