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ABSTRACT

Vitiligo is a non-contagious skin disorder that characterized by depigmentation of skin due to
melanocyte impairment which may be caused to increase levels of free radicals (such as superoxide
and nitric oxide) that causing an increase in oxidative stress. The purpose of this study was measured
by the activity of oxide synthase (NOS) by our modified method and nitric oxide concentration in
plasma of vitiligo patients. The activity of nitric oxide synthase was determined via a modified method
by coupling two methods; the first method was based on converting L-arginine to L-citrulline and
nitric oxide and the second was used to measure the concentration of nitric oxide. This modified
method was applied to patients with vitiligo disease and healthy individuals who matched in age and
gender with patients. The condition of this modified method was optimized and the results revealed
the following: the activity of NOS was higher in a solution that contains: Tris buffer (50mM), arginine
(100mM), calcium chloride (20mM), and NADPH (5mM) during 30 min. meanwhile the precision of
this method was 2.03. In the current study, the results show that the levels of NOS activity and nitric
oxide were affected by the disease in which both parameters appeared highly significant increases
in vitiligo patients (p=0.000 and 0.002 respectively) in comparison with the healthy individuals.
Results of the experiments proved that it is possible to depend on the modified method to measure
the activity of nitric oxide synthase (NOS). Also, the increased levels of NOS activity and nitric oxide
concentration in vitiligo patients support the autocytotoxic hypothesis which suggests that oxidative
stress may have a role in melanocyte impairment.
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INTRODUCTION This disease can be classified into the two major

form segmental (which is the most prevalent form)

Vitiligo is a skin pigmentation disorderand  and non-segmental vitiligo®. The others subsets of

non-contagious disease, which is characterized by  this disease have been reported which including
progressive skin depigmentation due to disorder in  localized, generalized and universal types?.

melanocytes function. With the prevalence of 1-2%,
this disease represents a cause of stigmatization The pathogenesis of this disease is still
and effect on the lifestyle of the vitiligo patients’.  unknown so far; various hypotheses have been
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proposed. They include the genetic hypothesis?, the
autoimmune hypothesis*, and the neural hypothesis®.
Finally, the autocytotoxic hypothesis which suggests
that oxidative stress may have a role in melanocyte
impairment®’. The increase in oxidative stress
may be due to increased ROS that results from
mitochondrial impairment?® and a reduced antioxidant
level® shied the light on the concept of a possible
systemic oxidative stress in vitiligo.

Theincreased in the oxidative stress causes
DNA damage, lipid and protein peroxidation'®'
such as inhibition of some essential enzymes like
tyrosinase’.

Nitric oxide (NO) is a unique messenger
molecule, which has different molecular targets. NO
has a regulatory function such as neurotransmission'®
or vascular tone', regulates gene transcription’®*and
mRNA translation'® and produces post-translational
modifications of proteins'. This messenger
molecule can be inactivation by reaction with
superoxide anion (O,--) to form the potent oxidant
peroxynitrite (ONOQ)'®. ONOO- compound can
cause oxidative damage, nitration, and S-nitrosylation
of biomolecules including proteins, lipids, and DNA'S,
20. In mammals, NO produce from three distinct
isoforms of NOS; neuronal NOS (nNOS), inducible
NOS (iINOS) and endothelial NOS (eNOS) have been
identified. These isoforms are products by different
genes, with different localization, regulation, catalytic
properties and inhibitor sensitivity, and with 51-57%
homology between the human isoforms?'.

Numerous methods have been reported to
assess NOS activity, and the most popular of these
involves the determination of NOS activity by used
NO to converted of oxyhemoglobin to methemoglobin
and monitoring the absorption difference between
the wavelengths 401 and 421 nm or at just 401 nm??
or by measured radiochemical compound such as
L-[*C] arginine to L-['*C]citrulline?. The aims of the
present study were to the determination of nitric
oxide synthase activity by using the new modified
method and nitric oxide concertation in heparinized
plasma of vitiligo and evaluate the role of these
parameters in the pathogenesis of vitiligo.
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MATERIALS AND METHODS

Sample preparation

Fasting whole blood was collected (5.0ml)
from the patients and healthy individual, in a heparin
tube at room temperature. Then the tube was
centrifuged (2000xg) for 10 min. the clear plasma
was used for determining the activity of nitric oxide
synthase and the concentration of nitric oxide
immediately.

Exclusion criteria

Pregnancy, diabetic, anemia, lactation,
history of cutaneous photosensitivity, eye cataract
or skin, cancer, dermatitis, psoriasis, taking a potent
antioxidant, history of alcohol intake, smokers were
excluded. This study protocol was approved by the
Ethics Committee of the College of the Science/
University of Baghdad.

Determination of nitric oxide synthase activity
The activity of nitric oxide synthase was

determined via a modified method by coupling two

methods; the first method was based on converting

L-arginine to L-citrulline and nitric oxide as shown

in Table 1.

Table 1: Assay conditions of nitric oxide
synthase activity

Components Concentration Volume
Tris buffer, pH 7.4 50mM 90 pL
CaCl, 20mM 50 pL
NADPH 5mM 80 pL
Arginine 100mM 30 yL
Plasma volume 100 pL

The test was incubated at 37 for 30 minutes
(control contain all reagent except plasma add after
incubation)

The half-life of NO in biological fluids
reaches to the seconds, therefore is determined
according to its stable oxidation end products nitrite
(NO,-), which then measured according to Cortas
et al.,** (with some modification: using 400 pL of
ZnS0O4 (75 mmol/L) instated 40 yL and 500 pL of
NaOH (55 mmol/L) instated 50 pL. The standard
curve for nitric oxide was shown in Figure 1.
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Fig. 1. Standard curve for estimated nitric oxide
concentration to measurement nitric oxide synthase
activity

Expressing the oxide synthase activity

The amount of nitrite formed by 100uL of
plasma after 30-min. incubation can be expressed
in units corresponding to ymole of nitrite/min per 1L
of plasma.

NOS activity=pg of nitrite (test -control)*7.24
The factor 7.24=10*1000* 1/46 * 1/30

Where 10 * 1000 is the conversion from 0.1
ml plasma to 1000 ml, 46 is the molecular weight of
nitrite, 30 is the incubation time in a minute.

Effect of arginine Concentration

Nitric oxide synthase enzymatic reaction
was done under optimum reaction condition using
series concentrations of arginine as a substrate [10,
20,50,70,90,100,130 and 150 mmole/L]. The curve was
plotted between each substrate concentrations and
the enzyme activity in order to measure the optimum
substrate concentration for each enzyme activity.

Effect of the buffer concentration

The enzymatic reaction was done by using
different tris buffer concentrations [10, 20, 30, 40,
50, 60, 70 and 80 mmole/L]. The optimum buffer
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concentration was calculated by plotting the curve
between the enzyme activities versus the buffer
concentrations.

Effect of the calcium chloride concentration

Nitric oxide synthase enzymatic reaction
was done under optimum reaction state using series
calcium chloride concentration [5, 10, 15, 20, 25,
30 and 35 mmole/L]. The optimum concentration
of calcium chloride was determined by plotting the
curve between the enzyme activities versus different
calcium chloride concentration.

Effect of NADPH concentration

The optimum concentration of NADPH for
the enzymatic reaction was measured by using a
different concentration of NADPH [0.5, 1, 2, 3, 4,
5, 6 and 7 mmole/L]. The optimum concentration of
NADPH was estimated by plotting the relationship
between the enzyme activities versus different
NADPH concentration.

Effect of sample volume

The enzymatic reaction was carried out with
different plasma volume [10, 20, 40, 60, 80, 100, 120
and 150pL]. The optimum volume was measured
by scheming the relationship between the enzyme
activities on Y-axis and different volumes of plasma
on the X-axis.

Effect of incubation time

The effect of incubation time was determined
at 37°C for [5, 10, 15, 20, 25, 30, 35, and 40 minutes].
The optimum incubation time was estimated by
plotting the correlation between the enzyme activities
versus the incubation time values.

Determination of nitric oxide concentration
Nitric oxide concentration in plasma
was measured according to Cortas etal24 which
depend on the reaction between its stable oxidation
end-products of nitrite/nitrate and Griess reagent.

Statistical analysis

The data analysis was done by using
a statistics software package (SPSS v.20 for
Windows). All groups showed normal distribution
so that parametric statistical methods were used to
analysis the data. Independent z-test was used for
differences between groups, and the P-value was
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considered significant if it is < 0.05. Results are
presented as means + SD.

RESULT

A total of 95 of patients with vitiligo
and 40 aged and gender-matched controls were
included in the current study. Our modified method
of determination of the activity of NOS has riled on
combine two methods. The first method was based
on converting L-arginine to L-citrulline and nitric

2505

oxide, the last one has a short life (few seconds)
was rapidly produced nitrite and nitrate. Nitrate is
more stable from nitrite, in vitro nitrate stable for
24 h while nitrite stable for 2 hours. The second
method which depends on Mani et al to determined
nitric oxide concentration by reducing nitrate to
nitrite using activated cadmium granules. In the last
step, nitrite was reacted with Grease reagent to
generate purple azo dye that can be measured by
spectrophotometric at 540nm?* (Figure 2).
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Fig. 2. Scheme shows the reactions of a modified method for
determination of nitric oxide synthase activity

The activity of the NOS was measured in
the presence of different concentrations of arginine
as a substrate. It was found that the maximum
activity of the enzyme was obtained by using
(100 mmol/L) of arginine concentration (Fig. 3A). The
buffer concentration was the effect on NOS activity,
and the optimum activity of enzymatic reaction was
obtained at (50 mmol/L) (Fig. 3B). The result in
(Fig. 3C) showing the maximum activity of NOS at
[20 mmol/L] of cofactor calcium chloride
concentration, while (Fig. 3D) illustrated the effect
of NADPH concentration on the activity of enzymatic
reaction and the result showed the maximum activity
was at [5 mmol/L]. The Fig. 3E and 3F showing the
maximum activity of NOS in different incubation
time and volume of plasma and the final result was
30 min. and 100pL of plasma respectively.

Table 2: Mean of nitric oxide activity and nitric
oxide concentration in plasma samples of the
studied groups

Group Sample Nitric oxide Nitric oxide
number synthase activity concentration (ug)

(U/L)Mean £+ SD  Mean + SD
Control 40 46.45+ 1422 4521 +6.95
Vitiligo 65 118.28 +37.95 66.71 +24.86
patients
P value 0.000 0.002

The activity of NOS was measured in both
patients of vitiligo and healthy individual. It is clear
from the result in the Table (2) the NOS activity has
a highly significant increase was noticed in this
between healthy and vitiligo patient (P=0.000). The
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concentration of nitric oxide was measured in plasma
samples (Table 2), the obtained results reflect the
9
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presence of a significant increase (p=0.002) in nitric
oxide concentration.
9
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Fig. 2. The optimizing condition of NOS activity, where: A: for arginine concentration (mM), B: for buffer concentration (mM), C:
for calcium chloride concentration (mM), D: for NADPH concentration (mM), , E: for time (minute) and F: for volume of plasma(pl)

DISCUSSION

Different methods that used to the
estimation of NOS activity which depend either on
the radiochemical compound such as converted
L-['*C] arginine to L['*C]citrulline®® or based on
measurement of conversion of oxyhemoglobin to
Methemoglobin by NO?. In the present method, the
L-arginine acted as a substrate that consumed by an
enzymatic reaction which catalyzed by NOS enzyme
to produce L-citrulline and NO?%. Subsequently, NO

molecule has a short life which converts to nitrite
and the last convert to nitrate. Nitrate reduced again
by Cd/CuSO, to produced nitrite that reacted with
grease reagent to generate purple azo dye that can be
measured by spectrophotometric at 540nm?* as shown
in Fig. (1). NOS activity is directly proportional to the
absorbance of purple azo dye that formed by nitrite.

The accuracy of our modified method
was assessed by determined the precision of NOS
activity which was less than 2.03.
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The present method has many advantages
over previous methods for determining NOS activities
in the plasma samples. Among these, reduce
exposure to radiochemical compound?® and not need
for purification and desalting®. Also, compared with
many previously developed methods, the material of
the present method is inexpensive, does not require
a lot of preparation. The disadvantage of our modified
method was at the time that required for analysis.

The melanocytes cells of vitiligo patients
are the theatre where the balance loss of reduction-
oxidation because increased free radical level
or toxic metabolites, or because of a disorder in
antioxidant production.

In the present study, it was observed that
the NOS activity and nitric oxide concentration in
the vitiligo patients group significantly increased
than in the corresponding healthy control group
(Table 1). The result was agreement with many
reports that proved increased in the activity of
NOS and NO concentration in vitiligo patient?”-%,
In the inflammation conditions, the activity NOS
increased and this contributes to the cytotoxic action
of inflammatory cellular infiltrates around normal
human melanocytes®' and the increase in the NOS
activity lead to increase in the NO production from
amino acid L-arginine?®'.

In vitro study, Melanocytes cells that isolated
from normal lesion pigmented skin of vitiligo patients
exhibit a highly significant increased to various
oxidative stress ( chemical and physical)**which lead
imbalance of intracellular antioxidants3? %4,

The effect of increased production of NO on
the melanocytes was caused to reduce the ability of
these cells to attach to the extracellular matrix and
may contribute to depigmentation®. Furthermore,
NO may be lead to auto-destruction of normal human
melanocytes®. Also, many reports suggested that a
high concentration of NO could induce apoptotic cell
death in neuronal cells, and thus cause neuronal
injury by the interaction with excitatory amino acid
receptors®, the depletion of cellular NAD®*, and the
activation of caspases® are involved in the cascade
of events leading to NO-induced apoptosis.

In animal study, Li et al.,*° prove that
increased in NO level cause inhibited H,O,

2507

catabolism in mouse peritoneal macrophages. The
increase in NO and H,0, concentrations in vitiligo
patients lead to an increase in oxidative stress that
causes further injury in melanocytes.

Catalase responsible for converting H,O,
to water, and inhibited NO production, therefore,
increase in the production of NO in cells may be
due to low catalase activity*" 429, In observed result
highly increased NOS activity in vitiligo patients may
occur because there is an increase in its cofactor
tetrahydrobiopterin which was found at high levels
in the epidermis®.

The increased in this cofactor may be
resulting from either defective in de novo synthesis
or recycling or regulation of tetrahydrobiopterin
in vitiligo patients*, which lead increased in NOS
activity and accumulation of NO in melanocytes.

NO might produce from NOS or others
sources such as melanocytes cells or the extracellular
environment*®. This free radical is inherently reactive
and mediates cellular toxicity by damaging critical
metabolic enzymes and enter in reaction with
superoxide anion (O,--) to form an even more potent
oxidant, peroxynitrite (ONOO-)'8 that may be caused
serious damage to lipid, protein and DNA which also
lead to destruction of melanocyte cell'®20.

CONCLUSION

In conclusion, we modified a simple method
for assessments of nitric oxide synthase activity in
the vitiligo and healthy individual that show high
precision at optimum condition. Out of the result
from the present study, one can conclude that vitiligo
disease caused alterations in the activity of nitric
oxide synthase and nitric oxide concentration in
plasma samples at different degree. These results
support the autocytoxic theory in explaining of vitiligo
pathogenesis, and melanocytes cells destruction or
dysregulation of melanogenesis could be mediated
by free radical.
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