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ABSTRACT
Introduction: The oxidative stress and the deterioration of the antioxidant system demonstrated by the dosage of antioxidant enzymes and the by-products
of lipid peroxidation are involved in the occurrence of uterine myomas.

Objectives: To measure the antioxidant activity of the plasma of patients with uterine myoma and that of the plasma of their age-matched controls by
trapping the free radical ABTS+. The study aims to confirm by another assessment technique.

Results: The anti-free radical activities of the plasmas of patients with myomas and those of their respective controls vary from 1.3 to 6%. In addition, two
cases were observed: either the anti-radical activity of the control subjects turned out to be slightly higher than that of the patients; or the anti-free radical
activity of patients with uterine myomas was slightly stronger than those of their controls. In addition, our results showed that the anti-free radical activity
of patients aged over 40 years is slightly higher than that of patients aged less than or equal to 40 years. Finally, the anti-free radical activity decreases with
an increase in BMI and increases with the number of gestities and parity.

Conclusion: Assessment of the total antioxidant capacity of blood by trapping the ABTS+ radical can be used to assess, at a certain threshold, the oxidative
stress involved in the development of uterine myoma. This method can also be used to assess the effect of age, BMI, pregnancy and parity on the occurrence

of myomas.
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Introduction

Oxidative stress and alteration of the antioxidant system are
believed to be involved in gynecological diseases including uterine
myomas. Myomas are benign tumors very common in Black
populations, with origin of which is unknown. The occurrence
of a fibroid is said to be secondary to a genetic predisposition.
Certain factors act on proliferation, in particular many growth
factors such as TGFpB, EGF, BFGF and especially VEGF [1].
According to the literature, disturbances in antioxidant levels,
and lipid peroxidation, are reported in patients with uterine
myomas [2-3]. According to Nayki et al [4]. The oxidative-
antioxidative status of the endometrium of patients diagnosed
with uterine myomas varies compared to that of normal patients.

Women with mild gynecological disorders such as myomas show
impaired antioxidant enzyme activities. Caglayan et al. show
that the erythrocyte activities of antioxidant enzymes (copper-
zinc superoxide dismutase, catalase, glutathione peroxidase) are
higher in women with myomas than in women without myomas;
and that the plasma levels of malondialdehyde, by-products of
lipid peroxidation were lower in patients with uterine myomas
compared to controls [5].

A single nucleotide polymorphism of the paraoxonase 1 (PONI)
gene, an enzyme playing a defensive role against oxidative stress,
modifies the activity of the enzyme and leads to an increased risk
of developing tumors, especially uterine myomas [6]. On the
other hand, dietary supplementation with selenium known for its
antioxidant properties has been shown to reduce the size of oviduct
leiomyomas occurring spontaneously in Japanese quail [7].
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Also if it is well established that oxidative stress and its
consequences are involved in the development of uterine myoma
in women of childbearing age, no study has however evaluated
the overall antiradical status of the blood of patients diagnosed for
uterine myomas. We therefore propose in this study to compare
the total anti-free radical activity of the plasma of patients with
myomas to that of the age-matched controls. The anti-radical
activity will be measured by trapping the radical cation of
2,2’-azinobis [3-ethylbenzothiazoline-6-sulfonic] (ABTSe+) acid
according to the method developed by Re et al. and optimized by
N’negue et al. with Gallic acid as the standard antioxidant [8,9].

Materials and Methods

Sampling

Twenty blood samples were taken from women without any
chronic pathology and from women with uterine myomas.
ABTS (2,2°-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]),
gallic acid, potassium persulfate (K2S208) and hydrated sodium
dihydrogen phosphate were purchased from Sigma-Adrilch (Saint
-Quentin Fallavier, France).The water used was distilled by the
equipment of the “Milli-Q Labo” laboratory (Millipore Japan,
Tokyo, Japan). All these products are quality for analysis. The
anti-radical activity was determined by UV spectrophotometry:
V-200 spectrophotometer (BOECO, Germany). The optical density
reading was taken at 734 nm, absorption wavelength.

Preparation of Blood Samples

The blood of 12 healthy subjects without any chronic pathology
and that of 9 subjects with uterine myoma was drawn from the
venous area in EDTA anticoagulant tubes in order to obtain
plasma. The mean ages of women with myomas and healthy
women were the same. All tubes were centrifuged at 3000 rpm
for 5 minutes. Plasma samples were diluted 100X at the time of
spectrophotometer reading.

Preparation of Gallic Acid Solutions, “Reference Antioxidant”
Gallic acid (3.4,5-trihydroxybenzoic acid) is an aromatic organic
compound, used as a reference anti-radical compound. Ten
working solutions, in decreasing concentrations, ranging from 0.5
to 5 uM, were prepared by diluting Gallic acid in distilled water.

Measurement of Anti-Radical Activity

The principle of the test for measuring the anti-radical activity
by the ABTS method is based on the decrease in the absorbance
at 734 nm of the radical cation ABTS ¢ + (blue-green coloration)

in the presence of a potentially anti- compound. Radical which
reduces the cation radical. The reduction in the radical form of
ABTS e + leads to a discoloration of the solution.The ABTS « +
radical ion is obtained by reacting the ABTS molecule (7 mM)
with potassium persulfate (2.45 mM), in distilled water for 16
hours at room temperature and under cover light.

Results

Validation of the ABTS Method with a Reference Antioxidant
“Gallic Acid”

Anti-Free Radical Activity of Gallic Acid Depending on the
Concentration

The percentage (%) of anti-radical activity increases linearly
with the concentration of Gallic acid (Figure 1). The ABTS « +
Radical disappears in the presence of the standard antioxidant.
Indeed, an anti-radical activity of 14.34 + 2.31% was recorded
for a concentration of 0.5 uM of Gallic acid (0.37 pg.mL-1). This
activity increases to 98.6 + 1.98% for a total concentration of 4.5
UM. According to our results, the IC50 of gallic acid, which is
the concentration necessary for the reduction by 50% of the anti-
radical activity (or the disappearance of 50% of the radical form
ABTS « +)is 2 uM (0.37 pg.mL-1).

Anti-Radical Activity
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Figure 1: Anti-radical activity depending on the concentration
of gallic acid after 6 minutes of incubation. The proportion
ABTSe+ transformed into ABTS+ in the presence of Gallic acid
is calculated from the change in absorbance at 734 nm measured
by spectrophotometry. The equation on the right is: y = 110.28x
+4.9 (R2=0.98); n=3.
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General Characteristics of the Study Population
Patients with Uterine Myomas

No Age BMI TAS/TAD Pregnancies Parity Fruit/ %AAR
vegetable
1 24 17 99/65 2 0 1/day 28.32+4,5
2 29 24.5 108/68 1 1 1/day 31.64+1,7
3 36 31.25 90/75 5 5 1/day 32.77+£2,55
4 40 245 128/68 0 0 1/day 37.57+0,29
5 44 39 102/69 7 3 1/day 40.18 £ 0,78
6 45 30.85 161/88 4 2 1/day 37.76 £ 1,92
7 45 29.07 105/73 1 1 1/day 26.642 + 1,26
8 46 23.87 122/86 3 0 2-3/day 3553+ 1,76
9 47 34.40 180/84 4 1 1/day 31.16 + 3,66
10 47 29 129/89 6 2 2-3/day 36.65+ 1,35
11 47 25 132/85 7 3 1/day 37.47 + 0,38
12 50 21 108/60 7 3 2/day 33.01 + 1,49
Patientes Sans Myomes Utérins « Controls »
No Age BMI TAS/TAD Pregnancies Parity Fruit/ %AAR
vegetable
1 24 22.5 126/82 0 0 1/day 31.9+0.01
2 29 30.45 119/85 2 1 1/day 29.71+£0.4
3 36 21.40 123/80 1 1 2-3/day 3736+ 1.4
4 40 2.5 110/60 1 0 1/day 34.7+2.9
5 44 24 110/70 4 2 2-3/day 38.28+0.9
6 45 23.90 101/66 4 3 2-3/day 3255+ 1.7
7 46 28.37 110/70 5 3 2-3/day 3495+ 1.4
8 47 26.50 1280/79 7 5 2-3/day 3473 +£0.5
9 50 29 135/87 7 4 1/day 3428 +1.5

Notes: Based on the data listed in the tables above, there was no hypertension in the study population; 6 out of 12 people are overweight

(BMI > 25) in patients with myomas and 5/9 in controls.

Comparison of the Anti-Radical Activity of Patients with
Myomas and Their Controls without Myomas

The displayed results of the anti-radical activity of the plasma of
the patients with uterine myomas and their age-matched controls
are shown in Figure 2. According to these, the anti-radical activities
of the patients with myomas and those of their respective controls
vary by only 1.3 to 6%.

In addition, our results showed that depending on the situation, the
anti-radical activity of the control subjects could be slightly higher
than that of the patients (controls: 1 (24 years), 3 (36 years), 6
(45 years), 8 (47 years old), 9 (50 years old)). Or, conversely, the
antiradical activity of patients with uterine myomas was slightly
stronger than those of their controls (patients: 2 (29 years), 4 (40
years), 5 (44 years), 6 (45 years), 8 (46 years), 10 (47 years old),
11 (47 years old)).

Anti-Radical Activity

Figure 2: Anti-radical activity of various plasma samples (diluted
to 1/00) from patients with myomas (Sick/Age) and their control
subjects (control/Age) matched according to age. The proportion
ABTSe+ transformed into ABTS+ in the presence of plasma
samples is calculated from the change in absorbance at 734 nm
measured by spectrophotometry; n = 2.
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Effect of age on the anti-radical activity of patients with
myomas

We divided the patients with myomas and their controls without
myomas into three groups according to age, and we looked at
the evolution of anti-radical activity in the 3 groups. Group 1
includes subjects aged less than 40 years; Group 2, those whose
age was between 40 years inclusive and 45 years; Group 3 included
subjects over 45 years. The results obtained are displayed in the
Figure 4 below.

Anti-radical activity
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Figure 3: Anti-radical activity of different plasma samples (diluted
to 1/00) from patients with myomas grouped by age group. The
proportion ABTSe+ transformed into ABTS+ in the presence of
plasma samples is calculated from the change in absorbance at
734 nm measured by spectrophotometry; n = 2. (MLD inf 40 =
patients under 40 years; MLD 40-45 = patients aged between 40
years inclusive and 45 years inclusive; MLD over 45 = patients
over 45 years).

Effect of BMI on Radical Activity in Subjects with Myomas
The evolution of the antiradical activity of the 2 patients aged
45 years with BMIs of 24 and 29 on the one hand, and that of
the 3 patients aged 47 with BMIs of 25, 29 and 34 are presented
in figure 4 According to the results, the anti-free radical activity
decreases with increasing BMI. In fact, for the 2 patients aged
45, the anti-radical activity is 26.64 + 1.26% for a BMI of 29 and
37.76 £ 1.92% for a BMI of 24.

The results obtained with the 3 patients aged 47 also showed a
decrease in anti-radical activity with an increase in BMI. Indeed,
for a BMI of 25, the anti-radical activity was 37.47 + 0.48%; it
was 36.65 + 1.357% for a BMI of 29 and 31.16 + 3.66% for a
BMI of 34.

Anti-radical activity
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Figure 4: Anti-radical activity of various plasma samples (diluted
to 1/00) from patients with myoma aged either 45 years with
BMIs of 29 and 24, or 47 years with BMIs of 34, 29, and 25. The

proportion ABTSe+ transformed into ABTS+ in the presence of
plasma samples is calculated from the change in absorbance at
734 nm measured by spectrophotometry; n = 2 (M1d45IMC29 =
45-year-old patient with a BMI of 29; M1d45IMC24 = 45-year-old
patient with a BMI of 24; M1d47IMC29 = 47-year-old patient with
a BMI of 24; M1d47IMC29 = 47-year-old patient with a BMI of
29; M1d47IMC25 = patient aged 47 with a BMI of 25).

Effect of Pregnancy on the Anti-Radical Activity of Subjects
with Myomas

The anti-radical activity was compared in two groups of patients
with gestures from 0 to 3 for the first group and from 4 to 7 for
the second. The results obtained are shown in Figure 5 below.
According to these results, the average anti-free radical activity
of the group of patients with 4 to 7 gestures was approximately
4% higher than that of subjects with myomas having a pregnancy
between 0 and 3. In fact, the average anti-free radical activity is
31, 94 + 4.63% for patients with gestures between 0 and 3 and
35.57 + 3.28% for those with gestures between 4 and 7.

45

40

MLD gestités 0-3 MLD gestités 4-7

Figure 5: Anti-radical activity according to the gesture of the
different plasma samples (diluted to 1/100%) from patients with
myomas. The patients are grouped by number of gestures; from
0 to 3 gestations for group 1 and from 4 to 7 gestures for group 2.
The proportion ABTS™ transformed into ABTS" in the presence
of plasma samples is calculated from the variation in absorbance
at 734 nm measured by spectrophotometry; n = 2. (MDLgestity
0-3 = patients with a pregnancy count ranging from 0-3; MDL 4-7
= patients with a gestational count ranging from 4-7).

Effect of Parity on the Anti-Radical Activity of Subjects with
Myomas

The anti-radical activity was compared in patients with parities
of 0 to 2 for the first group and of 3 to 5 for the second group.
The results obtained are presented in Figure 6. According to these
results, the average anti-radical activity of the group of patients
with parities of 3 to 5 was approximately 3% higher than that of
women with myoma with parities of 0 to 2. In fact, the average
anti-free radical activity is 35.96 + 3.12% for patients with parities
from 3 to 5 and 33.16 = 3.04% for those whose parities are from
0 to 2.
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Figure 6: Anti-radical activity as a function of the parity of the
different plasma samples (diluted to 1/00th) from patients with
myomas. The patients are grouped together in number of parity.
From 0 to 2 parities for group 1 and from 3 to 5 parities for group 2.
The proportion ABTSe+ transformed into ABTS+ in the presence
of plasma samples is calculated from the variation in absorbance
at 734 nm measured by spectrophotometry ; n = 2. (MDLparities
0-2 = patients with a parity number ranging from 0-2; MDLparity
3-5 = patients with a parity number ranging from 3-5).

Discussion

Our study compared the antioxidant activity of plasma (diluted to
1/100th) of patients with uterine myomas to that of age-matched
controls. This is to confirm or not the involvement of oxidative
stress in the etiology of uterine myoma. The anti-radical activity
was measured by trapping the free radical ABTS+ According to
the method of Re et al. optimized by N’negue et al. with gallic acid
as the standard antioxidant [8,9]. In this method, the concentration
of the radical cation ABTSe+, blue-green in color absorbing at
734 nm, decreases in the presence of an antioxidant compound
capable of trapping said radical and reducing it to a non-radical
ABTS+ molecule.

This will result in a decrease in absorbance at 734 nm and a
discoloration of the solution. According to Fischer et al., this test
can be applied routinely to predict the total antioxidant capacity of
the blood [10]. The results of the antioxidant activity of gallic acid
(a synthetic strongly antioxidant molecule) validate the chosen
method (Figure 1). The IC50 value of gallic acid deduced from
our results was 2 pM. This value is equivalent to that obtained
by Sadat et al. and N’negue et al., which worked under the same
conditions [9, 11, 12].

The results of the anti-radical activity of the plasma of patients
with uterine myoma and of their age-matched controls (Figure
2) showed a variation of 1.3 to 6% depending on the couple. In
addition, our results showed that depending on the situation, the
anti-radical activity could be slightly higher in the control subjects
compared to the patients or vice versa in the patients compared
to the controls. Nayki et al. observed either a decrease or an
insignificant increase in the activity of the antioxidant enzymes
“superoxide dismutase, catalase, glutathione reductase” in the
endometrium of patients with uterine myoma, compared to normal
women [4]. Their results appear to be equivalent to ours, although
the technique for assessing antioxidant activity was not the same.

The decrease or increase in the anti-radical activity of the plasma of
subjects with myomas may reflect the existence of mild oxidative
stress in the blood of the patients. Indeed, the decrease in the

anti-free radical activity of the plasma of myoma patients can be
explained by a prior internal reaction between the non-enzymatic
anti-free radical molecules in the blood (total phenolic compounds,
flavonoids, uric acid, ascorbic acid, etc. alpha-tocopherol, beta-
carotene, reduced glutathione (GSH), bilirubin, lipid peroxidation
products, etc.) and plasma free radicals resulting from oxidative
stress. This decreases the level of anti-radical molecules in plasma
capable of trapping the free radical ABTS+, with a decrease in
the anti-radical activity measured. Likewise, the increase in anti-
free radical activity in the plasma of patients with myomas can be
explained by an increase in the synthesis of antioxidant molecules
in order to combat oxidative stress.

Moreover, Caglayan et al. showed that the erythrocyte activities of
antioxidant enzymes (copper-zinc superoxide dismutase, catalase,
glutathione peroxidase) are higher in women with myomas than in
women without myomas [5]. In addition, ccording to Fletcher et
al., fibroid cells exhibit significantly elevated levels of antioxidant
enzymes (superoxide dismutase and catalase) compared to normal
cells, indicating the existence of oxidative stress [13].

The effect of age on the anti-radical activity of women with
uterine myomas (Figure 3) showed that the anti-radical activity
of patients over 40 years of age was slightly higher than that of
patients of less than or equal ages at 40. If oxidative stress results
in increased oxidative activity, and oxidative stress is involved in
the etiology of uterine myomas [13]. We can therefore deduce that
in the uterus of women over 40 years of age, there would be more
free radicals and oxidation reactions causing a slight oxidative
stress. Moreover, according to the literature, age is one of the risk
factors for the development of uterine fibroids [14]. The presence
of fibroids is definitely very important from the age of 40. Uterine
fibromyomas are present in 25-30% of women over 35, 40% of
women over 40 and 50% of women over 50 [14].

The effect of BMI on the anti-radical activity of patients with
myomas (Figure 4) showed a decrease in the anti-free radical
activity of the plasma of subjects with myomas with increasing
BMI and therefore with overweight. According to the literature,
being overweight, due to physical inactivity, is a risk factor
for the development of uterine fibroids [14]. The decrease in
anti-radical activity in patients with myomas and overweight
compared to those with myomas and normal build confirms the
effect of overweight as a risk factor for the development of uterine
myomas. Indeed, obesity can result in the appearance of chronic
diseases (cardiovascular diseases, diabetes, etc.) in which oxidative
damage with oxidative stress is present, oxidative stress linked to
overweight decreases. Anti-radical activity in overweight patients
[15-16].

The effect of pregnancy and parity on the anti-radical activity of
patients with myomas (Figures 5 and 6) showed that the average
anti-radical activity of the group of patients with a gestity between
4 and 7 was 4% higher approximately than that of subjects with
myomas having a gestity between 0 and 3. Groups whose parity
was 3 to 5 had an anti-free radical activity greater by approximately
3% than those whose parity was between 0 and 2. Parity would
have protective effects against the appearance of oxidative stress
and therefore by extrapolation, against the appearance of uterine
myomas. According to the literature, nulliparity is one of the risk
factors for the development of fibroids. Our results more or less
confirm this result. This is because high anti-free radical activity
may mean that there are fewer free radicals or reactive oxygen
species (ROS) in the plasma of women with myomas with high
pregnancy and parity rates.
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Conclusion

Determination of the total antioxidant capacity of blood by
scavenging the ABTS+ radical can be used to demonstrate
oxidation reactions and oxidative stress in the plasma of patients
with uterine myomas. It also makes it possible to assess the effect
of age, BMI, pregnancy and parity factors on the occurrence of
myomas. The results obtained by the ABTS method supplement
those methods for evaluating oxidative stress by assaying the
concentrations of antioxidant enzymes and secondary metabolites
resulting from the reactions of oxidations of biomolecules (lipids,
proteins, carbohydrates, DNA). Also, since oxidative stress plays
arole in the etiology of uterine myomas, a diet rich in antioxidant
compounds such as fruits and vegetables may play a preventative
role in the development of uterine myoma.
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