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Abstract

Background: Methionine supplementation is considered as one of the main factors inducing
hyperhomocysteinemia, which is thought to stimulate inflammation and increase the risk of
vascular diseases.

Aim of study: The purpose of the present study was to determine the effects of selenium, N-
acetyl cystein and their combination on certain biochemical parameters and histological
structure of ovary and uterus.

Materials and Methods: Four groups (n=6) of female rats were randomly assigned to
receive a diet supplement containing (17gm/kg body weight) methionine, while the control
group n=6 for each group) were fed standard diet. In group 2, (1gm/kg body weight) N-acetyl
cysteine were fed with the methionine diet, while in group 3, (5ppm) selenium was added to
the water.

The combinations of all treatments (Methionine, N-acetyl cysteine and selenium) were
used in group four. After 5 weeks, all rats were dissected for biochemical tests including
determination of reduced glutathione (GSH) and thiobarbituric acid reactive substance
(TBARS) in sera, also histological evaluation performed in histological paraffin sections of
ovary and uterus.

Results: The data revealed a significant (P<0.01) elevation of TBARS and significant
reduction in GSH in methionine treated rats. The histological sections showed reduced of
ovarian follicles associated with infiltration of mononuclear inflammatory cells in
myometrium of uterus. Significant restoring of TBARS and reduced GSH levels were
produced by all NAC, selenium and combination treatments, except for selenium which
failed to decrease TBARS significantly. The developmental stages of ovarian follicles similar
to control rats were seen in combination group.

Conclusion: This finding explains the oxidative and toxic actions of methionine, and the
antioxidant activity of NAC and selenium, also it explains the synergistic therapeutic effects
of NAC and selenium combination.
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Introduction

Methionine (Met) is an essential amino
acid which is metabolized to homocysteine
(Hcy), a sulfhydryl-containing nonprotein
amino acid [1]. Hyperhomocysteinemia
(HHcy), which refers to total plasma Hcy
above 15 pmol/L, is caused by an
abnormality in  either an  enzyme
(cystathionine R-synthetase or temperature-
sensitive methylenetetrahydrofolate
reductase) or a cofactor (folate, vitamin B-
12, or vitamin B-6) required for Hcy
metabolism [2]. The phenomenon of
hyperhomocysteinemia is now suggested to
be one of the most important risk factors for
cardiovascular and  cerebral  vascular
disorders [3]. It has been suggested that
elevated plasma Hcy levels occur in a large
proportion of patients with coronary artery
disease [4]. Several possible mechanisms for
Hcy-induced cardiovascular and cerebral
vascular disorders have been proposed,
including endothelial  dysfunction [5],
impaired flow-mediated vasodilation [6],
increased proliferation of vascular smooth
muscle cells [7], enhanced coagulability [8],
and HHcy also induces disturbances in lipid
peroxidation and reactive oxygen species
(RO9)[9].

The plasma homocysteine concentration
is affected by various factors, including
genetic, nutritional, physiological, clinical,
lifestyle, and drugs [10]. Although, folate,
vitamin B-12 and vitamin B-6 are major
nutritional determinants of plasma total
homocysteine (tHcy) [11]. It was confirmed
that some amino acids participate in the
metabolism of methionine or homocysteine
[12]. It has been found that serine and
cystine suppress the enhancement of plasma
homocysteine concentration due to a single
ingestion of a methionine-supplemented low-
protein meal in humans [13]. Another study
[14] concluded that in patients with

hyperhomocysteinaemic CAD, folic
acid and NAC lowered plasma homocysteine
levels and improved endothelial function.

The effects of both treatments in
improvement of endothelium-dependent
dilation were similar.

In early 1980s, the researchers of
indicated that free homocysteine was
decreased in the plasma of selenium-
deficient animals [15].

They also reported that selenium-deficient
animals had decreased concentrations of
cysteine and cystathionine in plasma, but no
change in plasma methionine concentration
[16]. Investigators showed that plasma total
homocysteine is markedly reduced by
selenium deficiency in Fisher-344 rats [17].

The findings of selenium deficiency
decreases the plasma concentrations of
cysteine, cystathionine and homocysteine,
and increases the concentration of plasma
and liver glutathione, strongly suggest that
selenium deficiency and supplementation can
affect the metabolism of methionine.
Therefore, this investigation was designed to
confirm the effect of NAC, Selenium and
their ~ combination on female rats
supplemented with diet containing high
amount of methionine.

Materials and Methods
Animals and housing

Thirty adult female albino rats of about
250-300g body weight and 8-10 weeks old
were used. The experiment was achieved in
the animal house in the Dept. of Biology
/College of Science/  University of
Salahaddin -Erbil. Animals were housed in
plastic cages bedded with wooden chips.
During the experimental period six animals
were kept in each cage and they were housed
under standard laboratory conditions, 12:12
light/dark photoperiod (LD) at 22 + 2 °C.
[18].

Diyala Journal of Medicine

21

Vol. 4, Issue 1, April 2013




Effects of N-Acetyl Cysteine and/or Selenium on Methionine-Induced Ovary and Uterus

Histological Damage and Oxidative Stress in Rats

Lana S. Al-Alim

Experimental Design

Rats were divided into five groups, each
group contains six rats and the methionine
supplementations were continued for 5
weeks.

Group 1: Control: The rats of this group
were given a standard rat chow and tap water
ad libitum.

Group 2: Methionine treated rats: The rats
of this group supplemented with diet
contains (17gm/kg b.w.) or (1.7%) of
methionine along the period of study [19].
Group 3: Rats treated with selenium: The
rats of this group supplemented with
17mg/kg b.w. of methionine and water
containing (5 ppm) of selenium along the
period of study [20]

Group 4: Rats treated with NAC: The rats of
this group supplemented with 17mg/kg b.w.
of methionine and (1g/kg b.w.) of NAC
along the period of study [21].

Group 5: Rats treated with both selenium
and NAC: The rats of this group
supplemented  with 17mg/kg b.w. of
methionine, (1g/kg b.w.) of NAC and water
containing (5 ppm) of selenium along the
period of study.

Collection of blood samples

At the end of each experiment, the rats
were anesthetized with ketamine
hydrochloride (100mg/kg). Blood samples
were taken by cardiac puncture into chilled
tubes and centrifuged at 3000rpm under 0C
for 15 minute(Sony, Ultra low, Japan); at -
80C the serum were stored, the rats were
dissected for other evaluations and tests [22].
Histological Preparation of Ovaries and
Uterus:

Ovaries and uterus samples were removed
from the anesthetized animals. All samples
were fixed in Bouin’s fluid and processed for
light microscopy by embedding in paraffin
after dehydration and clearing. Six
micrometers thick sections were stained by
haematoxylin and eosin [25].

Determination of reduce glutathione
(GSH)

The level of serum GSH was determined
by using Ellman's reagent. The principle is
the reaction between the glutathione in serum
and Ellman's reagent which gives a color and
read at 412 nm by spectrophotometry (UV-
Vis Beckman Inc.). In brief, equal volume of
serum sample (150 upl) mixed with 4%
sulfosalicylic acid. The mixture centrifuged
at 2000 rpm for 5 min. Then 4.5 ml of
Ellman's reagent added to 150 pl of
supernatant which we obtained from
centrifugation, allowed for 5 min. in room
temperature, then scanned spectrophotometry
[23].

Determination of serum Thiobarbituric
Reactive Substances (TBRS)

The level of serum TBRS was determined
spectrophotometrically with a TBA solution.
Tol50 pl serum sample added the
followings: 1ml trichloroacetic acid (TCA)
17.5% and 1ml of 0.66% thiobarbituric acid
(TBA) mixed well by vortex, incubated in
boiling water for 15 minutes, and then
allowed to cool. One ml of 70% TCA was
added and let the mixture to stand in room
temperature for 20 minutes, centrifuged at
2000 rpm for 15 minutes, and take out the
supernatant for scanning
spectrophotometrically[24].

Statistical analysis

All data were expressed as means =
standard error (SE) and statistical analysis
was carried out by using statistically
software (SPSS version 11.5).Data analysis

was made using one-way analysis of
variance (ANOVA). The comparisons
between groups were done by using

Duncan’s test. The levels of significance
were set at P<0.05 or P<0.01 [26].
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Results and Discussion
Effects of methionine on
tissues TBARS and GSH
Statistical analysis revealed a significant
elevation (P<0.01) in serum TBARS level
with mean value (3.48+0.41 pmol/ml) in
methionine treated rat, in comparison to the
control  rats, which recorded only
(0.85+0.21umol/ml) as shown in (Figure 2).
While opposite results were observed in
GSH level, as it's decreased significantly
(P<0.01) in methionine treatment to (17.57+
1.32 pmol/ml) as compared to GSH
concentration in control rats (28.4+1.25
pmol/ml) (Figure 1). Indeed, the majority of
methionine diet toxicity is due to the
oxidative action of elevated homocysteine
level produced as a metabolite product of
methionine. Study results suggest that the
oxidative stress resulting from elevated
plasma  homocysteine  stimulates  the
activation of nuclear factor kB, and
consequently increases the expression of the
inflammatory factors in vivo [32]. Serum
lower GSH [33, 34] and greater TBRS (35,
[36] were suggested to be the main markers
of oxidative stress and antioxidant depletion
in experimentally methionine treated rats.
Histological section of normal ovarian
section showed many ovarian follicle at
different stages of development Plate (1) and
uterus section reveled many uterine glands in
endometriam in addition of soomth muscle in
myometerium region. While Plate (3)
showed ovarian atrophy in addition of

reproductive

reduction in the number of developed
follicles, while there were undefined
infiltration development stages of

inflammatory cells with the presence of
pyknotic nuclei. Several observations
reported normal histology and correct
structural organization and function of the
ovaries in elevated serum homocysteine level
[27], however Guzman et al. [28]

demonstrate a decreased number of

developed ovarian follicles in
hyperhomocysteinemic cystathionine beta
synthase  knockout (cbskKO) mice in

comparison to wild type mice. When as the
uterus showed clear infiltration of
inflammatory cells between muscle fiber in
the myometrium (Plate 4), whereas plate (2)
illustrates the uterus of control rats. A few
recent in vitro studies indicate that Hcy
affects the expression of some inflammatory
factors. Studies reported that Hcy increases
the expression of MCP-1, a strong
inflammatory mediator, in both human
aortic endothelial cells [29] and monocytes
[30]. Chronic exposure to Hcy also increases
the production of another inflammatory
agent, ICAM-1 in endothelial cells [31].
Effects of NAC on methionine treated rats

The antioxidant activity of NAC was
obvious in the results, as it can significantly
reduce the high level of TBARS which was
produced by methionine to about (2.34+0.53)
(Figure 1). Also it significantly restored the
level of GSH to (21.89+1.16) (Figure 2).

Several studies demonstrate the beneficial
actions of NAC in hyperhomocysteinemic
animals through its antioxidant potential [37,
38]. NAC is able to modify plasma thiols
concentration representing by serum reduced
GSH and in particular to reduce
homocysteine levels in
hyperhomocysteinemia [39].

Histological sections of rat's ovary treated
with NAC showed congestion of blood
vessels and some ovarian follicles are not
well developed (Plate 5). While the uterus
showed thickness increase of myometrium
and the atrophy of uterin gland (Plate 6).
Effects of Selenium on methionine treated
rats

Selenium administration recorded lesser
antioxidant actions in comparison to NAC,
because it failed to reduce the high TBARS
level significantly (2.99+0.28). However,
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significant increase was found in GSH level
(21.22£0.66). The  relation  between
methionine metabolite and selenium was
studied by Angelova et al., (2008) [40] who
observed Lower serum selenium level during
acute ischaemic stroke, being inversely
associated with and predicting increased
tHCY levels. While other studies suggested

that selenium (through its role in
selenoenzymes, thyroid hormones, and
interactions ~ with  homocysteine  and

endothelial function) appears to be a major
mediator in several pathways potentially
contributing to chronic heart failure
development [41]. The uterus showed
hyperpasia in endometrium (Plate 7).

Effects ofcombination of NAC and
Selenium on methionine treated rats
Both TBARS and GSH levels were

restored to normal range values (control

35 1
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g - no [NS) w
o o o o o

($a]
1

0 .

values) with means (0.72+0.17) and
(25.33+£0.88) respectively. There is
demonstrated studies on

no
the combined
effects of NAC and selenium on methionine
treated animals or their effects against

hyperhomocysteinemia. The  antioxidant
status was improved in our study by
combined treatment rather than their healing
effect in the reproductive organs. The
sections of ovary showed ovarian follicles at
different stages of development, which
indicate a clear reduction of methionine
histotoxicity (Plate 8). The uterus also was
similar to control rats as uterine glands (U),
endometrium (E) and myomtrium (M) were
clearly appeared in the section (Plate 9). A
significant synergistic action was observed in
NAC and selenium combination for reducing
the oxidative action of methionine.

Methionine(1.7%)
Diet

NAC (1% diet) Selenium (5 ppm)

Combination Con

Figure (1): Effect of NAC, Selenium and their combination on serum in GSH methionine

treated male rats.
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Figure (2): Effect of NAC, Selenium and their combination on serum TBARS in methionine
treated male rats.

Plate (1): Control rat ovary, presence of ovarian follicles, at different stage of developments
(H&E 68X).
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Plate (3): Cross section of rats ovary treated with methionin showed atrophy and ovarian
follicles, undefined development stages, infiltration of inflammatory cells (a) (H&E 90 X).
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Plate (4): Cross section of uterine rats treated v;ith methionin ;howed, infiltration of
inflammatory cells (a) (H&E 145 X).

Plate (5): Cross sections of rats ovary treated with NAC showed congestion of blood
vessels (a) and Some ovarian follicles were not developed (b) (H&E 68 X).
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Plate (6): Cross section of uterian rat treated with NAC showed thickening myometrium (a)
and atrophy of uterin gland (c). (H&E 68 X).

Plate (7): Cross section uterine rat treated with selenium hyperplasia in endometrium (a)
(H&E 145 X).
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Plate (8): Cross section of ovarian rat treated with combination of NAC and selenium
showed ovarian follicles at different stage of development (H&E 68X).

Plate (9): Cross section of ovarian rat treated with combination of NAC and selenium
showed uterine glands (U), endometrium (E) and myomtrium (M) similar to control uterus.
(H&E 100X).
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