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Estimation of some oxidative stress parameters in the serum
and cerebellum of ovariectomized rats
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Abstract

There is growing evidence that oxidative stress and estrogen deprivation after menopause or
ovariectomy represent two main risk factors closely related to the development of Alzheimer’s
disease .The aim of this study was to evaluate the effect of ovariectomy on some oxidative stress
markers and pathological lesions in the cerebellum of adult rats. Twenty rats were randomly
divided into two groups (10/group) control(C) and overctomized group (OVX).After three
months estimated levels of Malondialdehyde( MDA), Nitroxide (NO) and glutathione peroxidase
(GPX) in the serum and cerebellum and sections of the cerebellum was removed
histopathologial study . The results Showed a significant increase (P<0.05)in the ( MDA), (NO)
and (GPX) levels and significant decrease(P<0.05) in (GSH) level and(CAT) activity in the
serum and cerebellum tissue of the overctomized group compare with that in the control group .
The microscopical examination was shown in the cerebellum tissue in the overctomized group
characterized by decrease in the purikinje and granular cells in the gray matter . VVacuoles were
present in the white matter with microglial cells infiltration in the pia mater .For conclusion The
overctomy in adult rats an showed increase in the oxidative stress markers and pathological
lesions in the gray and white matters in the cerebellum .
Key words :- Overctomized, Oxidative stress , Cerebellum rats .
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Introduction

Oxidative stress is a state of imbalance in favor of pro-oxidants versus antioxidants ,resulting in
cellular damage that is often irreversible and can be observed in disease such as Osteoporosis,
respiratory disease ,atherosclerosis ,chronic renal failure ,diabetes mellitus and Alzheimer
disease(1,2). The nervous system — including the brain, spinal cord, and peripheral nerves — are rich
in both unsaturated fatty acids and iron. The high lipid content of nervous tissue, coupled with its
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high aerobic metabolic activity, makes it particularly susceptible to oxidative damage
.Neurodegenerative disorders remain an important source of morbidity and suffering for the
human(3).The oxidative stress is increased and some antioxidants are decrease in relation to
menopause in which estrogen diminishes (4,5,6), oxidative stress may play an important role in the
pathology of postmenopausal disease and that supplementation with antioxidants may be beneficial
in the treatment of these conditions(7,8)

Analyses of memory function in postmenopausal women indicate that estrogen replacement
therapy given immediately following surgically induced menopause can prevent memory deficits
induced by a loss in circulating estrogen (9). In fact, changes in cognitive functioning have long
been associated with menopause (10). The impact of estrogen on the mechanisms of memory in
both animals and humans (11). Estrogen has been shown to be equivalent in potency and efficacy
to the commonly known antioxidant atocopherol (vitamin E) and this has been suggested as
protective mechanism, whereby estrogen may help control ,the onset or progression of AD.

Menopause is a risk factor in initiation of Alzheimer disease and cardiovascular disease as result
of estrogen deprivation ( 12).Estrogen promote neural repair and regeneration and it is also reduce
oxidative damage and increase cerebral blood flow (13,14). Generation of highly reactive oxygen
species (ROS) is an integral ,feature of normal cellular function like mitochondria respiratory chain
, phagocytosis , arachidionic acid metabolism ,ovulation , fertilization also ROS released from
many pathological noxious stimuli to the cerebral tissues (15). The high lipid content of nervous
tissue coupled with its high aerobic metabolic activity makes it particularly susceptible to oxidative
damage ,increase iron caused by brain cell injury(16,17). Brain rich in catecholamines , adrenalin
,nor adrenaline and dopamine can consecountly break down to free radicals or can be metabolized
to radicals by endogenous enzymes such as MAO ( Monamin oxidase ) (3). Biological systems have
evolved with endogenous defense mechanisms to help protect against free radical induced cell
damage( 4,18) Damage due to free radicals caused by ROS leads to several damaging effects as
they can attack lipids, protein/ enzymes, carbohydrates, and DNA in cells and tissues. They induce
undesirable oxidation, causing membrane damage, protein modification, DNA damage, and cell
death induced by DNA fragmentation and lipid peroxidation (19)

The central nervous system is specially sensitive to free radicals oxidative damage in the brain
high consumption of oxygen rich content easily oxidizable fatty acids with low content of
antioxidant and high iron make it a prime substrate for damage by free radicals (20). The
mechanism of action of the neuroprotective antioxidant activity of estrogens is dependent on the
presence of the hydroxyl group in the C3 position on the A ring of the steroid molecule (21) .

The main objective of the present study was to evaluate the effect of estrogen deprivation in the
spinal cord of overctomized rats by estimation of some oxidative stress parameters like MDA,
GSH ,GPX , NO levels and CAT enzyme levels in cerebellum tissue and in the serum .

Material and methods

A total of 20 three-month-old female rats (200-250 gm) were obtained from the animal house
of Bagdad university . The animals were kept in cages at room temperature with 12-hour light and
dark cycle. The rats were allowed to access water ad libitum and standard animals chow. After
three weeks of acclimatization, the rats were randomly divided into two groups with ten animals
each group, control group (C) and ovariectomized animals group (OVX) .

The rats were ovariectomised, under anaesthesia with intramuscular injection of combination of
xylazil (50mg/kg), ketamin (50mg/kg) and xylazine (6mg/kg). The lower part of the back was
shaved and a single 1.5 to 2 cm incision was made in the skin to expose the back muscles. A small 1
to 2 cm incision was made in the muscles overlying the ovaries on both sides, and the ovaries were
isolated, tied off with sterile suture, and removed. The muscles and the skin were sutured
separately, To prevent wound damage from other animals .Theses were caged separated for post
surgery and care was given by daily wounds cleaning with povidone iodine and treated with
antibiotic ampicillin 5% intramuscularly for 7 days .
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Ninety days after surgery , overnight fasting, 5ml  Blood samples were collected by cardiac
puncture in plane tubes from all rats. The blood sample tubes were centrifuged at 3000 rpm for 2-5
minutes then serum separated to be stored at (-20°C) to determine GSH,GPX, NO and MDA and
CAT enzyme in the serum. Cerebellum removed and (0.5 g) was homogenized in ice-cold
physiological phosphate buffer, pH 7.4.The homogenate was hydrolysed by 3.4 M NaOH solutions
to release MDA, which was bound to the membrane phospholipids. This was followed by the
addition of 3.4 M HCIO4 and centrifugation at 10 000 xg for 10 min. The supernatant obtained
was used for the determination of lipid peroxidation as reported (22). Two ml of glacial acetic acid
and 2 ml of 1% thiobarbituric acid were added to 0.2 ml of the supernatant. The tube was stoppered
loosely and immersed in boiling water for 15 min and swirled slightly at intervals; the mixture was
cooled and centrifuged at 5000 xg at room temperature for 10 min. The absorbance of the
supernatant obtained was read at 532 nm against the reagent blank.

All analytical methods such as, photometric enzymatic, flourometric and HPLC methods, that was
used to determine tissues homogenate, erythrocyte and serum glutathione (GSH) depend on the
action of sulfhydryl groups . Principle:- 5, 5 Dithiobis (2-nitrobenzoic acid ) (DTNB) is a disulfide
chromogen that is ready reduced by sulfhydryl group of (GSH) to an intensity yellow compound .
The absorbance of the reduced chromogen is measured at 412 and is directly proportional to the
GSH concentration.( 23).

Crebellum and serum glutathione peroxidase (GPx) was determined colorimetrically according
to the method of ( 24)using NADPH-coupled reduction of GSSG catalyzed by GR which can be
measured at 340 nm.

- Cerebellum and serum catalase (CAT) activity was determined colorimetrically , according .to the
method of (25). The assay is based on catalase—catalyzed reaction of a known quantity of H202
with DHBS and AAP to form a chromophore, which has a color intensity inversely proportional to
the amount of catalase in the original sample which can be measured at 510 nm.

For histological studies sections of the cerebellum was removed and impressed in 10% neutral
buffered formaldehyde for 24 hours. Serial coronal paraffin sections were cut at 4 pm thickness for
Hematoxylin and Eosin (H&E) staining.

Statistical analysis

experiments were performed induplicate measurements and the results are shown as the mean +
S.E. Statistical analysis of data was performed with repeated measures analysis of variance
(ANOVA) and P<0.05 were considered to be significant also used LSD and SPSS statistical
program , (26).

Results and Discussion

The tables (1 and 2) illustrated the mean values of MDA (33.65u/mg) and NO (36.81 pm/mg) in
the cerebellum and serum of the rats are significant increased (p<0.05)in overctomized rats
group when compared to the control group . However no significant difference mean value of GPX
. The tables showed a significant decrease(p<0.05) in the activity of the CAT enzyme and GSH
level were observed in overctomized group when compared to the control values in the cerebellum
tissue and serum .

Table (1) Effect of ovariectomy in the cerebellum lipid peroxidation(GPX,MDA,NO ,GSH and
CAT ) in overctomized adult female rats

C OVx
Paramete
GPX u/mg 10.23+2.11 | 14.11+3.25
MDA np/m 12.90+3.75 | 33.65+2.47*
NO pm/mg 9.11+3.69 | 36.81+6.30*
CAT nu/m 44.27+4.27 | 16.60+5.82*
GSH um/m 29.61+£3.22 | 9.82+1.96*
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Table (2 ) Effect of ovariectomy in the serum lipid peroxidation(GPX,MDA,NO ,GSH and CAT)

in overctomized adult female rats

oups C ov
Parame
GPX u/mg 2.72+0.98 | 3.24+0.47
MDA nu/m | 4.25+0.9 9.36+1.00*
NO um/mg | 40.11+6.18 | 87.35+2.47*
CAT nu/mg | 55.3949.62 | 27.18+8.59*
GSH um/m | 13.92+1.49 | 5.18+1.06*

Mean +SE * significant differences (p<0.05) C(control group),O0VX (overctoomized rats s )

Microscopic examination of a section of cerebellum in control animals showed outer gray matter
which include molecular cells layer , Purkinje cells layer and granular cells layer and inner whit
matter (figure 1).While figure (2) shows decrease in the number of prekejy cells and vacuoles
present in the gray matter in the overctomized animal group with vacuoles lesion in the whit
matter ,figure (2) also revealed microglial cells infiltration in the molecular layer of cerebellum

Figure (1)Histological section in the cerebellum of animal control group ,shows outer gray(molecular* ,
purkinje cells =mmdand granular layers <—;/—=and inner whit matter ﬂ(H&EX40).

Figure (2) histological section in cerebellum of overctomized rats group shows decrease in the number of
purkinje cellsﬁ, found vacuoles «¢===m in the white matter and microglial infiltration ﬂ . (H&EX40).
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The present study revealed the significant increase in MDA,NO, GPX while there was significant
decrease in GSH level and CAT activity in the serum and cerebellum in ovariectomized rats.
The result study agree well with previous studies removing ovaries to induce estrogen deprivation
to increase free radical production as well as lipid peroxidation and brain tissue damage
(27,28,29,30).

The possible mechanism of bone loss in ovariectomised rats might be due to oxidative stress
produced by the high hydrogen peroxide and lipid peroxidation levels and reduced antioxidant
enzyme activities( 31) .Lipid peroxidation is one of the primary effects induced by oxidative stress
and may occur readily in the brain due to presence of membranes that are rich in polyunsaturated
fatty acids (19) Thus ,the brain may be a target organ for imbalance between oxidants and
antioxidants to word oxidants , decrease levels of blood estrogen hormone (endogenous
antioxidant), which are known to induce oxidative tissue damage(13).

The brain contains membranes that are composed of proteins and an abundant amount of
phospholipids. These phospholipids contain oxidizable polyunsaturated fatty acids (PUFAS), such
as arachidonic acid and docosahexaenoic acid. These PUFAs are vulnerable to attack by free
radicals because they contain hydrogen ions held together by weak double bonds that serve as a
target for reactive oxygen radicals and the generation of irreversible oxidative damage (2)

There is growing evidence that oxidative stress and estrogen deprivation after menopause or
ovariectomy represent two main risk factors closely related to the development of Alzheimer’s
disease(21,32)

The rapid hormonal changes occurring at menopause, including estrogen depletion and elevated
LH levels, are thought to play a role in the increased susceptibility to Alzheimer’s disease (AD) in
women (33,34).These hormonal changes are believed to promote the accumulation of the
neurotoxic B-amyloid (AP) peptide and increase susceptibility to Ap-induced neurotoxicity
(33,35,36)

Our study showed a significant decrease in the levels of GSH in the serum , an cerebellum tissue
,Glutathione is an important cellular antioxidant and exerts its antioxidant activity through several
mechanisms, including scavenging free radicals (37) . Synergistic interaction between estrogen and
glutathione (an intracellular reducing agent) has been reported that may increase the antioxidant
potency of estrogens (38). Evidence suggests that hippocampal blood flow is increased over time in
women receiving HRT(Hormone Therapy) (39)

Increase in free radicals production such as nitric oxide level in overctomized rats in the
present study may induce mitochondrial-dependent cell death as the damaged mitochondria are
unable to maintain the energy demands of the cells (33). Estrogens exert protective effects against
oxidative stress by inhibiting lipid peroxidation and subsequently preserving Ca2_ homeostasis,
mitochondrial membrane potential, and ATP levels( 40) Neurons are particularly sensitive to free
radicals Nitric oxide- (NO-) dependent oxidative stress results in mitochondrial ultrastructural
alterations and DNA damage in cases of Alzheimer disease (AD) (41) . Increase levels of serum
MDA ,NO and GPX are in current agreement with widely examined blood samples for evidence
of a systemic oxidative effect, with changes in membrane fluidity(42) platelet activation (43) and
more specifically, reports of leukocyte oxidation( 33).

Functional studies showed the blood-brain barrier (BBB) is grossly intact in patients with AD,(
44,45) \but there are several reports of abnormal small-vessel structure, particularly affecting the
endothelium, which could affect BBB function (46,47) This might contribute to the presence of
oxidative products in the systemic circulation, and changes in blood components that are in contact
with the altered microvasculature.

The cerebellum histological sections showed decrease in the number of the prukije cell in the
gray matter compare with control group and apoptosis found in the section as a result of increase in
the markers lipid peroxidation (increase in the MDA and decrease in GSH leves). Estrogen can
regulate expression of antiapoptotic genes, such as increasing bcl-2 expression. Lastly, estrogen can
increase microglial uptake of _amyloid to potentially decrease amyloid load in the brain. (48,49)
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Estrogen can regulate both the generation of and the toxicity of amyloid. In addition, estrogen can
decrease the damage induced by free radicals generated by amyloid and microglial. Estrogen can
protect against the secondary insult induced by excessive leakage of glutamate from damaged
neurons to reduce intracellular calcium levels (50).
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