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Abstract

Ifosfamide is an alkylating agent and an analog of cyclophosphamide, used as a single agent or in
combination with other agents to treat a wide variety of malignancies. Central nervous system (CNS) toxicity has
been reported in approximately 10%-30% of patients receiving intravenous infusions of ifosfamide. Daidzein, a
natural isoflavone with estrogen-like activity, has various properties, such as anticancer, and antiinflammation
activities. In this study, the possible protective effects of daidzein on ifosfamide-induced neurotoxicity in male
rats were examined by the determination of changes in selected oxidant—antioxidant markers of male rats’ brain
tissue.

Twenty-eight (28) apparently-healthy Wistar male rats weighing (120-150gm) allocated into 4 groups
(n=7) were used in this study. Rats orally-administered 1% tween 20 dissolved in distilled water/Control (Group
1); rats were orally-administered daidzein suspension (100mg/kg) for 7 days (Group II); rats intraperitoneally-
injected with a single dose of ifosfamide (500 mg/kg) (Group I11); rats orally-administered for 7 days with the
daidzein (100mg/kg) before a single intraperitoneal dose of ifosfamide (500 mg/kg) at day 7 (Group 1V). Twenty-
four (24) hours after the end of treatment, determination of the malondialdehyde, reduced glutathione, and
superoxide dismutase enzyme activity levels in the rats’ brain tissue homogenate were performed; in addition to
the histopathological examination of the brain tissues sections. Results showed that the levels of malondialdehyde
in brain tissue were significantly-increased (P<0.05) in (Group Ill/ifosfamide-only) rats compared to such level
in the rats’ brain tissue of controls (Group I). Furthermore, the brain tissue level of the malondialdehyde was
significantly-decreased (P<0.05) in rats of Group 1V (orally-administered DZN prior to IFO) compared to such
tissue level in rats of Group I11. Moreover, the brain levels of each of the reduced glutathione and the superoxide
dismutase enzyme activity were significantly-decreased (P<0.05) in (Group I11) compared to each level in those
of Group I. Additionally, the brain levels of each of the antioxidant parameters was significantly-increase (P<0.05)
in Group IV rats compared to each of these tissue levels in rats of Group IlI.

As a results, daidzein could have a protective effect against ifosfamide-induced neurotoxicity in rats via
improving some selected oxidative stress parameters in male rats.
Keywords: Daidzein, Ifosfamide, Neurotoxicity, Oxidative Stress

Ot Gk e dualde sY) da) gy Aiatial) duanll Lacd) S Cpiuall 9;1333\ il
POl 4 eSd A B ldall auslll gal) Claaaa (any
'éjb.’]’d\ U i g \’*9543-‘5 S A
Lel) il yall AL S bl sl
.Gloalle dlazacalazg daalae Adauall S ¢ e}A—uJ\ saeaYl 6)5‘

AadAl
A Al o)) Y1 (e e il de gane g0 (5,AT Jalse ae G LEVL S 0 jike JalaS aading ¢ JSI5e dale 58 dualius i)
A5 Ol dualias i) (e )5l (A Ciadl (8l Cpdl) (el (e (ZF02) 19 ) s (B 3S pall sl Sleadl A e E3LY)
Ainal) 408 ) 3 o LY 5 G el saliadl) Aada¥) Jie ¢ dilide gailad aly ¢ Gy yial 4pd B Al gagds () 550 guu
800 gall ilaasall (amy &l il auaad (G sl e Lgl )3 &8 Al 583 (8 i 81 Ao g Aiatisall Apuaall Apand) e o jalall
VY o5 bl 5583 e 13 (YA) Cdie 5 el alainly Al )l el jal @3 sSAI ol jall lad a5 Uil ausSlEl) cilaliaa
Giob e Lised 03l b glae ) 25 A0 Ao ganall ¢4l st ALl Y 52al g il sl 35k e (psal/ ki) lall 8l Yo (g3
saal 5 Ay Glicall Jal s AR Ae ganall A sl Al Y 5] (sl /ana) ()35 (00 a2 ST ale) v+ ) L laie Ao o il o s
53] o sal/pusal) (35 (s paS UL o)+ +) Lypad G 3l Lagllae ) o5 - Aa) ) A ganall ¢(pusnll 0135 (on paS /e © 4+ ) palins sV 0
el ol 8 Slaall Jabs cia A apalias s Y1 5 a1 Y

ICorresponding author E-mail: heba.hammoudy@copharm.uobaghdad.edu.iq
Received: 22/3 /2023
Accepted: 27/4 /2023

Iragi Journal of Pharmaceutical Sciences

53


https://doi.org/10.31351/vol32issSuppl.pp53-60

Iraqi J Pharm Sci, Vol.32( Suppl. ) 2023

Daidzein neuroprotective effect

e uilaie (& 5l saann 2u sl o paall 33l 5 ) 5 SIS ) 3t calgaallylas ilall by glose auaad o cdallaall eleiil &) e delu YE 2oy

+ s Loal) goanaill A gt el fu 53 I ABLYL 0135 Eled

(ol sY) A sanall e i jlie A3 Ao ganall (s sine IS0 Laii e OIS §laall st 3 aleualllas Il (5 giana () il < el
i ganall 013l Lelaal) zaill 3 ol siosas &l Aal Sl e sanal) O3 sa $lad it 8 (5 sine S0 Gl 38 ol gie (o) ) ALAYL
a8 el ol 6 (g sina S Glabail 5 30 paend 3 gl g e 385 (0510 58 (g JSI L sianal) ol LS ¢ 23N
Lt ladl AoVl 8 (g sine Sy ol ) 8 500l dliae JSI Ol giall b @lld ) ALaYL (Y1 de sanally 4 )lie ZAE de sanal)
Ol 33k e 013 el (8 dnalies @) Adas 5 Liniaall dguan) dpand) aca 85 50 4] G 5l ) ) A jall 2 iy

Introduction

“Neurotoxicity” term indicates any
harmful act on the chemistry, structures, and
functions of "the central nervous system (CNS)
(brain) or peripheral nervous system™ (PNS) brought
by exposure to toxic materials, whether they are
naturally or artificially formed. These materials can
disrupt or Kill the nerves necessary for processing
and transmitting information in "the brain and other
parts of the nervous system" @,

The ability of a particular chemical to enter
a specific area of the nervous system is determined
by the characteristics of both the tissue and the
chemical. Moreover, the blood-brain barrier serves
as a protective mechanism that restricts the entry of
many chemicals into the brain. @,
Ifosfamide (IFO) is an oxazaphosphorine alkylating
and immunosuppressive agent and it is an analog of
cyclophosphamide (CP); is used to treat a variety of
neoplasia, including sarcoma, lymphoma, and
germinal tumors 49,
Mechanism of action

Ifosfamide (IFO) is a prodrug that requires
activation by microsomal liver enzymes to produce
active metabolites, namely IFO mustard and 4-
hydroxy-1FO, which exert their cytotoxic effects.
According to researchers, these active metabolites
operate through two cytotoxic mechanisms. Firstly,
they can induce cellular damage by creating inter-
strand or intra-strand crosslinks, leading to apoptosis
of damaged cells. Secondly, they can enhance the
synthesis of reactive oxygen species (ROSs), which
cause irreversible DNA damage and cessation of
protein synthesis ©,
Side Effect

Its major adverse effects include nausea,
vomiting, myelosuppression, interstitial
pneumonitis, hemorrhagic cystitis, alopecia, and
arrhythmias (- 'FO was also recognized to have the
potential to  produce  neurotoxicity and
encephalopathy ®, which can manifest as tiredness,
disorientation, blurred vision,
seizures, and auditory or visual paranoid
hallucinations among other symptoms. -9, Besides;
that and according to studies the incidence of IFO-
associated neurotoxicity has been expected to occur
in 10-30% of adults and 3-19% of children @ 12
and typically, the signs of neurotoxicity were
discovered within the hours of 12 and 146 following
the injection of IFO (b,
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The phenomenon of oxidative stress (OS)
is brought on by an imbalance between the
biological system's capacity to detoxify these
reactive products and the formation and buildup of
(rec;:\ctive oxygen species (ROSs) in cells and tissues
13).

According to the researcher, neurotoxicity
may be linked to the pathogenesis of a metabolite of
IFO, known as chloroacetaldehyde (CAA) 4; The
neurotoxic acts formed by such metabolites are via -
reduction in the CNS' level of reduced glutathione
(GSH) and the cessation of oxidative
phosphorylation in the mitochondria, which formed
a disturbance in the fatty acid metabolism
Additionally,  during  regimen  with  the
chemotherapy, an important issue is to minimize the
toxic effects of such therapy in healthy cells @),
thus, in this context, there is a need for natural

compounds that can effectively-reduce the
neurotoxicity- induced by IFO.
Daidzein (DZN) is a polyphenolic

compound of the isoflavone family that is present in
red clover (Trifolium pratense), alfalfa (Medicago
sativa), soy, and some legumes (Leguminosae). In
addition, DZN has been shown to have antioxidant,
anti-inflammatory, and cardio protective properties
(18), as well as to protect against cancers of the large
intestine, chest, and prostate.

Pharmacological uses

the pharmacological uses and the effects of
DZN on human health are as follows:
1.Antidiabetic Decreased type 2 diabetes risk and
may possibly improve glycemia control in
overweight patients 7,
2.Menopausal symptoms: Hot flash frequency
lowering, intensity, and fatigue, and reduce of
anxiety scores 9,
3.Anti-osteoporotic: rise in lumbar spine bone
mineral density, a decline in bone resorption
indicators, an uptick in markers of bone formation,
and an increase in calcium retention 9,
Side Effect

Generally, isoflavones are well-tolerated;
Their gastrointestinal (GI) side effects, which
primarily include moderate nausea, bloating,
diarrhea, and constipation ©©
By assessing a few chosen OS parameters in male
Wistar rats, this study aimed to determine the
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potential protective impact of DZN orally given on
IFO-induced neurotoxicity.

Materials and Methods
Drugs, chemicals and kits with their Suppliers

Ifosfamide powder was obtained from
Picasso/China. Daidzein (DZN) pure powder was
purchased from Macklin/China. Diethyl Ether
(Alpha Chemika, India), and Phosphate buffered
saline (PBS) (Santa Cruz biotechnology /USA) were
also used in the study.

Moreover, all enzyme-linked
immunosorbent assay (ELISA) kits used in the
current study, were obtained from Nanjing Pars
Biochem CO., Ltd /China and include:

Rat reduced glutathione (GSH) Elisa kit, rat
Malondialdehyde (MDA) Elisa kit,

rat Super oxidase dismutase (SOD) enzyme Elisa
kit.

Preparation of Daidzein Suspension

Daidzein  suspension was prepared
according to the method of Vinarov et al (2018) ¢,
where
1.0ne tenth of ml (0.1 ml) of Tween 20 was added
to 9.9ml of distilled water to prepare surfactant
solution.

2- Two hundred milligrams (200mg) of DZN
powder were weighed and added to the surfactant
solution. then,

3.Mixed well for 5 minutes by Vortex

Animals and Experimental Design

The scientific and ethical committees of
the University of Baghdad's College of Pharmacy
gave their approval to this work. Twenty-eight
(28) mature Wistar male rats weighing 120-150¢g
that appeared healthy were procured from the
animal house of the College of Pharmacy at the
University of Baghdad and kept there under
regular temperature, humidity, and light/dark
cycle conditions. Rats were housed for a week
before the experiment and fed commercial pellets
and tap water as needed during the trial. The
experimental male rats were allocated into 4
groups of 7 rats each, according to a random
choice process.
Group I. Male rats were orally-administered 1%
tween 20 dissolved in distilled water (DW) via
rats’ oral gavage for 7 days. This group represents
the control group.
Group II- Male rats were orally-administered DZN
suspension at a dose (100mg/kg/day) @2 via rats’
oral gavage for 7 consecutive days.
Group Il1- Male rats were orally-administered 1%
tween 20 dissolved in D.W via rats' oral gavage for
7 days; and a single IP dose of IFO 500mg/kg 49,
was injected on day 7.
Group IV-Male Rats were orally-administered a
DZN suspension daily for 7 consecutive days by oral
gavage at a dose (100mg/kg/day) and a single 1.P
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dose of (500mg/kg) IFO, which was injected on day
7.

Preparation of Brain Tissue Homogenate

All rat groups were sacrificed by cervical
dislocation under diethyl ether anesthesia 24 hours
after the last dose of the drug; the brain was swiftly
removed, cut in half vertically for biochemical and
microscopic analysis; the excess blood was then
removed by rinsing the brain with PBS/(pH=7.4),
followed by drying with filter paper, and it was
divided into two parts:

Part One: since the weight of the brain
tissue was determined before homogenization, the
first part was employed to prepare the homogenate
of brain tissue. Each rat's brain tissue was placed in
a 15 ml plastic test tube containing cold PBS
solution (pH=7.4); the tissue weight in grams to the
PBS volume in milliliters was then converted to a
homogenate using an electrical homogenizer; the
brain homogenate was then centrifuged using a cold
centrifuge for 20 minutes at 10,000 rpm at +4 C°,
and the supernatant fluid was collected, kept frozen
for later use for the quantitative measurement of
MDA, GSH, and SOD levels 324,

Part Two: was used for histological
examination; where, each male rat's brain was
removed after necropsy and used for
histopathological analysis using the technique
described by Celik et al (2020) @ by using paraffin
sections. The brain fragments were fixed in al0%
formaldehyde solution, embedded in paraffin,
segmented, and then stained with hematoxylin and
eosin. Moreover, morphological analysis of samples
of brain tissue was performed using a light
microscope ?).

Statistical Analysis

Data were expressed as Mean+SD. The
statistical significance of the differences among
various groups was explored by one-way analysis
of variance (ANOVA) test by SPSS statistics
version 25. The differences were statistically
regarded significant when P-value was less than
(0.05).

Results

Effects of Daidzein (DZN) on the Malondialdehyde
(MDA) Level in Rats’ Brain Tissue Homogenate
Table 1 and figure 1 showed that, there was
a non-significant difference (P>0.05) in the level of
MDA in brain tissue homogenate in male rats
(Group 11) compared to the corresponding tissue
level in control (Group 1) rats. The mean £SD of
MDA were (1.59+0.4, 2.21+0.36) mmol/L levels,
respectively. Furthermore, a single I.P dose of IFO
(500mg/kg) injected into male rats (Group Il1I)
produced a significant (P<0.05) increase in the
MDA level in brain tissue homogenate compared to
the corresponding tissue level in control (Group 1)
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rats. The MeantSD of MDA levels were

respectively, (3.31+1.04, 2.21+0.36) mmol/L.
Additionally, there was a significant

decrease (P<0.05) in the MDA level in the brain
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tissue of male rats (Group IV compared to such
level in the brain tissue of (Group I11). The meanx
SD of MDA in brain tissue were respectively, (1.87
+0.33, 3.31£1.04) mmol/L levels.

Table 1. Levels of selected oxidative stress (0s) parameters in each brain tissue rats' groups.
malondialdehyde (mda); reduced glutathione (gsh); superoxide dismutase (sod) enzyme.

Group No. | MDA (mmol/L) GSH (ng/L) SOD (ng/L)
I (Control) 7 2.21+0.362 55.6+7.4°2 61.3+4.032
Il (Daidzein) 7 1.59+04°% 48.7+5232 50.03 + 10.12
Il Ifosfamide  (IFO) b b b
(500mg/kg) 7 3.31+1.04 253+9.1 35.1+5.78
IV (IFO and DZN) 7 1.87+0.33% 451+6.4° 48.9 + 12.37°

Data were expressed as Mean+SD by one-way ANOVA tests. (*) represent as significant difference in
comparison with the control group. Non-identical superscripts (a, and b) within the columns are

significantly different (P<0.05).

s

(]

Mean Monedlaldehyde (mmollL)

G
-

Control Diadzein Induction IFO

Rat Group

Diadzein and IFO

Figure 1. The Malondialdehyde (MDA) Level in
Brain Tissue of each Rats' Group. Values with
non-identical small letters (a, and b) are
significantly different (P<0.05). Values with an
identical small letter (a) are non-significantly
different (P>0.05).

Effects of Daidzein (DZN) on the Reduced
Glutathione (GSH) Level in Rats’ Brain Tissue
Homogenate

Table 1 and figure 2 showed that, there was
a non-significant difference (P>0.05) in the brain
tissue level of GSH in (Group Il) rats compared to
such tissue level in control male (Group 1) rats. The
Mean+SD of GSH levels were (48.7+5.23, 55.6%
7.4) ng/L, respectively.

Moreover, table 1 and figure 2 showed that
a single 1.P dose of IFO (500mg/kg) injected to rats
(Group 1), produced significant decrease (P<0.05)
in the GSH level in brain tissue of male rats
compared to the corresponding tissue level in
control (Group 1) rats. MeantSD of GSH levels
were respectively, (25.3+9.1, 55.6+7.4) ng/L.

Additionally, there were significant
increase (P<0.05) in the GSH level in brain tissue of
male rats (Group IV compared to that level in brain
tissue of rats (Group IlI); where, Mean+SD of GSH
brain levels were (45.1+6.4, 25.349.1) ng/L,
respectively.
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Figure 2. The Reduced Glutathione (GSH) Level
in Brain Tissue of each Rats' Group. Values with
non-identical small letters (a, and b) are
significantly different (P<0.05). Values with an
identical small letter (a) are non-significantly
different (P>0.05).

Effects of Daidzein (DZN) on the Superoxide
Dismutase (SOD) Enzyme levels in Rats’ Brain
Tissue Homogenate

Table 1 and figure 3 showed that, there
were non-significant difference (P>0.05) in the
brain tissue SOD level in rats (Group I1) compared
to such enzyme level in brain tissue of control male
(Group 1) rats. MeantSD of MDA levels were
(50.03 £10.1, 61.3+4.03) ng/L, respectively.
Furthermore, table 1 and figure 3 also showed that
in rats injected with a single dose of (500mg/kg) IFO
(Group I1I), there were significant reductions
(P<0.05) in the activity levels of SOD in brain tissue
homogenate of rats compared to the corresponding
activity level in control (Group 1) male rats.
Mean+SD of SOD brain tissue levels was
(35.145.78, 61.3+4.03) ng/L, respectively.

Additionally, there was a significant
increase (P<0.05) in SOD levels in the brain tissue
of Group IV rats compared to the corresponding
level in brain tissue homogenate of rats in (Group
I11); since, the levels were respectively, (35.1+5.78,
48.9+12.37) ngl/L.
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Contrel Dindzeln

Induction IFO  Diadzeln and [FO
Rat Group

Figure 3. The Superoxide Dismutase (SOD)
enzyme activity levels in Brain Tissue of each
Rats' Group. Values with non-identical small
letters (a, and b) are significantly different
(P<0.05). Values with an identical small letter.
(a) are non-significantly different (P>0.05).

Histopathological examination of rats' brain tissue

The brain section of male rats that were
orally administered 100mg/kg/day DZN by oral
gavage for 7 consecutive days (Group Il), as shown
in Figure 4B, exhibited normal characteristics. This
included normal neuronal pyramidal cells with
open-face nuclei and basophilic cytoplasm, with

=
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blood capillaries scattered between neurons. These
features were similar to those observed in the brain
section of control rats (Group 1) as depicted in
Figure 4A. "Besides, in section of male rats’ brain
IP injected with a single dose (500mg/kg) of IFO,
there were neuronal degeneration, and irregular
darky-stained cells, with frequent pyknotic nuclei
that were surrounded with prominent halos arrows
(Figure 4C).

Additionally, in the section of brain tissue
of rats orally-administered DZN suspension daily by
oral gavage at a dose (100mg/kg/day) for 7
consecutive days and a single I.P dose of
(500mg/kg) IFO, which was injected on day 7
(Group 1V); although there was a congestion of
blood vessels and darky-stain nucleus surrounded by
the halo, but there was no neuronal degeneration,
and hyper-cellularity were not observed (in other
word, the brain of normal architecture). (Figure 4D).

Figure 4. Histopathological section of brain tissue in various expCerimental rats’ groups; (Hematoxylin

and eosin; X40). (A) The control/Group I; (B) (DZN alone/Group II; (C) IFO/Group Il1; (D) The DZN and
IFO/Group 1V. Blue arrow refers to normal neuronal cell. Yellow arrow refers to inflammatory cells
(Lymphocyte). Black arrow refers to darkly stained nucleus with surrounding Halo. Red arrow refers to

mild congestion of blood vessels.

Discussion

Ifosfamide (IFO) is an alkylating
chemotherapy medication that is used to treat a
variety of neoplasia, including sarcoma, lymphoma,
and germinal tumors ©. Its major adverse effects
include nausea, vomiting, myelo-suppression,
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interstitial  pneumonitis, hemorrhagic cystitis,
alopecia, and arrhythmias . The equivalent
chemotherapy medication was also recognized to
have a risk of neurotoxicity and encephalopathy ®.
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The formation of hazardous levels of
Chloroacetaldehyde, an IFA metabolite that may
pass the blood-brain barrier and have inhibitory
effects on the CNS, was assumed to be linked to the
neurotoxicity caused by IFO @1027) Furthermore, it
was hypothesized that Chloroacetaldehyde could
inhibit mitochondrial oxidative phosphorylation,
which could lead to impaired fatty acid metabolism
in the inner mitochondrial membrane's electron
transport chain @& 29, Since the neurons are more
vulnerable to oxidative damage because the brain is
rich in polyunsaturated fatty acids 2.

The results of the current study (table 1)
showed that IP injection of IFO (Group Il rats)
caused significant -increase (P<0.05) in brain tissue
level of MDA (figure 1), and also -decrease in brain
tissue level of the GSH and SOD levels (figures 2
and 3, respectively) in comparison with such levels
in control Group | rats.these result in line with other
result obtained by llyas et al(2021)@

Moreover, the histological results of the
present study demonstrated that there were
degenerative changes (neuronal degeneration) in the
brain tissue cells in male rats IP injected with a
single dose of IFO (500mg/kg), and irregular darky-
stained cells, with frequent pyknotic nuclei that were
surrounded with prominent halos arrows;these
change showed witthin 24 hours; and these results
are similar to those obtained by other researcher
Celik et al (2020) @,

The current study showed that in Group Il
rats  orally-administered DZN  (100mg/kg)
suspension for 7 consecutive days, there were non-
significant differences (P>0.05) in the levels of
MDA, GSH, SOD compared to each of such levels
in brain tissue of Group 1/Control rats; these results
are consistent with those obtained by Tomar et al
(2020) study ©9),

The current study also showed that in
Group IV rats/ orally-administered DZN for 7 days
prior to IFO, there was a significantly-decrease
(P<0.05) the level of MDA (table land figure 1), -
increase. the levels of GSH, and SOD levels in brain
tissue homogenate of male rats (table 1 and figures
2, 3. respectively). Researchers reported that DZN
has antioxidant effects; since, it can -lower the ROSs
and -decrease the lipid peroxidation process and thus
a decrease in the levels of MDA in different rats’
organs (kidneys, and brain), respectively, can be
promoted %6 30),

Moreover, the results of the current study
concerning Group IV are in accordance with another
study; where, the levels of GSH in the brain tissue
increased by DZN administration despite of using a
different animal model to induce epilepsy @Y, rats’
model of AD induced by Streptozotocin ©2, and on
reserpine-induced PD in rats @3,

Antioxidant enzymes like SOD have been
documented to reduce the potential harm that
oxidants may bring to cells, and it has been shown
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that a decrease in this enzyme's activity is linked to
an increase in free radical formation during the
metabolism of IFOs ©%. Moreover, GSH depletion
with an increase in lipid peroxidation has been well-
documented  critical component in  the
pathophysiology of IFO-induced neurotoxicity, and
Chloroacetaldehyde can also consume GSH in the
brain (11, 12'35).

Moreover, the results of table 1 and figure
3 showed that in Group IV rats, there was an
increment in the SOD level in rats® brain tissue
homogenate compared with the corresponding
levels in IFO injected rats (Group I11). Results of this
study resembled those of others but with the
utilization of different rats’ models (Alzheimer
induced by Streptozotocin) ©?, and (creation of
focal cerebral ischemia in rats) ©%. The proposed
mechanism by which DZN act as an antioxidant
might be due to the activation of the Nrf2(nuclear
factor erythroid 2—related factor 2) pathway that was
responsible for the production of antioxidant
element like SOD enzyme 9,

Additionally, in the present study, the
section of the brain tissue histology of Group IV rats
(Figure 4D), showed normal brain architecture with
no observed hyper-cellularity. The suggestion could
be related to the anti-oxidant effect of DZN ¢7; DZN
increase the level of GSH which function as natural
anti-oxidant in the brain @ and these results are
confirmed by those of Zheng et al (2022) study by
the utilization of other models of neuronal injury;
where researchers suggested that, DZN caused

neuronal regeneration after traumatic nerve injury
(38)

Conclusion

According to the results obtained from this
study, IFO produced considerable adverse effects on
rat brains; and the orally-administered DZN (100
mg/kg/day) for 7 days has a protective effect against
IFO-induced neurotoxicity via the improvement of -
OS mechanism (reduction of MDA/and elevation of
both GSH and SOD) and -in the histological analysis
of brain tissue of rats.
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