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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Doxorubicin (Dox) is clinically -effective
anticancer agent with cytotoxic downside features of
neurotoxicity. Losartan (LST), an angiotensin II type 1 receptor
blocker (ARB), is antihypertensive with reported pleiotropic
effects, hence, the current study was sought to identify the
protective effects of losartan in mitigating Dox-induced
neurotoxicity in a white Albino rat model.

Methods: Fifty-six adult rats were sub-classified into males
and females for each intervention. The groups include control,
Dox alone, LST alone, combined Dox and SLT. After sacrificing,
the brain was harvested for preparation of slides. Slides were
stained and images captured.

Results: Sections from control groups and LST alone were
intact in both sexes. Sections from Dox groups in either sex
demonstrated moderate to severe tissue changes represented
as vascular congestion, glial activation, and focal gliosis. The
combination groups of Dox and LST demonstrated restored
architecture represented by reduced congestion and gliosis in
dose dependent manner with female showing better positive
response compared to male.

Conclusion: LST provided histological notable protective
effects against Dox insults neurotoxicity in white Albino rats.

Key words. Losartan, doxorubicin, neuroprotection, renin-
angiotensin system.

Introduction.

Doxorubicin (Dox) is an anthracycline anticancer agent
commonly used for different type of hematological and solid
malignancies [1]. Their applications were counteracted by
downside side effects of cytotoxicity, including cardiotoxicity,
hepatotoxicity, nephrotoxicity, and neurotoxicity [2]. The
cognitive impairment associated with Dox characterized by
memory deficits, attention difficulties, and impaired executive
function [3].

The pathophysiology of Dox-induced neurotoxicity 1is
complex, encompassing oxidative damage, mitochondrial
upset, neuroinflammation, and neuronal apoptosis [4]. The
pathogenesis at molecular levels involved various biomolecules
with renin-angiotensin system (RAS) being a part in overall
pathways [5]. Angiotensin II binding to ATIR activates the
membrane-bound NADPH oxidase complexes, generating
reactive oxygen species (ROS), including superoxide anions,
leading to mitochondrial disruption, lipid peroxidation of
neuronal cell membrane, stimulation of proinflammatory
nuclear factor-kappa B (NF-kB) pathways, resulting in neuronal
apoptosis, brain neuroinflammation, and perturbing blood-brain
barrier, ultimately leading to neurodegeneration [6-8].
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Binding of angiotensin II and activation of AT1R on cerebral
immune cells (microglia and astrocytes), and cerebral endothelial
cells provoke subcellular events that activates the NF-kB
signalling pathway of inflammation, eventually generating
proinflammatory biomolecules, including tumor necrosis
factor-a, interleukin-1f, interleukin-6, cyclooxygenase-2, and
inducible nitric oxide synthase [9,10]. These changes create
a proinflammatory milieu leading to activation of microglial
cells and astrocytes, resulting neuronal dysfunction alongside
disruption of blood-brain barrier, enhancing immune cells
infiltration [11]. These pathways participate in chemotherapy-
associated cognitive impairment, including Dox [12].

Losartan is antihypertensive that induce vasodilation by
binding to AT 1R in peripheral tissue. In central nervous system,
losartan blocks AT1R resulting in reducing oxidative stress and
hence down regulating NADPH oxidase activity, reducing lipid
peroxidation, improving mitochondrial functions in neuronal
tissues [6]. Moreover, losartan block the master NF-xB
neuroinflammatory pathway mitigating microglial activation
and dampening the pro-inflammatory cytokines (TNF-a, IL-
1B, and IL-6) generation [6]. The dualistic effects on oxidative
stress and inflammation eventually ends with blood-brain
barrier protection, reduction of neuron apoptosis, encourage
neuronal fitness, and brain resilience against xenogenic insults.
The present study sought to identify the cytoprotection capacity
of losartan against neurotoxic insult of Dox.

Materials and Methods.

Animals and housing: The present study started with 56 adult
Albino Wistar rats, kindly provided by College of Veterinary
Medicine, University of Mosul. The animals were housed in
standard polypropylene cages under standard condition outlined
in table 1.

Experimental design: Rats were allocated into eight
experimental groups (n =7 per group), as detailed in Table 2. To
check sex-dependent effects of LST, rats were subclassified into
males and females for each intervention. All oral medications
were performed using a gavage needle, and drugs were instantly
prepared before each administration.

Histological processing and analysis: After sacrificing, the
brain were harvested for preparation of slides based on standard
steps outlined in Table 3.

The semiquantitative scoring was conducted by histopathologist
as outlined in Table 4.

Results.

Control female group: The section from the female rat brain
in the control group visualized by normal neurons morphology
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with clear pyramidal shapes, and clearly visible nuclei (Figure
1 and Table 5).

Control male group: The section from the male rat brain in the
control group visualized by normal intact neurons with clear
pyramidal shapes, and clearly visible nuclei (Figure 2 and Table 5).

Losartan female group: The section from the female rat brain
in the LST treatment group demonstrated by mild congestion,
mild neuronal degeneration, and mild gliosis (Figure 3 and
Table 5).

Losartan male group: The section from the male rat brain
in the LST treatment group demonstrated by mild neuronal
degeneration and mild gliosis (Figure 4 and Table 5).

Dox female group: The section from the female rat brain in
the doxorubicin treatment group demonstrated sever hyperemic
vascular meningeal congestion, large areas of sub-meningeal

bleeding in the meningeal area, multiple foci of reactive gliosis
(Figure 5 and Table 5).

Dox male group: The section from the male rat brain in the
doxorubicin treatment group demonstrated large congestion
within the cerebral ventricular plexus, large area of reactive
gliosis (Figure 6 and Table 5).

LST10+Dox female group: The section from the female rat
brain in the losartan (10 mg) plus doxorubicin treatment group
demonstrated moderate congestion of the cerebral ventricular
plexus, great areas of reactive gliosis (Figure 7 and Table 5).

LST10+Dox male group: The section from the male rat
brain in the losartan (10 mg) plus doxorubicin treatment
group demonstrated moderate congestion within the cerebral
ventricular plexus, and reactive areas of gliosis due to neural
insult (Figure 8 and Table 5).

Table 1. Standard acclimatization condition for animal accommodation conditions.

Features/condition
Age

mean body weight
light/dark cycle
Relative humidity
Temperature

Food

Water

Table 2. Drugs and doses used in the exposed groups.

Studied groups No. rats ]1)3“](1’;;?, 1::}: sngle IP dose,
Control-Female 7 * *
Control-Male 7 * *
Dox-Female 7 * #
Dox-Male 7 * #
LST-Female 7 # *
LST-Male 7 # *
LST+Dox-Female |7 # #
LST+Dox-Male 7 # #

2 months

250 g

12-hour

50-60%.

22-24°C

standard rodent chow
water ad libitum

LST, PO, LST, PO, Dox, Single IP dose,
10mg/kg/day for 13 25mg/kg/day for 13 |15mg/kg at day 14
# # #

# # #

# # *

# # *

* # #

* # #

k * %

*

Day 16, brain tissue collected after the rats were sacrificed by cervical spine dislocation.

Drugs and distilled water were given by gavage needle

Dox vial (Doxo-cell 50 mg, STADAPHARM Gmbh (Germany)) was diluted for administration using normal saline
Losartan tablets (Losart 10mg, Pioneer (Iraq)) were dissolved in distilled water

*Indicates the used drugs at indicated timepoint, #indicate this agent or dug not used for the specified group
NS=normal saline, DW=distilled water, PO=per oral, [P=intraperitoneal

Table 3. Summarized histological steps for brain slides preparation.

Tissue passed on graded alcohol solutions (80% alcohol up to absolute alcohol).

Tissue embeded in a mold full with warm liquid paraffin and left to solidify into paraffin block.

Step Histological Step Procedure Description

1 Tissue harvesting Brain tissue harvested after euthanization the rats.
2 Fixation Tissue 10% neutral buffered formalin for 48 hours.
3 Washing Fixed tissues washed under tap water.

4 Dehydration

5 Clearing Alcohol replaced by xylene.

6 Impregnation Tissue placed in warm paraffin wax.

7 Embedding

8 Trimming The paraffin block trimmed

9 Sectioning Thin sections were cut using a microtome.

10 Mounting Sections mounted on glass slides and dried.

11 Deparaffinization and Rehydration  Paraffin removed and tissues rehydrated

12 Staining Hematoxylin and Eosin (H&E).

2
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Table 4. The description of pathological finding based on scoring system.

Histological Parameter —

+

++

+++

Vascular congestion No congestion

few vessels congestion

Several vessels congestion

Severe dilation of multiple vessels

Focal gliosis No gliosis

Limited areas gliosis

Multiple areas gliosis

Extensive areas gliosis

Glial activation No activation

Slight activation of glial cells

Clear activation of glial cells

Severe activationof glial cells

Table 5. Summarized histological scores.

Slide

Vascular congestion

focal gliosis

glial activation

Overall neuropathy score

Control group in Female rat

Control group in male rat

Losartan (10mg) group in Female rat - - + -
Losartan (10mg) group in male rat - - + -
Doxorubicin group in Female rat -+ ++ ++ ++
Doxorubicin group in male rat ++ ++ ++ ++
Losartan 10mg+Doxorubicin female group ++ + + +
Losartan 10mg+Doxorubicin male group ++ + + +
Losartan 25mg+Doxorubicin female group - + + -
Losartan 25mg+Doxorubicin male group - + + -

Figure 1. Brain section for female rats in the control group stained by hematoxylin and eosin, representing cerebral cortex (Blue arrows) and
axons with normal periaxonal myelin spaces at the cerebral medulla. Magnification at 100X.

Figure 2. Brain section for male rats in the control group stained by hematoxylin and eosin, representing the blue arrow is cerebral cortex,
and axons with normal periaxonal myelin spaces at the cerebral medulla at the black arrow, and the yellow arrow are localized vessels,
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Magnification at 100X.




Figure 3. Brain section for female rats in the losartan group stained by hematoxylin and eosin, representing meningeal arteries (Blue arrows),
Inflammatory cells infiltrations (Black arrows) and peri axonal mild edema (Yellow arrows), Magnification at 100X.

4 ,-a-, ."‘ 0 - P
Figure 4. Brain section for male rats in the losartan group stained by hematoxylin and eosin, representing mild degeneration (Blue arrows), with
mild gliosis (Black arrows), 100X.

Figure 5. Brain section for female rats in the doxorubicin group stained by hematoxylin and eosin, representing by the blue arrow is hyperemic
meningeal arteriole, black arrow is submeningeal hemorrhage, and yellow arrow as multiple foci of gliosis, Magnification at 100X.
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Figure 6. Brain section for male rats in the doxorubicin group stained by hematoxylin and eosin, representing congested cerebral ventricular
plexus (Blue arrow) with gliosis (Black arrow), Magnification at 100X.

Figure 7. Brain section for female rats in the losartan10mg+doxorubicin group stained by hematoxylin and eosin, representing congested
cerebral ventricular plexus (Blue arrows) with gliosis (Black arrows), Magnification 100 X.

Figure 8. Brain section for male rats from losartanl0mg+doxorubicin group stained by hematoxylin and eosin, representing congested cerebral
ventricular plexus (Blue arrows) with gliosis (Black arrows), Magnification 100 X.
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Figure 9. Brain section for female rats in the losartan 25mg+doxorubicin group stained by hematoxylin and eosin, representing by blue arrow as
congested cerebral capillary, black arrow is degeneration of neuronal axons, and the yellow arrow is foci of gliosis, Magnification at 100X.

Figure 10. Brain section for male rats in the losartan25mg+doxorubicin group stained by hematoxylin and eosin, representing congested
cerebral ventricular plexus (Blue arrows) and gliosis (Black arrows), Magnification at 100X.

LST25+Dox female group: The section from the female rat
brain in the losartan (25 mg) plus doxorubicin treatment group
demonstrated mild histological changes, represented by mild
congested cerebral capillaries, mild degeneration of neuronal
axons, and mild foci of gliosis (Figure 9 and Table 5).

LST25+Dox male group: The section from the male rat
brain in the losartan (25 mg) plus doxorubicin treatment group
demonstrated mild histological changes, represented by mild
vascular congestion resulting in engorgement of the ventricular
plexus. The section also demonstrated mild gliosis, reflecting a
low proliferation of glial cells in response to neural damage by
Dox (Figure 10 and Table 5).

Discussion.

The present study offered histological findings for the LST-
neuroprotective effects of against Dox neurotoxicity in a rat
model, with results demonstrating that dose- and sex play a role
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in the treatment response. These outcomes reflecting protective
effects against acute neurological injury and toxicity.

The histological findings of Dox-group demonstrated
neuropathological alterations, which do harmonized with the
mode of action of Dox brain damage. After Dox exposure,
vascular congestion and glial activation were visualized in
female group versus bleeding in focal epidural region and focal
gliosis in male group, reflecting that Dox-induced neurotoxicity
via multiple pathological pathways [13,14]. The bleeding and
congestion reported could be explained in the context of Dox-
induced impairment of blood-brain barrier (BBB) integrity
leading to direct damage of cerebral vascular endothelial cells
[2], resulting in release of proinflammatory cytokines and
activation of MAPK inflammatory signaling pathway. The glial
activation after Dox-exposure linked to the neuroinflammatory
effects of Dox resulting in modulation of microglial cell density
[15]. The changes further aggravated by Dox-induced oxidative



stress and mitochondrial upset [4]. Sex variation in response to
Dox focused on ventricular vascular changes and focal gliosis
in male rats versus diffuse vascular changes in females, these
differences potentially related to genetic variations of the
mutation of BRCA1 and BRCA2 proteins roles in modulating
oxidative stress in neural cells [3].

Co-administration of LST and Dox provided protective effects
against Dox-induced neurotoxicity in dose dependent manner
and gender-based response. At low LST dose, female and male
groups demonstrated moderate vascular congestion and reactive
gliosis, however, at higher dose of LST, congestion was minimal
and glial activation was low, especially in female group. Earlier
study conducted on lipopolysaccharide (LPS)-inflammation
in mouse model by Salmani et al., (2020) demonstrated that
LST suppressed brain neuroinflammatory response and hence
improved cognitive function, mitigated oxidative stress, reduced
anxiety behaviors [6]. In alternative study, blocking angiotensin
receptor resulted in inhibition of apoptosis through angiotensin
mediated pathways, reflecting that losartan has anti-apoptotic
and tissue protective effects [16]. In aged mouse model for
Alzheimer's disease research conducted by Ongali et al., (2014),
blocking angiotensin receptors have resulted in neutralization of
oxidative stress, attenuated astrogliosis, and reduced vascular
congestion [17].

The better positive response achieved with high dose LST could
potentially explained in the context of the higher concentration
required for full occupancy of all receptors and hence modulate
intracellular signaling pathways, alongside sufficient penetration
into brain. Moreover, the better positive response associated
with female sex than male, perhaps reflecting that hormonal
contribution in the response to angiotensin blockade in female,
confirmative future study required.

The limitations of the present study include that histological
section represent one site of the brain at one time point
necessitating future section of the whole organ and incorporation
of different time point of exposure. Moreover, histological
findings required additional incorporation of biochemical
measurement of oxidative stress products, inflammatory
biomolecule, and apoptotic markers.

Conclusion.

Losartan mitigated Dox induced neurotoxicity in a rat model,
including vascular congestion, glial activation, and axonal
degeneration, particularly in female rats and at high dose.
These results revealed that AT1 receptor antagonism might be
promising option for providing protection for acute neurological
toxicity by drugs or xenobiotics, nevertheless, further cognitive
and behavioural study required to confirm these improved
outcomes.
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