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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 is 
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 AT1R 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-κB) pathways, resulting in neuronal 
apoptosis, brain neuroinflammation, and perturbing blood-brain 
barrier, ultimately leading to neurodegeneration [6-8].

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-κB 
signalling pathway of inflammation, eventually generating 
proinflammatory biomolecules, including tumor necrosis 
factor-α, interleukin-1β, 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 AT1R 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-κB 
neuroinflammatory pathway mitigating microglial activation 
and dampening the pro-inflammatory cytokines (TNF-α, IL-
1β, 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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Features/condition
Age 2 months
mean body weight 250 g
light/dark cycle 12-hour
Relative humidity 50–60%.
Temperature 22–24°C
Food standard rodent chow
Water water ad libitum

Table 1. Standard acclimatization condition for animal accommodation conditions.

Studied groups No. rats DW, PO, 
13 days

NS, single IP dose, 
day 14

LST, PO, 
10mg/kg/day for 13

LST, PO, 
25mg/kg/day for 13

Dox, Single IP dose,
15mg/kg at day 14

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 # # * * *
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, IP=intraperitoneal

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

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 Tissue passed on graded alcohol solutions (80% alcohol up to absolute alcohol).
5 Clearing Alcohol replaced by xylene.
6 Impregnation Tissue placed in warm paraffin wax.
7 Embedding Tissue embeded in a mold full with warm liquid paraffin and left to solidify into paraffin block.
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).

Table 3. Summarized histological steps for brain slides preparation.

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).
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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, 

Magnification at 100X.

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 - + + -

Table 5. Summarized histological scores.

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

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 losartan10mg+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 

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 
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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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