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SUMMARY: Salvia officinalisextract (Sage), an adequate source of polyphenolic ingredients, have antioxidants, anti-
inflammatory, and anti-apoptotic characteristics. Mammals and other non-targeted species may have pathophysiologicaleonsequenc
from pyrethroid pesticide deltamethrin (DM) due to oxidative stress. Oxidative stress is a key mechanism for pesticideitoxicity
many plants possessing high levels of antioxidants that absorb and neutralize free radicals. The objectives of the yuvezattstud
investigate Sage's possible nephroprotective and antioxidant benefits against DM-induced toxicity in rats. Four groupsafrtwent
albino rats were randomly assigned: control, Sage, DM, and DM plus Sage, with six animals per group. The medication wdsrextende
one month, and then all rats' kidney tissues were examined employing the proper test kits to measure glutathione (G3#temalendi
(MDA), superoxide dismutase (SOD), and tumour necrosis factor a@) Mvels. This study also examined histological and ultrastructural
alterations. Rats intoxicated with DM showed significantly higher levels of urea and creatinine than control rats. Furibtmore,
treated rats showed considerable changes in kidney lipid peroxidation, antioxidant enzymes such SOD and GSld, dine kidirey
tissues' histological and ultrastructural alterations validated these biochemical disruptions. On the other hand, Satesrestaied
levels of urea and creatinine in the blood. Additionally, Sage reduced inflammatory processes, oxidative stress, anxidigitpero
induced by DM. Additionally, it decreased ultrastructural degeneration and histopathology brought on by DM. It can be ¢batluded
the antioxidant properties of sage may be contributing to its protective effects.
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INTRODUCTION

Pesticides are vital in agricultural regions becaude them has grown (Meftast al, 2023). Pyrethrins, which
they can considerably boost crop productivity. Because thage hazardous natural substances pres@tiriysanthemum
pollute the environment, pesticides provide serious healtineraria folium flowers, are the source of synthetic
dangers, including acute and chronic poisoning in bothyrethroids (Singtet al, 2022). Pyrethroid pesticides are
humans and animals (Kaet al, 2024). In addition to poisonous to birds and mammals and less persistent in the
occupational exposure through contaminated food, humagisvironment (Singlet al, 2022).
are subjected to insecticides through consumption, inhalation
and skin contact (Scorzt al, 2023). Since pyrethroids Pyrethroids are relatively safe insecticides that have
supplanted organophosphorus pesticides, human expodoeen classified as type | or type Il based on their chemical
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composition and clinical manifestations of the exposuiteave revealed that the liver accumulates a higher
(Aznar-Alemany & Eljarrat, 2020). One of the main classesoncentration of metabolites.

of insecticides used in agriculture globally is A class I

synthetic pyrethroid insecticide with comparatively low It has been demonstrated that exposure to DM
toxicity to mammals is deltamethrin (DM) (lat al, 2019). strongly affects the enzymatic antioxidant molecules, such
According to studies, DM can be easily absorbed througts SOD and GSH antioxidant molecules, when ROS
tainted food and water (Wet al, 2021) as well as being generation exceeds antioxidant capacity. The constant
bioavailable in urine and faeces (L8tial, 2023). Despite contact between humans and agricultural produce with
its quick metabolism and minimal toxicity, DM has beenpesticides increases the risk of health issues for individuals.
shown in multiple studies to cause certain adverse effectsAmong the organs that most frequently intoxicate are the
organisms that are not its intended target, includinigdneys (Oliveiraet al, 2018). Research indicates that the
neurotoxicity (Khalilet al, 2022), genotoxicity, hemolysis liver, as the primary site of DM metabolism, accumulates a
(Arif etal, 2020), reproductive damage, pulmonary disordetggher concentration of metabolites compared to the kidney,
(Gasmiet al,, 2022), and hepatotoxicity (Korgg al, 2021). which is an excretion organ.

Additionally, it has recently been revealed that DM exposure

can result in nephrotoxicity and degenerative alterations to One of the first cytokines to emerge during an
renal tissue (Jiangt al., 2021a). Non-targeted speciesinflammatory response is tumour necrosis factor a (GINF-
experience DM toxicity through inflammation, apoptosis, lipidKonget al., 2021). It promotes the synthesis of interleukin-
peroxidation, free radical production, and disruption of th&3 when oxidative stress is sustained and was elevated in
body's antioxidant capacity (Isildar al, 2020). the kidneys handled with DM (Korgg al, 2021).

The key mechanisms underlying DM-induced Consequently, it appears that taking antioxidant
oxidative damage and, subsequently, damage to tissue is camgdplements is necessary to lessen the negative
by the overproduction of reactive oxygen species (ROS) asdnsequences. A rapidly growing variety of naturally
the depletion of the body's natural antioxidant system (Jiaogcurring polyphenols—secondary metabolites of plants—
et al, 2021b ; Yanget al, 2022). The kidney is responsiblewith anti-inflammatory, anti-apoptotic, and antioxidant
for the majority of DM excretion, while intestine esterasesctivities have been identified in recent decades Sage leaf
plasma carboxylesterases, and the hepatic microsomal enzygrtract is one of the primary sources of these compounds.
system facilitate its metabolism (Depgal., 2021). Due to
the onset of oxidative damage, the hepatic and renal tissues  Numerous studies have looked at the therapeutic
may become overloaded with these metabolitesefLal, potential to treat or prevent various diseases, especially the
2019). By triggering mitochondria-mediated apoptosisngestion of phytonutrients derived from natural plants.
DM can induce cellular death (Allast al, 2022). Because of their many pharmacological characteristics as

well as low toxicity, research on the hepato- and

Antioxidants may be useful tools for scavenging RO8ephroprotective benefits of herbal nutraceuticals is currently
and maintaining the activity of antioxidant enzymes imttracting more interest (Sihet al, 2023).
addition to traditional DM poisoning therapies (Meitta
al., 2020). As a medicinal plant, Sage has been widely utilised

to cure a wide range of ilinesses. The presence of flavonoids,

The initial line of defence against oxidative damagphenolic substances including caffeic, rosmarinic, carnosic,
is provided by the antioxidant enzymes SOD and GSH. Tlaad salvianolic acids, as well as other compounds based on
main defence mechanism in the antioxidant system agaipstenolic structures, gives Sage leaves some medicinal
oxidative stress is SOD, which catalyses converting twaroperties (Vosoughét al., 2018; Khiyaet al., 2021).
superoxide radicals (Qinto hydrogen peroxide (8,) and Numerous experimental investigations have shown
molecular oxygen (Q (Saxenaet al, 2022). GSH is a antioxidant properties of Sage extract and some of its
significant naturally occurring antioxidant that conjugatesonstituents.
molecules to help with detoxification andprevent the harmful
effects of free radicals. Furthermore, GSH serves as acrucial Among its many biological benefits, Sage has
cofactor for antioxidant enzymes and is vital to the cellulantidiabetic (Alharbet al, 2022), antibacterial (Mendes
antioxidant defences (Gupgh al, 2018). al., 2020) antiviral and antiulcer (Jalalipoet al, 2022)

activities. Furthermore, we have shown that the floral extract

Since the kidney is an organ of excretion and the livgrossesses hepatoprotective and nephroprotective properties
is the primary site of DM metabolism, several investigatiorspecifically against alcohol intoxication (Jeditlal., 2023).
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Consequently, in this study, we looked at the Group I control: A single dosage of 0.5 cc of corn oil was
preventive benefits of Sage ingestion against DM-inducedgiven to these rats.

nephrotoxicity. - Group IlI: Injected by gavage with Sage (100 mg/kg)
(Allaithi & Al-Azawi, 2019).
MATERIAL AND METHOD - Group lll: The animals were fed 300 mg/kg of DM.

- Group IV: Obtained a diet of DM (300 mg/kg) and Sage
Material. DM (Butox®, 50 mg/mL) was purchased as a (100 mg/kg).
commercial product in clinical formulation for veterinary
usage from Intervet Company (Paris, France). For 30 days, rats received oral treatments of DM
and Sage in successive dosages daily. The kidneys were
Plant preparation. Salvia officials was extracted removed for biochemical, histological, and ultrastructural
aqueously using ultrasonication (Moldavanataal, evaluations at the conclusion of the experiment.
2021). A glass beaker containing 50 g of powdered plant
was filled with 1000 mL of distilled water, well mixed, Biochemical Analysis
and then sonicated for 2.5 h in an ultrasonic machine bath
(Decon FS 200 Frequency Sweep) maintaining a constédreparation for kidneys’ Homogenate Kidney
temperature (25C). Simple filtering used to separate thespecimens were homogenised in 5 mmol/L of Tris-HCI
extract, and any leftover material was cleaned with 20 nmuffer and 2 mmol/L of ethylene diamine tetra-acetic acid
of pure water. The soluble extracts were then concentraf@gDTA), pH 7.4, to produce 10 % (w/v) kidney
ten times using a rotating vacuum evaporator at 45 to BO@mogenates. After separating the supernatants from the
°C and stored in a refrigerator for future research. The finamogenates by centrifuging for approximately 10 minutes
drying was done for 24 h at 8Q in an oven; the entii®. at 4°C and 1000 rpm, the oxidant-antioxidant status was
officinalis plant was sun-dried for 10 days. Both a manug@iromptly examined.
and an electric grinder were used to powder the dried herbs.
Before being filtered, 15 g of powderg8dofficinaliswere  Renal Function TestsUtilising colorimetric kits that were
soaked in 350 mL within a beaker of distilled water andcquired from Abcam, USA, in accordance with the
agitated on a lab bench for a full day. At 40°&) the manufacturer's instructions, kidney function tests such as
filtrate has evaporated using a hot-air oven. To get tlseeatinine and urea were measured.
concentration needed for the studies, distilled water was
used to prepare the residue in the proper weights. Determination of Malondialdehyde (MDA) and
Oxidative Stress Markers.After being properly cleaned
Animals and treatments. This study was carried out in of blood, the obtained kidney samples were promptly
compliance with the relevant national laws on the use tifozen and kept in a freezer at -8C for tissue
animals in research. In this investigation, twenty-four adutbalondialdehyde (MDA) (Cat. No. MD 2529) testing.
male albino rats in good physical condition were employeDA is a byproduct of lipid peroxidation.
The animals' initial average body weight was 150 + 2g
(+SE). Laboratory Animal Breeding Colony at King Khalid SOD activity (Cat. No. SD 2521) and glutathione
University's Faculty of Medicine is where the animals wer@SH) levels (Cat. No. GR 2511). Using spectrophotometry,
acquired. For a minimum of one week before the studiyye absorbance of the supernatant was determined.
the animals were given time to acclimatise to a controlled
temperature (22-2%C), humidity, and light/dark cycle. A Kidney tissue malondialdehyde (MDA) levelThe double
standard commercial pellet diet was given to the rats. Thibgating method was used to measure the level of MDA in
have unlimited access to food and drink. renal tissue in order to evaluate the lipid peroxidation
(Draper & Hadley, 1990). The procedure involved mixing
According to the National Institutes of Health ancdhomogenates with a solution of butylated hydroxytoluene
the Animal Care and Use Committee of King KhalidBHT)-trichloroacetic acid (TCA), which contained 1 %
University's Faculty of Medicine in Abha, Saudi ArabiaBHT dissolved in 20 % (w/v) TCA. Atc, for five
all animals were treated humanely (NIH publication 8Gminutes, the product was centrifuged at 1000 g. After
23 revised 1985). mixing the supernatant with a solution that contained 120
mM TBA buffer buffered in 26 mM Tris and 0.5 N HCl, it
The animals were divided into four groups of sixvas heated to 80C for 10 min. MDA levels were
rats each, and each group was given the followirdetermined using the MDA-TBA complex's molar
treatment: extinction coefficient, which is 1.56 105 M/cm.
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Assessment of superoxide dismutase (SOD) activity. concentrations; samples had to spend two hours cleared of
Using the epinephrine/adenochrome combination, theglene. Three hours were spent embedding and impregnating
spectrophotometric approach employed for assessment sudt paraffin wax at 45-50C, whereas one hour was spent
renal SOD activity (Misra & Fridovich, 1972). Theat 60°C embedding firm paraffin wax. Haematoxylin and
autoxidation of adrenaline to adenochrome is induced lepsin (H&E) staining was applied t& sections of paraffin
the superoxide anion (0O2+-) at basic pH. SOD competesbiocks (Bancroft & Gamble, 2008). Histopathological
this mechanism by causing O2e- to produce hydrogenvestigation carried out with an Olympus BX50 light
peroxide (H202) molecules. At 480 nm, variations imicroscope (Tokyo, Japan). The samples were analysed at
absorbance were measured. the pathology department of King Khalid University College
of Medicine.
Glutathione (GSH) estimation. Rat kidney tissues'
glutathione content was calculated using 5,5-dithiobis-Zransmission electron microscopy.Fresh kidney sections
nitrobenzoic acid (DTNB) as a substrate (Ellman, 1959vere fixed into one mapieces using 0.1 M phosphate buffer
The yellow colour development was measured at 412 nfpH 7.4) and 2.5 % glutaraldehyde for the TEM investigation.
right away and molar extinction coefficient of DTNB (13.61% osmium tetroxide was then used to post-fix these
x 10% nM-1 cm?) was used to represent the results as mmaéctions. Following that, the specimens were put in an oven
g wet tissue. setto 60 C and embedded in spur's resin. Ultrathin sections
on copper grids were counterstained with uranyl acetate and
Kidney TNFa assays.Following the manufacturer's lead citrate (Hayat, 2012). The pathology department of King
instructions, pre-made kits from R&D SystemsKhalid University College of Medicine employed TEM
(Minneapolis, MN) used to quantify renal TNFfevels. (JEOL, 1011 Tokyo, Japan) for analysis.
The assay diluent was essentially added to each microplate
well in an amount of 5QL. The plate was covered and leftStatistical analysis.Version 29 of the SPSS software (IBM
to stand at room temperature for two hours aftep5@f SPSS Statistics for Windows, Armonk, New York, USA:
the diluted renal tissue homogenate supernatant samples wBid Corp.) used to analyse the data. The data's normality
added to each well. After a minute of tapping the plate fram@as evaluated using the Shapiro test. The me&D
the samples were carefully combined. After incubation, tstandard deviation) is employed to symbolise continuous
kit's washing buffer was used to aspirate and rinse each wadkiables. The one-way ANOVA test was used to compare
on the plate five times. The plate was then incubated for &@eans, and then Tukepsst hodest was used. The findings
minutes at room temperature in the dark after fD®Mf were deemed significant when the likelihood of error was
substrate solutions had been added. The optical densityests than 5% (i 0.05) and nonsignificant when the
450 nm was then measured using a 96-well microtiter plgbeobability of error was greater than 5 % (p > 0.05) (Tello &
ELISA reader. The TNFr level was determined using aCrewson, 2003).
standard curve and multiplied by the dilution factor.
RESULTS
Histopathological examinations.Each rat kidney was
quickly sliced into little pieces and fixed in a 10 % formalinThe Effect of DM and/or Sage on Renal Functional Tests.
saline for a full day. Following that, the samples were wash&krum urea (Fig. 1A) and creatinine (Fig. 1B) increase
and dehydrated in 70 %, 90 %, and 100 % ethansignificantly in response to DM treatment in contrast to the

A 3.5 B

90 3 a

qn B | [ ;j i

a
Control SAGE DM SAGE+DM Control SAGE DM SAGE+DM
Fig. 1. The effects of Sage administration on renal functional parameters including urea (A) and creatinine
(B) in DM nephrotoxicity. Data are represented as Me&D (n=6). One-way ANOVA followed by a
Tukey’s post hoc test was used for comparison between different groups. aSignificant change in comparison
with the control group at P < 0.05; ab Significant change in comparison with the DM group at P < 0.05
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control group. Sage-treated group's serum, however, théféect of DM and/or Sage on the release of TNE- The
tests did not exhibit any appreciable alterations in the§iM-treatedgroup's TNF-a levels were noticeably greater than
parameters. However, there was a noticeable improvemdimt control groups. Treatment with Sage considerably reduced
in the kidney function tests when DM-intoxicated rats wer€éNF-a levels in comparison to the DM group (Fig. 4).

given Sage at the same time.

Sage and/or DM effects on the Oxidative Cascade in
Kidney Tissue.Oxidative Cascade in Kidney Tissue: Figure
3 shows that neither the control nor the Sage groups shov
any changes in the oxidative stress indices. In contrast
controls, the kidney tissue homogenate rats treated with C
showed that MDA had significantly increased (Fig. 2) and
significant decrease in SOD activity (Fig. 3A) and GSt
content (Fig. 3B). Interestingly, when compared to the DI i ab
group, Sage treatment in addition to DM may significantl 0 i
reduce the DM-induced changes in the oxidative stre j i

markers.

TNF-a (pg/mg Protein)

Control SAGE DM SAGE+DM

120 Fig. 4. Levels of pro-inflammatory biomarker TNF-a in the studded
160 groups. The DM group's TNé&-activity significantly reduced after
taking Sage. Data are represented as Me&b (n=6). One-way
ANOVA followed by Tukey’s post hoc test was used for comparison
between different groups. a Significant change in comparison with

the control group at P < 0.05; ab Significant change in comparison
40

ab
with the DM group at P < 0.05; TN&: Tumour necrosis factar-
Histological results
L e
0 Haematoxylin and eosin-stained photomicrographs of

d
Control SAGE DM SAGE+DM rat kidney sections from the control and experimental groups
ere shown in Figures 5A, 5B, 5C and 5D.
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Renal MDA Levels (pg/mL)

Fig. 2. The effects of Sage administration on MDA activity in DMW
nephrotoxicity. Data are represented as Me&8D (n=6). One- . . . .
way ANOVA followed by a Tukey’s post hoc test was used for Rats with normal renal cortex archltect.ure, including

comparison between different groups. a Significant change fhrenal corpuscle enclosed by proximal and distal convoluted
comparison with the control group at P < 0.05; ab Significant changj¢bules, were shown in sections of kidney tissue from the

in comparison with the DM group at P < 0.05. control and Sage groups that did not demonstrate any
. A w B
3
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Control SAGE DM SAGE+ DM Control SAGE oM SAGE+DM

Fig. 3. The effects of Sage administration on oxidative markers including SOD (A) and GSH (B) activities in DM nephr@ascity.

are represented as MeaisD (n=6). One-way ANOVA followed by a Tukey'’s post hoc test was used for comparison between different
groups. aSignificant change in comparison with the control group at P < 0.05; abSignificant change in comparison withahp DM gr
at P <0.05
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pathogenic alterations. The renal corpuscle, which includésigs. 5B and 5C). The glomerulus formed capsular

the glomerulus, has been enclosed by glomerular capsatthesions with some renal corpuscles. Additionally, there
(Bowman's capsule), which was made up of a parietal laywas extravasation, vacuolation, and tubular epithelium loss
of simple squamous epithelium, a visceral layer of podocytésat sloughed into the lumen. Additionally, extravasation and

(Fig. 5A). sloughing into the lumen were observed, along with some

inflammatory cells.
A damaged renal cortex architecture, comprising a

smaller glomerulus, a broad Bowman's space, and a  Rats treated with DM and Sage showed significantly

discontinuity in glomerular capsule, were among theeduced renal tissue degenerative changes with fewer
pathological changes observed in the DM-exposed animaldhesions than rats treated with DM alone. (Fig. 5D).

S - it .’le 0 l‘ ‘ ; I."-./ ,: alleg

e

Fig. 5. Photomicrographs of all groups of rat kidneys stained with H& E: Banm5QA. (Groups control & Sage): A normal renal

cortex architecture includes a renal corpuscle surrounded by proximal (P) and distal (D) convoluted tubules. BowmanB)capsule (
envelopes the renal corpuscle, which consists of the glomerulus (G). Glomerular capsule has a parietal layer made ddrsioysle squ
epithelium (black arrow), a visceral layer made of podocytes (White arrow), and Bowman's space in Be(@begroup): A damaged

renal cortex architecture, including a shrunken glomerulus (G), a wide Bowman's space (s), and discontinuity in Bowman's capsul
(black arrow). Some renal corpuscles constitute capsular adhesions with the glomerulus (asterisk). There is also tuhutatossithe
(curved arrow), sloughing into the lumen, vacuolation, and extravas@tiaiidM group): The renal cortex's architecture is deformed,

with a narrower glomerulus (G), a wider Bowman's space (s), and a discontinuous Bowman's capsule (black arrow). Thelar are capsu
adhesions between the glomerulus and certain renal corpuscles (asterisks). Also, some inflammatory cells (IC) are seeth&lereove

is extravasation (e), sloughing into the lumen, vacuolation (V), and loss of tubular epithelium (curvedar(®aye plus DM group):

In comparison to the control group, the glomerulus (G) and Bowman's space (s) are essentially normal, with minimal astkesk®)s (a
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Transmission electron microscopic observations. basement membrane's three layers were visible: the dense
centre layer (lamina densa), the outside layer (lamina rara
Rat kidney tissue ultrastructural alterations in thexterna), and the innermost one (lamina rara interna). Multiple
control and experimental groups were displayed in Figsfénestrae and thin diaphragms were also observed in the
to 10. glomerular capillary lumina.

The control and Sage rats' renal glomeruli were shown In a proximal convoluted tubule, epithelial cells with
to have a normal ultrastructure in the electron micrograplasround nucleus and many mitochondria were resting on the
(Figs. 6A and 6B). The capillary lumina, basement membrandmsement membrane. The brush boundary is formed by the
endothelial cells, visceral epithelial cells of podocytes andng microvilli on the apical surface of the epithelial cell
urinary spaces were all normal in a glomerulus. The glomerulgig. 6C).

L _ " .

Nl gy K Yy & — 3 f% £ 3 ﬁ Vel ¥, —
Fig. 6. Ultrastructure of control and SAGE rat kidney stained with Uranyl acetate & lead citrate: par& Bum. A. A glomerulus
showing some capillary lumina (GL), basement membranes (Bm), endothelial cells (E) and visceral epithelial cells of podocytes
(Ep). Urinary spaces (U) are also seBnHigher magnification of the above figure displaying the three layers of the glomerular
basement membrane (Bm); an inner layer (lamina rara interna, i), an outer layer (lamina rara externa, €), and a deager central |
(lamina densa, d). Thin diaphragms (arrow) and multiple fenestrae (white arrowhead) are seen in the glomerular capillary lumina
(GL). C. A proximal convoluted tubule showing epithelial cells (Ep) resting on the basement membrane (Bm) and containing
numerous mitochondria (m) and a round nucleus (N). The apical surface of the epithelial cell containing long microvilthe form
brush margin (Bb)D. A distal convoluted tubule showing some epithelial cells (Ep) resting on the basement membrane (Bm), short
microvilli (arrow), Golgi apparatus (Go) and mitochondria (m).
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Figure 6D showed a distal convoluted tubule wittendothelium were observed in a damaged glomerular tuft.
mitochondria, small microvilli, the Golgi apparatusAdditionally, mesangial cell proliferation and localised
(Complexus golgiensifApparatus golgiensjs and some hypertrophy were observed in the glomeruli, together with
epithelial cells lying on the basement membrane. degenerated podocytes and their endothelial cells (Fig. 8A).

Figures 7 to 9 of the DM rats displayed tubular The DM rats demonstrated signs of pyknosis in the proximal
degraded epithelial cells, a damaged glomerular capillatybules, nuclei that shrankith chromatin clumping and
and a disturbed Bowman's capsule. chromatin margination, pale cytoplasm, slightly enlarged

mitochondria, and irregularly organised microvilli. The apical

A damaged glomerular tuft and thinning Bowman'sytoplasm contained several vacuoles and a greater number
capsule were seen in a glomerulus (Fig. 7), which alsd lysosomes (Figs. 8B, 8C, 8D, 9A and 9B).
showed a few erythrocytes in the large urinary space.

Additionally, disruption of glomerular capsule, glomerular The DM rats' distal tubule displayed cytoplasmic
capillary occlusion by proteinaceous materials, hump-likerganelles of districted epithelial cells that were injured
immune deposits, subendothelial immune deposits, aimide the tubular lumen, along with a few organelles found
glomerular capillary obliteration by hypertrophiedin certain inflated epithelial cells where the microvilli were

A R A B Q‘ ~;

Fig. 7. Ultrastructure of the DM-treated rat kidneys stained with Uranyl acetate & lead citrate: Bar & 3 um. A. A glomerulus
demonstrates a few erythrocytes (asterisks) in the huge urinary space (U) and damaged glomerular tuft (G) and thinning Bowman'’s
capsule (arrow)B. A damaged glomerular tuft (G) showing disrupted Bowman’s capsule (arrow) and tubular degenerated epithelial
cells (Ep)C. A glomerulus showing abnormal glomerular capillary (GL) occluded by proteinaceous-like materials and hump-like immune
deposits (asteriskd. Abnormal glomerulus displaying subendothelial immune deposits (arrows) and glomerular capillary obliteration

by hypertrophied endothelium (E).
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either destroyed or disappeared. Patchy tubular dropoutshafalth, with their toxicity facilitated by free radicals.
the brush margin, mitochondria, and nucleus were visible @xidative damage occurs when the balance among free
the interstitial region (Fig. 9C). radical generation and the antioxidative profile is disrupted.
As per this investigation, oxidative stress may be brought
Patchy tubular dropouts of the brush marginon by the renal damage brought on by DM because of the
mitochondria, and nucleus were seen in the interstitial arganeration of free radicals. Kidney injury markers, such as
(Fig. 9D). creatinine and urea, were markedly elevated by DM
intoxication. DM therapy dramatically reduced kidney
Rats in the Sage plus DM group had slight structuranzymatic SOD and GSH antioxidant levels and dramatically
alterations in the glomeruli, proximal tubules, and distal tubulexacerbated lipid peroxidation by raising kidney MDA
tissue, according to electron microscopy analysis (Fig. 10)levels. Additionally, when compared to the control group, it
markedly elevated TNE-in renal tissue.
DISCUSSION

This study stated that, rats administered an aqueous
Pesticides' widespread use in agriculture and publextract of Sage leaves were protected from DM-induced
health initiatives poses bio

Fig. 8. Ultrastructure of the DM-treated rat kidneys stained with Uranyl acetate & lead citrate: |Bar A. B\ glomerulus showing
focal hypertrophied and proliferation of mesangial cells (Mc), degenerated podocytes (Ep) and degenerated endotheliBl éells (E)

proximal tubule showing vacuolar (V) degeneration of epithelial cells (Ep) and increase amounts of lysosomes (L). N, nuclei; Bm

basement membrane; Bb, brush mar@in.A proximal tubule displaying degenerated epithelial cells (Ep) with damaged cytoplasm
(asterisk) and increase amounts of different sizes of lysosomes (L). N, nuclei; Bm, basement membrane; Bb, brizsh’npaogimal

tubule showing more degeneration of epithelial cells (Ep) with dilatation of infolding membranes (arrows), damaged mit¢et)ondria
and increase amounts of irregular-shaped lysosomes (L). N, nuclei; Bb, Brush margin.
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increased serum urea and creatinine levels. After DRIsignificant pathologic event that involves the degradation
treatment, elevated serum levels of creatinine and ureBpolyunsaturated fatty acids (Teketial, 2021).
indicated a possible deterioration in renal function. DM-
induced nephrotoxicity, shown mainly as direct tubular In the present investigation, a significant decrease
injury and a glomerular filtration rate reduction, could alson the antioxidants (SOD and GSH) in rats given DM
be reason of these effects (Thatdil, 2022a,b). Rats with provides compelling evidence that oxidative damage to
DM showed a marked reduction in blood urea anthe kidneys contributes to nephrotoxicity. SOD and GSH
creatinine levels following the administration of Sageare two crucial antioxidant systems that shield cells from
extracts. Its ability to reduce renal impairment seems to bee radical damage. It is commonly recognised that
the reason for this research's lowering in blood urexidative damage caused by free radicals is prevented and
(Dawoodet al., 2020). neutralised by endogenous non-enzymatic antioxidants and
antioxidant enzymes (Let al, 2019).
In this context, research has demonstrated that as
compared to the control group, DM administration However, inflammation is one of the primary
dramatically raised the kidney MDA level in rats, a measuraechanisms via which DM poisoning occurs in non-
of lipid peroxidation. Free radicals cause lipid peroxidatiotargeted organisms. Recent research has shown that oral
h 3 i by W :

Fig. 9. Ultrastructure of the DM-treated rat kidneys stained with Uranyl acetate & lead citrate: Remn.A5 A proximal tubule
showing irregularity in the arrangement of the degenerated epithelial cells (Ep) with dense irregular-shaped pyknotic marieags
amounts of lysosomes (L) were also sé&nA proximal tubule demonstrating more destruction (asterisks) of basal part of the vacuolar
(V) degenerated epithelial cells (Ep). Bm, basement memiZarfedistal tubule showing damaged cytoplasmic organelles of districted
epithelial cells (Epl) inside the tubular lumen (Lu), and a few organelles present in some swollen epithelial cells (EquRpwitly or
disappearance of the microvilli (arrov. Interstitial area (l) showing patchy tubular dropout such as brush margin (Bb), mitochondria
(m) and nucleus (N). R, erythrocytes.
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administration of DM causes degenerative changes in kidn2921). In comparison to the control group, the rats given
tissue and dramatically increases the tumour necrosis fadiivl showed thicker basement membranes in the glomerular
(TNF-a). capillaries and renal tubules (Yumnaitnal, 2017).

Significant alterations, such as glomerular This present investigation analysed kidneys of rats
congestion, tubular degeneration, necrosis, inflammatory ceiéated with MD at the ultrastructural level, revealing
infiltration, renal haemorrhage, and vacuolization, wericreased lysosomes, vacuolated cytoplasm, mitochondrial
found in the rat kidneys treated with DM. Furthermore, sacuolation, tubular casts, damaged mitochondria, irregular
significant infiltration of interstitial mononuclear cells hadnucleus, myeloid bodies, and nuclear condensation. These
also been noted (Azzaet al, 2024). In order to identify results were consistent with previous MD research
morphologic alterations following DM therapy, the studyinvolving rats (Nady Ouaist al., 2024) who documented
performed histologic investigations on kidneys from rats whiticker glomerular basement membrane, deformed foot
survived in order to identify tubular necrosis (Darigal, processes, and cytoplasmic vacuolation.

<

por hé &% — \ Ao g ¥ -
Fig. 10. Ultrastructure of SAGE+DM rat kidney stained with Uranyl acetate & lead citrate: Bam=&2 um. A. A glomerulus
showing improvement of capillary lumina (GL), basement membranes (Bm), endothelial cells (E) and visceral epithelialdetigtesp
(Ep). Urinary spaces (U) are also seé&n.Higher magnification showing the three layers of the glomerular basement membrane (Bm);
an inner layer (lamina rara interna, i), an outer layer (lamina rara externa, €), and a dense central layer (laminaGlenserutgr
capillary lumina (GL) and urinary space (U) are also s€em proximal convoluted tubule showing intact epithelial cells (Ep) resting
on the basement membrane (Bm) and containing numerous mitochondria (m) and a round nucleus (N). The apical surfaceliad the epith
cell containing long microvilli to form the brush margin (BbB). A distal convoluted tubule showing improvement of epithelial cells
(Ep) resting on the basement membrane (Bm), short microvilli (arrow), Golgi apparatus (Go) and mitochondria (m).
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The current study's key findings demonstrated tha¢ducing oxidative stress. It is crucial to decrease the toxicity
Sage supplementation reduces inflammation, oxidatifeom pesticide exposure and minimise nephrotoxicity effects
stress, lipid peroxidation, renal function tests, histopathologyhile evaluating the potential use of Sage, which is high in
and ultrastructural alterations. Sage, on the other hartlis antioxidant, for men in agricultural practices. This
increased antioxidant enzyme activities that DM hagositions it as a promising candidate for further research into
decreased, thus minimising kidney damage triggered by Dlgrotective agents against pesticide-induced nephrotoxicity.
Endogenous antioxidants guard against the oxidative damage
that free radicals convey to cells. Research has demonstrad@KNOWLEDGEMENTS. The authors extend their
that after DM treatment, kidney tissues' total antioxidarappreciation to the Deanship of Research and Graduate
capacity, SOD, and GSH activities were significantly loweBtudies at King Khalid University for funding this work
than in control groups (Mansoet al, 2018). through Research Project under grant number RGP2/92/46.

In our work, we demonstrated that Sage helps redub&WOOD, S. A,; EID, R. A,; JAMIL, S.; ALARABI, T.G. M,;
ROS-generated inflammation by lowering TNF-a, which if\L-SHRAIM, M.; AL-HAIDER, S. M.; MOHAMMED, H. M ;
turn helps prevent kidney damage from DM. The activatioRlPEEG, A. M. SALIH, A. G. A.; MOHAMED, G.; HAMAD,

of several transcription factors by reactive oxygen speci 3 e'; i?ch?cll al\fl:' ﬁ;::gzﬁc?;; ai/i%?'bmél'séﬁ.lalr:nuondCI?anc%en
(ROS) results in the differential expression of certain gengé e Y ) 'a otlicinallse! Jacion
el dafio renal causado por el estrés oxidativo y la inflamacion

involved in inflammatory pathways (Blasetral, 2016). inducidos por deltametrindnt. J. Morphol., 43(51808-1821,

2025
The current study's findings demonstrated that plant
extracts restore the progression of kidney damage in rats  RESUMEN: El extracto d&alvia officinalis(salvia), una
with DM to levels that are almost normal. This suggests thatente adecuada de ingredientes polifendlicos, posee propiedades
the flavonoid-based plant extracts have a protective impaittioxidantes, antiinflamatorias y antiapoptéticas. Los mamiferos
and can repair organ tissue. The Sage aqueous extpatras especies pueden sufrir consecuencias fisiopatologicas

significantly improved kidney function by stabilizing de:i\{adas.ddil plalgluici?a} pire.t(;oith deltametrina (DM) dlebid% all
histological and histochemical alterations, includin stres oxidativo. £l estreés oxidativo es un mecanismo clave de fa

d d al | d tubular b t b oxicidad de los plaguicidas, y muchas plantas poseen altos niveles
ecreased glomerular and tubular basement membrape, yioxidantes que absorben y neutralizan los radicales libres.

thickness, indicating improved kidney function (Ranasinghgys ohjetivos del presente estudio fueron investigar los posibles
et al, 2023). The biochemical and histological changes eneficios nefroprotectores y antioxidantes de la salvia contra la
the kidney caused by DM were significantly avoided byoxicidad inducida por DM en ratas. Se asignaron aleatoriamente
concurrent Sage supplementation (Aiethl, 2024). Sage cuatro grupos de veinticuatro ratas albinas: control, salvia, DMy
treatment in rats caused minor fibroplasia and renal blo& mas salvia, con seis animales por grupo. El tratamiento
vessel congestion, while some showed improvements fgfmacologico se prolong6 durante un mes, tras lo cual se
histopathological architecture of glomeruli, Bowman'&xaminaron los tejidos renales de todas las ratas utilizando los kits

N de prueba adecuados para medir los niveles de glutation (GSH),
corpuscle, and renal tbules (Abdel-Gawadl, 2021). malondialdehido (MDA), superéxido dismutasa (SOD) y factor

. . de necrosis tumoral a (TNF-a). Este estudio también examiné las
In this work, Sage was found to have a protectiVgieraciones histolégicas y ultraestructurales. Las ratas intoxicadas
effect against DM-induced changes to the kidney tissues@n DM mostraron niveles significativamente mas altos de urea y
rats in terms of histology and ultrastructure. Thereatinina que las ratas control. Ademas, las ratas tratadas con DM
improvement was observed in the less noticeable cytoplasmiesentaron cambios considerables en la peroxidacion lipidica renal,
vacuolation and distortion of glomerular and tubular cell€n enzimas antioxidantes como la SOD y el GSH, y en el@NF-

with no significant morphological damage decreasekps alteraciones histologicas y ultraestructurales de los tejidos
inflammatory cell infiltration, and preservedrenales confirmaron estas alteraciones bioquimicas. Por otro lado,

. . . . salvia restablecid los niveles normales de ureay creatinina en la
microarchitecture. These results were consistent with thae y

. - h d with other i S hsangre.Adicionalmente, la salvia redujo los procesos inflamatorios,
Investigation t_atlcontraste with other investigations t @F estrés oxidativo y la peroxidacion lipidica inducidos por la DM.
used other antioxidants (El-Gerbed, 2014).

Asimismo, disminuyo la degeneracién ultraestructural y la
histopatologia provocadas por la DM. Se puede concluir que las
CONCLUSION propiedades antioxidantes de la salvia podrian contribuir a sus
efectos protectores.

The results of this study show that Sage may offer .
some protection against kidney impairment brought on by ~ PALABRAS CLAVE: Extractos acuosos de hojas de
DM. Therefore, these extracts' beneficial benefits might Ivia offlqnalls Deltametrina; Estrés oxidativo; Lesion renal;
mediated via enhancing the antioxidant defence system drgas albinas.
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