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doxorubicin, kidney Doxorubicin (DXR)-induced nephrotoxicity remains a major concern in cancer treatment and calls for potential prevention of
toxicity, breast kidney injury. This study aims to evaluating the nephroprotective potentials of green tea and moringa used as 1% and 2% water
cancer, green tea, extracts in DXR-induced kidney damage in female Balb/C mice with breast cancer. Thirty six female Balb/C mice were divided
moringa, apoptosis, into six groups as follows: healthy control; 4T1 cells cancer-induced; healthy mice with DXR treatment; cancer-induced with
inflammation, DXR treatment; cancer-induced under DOX and treated with 1% green tea and moringa combination; cancer-induced under
antioxidant, DOX and treated with 2% green tea and moringa combination. The variables of the experiment were body weight, tumor volume,
histopathological antioxidant enzyme activities (CAT, GPx, SOD), oxidative stress markers (TOS, TAC, OSI), pro-inflammatory cytokines (IL-1,

TNF-a), and apoptosis and inflammation-related genes (BAX, BCL2, NLRP3, NFKB). Histological analysis of the kidneys was also
done to check for cellular changes. DXR treatment led to a decrease in the body weight and an increase in kidney enzymes, which
is an indication of kidney damage. The levels of these enzymes were significantly lowered by the combination of herbal extracts,
especially at 2%, indicating nephroprotective properties. The herbal extracts brought back the antioxidant enzyme activities to
normal and reduced the oxidative stress markers in the kidney through raising the CAT, GPx, and SOD and decreasing the TOS
and OSI levels. Furthermore, the herbal treatment also decreased the levels of pro-inflammatory cytokines and affected the
apoptosis related gene expressions; the BAX was down-regulated and BCL2 was up-regulated, which helped in increasing the cell
survival and decreasing inflammation. The extracts also reduced the NLRP3/NFKB in the kidneys of DXR-treated mice in a dose
dependent manner. Based on these results, 1% and 2% mixture of green tea and moringa leaf aqueous extracts (1:1 ratio) can be
considered an appropriate combination to reduce DOX-induced nephrotoxicity and kidney injury in cancer patients.
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K/IFOYEBBIE C/IOBA: AHHOTALI A
00KCOpYOUYUH, paK Wupyumpyemas nokcopyouiaom (DXR) HepOTOKCUMYHOCTD MPOJOIKAET BbI3bIBATH GOMBIIYI0 06€CTIOKOEHHOCTD MY Jieye-
MOOUHOTI H#cenesbl, HMM paka u TpebyeT 3¢ dHeKTUBHOTO MpeJoTBpalieHys] TOBpekIeHNs movek. Llenbio JaHHOTO UCCIeL0BaHNS SIBISIETCS OlleHKa
3eJ1eHblll uail, MOpuHaa, HedPONPOTEKTUBHOTO MOTEHIMAIA 3€JIEHOTO Yasi M MOPUHIU B 1% U 2% BOIHBIX 9KCTPAKTAX MMPYU MHAYIMPOBAHHOM JOK-
anonmos, socnajeHue, CcOpyoMLIMHOM MOBPEXAEHUM MOYeK y caMoK Mbiuieit Balb/C ¢ pakomM MOJIOUHOI skene3bl. TpyALATh LIeCTh CAMOK MbIIIet
aHmMuoKcuodaHm, Balb/C 6butM pasgeneHsl Ha MIeCTh TPYIIT CIeAYIONMM 06pa3oM: 30POBbIii KOHTPOJIb; MBIIIN C PAKOM MOJIOUHOI SKeJie3bl,
2UCMONAamono2utecKull MHAYIMPOBaHHBIM KiaeTkamu 4T1; 3M0poBbie MbIIH, moaydaBie DXR; MbIIIM ¢ MHAYIIMPOBAHHBIM PAKOM MOJIOYHOI Ke-
Jsie3sl, nmomyyasine DXR; MbIM ¢ MHAYIMPOBAHHBIM PaKOM MOJIOUHOJ skese3bl, ronydasiire DXR u 1%-10 KoMOGMHALINIO
3€JIeHOr0 Yasl ¥ MOPMHIY; MBILIN C MHAYIVPOBAHHBIM PAKOM MOJIOYHO¥ JKese3bl, moaydasiine DXR 1 2%-10 KOMOGMHAIIUIO
3eJIeHOro 4ast ¥ MOpuHIry. [lepeMeHHbIMM dKCIIepUMeHTa ObLIM Macca Tesna, 06beM OIyX0/In, AaKTUBHOCTh aHTUOKCUIAHTHBIX
depmenToB (CAT, GPx, SOD), mapkepbl okucnTeIbHOTO cTpecca (TOS, TAC, OSI), mpoBocmannTenbHble TUTOKUHBI (IL-1,
TNF-q), ¥ TeHBI aTIONITO3a U CBsI3aHHbIe ¢ BocnaneHneM redbl (BAX, BCL2, NLRP3, NFKB). Takske ObUT IPOBEIEH TUCTOIOTHYE-
CKMI1 aHA/IN3 ITOYEK JIJIS1 aHaJIM3a MoBpekaeHni1 KineTok. O6paborka DXR mpuBoamia K CHUKEHUIO MACChl Tela U YBETMUEHUIO
(hepMeHTOB 1ouek, UTo yKas3bIBaJIO HA MIOBPEKAEHNME MToYeK. YPOBHY 3TUX (epPMEHTOB GbIIIY 3HAUMMO CHIDKEHBI B PE3Y/IbTATe
MpUMeHEeHUsT KOMOVHAIUU TPAaBSIHBIX 9KCTPAKTOB, 0COGEHHO MPU KOHIEHTpaluu 2%, UTO TOBOPUT OT HE(DPOTIPOTEKTUBHBIX
CBOJCTBaX. DKCTPAKTHI TPaB BO3BPaILa/IM aKTMBHOCTY aHTUMOKCHUIAHTHBIX (hepMEeHTOB K HOPMaJIbHOMY YPOBHIO U CHIKAJIN
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MapKepbl OKUCIUTEIbHOTO CTpecca B IOYKaxX B pe3ynbrare MoBbieHus ypoBHeil CAT, GPx, u SOD, u cHmskeHus ypoBHeit TOS
u OSI. Kpome Toro, 06paboTKka TpaBamMy TaKKe CHsKasia YPOBHM IMPOBOCIIAIUTENbHBIX IIMTOKMHOB M BJIMSIIA HA 9KCITPECCUIO
T€HOB, CBSI3aHHBIX C artonTo30M; BAX Obl1 HeraTMBHO perynupoBaH, BCL2 6bUT TO3UTUBHO PETYIMPOBaH, UTO CIIOCOGCTBOBA-
JIO YBEIMUYEHWIO BHDKMBAEMOCTY KJIETOK M CHMKEHUIO BOCTIA/IEHMS. DKCTPAKThI Takke cHpkanu NLRP3/NFKB B roukax 06-
paboranHbix DXR MbIleit 70303aBUCUMbIM 00pa3oM. Ha ocHOBaHMM 3TUX Pe3y/IbTaTOB CAeIaH BbIBOM, UTO 1% 1 2% BOIHbBIE
9KCTPAKTBI CMeCH JIMCTheB 3eJIeHOr0 Yasi M MOPMHIY (COOTHOLIeHMe 1:1) MOTYT CUMTAThCS MPUTOLHOM KOMOMHAIMel s
cHIDKeHMs MHAynypyemoii DOX HehOpOTOKCUMYHOCTM Y MOBPEXAEHMS TIOUEK Y NMalMeHTOB C PAKOM.
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1. Introduction

Doxorubicin is an anthracycline class of chemicals with the therapeu-
tic role in chemotherapy used widely for treating the breast cancer and
many other types of cancer. Although doxorubicin is effective in elimi-
nating cancer cells in the body, its administration poses serious threats
that include damaging the renal system. The fact has been clarified in
several investigations showing that doxorubicin nephrotoxicity results
in renal damage involving features such as glomerulosclerosis, inter-
stitial fibrosis, albuminuria, a change in serum creatinine level, reduced
glomerular filtration rate, and histological changes in the kidney [1].
Doxorubicin-induced nephrotoxicity is directly associated with oxida-
tive stress and mitochondrial dysfunction, and these are crucial factors
in renal toxicity [2]. The nephrotoxicity of doxorubicin is evidenced to be
causing inflammatory changes that result in an increase in permeability
of capillary walls and the shrinkage of the glomerulus [3]. Also, doxo-
rubicin induces podocyte injury in the kidneys that leads to proteinuria
and nephropathy, which shows that it has a toxic effect on the kidneys
[4]. One of the processes affecting doxorubicin toxicity is the oxidation
of cellular components due to the formation of reactive oxygen species,
which is considered to be the main mechanism in the development of
nephrotoxic effects. There is evidence that doxorubicin, causing kidney
injury, activates oxidative stress, and mitochondrial dysfunction, along
with inflammation [5]. The effect of the drug on the chain of mitochon-
drial electron transport stimulates the formation of reactive oxygen spe-
cies and enhances the stress of renal cells in oxidation [1,6]. When doxo-
rubicin is given repeatedly, this drug causes renal toxicity mainly due to
its toxic effects on DNA and mitochondria [7].

Due to the presence of a number of bioactive compounds and plant-
based nutrients, functional foods have emerged as the probable comple-
mentary therapies in cancer patients. Chemotherapy can be beneficial for
cancer treatment, but it also has adverse side effects on the patient’s body,
and functional foods offer protective mechanisms that form a repertoire
of defensive actions against those side effects. These compounds con-
tain a wide range of health-enhancing attributes, primarily phytochemi-
cals that are present in fruits, vegetables, legumes, seeds, whole grains,
herbs, and spices including flaxseeds. These compounds have several
advantages such as anti-cancer, antioxidant, and anti-inflammatory ac-
tivities. Herbs and spices are vital ingredients that are incorporated into
cooking meals in most parts of the world. Besides improving the taste of
foods, they also possess some therapeutic properties and thus, cannot be
overemphasized in functional foods [8,9,10]. Research has demonstrated
that nephrotoxicity due to doxorubicin can be prevented by using natural
compounds like crocin and luteolin, which possess antioxidant and anti-
inflammatory effects [11,12]. The damage to the kidney by doxorubicin
has been checked to occur through the formation of free radicals which
causes oxidative stress, according to [1].

Camellia sinensis green tea contains polyphenols and other antioxi-
dants that are known to have the nephroprotective property. Research
has revealed that green tea polyphenols are effective in the protection of
the kidney against toxins including heavy metals, through their action of
fighting free radicals and inflammation [13]. Green tea extracts have been
found to prevent tissue damage and inflammation caused by pollutants
and toxins, which implies a potential in preventing organ damage [14].
It has been observed that green tea lowers oxidative stress and mitigates
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renal toxicity in animal models, which makes it useful in the manage-
ment of kidney diseases [15]. Previous studies have also indicated that
the seed extract of moringa is protective for the liver and kidney tissues
against toxic substances such as dichlorvos in rats [16]. Several antioxi-
dant compounds were identified in the moringa extract. These antioxi-
dant compounds have the potential to boost the activity of SOD, CAT,
and GSH, reduce the levels of inflammatory cytokines, and thus, play a
protective role for the kidneys [17].

Also, the effect of moringa water extract has been investigated for the
prevention of gentamicin-induced hepatorenal toxicity in animal models.
In the study done by Lukiswanto et al. [18], the oral administration of the
moringa leaf extract has been established to alleviate the hepatotoxicity
and nephrotoxicity effect of gentamicin, hence playing a protective role
against drug-induced organ injury. The flavonoids and phenolic products
present in the extract of Moringa oleifera seed inhibit the destruction of
the renal tissue through cytoprotection and antioxidant activity [19].

Synergism can be defined as the situation where the total effect of
chemicals is more than the effect of each of the chemicals taken inde-
pendently [20]. The active substances used in the preparation of herbal
medicines are not simple and come in many forms that make the medi-
cation diverse in its effects. Furthermore, all the active ingredients of all
used herbs can interact and increase the therapeutic effect to treat various
diseases. The coaction of two or more herbs during treatment has a better
outcome because it affects multiple pathways of the disease development.
This way, the probability of attaining better treatment results is higher
compared to the probability of merely utilizing a single herb, particularly
for ailments that have several causes [21]. The use of several herbs may
reduce the side effects that are associated with high doses of a single herb
[21,22,23]. A promising approach to the application of herbal medicines
is their use with nanoscale drug delivery systems, which showed the po-
tential of enhancing the antioxidant and anti-inflammatory activities and
improving the protective mechanism in various diseases [24].

The 4T1 breast cancer model is well understood when it comes to the
progression of breast cancer and the identification of potential treatment
regimens. Thus, it would be most appropriate to use it in the assessment
of hepatotoxicity resulting from chemotherapy drugs. From this animal
model of breast cancer, it is possible to get many insights into how herbal
therapies operate and the extent of their efficacy [25,26,27].

This paper aimed to assess whether combined green tea and moringa
have the nephroprotective potential when used in doxorubicin-treated
mice with breast cancer. In particular, this study aims at assessing the ef-
ficacy of green tea and moringa combination on apoptotic, inflammatory
and oxidative pathways in the kidney with the purpose of widening the
knowledge concerning the molecular mechanisms of the prevention of
doxorubicin-induced nephrotoxicity.

2. Materials and methods

2.1. Collection, authentication and preparation of plants

The herbs were obtained from local vendors in Basra Governorate, sit-
uated in the southern area of Iraq. A specialist in medicinal plants from
the Department of Horticulture at the University of Basra confirmed the

authenticity of the plants. The samples exhibited no apparent contami-
nation and were selected from dried leaves. The items received a compre-
hensive inspection to identify any contaminants and foreign objects. The
herbs were ground into a fine powder using a manual grinder (DAMFOX,
No: MK-Y599, Germany) and all samples were kept at room temperature
until they were analyzed.

2.2. Preparation of water extracts of herbs

To make water extracts, 60 g of herb powder was mixed with 300 mL
of boiling distilled water and stirred with a magnetic stirrer (Heidolph,
Germany) for half an hour. The next step was to filter the samples under
vacuum using a Whatman No. 1 filter paper and a Buchner funnel. After
that, the solvent was removed and the extracts were dried using a rotary
evaporator RE300 DB (Stuart, UK) set to 40 °C to concentrate the filtrate.
Afterward, a freeze drier (CHRIST, Germany) was used to dry the samples.
The resulting dry samples were then stored in amber glass tubes at a tem-
perature of —18 °C until they were needed. A 1:1 ratio of green tea aque-
ous extract to moringa leaf aqueous extract was used.

2.3. HPLC Analysis

Following the methods described in the research by Mradu et al. [28],
HPLC analysis was carried out. In brief, SYKAM S500 HPLC system series
from Germany was used for the HPLC analysis, together with a PDA detec-
tor and a C18-0DS column from Zorbax Eclipse Plus with a particle size of
25 ¢cm % 4.6 mm. The mobile phase consisted of DW (25%) with methanol
(70%) and formic acid (5%). Using a constant flow rate of 1.0 mL/min,
HPLC profiling was carried out at a temperature of 30°C. For analysis,
a wavelength of 280 nm was used, and 10 pL quantities were introduced
into the system for each sample. The following acids and their standards
were bought from Sigma-Aldrich in Germany: kaempferol, quercetin, cat-
echin, ellagic acid, syringic acid, and hydrobenzoic acid (Figure 1).

2.4. Determination of total phenolic content (TPC)

The method for the assessment of TPC with the use of the Folin-Ciocal-
teu reagent, which was supplied by Avonchem of the United Kingdom, was
applied as described by Kumar et al. [29] with slight modifications. There-
fore, 100 pL of Folin-Ciocalteu reagent was diluted to 1/10 before adding it
to 500 pL of each extract. The mixture was mixed thoroughly with 4.5 mL
of distilled water and 0.5 mL of the 7.5% (w/v) sodium carbonate solution.
After 5 minutes at room temperature, the samples were incubated. The
mixture was mixed by vortexing and then was left at room temperature for
120 minutes in the dark. The optical density at 760 nm was recorded with
a blank and a Metstar MUV-61PCS spectrophotometer from the Optima,
England. A calibration curve for gallic acid, sourced from BHD in England,
was used to determine the total phenolic content (TPC) at varying concen-
trations of 0, 100, 200, and 300 mg/g. Data obtained were presented in mg
of gallic acid equivalent (GAE) per gram of dry weight.

2.5. Determination of total flavonoid content (TFC)

The AICI; colorimetric assay was employed in the determination of
TFC as indicated by Pandey et al. [30]. According to this method, 4 mL of
double-distilled water and 0.3 ml of sodium nitrite (5% w/v) purchased
from BHD England and 1 ml of the aqueous extract containing 1 mg/ml
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Figure 1. Chromatogram of chemical compounds standards. Hydrobenzoic acid (3.08 min), kaempferol (3.98 min),
isorhamnetin (4.50 min), syringic acid (5.02 min), quercetin (6.32 min), silybinin (7.59 min), epicatechin (8.20 min),
caffeine (9.35 min), catechin (10.85 min), ellagic acid (12.36 min), under wavelenth of 280 nm
PucyHok 1. XpomaTorpaMma CTaHZapTOB XMMMYECKUX coeayHeHuii. T'uapokrcn6ensoiiHas kuciora (3,08 muH), kemidepon (3,98 muH),
usopamueTH (4,50 MuH), cupeHeBas kuciora (5,02 MuH), KBepueTut (6,32 MuH), cIMOMHUH (7,59 MuH), snMKaTexuH (8,20 MuH),
kodeuH (9,35 mun), karexus (10,85 mun), a/utaroBas Kuciaora (12,36 MuH), npu ajiHe BOJIHbI 280 HM



Nadprax A. X. 1 op. | MALLEBDBIE CUCTEMDI | Torm 8 No 1 | 2025 | C. 4-15

of the sample were added to a test tube. It was allowed to sit at room
temperature for 5 minutes once solution was added. It was then supple-
mented with 10% (v/w) BHD AlICl; from England. Then, 2 mL of 1 M NaOH
solution (VWR Chemicals, USA) was added to 10 mL of double distilled
water until the volume was reached. The absorbance at 510 nm was de-
termined using a double-beam UV-VIS spectrophotometer (model Opti-
ma-England) after the mixture had been well stirred. The concentrations
of quercetin were prepared in the range of 0 to 1000 mg/mL to estimate
the amount of flavonoids. The results were expressed in mg of quercetin
equivalent per gram of dry weight.

2.6. Evaluation of the antioxidant potential

2.6.1. DPPH free radical scavenging assay

The antioxidant potential of the extracts was determined using the
2, 2’-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich, Germany) free
radical scavenging activity method following the method described by
Phuyal et al. [31]. An amount of 0.5 ml of the extracts (200 and 400 mg/g)
was mixed with 1.0 ml DPPH solution and allowed to react at room
temperature for 30 min in the dark. A control was prepared using 1 mL
methanol and 1 mL DPPH solution. Lastly, the absorbance of the solu-
tions was taken at 517 nm using a spectrophotometer made by England’s
company Optima. BHT from Samchun, Korea was used as a standard at
concentrations of 200 and 400 mg/mL. Radical scavenging potential was
determined by applying the following relationship formula:

A
DPPH% = 1— — %% 100%. (1)

control

where A o, is a control sample absorbance; Ay is the extract absorbance.

2.6.2. Ferric reducing antioxidant power (FRAP) activity

FRAP activity was assessed according to the methodology described
by Védékoi et al. [32]. Three milliliters of 1% potassium ferricyanide and
one milliliter of a sodium phosphate buffer (0.2 M, pH 6.6) from Ino Lab
pH7110 WTW, UK were combined in a test tube with one milliliter of the
sample, which concentrations varied from 200 to 400 mg/g. The compo-
nents were separated by centrifugation of the combination for 10 minutes
at 3000 rpm in a Taiwanese-made Harmonic Series centrifuge (GEMMY,
Taiwan). Prior to centrifugation, the mixture was heated in a water bath at
50°C for 20 min. Two milliliters of 10% trichloroacetic acid were then add-
ed to the mixture. The mixture consisted of 2 milliliters of distilled water
(DW), 0.5 milliliters of a recently prepared 1% ferric chloride (FeCls) solu-
tion from England (BHD), and 2 milliliters of the upper layer of the solu-
tion. Absorbance of the mixture was determined at 700 nm using a UV-VIS
spectrophotometer (Optima England). The capacity of the reaction mixture
to reduce ferric ions is strongly correlated with its absorbance. The total
antioxidant content was determined and represented as absorbance values.
Tocopherol served as a positive reference for comparative purposes.

2.6.3. Metal chelating ability

Chelation of ferrous ions was measured following the procedure de-
scribed by Gulcin et al. [33]. In brief, several quantities (ranging from 200
to 400 mg/g) of the solution were made by mixing 0.25 mL of the extract
with 0.05 mL of FeCl, (2mM). Sigma-Aldrich of Germany supplied ferrozine
(2 mM), which was introduced to the mixture in an amount of 0.2 mL. After
being mixed, the mixture was let to sit at 25 °C for 10 minutes. A wavelength
of 562 nm was then used to measure the absorbance values of the solution.
We utilized the component EDTA as a control and expressed the results of
the total antioxidant content as a percentage. A percentage (%) represent-
ing the chelating effect was calculated using the following formula:

Abs
sample o
control ~ pAhe % 100%. )
Abscontrol
where Abs ;o is @ control sample absorbance; Absggpe is the extract
absorbance.

2.7. Animals

The Stemgene Biohealth laboratory in Ahvaz, Iran, supplied us with
36 female BALB/c wild-type mice that were 8 weeks old and weighed 20—
22 g. The animals had free access to water and food (Parsfeed Co Iran) and
were kept in a typical laboratory setting with a 12-hour light/dark cycle,
standard laboratory condition of humidity, and temperature (22+2 °C).
The treatment that the animals received was strictly adhered to the pro-
tocols laid forth in the “Guide for the Care and Use of Laboratory Ani-
mals” (Washington, DC, USA).

Metal chelating effect % = Abs,

2.7.1. 4T1 breast cancer mouse model

To create the 4T1 breast cancer mouse model, a group of twenty-four
female BALB/c mice were used. The StemGene BioHealth laboratory in
Ahvaz, Iran, provided the 4T1 cell line. A 10% fetal bovine serum (FBS)

supplemented with 100 unit/ml of penicillin/streptomycin and a DMEM-
HG medium (Bioidea, Iran) were added to the cell culture media. The se-
rum came from Biosera in France. In a controlled environment of 37 °C, 5%
CO,, and 95% humidity, the cells were left to incubate for 36 hours. Iso-
lated 4T1 cells (1 x 10%) were injected subcutaneously in the 3rd mammary
fat pad of BALB/c mice using 100 uL, following the previous description.
The control groups of mice were given 100 uL of PBS at the same location
[34]. Once weekly, we evaluated the weight of the mice, the size of the
tumors, and the appearance. According to Sauter et al. [35], the width and
length of the tumors were measured using calipers, and the volume was
then determined using the following formula: 0.52 X width2 xdiameter.
Mouse behavior, food intake, and water intake were monitored every day.

2.8. Experimental design

At the point at which tumors became palpable and measured 100 mm
in diameter, healthy and tumor-bearing mice were divided into six groups,
with six mice in each group:

Control group (H): For five weeks, healthy mice were gavage-treated
with 0.1 ml of normal saline once daily and received a single intraperito-
neal injection of the same volume once per week.

Tumor group (BC): For four weeks, mice with tumors were gavage-
treated with 0.1 ml of normal saline once daily and received a single in-
traperitoneal injection of the same volume once per week.

Healthy+DXR group (HD): Doxorubicin (5 mg/kg) (DOX-Cell, Ger-
many) was administered intraperitoneally to healthy mice once weekly
for five weeks.

Tumor + DXR (BCD) group: Mice with tumors were administered
a single intraperitoneal dose of doxorubicin (5 mg/kg) once every week
for a duration of five weeks.

Tumor +DXR+Formula 1 (BCDLH): Mice with tumors were given a sin-
gle injection of doxorubicin (5 mg/kg) intraperitoneally once a week for five
weeks, followed by a 1% dosage of green tea and moringa combination.

Tumor + DXR+Formula 2 (BCDHH): Mice with tumors were given
a single injection of doxorubicin (5 mg/kg) intraperitoneally once a week for
five weeks, followed by a 2% dosage of green tea and moringa combination.

2.9. Sampling

The rodents were anaesthetized with ketamine hydrochloride
(50 mg/kg) and xylazine (5 mg/kg) and decapitated at the end of the ex-
periment. The kidney tissue was removed prior to histological examina-
tion and fixed in 10% formalin buffer. After being collected and kept at
-70°C, the kidney was used to analyze antioxidant indices and gene ex-
pression. For serum biochemical analysis, serum samples were extracted
from the blood of each mouse via centrifugation at 2,700 g (GEMMY, Tai-
wan) for 15 minutes and stored at —20 °C.

2.10. Tissue preparation

Following the methods previously detailed by Amiri et al. [37], the tis-
sues were homogenized prior to the measurement of inflammatory and
antioxidant/oxidant components. In brief, the kidney sample was ground
up in a 1:5 ratio using a homogenizer (Heidolph, Germany), in 1000 pl
of RIPA lysis buffer (which contains 150 mM of sodium chloride, 0.1%
SDS, 25 mM of tris, pH 7.4, 1 mM of NaF, 1 mM of phenylmethylsulpho-
nyl fluoride, 50 mM of sodium fluoride, and a protease inhibitor cocktail;
Sigma-USA). Homogenate tissues were centrifuged at 10,000 X RPM for
15 minutes at 4 °C. The clear supernatants were carefully collected, di-
vided, and promptly frozen at —-70°C until use for analysis. A Bradford
protein assay kit (made by KiaZist Co., Iran) was used to measure the con-
centration of proteins.

2.11. Antioxidant enzymes assay

Following the manufacturer's instructions, we used commercial kits
to measure the activity of antioxidant enzymes such as catalase (CAT),
glutathione peroxidase (GPX), and superoxide dismutase (SOD) (KiaZist
Co, Iran). The antioxidant enzyme activities were measured in units per
milligram of tissue protein.

2.12. Tissue cytokine measurement

The concentrations of IL1-B and TNF-« in the tissues were quantified
using ELISA kits designed for mice (Sunlong Biotech, China) and reported
as pg/mg of tissue protein.

2.13. Analysis of oxidative stress index

The oxidative stress index (OSI) was calculated by dividing the total
oxidant status (TOS) by the total antioxidant capacity (TAC). A semi-au-
tomated microplate colorimetric technique was used to calculate the to-
tal oxidative status (TOS) using hydrogen peroxide (H,0,) as the standard
of measurement. The test was conducted according to the method given
by Erel in 2005 [38]. The ultimate outcomes were measured as millimoles
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of hydrogen peroxide equivalent per milligram of protein. The measure-
ment of total antioxidant capacity was conducted using the technique
developed by Benzie and Strain [39]. In summary, a functional FRAP (fer-
ric reducing antioxidant power) solution was prepared via mixing acetate
buffer with TPTZ solution in HCI. Following the addition and mixing of
FeCls, a mixture of 10 uL of tissue homogenate and 290 uL of the specified
working solution was added and incubated for 10 minutes at room tem-
perature. The samples were analyzed for optical density at a wavelength
of 532 nm. Vitamin C was utilized as a standard. The expression of TAC
was measured in micromoles of vitamin C equivalents per milligram of
protein.
The OSI was determined using the following formula:

TOS in umol H,0, Eq/mg protein
TAS in umol Trolox Eq/mg protein

0SI :[ }x 100%. (3)

2.14. RNA isolation and cDNA synthesis

The RNA from kidney tissues was isolated using the Tissue RNA iso-
lation kit (ParsTous, Iran) according to the manufacturer's instructions.
The RNA purity at the 260/280 OD ratio and the integrity of the RNA were
assessed with an Eppendorf uCuvette G1.0 microvolume measurement
cell (Eppendorf, Germany). The cDNA synthesis process used RNA of high
purity, with an optical density ratio of 260/280 above 1.8. The cDNA was
generated using 1 pg of RNA using the Easy™ c¢DNA Synthesis Kit (Par-
sTous, Iran) and random hexamer, following the instructions provided by
the manufacturer.

2.14.1. Real-time quantitative polymerase chain reaction (QRT-PCR)

The gRT-PCR primers were generated using Primer3 software ver-
sion 4.1.1 (Table 1), using the sequences of NLRP3, NF«f, bax, bcl-2, and
GAPDH genes obtained from the NCBI Gene bank (Table 1). The GAPDH
gene was used for a reference gene in data analysis during this research.
The SYBR® Green Real Time PCR Master mix from ParsTous in [ran was
used for qRT-PCR analysis using the StepOnePlusTM Real-Time PCR de-
tection System manufactured by Applied Biosystems in the United States.
The PCR procedure included an initial denaturation step at 94°C for 5
minutes, followed by 45 cycles of denaturation at 94 °C for 15 seconds and
at 60°C for 30 seconds. Two control reactions were taken into account,
one being a negative control lacking cDNA and the other using RNA in-
stead of DNA. The analysis included comparing the relative expression
of the genes to the calibrator gene using the comparative 2-AACt tech-
nique. The amplification efficiency of the target genes relative to the ref-
erence gene (GAPDH) was assessed by creating several dilutions of cDNA
and constructing an efficiency graph, using the methodology outlined in
a recent study by Tabandeh et al. [40].

Table 1. Primers characteristics used for real-time quantitative
polymerase chain reaction
Ta6nuua 1. XapakTepucTUKA IIpaiMepoB, UCIIOIb30BAHHBIX JJIsSt
KO/IMYECTBEHHO NOIMMepa3Hoi IEeIHOM peakiuu B peaJibHOM BpeMeH

. GENE
Gene Bank SEQUENCE Size bp NAME
F: AGTTCAACGGCACAGTCAAG
XM_017593963.1 119 GAPDH
R: TACTCAGCACCAGCATCACC
F: AGGATGCGTCCACCAAGAAGCT
NM _007527.4 102 BAX
- R: TCCGTGTCCACGTCAGCAATCA
F: CCTGTGGATGACTGAGTACCTG
NM_009741.5 122 BCL2
R: GCCAGGAGAAATCAAACAGAGG
F: TCACAACTCGCCCAAGGAGGAA
NM_145827.4 146 NLRP3
R: AAGAGACCACGGCAGAAGCTAG
F: GCTGCCAAAGAAGGACACGACA
NM_008689.3 130  NFKB-p65

R: GGCAGGCTATTGCTCATCACAG

2.15. Histopathological analysis

A 10% formalin buffer was used to fix the fresh kidney samples. Us-
ing the traditional approach, tissue microscopic slices were produced.
Using a Histokinette machine (Leica, Germany), the necessary steps of
tissue processing were carried out after fixation. These included dehydra-
tion with ethanol of progressively higher concentrations, clearing with
xylene, and impregnation with paraffin. Slices with a thickness of 5-6 pym
were made using a rotary hand microtome (Leica RM 2125, Leica Micro-
systems Nussloch GmbH, Germany) after the samples were removed from
the Histokinette device. Hematoxylin and eosin staining (H&E) was used
on the sections. A digital camera (Microbin5, Microteb, Iran) attached to
an optical microscope (Olympus Optical Co., Japan) was used to examine
the slides. The stained sections of tissues from control and treated rats

were scanned for the changes in the respective architectural pattern, por-
tal triads, hepatocytes, sinusoids and the histopathological alterations in
general.

2.16. Ethics statement

All animal procedures were approved by the University of Basrah —
College of Veterinary Medicine Research Ethics Committee (Approval
Number: 19/37/2024). The study complied with CIOMS and WHO guide-
lines, as well as OIE principles on animal ethics. Consent to participate is
not applicable as this study did not involve human subjects.

2.17. Statistical analysis

Data analyses were conducted using Graph Pad Prism version 10 soft-
ware (GraphPad software, San Diego, CA, USA). Statistical distinctions
were ascertained by one-way analysis of variance (ANOVA). The Tukey
test was used to assess the statistical significance of the findings. The
data is shown as the mean value plus or minus a standard deviation of the
mean (SD), and a P-value less than 0.05 was determined to be statistically
significant.

3. Results and discussion

3.1. Charachteristics of herbal extracts

In the present study, we evaluated the ability of green tea and mor-
inga extracts, individually and in combination, to mitigate DXR-induced
nephrotoxicity in a murine model of breast cancer. It is shown that both
green tea and moringa extracts can prevent kidney damage induced by
DXR through the action of antioxidants and anti-inflammatory agents.
Moringa and green tea extracts have high total phenolic and flavonoid
contents related to their antioxidant activity. The total phenolic content
in green tea, moringa, and their combination was 152 mg/g, 99.7 mg/g,
and 89.4 mg/g, while the content of flavonoids was 302 mg/g, 140 mg/g
and 190 mg/g, respectively (Table 2).

Table 2. Total phenolic and flavonoid content in green tea,
moringa and their mixture

Ta6muiia 2. O61ee copepskauue GeHOMbHbIX COeIVHEeHUI
¥ ¢1aBOHOMIOB B 3€JIeHOM Yae, MOPUHTIe ¥ UX CMecH

Formulations Total phenolic content Total flavonoid content

(TPC) mg/g (TFC) mg/g
Green tea + moringa 89.4 190
Green tea 152 302
Moringa 99.7 140

The antioxidant activities of the extracts were determined by several
methods, such as DPPH radical scavenging assay, reducing power, and
iron chelating assay. As can be seen from Table 3, green tea had better
DPPH radical scavenging activity compared to moringa at the concentra-
tion of 200 mg/g and 400 mg/g with inhibition rates of 82.2% and 83%,
while moringa revealed inhibition rates of 80.2% and 81.5%. This was five
percent lower than the control at the same concentrations. The combi-
nation of both extracts enhanced the activity where inhibition rates of
84.45% were recorded at 200 mg/g and 84.7% at 400 mg/g.

The activity of iron chelation is useful in the prevention of oxidative
stress since it inhibits iron-dependent generation of reactive oxygen spe-
cies. Green tea was found to have a modest capacity to chelate iron (42%
and 43% at 200 and 400 mg/g, respectively). Moringa showed reduced
chelating ability at levels of 30% and 36%, while the combination had
even lower efficacy of 22% and 41% at 200 and 400 mg/g when compared
to EDTA, a very effective chelator with efficiencies of 97.4% and 98% at
the same concentrations. This finding implies that although the herb ex-
tracts used in this study have high antioxidant activities, their iron che-
lating abilities are much lower than synthetic chelators, such as EDTA.

The reducing power of the extracts was determined. Green tea had val-
ues of 0.7 nm at 200 mg/g and 1.2 nm at 400 mg/g, and moringa showed
values of 0.5 nm and 0.8 nm at the same concentration. The combina-
tion presented a lower level of reducing power with values of 0.3 nm at
200 mg/g and 0.42 nm at 400 mg/g compared to tocopherol, which re-
corded a higher reducing ability of 0.8 nm and 1.3 nm.

The HPLC analysis pointed out the presence of various bioactive phy-
tochemicals in each extract including gallic acid, chlorogenic acid, and
caffeic acid. Those compounds are known for their antioxidant and anti-
inflammatory effects, which also support the focused protecting effects
of the extracts.

These outcomes are in agreement with previous studies that have re-
vealed the high levels of antioxidants in green tea and moringa plants
Senanayake [41], Musial et al. [42], Pekal et al. [43], Lorenzo and Munekata
[44], Penalver et al. [45], Ntshambiwa et al. [46], Sreelatha et al. [47].
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Table 3. Free radical scavenging by DPPH assay, reducing power
by FRAP assay and metal chelating ability for green tea, moringa
and their mixture
Tabnmuia 3. ViaBauBaHue CBOGOIHBIX PAgVKaIOB, OpeeleHHoe
metogom DPPH, BoccTaHaB/IMBAIOMIAs CIIOCOOHOCTbD, ONpee/IeHHAs
meTonoM FRAP, 1 criocOGHOCTD Xe/IMPOBaHUS METAJIJIOB Y 3€JIEHOTO
4yasi, MOPMHIU U UX CMeCn

DPPH, %

G +MO G MO
200 mg/g 84.45 82.2 80.2
400 mg/g 84.7 83.8 81.5

Iron chelation, %

G+ MO G MO
200 mg/g 22 42 30
400 mg/g 41 43.6 36

Reducing power WA

G+ MO G MO
200 mg/g 0.508 0.893 0.359
400 mg/g 0.779 1.378 0.621

G: green tea; M: moringa; G + MO: green tea+tmoringa.

3.2. HPLC analysis

HPLC chromatograms of green tea, moringa, and their combination
are presented in Figure 2, Figure 3 and Figure 4.

Concentrations of the active compounds in green tea, moringa, and
their combination are shown in Figure 4. The combination of green tea and
moringa had a higher content of kaempferol (38.9+0.9 mg/kg; p<0.0001)

compared to green tea (20.1+0.1 mg/kg) and moringa (24.4%0.4 mg/kg),
respectively, followed by quercetin with a significantly higher con-
tent in the combination (34.5%+0.3 mg/kg; p<0.0001) compared with
green tea (18.7+0.4 mg/kg) and moringa (20.6+0.5 mg/kg). Moreover,
the catechin content in the combination also showed a significant
increase (18+0. mg/kg; p<0.0001) compared with green tea and mo-
ringa (13.6%*0.4 mg/kg and 9.8+0.3 mg/kg, respectively). Ellagic acid
and syringic acid were detected at concentrations of 12.6*0.4 mg/kg
and 13.6+1 mg/kg, respectively, in moringa and 11.6+0.4 mg/kg and
12.4+0.3 mg/kg, respectively, in the combination, whereas in green
tea they were absent. The concentration of hydrobenzoic acid was
16.9+0.1 mg/kg in green tea and 16*0.2 mg/kg in the combination,
while in moringa it was not found.

3.3. The impact of herbal extracts on the body weight and tumor growth
in mice given DXR

The results demonstrated that DXR-treated healthy mice had a
significantly reduced body weight compared to untreated animals
(P < 0.001). Malignant mice in the BCD group had the same result as
untreated malignant animals in the BC group after receiving DXR treat-
ment (P<0.01). No difference in body weight change was seen between
the untreated and treated groups of mice when DXR was administered
at 1% or 2% herb combinations (BCDLH and BCDHH) compared to the
control group (Figure 5 (A)).

The results regarding tumor size are shown in Figure 5 (B). A signifi-
cantly smaller tumor size was seen in the BCD group, which was treated
with DXR, as compared to the untreated mice (BC) group (P<0.001).
Statistically significant changes in tumor size were not seen in the BCD
group or in the groups treated with 1% (BCDLH) or 2% (BCDHH) herb
extract.
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Figure 2. Chromatogram of chemical compounds of green tea. Hydrobenzoic acid (3.08 min), kaempferol (3.98 min),
syringic acid (5.02 min), quercetin (6.32 min), and catechin (10.85 min) under wavelength of 280 nm
PucyHoK 2. XpoMaTorpaMmma XMMUYECKUX COeMHEeHMI 3esieHoro yas. ['mapokcubGensoitnas kucinora (3,08 muu), kemndepoi (3,98 mun),
cupeHeBast kKuciora (5,02 MuH), KBepueTuH (6,32 muH) 1 KarexuH (10,85 MmuH) nipu ajimHe BOIHbI 280 HM
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Figure 3. Chromatogram of chemical compounds of moringa. Kaempferol (3.98 min), quercetin (6.32 min), catechin (10.85 min), and
ellagic acid (12.36 min) under wavelenth of 280 nm
PuicyHOK 3. XpoMaTorpaMma XMMUUECKUX coeivHeHnit MmopuHru. Kemmdepoit (3,98 muH), KBepieTuH (6,32 muH), kKatexud (10,85 muH) u aarosas kuciora (12,36
MMH) TIpU IJIMHe BOJHBI 280 HM
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Figure 4. Chromatogram of chemical compounds of green tea and moringa combination. Hydrobenzoic acid (3.08 min),
kaempferol (3.98 min), syringic acid (5.02 min), quercetin (6.32 min), catechin (10.85 min), and ellagic acid (12.36 min)
under wavelength of 280 nm
PiicyHOK 4. XpoMaTorpaMma XMMHUYECKUX COeIMHEeHUII KOMOMHALMHU 3e/IeHOro Yyast U MopuHru. I'mapokcnbeHsoitnas kuciaora (3,08 muu), kemmdepoit
(3,98 MmuH), cupeHeBas Kuciaora (5,02 MuH), KBepueTuH (6,32 MmuH), KatexuH (10,85 muH) u a/marosas kuciora (12,36 MuH) npu ajavHe BoaHBI 280 nm
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Figure 5. The body weight and tumor size of different animal
experimental groups. Results are means*SD. *, ** and
*** represent the significant difference between different
experimental groups at p<0.05, p<0.01 and p<0.001,
respectively. H: healthy group, HD: healthy group treated with
DXR, BC: mice with breast cancer, BCD: DXR-treated mice with
cancer, BCDLH: cancer mice treated with DXR and 1% herbal
extract, BCDHH: cancer mice treated with DXR and 2% herbal
extract
PucyHoK 5. Macca Tejia ¥ pa3mep OIyX0/IM B PasIMYHbIX IPYIIax
SKCIIEPMMEHTA/IbHBIX JKUBOTHBIX. Pe3yJII)TaTI)I SABIAKTCA CPeTHUMMU
3HAYEeHUSIMU * CTaHAAPTHBIE OTKIIOHEHM. *, ** y *** npecTaBisioT
3HAYMMBbI€ pas/jinuusi MeXAy pasHbIMMU IKCIIEPUMMEHTa/IbHBIMMU I'pynmnaMmu
npu p<0,05, p<0,01 u p<0,001, coorBeTcTBeHHO. H: 3m0pOBas rpynmna,
HD: 3nopoBas rpynmna, noxy4yasuasi DXR, BC: MbIly ¢ pakKoM MOJIOYHO
xene3bl, BCD: MbIIIM ¢ pakKOM MOJIOYHOJ JKene3bl nmomyyasmme DXR,
BCDLH: MbIlyM ¢ pakKOM MOJIOYHOV1 JXeje3bl moryyasmme DXR u 1%
TpaBsIHOTO 3KcTpakTa, BCDHH: MbIlmmM ¢ pakoM MOJIOYHOJ JKeJie3bl
noayuyasmyie DXR 1 2% TpaBsIHOTO 3KCTpaKTa

The reduction in tumor size seen in mice given DXR is consistent with
the shown anti-tumor efficacy of DXR. Conversely, the herbal extracts did
not significantly impact the growth of tumors in mice treated with DXR.
This implies that the extracts mitigate the toxic effects induced by DXR,
without interfering with the therapeutic effects of doxorubicin. This re-
sult is crucial as it suggests that those herbal extracts can be utilized in
combination with chemotherapy to reduce adverse effects without ad-
versely affecting the anti-cancer properties of DXR.

3.4. Impact of herbal extracts with the nephroprotective activities on the
oxidative stress index and antioxidant enzymes in mice given DXR
The TOS, TAC, and OSI values in the healthy mice (group H) were
1.139%+0.203, 2.69+0.54, and 0.43* 0.08, respectively, according to our
findings. There was no apparent change in the levels of TOS and OSI in
cancerous mice (group BC) compared to healthy mice, while there was a

10

drop in TAC. In comparison to untreated mice, healthy mice administered
chemotherapy showed a substantial rise in TOS and OSI levels (6.47 +0.48
and 16.33+6.93, respectively), and a significant drop in TAC levels
(0.42%0.08). When compared to cancer mice that were not treated with
chemotherapy, mice with cancer plus chemotherapy (BCD) had signifi-
cantly higher levels of TOS and OSI (TOS: 7.81+0.51; OSI: 26.72+7.248),
as well as a significantly lower level of TAC (0.307 +0.08). Groups BCDHH
and BCDLH showed a significant increase in TAC levels with p-values of
less than 0.01, compared to group BCD, while mice with cancer under
DXR with 1% herbal treatment (BCDLH) showed a significant decrease in
TOS and OS], respectively, with p-values of less than 0.01, 0.05 and 0.01
and 0.001 for BCDHH group. The ability of the herb mixture to reduce oxi-
dative stress in the kidneys of cancer mice treated with DXR showed no
significant difference between the 1% and 2% doses (Figures 6 (A, B, C)).

The effects of the herbal extracts on kidney oxidant/antioxidant in-
dicators in breast cancer mice treated with DXR were studied. DXR was
administered to the breast cancer mice. Figures 7 (A, B, C) displays the
glutathione peroxidase (GPX), superoxide dismutase (SOD), and cata-
lase (CAT) levels, which are antioxidant enzymes. The levels of the CAT,
GPX, and SOD enzymes in the healthy mice in group H were 68.93+7.196,
64.14+10.73, and 86.99%10.26, respectively. The SOD activity of can-
cer mice (group BC) was shown to be significantly lower (56.69+8.045,
p<0.01) in our investigation. Nevertheless, the development of cancer
did not substantially impact the activities of CAT (60.09%+7.264) and
GPX (59.12%£7.907) in comparison to healthy mice. The activities of
CAT (25.11%7.531, p<0.0001), GPX (19.17+2.366, p<0.0001), and SOD
(24.27+6.042, p<0.0001) were noticeably reduced in healthy mice (group
HD) that were treated with DXR compared to animals that were not treat-
ed. DXR and 1% herb combination treatment (group BCDLH) of mice that
had cancer did not seem to have any effect on GPX, SOD, and CAT func-
tions. The administration of 2% herbal extracts (group HBDHH) caused
a very significant increase in CAT (p<0.01) and SOD (p<0.05); however,
there was no change in GPX when compared to the BCD group.

The oxidative stress produced in this study by DXR is evidenced by in-
creased OSI and decreased activity of catalase, glutathione peroxidase and
superoxide dismutase of kidney. The 2% herbal combinations significantly
improved the activities of these enzymes. This implies that the extracts
can improve the kidney’s antioxidant capacity and protect it from dam-
age due to DXR. The administration of the extract, particularly at 2%,
lowered TOS and OSI levels while raising TAC. This can be regarded as
evidence that the extracts can prevent oxidative stress by enhancing the
kidneys’ antioxidant capacity and, thus, decreasing the harm from ROS.
The extracts possess several antioxidant compounds such as flavonoids
(catechins and quercetin) and polyphenols (gallic, chlorogenic and caffeic
acids) as was shown by the HPLC analysis. These substances are capable of
directly scavenging ROS and have been found to have strong free radical
scavenging ability. For instance, gallic acid and tannic acid can provide
hydrogen atoms to the free radicals, thereby preventing the further chain
reactions, which lead to the generation of free radicals. Moreover, chlo-
rogenic and caffeic acids may raise the levels and activity of endogenous
antioxidants, including catalase and superoxide dismutase. This improves
the ability of breaking down hydrogen peroxide and superoxide anions
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3.5. Impact of nephroprotective herbal extracts on the proinflammatory
cytokine production in DXR- treated mice

Our findings showed that in healthy mice (group H), the levels of renal
IL-1 and TNF-a were 30.93+3.77 pg/mg proteins and 26.16+8.42 pg/mg
proteins, respectively. When compared to healthy mice, cancer animals
(group BC) showed no significant changes in the levels of IL-1 and TNF-a,
with levels of 51.13£9.106 pg/mg proteins and 46.46+10.42 pg/mg pro-
teins, respectively. After healthy mice were given DXR (group HD), lev-
els of IL1B and TNF-o were considerably higher than in the untreated
animals (179.1%£33.02 pg/mg protein; p<0.0001, 155.2+29.45 pg/mg
protein; p<0.0001, respectively). Compared to the BC group, breast can-
cer mice in group BCD, who were administered DXR, displayed signifi-
cantly higher levels of IL1f (209.2%17.04 pg/mg protein; p<0.0001) and
TNF-a (168.4+10.99 pg/mg protein; p<0.0001). Our findings showed
that compared to the BCD group, mice with cancer and DXR who also
received the 1% herbal mixture (group BCDLH) showed a significant re-
duction in both IL1B (142.6+17.31 pg/mg protein; P<0.01) and TNF-a
(116.9£19.67 pg/mg protein; P<0.05) levels. Moreover, in comparison to
the BCD group, mice given the 2% herbal extract (group BCDHH) dem-
onstrated a significant decrease in IL1f (105.6*13.31 pg/mg protein,
P<0.001) and TNF-a (80.83+16.03 pg/mg protein, P<0.001) levels, as
shown in Figures 8 (A, B).

In our study, we were able to see that an increase in such factors as
TNF-a and IL-1 in kidneys occurred in direct connection with the ad-
ministration of DXR. All these inflammatory cytokines participate in the
promotion of DXR-induced nephrotoxicity. The results predicate that
these herbal extracts can be used as anti-inflammatory drugs as they ef-
fectively reduced the cytokines at 1% and 2% concentrations. Being an
effective pro-inflammatory cytokine, IL-1f plays a role in inflammation
and kidney damage. In response to this, signaling pathways are stimulat-
ed, leading to the synthesis of various inflammatory agents and enzymes,
such as cyclooxygenase and nitric oxide synthase, which may further
aggravate tissue damage [51,52]. Interleukin-1 (IL-1) induces apoptosis
in kidney cells, raises production of pro-inflammatory cytokines and re-
cruits inflammatory cells into renal tissue. This cytokine stimulates renal
fibroblast cells to synthesize the extracellular matrix that enhances the
scarring process and impairs renal function; it is also a factor in the pro-
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Figure 6. Effect of the green tea and moringa mixture on renal
levels of total oxidative status (TOS) (A), total antioxidant
capacity (TAC) (B) and oxidative stress index (OSI) (C) in the
kidney of the doxorubicin (DXR)-treated mice with cancer.
Results are means *SD. *, **  *** agnd **** represent the
significant difference between different experimental groups at
p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. H: healthy
group, HD: healthy group treated with DXR, BC: mice with breast
cancer, BCD: DXR-treated mice with cancer, BCDLH: cancer mice
treated with DXR and 1% herbal extract, BCDHH: cancer mice
treated with DXR and 2% herbal extract
PMCYHOK 6. BiusiHue cvecu 3eJIeHOro yast U MOPVHI'Y Ha peHaJIbHbI€ YPOBHU
o61ero okucanTeabHoro craryca (TOS) (A), 061eit aHTMOKCUIAHTHOM
crioco6HocTH (TAC) (B) 1 MHIEeKca okucauTeabHoro crpecca (OSI) (C)

B IOYKaX MOIy4aBIINX JOKCOpyouumH (DXR) Mblieit ¢ pakoMm. PesyanaTm

HBHSI]OTCH cpem—mmn 3HAYEHUSIMU CTaHJAPTHBIE€ OTK/IOHEHWMS.

* Rl 7 Sk r[pe,umaBnmoT 3HaAYMMBbI€ pa3inuusi MeXIy paBHbIMM
3KCIIePMMEeHTAIBHbIMY rpymnmamu upu p<0,05, p<0,01, p<0,001 1 p<0,0001,
cooTBeTcTBeHHO. H: 3m0poBas rpynmna, HD: 3mopoBas rpymnmna, nosyJyasuiast
DXR, BC: MmbI1u ¢ pakoM MOJIOYHOJ JXejie3bl, BCD: MbIm ¢ pakom
MOJIOYHOJ¥i Kesie3bl nosmydasmye DXR, BCDLH: MbIuy ¢ pakoM MOJIOYHO
xene3sl nmoxyyasiye DXR u 1% TpassiHoro akcrpakra, BCDHH: Mbrimm
C paKOM MOJIOYHOV¥] KeJie3bl nomydyasmme DXR u 2% TpaBsIHOrO 3KCTpaKTa
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Figure 7. Effect of the green tea and moringa mixture on the ® ® 5o
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p<0.001 and p<0.0001, respectively. H: healthy group, HD:

healthy group treated with DXR, BC: mice with breast cancer,
BCD: DXR-treated mice with cancer, BCDLH: cancer mice treated
with DXR and 1% herbal extract, BCDHH: cancer mice treated
with DXR and 2% herbal extract
PucyHok 7. Bausinue cMmecu 3eJIeHOro 4asi ¥ MOPMHIYM Ha aKTUBHOCTU
peHanbHbIX KaTanassl (A), GPX (B) 1 SOD (C) B mo4ykax noayJyaBmImx
nokcopyounyH (DXR) Mbiiieii ¢ pakoM. Pe3y/ibTaTsl SIBISIIOTCS CPESHUMM
3HAYEHMSIMU £ CTAaHJAPTHbBIE OTKIOHEHMSI. ¥, **  *¥¥* yp *¥¥* phencraBasioT
3HAUMMbIe PasaInuMsi MeKAY PasHbIMU 3KCIIEPMMEHTAIbHBIMMY IPYIIIIaMU
mpu p<0,05, p<0,01, p<0,001 u p<0,0001, coorBercTBeHHO. H: 3M0pOBas
rpynna, HD: 3gopoBasi rpynna, noinydasmasi DXR, BC: MbIm ¢ pakom
MOJIOYHOV¥A 3Kkeie3bl, BCD: MbIlIy ¢ paKOM MOJIOYHOJ1 JKeJie3bl o TyyaBuie
DXR, BCDLH: MbIIuy ¢ paKOM MOJIOYHOJA KeJie3bl noyyasmue DXR
u 1% TpaBsiHOrO 3KcTpakTa, BCDHH: MBIIIM C pAKOM MOJIOYHOJ JKeJie3bl
nonydyasmye DXR 1 2% TpaBsIHOTO 3KCTpaKTa

into less toxic products, thus decreasing oxidative stress [47,48,49,50].
Therefore, it can be deduced from the findings of this study that these
bioactive compounds in combination with herbs aid in the restoration of
the antioxidant defense system in the kidney through a dose-dependent
manner to counter the effects of DOX-induced oxidative stress.

Figure 8. Effect of the green tea and moringa mixture on renal
levels of IL1B (A) and TNF-a (B) in the kidney of doxorubicin
(DXR)-treated mice with cancer. Results are means*SD. *, **_ ***
and **** represent the significant difference between different
experimental groups at p<0.05, p<0.01, p<0.001 and p<0.0001,
respectively. H: healthy group, HD: healthy group treated with
DXR, BC: mice with breast cancer, BCD: DXR-treated mice with
cancer, BCDLH: cancer mice treated with DXR and 1% herbal
extract, BCDHH: cancer mice treated with DXR and 2% herbal
extract
PMCYHOK 8. BiustHMe cMmecy 3eJIeHOTro 4asi U MOPMHI'M HAa peHa/IbHbIe
ypoBHU IL1§ (A) 1 TNF-a (B) B moUKax Ioy4aBIIMX JOKCOPYOULIVH
(DXR) mbllesi ¢ pakoM. Pe3yIbTaThl ABJISIIOTCS CpeHUMU

3HAYEHMSIMU £ CTaHJAPTHbIE OTKIOHEHMS. ¥, *¥  *¥¥ yp *¥%% phencraBiasoT
3HAYMMbIe PasINuMsi MeKAY PasHbIMU IKCIIEPUMMEHTATBHBIMM IPYIIIIAMU
npu p<0,05, p<0,01, p<0,001 u p<0,0001, coorBeTcTBeHHO. H: 3m10pOBas
rpynmna, HD: 3gopoBas rpynna, nonyyasmas DXR, BC: mbIm ¢ pakom
MOJIOUHO¥ kene3bl, BCD: MbIlIN ¢ paKOM MOJIOYHOJ JKeJie3bl IoJIyyaBuie
DXR, BCDLH: mbIy ¢ paKOM MOJIOYHOJA JKeJie3bl nosyyasmue DXR
u 1% TpaBsiHOrO 3KCcTpaKkTa, BCDHH: MBILIM C pAKOM MOJIOYHO JKeJie3bl

nonyuyasmye DXR 1 2% TpaBsIHOTO 3KCTpaKTa
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cells, starting a cascade of internal reactions that might result in necro-
sis or apoptosis, two possible forms of cell death. TNF-a stimulates the
production of ROS, leading to oxidative stress and cell damage. Accord-
ing to Kastl et al. [54], it also leads to fibrosis and cirrhosis by disrupting
the amounts of cytokines that are normally anti-inflammatory and pro-
inflammatory. Combining the moringa extract with green tea is thought
to provide anti-inflammatory properties since both plants contain bio-
active chemicals including antioxidants and flavonoids. Pro-inflamma-
tory cytokine expression and activity have been shown to be inhibited
by these substances [55]. Park et al. [56] and Wang et al. [57] stated that
compounds found in green tea, such as quercetin and catechins, inhibit
the pro-inflammatory gene activity (such as NF-kB) by obstructing cru-
cial signaling pathways.

This is consistent with the hypothesis that green tea possesses an-
ti-inflammatory properties. In addition, studies by Hamza [58] and
Abd-Elnaby et al. [59] indicate that bioactive components of moringa,
including moringin and other polyphenols, might reduce inflammation
by preventing the generation of TNF-a and IL-1. These bioactive com-
pounds do this by lowering the production of inflammatory cytokines and
chemokines by preventing the activation of inflammatory cells such as
macrophages. These findings highlight the preventative role of our herbal
combination in minimizing kidney damage induced by DXR by lowering
the production of inflammatory cytokines.

3.6. Impact of herbal extracts on the expression levels of BAX
and BCL2 genes and of NLRP3 and NFK genes

Bax and Bcl2 gene expression levels in various experimental groups
are shown in Figure 9 (A, B). While we found no statistically significant
variations in BAX expression levels between healthy and malignant ani-
mals, we did find a statistically significant rise in BCL2 expression levels
in the kidneys of both groups. In comparison to the untreated mice, there
was a significant increase in Bax expression (P<0.0001 for the HD group;
P<0.001 for the BCD group) and a significant decrease in BCL2 expres-
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Figure 9. Effect of the green tea and moringa mixture on
expression levels of BAX (A) and BCL2 (B) genes in the kidney of
doxorubicin (DXR)-treated mice with cancer. GAPDH was used
as a housekeeping gene. Relative quantification was performed
according to the comparative 2-24Ct method. Each reaction was run
in triplicate. Results are means*SD. *, ** *** gnd **** represent
the significant difference between different experimental groups
at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. H: healthy
group, HD: healthy group treated with DXR, BC: mice with breast
cancer, BCD: DXR-treated mice with cancer, BCDLH: cancer mice
treated with DXR and 1% herbal extract, BCDHH: cancer mice
treated with DXR and 2% herbal extract
PI/ICyHOK 9. BiusiHue cMecH 3eJIeHOTO Yasi U MOPVHI'Y Ha YPOBHM 3KCIIpeccumn
renoB BAX (A) u BCL2 (B) B moukax mosrydyaBmmx gokcopyounns (DXR)
mbIei ¢ pakom. GAPDH 6bU1 MCIIO/IB30BaH B KaYeCcTBe reHa J0MAaIlHero
X035CTBa. OHPE,ZLEJIEHMG OTHOCUTE/ILHOI'O KOJIMYeCTBa ObLIIO IIpoBeJeHo
B COOTBETCTBMM CO CPaBHUTeIbHBIM 222Ct meTomom. Kaskmas peakius 6bi1a
nposeneHa B TpexxpaTHou TIIOBTOPHOCTN. Pesyan 'ThI ABJITIOTCS CPeTHUMU
3HaAYeHUsIMU CTaHJAPTHbIE OTK/IOHEHWM . * npeacraBsiioT
3HaAYMMBbI€e pa3in4usa MeXay pasHbIMU 3KCH€DMM9HTaHbeIMM rpynmnamMm
npu p<0,05, p<0,01, p<0,001 u p<0,0001, coorBeTcTBeHHO. H: 3m10pOBas
rpynna, HD: 3gopoBas rpymnmna, noiaydasmas DXR, BC: Mbimm ¢ pakom
MOJIOYHOV1 3KeJie3bl, BCD: MbIIM ¢ pakOM MOJIOYHOV JKeJIe3bl oryvyaBiiye
DXR, BCDLH: MbIly ¢ pakoM MOJIOYHOV¥ JXejie3bl noxydyasmme DXR
¥ 1% TpaBsiHOro 3KCcTpakTa, BCOHH: MBIV C pAaKOM MOJIOYHOJ JKejie3bl
nonyuyasmye DXR u 2% TpaBsIHOTO 3KCTpaKTa

sion (P<0.0001 for the HD group; P<0.01 for BCD group) after the DXR
administration to both healthy (group HD) and cancerous (group BCD)
mice. A significant decrease in Bax expression (P<0.01) and a significant
increase in Bcl2 gene expression (P<0.05) were seen in malignant mice
treated with DXR and 1% herb extract (group BCDLH) compared to the
BCD group, which did not receive herb therapy. The expression of the
BAX (p<0.01) and BCL2 (p<0.001) genes in the kidney of the BCDHH
group was found to be similar to that of the BCDLH group compared to
the group that did not receive herb extract therapy.

Figure 10 (A, B) displays the renal expression of NLRP3 and NFKp in
different experimental groups. In the breast cancer groups of mice, there
was a significant rise in NLRP3 (P<0.05), but in comparison with the
healthy control group, there was no apparent effect on NFKB expression.
The levels of NLRP3 expression were not affected by the administration
of DXR to either the healthy (group HD) or cancer (group BCD) mice, al-
though they were shown to be higher in the BCD group (P<0.001) when
compared to the untreated group. Obviously, in contrast to the control
group, both the HD group and the BCD group exhibited elevated NFKp
gene levels (P<0.01 for the HD group and P<0.0001 for the BCD group).
In comparison to the BCD group, malignant mice given 1% herb extract
exhibited significantly reduced amounts of NLRP3 and NFKf (P<0.05
and P<0.0001, respectively). Furthermore, group BCDHH, which received
2% herbal extract, showed a significant decrease in NLRP3 (P<0.01) and
NFKB (P<0.0001) in comparison to BCD. Regardless of the dose, there
was no significant difference in the NLRP3 and NFKB expression levels
between the BCDLH and BCDHH groups.

The activities of BAX and BCL2 were noticeably changed by DXR treat-
ment. DXR increased apoptosis by lowering BCL2 levels and upregulating
BAX, two genes that normally work together to prevent cell death. The
expressions of the genes were altered by the herbal extracts; an upregu-
lation of BCL2 and a downregulation of BAX were seen, indicating that
the extracts help prevent cell death. Further, the extracts significantly
reduced the expression of the inflammatory response-related genes that
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Figure 10. Effect of the green tea and moringa mixture on
expression levels of NLRP3 (A) and NFkp (B) genes in the kidney
of doxorubicin (DXR)-treated mice with cancer. GAPDH was used
as a housekeeping gene. Relative quantification was performed
according to the comparative 2-24Ct method. Each reaction was run
in triplicate. Results are means=SD. *, ** *** gnd **** represent
the significant difference between different experimental groups
at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. H: healthy
group, HD: healthy group treated with DXR, BC: mice with breast
cancer, BCD: DXR-treated mice with cancer, BCDLH: cancer mice
treated with DXR and 1% herbal extract, BCDHH: cancer mice
treated with DXR and 2% herbal extract
Pucynok 10. Bimsinue cvecy 3eJIeHOTO 4asi i MOPMHIY Ha YPOBHM
akcrnpeccuy reHoB NLRP3 (A) u NFkp (B) B moukax mo/ryyaBmmnx
nmokcopyouuyH (DXR) mbiireii ¢ pakom. GAPDH 6bUT MCIIO/Ib30BaH
B KayecTBe reHa JOMaIIHero xo3syicrsa. OnpeneseHye OTHOCUTETbLHOTO
KOJIMYECTBA GbI/IO IPOBEAEHO B COOTBETCTBUM CO CPABHUTEIBHBIM 2 2ACt
meTtogom. Kakpast peakuysi 6bu1a NpoBeJieHa B TPEXKPATHO IIOBTOPHOCTH.
PeayanaTm ﬂBJl}I]OTCﬂ CpeIHUMY 3HAYEeHUSIMM * CTAaHJAPTHBIE OTKIOHEHUSI.
**¥ [IpemCTaB/ISIIOT 3HAYMMbIE PasIngyisi MeXIy PasHbIMU
3KCl‘IepMMeHTaJ‘lebIMM rpynnamu npu p<0,05, p<0,01, p<0,001 u p<0,0001,
cooTBeTCTBeHHO. H: 3mopoBas rpynma, HD: 3g0poBasi rpymmna, mosyJyasuias
DXR, BC: MbI1IM ¢ paKOM MOJIOYHOJ1 Jkesne3bl, BCD: MbIlm ¢ pakom
MOJIOYHO¥1 Kes1e3bl nomydyasumie DXR, BCDLH: MbIm ¢ pakKoM MOJIOYHOM
Kkene3pl noxydasiye DXR u 1% TpaBsaHoro skcrpakra, BCDHH: Mbim
C paKOM MOJIOYHOVA JKeJie3bl nomyuyasne DXR u 2% TpaBsiHOTo 3KCTpaKTa
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promote inflammation NLRP3 and NFKB. This shows that the extracts’
inflammatory and apoptotic control contributes to their nephroprotec-
tive effects. Research studies have clarified various types of useful com-
pounds in green tea, including polyphenols, like epicatechin, kaempferol,
epicatechin gallate (ECG), and epicatechin (EC).

Research indicates that epigallocatechin gallate (EGCG) and kaemp-
ferol may prevent NF-xB from activating and the NLRP3 inflammasome
from developing. Consequently, they may decrease the production of
pro-inflammatory cytokines and relieve inflammation [59,60]. Further-
more, EGCG has the ability to control the activity of BAX and BCL2, re-
sulting in improved cell survival and decreased apoptosis [61,62]. In ad-
dition, moringa contains a substantial quantity of bioactive compounds
such as flavonoids, phenolic acids, and glucosinolates. Abdel Fattah et
al. [64] reported that these substances have potent antioxidant and an-
ti-inflammatory properties. Quercetin, a flavonoid abundant in morin-
ga, has shown the ability to inhibit the activation of pro-inflammatory
genes by decreasing the NF-«xB signalling pathway. Moreover, research
has shown that quercetin may regulate the mechanism of cellular apop-

tosis by modulating the expression of BAX and BCL2, hence preventing
cell death [65].

3.7. Histopathological findings

The histopathological changes in the renal cortex of mice receiving dif-
ferent treatments were examined in this study (Figure 11 (A, B)). Morpho-
logically, the kidneys of group A, the healthy control mice, had intact struc-
tures of the distal convoluted tubules, proximal convoluted tubules, and
glomeruli. Group B with breast cancer mice did not differ significantly from
the healthy control group, which indicates that the breast cancer condi-
tion did not affect kidney histology at this stage. On the other hand, group
C, which was the healthy mice treated with doxorubicin, had renal dam-
age evidence. This was evidenced by mild cell swelling, glomerular atrophy
and degeneration, and extensive necrosis, suggesting doxorubicin neph-
rotoxicity. The same observation was made in group D consisted of mice
treated with doxorubicin and having breast cancer, which indicates that
the presence of breast cancer did not decrease the nephrotoxicity of doxo-
rubicin (Figure 11 (C, D)). The treatment groups E and F (Figure 11 (E, F)),

Figure 11. Histopathological examination of mouse kidney (H&E staining, magnification 10X) in different experimental groups.
Control group (H) and BC group (A, B): kidney cells show normal structure of distal convoluted (arrow A), the proximal convoluted
tubule (arrow B), and the glomerulus (star sign) in the control group. HD (C) and BCD (D) groups: mild cell swelling (yellow arrows),
glomerular atrophy and degeneration (red arrow), and extensive necrosis (black arrow). BCDLH group (E): mild cell swelling (yellow
arrows), glomerular atrophy and degeneration (red arrow), and extensive necrosis (black arrow). BCDHH group (F): shows necrosis
(black arrow). Control group (H); tumor group (BC); control + DXR group (HD); tumor + DXR group (BCD); tumor + DXR+ low dose of
herb mixture (BCDLH); tumor + DXR + high dose of herb mixture (BCDHH)

Pucynoxk 11. I'mcronaTosorndecoe uccjieqoBaHye o4YeK Mblilieii (OKpacka reMaTOKCMJIMHOM M 303MHOM, yBejdeHue 10X) B pasinmyHbIX
3KCIepUMeHTaIbHbIX rpynmnax. Kourponpnas rpynna (H) u rpynna BC (A, B): KJIeTKM IOYKY [T0OKa3a/1¥ HOPMAJIBHYIO CTPYKTYPY AVICTATbHOTO M3BUTOIO
(cTpenka A), MPOKCHMAIBHOTO M3BUTOr0 KaHAIbIA (CTpenKa B), v Ki1y6ouKa (3Be3m04Ka) B KOHTpoibHOI rpymme. I'pynmsr HD (C) u BCD (D): ymepeHHOe

HaGyxaHye KJIeTOK (3Ke/ITbIe CTPeJIKM), aTpodus 1 JereHepanysi KIy6OUKOB (KPacHasi CTPeJIKa) ¥ OGLIMPHBI HEKPO3 (uepHas crpeika). [pynna BCDLH (E):

yMepeHHOe HaGyxaHye KJIETOK (JKeJITbIe CTPeJIKM), aTpodust U AereHepanus KIIyGOUKOB (KpacHasi CTPeJIKa) ¥ OGLIMPHBIN HEeKPo3 (YepHas cTpenka). [pymnmna

BCDHH (F): noka3biBaeT HeKpo3 (4epHas crpeska). KourponbHas rpymma (H); rpynmna c ormyxosnsio (BC); rpynna KoHTposb + DXR (HD); rpynmna ¢ onmyxosbio +
DXR (BCD); rpymnmna c omyxonsio + DXR + Hu3Kas no3a TpaBsiHoii cmecu (BCDLH); rpynna ¢ onyxosbio + DXR + Beicokast Jo3a TpaBstHovi cvmecu (BCDHH)
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administered doxorubicin in combination with the herb extract at concen-
trations of 1% and 2%, respectively, showed some protection against doxo-
rubicin-induced renal damage. Group E had mild cell swelling, glomerular
atrophy, and necrosis, suggesting some protection. Group F showed only
necrosis, which may indicate that the 2% concentration of the herbs extract
was more effective in the prevention of renal damage than the 1% concen-
tration. Based on the findings of this study, it can be concluded that while
doxorubicin results in severe renal toxicity, the addition of the herb extract
may help in minimizing the degree of nephrotoxicity.
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Conclusion
In conclusion, the green tea and moringa combination extracts

show a significant protective effect against doxorubicin-induced renal
toxicity due to their antioxidant, anti-inflammatory, and anti-apop-
totic properties through the coordinated suppression of multiple mo-
lecular pathways involved in the nephrotoxicity. The combination of
green tea and moringa can therefore be recommended as an adjuvant
for the management of hepatotoxicity resulting from chemotherapy
drugs.

REFERENCES

. Islamuddin, M., Qin, X. (2024). Renal macrophages and NLRP3 inflammasomes

in kidney diseases and therapeutics. Cell Death Discovery, 10(1), Article 229.
https://doi.org/10.1038/s41420-024-01996-3

. Kubat, G. B., Ozler, M., Ulger, O., Ekinci, O., Atalay, O., Celik, E. et al. (2020). The

effects of mesenchymal stem cell mitochondrial transplantation on doxorubi-
cin-mediated nephrotoxicity in rats. Journal of Biochemical and Molecular Toxi-
cology, 35(1), Article e22612. https://doi.org/10.1002/jbt.22612

. Charles, I. ]., Okayo, O. D. (2021). Prevention of doxorubicin-induce renal func-

tion abnormalities by turmeric in Wistar rats. GSC Biological and Pharmaceutical
Sciences, 14(3), 143-156. https://doi.org/10.30574/gscbps.2021.14.3.0070

Peter, S., Alven, S., Maseko, R. B., Aderibigbe, B. A. (2022). Doxorubicin-based
hybrid compounds as potential anticancer agents: A review. Molecules, 27(14),
Article 4478. https://doi.org/10.3390/molecules27144478

. Angela, I. F. D., Dalimunthe, A., Harahap, U., Satria, D. (2023). Effect of andali-

man (Zanthoxylum acanthopodium DC.) ethanol extract on doxorubicin-in-
duced toxicity on hematology in male rats. Journal of Drug Delivery and Thera-
peutics, 13(3), 27-29. https://doi.org/10.22270/jddt.v13i3.5975

. Amarasiri, S. S., Attanayake, A. P., Arawwawala, L. D. A. M., Jayatilaka, K. A. P.

W., Mudduwa, L. K. B. (2021). Nephroprotective activity of Vetiveria zizanioides
(L.) Nash supplement in doxorubicin-induced nephrotoxicity model of Wistar
rats. Journal of Food Biochemistry, 45(9), Article e13901. https://doi.org/10.1111/
jfbc.13901

Furcea, D. M., Agrigoroaie, L., Mihai, C.-T., Gardikiotis, I., Dodi, G., Stanciu, G. D.
et al. (2022). 18F-FDG PET/MRI imaging in a preclinical rat model of cardiore-
nal syndrome — an exploratory study. International Journal of Molecular Sciences,
23(23), Article 15409. https://doi.org/10.3390/ijms232315409

. Teibo, J., Bello, S., Olagunju, A., Olorunfemi, F., Ajao, O., Fabunmi, O. (2020).

Functional foods and bioactive compounds: Roles in the prevention, treatment
and management of neurodegenerative diseases. GSC Biological and Pharmaceu-
tical Sciences, 11(2), 297-313. https://doi.org/10.30574/gscbps.2020.11.2.0143

. Anyene, I. C., Ergas, I.]., Kwan, M. L., Roh, J. M., Ambrosone, C. B., Kushi, L. H. et

al. (2021). Plant-based dietary patterns and breast cancer recurrence and surviv-
al in the pathways study. Nutrients, 13(10), Article 3374. https://doi.org/10.3390/
nul3103374

Al-Temimi, W. K. A., Al- Garory, N. H. S., Khalaf, A. A. (2020). Diagnose the
bioactive compounds in flaxseed extract and its oil and use their mixture
as an antioxidant. Basrah Journal of Agricultural Sciences, 33(1), 172-188.
https://doi.org/10.37077/25200860.2020.33.1.13

. Hussain, M. A., Abogresha, N. M., Kader, G. A., Hassan, R., Abdelaziz, E. Z., Gre-

ish, S. M. (2021). Antioxidant and anti-inflammatory effects of crocin ameliorate
doxorubicin-induced nephrotoxicity in rats. Oxidative Medicine and Cellular Lon-
gevity, 2021(1), Article 8841726. https://doi.org/10.1155/2021/8841726

Owumi, S.E., Lewu, D. O., Arunsi, U. O., Oyelere, A. K. (2021). Luteolin attenuates
doxorubicin-induced derangements of liver and kidney by reducing oxidative
and inflammatory stress to suppress apoptosis. Human and Experimental Toxi-
cology, 40(10), 1656—-1672. https://doi.org/10.1177/09603271211006171

Shi, H., Zhao, X., Peng, Q., Zhou, X., Liu, S., Sun, C. et al. (2023). Green tea
polyphenols alleviate kidney injury induced by Di(2-ethylhexyl) phthal-
ate in mice. American Journal of Nephrology, 55(1), 86-105. https://doi.
0rg/10.1159/000534106

Arabzadeh, E., Norouzi Kamareh, M., Ramirez-Campillo, R., Mirnejad, R., Masti,
Y., Shirvani, H. (2022). Twelve weeks of treadmill exercise training with green
tea extract reduces myocardial oxidative stress and alleviates cardiomyocyte
apoptosis in aging rat: The emerging role of bnip3 and HIF-10/IGFBP3 pathway.
Journal of Food Biochemistry, 46(12), Article e14397. https://doi.org/10.1111/
jfbc.14397

Nishat, R. J., Halim, M. R., Islam, M. M., Hamid, T., Ahmed, K. N., Hasan, R. et
al. (2022). Effect of green tea on gentamicin induced nephrotoxicity in Long
Evans male rats. Bangladesh Critical Care Journal, 10(2), 127-134. https://doi.
org/10.3329/bccj.v10i2.62206

Adeoye, S. W. A., Adeshina, O. S., Yusuf, M. G., Omole, A. (2022). Hepatoprotec-
tive and renoprotective effect of Moringa oleifera seed oil on dichlorvos-induced
toxicity in male Wistar rats. Nigerian Journal of Physiological Sciences, 37(1), 119—
126. https://doi.org/10.54548/njps.v37i1.15

Putri, I. S., Siwi, G. N., Budiani, D. R., Rezkita, B. E. (2023). Protective effect of
moringa seed extract on kidney damage in rats fed a high-fat and high-fructose
diet. Journal of Taibah University Medical Sciences, 18(6), 1545-1552. https://doi.
org/10.1016/j.jtumed.2023.07.001

. Lukiswanto, B. S., Wijayanti, H., Fadhila, Y. N., Yuniarti, W. M., Arimbi, A., Supri-

hati, E. et al. (2022). Protective effect of Moringa oleifera leaves extract against
gentamicin induced hepatic and nephrotoxicity in rats. Iraqi Journal of Veteri-
nary Sciences, 37(1), 129-135. https://doi.org/10.33899/ijvs.2022.133276.2197
Elsayed, F. L., Elgendey, F., Waheed, R. M., El-Shemy, M. A. (2021). Protective
effect of moringa oleifera seed extract on cisplatin induced nephrotoxicity in
rats. International Journal of Pharmacy and Pharmaceutical Sciences, 13(5), 78-82.
https://doi.org/10.22159/ijpps.2021v13i5.41125

14

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Sebastian, D., Shankar, K. G., Ignacimuthu, S., Fleming, A. T., Sebastian, D.
(2019). Detection of synergistic effect of three plant extracts against patho-
genic bacteria. International Journal of Research and Analytical Reviews, 6(2),
438-449.

Wang, Y., Yang, H., Chen, L., Jafari, M., Tang, J. (2021). Network-based modeling
of herb combinations in traditional Chinese medicine. Briefings in Bioinformat-
ics, 22(5), Article bbab106. https://doi.org/10.1093/bib/bbab106

Sojoodi, M., Wei, L., Erstad, D.]., Yamada, S., Fujii, T., Hirschfield, H. et al. (2020).
Epigallocatechin gallate induces hepatic stellate cell senescence and attenuates
development of hepatocellular carcinoma. Cancer Prevention Research, 13(6),
497-508. https://doi.org/10.1158/1940-6207.capr-19-0383

Wu, Z., Sun, L., Chen, R., Wen, S., Li, Q., Lai, X. et al. (2022). Chinese tea alleviates
CCly-induced liver injury through the nf-kbornrf2signaling pathway in C57BL-6]
mice. Nutrients, 14(5), Article 972. https://doi.org/10.3390/nu14050972
Shubhangini, C., Jaiganesh, R., Rajeshkumar, S. (2023). Green synthesis of zinc
oxide nanoparticles using chamomile and green tea extracts and evaluation
of their anti-inflammatory and antioxidant activity: An in vitro study. Cureus,
15(9), Article e46088. https://doi.org/10.7759/cureus.46088

Zhang, Y., Qu, X., Gao, H., Zhai, J., Tao, L., Sun, J. et al. (2020). Quercetin attenu-
ates NLRP3 inflammasome activation and apoptosis to protect INH-induced
liver injury via regulating SIRT1 pathway. International Inmunopharmacology,
85, Article 106634. https://doi.org/10.1016/j.intimp.2020.106634

Feng, T., Wan, Y., Dai, B., Liu, Y. (2023). Anticancer activity of bitter melon-de-
rived vesicles extract against breast cancer. Cells, 12(6), Article 824. https://doi.
0rg/10.3390/cells 12060824

Shao, M., Kuang, Z., Wang, W., Li, S., Li, G., Song, Y. et al. (2022). Aucubin ex-
erts anticancer activity in breast cancer and regulates intestinal microbiota.
Evidence-Based Complementary and Alternative Medicine, 2022, Article 4534411.
https://doi.org/10.1155/2022/4534411

Mradu, G., Saumyakanti, S., Sohini, M., Arup, M. (2012). HPLC profiles of stan-
dard phenolic compounds present in medicinal plants. International Journal of
Pharmacognosy and Phytochemical Research, 4(3), 162-167.

Kumar, K. P., Reddy, V. R., Prakash, M. G., Kumar, K. P. (2018). In vitro estimation
of total phenolics and DPPH radical scavenging activity of Withania somnifera
extract. The Pharma Innovation Journal, 7(3), 588—590.

Pandey, B., Rajbhandari, M. (2014). Estimation of total phenolic and flavonoid
contents in some medicinal plants and their antioxidant activities. Nepal Journal
of Science and Technology, 15(1), 53-60. http://doi.org/10.3126/njst.v15i1.12010
Phuyal, N., Jha, P. K., Raturi, P. P, Rajbhandary, S. (2020). Total phenolic, fla-
vonoid contents, and antioxidant activities of fruit, seed, and bark extracts of
Zanthoxylum armatum DC. The Scientific World Journal, 2020(1), Article 8780704.
https://doi.org/10.1155/2020/8780704

Védékoi, J., Selestin, S. D., Abdoulaye, H., Justin, K., Djamilah, Z., Pierre, K.
(2019). Investigation of antioxidant activity of the ethanol extract of the resin
exudates of trunk bark of Boswellia dalzielii Hutch (Burseraceae). Journal of Ma-
terials and Environmental Sciences, 10(12), 1413-1419.

Gulcin, 1., Alwasel, S. H. (2022). Metal ions, metal chelators and metal chelat-
ing assay as antioxidant method. Processes, 10(1), Article 132. https://doi.
org/10.3390/pr10010132

Rajaratinam, H., Rasudin, N. S., Safuan, S., Abdullah, N. A., Mokhtar, N. F.,
Fuad, W. E. M. (2022). Passage number of 4T1 cells influences the develop-
ment of tumour and the progression of metastasis in 4T1 orthotopic mice. The
Malaysian Journal of Medical Sciences, 29(3), 30-42. https://doi.org/10.21315/
mjms2022.29.3.4

Sauter, B. V., Martinet, O., Zhang, W. -]., Mandeli, J., Woo, S. L. C. (2000). Adeno-
virus-mediated gene transfer of endostatin in vivo results in high level of trans-
gene expression and inhibition of tumor growth and metastases. Proceedings
of the National Academy of Sciences, 97(9), 4802-4807. https://doi.org/10.1073/
pnas.090065597

Zeiss, C. J., Gatti, D. M., Toro-Salazar, O., Davis, C., Lutz, C. M., Spinale, F. et
al. (2019). Doxorubicin-induced cardiotoxicity in collaborative cross (CC) mice
recapitulates individual cardiotoxicity in humans. G3 Genes/Genomes/Genetics,
9(8), 2637-2646. https://doi.org/10.1534/g3.119.400232

Amiri, R., Tabandeh, M. R., Hosseini, S. A. (2021). Novel cardioprotective effect
of L-carnitine on obese diabetic mice: Regulation of chemerin and CMKLRI ex-
pression in heart and adipose tissues. Arquivos Brasileiros de Cardiologia, 117(4),
715-725. https://doi.org/10.36660/abc.20200044

Erel, O. (2005). A new automated colorimetric method for measuring total oxi-
dant status. Clinical Biochemistry, 38(12), 1103-1111. https://doi.org/10.1016/j.
clinbiochem.2005.08.008

Benzie, I. F., Strain, J. J. (1999). Ferric reducing/antioxidant power assay: Direct
measure of total antioxidant activity of biological fluids and modified version for
simultaneous measurement of total antioxidant power and ascorbic acid con-
centration. Chapter in a book: Methods in Enzymology. Academic press, 1999.
https://doi.org/10.1016/S0076-6879(99)99005-5



Nadprax A. X.

40. Tabandeh, M. R., Jozaie, S., Ghotbedin, Z., Gorani, S. (2022). Dimethyl itaconic
acid improves viability and steroidogenesis and suppresses cytokine production
in LPS-treated bovine ovarian granulosa cells by regulating TLR4/nfkpB, NLRP3,
JNK signaling pathways. Research in Veterinary Science, 152, 89-98. https://doi.
org/10.1016/j.rvsc.2022.07.024

Namal Senanayake, S. P. J. (2013). Green tea extract: Chemistry, antioxidant
properties and food applications — A review. Journal of Functional Foods, 5(4),
1529-1541. https://doi.org/10.1016/j.jff.2013.08.011

Musial, C., Kuban-Jankowska, A., Gorska-Ponikowska, M. (2020). Beneficial
properties of green tea catechins. International Journal of Molecular Sciences,
21(5), Article 1744. https://doi.org/10.3390/ijms21051744

Pekal, A., Dr6zdz, P., Biesaga, M., Pyrzynska, K. (2012). Screening of the antioxi-
dant properties and polyphenol composition of aromatised green tea infusions.
Journal of the Science of Food and Agriculture, 92(11), 2244-2249.

Lorenzo, J. M., Munekata, P. E. S. (2016). Phenolic compounds of green tea:
Health benefits and technological application in food. Asian Pacific Journal of
Tropical Biomedicine, 6(8), 709-719. https://doi.org/10.1016/j.apjtb.2016.06.010
Penalver, R., Martinez-Zamora, L., Lorenzo, ]. M., Ros, G., Nieto, G. (2022). Nutri-
tional and antioxidant properties of Moringa oleifera leaves in functional foods.
Foods, 11(8), Article 1107. https://doi.org/10.3390/foods11081107

Ntshambiwa, K. T., Seifu, E., Mokhawa, G. (2023). Nutritional composition, bio-
active components and antioxidant activity of Moringa stenopetala and Moringa
oleifera leaves grown in Gaborone, Botswana. Food Production, Processing and
Nutrition, 5(1), Article 7. https://doi.org/10.1186/s43014-022-00124-x
Sreelatha, S., Padma, P. R. (2009). Antioxidant activity and total phenolic con-
tent of Moringa oleifera leaves in two stages of maturity. Plant Foods for Human
Nutrition, 64(4), 303-311. https://doi.org/10.1007/s11130-009-0141-0

Na, H.-K., Surh, Y.-J. (2008). Modulation of Nrf2-mediated antioxidant and de-
toxifying enzyme induction by the green tea polyphenol EGCG. Food and Chemi-
cal Toxicology, 46(4), 1271-1278. https://doi.org/10.1016/j.fct.2007.10.006

. Mostafa-Hedeab, G., Hassan, M. E., Halawa, T. F, Wani, F.A. (2022). Epigallo-
catechin gallate ameliorates tetrahydrochloride-induced liver toxicity in rats
via inhibition of TGFB/p-ERK/p-Smadl/2 signaling, antioxidant, anti-inflam-
matory activity. Saudi Pharmaceutical Journal, 30(9), 1293-1300. https://doi.
org/10.1016/j.jsps.2022.06.021

Lang, Y., Gao, N., Zang, Z., Meng, X., Lin, Y., Yang, S. et al. (2024). Classification
and antioxidant assays of polyphenols: A review. Journal of Future Foods, 4(3),
193-204. https://doi.org/10.1016/j.jfutfo.2023.07.002

. Patintingan, C. G., Louisa, M., Juniantito, V., Arozal, W., Hanifah, S., Wanan-
di, S. I. et al. (2023). Moringa oleifera leaves extract ameliorates doxorubicin-
induced cardiotoxicity via its mitochondrial biogenesis modulatory activ-
ity in rats. Journal of Experimental Pharmacology, 15, 307-319. https://doi.
org/10.2147/jep.s413256

Lee, E.-H., Park, H.-]., Kim, B.-O., Choi, H.-W., Park, K.-1., Kang, .-K. et al. (2020).
Anti-inflammatory effect of Malus domestica cv. green ball apple peel extract on
Raw 264.7 macrophages. Journal of Applied Biological Chemistry, 63(2), 117-123.
https://doi.org/10.3839/jabc.2020.016

Heo, Y.J., Lee, N., Choi, S.-E., Jeon, ]. Y., Han, S.]., Kim, D. . et al. (2023). Amphi-
regulin induces iNOS and COX-2 expression through NF-xB and MAPK signal-

41.

42.

43.

45.

46.

47.

48.

4

el

50.

5

—_

52.

53.

AUTHOR INFORMATION
Affiliation

Abdulrahman H. Laftah, PhD, Lecturer, Department of Food Science, College
of Agriculture, University of Basra

Basra, 61004, Iraq

Tel.: +964-772-201-69-01

E-mail: abdulrahman.laftah@uobasrah.edu.iq

ORCID: https://orcid.org/0009-0009-3243-275X

* corresponding author

Nawfal Alhelfi, Professor, Department of Food Science, College of Agriculture,
University of Basra

Basra, 61004, Iraq

Tel.: +964-781-095-51-77

E-mail: nawfal.hussain@uobasrah.edu.iq

ORCID: https://orcid.org/0000-0003-4499-0643

Sadeq K. Al-Salait, Professor, Hematologist, Oncology unit, Al-Sadr Hospital
Basra, 61004, Iraq

College of Medicine, University of Warith Al-Anbiyaa, Karbala, Iraq

Tel.: +964-780-214-64-20

E-mail: Sadiq.khalaf@uobasrah.edu.iq

ORCID: https://orcid.org/0000-0003-4488-8307

Tarek G. Abedelmaksoud, Associate Professor, Department of Food Science,
Faculty of Agriculture, Cairo University

1 Gamaa Street, 12613, Giza, Egypt

Tel.: +2-0110-144-12-80

E-mail: tareekgamal 88@agr.cu.edu.eg

ORCID: https://orcid.org/0000-0002-7012-6667

Contribution

Authors equally relevant to the writing of the manuscript,
and equally responsible for plagiarism.

Conflict of interest
The authors declare no conflict of interest.

v op. | MALWEBDBIE CUCTEMbI | Tom 8 No 1 | 2025 | C. 4-15

ing in hepatic inflammation. Mediators of Inflammation, 2023, 1-11. https://doi.
org/10.1155/2023/2364121
Kastl, L., Sauer, S. W., Ruppert, T., Beissbarth, T., Becker, M. S., Siiss, D. et al.
(2014). TNF-a. mediates mitochondrial uncoupling and enhances ROS-depen-
dent cell migration via NF-kB activation in liver cells. FEBS Letters, 588(1), 175—
183. https://doi.org/10.1016/j.febslet.2013.11.033
Singh, A., Yau, Y.F., Leung, K. S., E1-Nezami, H., Lee, ]. C.-Y. (2020). Interaction of
polyphenols as antioxidant and anti-inflammatory compounds in brain-liver—
gut axis. Antioxidants, 9(8), Article 669. https://doi.org/10.3390/antiox9080669
Park, H.]., Lee, ].-Y., Chung, M.-Y., Park, Y.-K., Bower, A. M., Koo, S. L. et al. (2012).
Green tea extract suppresses NFkB activation and inflammatory responses in
diet-induced obese rats with nonalcoholic steatohepatitis3. The Journal of Nutri-
tion, 142(1), 57-63. https://doi.org/10.3945/jn.111.148544
Wang, Z., Sun, W., Sun, X., Wang, Y., Zhou, M. (2020). Kaempferol ameliorates
Cisplatin induced nephrotoxicity by modulating oxidative stress, inflammation
and apoptosis via ERK and NF-«B pathways. AMB Express, 10(1), Article 58.
https://doi.org/10.1186/s13568-020-00993-w
Hamza, A. A. (2010). Ameliorative effects of Moringa oleifera Lam seed extract
on liver fibrosis in rats. Food and Chemical Toxicology,48(1), 345-355. https://doi.
org/10.1016/j.fct.2009.10.022
Abd-Elnaby, Y. A., ElSayed, I. E., AbdEldaim, M. A., Badr, E. A., Abdelhafez, M. M.,
Elmadboubh, I. (2022). Anti-inflammatory and antioxidant effect of moringa ole-
ifera against bisphenol-a-induced hepatotoxicity. Egyptian Liver Journal, 12(1),
Article 57. https://doi.org/10.1186/s43066-022-00219-7
Wang, Y., Zhou, P., Li, P., Yang, F., Gao, X.-q (2020). Long non-coding RNA H19
regulates proliferation and doxorubicin resistance in MCF-7 cells by targeting
PARP1. Bioengineered, 11(1), 536-546. https://doi.org/10.1080/21655979.2020.
1761512
. Lukiswanto, B. S., Wijayanti, H., Fadhila, Y., Yuniarti, W. M., Arimbi, A., Kurnijas-
anti, R. (2022). Protective effect of Moringa oleifera leaves extract against gen-
tamicin induced hepatic and nephrotoxicity in rats. Iraqi Journal of Veterinary
Sciences, 37(1), 129-135. https://doi.org/10.33899/ijvs.2022.133276.2197
. Mostafa-Hedeab, G., Hassan, M. E., Halawa, T. F., Ahmed Wani, f. (2022). Epigal-
locatechin gallate ameliorates tetrahydrochloride-induced liver toxicity in rats
via inhibition of TGFB/p-ERK/p-Smadl/2 signaling, antioxidant, anti-inflam-
matory activity. Saudi Pharmaceutical Journal, 30(9), 1293-1300. https://doi.
org/10.1016/j.jsps.2022.06.021
Tak, E., Park, G.-C., Kim, S.-H., Jun, D. Y., Lee, J., Hwang, S. et al. (2016). Epi-
gallocatechin-3-gallate protects against hepatic ischaemia — reperfusion injury
by reducing oxidative stress and apoptotic cell death. Journal of International
Medical Research, 44(6), 1248-1262. https://doi.org/10.1177/03000 60516662735
Abdel Fattah, M. E., Sobhy, H. M., Reda, A., Abdelrazek, H. M. (2020). Hepatopro-
tective effect of Moringa oleifera leaves aquatic extract against lead acetate—in-
duced liver injury in male Wistar rats. Environmental Science and Pollution Re-
search, 27(34), 43028-43043. https://doi.org/10.1007/s11356-020-10161-z
. Zhang, Y., Qu, X., Gao, H., Zhai, J., Tao, L., Sun, J. et al. (2020). Quercetin attenu-
ates NLRP3 inflammasome activation and apoptosis to protect INH-induced
liver injury via regulating SIRT1 pathway. International Inmunopharmacology,
85, Article 106634. https://doi.org/10.1016/j.intimp.2020.106634

54.

55.

56.

57.

58.

59.

60.

6

—_

6

135

63.

64.

6

wu

CBEJIEHHNSA Ob ABTOPAX
IIpMHAA/IEeKHOCTh K OPTaHM3aLUN

Jladrax A. X. — PhD, npenogasateib, pakyIbTeT MUIEBbIX HAYK, CETbCKO-
XO3SI/ICTBeHHbII Ko/neI K, YHUBepcuTeT bacpsl

61004, Upax, bacpa

Ten.: +964-772-201-69-01

E-mail: abdulrahman.laftah@uobasrah.edu.iq

ORCID: https://orcid.org/0009-0009-3243-275X

* aBTOD [AJ11 KOHTAKTOB

Anxyndu H. — npodeccop, pakynbTeT NUIIEBbIX HAYK, CETbCKOXO3SICTBEH-
HbII KOJIIeK, YHUBepcuTeT bacpel

61004, Upak, Bacpa

Ten.: +964-781-095-51-77

E-mail: nawfal.hussain@uobasrah.edu.iq

ORCID: https://orcid.org/0000-0003-4499-0643

Anb-Canerir C. K. — nmpodeccop, OTaeneHne reMaToaoruyu M OHKOJIOTHM, TO-
crnutanb Anb-Cagp

Bacpa, 61004, Mpax

MenuUMHCKMIT KOJUTeisk, YHMBepeuTeT Baput Anb-AH6us, Kepbena, pak
Ten.: +964-780-214-64-20

E-mail: Sadig.khalaf@uobasrah.edu.iq

ORCID: https://orcid.org/0000-0003-4488-8307

AGegensmaxkcyg, T. I. — agbioHkT-ipoceccop, Kadbenpa Hayku o mutaHumn,
CebCKOXO03SI/ICTBeHHBIN (akynbTeT, Kanpckuii YHUBEpCUTET

12613, Eruner, I'm3a, yi. Tamaa, 1

Ten.: +2-0110-144-12-80

E mail: tareekgamal_88@agr.cu.edu.eg

ORCID: https://orcid.org/0000-0002-7012-6667

Kpurepun apropcra

ABTO]JI;I B PABHBIX JOJISIX MMEIOT OTHONIE€HV e K HallMCaHUI0 PYKOIINCU
¥ ONMHAKOBO HECYT OTBETCTBEHHOCTD 3a IJIarnaT

KoudukT nHTEpecos
ABTODBI 3aSIBJISIIOT 06 OTCYTCTBUM KOHGMINKTA MHTEPECOB.

15



