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ABSTRACT
Background: Nephrolithiasis is a kidney disorder caused by the formation of crystals through physiological and 
chemical processes in the body, with calcium oxalate being a major contributor. Moringa oleifera leaves are known 
for their antioxidant, diuretic, and anti-inflammatory properties and contain alkaloids, flavonoids, polyphenols, 
polysaccharides, saponins, phenolics, and tannins.
Aim: This study aimed to investigate the potential of M. oleifera leaf extract (MLE) as a calcium oxalate crystal 
inhibitor, its effect on reducing malondialdehyde (MDA) levels, enhancing superoxide dismutase (SOD) activity, and 
histopathological changes in kidneys.
Methods: Fifty male Rattus norvegicus aged 12 weeks and weighing 202.43 ± 30.39 g were divided into five groups 
of 10. The groups included: normal control (C) group without treatment, the untreated ethylene glycol (EG)-induced 
group (T0), and the EG-induced groups treated with MLE at doses of 200 mg/kgbw (T1), 316 mg/kgbw (T2), and 500 
mg/kgbw (T3) at 4-hour intervals after EG induction. EG and MLE were administered orally using a gastric tube for 21 
days. The parameters observed included SOD and MDA activity, calcium oxalate crystals, and kidney histopathology.
Results: MLE inhibited calcium oxalate crystal formation, reduced MDA levels, increased SOD activity, and prevented 
tubular epithelial cell degeneration, epithelial necrosis, and interstitial inflammation in the kidneys.
Conclusion: MLE demonstrated calcium oxalate crystal dissolution activity, antioxidant effects by reducing MDA 
content, enhanced SOD activity, and improved kidney conditions, thereby contributing to good health and well-being.
Keywords: Antioxidant, Degeneration, Good health and well-being, Necrosis, Urinary crystals.

Introduction
Ethylene glycol (EG) is a colorless, sweet-tasting toxic 
alcohol compound commonly found in household 
items, antifreeze agents, and automotive and industrial 
solvents (Song et al., 2017). Accidental or intentional 

ingestion of EG poses severe health risks due to 
its toxicity, and prompt and appropriate medical 
intervention. The kidneys are particularly vulnerable 
to EG toxicity because it promotes the formation of 
calcium oxalate crystals, a major factor contributing 
to kidney failure (Koda et al., 2017). Moreover, the 
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presence of calcium oxalate crystals generates free 
radicals, leading to the formation of reactive oxygen 
species (ROS), which induce oxidative stress and tissue 
damage in the kidneys (Khan, 2014). This damage 
manifests as cellular degeneration, necrosis, and 
inflammatory cell infiltration. The imbalance between 
free radicals and antioxidants in the body results in 
oxidative stress (Chaudhary et al., 2023), characterized 
by lipid peroxidation that elevates malondialdehyde 
(MDA) levels and decreases superoxide dismutase 
(SOD) activity (Pomierny et al., 2014).
Innovative preventive measures include inhibiting 
free radical activity and protecting kidney cells using 
compounds found in Moringa oleifera L., a novel 
approach yet to be explored in depth (Akter et al., 
2021). Moringa leaves contain active ingredients such 
as alkaloids, flavonoids, polyphenols, polysaccharides, 
saponins, phenolics, and tannins, which are known for 
their antioxidant and diuretic properties (Khalid et al., 
2024a; Khalid et al., 2024b). Flavonoids like quercetin 
reduce free radicals by inhibiting xanthine oxidase and 
Nicotinamide Adenine Dinucleotide Phosphate  oxidase 
enzymes, enhancing endogenous antioxidant secretion, 
and scavenging hydrogen atoms from hydroxyl groups, 
thereby breaking the chain reaction of free radicals and 
preventing oxidative stress (Kashyap et al., 2022). 
Additionally, flavonoids act as diuretics (Nayak et 
al., 2017) by increasing the glomerular filtration rate, 
facilitating rapid excretion of nephrotoxic substances, 
and preventing crystal formation. Polyphenols serve as 
antioxidants and anti-inflammatory agents (Guerreiro 
et al., 2022), whereas polysaccharides prevent stone 
adhesion to cell membranes (Menon et al., 2022). 
This study aimed to pioneer the investigation into 
the potential of M. oleifera leaf extract (MLE) in 
preventing calcium oxalate crystal formation, reducing 
MDA levels, enhancing SOD levels, and mitigating 
kidney cell damage, such as degeneration, necrosis, 
and inflammatory cell infiltration, in EG-induced rats.

Materials and Methods
Ethical approval
The Animal Care and Use Committee of Airlangga 
University, Surabaya, Indonesia (No. 1119/HRECC.
FODM/IX/2023). Animal treatment was conducted 
with minimum pain or discomfort according to the 
guidelines established by the Institutional Animal 
Ethics Committee.
Chemicals and reagents
EG was purchased from PT. Brataco Chemicals. MDA 
tissue samples were obtained from NWLSS (USA, 
Cat. No. NWK-MDA01). SOD tissue activity was 
determined using a kit [Cayman Chemicals (USA, Cat. 
No. 706002)]. Carboxymethylcellulose sodium (CMC 
Na 0.5%) was used as the vehicle for EG.
M. oleifera leaf extraction
Ethanolic extraction of M. oleifera leaves was 
conducted based on the report of Ngizzah et al. (2023). 

Phytochemical analysis of M. oleifera leaf extract was 
conducted using the thinthin layer chromatography 
method (Shafiq et al., 2024).
Doses of EG and MLE
Kidney toxicity was induced using a single dose of EG 
at a dose of 265 mg/kg body weight per day, based on 
previous studies (Ghannoum et al., 2023). The doses of 
the ethanol extract of M. oleifera leaf were determined 
based on the method of Ngizzah et al. (2023).
Experimental animals
Male Wistar rats (Rattus norvegicus) weighing 
202.43 ± 30.39 g and aged 3 months were obtained 
from Universitas Airlangga, Surabaya, Indonesia for 
experimental purposes. Rats were housed in plastic 
cages in a temperature-controlled room (26°C ± 2°C) 
with a 12-hour light-dark cycle. They had ad libitum 
access to tap water and standard commercial rat food.
Experimental design
Fifty male Wistar rats were randomly divided into 
five groups. The control (C) group received distilled 
water and CMC Na daily at 4-hour intervals (at 07.00 
before feeding and at 11.00 am). The T0, T1, T2, 
and T3 groups received 265 mg/kg BW of EG daily, 
followed by distilled water (T0), MLE at doses of 
200 mg (T1), 316 mg (T2), and 500 mg/kg BW (T3), 
respectively. EG was dissolved in distilled water and 
orally administered at a volume of 0.5-ml volume at 
07.00 am before being fed. MLE was dissolved in 
0.5% CMC Na given 0.5 ml orally at 11.00 am. All 
treatments were performed via gastric gavage daily 
for 21 days. On day 22, all rats were euthanized after 
ketamine anesthesia was administered at a dose of 
40 mg/kg BW intraperitoneally. Blood was collected 
directly from the heart via subcostal laparotomy for 
testosterone hormone examination. The aorta was 
severed, and the left kidney was extracted. Kidney 
samples were placed in pots filled with 10% neutral 
buffered formalin for histopathological examination. 
The right kidney tissue was homogenized in 50 mM 
sodium phosphate buffer on ice (pH 7.4) containing 
0.1 mM ethylenediaminetetraacetic acid (EDTA). The 
supernatants were separated by centrifugation at 1,000 
g for 20 minutes at 4°C and used for MDA and SOD 
analysis. The left kidney tissue was placed in pots filled 
with 10% neutral buffered formalin for subsequent 
histopathological preparation.
MDA levels
MDA levels were measured using the thiobarbituric 
acid reactive substances method. A total of 100 µl 
of serum was mixed with 1 ml of 0.9% NaCl and 
centrifuged at 8,000 rpm for 20 minutes. To this, 550 
μl of distilled water and 100 μl of Thiobarbituric Acid  
was added. After vortexing, 250 μl of HCl was added 
and vortexed again. Subsequently, 100 μl of Na-Thio 
was added, vortexed, and centrifuged at 500 rpm for 
15 minutes. The resulting supernatant was transferred 
to a new microtube and heated in a water bath at 100°C 
for 30 minutes. Absorbance was measured using a UV-
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1601 spectrophotometer at a wavelength of 535 nm 
(Fogarasi et al., 2016; Steensen et al., 2020).
Measurement of SOD activity
A total of 0.06 ml of kidney specimen was reacted 
with a mixture consisting of 2.70 ml of 50 mM sodium 
carbonate buffer containing 0.1 mM EDTA (pH 10); 
0.06 ml of 10 mM xanthine; 0.03 ml of 0.5% bovine 
serum albumin; and 0.03 ml of 2.5 mM nitro blue 
tetrazolium. Xanthine oxidase (0.04 units) was then 
added, and a solution without specimen was used as 
the control: PBS containing 11.5 g/l KCl was used in 
sample preparation. Absorbance was measured after 
30 minutes at a wavelength of 550 nm (Weydert and 
Cullen, 2010). SOD activity (%) was calculated using 
the following equation:

1 100− 

















A
B

x %

A = Absorbance of the sample solution.
B = Absorbance of the control solution.
Examination of calcium oxalate crystals in urine
Urine was collected on day 21. Crystals were observed 
in urine using a light microscope. Fresh urine samples 
were centrifuged for 10 minutes, and the supernatants 
were separated. The sediment was mixed and used for 
examination. Urine samples were pipetted onto object 
glass, covered with a cover glass, and examined under 
a light microscope at magnifications of 100× and 400× 
(Yamaguchi et al., 2005; Kaleeswaran et al., 2018). 
Urine crystals were examined using the native method. 
The crystals were examined five times in different 
fields of view, and the average number of crystals found 
was calculated. The results were categorized based 
on crystallographic severity levels using the method 
described by Lee et al. (2022): (−) no crystals, (+) 1–5 
crystals, (++) 6–20 crystals, and (+++) >20 crystals per 
high-power field.
Histopathological examination of the kidney
Kidney samples were collected and placed in pots 
containing 10% neutral buffered formalin solution. 
Histopathological preparations of kidney samples were 
then made using the Hematoxylin and Eosin staining 
method. Histopathological variables included tubular 
epithelial cell degeneration, necrosis, and interstitial 
infiltration of inflammatory cells in the kidney. Each 
variable was specifically described from low to high 
severity using a scoring method modified by Klopfleisch 
(2013). Tissue damage, which was observed as tissue 
changes, was recorded and scored based on the average 
tissue change. The histopathological preparations of 
kidney samples were examined using a Nikon Eclipse 
E100® light microscope at 400× magnification. 
Observations were conducted in five fields of view: 
upper, lower, right, left, and middle.
Scoring of kidney histopathological features
Histopathological scoring is a structured method for 
evaluating tissue changes in experimental studies. 

These scores allow for an objective assessment of the 
severity of kidney damage, including tubular epithelial 
cell degeneration, necrosis, and inflammatory cell 
infiltration. The scoring system ensures consistency and 
reliability in quantifying histopathological alterations, 
thereby aiding in the comprehensive analysis of renal 
tissue responses to experimental conditions. The 
scoring criteria for kidney histopathological features 
are presented in Table 1.

Result
Phytochemical analysis using thin-layer 
chromatography showed that MLE contained alkaloids, 
tannins, terpenoids, steroids, flavonoids, saponins, 
phenolics, calcium, vitamin C, and vitamin E (Table 2).
MDA and SOD levels
Rats exposed to EG (T0) showed higher (p < 0.05) 
MDA and SOD levels in the kidney than control (C) 
rats. Administration of MLE to rats exposed to EG 
followed by decreases (p < 0.05) MDA levels and 
increases SOD levels. A dose of 500 mg/kg BW (T3) 
did not result in any significant difference (p > 0.05) 
in MDA and SOD levels between the control rats (C) 
(Table 3).
Calcium oxalate crystals in urine
Rats exposed to EG (T0) showed a higher (p < 0.05) 
number of crystal calcium oxalate in the kidneys than 
control (C) rats. Administration of MLE to rats exposed 
to EG followed by decreases (p < 0.05) in the number 
of crystal calcium oxalates. However, compared with 
the control rats (C), the highest dose of MLE (T3) (500 
mg/kg BW) resulted in a larger number of crystals 
of calcium oxalate (p > 0.05) (Table 4). The most 
common crystal type identified was calcium oxalate 
monohydrate (Fig. 1).
Degeneration and necrosis of tubular epithelial cells 
and infiltration of inflammatory cells in the renal 
interstitium
Rats exposed to EG (T0) showed higher (p < 0.05) 
scores of degeneration (Fig. 2) and necrosis (Fig. 3) 
as well as inflammatory cell infiltration (Fig. 4) in the 
kidney than control (C) rats. Administration of MLE 
on rats exposed to EG followed by decreases (p < 0.05) 
score of degeneration and necrosis of tubular epithelial 
cells, as well as the infiltration of inflammatory 
cells. The dose of 500 mg/kg BW (T3) resulted in 
no significant difference (p > 0.05) of degeneration 
and necrosis of tubular epithelial cells, as well as the 
infiltration of inflammatory cells scores in the control 
rats (C) (Table 5).
The control group (C), which received only 1% CMC 
Na suspension and aquadest without M. oleifera 
leaf extract and EG, exhibited the lowest level of 
inflammatory cell infiltration in the renal interstitium. 
This finding can be attributed to the inherent factors 
of the rats, such as stress and uncontrollable variables 
during the study. The results indicated that the 
administration of EG at a dose of 265 mg/kg BW in the 
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T0 group resulted in the highest level of inflammatory 
cell infiltration in the renal interstitium. This increased 
infiltration was correlated with higher necrosis levels 
in the T0 group.
The T1 and T2 treatment groups, with doses of 200 
and 316 mg/kgBW, respectively, demonstrated a 
reduction in inflammatory cell infiltration in the renal 
interstitium, although there was a significant difference 
(p < 0.05) compared with the T3 group. This significant 
difference might be due to insufficient flavonoid 
content, which acts as an anti-inflammatory agent, thus 
failing to prevent inflammatory cell infiltration caused 
by increased ROS production and calcium oxalate 
crystal accumulation due to EG induction. Conversely, 

Table 1. Histopathological lesions of the kidney (Klopfleisch, 2013).

Score Tubular epithelial cell degeneration in the renal cortex
0 No degenerative cells were observed
1 Less than 25% of degenerative cells are observed in the field of view
2 26%–50% of degenerative cells observed in the field of view
3 51%–75% of degenerative cells observed in the field
4 More than 76% of degenerative cells were observed in the field of view
Score Tubular epithelial cell necrosis in the renal cortex
0 No necrotic cells were observed in the field
2 Less than 25% of necrotic cells were observed in the field of view
4 26%–50% of necrotic cells observed in the field of view
6 51%–75% of necrotic cells observed in the field of view
8 More than 76% of necrotic cells were observed in the field of view
Score Infiltration of inflammatory cells
0 No inflammatory cell infiltration
1 Less than 25% of the interstitial lumen is filled with inflammatory cells
2 26%–50% of the interstitial lumen filled with inflammatory cells
3 51%–75% of the interstitial lumen is filled with inflammatory cells
4 More than 75% of the interstitial lumen contains inflammatory cells

Table 2. Results of the phytochemical analysis of 
MLE using thinthin layer chromatography method.

Content Amount
Alkaloids 12.58%
Tanins 9.51%
Terpenoids 6.20%
Steroids 5.62%
Flavonoids 6.90%
Saponins 4.88%
Phenolics 11.18%
Calcium 512.60 mg/100 g
Vitamin C 465.10 mg/100 g
Vitamin E 15.60 mg/100 g

Table 3. Levels of MDA and SOD in the kidneys of Wistar 
Rats exposed to EG with or without treatment with MLE.

Group MDA (µmol/g tissue) SOD (U/mg protein)
C 2.51 ± 0.28a 82.08 ± 4.21a

T0 10.14 ± 0.76b 20.84 ± 5.11b

T1 7.81 ± 0.69bc 44.13 ± 5.88bc

T2 5.19 ± 0.91c 54.74 ± 7.86c

T3 3.15 ± 0.58a 75.16 ± 6.09a

C (control): rats received distilled water and CMC Na daily at 
4-hour intervals. T0, T1, T2, and T3: rats were administered 265 
mg/kg BW of EG daily, followed by distilled water (T0) and MLE 
at doses of 200 mg (T1), 316 mg (T2), and 500 mg/kg BW (T3), 
respectively. Different superscripts within the same column indicate 
significant differences (p < 0.05).

Table 4. MDA and SOD levels in the kidneys of Wistar rats 
exposed to EG with or without treatment with MLE.

Group Oxalate crystals
C 0.30 ± 0.48a

T0 12.70 ± 1.56d

T1 3.70 ± 0.82c

T2 2.90 ± 0.56c

T3 1.80 ± 0.78b

C (control): rats received distilled water and CMC Na daily at 
4-hour intervals. T0, T1, T2, and T3: rats were administered 265 
mg/kg BW of EG daily, followed by distilled water (T0) and MLE 
at doses of 200 mg (T1), 316 mg (T2), and 500 mg/kg BW (T3), 
respectively. Different superscripts within the same column indicate 
significant differences (p < 0.05).
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the T3 treatment group, which received 500 mg/kgBW 
of M. oleifera leaf extract, did not differ significantly 
from the control group. This suggests that the flavonoid 
content in M. oleifera leaf extract is sufficient to inhibit 
ROS production, prevent inflammatory cell infiltration, 
and facilitate optimal cell regeneration.

Discussion
Moringa oleifera leaf samples in this study were 
obtained from Puri Kelorina Village, Ngawenombo, 
Kunduran, Blora, Central Java, Indonesia, the same 
as in a study by Nugraha et al. (2023), in which 
2,2-diphenyl-2-picrylhydrazyl scavenging activity, 
nitric oxide scavenging activity, and inhibition of 
lipid peroxidation indicated that moringa leaves have 
antioxidant potential. Moringa leaves have been 
characterized as antioxidants of alkaloids, tannins, 

terpenoids, steroids, flavonoids, saponins, phenolics, 
calcium, vitamin C, and vitamin E (Pareek et al., 2023).
MDA and SOD levels
When diethylene glycol and EG enter the body, 
these compounds undergo oxidation by enzymes, 
leading to the formation of glycolaldehyde, which is 
subsequently oxidized to glycolic acid and eventually 
forms calcium oxalate (Patel et al., 2020). Calcium 
oxalate crystallizes into needle-like structures (Teichert 
et al., 2019). Oxalic acid forms insoluble salts when it 
encounters calcium, depositing in organs such as the 
gallbladder and kidneys, where it can lead to kidney 
stone formation (Chen et al., 2023). The sharp crystals 
of calcium oxalate can damage the kidneys, with 
potentially severe consequences in children due to their 
smaller kidney size (Schott et al., 2022).

Fig. 1. Urinary crystals cCalcium oxalate monohydrate) of rats exposed to EG with or 
without treatment with MLE. C (control): rats received distilled water and CMC Na 
daily at 4-hour intervals. T0, T1, T2, and T3: rats were administered 265 mg/kg BW of 
EG daily, followed by distilled water (T0) and MLE at doses of 200 mg (T1), 316 mg 
(T2), and 500 mg/kg BW (T3), respectively.
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The influence of EG on other antioxidant enzymes, 
such as catalase (CAT), glutathione peroxidase (GPx), 
and SOD, is notable. The GPx enzyme requires 
selenium for its antioxidant function. EG exhibits high 
reactivity toward selenium, which can lead to selenium 
binding and subsequent reduction in GPx enzyme 
activity (Pomierny et al., 2014; Musalov et al., 2023). 
Excessive free radicals can overwhelm antioxidant 
defenses, leading to decreased total antioxidant status 
and increased lipid peroxidation. MDA is a biomarker 
of lipid peroxidation caused by excessive free radicals 
(Al-Assaf et al., 2020).
In the group receiving EG without the extract, there 
was an increase in MDA levels and a decrease in SOD 
levels. This outcome can be attributed to the EG-

induced formation of free radicals in the body, resulting 
in oxidative stress. Free radicals are highly reactive 
because of the presence of unpaired electrons in their 
outer orbitals. EG is known for its high reactivity 
with cell membranes, potentially compromising their 
integrity by reacting with unsaturated fatty acids, 
which are key components of cell membranes (Itagaki 
et al., 2015). Moreover, EG can alter the chain length of 
unsaturated fatty acids. Excessive EG intake increases 
the reaction with unsaturated fatty acids, leading to 
lipid peroxidation (Urbanovich et al., 2023). This lipid 
peroxidation results in the production of MDA, thereby 
increasing lipid peroxidation levels within cells. The 
entry of EG into the body at certain concentrations can 
lead to changes in several body molecules, ultimately 

Fig. 2. Tubular epithelial cell degeneration in the kidney of rats exposed to EEG with 
or without treatment with MLE. HE Staining, under a Light Microscope (Nikon Eclipse 
E100 LED) at 400× magnification. The red arrows indicate tubular epithelial cell 
degeneration. C (control): rats received distilled water and CMC Na daily at 4-hour 
intervals. T0, T1, T2, and T3: rats were administered 265 mg/kg BW of EG daily, 
followed by distilled water (T0) and MLE at doses of 200 mg (T1), 316 mg (T2), and 
500 mg/kg BW (T3), respectively.
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disrupting bodily functions. One such organ affected is 
the liver, which plays a crucial role in detoxifying toxic 
compounds ingested through food or medicine. EG-
induced liver damage can induce free radical formation 
and reduce the activity and production of endogenous 
antioxidants, resulting in oxidative stress (Cordiano 
et al., 2023). Oxidative stress occurs when there is 
an imbalance between ROS and antioxidant defenses, 
leading to excessive lipid peroxidation. MDA forms 
via the reaction of free radicals with unsaturated fatty 
acids in cell membranes. An imbalance in which free 
radicals outnumber endogenous antioxidants results in 
oxidative stress (Martemucci et al., 2022). Additionally, 
increased free radicals can cause imbalances in other 
molecules. MDA is a biological marker of oxidative 

stress. EG induction increases free radical production in 
the body, leading to oxidative stress (Khoubnasabjafari 
et al., 2015).
In the EG-treated group, decreased SOD levels may 
occur because EG leads to the formation of ROS such 
as H2O2, RO–, NO–, ONOO, and OH–. Continuous 
increases in free radicals can deplete intracellular 
antioxidant enzyme activity (Collin, 2019). The results 
indicate that SOD levels in this group were lower 
compared to the MLE treatment group. Reduced 
antioxidant levels may result from disrupted endogenous 
antioxidant synthesis due to EG. Glutathione is the most 
important endogenous antioxidant capable of capturing 
free radicals. However, EG exhibited high affinity and 
reactivity toward the sulfhydryl groups of glutathione. 

Fig. 3. Tubular epithelial cell necrosis in kidney rats exposure to EEG with or without 
treatment with MLE. HE Staining, under a light microscope (Nikon Eclipse E100 
LED) at 400× magnification. The red arrows indicate tubular epithelial cell necrosis. 
C (control): rats received distilled water and CMC Na daily at 4-hour intervals. T0, T1, 
T2, and T3: rats were administered 265 mg/kg BW of EG daily, followed by distilled 
water (T0) and MLE at doses of 200 mg (T1), 316 mg (T2), and 500 mg/kg BW (T3), 
respectively.
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The binding of sulfhydryl groups to EG can render 
glutathione unable to function as an antioxidant (Santos 
et al., 2016). The effect of EG on GPx enzymes occurs 
because of EG’s high reactivity toward selenium, 
an essential component of GPx enzyme function. 
Increased EG levels in the body can bind with selenium, 
thereby reducing selenium levels. The unavailability 
of selenium in GPx prevents it from functioning as an 
antioxidant (Xia et al., 2018). EG’s indirect impact on 
CAT enzyme antioxidant activity occurs because of its 
interference with heme synthesis. Heme is a component 
required for CAT enzyme synthesis. EG disrupts heme 
synthesis (Huang et al., 2003). The administration of 
MLE aims to increase antioxidant activity to counteract 
free radicals caused by EG. The antioxidant compounds 

in MLE synergistically neutralize free radicals, 
thereby reducing free radicals and lipid peroxidation. 
MLE contains several antioxidants, including vitamin 
C, E, and beta-carotene. MLE is known to contain 
specific antioxidant compounds, such as flavonoids. 
MLE’s chemical compounds are polar and semipolar. 
Semipolar chemical compounds have a complex 
double-bond structure with more hydroxyl groups, 
making them more potent at neutralizing free radicals. 
Flavonoids are secondary metabolites produced by 
plants that function as antioxidants and belong to the 
phenolic compound group, which is polar and water-
soluble. Flavonoids have antioxidant activities as free 
radical scavengers and can mitigate singlet oxygen 
(O–) formation. Structurally, flavonoids have more than 

Fig. 4. Histopathological image of inflammatory cell infiltration in the renal interstitium 
of rats exposed to EG with or without treatment with MLE. HE staining under a light 
microscope (Nikon Eclipse E100 LED) at 400× magnification. The red arrows indicate 
inflammatory cell infiltration in the renal interstitium. C (control): rats received distilled 
water and CMC Na daily at 4-hour intervals. T0, T1, T2, and T3: rats were administered 
265 mg/kg BW of EG daily, followed by distilled water (T0) and MLE at doses of 200 
mg (T1), 316 mg (T2), and 500 mg/kg BW (T3), respectively.
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one phenol (–OH and aromatic) group and conjugated 
double bonds, which can neutralize free radicals 
(Hassanpour and Doroudim, 2023). Flavonoids in MLE 
inhibit lipid peroxidation by donating hydrogen atoms 
from phenolic hydroxyl groups when reacting with free 
radicals. Flavonoids in MLE play a role in scavenging 
and neutralizing free radicals (scavenger) (Poluan et 
al., 2023). The mechanism by which flavonoids act 
as antioxidants occurs directly by donating hydrogen 
ions to neutralize the toxic effects of free radicals. In 
addition, an indirect mechanism is by increasing the 
mechanism of endogenous antioxidant gene expression, 
such as increasing antioxidant gene expression through 
nuclear factor erythroid 2-related factor 2 (Nrf2). 
This gene participates in the synthesis of endogenous 
antioxidant enzymes such as SOD (Hassanpour and 
Doroudim, 2023). Increased antioxidant levels in the 
body due to MLE reduce free radical formation and 
consequently decrease lipid peroxidation and MDA 
levels. The study results show that administration of 
MLE in the T3 group significantly reduced MDA levels 
and increased SOD levels. Based on the study results, 
MLE effectively increases SOD levels and reduces 
MDA levels in combating free radicals caused by 
various pollutants.
Calcium oxalate crystals in urine
The formation of calcium oxalate crystals in urine can be 
influenced by various factors, leading to either normal 
or abnormal crystallization, which can cause acute or 
chronic conditions (Prabhu et al., 2015). Nearly all 
treatment groups exhibited the same type of crystals, 
which are inorganic urinary sediments classified as 
normal crystals influenced by acidity or pH (Brunzel, 
2013). Urine supersaturation is a critical process in 
the initial stages of urolithiasis and is characterized by 
microcrystal retention. Damaged renal epithelial cells 
provide an attachment medium for microcrystals to 
develop into stones (Yamaguchi et al., 2005). Urinary 

supersaturation can lead to urinary tract obstruction, 
hydronephritis, infection, and bleeding. Crystals can 
grow larger and form stones if retained in the urinary 
tract. Stone formation involves four stages: nucleation, 
growth, aggregation, and retention (Kaleeswaran et al., 
2018). The most common component of urolithiasis 
is calcium oxalate (CaOx) stones, predominantly in 
monohydrate or dihydrate forms. Calcium oxalate 
crystals form due to electrostatic interactions between 
calcium and oxalate ions at high concentrations in renal 
tubular fluid. According to Verdesca et al. (2011) and 
Kaleeswaran et al. (2018), crystal formation can be 
influenced by pH changes. Calcium oxalate crystals 
form at pH 5.0–6.5 (Kishore et al., 2013).
Previous studies have reported that administering 
0.75% EG for 28 days in drinking water increases 
urinary oxalate concentration and can cause kidney 
stone formation, particularly CaOx (Afzal et al., 
2021). The content of flavonoids, tannins, and saponins 
in MLE contributes to the dissolution of calcium 
oxalate. Menon et al. (2022) noted that polyphenols 
act as antioxidants and antiinflammatory agents, and 
flavonoids, triterpenes, and tannins can enhance the 
solubility of CaOx crystal deposits and restore kidney 
stones.
Karadi et al. (2009) reported that plants containing 
flavonoids, glycosides, polysaccharides, phenols, 
steroids, and tannins have diuretic activity. Flavonoids, 
in particular, inhibit calcium oxalate crystallization in 
human and animal models of urolithiasis (Ali et al., 
2021; Menon et al., 2022). According to Kashyap et al. 
(2022), the flavonoids in MLE that effectively dissolve 
CaOx are apigenin 7-glucoside and luteolin 7-glucoside. 
Additionally, saponins can disperse mucoprotein 
suspensions that promote crystallization, conferring 
saponin anticrystalline properties (Gürocak and 
Küpeli, 2006). Flavonoid and polyphenol activities as 
antioxidants prevent calcium oxalate crystal deposition 
in the kidneys by preventing oxidative damage to renal 
tubule membranes caused by EG administration. The 
hydroxyl groups of flavonoids stabilize ROS (Panche 
et al., 2016).
Degeneration and necrosis of tubular epithelial cells 
and infiltration of inflammatory cells in the renal 
interstitium
The highest average values for renal damage, including 
tubular epithelial cell degeneration, necrosis, and 
inflammatory cell infiltration, were observed in the 
T0 group, which received EG at 265 mg/kg BW. 
This increase in damage is attributed to EG’s ability 
to elevate ROS levels, leading to oxidative stress and 
tubular epithelial cell damage (Hovda et al., 2010). 
The formation of ROS can disrupt mitochondrial 
function by impairing oxidative phosphorylation, 
resulting in decreased Adenosine Triphosphate 
(ATP) levels (Bahadoran et al., 2016). An imbalance 
between reduced ATP and excessive ROS production 
can disturb the sodium-potassium pump membrane 

Table 5. Scores for tubular epithelial cell degeneration, 
necrosis, and inflammatory cell infiltration in the renal 
interstitium of rats exposed to EG with or without treatment 
with MLE.

Group Degeneration Necrosis Inflammatory 
Cell Infiltration

C 1.64 ± 0.24a 2.92 ± 0.52a 1.62 ± 0.12a

T0 3.22 ± 0.45b 5.38 ± 1.06b 3.18 ± 0.34b

T1 2.94 ± 0.41bc 4.44 ± 0.71bc 2.78 ± 0.10bc

T2 2.48  ± 0.28c 4.10 ± 0.47c 2.40 ±0.13c

T3 1.88 ± 0.28a 3.32 ± 0.41a 1.92 ± 0.22a

C (control): rats received distilled water and CMC Na daily at 
4-hour intervals. T0, T1, T2, and T3: rats were administered 265 
mg/kg BW of EG daily, followed by distilled water (T0) and MLE 
at doses of 200 mg (T1), 316 mg (T2), and 500 mg/kg BW (T3), 
respectively. Different superscripts within the same column indicate 
significant differences (p < 0.05).
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function. The sodium-potassium pump is crucial 
for regulating cell volume; however, impaired ATP 
reduces sodium (Na+) transport out of the cell, causing 
cytoplasmic concentration and water influx into the 
cell. Consequently, potassium (K+) and magnesium 
(Mg2+) move out of the cell, leading to cell degeneration 
characterized by cloudy, enlarged cells with cytoplasm 
filled with water vacuoles (Liu et al., 2017). 
The treatment groups receiving MLE (herbal extract) 
showed a dose-dependent reduction in tubular epithelial 
cell degeneration, demonstrating milder microscopic 
degeneration compared with the group that only received 
EG. This is likely due to the antioxidant properties 
of MLE’s secondary metabolites, which prevent 
fluid retention and decrease capillary permeability. 
Normalized capillary permeability ensures fluid does 
not return to the capillaries, thereby preventing cell 
degeneration (Claesson-Welsh et al., 2021). MLE 
has a protective effect as an antioxidant because the 
flavonoid quercetin in MLE can reduce free radicals by 
preventing and eliminating oxidative damage to target 
molecules. This is achieved by reducing the levels of 
free radical-forming enzymes and stimulating internal 
antioxidant enzymes. Quercetin, a flavonoid, scavenges 
and sequesters ROS by chelating free radicals through 
hydrogen atom donation or single electron transfer (Liu 
et al., 2017).
Necrosis is a condition that follows degeneration, in 
which cells experience severe injury reaching a “point of 
no return,” making the damage irreversible (Miller and 
Zachary, 2017). The rats given only 1% CMC Na and 
distilled water without any MLE or EG administration 
showed the lowest level of tubular epithelial cell 
necrosis. This group exhibited almost normal kidney 
cell conditions, with only a few cells undergoing 
necrosis. The necrosis observed might have been due to 
uncontrollable external factors during the study, such as 
suboptimal health conditions or stress. These factors can 
lead to ATP depletion and increase intracellular calcium 
levels, thereby activating proteases, endonucleases, and 
phospholipases, which cause lipid peroxidation and 
free radical formation, resulting in permanent cellular 
damage (Sun et al., 2018).
The reduction in tubular epithelial cell necrosis can 
be attributed to the antioxidants and diuretics in MLE, 
such as flavonoids. The antioxidant mechanism of 
flavonoids involves the direct scavenging of ROS 
and chelating free radicals by donating hydrogen 
atoms or electron transfers, as well as increasing 
endogenous antioxidant secretion through the activity 
of Nrf2 (Ndlovu et al., 2023). Furthermore, MLE 
administration can dissolve calcium oxalate deposits 
in the kidneys by forming bonds with the calcium of 
kidney stones, thereby creating calcium–flavonoid 
complexes. These complexes are more water-soluble 
and can be easily excreted through urine (Karadi et al., 
2006; Menon et al., 2022).

The T0 group exhibited the highest level of cell 
necrosis compared with the other treatment groups. 
This is because the T0 group was not administered any 
M. oleifera leaf extract and was only administered 265 
mg/kg BW EG. EG can enhance the activity of oxalate 
synthesis enzymes like lactate dehydrogenase. High 
levels of oxalate cause apoptosis and necrosis of renal 
epithelial cells because of their toxic effects, which can 
corrode cells (Tsujihata et al., 2006). This condition can 
also cause crystal deposition, activating angiotensin 
II, and stimulating the formation of NADPH oxidase, 
which produces ROS, leading to oxidative stress. 
Oxidative stress can release proapoptotic factors and 
cause mitochondrial dysfunction (Deepika et al., 2013).
Kidney damage results from elevated calcium oxalate 
crystal levels, prompting epithelial cells to produce 
ROS (Wientarsih et al., 2012). The accumulation of 
calcium oxalate crystals in the kidneys triggers an 
inflammatory response characterized by increased 
leukocyte infiltration, especially neutrophils, exceeding 
normal values as part of the body’s defense response 
to various stimuli, such as infectious agents, toxic 
compounds, chemicals, and physical factors (Lovrić et 
al., 2007). Pro-inflammatory cytokines (TNF-α, IL-1, 
and IL-18) released by monocytes and macrophages 
at the inflammation site stimulate the release of 
other cytokines and activate inflammatory cells. For 
instance, TNF-α, a potent proinflammatory cytokine, 
stimulates mononuclear phagocytic cells to produce 
additional proinflammatory cytokines (IL-1, IL-6, IL-
18) (Schindler et al., 2001).
The administration of M. oleifera leaf extract 
(MLE) reduced inflammatory cell infiltration in the 
renal interstitium, indicating an anti-inflammatory 
effect likely due to secondary metabolites such as 
flavonoids. Flavonoids decrease inflammatory stimuli, 
preventing the release of IKKα from the IKK complex. 
Consequently, reduced IKKα phosphorylation to IkB 
inhibits IkB proteasomal degradation and diminishes 
NF-B activation for nuclear transcription. Inhibition 
of monocytes also affects the activity of protein 
tyrosine kinase (PTK) p56, resulting in inactive PTK. 
Inactive PTK maintains NFBB bound to its inhibitor, 
preventing the transcription and translation of 
proinflammatory cytokines. A lack of proinflammatory 
cytokine formation reduces inflammatory cell activity, 
preventing ROS release and oxidative stress (Yilmaz 
et al., 2014).

Conclusion
The administration of M. oleifera L. leaf extract has 
significant potential in mitigating oxidative stress and 
renal damage induced by EG in rats (R. norvegicus). 
Our findings indicate that M. oleifera L. leaf extract 
effectively reduces MDA levels and enhances SOD 
activity, highlighting its antioxidative properties. 
Furthermore, the extract dissolves calcium oxalate 
crystals, which primarily contribute to kidney damage 
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in this model. Additionally, M. oleifera L. leaf extract 
prevents epithelial tubular cell degeneration, renal 
epithelial cell necrosis, and inflammatory infiltration 
in the renal interstitium of EG-induced rats. These 
protective effects can be attributed to the extract’s 
antiinflammatory and antioxidative components, 
particularly flavonoids. M. oleifera L. leaf extract 
is a promising therapeutic agent for managing and 
preventing renal pathologies associated with oxidative 
stress and crystal formation.
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