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ABSTRACT

Cadmium is a persistent environmental contaminant that induces oxidative stress and disrupts renal function,
posing serious risks to human and animal health. This study evaluated the protective effects of okra seed oil
against cadmium-induced nephrotoxicity in male Wistar rats. The rats were divided into four groups: a
healthy control group, a cadmium-exposed group, a group receiving okra seed oil alone, and a co-
administrated cadmium and okra seed oil group. Biochemical analysis revealed that cadmium exposure
significantly impaired renal function, disrupted protein and glucose regulation, and increased oxidative stress
markers, indicating severe metabolic and functional disturbances. In contrast, rats treated with okra seed oil
alone maintained normal biochemical profiles, demonstrating the safety of the oil. The co-administration of
okra seed oil with cadmium significantly mitigated these negative effects, restoring several biochemical
parameters toward control levels. Histopathological examination supported these findings. Kidneys from
cadmium-exposed rats exhibited glomerular shrinkage, widening of Bowman's spaces, tubular degeneration,
medullary disorganization, and congestion. Conversely, kidneys from rats treated with okra seed oil alone
maintained their normal architecture. Notably, co-administration of okra seed oil with cadmium markedly
reduced these lesions, with partial preservation of glomerular and tubular morphology, improved cortical
organization, and decreased medullary congestion. Overall, these results indicate that okra seed oil provides
both functional and structural protection against cadmium-induced renal injury. Its antioxidant and anti-
inflammatory properties serves as important biochemical and histological markers, highlighting okra seed oil

as a promising natural intervention for heavy metal-induced nephrotoxicity.

*Cortesponding author: Nada O. Batais DX nbatais0001@stu.kau.edu.sa

Filimban and Batais Int. ]. Biosci. | 2025



Vol. 27, Issue: 4, p. 8-18, 2025 Int. J. Biosci.

INTRODUCTION

A major worldwide issue, environmental pollution
from diverse sources, harms human health and
natural ecosystems. Because of their toxicity and
persistence, heavy metals are one of the most
dangerous environmental contaminants. Heavy
metals are built up in soil, water, and air because they
are insoluble and do not break down like organic
contamination. Heavy metals are highly poisonous
and detrimental to health because of this
contamination, affecting plants and animals (Korish

and Attia, 2020; Witkowska et al., 2021).

One of the most mobile heavy metals among them
is cadmium (Cd), which may easily enter the food
chain and become highly accessible in runoff
sediments. Because of its persistence and mobility
in the environment, cadmium presents significant
dangers even at low concentrations (Devi and

Bhattacharyya, 2018).

Earth's crust naturally contains 0.1 to 0.2 parts per
million of cadmium, which Friedrich Stromeyer found
in 1817 (Peana et al., 2022). Although it naturally
occurs due to erosion and volcanic activity, human
activities such as smoking, fuel combustion and
industrial discharges have significantly increased the
amount of cadmium in the environment. This
anthropogenic increase seriously threatens human

and animal health (Briffa et al., 2020).

Cadmium is a non-essential metal that is toxic even at
low quantities and has no biological value. It causes
oxidative stress and serious harm when it
accumulates in vital organs, such as the kidneys, liver,
brain, bones, and testes. Studies have shown that sub-
chronic exposure causes renal damage, including
protein buildup and structural changes in the renal
cortex and tubules, making the kidneys more
(Siddiqui,

Furthermore, the accumulation of cadmium in the

susceptible to  poisoning 2010).
kidney leads to a disturbance in glomerular filtration,
causing protein and glucose to be excreted in the
urine, resulting in elevated levels (Satarug, 2024;

Prozialeck and Edwards, 2012). Cadmium also

interacts with biological molecules, interfering with
physiological processes and enzyme activity, which
leads to hypertension and cardiovascular disorders
(Atlam and Wills, 2020; Bonfiglio et al., 2024; Genchi

et al., 2020; Lin et al., 2021).

The effects of cadmium go beyond cardiovascular and
renal health. There is evidence that exposure to
cadmium can be harmful to reproduction, as
evidenced by changes in anti-Mullerian hormone
levels in premenopausal women and reduced ovarian
function. In animal studies, cadmium exposure has
also been linked to lower birth weight, preterm birth,
and hormone-dependent and developmental
malignancies (Huff et al., 2007; Qu et al., 2023;

Sensoy, 2023).

These effects on development and reproduction
highlight how extremely hazardous Cd is, even at
comparatively low levels.

Furthermore, cadmium is an immunotoxic
substance that causes oxidative stress, changes
cytokine release, and accumulates in immune cells.
Concerns regarding cadmium's wider consequences
on human health are raised by these effects, which
interfere with both innate and adaptive immune

responses (Wang et al., 2021).

Natural antioxidants have drawn attention as a
possible way to lessen cadmium toxicity due to its
adverse effects (Fan et al., 2024). Okra seed oil has
become well-known because of its abundant bioactive
content, which includes vitamins A, E, and C,

carotenoids, and phenolic compounds.

Because of these ingredients' high antioxidant
activity, okra seed oil can combat free radicals, lessen
oxidative stress, and shield cells from harm. Proteins,
unsaturated fats (such as oleic and linoleic acids),
carbs, and energy are all abundant in okra seed oil.
Furthermore, okra seed oil has anti-inflammatory
qualities due to phenolic components like
procyanidin and catechin, which increase its capacity

to treat disorders linked to oxidative stress, including
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diabetes, cardiovascular diseases, and chronic
inflammation (Al-Kanani et al., 2019). According to
research, okra seed oil is a viable option for
preventing cadmium poisoning, as it alters lipid
metabolism, boosts antioxidant defenses, and reduces

oxidative stress indicators (Zhanga et al., 2019).

Thus, this study aims to assess the protective ability
of okra seed oil against cadmium-induced toxicity
while examining the precise biochemical and
histological effects of cadmium on the tissues of the
kidneys in male Wistar rats. To better understand the
processes of cadmium toxicity and determine the
possible protective benefits of okra seed oil, this study
compares the results of four groups: a control group,
a group exposed to cadmium, a group receiving okra
seed oil, and a group cadmium-induced treated with

okra seed oil.

MATERIALS AND METHODS

Cadmium chloride (CdCl-)

Cadmium chloride simulates exposure to cadmium in
the environment due to its high bioavailability. It is
dissolved at a rate of 5 mg/kg per day in 10 milliliters
per kilogram of deionized water. This dosage
complies with recognized toxicity procedures and was

carefully selected to avoid realistic exposure levels.

Okra seed oil

Using a pure cold-pressed okra seed oil obtained from
RV Essential Company, India. Giving a daily gavage
dose of 800 mg/kg/day.

Ethics and animals

The study was conducted in compliance with
institutional guidelines for the ethical use of animals
and used 8-week-old male Wistar rats weighing an
average of 120 grams. The rats were obtained from
the King Fahad Medical Research Center (KFMRC)
and approved by the Unit of Biochemical Ethics, King
Abdulaziz University (kau).

Experimental design and sample collection
Rats were kept in a 12-hour light/dark cycle at room

temperature in pathogen-free conditions prior to the

experiment, allowing them to acclimate to the
environment for 1 week. They were given water and a

standard rodent diet. Dividing it into four groups:

Control group: daily oral administration of deionized
water.

Cadmium group: receiving 5 mg/kg/day of CdCl.
diluted in deionized water.

Okra seed oil group: given 800 mg/kg/day of okra
seed oil.

Okra seed oil + Cadmium group: treated with 800
mg/kg/day of okra seed oil and 5 mg/kg/day of CdCl.

orally after three hours.

At the end of the treatment period, rats are
euthanized for sample collection. Organ tissues from
the kidneys are harvested for biochemical analysis.
Biochemical Tests: Focuses on kidney function (BUN,
uric acid, and creatinine), and blood tests, including

glucose and protein.

Statistical analysis

One-way analysis of variance (ANOVA) is used to
compare the control, cadmium-exposed, okra seed oil
treatment, and cadmium-exposed treated groups;
post hoc tests are then used to pinpoint individual
group differences. A p-value of less than 0.05
indicates that the difference is statistically significant.
These results underline the promise of okra seed oil
as a natural remedy for toxicity caused by cadmium,
which calls for more investigation into its processes

and uses.

Histological examination

Kidney tissue samples were collected immediately
after sacrifice from experimental groups. Small
portions of the renal cortex and medulla were
carefully excised, rinsed in cold saline to remove
blood, and fixed in 10% neutral buffered formalin for

at least 24 h.

Fixed tissues were then processed by routine paraffin-
embedding techniques. Sections of 4-5 um thickness
were cut using a rotary microtome and mounted on

glass slides. The sections were stained with
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hematoxylin and Eison (HandE) for general

histological evaluation. Prepared slides were
examined under a light microscope at x100
magnifications, and representative photomicrographs
were captured. Structural changes in the glomeruli,
Bowman's space, convoluted tubules, and medullary
region (including the loop of Henle) were
qualitatively assessed and compared among the

experimental groups.

RESULTS AND DISCUSSION

Biochemical parameters for kidney function
Blood urea nitrogen (BUN)

Commonly used as a marker to evaluate renal
excretory function. It reflects the serum concentration
of nitrogen derived from urea, a waste product of
protein metabolism, which is normally filtered and
excreted by the kidneys. Elevated BUN levels may
indicate reduced glomerular filtration, dehydration,
or increased protein catabolism, though nonrenal

factors also influence BUN (Amir, 2010).

Administration of cadmium resulted in a significant
increase in blood urea nitrogen (BUN) levels
compared to the control group, indicating impaired
renal function. In contrast, rats treated with okra seed
oil alongside cadmium exhibited markedly lower BUN
levels, approaching normal values typically ranging
from 10 to 21 mg/dL (Fauzi et al, 2020).
Additionally, rats that received okra seed oil alone
maintained BUN levels similar to those of the control
group, confirming that the oil does not adversely

affect renal function (Fig. 1).

Uric acid (UA)

Uric acid is the end product of purine metabolism and
is excreted primarily via the kidneys. Serum uric acid
levels increase when renal excretory function
declines, making it an indirect marker of renal

function (Bobulescu and Moe, 2012).

Serum uric acid (UA) levels increased significantly in
rats intoxicated with cadmium, which suggests a
decrease in renal excretory capacity. However, co-

treatment with okra seed oil effectively reduced this

elevation, bringing UA concentrations back towards
the baseline range of 1.7 to 3 mg/dL (Nugrahaningsih
et al., 2021). Notably, the group treated with okra
seed oil showed no significant difference in UA levels

compared to the control group (Fig. 1).
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Fig. 1. Effect of cadmium and okra seed oil on kidney
levels in mg/dl (BUN, UA, and creatinine) for
different experimental groups

The results are expressed as mean + SEM.

Creatinine (CREAT)

Creatinine is generated at a relatively constant rate
through muscle metabolism and is commonly used to
estimate glomerular filtration rate (eGFR). However,
several factors, including age, gender, muscle mass,
and tubular secretion, can influence creatinine levels,
which may delay the detection of actual changes in

kidney function (Peake and Whiting, 2006).

Creatinine levels were significantly elevated in rats
exposed to cadmium, indicating renal dysfunction
and decreased glomerular filtration. However, the
administration of okra seed oil in combination with
cadmium significantly reduced creatinine levels
compared to the cadmium-only group. In contrast,
the group that received only the oil maintained
normal creatinine levels, which ranged between 0.2
and 0.8 mg/dL (Fauzi et al., 2020), thus reinforcing

the nephroprotective role of the oil (Fig. 1).

Glucose

Kidney function is essential for regulating blood glucose
levels, mainly through its influence on gluconeogenesis
and the renal threshold for glucose (Fernandes, 2021).
As illustrated in (Fig. 2), exposure to cadmium led to a
significant increase in blood glucose levels; several

mechanisms may underline this effect:
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Fig. 2. Effect of cadmium and okra seed oil on
glucose level in mg/dl for different experimental
groups

The results are expressed as mean + SEM.

Renal damage: High blood sugar levels may indicate
that kidney function is impaired due to cadmium
poisoning. Damage to the kidneys can lead to
improper glucose reabsorption and result in
hyperglycemia, as the kidneys play a key role in
filtering and reabsorbing glucose (Sedzikowska and

Szablewski, 2021).

Stress response: Cadmium exposure may trigger a
stress reaction that increases blood glucose levels by
releasing stress hormones, such as catecholamines

and glucocorticoids (Sharma et al., 2022).

Insulin resistance: Heavy metals, such as cadmium,
can disrupt regular insulin signaling pathways,
leading to insulin resistance (Haidar et al., 2023).
This condition causes the body to struggle to utilize

insulin, resulting in elevated blood glucose levels.

In contrast, the co-administration of okra seed oil
alone maintained stable glucose levels, similar to
those seen in untreated rats. This finding indicates
that okra seed oil does not produce any adverse

metabolic effects.

Total protein

Renal filtration plays a crucial role in maintaining
overall body homeostasis and preventing excessive
protein from being excreted in the urine, which is
reflected in normal blood protein levels (Murray

and Paolini, 2020). In this study, Cadmium-

intoxicated rats show an increase in total protein
levels, which may lead to several possible kidney-

related problems:

Proteinuria: Elevated serum protein levels can
sometimes indicate overflow proteinuria, a condition
where the kidneys struggle to filter excess proteins
due to cadmium poisoning. Typically, however,
higher levels of protein in the urine, rather than in
serum, are used to diagnose proteinuria (Kaminska et

al., 2020).

Acute phase reaction: Increased levels of blood
proteins may also signify an acute phase reaction,
wherein the body produces more specific proteins in
response to damage or inflammation. This reaction
can indicate a systemic response to cadmium toxicity

(Mantovani and Garlanda, 2023).

Glomerular damage: Cadmium exposure can lead to
changes in glomerular permeability, resulting in
glomerular damage. The increased synthesis of
specific proteins, such as acute phase proteins, can
raise serum protein levels; however, this often affects
protein filtration, resulting in proteinuria (Satarug et

al., 2023).

Administration of okra seed oil significantly reduced
the increase in protein levels observed in cadmium-
treated rats. In contrast, protein concentrations in the
oil-only group were comparable to those of the

control group (Fig. 3).
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Fig. 3. Effect of cadmium and okra seed oil on
protein levels in different experimental groups

The results are expressed as mean + SEM.
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Fig. 4. Representative microscopic of renal sections stained by H&E and observed under light microscopic and

photographed at x100 magnification to show cortex and medulla regions

A. Control group. B. Cadmium-intoxicated group. C. Okra seed oil only. D. Co-administration of cadmium and

okra seed oil.

Overall, these findings demonstrate that cadmium
exposure disrupts renal and metabolic functions, 176
while okra seed oil offers substantial protection by
reducing biochemical markers of nephrotoxicity and

177 helping to restore homeostasis.

Microscopic evaluation of kidney tissue

Control Group (Fig. 4a): Cortex shows normal renal
architecture observed. Glomeruli (G) appear intact
with  well-defined Bowman's capsules (BC).
Convoluted tubules (CT) are regularly arranged and
exhibit standard epithelial lining without signs of
degeneration. In medulla the Loop of Henle (LH)

tubules are evenly spaced and display clear lumens.

Interstitial capillaries are not congested. Overall, no
histopathological alterations are noted, conforming to

healthy renal tissue.

Cadmium Group (Fig. 4b): cortex region marked
histopathological alterations are evident. Glomeruli (G)
appear shrunken or distorted with widened Bowman's
spaces. Convoluted tubules (CT) show sign of
degeneration, including epithelial desquamation and
cytoplasmic vacuolation. In medulla, Loop of Henle
(LH) tubules display disorganization and irregularity.
Interstitial capillaries exhibit signs of congestion. These
findings indicate cadmium-induced nephrotoxicity,
likely mediated by oxidative stress and tubular injury.
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Okra seed oil group (Fig. 4c): Renal cortex reveals
preserved architecture. Glomeruli (G) and Bowman's
capsules (BC) retain normal appearance. Convoluted
tubules (CT) maintain healthy morphology with no
signs of cytoplasmic or nuclear abnormalities. In
medulla, Loop of Henle (LH) and surrounding
tubules appear normal with intact epithelial lining
and no evidence of congestion or inflammation. Okra

seed oil alone does not induce any detectable damage.

Okra seed oil + cadmium group (Fig. 4d): Partial
preservation of renal cortex architecture noted.
Glomeruli (G) and Bowman's capsules (BC) largely
retain normal morphology with only minor changes.
tubules (CT)

organization compared to the cadmium-only group,

Convoluted display  improved
with reduced degeneration and vacuolation. In
medulla, Loop of Henle (LH) tubules are well-
preserved and exhibit less structural damage than
cadmium-only kidneys, with minimal signs of
congestion. The findings suggest that okra seed oil

protects against cadmium-induced renal injury.

DISCUSSION

This study demonstrated that okra seed oil offers
significant protection against nephrotoxicity induced
by cadmium in male Wistar rats. The oil's rich
antioxidant composition—especially carotenoids,
phenolic compounds, and vitamins A, C, and E—
helped maintain renal function by keeping key
biochemical markers within normal ranges, even in
the presence of cadmium exposure. These findings
align with those of Al-kanani et al. (2019), who
reported similar antioxidant effects in reducing

oxidative stress.

Cadmium exposure led to notable increases in BUN,
creatinine, and UA levels, indicating considerable
renal impairment. These results support observations
from Sotomayor et al. (2021), who connected
cadmium toxicity to oxidative stress and diminished
renal filtration, and from Fujishiro et al. (2018), who
demonstrated that cadmium-induced glomerular
injury results in proteinuria. In line with this, the

heightened protein levels observed in cadmium-

intoxicated rats in our study suggest glomerular
dysfunction. The administration of okra seed oil
effectively reversed these changes, confirming its
nephroprotective properties. Similar protective effects
were noted by Elkhalifa et al. (2021), who showed
that okra seed oil mitigates oxidative damage and

enhances renal performance.

Furthermore, cadmium toxicity disrupted glucose
regulation, likely due to oxidative stress and impaired
insulin signaling, which fosters insulin resistance.
These findings are consistent with Sarmiento-Ortega
et al. (2022), who documented how cadmium
interferes with insulin pathways, and Satarug (2024),
who emphasized its negative impact on glucose
homeostasis. Treatment with okra seed oil restored
glucose levels to near-normal values, corroborating
the work of Tavakolizadeh et al. (2023), who found

that okra seed intake lowers fasting blood glucose.

Additional evidence from Mokgalaboni et al. (2023)
attributes the antidiabetic and antioxidant properties

of okra to its flavonoid and polysaccharide content.

The current study confirms that exposure to cadmium
causes significant histopathological changes in the
kidney, particularly impacting the glomeruli and tubular
structures. These changes are marked by glomerular
shrinkage, widening of Bowman's spaces, tubular
degeneration, and medullary disorganization. Similar
microscopic findings have been reported previously by
Badawy et al. (2024), where cadmium chloride
administration caused vascular lesions, hemorrhage,
edema, fibrotic changes, mononuclear cell infiltration,
and marked glomerular and tubular degeneration and
necrosis in rat kidneys. Previous studies have linked
these lesions to increased oxidative stress, lipid
peroxidation, and loss of integrity in the tubular

epithelium (Al-Gebaly, 2017; Scott et al., 1977).

Abdel-Moneim et al. (2020) reported that exposure to
lead acetate in mice resulted in significant increases in
oxidative stress and considerable renal tissue damage.
However, administration extract from Abelmoschus

esculentus improved the biochemical and histological
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changes, helping to restore the structure of both
glomeruli and tubules. In line with these observations,
our data indicates that rats treated with okra seed oil
alone maintained their normal renal histological
architecture, confirming the safety of the oil itself. In
contrast, co-administration of okra seed oil with
cadmium significantly reduced the structural damage

observed in the cadmium-only group.

This partial preservation of glomerular and tubular
structure, along with reduced congestion in the medulla,
reflects the antioxidant and anti-inflammatory
properties of okra seed oil. These properties may help
mitigate cadmium-induced oxidative stress and protect

the integrity of tubular epithelial cells.

In conclusion, cadmium exposure severely compromises
renal function, protein regulation, and glucose
metabolism. Okra seed oil, due to its bioactive
components, mitigates these toxic effects and supports
metabolic balance. These findings contribute to the
growing body of evidence supporting the therapeutic
potential of natural antioxidants in protecting against

heavy metal-induced toxicity.

CONCLUSION

Collectively, the present findings demonstrate that okra
seed oil exerts both functional and structural protection
against cadmium-induced nephrotoxicity. By mitigating
oxidative stress and preserving the integrity of
glomerular and tubular structures, the oil markedly
attenuated biochemical disturbances and
histopathological lesions in the kidneys. These results
highlight okra seed oil as a promising natural
antioxidant capable of alleviating cadmium-related renal
and metabolic damage and providing a basis for future
studies to further clarify its mechanisms and therapeutic

potential in clinical settings.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the support of the
King Fahad Medical Research Center (KFMRC) and
King Abdulaziz University (kau), Jeddah, Saudi
Arabia, for providing the facilities required to conduct
this study.

REFERENCES

Al-Kanani IAS, Al-Hilifi SAH, Abd-Al-kareem
AH. 2019. Extraction of Iraqi okra seeds oil and study
of its properties during different periods. Basrah
Journal of Agricultural Sciences 32(Special Issue 2),
63-74.
https://doi.org/10.37077/25200860.2019.257

Atlam HF, Wills GB. 2020. IoT security, privacy,
safety and ethics. Internet of Things, 123-149.
https://doi.org/10.1007/978-3-030-18732-
3_8/COVER

Bobulescu IA, Moe OW. 2012. Renal transport of
uric acid: Evolving concepts and uncertainties. Advances
in Chronic Kidney Disease 19(6), 358—371.
https://doi.org/10.1053/j.ackd.2012.07.009

Bonfiglio R, Sisto R, Casciardi S, Palumbo V,
Scioli MP, Palumbo A, Trivigno D, Giacobbi E,
Servadei F, Melino G, Mauriello A, Scimeca M.
2024. The impact of toxic metal bioaccumulation on
colorectal cancer: Unravelling the unexplored
connection. Science of The Total Environment 906,
167667.

https://doi.org/10.1016/j.scitotenv.2023.167667

Briffa J, Sinagra E, Blundell R. 2020. Heavy metal
pollution in the environment and their toxicological
effects on humans. Heliyon 6(9), e04691.
https://doi.org/10.1016/j.heliyon.2020.e04691\

Devi U, Bhattacharyya KG. 2018. Mobility and
bioavailability of Cd, Co, Cr, Cu, Mn and Zn in surface
runoff sediments in the urban catchment area of
Guwahati, India. Applied Water Science 8(1), 18.
https://doi.org/10.1007/s13201-018-0651-8

Elkhalifa AEO, Alshammari E, Adnan M,
Alcantara JC, Awadelkareem AM, Eltoum NE,
Mehmood K, Panda BP, Ashraf SA. 2021. Okra
(Abelmoschus esculentus) as a potential dietary
medicine with nutraceutical importance for sustainable
health applications. Molecules 26(3), 696.
https://doi.org/10.3390/molecules26030696

15 Filimban and Batais

International Journal of Biosciences | 1JB
Website: https://www.innspub.net



Vol. 27, Issue: 4, p. 8-18, 2025 Int. J. Biosci.

Fan Y, Jiang X, Xiao Y, Li H, Chen J, Bai W.
2024. Natural antioxidants mitigate heavy metal-
induced reproductive toxicity: Prospective
mechanisms and biomarkers. Critical Reviews in
Food Science and Nutrition 64(31), 11530—11542.

https://doi.org/10.1080/10408398.2023.2240399

Fauzi A, Titisari N, Sutarso, Mellisa V. 2020.
Gentamicin nephrotoxicity in animal model: Study of
kidney histopathology and physiological functions.
IOP Conference Series: Earth and Environmental
Science 465(1), 012005.

https://doi.org/10.1088/1755-1315/465/1/012005

Fernandes R. 2021. The controversial role of
glucose in the diabetic kidney. Porto Biomedical
Journal 6(1), e113.

https://doi.org/10.1097/j.pbj.0000000000000113

Fujishiro H, Liu Y, Ahmadi B, Templeton DM.

2018. Protective effect of cadmium-induced
autophagy in rat renal mesangial cells. Archives of
Toxicology 92(2), 619—631.

https://doi.org/10.1007/s00204-017-2103-X

Genchi G, Sinicropi MS, Lauria G, Carocci A,
Catalano A. 2020. The effects of cadmium toxicity.
International Journal of Environmental Research and

Public Health 17(11), 3782.
https://doi.org/10.3390/ijerph17113782

Haidar Z, Fatema K, Shoily SS, Sajib AA. 2023.
Disease-associated metabolic pathways affected by
heavy metals and metalloid. Toxicology Reports 10,

554-570.
https://doi.org/10.1016/j.toxrep.2023.04.010

Huff J, Lunn RM, Waalkes MP, Tomatis L,
Infante PF. 2007. Cadmium-induced cancers in
animals and in humans. International Journal of
Occupational and Environmental Health 13(2), 202—

212. https://doi.org/10.1179/0eh.2007.13.2.202

Kaminska J, Dymicka-Piekarska V,
Tomaszewska J, Matowicka-Karna J, Koper-
Lenkiewicz OM. 2020. Diagnostic utility of
protein to creatinine ratio (P/C ratio) in spot urine
sample within routine clinical practice. Critical
Reviews in Clinical Laboratory Sciences 57(5), 345—
364.
https://doi.org/10.1080/10408363.2020.1723487

Kazory A. 2010. Emergence of blood urea nitrogen
as a biomarker of neurohormonal activation in heart
failure. The American Journal of Cardiology 106(5),
694—700.
https://doi.org/10.1016/j.amjcard.2010.04.024

Korish MA, Attia YA. 2020. Evaluation of heavy
metal content in feed, litter, meat, meat products,
liver, and table eggs of chickens. Animals 10(4), 727.
https://doi.org/10.3390/ani10040727

Lin HC, Hao WM, Chu PH. 2021. Cadmium and

cardiovascular disease: An overview of

pathophysiology, epidemiology, therapy, and
predictive value. Revista Portuguesa de Cardiologia
40(8), 611-617.

https://doi.org/10.1016/j.repc.2021.01.009

Mantovani A, Garlanda C. 2023. Humoral innate
immunity and acute-phase proteins. The New
England Journal of Medicine 389(5), 439—452.
https://doi.org/10.1056/NEJMra2206346

Mokgalaboni K, Lebelo SL, Modjadji P,

Ghaffary S. 2023. Okra ameliorates
hyperglycaemia in pre-diabetic and type 2 diabetic
patients: A systematic review and meta-analysis of
the clinical evidence. Frontiers in Pharmacology
14(April), 1—-10.

https://doi.org/10.3389/fphar.2023.1132650

Murray I, Paolini MA. 2020. Histology, kidney

and glomerulus.

16 Filimban and Batais

International Journal of Biosciences | 1JB
Website: https://www.innspub.net



Vol. 27, Issue: 4, p. 8-18, 2025 Int. J. Biosci.

Nugrahaningsih WH, Wulandari IB, Habibah
NA, Marianti A. 2021. Uric acid levels on sub-chronic
oral administration of cassava leaf extract. Journal of
Physics: Conference Series 1968(1), 012008.

https://doi.org/10.1088/1742-6596/1968/1/012008

Peake M, Whiting M. 2006. Measurement of
serum creatinine—current status and future goals.

Clinical Biochemist Reviews 27(4), 173—184.

Peana M, Pelucelli A, Chasapis CT, Perlepes
SP, Bekiari V, Medici S, Zoroddu MA. 2022.
Biological effects of human exposure to
environmental cadmium. Biomolecules 13(1), 36.

https://doi.org/10.3390/biom13010036

Prozialeck WC, Edwards JR. 2012. Mechanisms
of cadmium-induced proximal tubule injury: New
insights with implications for biomonitoring and
therapeutic interventions. Journal of Pharmacology
and Experimental Therapeutics 343(1), 2—12.

https://doi.org/10.1124/jpet.110.166769

Sarmiento-Ortega VE, Moroni-Gonzalez D,
Diaz A, Eduardo B, Samuel T. 2022. Oral
subacute exposure to cadmium LOAEL dose
induces insulin resistance and impairment of the
hormonal and metabolic liver-adipose axis in
Wistar rats. Biological Trace Element Research
200(10), 4370-4384.
https://doi.org/10.1007/s12011-021-03027-Z

Satarug S, Vesey DA, Gobe GC. 2023. Cadmium-
induced proteinuria: Mechanistic insights from dose-
effect analyses. International Journal of Molecular
Sciences 24(3), 1893.
https://doi.org/10.3390/ijms24031893

Satarug S. 2024. Is environmental cadmium
exposure causally related to diabetes and obesity?
Cells 13(1), 83.
https://doi.org/10.3390/cells13010083

Sedzikowska A, Szablewski L. 2021. Human
glucose transporters in renal glucose homeostasis.
International Journal of Molecular Sciences 22(24),

13522. https://doi.org/10.3390/ijms222413522

Sensoy E. 2023. Investigation of the effect of
cadmium chloride applied during pregnancy on the
morphological parameters of mouse offspring and the
protective role of melatonin. Journal of Hazardous
Materials Advances 9(November 2022), 100222.

https://doi.org/10.1016/j.hazadv.2022.100222

Sharma K, Akre S, Chakole S, Wanjari MB.
2022. Stress-induced diabetes: A review. Cureus

14(9), e29142. https://doi.org/10.7759/cureus.29142

Siddiqui MF. 2010. Cadmium induced renal toxicity
in male rats, Rattus rattus. Eastern Journal of

Medicine 15(3), 93—96.

Sotomayor CG, Groothof D, Vodegel JJ,
Eisenga MF, Knobbe TJ, IJmker J, Lammerts
RGM, de Borst MH, Berger SP, Nolte IM,
Rodrigo R, Slart RHJA, Navis GJ, Touw DJ,
Bakker SJL. 2021. Plasma cadmium is associated
with increased risk of long-term kidney graft failure.
Kidney International 99(5), 1213—1224.
https://doi.org/10.1016/j.kint.2020.08.027
Tavakolizadeh M, Ghasemi-
Moghaddam H, Bahadori A, Mohkami Z,

Peyrovi S,

Sotoudeh M, Ziaee M. 2023. Clinical efficacy and
safety of okra (Abelmoschus esculentus (L.) Moench)
in type 2 diabetic patients: A randomized, double-
blind,
Diabetologica 60(12), 1685-1695.

placebo-controlled, clinical trial. Acta

https://doi.org/10.1007/500592-023-02149-1

Wang Z, Sun Y, Yao W, Ba Q, Wang H. 2021.
Effects of cadmium exposure on the immune system and
immunoregulation. Frontiers in Immunology 12,

695484. https://doi.org/10.3389/fimmu.2021.695484

17 Filimban and Batais

International Journal of Biosciences | 1JB
Website: https://www.innspub.net



Vol. 27, Issue: 4, p. 8-18, 2025 Int. J. Biosci.

Witkowska D, Slowik J, Chilicka K. 2021. Heavy
metals and human health: Possible exposure
pathways and the competition for protein binding
sites. Molecules 26(19), 6060.
https://doi.org/10.3390/molecules26196060

Zhang J, B YL, Yang X, Zhao Y. 2019.
Supplementation of okra seed oil ameliorates
ethanol-induced liver injury and modulates gut
microbiota dysbiosis in mice. Food & Function
10(10), 6385-6398.
https://doi.org/10.1039/C9FO00189A

18 Filimban and Batais

International Journal of Biosciences | 1JB
Website: https://www.innspub.net



