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Abstract

Adenine causes damage to kidney structure and functions; thus, it affects its excretory functions and metabolism. Solanum
macrocarpon is a vegetable commonly eaten in Nigeria. This study was designed to examine the potential anti-
nephrotoxicity effects of Solanum macrocarpon leaves extract on adenine-induced nephrotoxicity in male Wistar rats. A
total of thirty (30) rats were obtained from the Department of Animal Science, University of Ibadan, and were divided into
six (6) groups with five (5) animals in each group. The animals were fed with standard feed and drinking water, and treated
as follows:, Group 1: distilled water, Group 2: 1000 mg/kg of Adenine only, Group 3: Adenine + 1050 mg/kg ethanol extract
of Solanum macrocarpon, Group 4: Adenine + 1050 mg/kg diethyl ether extract of Solanum macrocarpon, Group 5:
1050mg/kg ethanol extract of Solanum macrocarpon and Group 6: 1050 mg/kg diethyl ether extract of Solanum
macrocarpon. Biochemical parameters such as creatine, urea, uric acid, sodium, potassium, phosphorus, bicarbonate, and
superoxide dismutase were determined in the plasma using a Spectrophotometer. Data were analyzed using one—way
analysis of variance (ANOVA) followed by Tukey’s test, with P < 0.05 considered significant. The results indicated a
significant increase (P < 0.0) in SOD, creatinine, potassium, sodium, phosphorus urea and uric acid in the group treated with
adenine alone, with a significant decrease of 33.3% in bicarbonate when compared with the control. Histopathological
examination showed nephritis, through congestion, hypertrophied glomeruli, vacuolization of the endothelial cells lining
the glomerular tuft, and interstitial nephritis by adenine treatment. The elevated creatine, SOD, potassium, sodium,
phosphorus, urea and uric acid were significantly improved. In the groups treated with Solanum macrocarpon alcoholic
extracts. In conclusion, Solanum macrocarpon extracts mitigated the nephrotoxicity caused by adenine.
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Introduction

Chronic kidney disease (CKD) poses a significant global health
challenge, characterized by the gradual loss of renal function over
time, often culminating in end-stage renal disease (ESRD) (Oboh et
al., 2020). The prevalence of CKD has increased dramatically
worldwide, placing substantial burdens on healthcare systems already
strained by resource limitations (Cockwell and Fisher, 2020). Factors
such as aging populations, rising rates of non-communicable diseases
like type 2 diabetes mellitus (T2DM), and widespread exposure to
nephrotoxic agents contribute to the growing CKD epidemic (Zhang
et al, 2020). As CKD progresses, patients face a higher risk of
cardiovascular events, hospitalizations, and mortality, highlighting
the urgent need for effective therapeutic interventions (Kovesdy,
2020).

Adenine, as a nitrogenous heterocyclic compound of purines,
damages kidney structure and function at certain doses and causes
impairment of energy metabolism (Li et al., 2021).

Adenine is an important component of biological DNA. If DNA is
damaged, it will trigger apoptosis and gene mutation, seriously
affecting the organism’s normal physiological function. Adenine as a
growth regulator can improve the yield and quality of crops. Nuclear
Factor Erythroid 2- Related Factor 2 (Nrf2) is the basis of various
genes encoding detoxification enzymes, antioxidant proteins,
exogenous transporter proteins, and other stress response mediators.
It is a major transcriptional regulator that induces the expression of
downstream target genes (Shelton ef al., 2013).

Administration of adenine leads to the accumulation of 2, 8 -
dihydroxyadenine crystals within the renal tubules, resulting in
tubulointerstitial nephropathy and impairment of renal function
(Diwan et al., 2018). Adenine-induced nephrotoxicity shares several
pathophysiological features with human CKD, making it a clinically
relevant model for investigating potential therapeutic interventions
Adenine-induced nephrotoxicity primarily results from the formation
of insoluble 2,8-dihydroxyadenine (DHA) crystals which precipitate
in the renal tubules, leading to tubular obstruction, inflammation, and
subsequent renal injury (Choi ef al., 2014). The accumulation of DHA
crystals triggers oxidative stress and inflammatory responses,
exacerbating kidney damage (Kim et al., 2015). This crystal-induced
injury mimics certain aspects of human chronic kidney diseases,
making it a valuable model for studying nephrotoxicity and potential
therapeutic interventions (Basile et al., 2016). Many societies
appreciate traditional herbal preparations for their perceived safety,
accessibility, and cultural importance. The pursuit of new therapies
for CKD and kidney injuries has sparked a growing interest in
investigating natural remedies that may offer protective benefits to
renal health. Solanum macrocarpon, or

Experimental Animals

Thirty (30) male albino Wistar rats (100 — 200 g) was purchased
from the University of Ibadan Animal House. The rats were given
conventional rat chow and unlimited water during their two-week
acclimatization in the Animal House of Augustine University's
Department of Chemical Sciences in Ilara-Epe, Lagos State, in
compact cages with adequate ventilation.
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African eggplant, stands out as a candidate due to its extensive
traditional usage and medicinal properties (Olayemi ef al., 2021).
However, despite promising preclinical evidence, the translational
potential of S. macrocarpon in clinical settings remains largely
unexplored. Clinical trials evaluating the safety, efficacy, and
optimal dosing regimens of S. macrocarpon preparations are
warranted to validate its therapeutic utility in human (Olayemi et
al., 2021). This study aimed to investigate the nephroprotective
properties of Solanum macrocarpon leaves.

Materials And Methods
Chemicals

Teco products (Sodium kit, Phosphorus kit, Potassium kit, and
Bicarbonate kit), Spectrum products (Uric acid kit, Urea kit, and
Creatinine kit), Tris HCL, EDTA, Pyrogallol, Sodium Azide,
Hydrogen peroxide, Sodium hydroxide, and Hydrochloric acid.

Materials

Needle and syringe, Eppendorf tubes, surgical gloves, universal
bottles, Glassware (Beaker, conical flasks, measuring cylinder,
test tubes, dissecting board, dissecting set, EDTA tubes,
micropipette and tips. Ultraviolet-visible spectrophotometer,
centrifuge, homogenizer, water bath, refrigerator, rotary
evaporator, weighing balance, oven.

Method
Extraction of Plant Material

The Solanum macrocarpon leaves were purchased from a local
market and were identified by a plant taxonomist at the
University of Ibadan with authentication number (UIH-23425).
The leaves were air dried for two weeks in the absence of
sunlight to avoid depletion of their phytochemicals. 84g of the
Solanum macrocarpon leaves was weighed, and divided into two
equal parts. One half (42 g) was macerated in ethanol, while the
remaining 42 g was macerated in diethyl ether for 72 hours. The
mixtures were filtered with muslin cloth and the filtrate obtained
will be re-filtered using Whatman No. 1 filter paper and
concentrated using a rotary evaporator to obtain the ethanol and
the diethyl ether extract respectively.
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Experimental Designs

After a two-week acclimatization, the rats were randomly
assigned to six groups, with five rats per group. Groups 1 — 3 were
given adenine for 2 weeks before treatment as follows: Group 1:
distilled water, Group 2: 1000 mg/kg of Adenine only, Group 3:
1000 mg/kg Adenine + 1050 mg/kg ethanol extract of S.
Macrocarpon, Group 4: 1000 mg/kg Adenine + 1050 mg/kg
diethyl ether extract of S. macrocarpon, Group 5: 1050 mg/kg
ethanol extract of S. macrocarpon, Group 6: 1050 mg/kg diethyl
ether extract of S. macrocarpon. Treatment with Solanum
macrocarpon extracts was done for 2 weeks. Each group received
treatments daily via oral gavage. The body weight and feed intake
were evaluated throughout the trial. The rats were fasted
overnight, weighed, and anaesthetized using diethyl ether before
being sacrificed. Blood samples were collected by cardiac
puncture into appropriately labeled EDTA tubes. The blood was
then centrifuged for 10 minutes at 3500 rpm to obtain plasma. The
supernatants were collected, kept in the refrigerator, and
preserved for further biochemical assays.

Plasma biochemical and antioxidant indicators.

Plasma biochemical indicators (Creatinine, urea, uric acid,
bicarbonate, phosphorus, sodium, potassium), and plasma
antioxidant indicator (SOD) were carried out as specified. using an
ultraviolet spectrophotometer.

Statistical Analysis

All values were expressed as mean + standard error mean (SEM),
and the test of significance between groups was done using One-
Way Analysis of Variance (ANOVA) with Tukey’s post-hoc test,
with p-values < 0.05 considered statistically significant.

Results

Effects of S. macrocarpon leaves extracts on plasma creatinine
levels of adenine intoxicated male Wistar rats

Adenine intoxication significantly increased (P < 0.05) creatinine
levels compared to the control group. Treatment with ethanol and
diethyl ether extracts significantly decreased (P < 0.05) the
elevated (Figure 1)
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Effects of S. macrocarpon leaves on plasma bicarbonate and
potassium levels of adenine intoxicated male Wistar rats

Adenine intoxication significantly increased (P < 0.05) bicarbonate
and decreased potassium levels compared to the control group.
Intervention with extracts did not significantly (P > 0.05) affect the
bicarbonate level whereas the potassium level was moderately
increased (Figure 2)

Effects of S. macrocarpon leaves on plasma sodium land
phosphorus levels of adenine intoxicated male Wistar rats

Sodium levels were significantly increased by adenine compared to
the control. There was an increase in sodium level in rats treated
with diethyl ether extract alone. Rats intoxicated with adenine had
a considerable reduction in plasma phosphorus levels. Treatment
with the ethanol and diethyl ether extracts significantly increased
phosphorus level (Figure 3).

Effects of S. macrocarpon leaves extracts on plasma superoxide
dismutase (SOD) levels of adenine-intoxicated male Wistar rats

The extracts significantly lowered the SOD levels elevated
by adenine alone (Figure 4).

Effects of S. macrocarpon leaves extracts on plasma urea and uric
acid levels of adenine-intoxicated male Wistar rats

Adenine intoxication significantly increased (P < 0.05) urea and
uric acid levels compared to the control group. Intervention with
extracts did not significantly (P> 0.05) affect the urea and uric acid
level.

Histopathology

Adenine intoxication resulted in severe lesions, including
glomerular atrophy, glomerular capsule expansion, interstitial
congestion, clear necrosis in epithelial cells within renal tubules,
and pyknotic nuclei (Figure 6b). Treatment with both ethanol and
diethyl ether extracts of S. macrocarpon lead to the recovery of the
renal architecture (Figure 6¢ and d).
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Figure 1: Effect of the extracts on plasma creatinine levels. n =5. *= P < 0.05.
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Figure 2: Effect of the extracts on plasma bicarbonate levels. n=5. *=P < 0.05.
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Figure 4: Effect of the extracts on plasma SOD levels. n =5. *=P < 0.05.
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Figure 6a: Histopathology Control group (No visible lesions
observed)

Figure 6b: Hlstopathology Adenine group (The sinusoids
appeared prominent, representing glomerular congestion and
hyalinization)

Adenine + Diethyl ether Solanum macrocarpon extract

Figure 6c: Histopathology Ademne + DEESM (Several
tubules have casts in their lumen, arrows. Represent mesangial
necrosis)

Adenine + Ethanol Solanum macrocarpon extract
(ETHESM)

h 6d: Hlstopathology Adenine + ETHESM (No visible
lesion)
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Figure 6e: H‘iaopathology Ethanolic Extract Only (No visible
lesion)

Diethylether Extract Onl

FIGURE o6f: Histopatholo Diethyl Ether Extract nly
(There is a large, focally extensive area of fatty infiltration
into the interstitium (arrows))

Discussion

Kidneys are essential in removing toxins, metabolic products,
and other foreign substances from the body (Wang et al., 2019;
Kalantar - Zadeh et al., 2021). Renal fibrosis is closely related
to the synthesis of mediators and signaling pathways, such as
dysregulated uremic toxins, oxidative stress, and Wnt/p catenin
(Zhang, et al, 2021; Rao et al., 2021). The present study
investigated the protective role of Solanum macrocarpon leaves
on adenine-induced acute kidney injury. The findings showed
that exposure to Adenine evoked a significant increase in
creatinine, urea and uric acid levels, indicating renal
impairment. Adenine administration is known to cause renal
dysfunction by precipitating as 2, 8-dihydroxyadenine crystals
in the renal tubules, leading to tubular obstruction and
interstitial inflammation. This finding is consistent with earlier
results (Chen et al., 2017; Diwan et al., 2018; Li et al., 2018).

The damage may be attributed to adenine metabolites
accumulating in renal tubules, resulting in interstitial
inflammation, tubular injury, and fibrosis inducing CKD
(Johnson et al., 2013). These renal histological abnormalities
produced changes in the glomerular and renal tubules, leading
to reduced renal (Ahmed et al, 2019). The administration of
ethanol and diethyl ether extract of S macrocarpon to adenine
intoxicated groups significantly lowered blood concentrations
of creatinine, urea, and uric acid, indicating an improved renal
excretion of these compounds. These results may be attributed
to the inhibition of hepatic xanthine oxidase and xanthine
dehydrogenase activity and lowers serum uric acid levels,
and/or antioxidative and antihyperuricemic properties of
flavanone constituent in the extract (Inami et al., 2014). Zhang
et al. (2020) highlighted the role of flavonoids in protection
against adenine-induced nephrotoxicity in rats. Flavonoid-rich
extracts could mitigate renal damage by reducing oxidative
stress and inflammation. Solanum macrocarpon is very rich in
polyphenols and flavonoids (Olufunmilayo, 2018), which are
known to scavenge free radicals and reduce oxidative stress, a
key factor in adenine-induced nephrotoxicity (Nisha et al.,
2009).
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The recovery of kidney function observed in this study is likely
due to the clearance of crystals from the tubular lumen, leading
to reduced urinary excretion of 2,8-DHA and adenine as well as
the compensatory mechanism of the remaining functional
nephrons (Atay et al., 2024).

Electrolyte plays a major role in the maintenance of body
homeostasis. The outcome of this present research shows that
there was a significant increase (P < 0.05) in sodium and
bicarbonate level in the blood of adenine-treated mice
compared to control. This increase in sodium level could align
with a diminished expression of the sodium transporters
Sodium- Potassium- Chloride cotransporter 2 (NKCC2) and
Sodium Hydrogen Exchanger 3(NHE3); however, these
transporters may remain unaffected during the recovery phase.

These findings collectively suggest that both sodium
transporters and aquaporins (AQPs) may play significant roles
in the development of renal injury observed in the adenine-
induced CKD model. Hypophosphatemia is also one of the
conditions caused by adenine. This condition is often due to
renal tubular damage and impaired reabsorption of phosphorus.
Wang et al. (2015) reported that adenine - induced renal
dysfunction in rats resulted in significant hypophosphatemia,
attributed to impaired renal tubular function and increased
urinary phosphate excretion. Similarly, Li et a/., (2017) found
that rats with adenine-induced nephropathy exhibited
significant drops in serum phosphorus levels, highlighting the
electrolyte imbalances associated with renal impairment
Treatment with Solanum macrocarpon extract invariable
reverse the damaged caused by the adenine.

Superoxide dismutase (SOD) is a crucial antioxidant enzyme
that plays a vital role in defending against oxidative stress in
renal tissues. Wang et al., (2016) reported that adenine - induced
renal dysfunction in rats resulted in significant increase in
oxidative stress, reflected by reduced SOD levels as a
compensatory response to increased ROS production. Li et al.
(2017) found that rats with adenine-induced nephropathy
exhibited decreased SOD levels, highlighting the enzyme's role
in counteracting oxidative damage. Chen et al. (2019)
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demonstrated that adenine-fed rats showed marked increases in
SOD activity, alongside other oxidative stress markers, due to the
compromised ability of the kidneys to neutralize ROS. These
results are consistent with those of Nemmar et al. (2021) and
Okokon ef al. (2017). Meanwhile, the administration of
solanum macrocarpon leaves extract resulted in a significant
increase in antioxidant markers compared to the adenine-treated
group (Campbell et al., 2021).

The potential of various plant extracts to mitigate oxidative stress
in renal dysfunction has been explored, with several studies
highlighting their antioxidant properties. (Okoye et al., 2016)
studied the effects of Solanum nigrum extract on adenine-
induced nephropathy and found that the extract significantly
reduced oxidative stress markers, including SOD levels, likely
due to its antioxidant effects. (Mahmoud et al., 2018)
investigated the nephroprotective effects of Moringa oleifera
leaves against adenine-induced renal dysfunction. Their results
showed that the plant extract significantly decreased SOD levels,
suggesting reduced oxidative stress. Singh et al. (2020)
highlighted the role of herbal extracts in managing oxidative
stress in renal dysfunction. Their findings indicated that plant
extracts rich in antioxidants and anti-inflammatory compounds
could mitigate oxidative damage and normalize SOD activity.

Histological examinations of kidney sections showed that rats
exposed to adenine had several histopathological changes,
including deterioration in hepatocytes, multifocal areas of
necrosis, fibrosis, congested blood vessels, and enlargement of
adenine deposit. Treatment with S macrocarpon extracts
alleviated these alterations. Our results are consistent with those
of Nasution et al. (2020). The reno-protective effects Solanum
macrocarpon leaves extract may be due to phytoconstituents
such as polyphenolic compounds, particularly the characteristic
flavanone glycosides hesperidin, neohesperidin, naringin, rutin,
and narirutin (Bures et al., 2022 and Mostafa et al., 2020).

Conclusion

This study demonstrated that the ethanol extract of Solanum
macrocarpon effectively mitigates adenine-induced
nephrotoxicity in male Wistar rats, outperforming the diethyl
ether extract. Key mechanisms include antioxidant properties
effects, prevention of crystal formation, electrolyte balance,
acid-base homeostasis, and anti-fibrotic properties. These
findings suggest that Solanum macrocarpon leaves offer a safe
and potent natural remedy for kidney protection,

References
Ahmed OM, Hassan MA, Abdel-Twab SM, Azeem MNA (2019).
Navel orange peel hydroethanolic extract, naringin and

naringenin have anti-diabetic potentials in type 2 diabetic
rats. Biomedicine and Pharmacotherapy 94: 197-205.

322

Akinloye O (2005). Pathophysiology of nephrotoxicity. Archives of
Toxicology 79(12): 673-684.

Atay JCL, Elsborg SH, Palmfeldt J, Nejsum LN, et al (2024).
Recovery of Water Homeostasis in Adenine-Induced Kidney
Disease Is Mediated by Increased AQP2 Membrane Targeting.
International Journal of Molecular Science 25: 3447. https:/
doi.org/10.3390/ijms25063447

Ayodele OD (2018). Mini review on two species of garden egg (S.
aethiopicum L. and S. macrocarpon L.) found in Nigeria. Journal of
Analytical and  Pharmaceutical —Research 7(2): 237-238.
doi:10.15406/japlr.2018.07.00231.

Bharadwaj MS, Sargazi S, Sarkar P, Gautam, A., et al (2020). Role
of Apoptosis and Inflammation in Adenine-Induced Nephrotoxicity.
International Journal of Molecular Sciences 21(16): 5725.

Boon AC, Lam AK, Gopalan V, Benzie et al. (2015). Endogenously
Elevated Bilirubin Modulates Kidney Function and Protects from
Circulating Oxidative Stress in a Rat Model of Adenine-Induced
Kidney Failure. Scientific Report 5: 15482,
https://doi.org/10.1038/srep 15482.

Bosch X, Poch E (2009). Rhabdomyolysis and acute kidney injury.
New England Journal of Medicine 361(1): 62-72.

Bures MS, Bandi¢ LM, Vlahovic¢ek-Kahlina K (2022)
Determination of Bioactive Components in Mandarin Fruits: A

Review. Critical Review in Analytical Chemistry,
doi;10.1080/10408347.2022.2035209

Campbell NK, Fitzgerald HK, Dunne A (2021) Regulation of
Inflammation by the Antioxidant Haem Oxygenase 1. Nature
Review in Immunology 21: 411-425,
https://doi.org/10.1038/s41577-020-00491-x.

Chen, X., Zhang, Y., Liu, J. (2019). Anti-fibrotic properties of herbal
extracts in CKD. Kidney International, 95(4), 857-867.

Chen Y, Wang L, Zhang M (2019). Impacts of adenine-induced renal
dysfunction on electrolyte balance in rats. Journal of Kidney Disease
Research 5(2): 78-84.

Cockwell P, Fisher LA (2020). The global burden of chronic kidney
disease. The lancet 395(10225): 662-664.

Diwan V, Brown L, Gobe GC (2018). Adenine-Induced Chronic
Kidney Disease in Rats. Nephrology 23 (1): 5-11.
https://doi.org/10.1111/nep.13180.

Eid AA, Gorin, Y, Fagg, BM, Maalouf R, et al (2017). Mechanisms
of podocyte injury in diabetes, diabetic nephropathy and aging.
Frontiers in Endocrinology 8: 302.

Eknoyan G (2014). KDIGO 2012 Clinical Practice Guideline for the
Evaluation and Management of Chronic Kidney Disease. Kidney
International Supplements 3(1): 1-150.


https://doi.org/10.1038/srep15482
https://doi.org/10.1038/s41577-020-00491-x
https://doi.org/10.1111/nep.13180

Trends Nat. Prod. Res. 6(4): 315-325, 2025

Galvao CA, Pedro F (2018). The Impact of Adenine Contamination Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen B, ef al. (2021).
on Plant-Soil Interactions: Implications for Ecosystem Functioning. Chronic ~ Kidney  Disease.  Lancet  398:  786-802,
Frontiers in Plant Science 9: 1687. https://doi.org/10.1016/S0140-6736(21)00519-5.

Geiger S, Leal MC (2020). Adenine in Aquatic Environments: Kim EJ, Oh HA, Choi HJ, Park JH, et al. (2013). Heat processed

Sources, Toxicity, and Ecological Consequences. Environmental ginseng saponin ameliorates the adenine-induced renal failure in

Science & Technology 54(17): 10401-10411. rats. Journal of Ginseng Research 37(1): 87-93.
doi:10.5142/jgr.2013.37.87. PMID:23717161

Gupta S, Sharma R, Pandey R (2018). Nephroprotective effects of

plant extracts in CKD. Phytotherapy Research 32(6): 1020-1030.

Haidari F, Ali Keshavarz S, Reza Rashidi M, Mohammad Shahi
M (2009). Orange Juice and Hesperetin Supplementation to
Hyperuricemic Rats Alter Oxidative Stress Markers and
Xanthine Oxidoreductase Activity. Journal of Clinical
Biochemistry Nutrition 45: 285-291.

Ibrahim MA, Koorbanally NA, Islam MS (2018). Solanum
macrocarpon ~ Linn.  fruit  attenuates cisplatin-induced
nephrotoxicity by enhancing antioxidant status and mitigating
inflammation. Journal of Ethnopharmacology 210: 147-154.

Ichikawa D, Sasaki R, Masum A, Hieda J, et al. (2004).
Adenine-induced  nephrotoxicity is  associated = with
mitochondrial dysfunction and acute tubular necrosis. Archives
of Toxicology 78(10): 501-507.

Ilodibia CV, Akachukwu EE, Chukwuma MU, Igboabuchi NA,
et al. (2016). Proximate, Phytochemical and Antimicrobial
Studies on Solanum macrocarpon L. Journal of Advances in
Biology and Biotechnology 9(2): 1-7.
https://doi.org/10.9734/JABB/2016/27922.

Inami Y, Hamada C, Seto T, Hotta Y, et al. (2014). Effect of
AST-120 on Endothelial Dysfunction in Adenine-Induced
Uremic Rats. International Journal of Nephrology 164125,
https://doi.org/10.1155/2014/164125.

Jha V (2014). Chronic kidney disease: global dimension and
perspectives. Lance, 383(9931): 260-272.

Johnson IT, Fenwick GR (2012). Toxicology of naturally
occurring chemicals. Springer Science and Business Media.

Johnson RJ, Nakagawa T, Jalal D, Sanchez-Lozada LG (2013).
Uric Acid and Chronic Kidney Disease: Which Is Chasing
Which? Nephrology Dialysis Transplantation 28: 2221-2228,
https://doi.org/10.1093/ndt/gft029.

Jones CA, Russell LB (2014). Genetic toxicology of environmental

Kovesdy CP, (2022). Epidemiology of Chronic Kidney Disease: An
Update. Kidney International Supplements 12 (1), 7-11.
https://doi.org/10.1016/j. kisu.2021.11.003.

Levey AS (2015). Definition and classification of chronic kidney
disease: a position statement from kidney disease: Improving Global
Outcomes (KDIGO). Kidney International 67(6): 2089-2100.

Li S, Liu H, Chen Z (2017). Effects of adenine on renal function and
uric acid metabolism in rats. Journal of Renal Physiology 29(3):
205-212.

Liptak P, Ivanyi B (2002). Apoptosis in experimental nephrotoxicity.
Nephrology Dialysis Transplantation 17(4): 627-634.

Liptak P, Ivanyi B. (2002). Primer: histopathology of calcineurin-
inhibitor toxicity in renal allografts. Nature Clinical Practice
Nephrology 2(7): 398-404.

LiuY, Chen G, Lin S (2016). Antioxidant activity of herbal extracts
in renal protection. Journal of Ethnopharmacology 187: 153-160.

Liu Y, Zhuang S, Zhu H (2018). Dysregulation of TGF-f activation
contributes to adenine-induced renal fibrosis. American Journal of
Physiology-Renal Physiology 315(4): F1021-F1033.

Luyckx VA, Tonelli M, Stanifer JW (2018). The global burden of
kidney disease and the sustainable development goals. Bulletin of
the World Health Organization 96(6): 414-422.

Mahmoud AM, Ashour MB, Abdel-Moneim A (2018). Antioxidant
and Renoprotective Effects of Moringa oleifera leaves against
adenine-induced chronic kidney disease in rats. Pharmaceutical
Biology 56(1): 110-119.

Mostafa M, Amer N, Serag M, Khedr AH (2020). Phytochemical
Constituents and Antibacterial Activity of the Medicinal Herb
Deverra Tortuosa (Desf.) DC. Research Journal of Pharmaceutical,
Biological  and Chemical  Sciences 11: 108-115,
https://doi.org/10.33887/rjpbcs/2020.11.2.13.

chemicals: Part A: Fundamental aspects. Springer Science and Nasution M, Ginting CN, Fachrial E, Lister INE (2020). Potency of

Business Media.

Jones RJ., Russell DS (2014). Environmental pathways and
nephrotoxic effects of adenine. Journal of Toxicological
Sciences 29(3): 215-223

323

Sunkist Orange (Citrus SinensisL. Osbeck) against Kidney
Histology of White Wistar Rats Induced by Gentamicin. Majalah
Obat Tradisional 25: 42—48, https://doi.org/10.22146/mot.49107.


https://doi.org/10.9734/JABB/2016/27922
https://doi.org/10.1155/2014/164125
https://doi.org/10.1093/ndt/gft029
https://doi.org/10.1016/S0140-6736(21)00519-5
https://doi.org/10.33887/rjpbcs/2020.11.2.13
https://doi.org/10.22146/mot.49107

Trends Nat. Prod. Res. 6(4): 315-325, 2025

Nishi Y, Satoh M, Nagasu H, Kadoya, H, et al. (2016). Selective impairment of energetic metabolism and apoptosis in rat kidney
estrogen receptor modulation attenuates proteinuria-induced renal mitochondria. Archives of Toxicology 84(12): 873-882.

tubular damage by modulating mitochondrial oxidative status.
Frontiers in Pharmacology 7: 373.

Oboh G, Ogunbadejo, MD, Adefegha SA, Akinyemi AJ, etal (2017).
Inhibitory effects of garden egg (Solanum macrocarpon) on Fe2+-

Santos NA, Curti C (2010). Cisplatin-induced nephrotoxicity.
Oxidative Medicine and Cellular Longevity 3(1): 254-261.

Sara MF, Alfarajat Mohamed E. Mostafa, et al. (2023). Reno-

induced oxidative stress in rat pancreas in vitro. Food and Chemical protective Effect of Citrus sinensis by Regulating Antioxidant

Toxicology 109: 63-71.

Okokon JE, Simeon JO, Umoh EE (2017). Hepatoprotective
Activity of the Extract of Homalium Letestui Stem against Liver
Injury. Avicenna Journal of Phytomedicine 7: 27-36,
https://doi.org/10.22038/AJP.2016.6950.

Okoye NN, Ajaghaku DL, Ezeja MI (2016). Nephroprotective
effects of Solanum nigrum extract in adenine-induced
nephropathy in rats. Pharmacognosy Research 8(1): 56-61.

Olayemi, A., Adeyemi, O., Adaramoye, O. (2021). Therapeutic
potential of Solanum macrocarpon in renal health. Herbal
Medicine Research, 14(2), 89-97.

Olufunmilayo DA (2018). Mini review on two species of garden
egg (S. aethiopicum L. and S. macrocarpon L.) found in Nigeria.
Journal of Analytical and Pharmaceutical Research 7(2): 237—
238.

Oyedemi SO, Yakubu MT, Afolayan AJ, Oyedemi BO (2019).
Antioxidant and Renoprotective Effects of Solanum
macrocarpon on Diabetic Nephropathy: A Review of Relevant
Studies on Medicinal Properties. Journal of Medicinal Food
22(11): 1115-1124.

Ozkok A, Edelstein CL (2014). Pathophysiology of cisplatin-
induced acute kidney injury. BioMedical Research International
967826.

Paller MS, Hedlund BE (2006). Extracellular volume expansion
links chloride reabsorption to crystal-induced kidney injury.
Kidney International,70(1): 51-57.

Pecoits-Filho R (2020). Preventing kidney disease: taking
action against diabetes and hypertension." Journal of Clinical
Hypertension 22(5): 809-818.

Perazella MA (2019). Drug-induced nephrotoxicity: an updated
review. Expert Opinion on Drug Safety 18(12): 1129-1146.

Rao MJ, Wu S. Duan M, Wang L (2021). Antioxidant
Metabolites in Primitive, Wild, and Cultivated Citrus and
Their Role in Stress Tolerance. Molecules 26: 5801,
https://doi.org/10.3390/molecules26195801.

Santos NA, Curti C (2010). Cisplatin-induced nephrotoxicity is
associated with oxidative stress, redox state unbalance,

324

Capability and Gene Expression in Adenine-Induced Chronic
Kidney in Rats. Biointerface Research in Applied Chemistry
13(4): 349 https://doi.org/10.33263/BRIAC134.349

Singh A, Singh SK, Mishra A (2020). Herbal remedies in renal
diseases: Current knowledge and future Prospects. Phytomedicine
73:152893.

Singh R, Kaur N, Kaur S (2017). Anti-inflammatory properties of
medicinal plants in CKD. Journal of Inflammation Research 10:
131-142.

Smith MT, Guyton KZ (2016). Advances in mechanistic
understanding of benzene health effects and susceptibility. Annual
Review of Public Health 37: 217-234.

Tahara A, Matsumoto C, Emoto N, Yasuda, Y (2017). AMP-
activated protein kinase activation protects renal tubular cells from
adenine-induced apoptosis. Molecular and Cellular Biochemistry
429(1-2): 161-168.

Thompson LR, Sanders JG, McDonald D, Amir, et al (2017). A
communal catalogue reveals Earth's multiscale microbial diversity.
Nature 551(7681): 457-463.

Wang D, Weinrauch LA (2018). Acute kidney injury. Primary Care:
Clinics in Office Practice 45(2): 215-231.

Wang Y, Zhang H, Li Y, Xu D (2019). Impact of Adenine Pollution
on Soil Microbial Communities and Ecosystem Functioning: A
Review. Frontiers in Microbiology 10: 2478.

Weaver VM, Jaar BG (2019). Lead Exposure and Nephrotoxicity.

Journal of the American Society of Nephrology 30(8): 1270-1271.

Webster AC (2017). Chronic Kidney Disease. Lancet 389(10075): 1
238-1252.

Wu M, Tang S (2017). Acute kidney injury and oxidative stress.
Kidney Research and Clinical Practice 36(2): 165-175.

Xie X, Liu HT, Mei JM, Ding FH, et al. (2016). Novel regulatory
roles of Wntl in infection-induced colorectal cancer. Neoplasma
63(4): 526-535.

Yamaguchi T (1983). Ethnobotanical study on Solanum in Africa.
Journal of the Faculty of Science, University of Tokyo, Section 3,
Botany.


https://doi.org/10.22038/AJP.2016.6950
https://doi.org/10.3390/molecules26195801
https://doi.org/10.33263/BRIAC134.349

Trends Nat. Prod. Res. 6(4): 315-325, 2025

Zhang J, Wu L, Lu X, Xu X, et al. (2019). Interleukin-6 and Zhang Y, Jin D, Kang X, Zhou R, et al. (2021). Signaling Pathways

transforming growth factor-betal regulate the expression of multiple Involved in Diabetic Renal Fibrosis. Front Cell Development

genes during the development of adenine-induced chronic kidney Biology 9: 696542, https://doi.org/10.3389/fcell.2021.696542.

disease in rats. Journal of Interferon & Cytokine Research 39(3):

153-163. Zhang L, Li P, Xu G (2020). Traditional Chinese herbs in renal
protection. Frontiers in Pharmacology 11: 564-576.

Zhang J, Wu L, Lu X, Xu X, et al. (2019). Renal hemodynamics: Zhang YM, Zhang ZY; Wang RX (2020). Protective Mechanisms of

comprehensive assessment with dynamic contrast-enhanced MRI. Quercetin Against Myocardial Ischemia Reperfusion Injury.

American Journal of Roentgenology: 213(2), 224-233. Frontier. Physiology 11: 956.

This paper is published under Creative Common Licence BY 4.0

CITATION: Ogunbodede DA, Akinseye VO, Daniel UO, Adebusuyi TA, Afolabi TA, Uwakwe OC, Ndigwe CR, Olusola PO
Emaleku SA, Sobowale TM, Tolulope OO (2025) Protective Effect of Solanum Macrocarpon Leaves Extracts on Adenine-Induced
Acute Nephrotoxicity in Male Wistar Rat

Trend Nat Prod Res Vol 6(4). 314-325. https://doi.org/10.61594/tnpr.v6i4.2025.145

325


https://doi.org/10.3389/fcell.2021.696542

