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ABSTRACT

This study investigated the effect of dichloromethane extract of Solanum dasyphyllum on gentamicin-induced nephrotoxicity in mice. Thirty mice were randomly divided into six groups (Groups 1-6, 5 each). Nephrotoxicity was induced using 100
mg/kg gentamicin administered intraperitoneally with concomitant administration of different doses of dichloromethane Solanum dasyphyllum extract (SdDMF)
(100, 200, and 400mg/kg respectively) orally for 8 days. After the treatment, blood
samples were obtained, allowed to clot, and centrifuged to obtain the serum which
was used to determine urea, creatinine, and blood urea nitrogen (BUN). Kidney tissue malondialdehyde (MDA) and glutathione (GSH) concentrations; and catalase
(CAT) activities were also determined. Result revealed a decrease in tissue MDA, serum creatinine, urea, and BUN in the extract-treated groups. Also, increased tissue
CAT activities and GSH concentrations were observed in the extract-treated groups.
In conclusion, this study showed that SdDMF can be reno-protective and effectively
inhibit gentamicin-induced nephrotoxicity.
Keywords: Dichloromethane, Solanum dasyphyllum, gentamicin, nephrotoxicity,
antioxidant

INTRODUCTION
Gentamicin belong to the aminoglycoside antibiotic, which has a broad spectrum activities against gram positive and gram negative bacteria, but most effective in the treatment of gram negative bacteria. Gentamicin can withstand
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heat after autoclaving1. Gentamicin, when administered orally shows no appreciable pharmacological effect because it is poorly absorbed from the gastrointestinal tract and hence binds to tissues and is mostly eliminated unchanged
in the urine. Therefore, gentamicin is administered parenteraly via intravenous,
intramuscular, intraperitoneal routes or topically. The mechanism of action involves inhibition of protein synthesis after binding to 30S subunit of the bacterial ribosome2.
Report had shown that about 30% of patients administered with gentamicin
came up with kidney toxicity but the exact mechanism of gentamicin-induced
nephrotoxicity has not been ascertained. Studies had shown that there are different pathways involved in the nephrotoxic effect of gentamicin3,4. The involved pathways include release of reactive oxygen species (ROS) and reactive
nitrogen species (RNS), reduction of antioxidant defense mechanism and initiation of inflammatory processes. The generation of ROS leads to formation of
ion–drug complex, which results in kidney damage. Serum creatinine, blood
urea nitrogen, and inflammatory cytokines (Interleukins and tumor necrosis
factor alpha) levels had been shown to be elevated significantly in gentamicininduced nephrotoxicity5,6. Compounds with anti-oxidant and anti-inflammatory effects had been shown to have a protective role against gentamicin-induced
nephrotoxicity7. Solanum dasyphyllum leaves contain various phytochemical
constituents such as flavones and alkaloids which suggests its antioxidant properties. Some species of Solanum (Solanum nigrum and Solanum dulmacara)
had been found to exhibit anti-inflammatory, analgesic, anti-platelet aggregation, anti-oxidative, anti-atherosclerotic, and anti-tumour properties8,9.
From the understanding of the pathophysiology of gentamicin-induced nephrotoxicity, the two major factors promoting kidney damage are oxidative stress
and inflammation. Because of the identified antioxidant and anti-inflammatory
properties of Solanum dasyphyllum, the present study was designed to evaluate the protective role of dichloromethane extract of Solanum dasyphyllum
against gentamicin-induced kidney damage in mice.
METHODOLOGY
Chemicals
Glutathione, Hydrogen peroxide, 5,5’-dithios-bis-2-nitrobenzoic acid and epinephrine were purchased from Sigma Chemical Co., Saint Louis, MO USA.
Absolute ethanol, trichloroacetic acid and thiobarbituric acid were purchased
from British Drug House Chemical Ltd., Poole, UK. All chemicals were of analytical grade and purest quality available.
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Plant material and extraction procedure
Solanum dasyphyllum leaves were purchased from a local vendor in Akungba,
Akoko in Ondo State, Nigeria. Solanum dasyphyllum leaves were air dried at
room temperature, ground using domestic food processor to obtain the powder. Two hundred grams of the obtained Solanum dasyphyllum powder were
extracted using a mixture of 80% methanol and 20% water in a soxhlet extractor for 72 hours. Fractionation of methanol extract of Solanum dasyphyllum
(MESd) was carried out using n-hexane, dichloromethane solvent by liquidliquid fractionation. The yield of the preparation was 6%.
Animals
Male adult Swiss albino mice were obtained from the animal house of the Institute of Medical Research and Advanced Training, University College of Medicine, Ibadan, Nigeria. The animals were housed in well-aerated plastic cages,
fed with standard mouse cubes obtained from Ladokun Feeds Nigeria Ltd and
supplied with clean drinking water ad libitum. Handling of animals and other
protocols conform to the guidelines of the US Public Health Service Guidelines10.
Study design
Thirty mice each weighing between 18 and 23 g were randomly distributed into
six groups of five mice per group as follows:
Group 1: Normal control (mice received standard diet and 0.2 mls
normal saline orally for 8 days)
Group 2: 100 mg/kg Gentamicin intraperitoneally + 0.2 mls normal saline orally for 8 days
Group 3: 100 mg/kg Gentamicin intraperitoneally + 0.2 mls 100 mg/kg
SdDMF orally for 8 days
Group 4: 100 mg/kg Gentamicin intraperitoneally + 0.2 mls 200 mg/kg
SdDMF orally for 8 days
Group 3: 100 mg/kg Gentamicin intraperitoneally + 0.2 mls 400 mg/kg
SdDMF orally for 8 days
Group 6: 100 mg/kg Gentamicin intraperitoneally + 0.2 mls 200 mg/kg
ascorbic acid orally for 8 days
Preparation of samples
After the experimental period, blood samples were collected by cardiac puncture into plain centrifuge tubes and allowed to stand for 2 hours before centri-

Acta Pharmaceutica Sciencia. Vol. 58 No. 4, 2020

473

fuged to obtain serum. The serum was used to determine the creatinine, urea,
and blood urea nitrogen levels. Kidneys were harvested after dissection of the
animals and rinsed in ice-cold 1.15% KCl, dried and weighed. The kidney samples were homogenised in 4 volumes of 50 mM phosphate buffer, pH 7.4 using a Potter Elvehjem homogeniser and centrifuged at 10000g for 15 minutes
to obtain post-mitochondrial supernatant fraction (PMF) which was used to
determine catalase (CAT) activities; malondialdehyde (MDA) and glutathione
(GSH) levels.
Biochemical parameters determination
Serum creatinine, urea, and blood urea nitrogen levels were determined using
methods described by
Bartels and Bohmer (1972)11; Weatherburn (1967)12; and Richter and Lapainte
(1959)13 respectively. Also, kidney tissue malondialdehyde and glutathione concentrations; and Catalase activities were determined using methods described
by Mihara and Uchiyama (1978)14, Aebi (1984)15, and Sinha et al. (1971)16 respectively.
Statistical analysis
Data obtained were analysed using the graph pad prism statistical package
version 6.01. Values were expressed as mean ± SEM. Differences in mean between more than two groups were compared using one-way ANOVA and Newman-Keuls post hoc test was employed for multiple comparisons of treatment
groups. Level of statistical significance was determined at p < 0.05.
RESULTS AND DISCUSSION
In this study, a significant (p < 0.05) decrease in reduced glutathione concentration and catalase activities was observed in group administered with gentamicin treated with normal saline (G2) when compared with control group
(G1). Also, a significant increase (p < 0.05) in MDA concentration was demonstrated in group administered with gentamicin (Table 1).
An increase in GSH concentration and CAT activities and a decrease in MDA
concentration was observed in kidney tissue of groups treated with SdDMF
(100, 200 and 400mg/kg) and ascorbic acid (G3-G6) when compared with
group treated with normal saline (G2) (Figures 1-3). The observed reduction in
MDA concentration was significant among MESd treated groups as compared
to what is obtainable in ascorbic acid treated group. A dose-dependent significant (p < 0.05) increase in GSH concentrations were demonstrated in the extract treated group (100, 200 and 400mg/kg).
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A significant (p < 0.05) increase in serum creatinine, urea and BUN levels was
observed in the group treated with the Tween-80 (vehicle of extraction) when
compared with the control group (Table 1). Also, a significant reduction in serum creatinine level was observed in all the extract treated groups except 100
mg/kg (Table 1). The extract and ascorbic acid treated groups showed a reduction in serum urea and BUN concentrations, with a significant (p < 0.05) decrease in serum urea and BUN concentrations in G5 and G6 groups.

Figure 1. Effect of SdDMF on kidney reduced glutathione concentration in gentamicin-induced
nephrotoxicity. Data are expressed as mean ± SEM, n=5. # p < 0.05 compared to normal saline
(NS), * p < 0.05 compared to Vehicle (Gentamicin + normal saline group)

Figure 2. Effect of SdDMF on kidney lipid peroxidation in gentamicin-induced nephrotoxicity.
Data are expressed as mean ± SEM, n=5. # p < 0.05 compared to normal saline (NS), * p <
0.05 compared to Vehicle (Gentamicin + normal saline group)
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Figure 3. Effect of SdDMF on kidney catalase activities in gentamicin-induced nephrotoxicity.
Data are expressed as mean ± SEM, n=5. # p < 0.05 compared to normal saline (NS), * p <
0.05 compared to Vehicle (Gentamicin + normal saline group)
Table 1. Serum nephrotoxic markers among the extract and ascorbic acid treated groups and
controls
Groups/
Parameter
Creatinine
(mg/dL)
Urea (mg/dL)
BUN (mg/dL)

G1
n=5

G2
n=5

G3
n=5

G4
n=5

G5
n=5

G6
n=5

F

P value

1.00±1.3

4.10±0.1#

2.20±1.5

2.14±0.1*

2.00±1.8*

1.00±1.2*

715.4

0.000

1.00±1.3
4.41±0.3

4.10±0.1# 2.20±1.5
19.14±1.2# 11.00±0.4

2.14±0.1*
9.78±0.6

2.00±1.8*
9.00±1.4*

1.00±1.2*
8.14±1.5*

191.9
641.7

0.000
0.000

Data are expressed as mean ± SEM, n=5. # p < 0.05 compared to normal saline, * p < 0.05
compared to Vehicle (Gentamicin + normal saline group). BUN = Blood Urea Nitrogen,
G1= Control (normal saline), G2 = 100mg/kg Gentamicin + normal saline, G3 = 100mg/kg
Gentamicin + 100 mg/kg SdDMF, G4 = 100mg/kg Gentamicin + 200 mg/kg SdDMF, G5 =
100mg/kg Gentamicin + 400mg/kg SdDMF, and G6 = 100mg/kg Gentamicin + 200mg/kg
ascorbic acid.

The administration of gentamicin has been a major cause of nephrotoxicity and
this is responsible for its limitation in clinical use. Patients administered with gentamicin are usually being monitored for nephrotoxic side effect expressed as tubular damage6,17. The mechanisms involved in tubular damage include activation of
oxidative stress resulting from generation of excess reactive oxygen species (ROS)
and eventual renal impairment18,19. Studies have shown that gentamicin reduces
the antioxidant effect of SOD and CAT by stimulating the release of free radicals
which damage lipid bilayer of the kidney and eventually causes multiple complications linked to lipid peroxidation20,21. The kidney is a major site for drugs and
chemicals metabolism because of its ability to extract and concentrate xenobiotics, and also because of its large blood flow which is about 20% of cardiac output18.
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Results obtained from this study revealed a significant (p < 0.05) increase in
serum creatinine, urea and BUN levels among gentamicin treated group (G2)
when compared with the control group (G1). Creatinine, urea and BUN are
markers of renal damage and increase serum concentrations of these markers
indicate alterations in renal functions caused by gentamicin. Gentamicin had
been reported to be nephrotoxic thereby impairing renal functions22,23,24,25. The
damage is secondary to high ROS released. Previous works had also demonstrated an increase in serum concentrations of urea, creatinine and albumin/
creatinine ratio in gentamicin nephrotoxicity18, 26. This was said to occur as a
result of reduction in glomerular filtration rate27, 28.
Meanwhile, results from this study also showed a significant reduction (p <
0.05) in serum creatinine, urea and BUN concentrations in extract and ascorbic acid treated groups (G3-G6) when compared with gentamicin treated group
(G2). These findings corroborate that reported by Amin et al. (2018)29. Tissue
CAT activities; and GSH and MDA concentrations are measures of existing oxidative stress at tissue level. While GSH and CAT are endogenous antioxidants
that act to scavenge free radicals, MDA is an indirect measure of the degree
of lipid peroxidation and predictive of level of cellular damage in living system. The observed reduction in serum creatinine, urea and BUN in extract and
ascorbic acid treated groups (G3-G6) is an indication of protective roles played
by phytochemicals with antioxidant properties present in the extract and also
that of ascorbic acid. Antioxidant compounds such as vitamin C and garlic extract have been demonstrated to prevent kidney toxicity caused by gentamicin
administration and reduction of symptoms associated with kidney disorder3,30.
Generally, the nephroprotective effect of a compound relies on its ability to
prevent the generation and release of free radicals and its anti-inflammatory
potentials31. Thus, the SdDMF protect the kidney from gentamicin-induced toxicity through improvement in oxidant status and a possible antioxidant activity.
Consequently, Our study demonstrated that administration of gentamicin with
SdDMF scavenges free radicals, increases the concentration of antioxidant
markers, and these eventually causes the reduction of the lipid peroxidation
marker (MDA) and gentamicin toxicity in a dose-dependent manner. Further
studies needed to be carried out to confirm the possible mechanism of action of
SdDMF in ameliorating the nephrotoxicity of gentamicin.

Acta Pharmaceutica Sciencia. Vol. 58 No. 4, 2020

477

REFERENCES
1. Qadir, M. I.; Tahir, M.; Lone, K. P.; Munir, B.; Sami, W. Gentamycin induced nephrotoxicity
in albino mice. Biomedica 2010, 26, 162-165.
2. Ali, M. Z.; Goetz, M. B. A meta-analysis of the relative efficacy and toxicity of single daily dosing versus multiple daily dosing of aminoglycosides. Clin. Infect. Dis. 1997, 24, 796-809.
3. Martinez-Salgado, C.; López-Hernández, F. J.; LopezNovoa, J. M. Glomerular nephrotoxicity
of aminoglycosides. Toxicol. Appl. Pharmacol. 2007, 223, 86-98.
4. Ali, B. H.; Al Zaabi, M.; Blunden, G.; Nemmar, A. l. Experimental Gentamicin Nephrotoxicity
and Agents that Modify it: A Mini-Review of Recent Research. Basic ClinPharmacol. Toxicol.
2011, 109, 225-232.
5. Balakumar, P.; Rohilla, A.; Thangathirupathi, A. Gentamicin-induced nephrotoxicity: Do we
have a promising therapeutic approach to blunt it? Pharmacological Research 2010, 62, 179-186.
6. Lopez-Novoa, J. M.; Quiros, Y.; Vicente, L.; Morales, A. I.; Lopez-Hernandez, F. J. New insights into the mechanism of aminoglycoside nephrotoxicity: an integrative point of view. Kidney Int. 2011, 79, 33-45.
7. Mohamadi, Y. Z.; Najafi, H.; Madani, S. H. Protective effect of crocin on gentamicin-induced
nephrotoxicity in rats. Iran J Basic Med. Sci. 2016, 19, 337-343.
8. Burkill, H. M.; Dalziel, J. M.. The useful plants of West tropical Africa, 2nd ed.; Families A-D,
Eds; Royal Botanic Gardens: Kew, 1985; pp1-960.
9. Bosa, F.; Cotes, A.; Fukumoto, T.; Bengtsson, M.; Witzgall, P. Pheromone-mediated communication disruption in Guatemalan potato moth TeciasolanivoraPovolny (Lepidoptera: Gelechiidae). Entomologia Experimentalis et Applicata 2005, 114, 137-142.
10. National Research Council Guide for the care and use of laboratory animals. 8th ed. Washington DC, National Academy Press, 2011; pp41-81.
11. Bartels, H.; Bohmer, M. Colorimetric estimation of Creatinine in alkaline solution in presence
of picric acid. Clin. Chem. Acta 1972, 37, 193.
12. Weatherburn, M. W. Principle of serum urea colorimetric estimation using enzymatic hydrolysis. Anal. Chem. 1967, 39, 971.
13. Richter, H. J.; Lapainte, S. Y. A Simple Method for the Determination of Blood Urea Nitrogen
with special reference to automatic colorimetric analysis. clinical chemistry 1959, 5(6), 617-620.
14. Mihara, M.; Uchiyama, M. Determination of malonaldehyde precursor in tissues by thiobarbituric acid test. Anal Biochem. 1978, 86, 271–278.
15. Aebi, H. Catalase methods of enzymatic analysis. New York, London: Academic Press, 1984;
pp673-677.
16. Sinha, J. D.; Bergmeyer, H. U.; Gawehn, K.; Grassl, M. Methods of enzymatic analysis. 2nd
edn., Academic Press Inc., New York, 1971; pp521-522.
17. Chen, L. F.; Kaye, D. Current use for old antibacterial agents: polymyxins, rifamycins, and
aminoglycosides. Infect Dis Clin North Am. 2009, 23, 1053-1075.
18. Quiros, Y.; Vicente-Vicente, L.; Morales, A. I.; López-Novoa, J. M.; López-Hernández, F. J.
An integrative overview on the mechanisms underlying the renal tubular cytotoxicity of gentamicin. Toxicol Sci. 2011, 119, 245-256.
19. Nasri, H. Antioxidants for prevention of gentamicin-induced nephrotoxicity. Iran J Kidney Dis.
2014, 8, 1-2.

478

Acta Pharmaceutica Sciencia. Vol. 58 No. 4, 2020

20. Randjelovic, P.; Veljkovic, S.; Stojiljkovic, N.; Sokolovic, D.; Ilic, I. Gentamicin nephrotoxicity in animals: current knowledge and future perspectives. EXCLI J. 2017, 24(16), 388-399.
21. Abdelrahman, R. Protective effect of apocynin against gentamicin-induced nephrotoxicity in
rats. Hum Exp Toxicol. 2018, 37, 27-37.
22. Bunel, V.; Antoine, M-H.; Nortier, J.; Duez, P.; Stévigny, C. Nephroprotective effects of ferulic acid, Z-ligustilide and E-ligustilide isolated from Angelica sinensis against cisplatin toxicity in
vitro. Toxicol in Vitro 2015, 29, 458-467.
23. Mancuso, C.; Santangelo, R. Ferulic acid: pharmacological and toxicological aspects. Food
Chem Toxicol. 2014, 65, 185-195.
24. Casanova, A. G.; Vicente-Vicente, L.; Hernández-Sánchez, M. T.; Pescador, M.; Prieto, M.;
Martínez-Salgado, C.; Morales, A. I.; López-Hernández, F. J. Key role of oxidative stress in animal models of aminoglycoside nephrotoxicity revealed by a systematic analysis of the antioxidant-to-nephroprotective correlation. Toxicology 2017, 15(385), 10-17.
25. Yadav, N.; Sharma, S.; Sharma, S.; Sharma, K. Critical analysis of protective role of plants
against gentamicin-induced nephrotoxicity. Indian J Environ Sci. 2017, 21, 1-34.
26. Chashmi, N. A.; Emadi, S.; Khastar, H. Protective effects of hydroxytyrosol on gentamicininduced nephrotoxicity in mice. Biochem Biophys Res Commun. 2017, 482, 1427-1429.
27. Dai, X.; Zeng, Z.; Fu, C.; Zhang, Sa.; Cai, Y.; Chen, Z. Diagnostic value of neutrophil gelatinase-associated lipocalin, cystatin C, and soluble triggering receptor expressed on myeloid
cells-1 in critically ill patients with sepsis-associated acute kidney injury. Crit Care. 2015, 19,
223.
28. Gharishvandi, F.; Kazerouni, F,; Ghanei, E.; Rahimipour, A.; Nasiri, M. Comparative assessment of neutrophil gelatinaseassociatedlipocalin (NGAL) and cystatin C as early biomarkers for
early detection of renal failure in patients with hypertension. Iran Biomed J. 2015, 19, 76-81.
29. Amin, H.; Ali, K.; Samareh, M. 1.; Reza, M. K.; Saeideh, D. Ameliorative effect of ferulic
acid on gentamicininduced nephrotoxicity in a rat model; role of antioxidant effects. Journal of
Renal Injury Prevention, 2018, 7(2), 73-77.
30. Saleem, U.; Ahmad, B.; Rehman, K.; Mahmood, S.; Alam, M.; Erum, A. Nephro-protective
effect of vitamin C and Nigella sativa oil on gentamicin associated nephrotoxicity in rabbits. Pak
J Pharm Sci. 2012, 25, 727-730.
31. Kim, S.; Kim, H. J.; Ahn, H. S.; Song, J. Y.; Um, T. H.; Cho, C. R.; Jung, H.; Koo, H. K.;, Park,
J. H.; Lee, S. S.;, Park, H. K.; Is plasma neutrophil gelatinase-associated lipocalin a predictive
biomarker for acute kidney injury in sepsis patients? A systematic review and meta-analysis. J
Crit Care. 2016, 33, 213-223.

Acta Pharmaceutica Sciencia. Vol. 58 No. 4, 2020

479

