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The kidney is the organ most vulnerable to nephrotoxic drugs such as gentamicin. Nephrotoxicity is a rapid deterioration of
kidney function due to various factors. Gentamicin causes nephrotoxicity, which was manifested by an increase in serum kidney
biomarkers. Asparagus africanus is one of the ethnomedicinal plants used as traditional medicine for treating various ailments,
including kidney disease in Ethiopian society. Thus, the aim of this study is to evaluate the nephroprotective effect of A. africanus
root extract on gentamicin-induced nephrotoxicity. Using maceration techniques, 100 g of dried plant powder was extractedin 1 L
of ethanol. The physicochemical screening of plant extracts revealed the presence of flavonoids, phenols, tannins, saponins, and
steroids. The nephroprotective activity of A. africanus crude extract was evaluated on male Swiss albino mice. The crude ethanolic
extract at 200 and 400 mg/kg doses showed strong nephroprotective effects by restoring biomarkers such as creatinine, uric acid,
and blood urea nitrogen, which were damaged by gentamicin (p <0.05) in a dose-dependent manner. The mice treated with
higher doses (400 mg/kg) had a comparable nephroprotective effect compared to the positive control group (200 mg/kg silymarin;
p >0.05). The histopathology of the control group showed normal glomeruli, normal parenchyma, distal convoluted, and no
tubular damage. The toxicant-induced group showed damage to glomeruli and inflammatory infiltration. Therefore, A. africanus

root extract has a nephroprotective activity by retarding the gentamicin toxicity in male Swiss albino mice.

1. Introduction

Acute kidney injury is a syndrome characterized by the rapid
loss of the kidney excretory function [1]. Acute renal failure
refers to the sudden and usually reversible loss of renal
function, which develops over a period of days or weeks [2].
Among the causes of acute renal failure, acute tubular ne-
crosis, which occurs due to ischemia or nephrotoxins such as
gentamicin (aminoglycoside), is most common, accounting
for 85% of the incidences [3]. Nephrotoxicity has been re-
ported in 1.7% to 58% of patients receiving aminoglycoside
therapy [2, 3]. Gentamicin is an effective antibiotic that has
been used worldwide for many years. While considered an

essential medicine by the WHO, gentamicin can also lead to
severe kidney damage [1, 2]. The recommended routes of
administration of gentamicin are intravenous, intramus-
cular, intraperitoneal, or topical as it is not sufficiently
absorbed by the intestinal tract [4, 5]. However, the potential
clinical use of gentamicin is limited due to gentamicin-in-
duced toxicity [4].

Gentamicin can cause tissue injury such as nephrotox-
icity, ototoxicity [3, 4], and liver toxicity [5], possibly
through the generation of free oxygen radicals. Nephro-
toxicity of gentamicin arises due to its accumulation in renal
cortical tubular epithelial cells [6]. Although the patho-
genesis of gentamicin-induced acute kidney injury has been
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the focus of a large number of studies, the underlying
mechanisms are not yet fully elucidated [7]. Recent studies
suggest that gentamicin nephrotoxicity is a complex and
multifaceted process in which gentamicin triggers cellular
responses involving multiple pathways that culminate in
renal damage and necrosis [8]. Several agents and strategies
have been attempted to ameliorate gentamicin nephrotox-
icity [7, 8], with the main focus on the use of various an-
tioxidant agents, including the extracts from medicinal
plants with antioxidant properties [9]. This biological ac-
tivity may be attributed to its constituents obtained from
plants, mainly phenolic compounds such as flavonoids.
Flavonoids are well-known antioxidants possessing free
radical scavenging and metal chelating activity [10]. Ap-
proximately 20% of all plants discovered on the planet have
been subjected to pharmacological or biological testing, and
a significant proportion of novel antibiotics are derived from
natural or semisynthetic sources [11]. This fascinated the
researchers to search out alternative sources of natural
products with wide spectra of biological activities [12].

Asparagus africanus, locally called “Saritti” in (Afaan
Oromo) and “Kestencha” in (Ambharic), belongs to the family
Asparagaceae, is a medicinal shrub valued for its medicinal
properties. It is widely distributed throughout Africa, including
Ethiopia, and parts of Europe, Asia, and Australia. A. africanus,
with the common name “African Asparagus,” is a perennial
shrub with stems up to 6 m high, growing between 700 and
3,800 m above sea level [13]. However, it is widely distributed
and suitably grows higher, up to 6m at an altitude range of
1,450-2,900 m [14]. A. africanus is known as a folk medicine in
Ethiopia, and it is traditionally used for the management of
kidney disease in the form of juice, tea, or soup [15]. Various
studies also showed that A. africanus plant extract has different
biological activities such as anti-bacterial, sexual impotency,
gonorrhea, and syphilis [16]; hepatoprotective [17]; and anti-
malarial and insecticidal repellent properties [18]. In addition
to this, A. africanus is used for pharmacological activities such
as anti-diabetic [16, 19, 20], anti-protozoal [21], anti-inflam-
matory and analgesic [22], anti-fertility [19], anti-microbial
[23], and anti-oxidant [24] activities. The genus Asparagus
contains various phytochemicals such as tannins, alkaloids,
terpenoids, steroids, and flavonoids that may cause a definite
physiological action in the human body [25]. Chemical con-
stituents of A. africanus plant extract revealed that the presence
of several bioactive constituents, such as flavonoids, tannins,
steroids, terpenoids, and saponin contained in A. africanus
Lam. steroidal saponin, are the major active components of the
genus Asparagus [26]. In this study, the nephroprotective
activity of the root of A. africanus ethanolic extract was
evaluated in two separate doses (200 and 400 mg/kg). In ad-
dition to that, the plant extract was compared with gentamicin
(100 mg/kg) and silymarin (200 mg/kg) as negative and positive
controls, respectively.

2. Hypothesis of the Study

2.1. Null Hypothesis. A. africanus ethanolic root extract has
no significant nephroprotective effect on gentamicin-in-
duced nephrotoxicity in Swiss albino mice.
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2.2. Alternative Hypothesis. A. africanus ethanolic root ex-
tract has a significant nephroprotective effect on gentamicin-
induced nephrotoxicity in Swiss albino mice.

3. Material and Methods

3.1. Study Area and Study Period. Extraction and phyto-
chemical screening of plant-based products were carried out
in the postgraduate Organic Chemistry Laboratory, College
of Natural Sciences, Department of Chemistry, Jimma
University, Jimma, Oromia Ethiopia. The nephroprotective
effect of the plant extract was investigated at Jimma Uni-
versity's biotechnology laboratory, College of Agriculture
and Veterinary Medicine. Serum analysis and kidney his-
topathology investigation were carried out at Jimma Uni-
versity Medical Center. The experiment was conducted from
July 8 to August 7, 2020.

3.2. Chemicals and Drugs. Chemicals for extraction of
phytochemical constituents such as petroleum ether (98%)
and ethanol (99%) were used from LOBACHEMIE, Ltd.
(India). Chemicals such as ketamine (100 mg/kg) and
xylazine (12.5 mg/kg) were used for anesthesia. Gentamycin
and silymarin (from Jimma University pharmaceutical
laboratory) were used as negative and positive controls
during the nephroprotective study, respectively. All the
chemicals and reagents used in this study were analytical
grade.

3.3. Apparatus and Instruments. Apparatus such as a rotary
evaporator (Labo Rota 4000, Heidolph, USA) for solvent
evaporation, oral gavage feeding for dose administration, a
syringe for blood collection, a plastic cage for experimental
animal grouping, and tissue slides for kidney histopathology
analysis were used.

3.4. Plant Collection and Preparation. The root of A. Afri-
canus was collected in August 2019 from southwestern
Ethiopia, Bench-Maji Zone, Maji woreda, which is 568 km
away from Addis Ababa. Identification of the plant species
was made by the botanist, and a voucher specimen WM-01
was given and deposited at the Addis Ababa University
Herbarium for further reference. The collected root of A.
Africanus was washed, sliced, air-dried, and ground using an
electrical grinder to improve subsequent extraction and
penetration of the solvent into the cell.

3.5. Plant Extraction. The powdered plant material (100 g)
was defeated with petroleum ether (0.5L) for 24 h at room
temperature to remove the fatty substance present in the
sample by using a maceration technique. The solvent was
filtered and then extracted with ethanol (1L) for 24 h. The
solvent extracts were filtered and concentrated using a rotary
evaporator (Laborota-4000) at a temperature of 40°C with a
speed of 90 rpm to have a solid consistency and dried by a
freeze dryer (lyophilizer). Finally, residue extract was packed
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in air-tight glass bottles with proper labels and kept in a
refrigerator at 4°C until used for the experiment [27].

3.6. Preliminary Phytochemical Screening. The ethanolic
extract of A. africanus Lam. root was tested for alkaloids,
terpenoids, flavonoids, phenol, steroid, quinones, saponin,
tannin, and glycosides.

3.6.1. Phenols (Ferric Chloride Test). In a test tube, 0.2 g of
plant extract was taken with 1 mL of water in a test tube, and
two drops of Iron IIT chloride (FeCl;) were added. Blue,
green, red, or purple color is a positive test [28].

3.6.2. Saponins (Foam Test). In a test tube, 0.1g of plant
extract was added and diluted with 20 mL distilled water and
agitated in a graduated cylinder for 15 minutes. The for-
mation of a 1cm layer of foam indicates the presence of
saponin [29].

3.6.3. Alkaloids (Wagner’s Test). A plant extract (0.2 g) was
added to a test tube, and three drops of Wagner’s reagent
(1.27 g of iodine and 2 g of potassium iodide in 100 mL of
water) were added to the presence of alkaloids indicated by
the formation of a reddish-brown precipitate [29].

3.6.4. Tannins (Braymer’s Test). Ina test tube, 1 mL 5% ferric
chloride (FeCl;) was added to solvent-free 0.2 g extract. The
presence of tannin is indicated by the formation bluish-black
or greenish precipitate [28].

3.6.5. Flavonoids (Sodium Hydroxide Test). In a test tube,
0.2g of test solution and a few drops of dilute sodium
hydroxide (NaOH) were added; an intense yellow color was
produced in the plant extract that becomes colorless with the
addition of a few drops of dilute HCL It indicates the
presence of the flavonoid [28, 29].

3.6.6. Terpenoids (Lieberman Bur Chard Test). In a test tube,
0.2g of test solution, 2mL of chloroform, and 3ml of
concentrated sulfuric acid (H2SO4) were added to form a
layer. The yellow color in a lower layer indicates the presence
of terpenoids [30].

3.6.7. Steroids (Salkowski Test). A plant extract (0.2 g) dis-
solved in chloroform, in a different test tube, and a few drops
of concentrated sulfuric acid were added to the solution, and
dark pink/red color appeared indicating the presence of
steroids [29, 30].

3.6.8. Quinones. In a test tube, 0.2g of plant extract was
treated with a cone. HCl. Formation of a yellow precipitate
(or coloration) confirms the presence of quinines [28].

3.6.9. Glycoside. In a test tube, 0.1g of the sample was
dissolved in 5mL of water, and then an aqueous 0.5ml
NaOH solution was added. Formation of yellow color in-
dicates the presence of a glycoside [28, 30].

3.7. Experimental Animal. A total of 25 male Swiss albino
mice with an average body weight of 35-40 g and an age of
8-10 weeks were obtained from the Tropical and Infectious
Disease Research Center (TIDRC), Sokoru, Jimma, Ethiopia.
Experimental animals were allowed to acclimate to labo-
ratory conditions at the College of Agriculture and Veter-
inary Medicine, Jimma University, for 1 week before the
experiment commenced. Standard food pellets (adlibitum)
and tap water are provided in accordance with the OECD
guidelines for the care and use of laboratory animals.

3.8. Experimental Design. Twenty-five male Swiss albino
mice were divided randomly into five groups, each con-
taining five per cage after oneweek of acclimatization. A
permanent marker was used to write a number on each
mouse’s tail to distinguish it from the others in the group.
The body weights of the mice were measured at the start of
the experiment in order to adjust the extract dose
administration.

3.9. Sample Size Determination. The sample size in this study
was calculated using the resource equation approach. In this
procedure, a value E is derived based on a sample size that
has been determined. For optimal sample size, E should be in
the range of 10 to 20. If E is less than 10, increasing the
number of animals will improve the likelihood of obtaining
more significant results, but if E is greater than 20, increasing
the number of animals will not enhance the likelihood of
obtaining significant results, and so the sample size should
be reduced. Any sample size that keeps E between 10 and 20
should be regarded as sufficient [31, 32]. E=Total experi-
mental animals —Total experimental groups=(5x5)—5;
25-5=20. Hence, the sample size was 25, where a value “E”
is measured, which is the degree of freedom of analysis of
variance (ANOVA).

3.10. Experimental Protocol. The nephroprotective effect of
A. africanus against gentamicin-induced nephrotoxicity was
assessed in this investigation using a posttest-only control
group design [33]. In this study, two separate doses of A.
africanus root extract were evaluated based on the acute oral
toxicity of the plant extract in the previously reported lit-
erature. The reported acute oral toxicity of A. africanus
extract was safe up to 2,000 mg/kg [34]. The first dose was
200 mg/kg, which is 10% of the reported acute oral toxicity
limit. The second dose was based on OECD guidelines,
which require a constant scale-up of two, three, or four times
the initial dose. Thus, 400 mg/kg was utilized as the second
dose by twofold scaling up of the initial dose.

As shown in Table 1, the group I mice were fed a normal
basal diet and received 1 mL/kg of distilled water orally for a
period of 15 days. Group II mice were treated with 100 mg/
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TasLE 1: Experimental animals grouping and treatment protocol for a period of 15™ day.

Group Category Dose administration

I Normal control Normal basal diet + 1 mL/kg of distilled water

II Negative control 100 mg/kg IP gentamicin + 1 mL/kg of distilled water

II1 Positive control 100 mg/kg IP gentamicin + silymarin 200 mg/kg

v Treatment one 100 mg/kg IP gentamicin +200 mg/kg extract

\4 Treatment two 100 mg/kg IP gentamicin +400 mg/kg extract

kg of gentamicin injection orally for a period of 15 days
[35-37], whereas group III mice were treated with silymarin
200 mg/kg and 100 mg/kg of gentamicin body mass for a
period of 15 days, which was used for comparison with the
treatment groups [38]. The group IV mice were induced with
a 100 mg/kg gentamicin injection and A. africanus root
extract at a dose of 200 mg/kg orally for a period of 15 days,
and the group V mice were treated with a 100 mg/kg gen-
tamicin injection and then administered A. africanus root
extract at a dose of 400 mg/kg orally for a period of 15 days.

3.11. Sample Collection. On the 15t day, the mice were
fasted overnight and anesthetized with 100 mg/kg ketamine
and 12.5mg/kg xylazine injections. The mice were eutha-
nized by cervical dislocation after 2-2.5mL of blood col-
lection through cardiac puncture [33, 39].

3.12. Biochemical Assays. Blood samples for the measure-
ment of kidney biomarkers were drawn into serum separator
tubes and left for 30 min at room temperature to clot. Serum
was prepared by centrifugation of blood at 3,000 rpm for
10 min. The obtained serum was stored at —80°C until used
for the biochemical assay. Serums were analyzed according
to the standard principles and procedures outlined in the kit
manufacturer’s manual (SD Biosensor, Inc., Korea) [39].

3.13. Kidney Histopathology Examination. The kidney was
rinsed with normal saline and then fixed in a 10% neutral
buffered formalin solution, embedded in paraffin, and used
for histopathological examination [33]. The sections were
2 um thick, deparaffinized, hydrated, and stained with he-
matoxylin and eosin. Senior pathologists were used a light
microscope at a magnification of 400x to obtain microscopic
observation of kidney tissue sections.

3.14. Data Analysis. Statistical analysis was carried out using
SPSS version 25.0. The quantitative results were expressed as
mean + SD. One-way ANOVA and the Tukey post hoc tests
were used for group comparisons. p<0.05 is considered
statistically significant. The qualitative histopathology ex-
aminations were performed by a senior pathologist.

3.15. Ethical Approval. The research was conducted after
getting ethical approval from the Ethical Review Committee,
College of Health Science, Jimma University. All experi-
mental activities were carried out in accordance with the
code of ethics for experimental animals, which complies
with OECD guidelines.

4. Result

4.1. Result of Phytochemical Screening Test. After extraction,
the percentage yield of the ethanolic extract of A. Africanus
was 32%. The result of phytochemical screening of ethanolic
extract of A. Africanus showed the presence of flavonoids,
alkaloids, terpenoids, glycosides, saponins, tannin, phenol,
and steroids (Table 2).

4.2. Nephroprotective Activity. In this study, the neph-
roprotective activity of A. Africanus extract was assessed by
serum creatinine, blood urea nitrogen, and uric acid as well
as histopathological analysis. The treatment root extract of
A. Africanus showed a significant (p <0.05) delay in the
nephrotoxic effect of gentamicin on serum uric acid, blood
urea nitrogen, and serum creatinine level (Table 3). The
higher level of serum uric acid, blood urea nitrogen, and
creatinine level in the blood or serum in the gentamicin-
induced group is an indication of induced toxicity. However,
when compared to group II, 400 mg/kg significantly reduced
serum creatinine, uric acid, and BUN (p < 0.05). The overall
effect of plant extract decreases those parameters compared
to the toxicant-induced group in a dose-dependent manner
(Table 3). In addition to that, the 200 mg/kg induced group
decreased the serum uric acid and creatinine significantly
compared to the toxicant control group (p<0.05), but it
reduced the serum blood urea nitrogen insignificantly
(p>0.05). The result of this study revealed that there was no
significant difference between the normal control group and
the GM coadministered with the silymarin-induced group
(p>0.05). Moreover, the higher dose of the plant extract
(400 mg/kg) induced group decreased nonsignificantly the
serum kidney biomarkers compared to the lower dose
(200 mg/kg) induced group and the toxicant control. There
was no significant difference between the 200 mg/kg and the
toxicant control group (GM 100 mg/kg) on the serum blood
urea nitrogen (p > 0.05), but serum creatinine and uric acid
were significantly elevated in the GM-induced group
compared to the 200 mg/kg induced group (p <0.05).

4.3. Kidney Histopathological Findings. The mice kidneys in
the control group showed normal glomeruli with intact
Bowman’s capsule, normal proximal convoluted and distal
convoluted, and no capillary congestion or hemorrhage
(group 1). In the toxicant-induced group, undefined dis-
tortion of glomeruli, capillary congestion, hemorrhage, and
apical blabbing were observed in the toxicant-induced
group. Groups III (positive control), IV (200 mg/kg), and V
(400mg/kg) showed remarkably reduced capillary
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TaBLE 2: The preliminary phytochemical screening of ethanolic extract of the root of A. africanus.

Phytochemicals Result Phytochemicals Results
Flavonoid + Terpenoid -
Alkaloid + Saponins +
Terpenoids + Tannin +
Quinone - Phenol +
Glycosides + Steroid +

“+” stands for the presence of phytochemicals and “~” stands for the absence of phytochemicals.

TasLE 3: The effects of A. africanus root extract on gentamicin-induced nephrotoxic mice.

Groups Creatinine (mg/dl) Uric acid (mg/dl) BUN (mg/dl)
Group I (normal control) 0.62 +0.01 1.72+0.04 22.71+0.90
Group II (GM 100 mg/kg) 1.88+0.01° 3.84+0.05° 42.72+0.69"
Group III (GM 100 mg/kg + sylim100 mg/kg) 0.67 +0.02° 1.66 +0.06" 23.66+0.36
Group IV (extract 200 mg/kg) 1.78+0.01° 3.28+0.07° 42.36 +0.64
Group V (extract 400 mg/kg) 0.79+0.01° 1.67 +0.02° 23.08+0.38"

The results were expressed as mean + SD. GM = gentamicin. The results were analyzed by analysis of variance (ANOVA) followed by the Tukey multiple
comparison test; n = 5. a = significant difference compared to group I, b = significant difference compared to group II, and p < 0.05 was considered statistically
significant.

F1GURE 1: Photomicrograph of kidney section of animal (40x, stained with hematoxylin and eosin): group I (a), group II (b), group III (c),
group IV (d), and group V (e). BS, Bowman’s space; DM, damage of glomerulin; IF, inflammatory infiltration; NG, normal glomeruli; RP,
renal parenchyma; and RTD, renal tubule degeneration.



congestion, tubular damage, and glomerular distortion
compared to the GM-treated group. The nephroprotective
effect was found to be better with 400 mg/kg than with
200 mg/kg. The mice treated with 400 mg/kg did not show
any abnormalities in biochemical parameters. The histo-
pathological change was found to be correlated with bio-
chemical change (Figure 1).

5. Discussion and Conclusion

5.1. Discussion. GM is known as an inducer of acute renal
failure, which occurs in about 10% to 30% of patients [40].
The present study showed that GM-induced groups elevate
the serum creatinine, blood urea nitrogen, and uric acid
compared to the normal control group (p<0.05). These
indicate the mice induce toxicity and high-level kidney
dysfunction. The new study’s findings were in good accord
with the prior study report from [3, 4], and it was claimed
that injection of GM to rats during 14 days of treatment
causes abnormal changes in kidney tissue such as a reduced
cell in the glomeruli, loss of cellular tubular constituents,
vascular congestion causing atrophy of epithelial cells, and
distortions.

In this study, the decrease in serum creatinine, BUN, and
uric acid in the 200 and 400 mg/kg induced groups com-
pared to GM (p <0.05) indicates the protective effect of
plant extract. This may be due to the bioactive secondary
metabolite such as flavonoid, tannin, and phenol present in
the plant extract. The result is consistent with the previous
study report from [37, 41] and stated that polyphenols and
flavonoids reduce the nephrotoxicity of GM via an increase
in the antioxidant enzymatic activity, a decrease in lipid
peroxidation, scavenging free radicals, and improving the
tissue architecture of the kidney. The serum creatinine and
blood urea levels of 400 mg/kg of plant extract significantly
decreased compared to 200 mg/kg (p < 0.05). This indicates
the dose-dependent effect of plant extract and increase the
concentration of the bioactive metabolite in the higher dose.
During renal dysfunction, the kidney’s clearance of creati-
nine (a no protein waste of creatinine phosphate meta-
bolism) is reduced due to the reduction of glomerular
filtration [42]. Not only creatinine but also serum uric acid
and BUN were elevated due to the malfunction of the
kidneys [43].

In this study, the elevation of serum creatinine, BUN,
and uric acid was induced by GM and decreased by A.
africanus extract. This effect may be associated with anti-
oxidant activity and phytochemical and membrane stabi-
lizing properties of plant extracts. A similar study reported
that A. africanus plant extract has greater hepatoprotective
and nephroprotective activity due to the phytochemical
present in the plant extract [35]. In the same genus, A. albus
L. leaves and A. racemosus root extract improved the
structure of hepatic cells, confirming the hepatoprotective
effect due to their free radical scavenging and antioxidant
activity on account of their high polyphenols, flavonoids,
and condensed tannin [44, 45]. In general, administration of
200 and 400 mg/kg had a beneficial effect on the kidney
treated with GM. This was evidenced by a significantly
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decreased serum creatinine, BUN, and uric acid in the A.
africanus treated group when compared to the GM-induced

group.

5.2. Conclusion. The root of A. africanus ethanolic extract at
a dose of 400 mg/kg has comparable nephroprotective ac-
tivity to the positive control silymarin, which is further
confirmed by histopathological examination of the kidney
and its serum biomarkers. In general, mice treated with A.
africanus ethanolic extract possess potential protective ac-
tivity against gentamycin-induced nephrotoxicity. It is due
to the secondary metabolite present in the plant extract.
However, further investigations are required into antioxi-
dant enzymes or markers of lipid peroxidation in renal
tissues or serum with various solvent extracts of plants.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] V. Erseckin, H. Mert, K. Irak, S. Yildirim, and N. Mert,

“Nephroprotective effect of ferulic acid on gentamicin-in-

duced nephrotoxicity in female rats,” Drug and Chemical

Toxicology, vol. 45, no. 2, pp. 663-669, 2020.

A. Stephen Akinrinde, O. Oduwole, F. Joseph Akinrinmade,

and F. Bolawaye Bolaji-Alabi, “Nephroprotective effect of

methanol extract of Moringa oleifera leaves on acute kidney
injury induced by ischemia-reperfusion in rats,” African

Health Sciences, vol. 20, no. 3, pp. 1382-1396, 2020.

[3] P. G. Pai, S. Chamari Nawarathna, A. Kulkarni et al,

“Nephroprotective effect of ursolic acid in a murine model of

gentamicin-induced renal damage,” ISRN Pharmacology,

vol. 2012, pp. 1-6, Article ID 410902, 2012.

T. Jeyanthi and P. Subramanian, “Nephroprotective effect of

Withania somnifera: a dose-dependent study,” Renal Failure,

vol. 31, no. 9, pp. 814-821, 2009.

[5] A. A. Noorani, K. A. Gupta, K. Bhadada, and M. K. Kale,
“Protective effect of methanolic leaf extract of Caesalpinia
bonduc (L.) on gentamicin-induced hepatotoxicity and
nephrotoxicity in rats,” Iranian Journal of Pharmacology and
Therapeutics, vol. 10, no. 1, pp. 21-25, 2011.

[6] A. Usubu and K. Kilinc, “The protective effect of taurine
against gentamicin-induced acute tubular,” Nephrology Di-
alysis Transplantation, vol. 15, no. 8, pp. 1175-1182, 2000.

[7] P. Samreen, S. Muhammad, K. Haroon, M. Shahid, and
U. Irfan, “Nephroprotective effect of berberis baluchistanica
against gentamicin-induced nephrotoxicity in rabbit,” Ban-
gladesh Journal of Pharmacology, vol. 13, pp. 222-230, 2018.

[8] Y. Quiros, L. Vicente-vicente, A. I. Morales, J. M. Lopez-
Novoa, and F. J. Lopez-Hernandez, “An integrative overview
on the mechanisms underlying the renal tubular cytotoxicity
of gentamicin,” Toxicological Sciences, vol. 119, no. 2,
pp. 245-256, 2011.

[9] F. Akhtar, M. Azhar, M. Aslam, and K. Javed, “Neph-
roprotective effect of asgand powder (Withania somnifera

[2

[4



Journal of Toxicology

[10

[11

(12

(13

(14

[15

[16

(17

(18

[19

[20

[22

[23

]

J

J

]

J

J

]

dunal) on cisplatin induced renal injury in rats,” Journal of
Drug Delivery and Therapeutics, vol. 10, no. 6-s, pp. 22-25,
2020.

S.-J. Wu and L.-T. Ng, “Antioxidant and free radical scav-
enging activities of wild bitter melon (Momordica charantia
linn. var. abbreviata ser.) in Taiwan,” Food Science and
Technology, vol. 41, no. 2, pp. 323-330, 2008.

M. Uddin, M. A. Ghufran, M. Idrees et al., “Antibacterial
activity of methanolic root extract of Asparagus racemosus,”
Journal of Public Health and Biological Sciences, vol. 1, no. 2,
pp. 32-35, 2012.

S. Scandorieiro, L. C. de Camargo, C. A. C. Lancheros et al.,
“Synergistic and additive effect of oregano essential oil and
biological silver nanoparticles against multidrug-resistant
bacterial strains,” Frontiers in Microbiology, vol. 7, no. 5,
pp. 1-14, 2016.

D. Nureye, S. Assefa, T. Nedi, and E. Engidawork, “In Vivo
antimalarial activity of the 80% methanolic root bark extract
and solvent fractions of gardenia ternifolia schumach. &
thonn. (Rubiaceae) against plasmodium berghei,” Evidence-
based Complementary and Alternative Medicine, vol. 2018,
no. 12, 10 pages, Article ID 9217835, 2018.

A.E. Al-Snafi, “The pharmacological importance of Asparagus
officinalis—a Review,” Journal of Pharmaceutical Biology,
vol. 5, no. 2, pp. 93-98, 2015.

Y. Javadzadeh and S. Hamedeyaz, “Floating drug delivery
systems for eradication of helicobacter pylori in treatment of
peptic ulcer disease,” Trends in Helicobacter Pylori Infection,
vol. 13, pp. 304-319, 2014.

C. Getnet, “Ethnobotanical study of plants used in traditional
medicine and as wild foods in and around taragedam and
amba remnant forests in libo kemkem woreda, south Gonder
Zone, Amhara Region,” Ethiopia, vol. 1, no. 1, pp. 1-93, 2011.
M. E. Terlizzi, G. Gribaudo, and M. E. Maftei, “UroPathogenic
Escherichia coli (UPEC) infections: virulence factors, bladder
responses, antibiotic, and non-antibiotic antimicrobial
strategies,” Frontiers in Microbiology, vol. 8, pp. 15-66, 2017.
A. Mesfin, M. Giday, A. Animut, and T. Teklehaymanot,
“Ethnobotanical study of antimalarial plants in shinile district,
Somali region, Ethiopia, and in vivo evaluation of selected
ones against plasmodium berghei,” Journal of Ethno-
pharmacology, vol. 139, no. 1, pp. 221-227, 2012.

G. Tafesse, Y. Mekonnen, and E. Makonnen, “Antifertility
effect of aqueous and ethanol extracts of the leaves and roots
of Asparagus africanus in rats,” Journal of African Health
Sciences, vol. 6, no. 2, pp. 81-85, 2006.

S. A. Nabi, R. B. Kasetti, S. Sirasanagandla, T. K. Tilak,
M. V. J. Kumar, and C. A. Rao, “Antidiabetic and anti-
hyperlipidemic activity of piper longum root aqueous extract
in STZ induced diabetic rats,” BMC Complementary and
Alternative Medicine, vol. 13, no. 1, pp. 37-39, 2013.

H. A. Oketch-Rabah, S. F. Dossaji, S. B. Christensen et al.,
“Antiprotozoal compounds from Asparagus africanus,”
Journal of Natural Products, vol. 60, no. 10, pp. 1017-1022,
1997.

H. Hassan, A. Ahmadu, and A. Hassan, “Analgesic and anti-
inflammatory activities of Asparagus africanus root extract,”
African Journal of Traditional, Complementary and Alterna-
tive Medicines, vol. 5, no. 1, pp. 27-31, 2008.

B. Madikizela, A. R. Ndhlala, J. F. Finnie, and J. V. Staden, “In
vitro antimicrobial activity of extracts from plants used tra-
ditionally in South Africa to treat tuberculosis and related
symptoms,” Evidence-Based Complementary and Alternative
Medicine, vol. 2013, Article ID 840719, 9 pages, 2013.

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

O. D. Okolie, I. Manduna, and S. Mashele, “Phytochemical
Analysis of A. africanus root extracts,” A Dissertation, vol. 7,
no. 1, pp. 351-354, 2019.

S. M. Khapli, L. S. Mangashetti, S. D. Yogesha, and
M. R. Wani, “IL-3 acts directly on osteoclast precursors and
irreversibly inhibits receptor activator of NF-«B ligand-in-
duced osteoclast differentiation by diverting the cells to
macrophage lineage,” Journal of Immunology, vol. 171, no. 1,
pp. 142-151, 2003.

G. Joshi, M. Rawat, V. Bisht, J. Negi, and P. Singh, “Chemical
constituents of Asparagus,” Pharmacognosy Reviews, vol. 4,
no. 8, pp. 215-220, 2010.

M. M. Hasan, A. Hossain, A. Shamim, and M. M. Rahman,
“Phytochemical and pharmacological evaluation of ethanolic
extract of Lepisanthes rubiginosa L. leaves,” BMC Comple-
mentary and Alternative Medicine, vol. 17, no. 1, p. 496, 2017.
M. Benkova, O. Soukup, and J. Marek, “Antimicrobial sus-
ceptibility testing: currently used methods and devices and the
near future in clinical practice,” Journal of Applied Microbi-
ology, vol. 129, no. 4, pp. 806-822, 2020.

U. M. Rao, M. Abdurrazak, and K. S. Mohd, “Hytochemical
screening, total flavonoid and phenolic content assays of
various solvent extracts of tepal of Musa paradisiaca,”
Malaysian Journal of Analytical Science, vol. 20, no. 5,
pp. 1181-1190, 2016.

F. T. Zohra, “Extraction of secondary metabolites , phyto-
chemical screening and the analysis of antibacterial activity in
stevia rebaudiana,” Doctor dissertation, BRAC University,
Dhaka, Bangladesh, 2015.

J. Charan and N. Kantharia, “How to calculate sample size in
animal studies?” Journal of Pharmacology and Pharmaco-
therapeutics, vol. 4, no. 4, pp. 303-306, 2013.

J. Charan and T. Biswas, “How to calculate sample size for
different study designs in medical research?” Indian Journal of
Psychological Medicine, vol. 35, no. 2, pp. 121-126, 2013.

B. Leta, C. Kenenisa, T. Wondimnew, and T. Sime, “Evalu-
ation of renoprotective effects of our locally grown green
coffee beans against cisplatin-induced nephrotoxicity in swiss
albino mice,” International Journal of Nephrology, vol. 2021,
no. 1, 8 pages, Article ID 2805068, 2021.

V. Ehsani, M. Amirteimoury, Z. Taghipour et al., “Protective
effect of hydroalcoholic extract of pistacia vera against gen-
tamicin-induced nephrotoxicity in rats,” Renal Failure,
vol. 39, no. 1, pp. 519-525, 2017.

A. El-Ishaq, M. A. Alshawsh, K. S. Mun, and Z. Chik,
“Biochemical and toxicological effects of methanolic extract of
Asparagus africanus Lam in sprague-dawley rats,” Peer],
vol. 8, no. 9, Article ID e9138, 2020.

B. R. Abhirama, R. Shanmuga Sundaram, and A. Raju,
“Amelioration of gentamicin-induced renal damage in rats by
ethanol extract of the whole plant Biophytum sensitivum
(linn.) DC,” International Journal of Pharmacy and Phar-
maceutical Sciences, vol. 10, no. 5, p. 130, 2018.
A.Jamshidzadeh, R. Heidari, S. Mohammadi-Samani et al., “A
comparison between the nephrotoxic profile of gentamicin
and gentamicin nanoparticles in mice,” Journal of Biochemical
and Molecular Toxicology, vol. 29, no. 2, pp. 57-62, 2015.

E. Al-Sayed, M. M. Abdel-Daim, O. E. Kilany, M. Karonen,
and J. Sinkkonen, “Protective role of polyphenols from
Bauhinia hookeriagainst carbon tetrachloride-induced hep-
ato- and nephrotoxicity in mice,” Renal Failure, vol. 37, no. 7,
pp. 1198-1207, 2015.

A. D. Dubiwak, T. W. Damtew, M. W. Senbetu et al.,
“Hepatoprotective effect of corm of ensete ventricosum



(40]

[41]

(42]

(43]

(44]

(45]

(welw.) cheesman extract against isoniazid and rifampicin
induced hepatotoxicity in swiss albino mice,” Journal of
Toxicology, vol. 2021, Article ID 4760455, 8 pages, 2021.

T. S. Hoke, L. S. Douglas, C. L. Klein et al., “Acute renal failure
after bilateral nephrectomy is associated with cytokine-me-
diated pulmonary injury,” Journal of the American Society of
Nephrology, vol. 18, no. 1, pp. 155-164, 2007.

K. Jaikumkao, A. Pongchaidecha, L. O. Thongnak et al.,
“Amelioration of renal inflammation, endoplasmic reticulum
stress and apoptosis underlies the protective effect of low
dosage of atorvastatin in gentamicin-induced nephrotoxi-
city,” PLoS One, vol. 11, no. 10, Article ID e0164528, 2016.
V. L. Rao, D. Micic, K. E. Kim et al., “Primary care evaluation
and management of gastroenterologic issues in women,”
Obstetrics and Gynecology Clinics of North America, vol. 43,
no. 2, pp. 347-366, 2016.

M. A. Nassan, M. M. Soliman, A. Aldhahrani, F. Althobaiti,
and A. Q. Alkhedaide, “Ameliorative impacts of Glycyrrhiza
glabra root extract against nephrotoxicity induced by gen-
tamicin in mice,” Food Sciences and Nutrition, vol. 9, no. 7,
pp. 3405-3413, 2021.

R. S. Wissem and A. Wannes, “Antioxidant and hep-
atoprotective effects of Asparagus albus leaves in carbon
tetrachloride-induced liver injury rats,” Journal of Food
Biochemistry, vol. 12, no. 433, pp. 1-11, 2017.

S. Gopalakrishnan and T. Kalaiarasi, “Hepatoprotective ac-
tivity of the fruits of Cucumis sativus (L.) against paracetamol
induced toxicity in albino rats,” International Journal of
Pharmacy and Pharmaceutical Sciences, vol. 20, no. 2,
pp. 229-234, 2013.

Journal of Toxicology



