
201

Christopher Larbie1* , Benjamin O. Emikpe2 , Ademola A. Oyagbemi3 , Theophilus A. Jarikre4 , Clement O. Adjei1

1. Department of Biochemistry and Biotechnology, College of Science, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana.
2. Department of Pathobiology, School of Veterinary Medicine, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana.
3. Department of Veterinary Physiology and Biochemistry, Faculty of Veterinary Medicine, University of Ibadan, Nigeria. 
4. Department of Veterinary Pathology, Faculty of Veterinary Medicine, University of Ibadan, Nigeria.

Background: Kidneys exposure to toxins can cause injuries, leading to their functional 
impairments. Traditionally, plants have been used for the treatment of renal disorders and 
numerous medicinal plants have been tested for their nephroprotective effects, in such cases 
as gentamicin (GM) and cisplatin (Cisp)-induced nephrotoxicity. This study assessed the 
ability of Acalypha wilkesiana’s extract to counteract its toxic effect based on the biochemical, 
histological and proinflammatory cytokines components in rats. 

Methods: Thirty-six male Wistar rats were randomly divided into nine groups (n=4 each) 
and administered the following treatments: a) normal control (1 mL/kg body weight normal 
saline from days 1-10); b) nephrotoxin (GM 120 mg/kg, days 2-7; or Cisp 7 mg/kg on day 
3); c) standard drug (120 mg/kg Silymarin plus GM or Cisp, days 1-10); and, d) extract 
groups (100 or 250 mg/kg, days 1-10 plus GM). Blood samples were collected and subjected 
to hematological and biochemical evaluations while kidney tissue samples were examined 
for histopathological alterations, pro- and antioxidants, and expression of pro-inflammatory 
cytokines.

Results: Treatment of the rats pre-exposed to GM or Cisp with the extract decreased the 
serum creatinine, urea and MDA levels. The GST and GPx levels were also restored in rats. 
Glomerular atrophy with tubular epithelial necrosis induced by either nephrotoxin was restored 
to near normal. The expression of COX-2 following the administration of either nephrotoxin 
was reversed after treatment with the extract.

Conclusion: The A. wilkesiana extract exhibited significant nephroprotective property, which 
could potentially be regarded as a promising alternative to the management of renal diseases.
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Introduction

he kidneys are involved in various im-
portant functions, such as maintenance of 
proper ion levels in serum, regulation of 
acid-base homeostasis, and the removal 
of nitrogenous wastes. Through renal im-

pairments, these functions are disrupted and there occurs 
accumulation of waste products, including urea, creatinine 
and other ions in the blood [1]. It is estimated that the inci-
dence of chronic kidney diseases is 10%-13% globally [2]. 
A major cause of renal dysfunction and damage is the effect 
of nephrotoxins. These include therapeutic drugs, such as 
antibiotics, chemotherapeutic drugs, and various industrial 
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chemicals and heavy metals [3]. Two of the most highly 
documented nephrotoxic drugs are gentamicin and cispla-
tin, which primarily induce injury to the proximal convo-
luted tubules of the kidneys [1, 4].

Aminoglycosides are either naturally occurring or semi-
synthetic agents. Their basic structure consists of two or 
more aminosugars joined by a glycosidic linkage to an ami-
nocyclitol ring [5]. Gentamicin and kanamycin are typical 
examples of aminoglycosides. The major problem associ-
ated with aminoglycosides is their toxicity to the kidneys, 
causing renal dysfunction [6]. About 10%-20% of people 
who take gentamicin experience renal disorders [1]. Genta-
micin increases the Reactive Oxygen Species (ROS) levels 
while reducing that of antioxidants and inhibitory effects, 
including glutathione peroxidase. Nephrotoxicity associ-
ated with gentamicin is characterized by increased serum 
creatinine and urea nitrogen, necrosis of the proximal tu-
bules, and tubular epithelial edema [6].

Cisplatin (Cisp) is another damaging drug to the kid-
neys. It is widely applied to the treatment of various can-
cer tumors and is one of the most effective drugs used in 
chemotherapy. Unlike most other cancer drugs, Cisp is 
a simple inorganic platinum-based compound [7]. It is 
known for its ability to crosslink DNA, inhibiting DNA 
replication and synthesis, and kills the rapidly dividing 
cancer cells [8]. Two major limitations of Cisp are its drug 
resistance and the lethal effects on normal body tissues, 
such as toxicity to nerves, kidneys and ears. Cisplatin’s 
toxicity on the kidneys is usually observed after ten days 
of administration, manifested with a decline in the glo-
merular filtration rate (GFR), increased serum creatinine, 
hypomagnesemia and hypokalaemia [8]. This appears to 
be due to the increased concentration of free radicals in the 
tissues exposed to this drug [4].

Interest in medicinal plant research and application has 
risen due to the many reported side effects of synthetic drugs 
and their relatively high cost [9]. About 80% of natives in 
developing countries rely on traditional medicine, especial-
ly plant-based drugs, for their primary health care [10]. Tra-
ditionally, herbs have been used for the treatment of renal 
disorders induced by drugs and numerious toxins. In this 
context, many medicinal plants have been tested for their 
nephroprotective effects in nephrotoxicities induced by GM 
and Cisp [11-14]. Medicinal plants are used as curatives 
due to their active components with medicinal value. These 
components, i.e., phytochemicals, act through mechanisms 
similar to those well studied for synthetic drugs [15]. 

Acalypha wilkesiana Müll. Arg., ‘inferno’ (Euphorbia-
ceae family) is a commonly cultivated ornamental plant 

marketed as a hedge. It is called the copperleaf and widely 
distributed in the tropics. Few pharmacological and phyto-
chemical assessments have been done on this plant. Accord-
ing to Larbie et al. [16], the hydroethanolic extract of this 
plant has been shown to contain triterpenoids, alkaloids, fla-
vonoids, glycosides, coumarins, sterols, and hydrolyzable 
tannins. That study also revealed high antioxidant and sig-
nificant bactericidal activities in A. wilkesiana. This plant 
has also been demonstrated to improve the clearance of 
blood glucose and is toxicologically safe in animal models 
[17, 18]. Currently, the acute and subacute hepatoprotective 
activity of this plant is under evaluation [19]. However, the 
nephroprotective effect has not been reported. These studies 
have referred to this plant as Acalypha inferno. Previously, 
A. indica root extract was evaluated for its protective effect 
in high-fructose and high-cholesterol diet-fed rats [20], 
which was found to be effective. Similarly, A. wilkesiana 
has been evaluated in cyclophosphamide-induced toxicity 
[21]. These are related to the extract being evaluated by us. 
The present study is an extension to the aforementioned re-
search, aimed at investigating the nephroprotective effect of 
A. wilkesiana against renal damage caused by GM and Cisp 
in rats, based on the biochemical, histological and immuno-
histochemical assessments.

Materials and Methods

Plant Preparation and Extraction: The A. wilkesiana 
leaves were collected and prepared as previously described 
[16-19]. Briefly, the leaves were identified as that of A. 
wilkesiana ‘inferno’ (voucher number KNUST/HM/2017/
L018), air-dried under shade and powdered. To prepare the 
50% hydroethanolic extract, 100g of the powder was sus-
pended in 1L of 50% ethanol (50:50 v/v ethanol: water). 
The mixture was agitated on a mechanical shaker for 24 
hours at room temperature (22-25°C). The solution was 
then filtered and concentrated in a Heidolph Rotary Evapo-
rator (Germany) at 60℃ under vacuum. The extract was 
freeze-dried (Labconco, England) to obtain the A. wilkesi-
ana hydroethanolic leaf extract for use in this study. The 
lyophilized material was reconstituted in normal saline to 
prepare the respective doses of the extract. 

Animals: Thirty six male Wistar albino rats, purchased 
from the animal facility of the University of Ghana School 
of Medical Sciences, Accra, Ghana, were used for the ex-
periments. The animals were transferred to the holding fa-
cility of the Department of Biochemistry and Biotechnol-
ogy, KNUST and kept in aluminium cages bedded with 
wood shavings. The animals were allowed to acclimatize 
to laboratory conditions for 2 weeks. Throughout the study, 
optimum laboratory conditions were maintained at 24-
26℃ and 40%-70% relative humidity. The animals had 
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free access to standard rat feed (Mash, AGRICARE, Ku-
masi, Ghana) and tap water ad libitum except in an over-
night fast before the first treatment and before sacrifice. 
The animals were identified by marking them on the tails 
with permanent markers. This study was conducted based 
on the guidelines set by the Committee for the Purpose of 
Control and Supervision of Experiment in Animals (CPC-
SEA, New Delhi, India) and the Guide for the Care and Use 
of Laboratory Animals [22]. All animals were humanely 
handled during the experiments. In addition, the study pro-
tocol was reviewed and approved by a veterinarian on the 
research team. For both experimental model (GM or Cisp), 
the rats were divided into nine groups of four per group.

Drug-induced Nephrotoxicity: Gentamicin (GM, Letpa 
Pharmaceuticals Limited, Accra, Ghana; 120 mg/kg body 
weight, administered intramuscularly) and cisplatin (Cisp, 
Celon Labs, India; 7 mg/kg administered intraperitoneally) 
were used to induce renal injury in the experimental ani-
mals. GM was administered from the 2nd to 7th days of the 
experiment while Cisp was administered on the 3rd day ac-
cording to the procedure described by Chatterjee et al. [23] 
with the previously used modifications [14]. 

Experimental Design: In both GM and Cisp experi-
mental models (N=36), animals in Group I served as nor-
mal controls and were orally administered with 1.0 mL/kg 
normal saline each day. Animals in Group II were treated 
with nephrotoxins only, group III animals received the 
standard drug (silymarin, 120 mg/kg) alongside the neph-
rotoxins while animals in groups IV and V were treated 
with 100 mg/kg or 250 mg/kg of the extract, respectively, 
plus either nephrotoxin. 

For the GM experiment (N=16), Group II animals were 
treated with GM from days 2-7 and maintained as GM 
control. Animals in Group III were pre-treated with 120 
mg/kg silymarin from days 1-10 concomitantly treated 
with GM from days 2 to 7. Groups IV and V were treated 
daily with 100 mg/kg or 250 mg/kg of the extract, respec-
tively, from days 1-10 by oral route. Additionally, they 
were treated with GM on days 2-7. 

In the Cisp experiment (N=16), animals in groups II to V 
were treated with an intraperitoneal injection of 7.0 mg/kg 
of Cisp on day 3. Rats in Group II were maintained as Cisp 
controls while those in group III were treated with 120 mg/
kg of silymarin on days 1-10. Groups IV and V were given 
daily oral doses of 100 mg/kg or 250 mg/kg of the extract, 
respectively, for 10 days plus a dose of Cisp given on day 
3. The animals were weighed prior to and at the end of the 
experiment for both experimental models. All animal treat-
ments lasted 10 days regardless of the groups. 

Effect of Treatment on Hematological and Biochemi-
cal Parameters: Animals were fasted overnight after the 
experiment on day 10 and sacrificed on day 11 by light ether 
anesthesia. The fur from the neck region was removed, the 
jugular vein exposed, and cut with a sterile surgical blade. 
An aliquot of venous blood was collected into EDTA tubes 
for hematological analysis, using the Sysmex Hematol-
ogy System (USA). The standard parameters measured 
included white blood cells, red blood cells, hemoglobin, 
hematocrit, mean corpuscular volume, mean corpuscular 
hemoglobin, mean corpuscular hemoglobin concentration, 
platelet, lymphocytes, neutrophils, red blood cell distribu-
tion width, red blood cell distribution width – corpuscular 
volume, platelet distribution width, mean platelet volume, 
platelet large cell ratio, and plateletcrit.

Three mL of blood samples were dispensed into gel-ac-
tivated tubes for biochemical parameters. The blood was 
allowed to clot then centrifuged at 3000 rpm for 5 minutes 
(Eppendorf Centrifuge 5804). The serum was obtained 
in appropriate tubes for biochemical analyses, using the 
Selectra E analyser from Vital Scientific (Tokyo, Japan) 
with the reagents purchased from ELITECH (Puteaux, 
France). The following serum parameters were analyzed: 
ALT (alanine aminotransferase), Urea, Creatinine, sodium, 
potassium, and chloride.

Effect of Treatments on Organ Weight: The kidneys 
and livers from the sacrificed rats were excised, cleared of 
fat, and washed with normal buffered saline. The kidneys 
were blotted to dryness with a clean tissue, weighed and the 
absolute organ weight was recorded for each tissue sample. 
The relative organ weight for each rat was calculated using 
the following formula:

Relative Organ
Weight=

×100%Absolute Organ Weight
Body Weight at 

Sacrifice 

Histology & Kidney Antioxidant Assays: The left kid-
ney from each rat was preserved in 10% formalin and pro-
cessed for histological assessments. The kidney sections 
were then stained using haematoxylin and eosin (H&E). 
Photomicrographs were obtained and analysed by two 
independent pathologists. The right kidney from each rat 
was also kept in phosphate-buffered saline. Kidney tis-
sues were separately homogenized in 10 mL of 100 mM 
KH2PO4 buffer which contained 1 mM EDTA at pH 7.4. 
This was centrifuged at 12,000 rpm for 30 minutes at 4°C. 
The supernatants were collected and assayed for the kidney 
pro- and anti-oxidants parameters, including total protein 
[24], superoxide dismutase (SOD) [25], malondialdehyde 
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(MDA) [26], reduced glutathione (GSH) [27], glutathione 
peroxidase (GPx) [28], glutathione transferase (GST) [29], 
nitric oxide [25] and hydrogen peroxide (H2O2) [30].

Immunohistochemistry for expression of pro-inflam-
matory markers: Streptavidin-biotin peroxidase complex 
kit (M IHC Select Detection System, HRP/DAB, Merck, 
Germany, Lot: 2775482) was used for the immunohisto-
chemical staining, the procedure of which described by Ja-
rikre and Emikpe [31] and also used previously [14]. The 
primary antibodies were interleukin (IL) 17 (SAB3701439, 
Lot: R127357), monoclonal mouse cyclooxygenase (COX) 
antibody (sc-19999, Lot # L1113), and interleukin IL 23 
(Cat. #06-1079, Lot # 2914943). An Amscope MU900 
digital camera (California, USA) attached to a microscope 
was used to take the photomicrographs. Images were then 
quantified for the intensity of staining, using the reciprocal 

intensity of the stained markers (COX-2, IL17 and IL23) on 
open source Fiji software (ImageJ). The optic density (OD) 
was calculated using the following formula:

OD=+log10( )

Maximum Reciprocal 
Intensity

Mean Reciprocal 
Intensity

A value of “50” was used as the cut-off point for the OD. 
The grading for immune-positive staining was as follows: 
weak (50-100), moderate (101-200), and strong (>200).

Data analyses: The results were expressed as Means± 
Standard Error of the Mean±SEM and the differences 
among the means were calculated, using 1-way analyses of 
variance (AVOVA), followed by Tukey’s post hoc test. The 12 

 

 

 

 
Plate 1: Photomicrographs of kidney tissues of the normal and treated rats.  
 

(A) Normal group showing  no observable lesion; (B) GM only showing glomerular atrophy, tubular epithelial necrosis (blue arrow) and cellular infiltrate (black 
arrow) around necrotic tubules in the interstitium; (C) GM + Silymarin showing  no observable lesion; (D) GM + 100 mg/kg extract showing a few patchy 
tubular coagulation necrosis; (E)  GM + 250 mg/kg extract showing a few ectatic tubules (black arrow); (F) Cisp only showing tubular epithelial vacuolar 
degeneration and necrosis (black arrow) with cast in tubular lumen (green arrow), disruption of basement membrane (tubulorhexis); (G) Cisp + Silymarin: No 
observable lesions; (H) Cisp + 100 mg/kg extract: Few areas of tubular epithelial necrosis, ectasia of lumen with cast (green arrow) and inflammatory cellular 
infiltrate (blue arrow); (I) Cisp + 250 mg/kg extract: There is no observable lesion. HE x400. 
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Plate 1. Photomicrographs of kidney tissues of the normal and treated rats

A) Normal group showing no observable lesion; B) GM only showing glomerular atrophy, tubular epithelial necrosis (blue ar-
row) and cellular infiltrate (black arrow) around necrotic tubules in the interstitium; C) GM + Silymarin showing no observable 
lesion; D) GM + 100 mg/kg extract showing a few patchy tubular coagulation necrosis; E) GM + 250 mg/kg extract showing 
a few ectatic tubules (black arrow); F) Cisp only showing tubular epithelial vacuolar degeneration and necrosis (black arrow) 
with cast in tubular lumen (green arrow), disruption of basement membrane (tubulorhexis); G) Cisp + Silymarin: No observ-
able lesions; H) Cisp + 100 mg/kg extract: Few areas of tubular epithelial necrosis, ectasia of lumen with cast (green arrow) and 
inflammatory cellular infiltrate (blue arrow); I) Cisp + 250 mg/kg extract: There is no observable lesion. HE x400.
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Table 1. Effect of treatment on relative organ weight and biochemical parameters

Nephrotoxin
Treatments

Relative Organ Weight

Kidneys (%) Liver (%)

Normal 1.00±0.05 4.02±0.23

Gentamicin

GM only 1.51±0.07a 5.00±0.20a

Silymarin 1.06±0.03 3.96±0.06b

100 mg AWE 0.91±0.03 3.09±0.05ab

250 mg AWE 0.92±0.06 3.32±0.10ab

Cisplatin

CISP only 1.20±0.02 5.96±0.16a

Silymarin 0.79±0.04 3.23±0.25ac

100 mg AWE 0.95±-0.01 3.18±0.05ac

250 mg AWE 0.91±0.00 3.35±0.09ac

Nephrotoxin

Biochemistry

ALT (U/L) Urea (mmol/L) Creat. (mmol/L) Na (mmol/L) Cl (mmol/L) K (mmol/L)

48.88±4.31 8.20±0.87 48.98±6.81 143.26±2.29 109.24±2.08 8.50±0.65

Gentamicin

50.55±3.21 15.09±3.69 a 146.77±6.80 a 126.67±5.37 91.81±3.60 3.99±0.76a

46.88±3.41 9.53±0.84 107.04±12.84 ab 139.16±1.04 103.60±1.38 8.03±0.67

68.77±4.17 19.88±3.6 a 60.50±9.93 b 118.04±2.92 89.84±3.50 11.02±6.38

54.88±5.86 9.00±1.41b 64.08±7.95 b 140.64±3.72 105.54±4.67 6.32±0.90

Cisplatin

53.13±1.95 16.57±0.37 a 185.44±3.37 a 140.62±1.29 107.06±0.47 7.45±0.03

44.53±1.65 7.78±0.13c 73.52±5.88 ac 141.48±0.40 108.06±0.45 7.74±0.02

47.56±1.08 6.10±0.04c 46.91±1.68 c 137.04±0.43 103.42±0.46 8.85±0.57

47.52±0.35 6.90±0.42c 71.06±0.67 ac 137.76±0.23 104.52±0.38 6.87±0.44
Effect of extract and silymarin on gentamicin (GM) and cisplatin (CISP) treated animals on relative kidney and liver weights, 
ALT (alanine aminotransferase), Urea, Creat. (Creatinine), Na (sodium), K (potasium), Cl (chloride). Statistical Significance: a: 
(P<0.05 – 0.001) from Normal, b : (P<0.05 – 0.001) from GM only and c: (P<0.05 – 0.001) from CISP only.

Table 2. Effect of treatment on haematological parameters of animals

Hematological 
Parameters Normal

Gentamicin (GM)

GM only Silymarin 100 mg AWE 250 mg AWE

WBC (103/μL) 7.08±0.73 7.58±0.45 6.44±0.94 6.76±0.34 6.96±0.71

RBC (106/μL) 6.91±0.06 6.47±0.17 6.62±0.30 6.24±0.17 6.17±0.14

HGB (g/dL) 12.88±0.17 12.10±0.23 12.48±0.62 12.04±0.32 11.74±0.25

HCT (%) 47.68±0.52 43.66±1.01 44.68±2.40 42.14±1.43 41.88±0.26

MCV (fL) 69.02±0.43 67.54±0.85 67.36±0.70 67.46±0.54 68.04±1.41

MCH (pg) 18.64±0.24 18.70±0.28 18.82±0.21 19.28±0.19 19.08±0.49

MCHC (g/dL) 27.04±0.41 27.72±0.25 27.98±0.42 28.62±0.42 28.04±0.47

PLT (103/μL) 859.7±150.60 1258.40±105.05a 1186.20±115.75 a 1129.00±87.35 ab 1247.20±190.66 a

LYM% 77.56±3.38 63.62±3.64 55.44±7.10 37.40±15.39 73.72±5.84

NEUT% 22.44±3.38 36.38±3.64 44.56±7.10 37.98±2.38 26.28±5.84

LYM (103/μL) 5.58±0.78 4.78±0.19 3.50±0.50 2.72±1.13 4.96±0.27

NEUT (103/μL) 1.50±0.16 2.80±0.42 2.94±0.74 4.04±0.86 2.00±0.50
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Hematological 
Parameters Normal

Gentamicin (GM)

GM only Silymarin 100 mg AWE 250 mg AWE

RDW-SD (fL) 40.16±0.60 33.72±0.88 33.42±1.96 34.06±1.13 33.94±0.94

RDW-CV (%) 14.90±0.50 11.80±0.40 11.54±0.81 11.86±0.49 11.78±0.21

PDW (fL) 8.64±0.14 9.00±0.23 8.98±0.20 8.84±0.33 8.58±0.19

MPV (fL) 7.48±0.09 7.64±0.15 7.58±0.12 7.14±0.27 7.26±0.09

P-LCR (%) 8.02±0.51 9.18±0.93 8.86±0.87 8.70±1.15 7.06±0.61

PCT (%) 1.22±0.10 0.96±0.09 0.90±0.08 0.85±0.06 0.91±0.14

Normal
Cisplatin (CISP)

CISP only Silymarin 100 mg AWE 250 mg AWE

WBC (103/μL) 7.08±0.73 6.12±0.86 5.83±0.32 5.50±1.18 6.90±1.25

RBC (106/μL) 6.91±0.06 7.54±0.06 7.71±0.06 6.35±0.16 6.42±0.07

HGB (g/dL) 12.88±0.17 13.72±0.17 13.83±0.03 11.30±0.17 11.80±0.35

HCT (%) 47.68±0.52 45.66±0.63 46.23±0.23 39.63±1.13 39.43±0.65

MCV (fL) 69.02±0.43 60.60±0.85 61.47±0.96 61.93±0.20 61.27±1.03

MCH (pg) 18.64±0.24 17.92±0.20 17.90±0.12 17.73±0.18 18.63±0.37

MCHC (g/dL) 27.04±0.41 29.50±0.36 29.20±0.21 28.57±0.38 30.83±0.70

PLT (103/μL) 859.7±150.60 1157±104.80a 718.33±5.17ac 568.00± 15.95 a 207.70± 7.74 ac

LYM% 77.56±3.38 66.12±2.34 62.70±1.40 72.97±5.34 73.63±0.75

NEUT% 22.44±3.38 32.18±2.12 38.13±0.81 37.40±0.50 27.33±0.39

LYM (103/μL) 5.58±0.78 4.16±0.47 3.73±0.03 4.50±1.13 2.03±0.07

NEUT (103/μL) 1.50±0.16 2.22±0.34 2.17±0.19 1.40±0.00 0.81±0.06

RDW-SD (fL) 40.16±0.60 32.06±0.81 33.00±0.58 33.33±0.41 33.37±0.37

RDW-CV (%) 14.90±0.50 12.50±0.39 13.70±0.26 13.07±0.38 13.10±0.12

PDW (fL) 8.64±0.14 7.50±0.23 8.300.12 8.10±0.12 8.40±0.06

MPV (fL) 7.48±0.09 6.68±0.18 7.20±0.06 6.97±0.03 7.07±0.09

P-LCR (%) 8.02±0.51 5.26±0.49 6.92±0.71 6.80±0.31 8.57±0.09

PCT (%) 1.22±0.10 0.42±0.06 0.52±0.01 0.28±0.07 0.14±0.00a

Effect of extract and silymarin on gentamicin (GM) and cisplatin (CISP) treated animals on WBC (white blood cell), RBC (red 
blood cell), HGB (haemoglobin), HCT (haematocrit), MCV (mean corpusscular volume), MCH (mean corpusscular haemoglo-
bin), MCHC (mean corpusscular haemoglobin concentration), PLT (platelet), LYM% (percent lymphocyte), NEUT% (percent 
neutrophils) , LYM (lymphocyte number), NEUT (neutrophil number), RDW-SD (red blood cell distribution width – Standard 
Deviation), RDW-CV (red blood cell distribution width – corpuscular volume), PDW (platelet distribution width), MPV (mean 
platelet volume), P-LCR (platelet large cell ratio), and PCT (plateletcrit). Statistical Significance: a (P<0.05 – 0.001) from Normal, 
b (P<0.05 – 0.001) from GM only and c (P<0.05 – 0.001) from CISP only.
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data were also analyzed, using GraphPad Prism 7 (Graph-
Pad Software Inc., CA, USA). All analyses were conducted 
assuming a significance value of P≤0.05.

Results

Effect of Treatment on Organ Weights: Table 
1 shows the effect of treatment on kidneys and liver 
weights. The administration of GM and Cisp resulted in 
significant increases in the relative weights of the kid-
neys and liver. Co-administration with silymarin and 
the extract at 100 mg or 250 mg/kg prevented signifi-
cant variations in the organ weights. 

Effect of Treatment on Serum Biochemical Param-
eters: GM and Cisp treatments resulted in significant 
increases in the serum levels of urea and creatinine. The 
electrolytes were, however, not affected. Extract treatment 
restored such increases to near-normal levels (Table 1).

Effect of Treatment on Haematological Parameters: 
Table 2 presents the effect of treatment on the hemato-
logical parameters for the normal controls and the treated 
animals. The acute administration of GM and Cisp did not 
have any effect. All animals showed normal levels of the 
respective parameters compared to those of the normal con-
trols except for significant increases (P<0.05-0.01) in the 

Table 3. Effect of treatment on renal anti- and pro-oxidant levels

Variables Normal
Gentamicin (GM)

GM only Silymarin 100 mg AWE 250 mg AWE

Total Protein (mg/dL) 6.45±0.23 9.11±0.36 6.14±0.13 6.18±0.07 6.35±0.17

Anti-oxidants

GPx (nmol/min/ mg prot) 323.43±10.09 231.84±9.57 a 339.96±8.05 b 335.01±5.12 b 325.75±7.95 b

SOD (unit/ mg prot) 11.16±0.30 8.00±0.32 11.74±0.27 11.82±0.15 11.86±0.36

GST (nmol/min/ mg prot) 9.00±0.69 4.78±0.38a 8.70±0.59b 8.31±0.59b 7.07±0.52b

GSH (nmol/ mg prot) 95.00±5.55 90.68±5.23 91.89±5.30 96.55±4.94 96.32±5.32 b

Pro-oxidants

MDA (nmol/ mg prot) 6.24±0.30 7.55±1.63 4.38±0.31b 4.33±0.09b 5.43±0.34

NO (mM/mg prot) 15.94±0.82 28.40±3.19a 12.16±1.28 b 11.79±0.85 b 9.84±1.12 b

H2O2 (mM/mg prot) 32.55±0.64 33.88±0.91 31.28±0.79 32.28±0.66 32.98±0.61

Cisplatin (Cisp)

Cisp only Silymarin 100 mg AWE 250 mg AWE

Total Protein (mg/dL) 7.84±1.28 5.47±0.19 6.75±0.02 7.64±0.23

Anti-oxidants

GPx (nmol/min/ mg prot) 284.77±41.77 a 379.35±14.98 ac 307.46±0.72 273.33±7.86 a

SOD (unit/ mg prot) 10.44±1.56 13.25±0.49 10.39±0.17 9.30±0.29

GST (nmol/min/ mg prot) 5.63±1.02 9.46±0.80c 6.96±0.06 5.94±0.25

GSH (nmol/ mg prot) 81.55±2.34 a 118.79±4.67 ac 114.89±3.10 c 123.32±0.77 ac

Pro-oxidants

MDA (nmol/ mg prot) 3.51±0.51 4.98±0.45 4.20±0.13 4.24±0.04

NO (mM/mg prot) 7.75±1.14 10.78±0.81 9.53±0.38 10.80±0.05

H2O2 (mM/mg prot) 41.17±2.44a 33.10±0.84 31.15±0.46 28.07±0.56

Effect of A. wilkesiana (AI) crude extract and silymarin on gentamicin (GM) and cisplatin (CISP) treated animals on GPx (glu-
tathione peroxidase), 

SOD (superoxide desmutase), GST (glutathione transferase), GSH (reduced glutathione), MDA (malonyl dialdehyde), NO 
(nitric oxide), H2O2 (hydrogen peroxide). Statistical Significance: a (P<0.05 – 0.001) from Normal, b (P<0.05 – 0.001) from GM 
only and c (P<0.05 – 0.001) from CISP only.
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platelet counts with GM and Cisp treatments. Silymarin 
and the extract co-treatment caused significant decreases in 
the platelets counts (P<0.05-0.01) particularly in the Cisp 
treated group. 

Effect of Treatment on the Kidneys’ Pro- and Anti-
oxidant Parameters: The GM administration resulted in 
significant decreases in the levels of glutathione transfer-
ase (GST) and peroxidase (GPx). The Cisp treatment re-
sulted in significant decreases in GST and GPx levels and 
an increase in H2O2 levels (Table 3). Silymarin and the 
extract treatment restored these parameters to near nor-
mal. Significantly, the levels of GPx, SOD and GST were 
increased while the MDA and NO levels were reduced in 
rats co-treated with GM, silymarin and the extract. In Cisp 
treatment group, only the GST levels were significantly in-
creased.

Effect of Treatment on Histopathology of Rats’ Kid-
neys: Group I rats (normal controls) did not show any 
damage in the tubular epithelial tissue, i.e., the parenchyma 
cells had normal features (Plate 1A). In the GM-treated kid-
neys, there were glomerular tuft atrophy, tubular epithelial 
degeneration, coagulation, necrosis, interstitial edema and 
lymphocyte infiltration (Plate 1B). The co-treatment with 
silymarin and the extract demonstrated a reversal of these 
lesions in the kidney tissues except for the presence of a few 
patchy tubular coagulative necrosis and renal tubular ecta-
sia (Plates 1C to 1E). Also, the Cisp treatment induced tubu-
lar epithelial degeneration and necrosis with casts detected 
in the tubular lumen, disruption of the basement membrane 
(tubulorhexis) and extensive inflammation (Plate 1F). 
Treatment with silymarin and the extract showed a reversal 
of the lesions except for a few areas of tubular epithelial 
necrosis, tubular ectasia of the lumen with casts and inflam-
mation at 100 mg/kg of the extract (Plates 1G to 1H) but 
no observable lesion at 250 mg/kg of the extract (Plate 1I). 
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Plate 2: Immunohistographs of rat kidney of normal and treated animals for COX-2.  
 

(A) Normal group; (B) Gentamicin only group with diffuse expression in the tubules; (C) GM + Silymarin; (D) GM + 100 mg/kg extract;  
(E)  GM + 250 mg/kg extract with medium expression; (F) Cisplatin only with diffuse expression in the tubules; (G) Cisp + Silymarin; (H) Cisp + 100 mg/kg 
extract; (I) Cisp + 250 mg/kg extract with low expression. Streptavidin-biotin complex Horseradish immunoperoxidase with Haematoxylin counterstain x400. 
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Plate 2. Immunohistographs of rat kidney of normal and treated animals for COX-2

A) Normal group; B) Gentamicin only group with diffuse expression in the tubules; C) GM + Silymarin; D) GM+100 mg/
kg extract; E) GM + 250 mg/kg extract with medium expression; (F) Cisplatin only with diffuse expression in the tubules; G) 
Cisp+Silymarin; H) Cisp+100 mg/kg extract; I) Cisp+250 mg/kg extract with low expression. Streptavidin-biotin complex 
Horseradish immunoperoxidase with Haematoxylin counterstain x400.
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Effect of Treatments on Liver Pro-inflammatory Cy-
tokines in the Rat Kidneys: There was minimal expres-
sion of COX-2 in group I rats (Plate 2A) while a strong 
expression of COX-2 was observed in the glomerular and 
proximal convoluted tubular cells in response to the GM 
treatment (Plate 2B) and the Cisp treatment (Plate 2F) only. 
However, the COX-2 expression was reduced remarkably 
after treatment with silymarin and moderately with the 
extract at varying doses against the toxicity of both GM 
(Plates 2C to 2E) and Cisp (Plates 2G to 2I). The expres-
sions of IL-17 (Plates 3A to 3I) and IL-23 (Plates 2I to 4A) 
were not remarkably modulated by the treatment with the 
extract (Figure 1).

Discussion

Exposure of the kidneys to nephrotoxins may result in 
structural and functional injuries in them [1]. Morphologi-
cal, biochemical, and hematological aberrations are ob-

served during kidney injuries, resulting in increased levels 
of electrolytes, serum creatinine, urea, and total protein [6]. 
Red blood cell production is reduced in renal damage due 
to the decreased erythropoietin synthesized by the kidneys 
[32]. Red cell indices (HCT, MCH, MCHC, HGB, etc.) are 
also reduced in renal damages [33]. Morphological changes 
associated with kidney injuries include severe proximal tu-
bular necrosis, glomerular atrophy and extensive tubular 
epithelial edema [6].

Gentamicin is one of the most used aminoglycoside an-
tibiotics in the treatment of Gram-negative bacterial infec-
tions. Manshare et al. [1] report that between 10%-20% of 
individuals treated with GM suffer renal injuries, which are 
the major complications of this drug. Oxidative stress, as 
evident by the elevated levels of ROS, increased lipid per-
oxidation and NO synthesis, decreased GST, and reduced 
activity of catalase, superoxide dismutase and glutathione 
peroxidise, is believed to underlie the GM nephrotoxicity 
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Plate 3: Immunohistographs of rat kidney of normal and treated animals for IL17.  
 

(A) Normal group; (B) Gentamicin only group with diffuse expression in the tubules; (C) GM + Silymarin; (D) GM + 100 mg/kg AWE;  
(E)  GM + 250 mg/kg extract with low expression; (F) Cisplatin (Cisp) only with diffuse expression in the tubules; (G) Cisp + Silymarin; (H) Cisp + 100 mg/kg 
extract; (I) Cisp + 250 mg/kg extract with low expression. Streptavidin-biotin complex Horseradish immunoperoxidase with Haematoxylin counterstain x400. 
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Plate 3. Immunohistographs of rat kidney of normal and treated animals for IL17. 

A) Normal group; B) Gentamicin only group with diffuse expression in the tubules; C) GM + Silymarin; D) GM + 100 mg/
kg AWE; E) GM + 250 mg/kg extract with low expression; F) Cisplatin (Cisp) only with diffuse expression in the tubules; G) 
Cisp + Silymarin; H) Cisp + 100 mg/kg extract; (I) Cisp + 250 mg/kg extract with low expression. Streptavidin-biotin complex 
Horseradish immunoperoxidase with Haematoxylin counterstain x400.
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[6]. Cisplatin is a platinum-based drug used for its antican-
cer properties. The increased resistance to Cisp and the le-
thal effects on bodily tissues are the two major limitations of 
Cisp. The nephrotoxicity of Cisp is associated with reduced 
GFR, increased serum creatinine, hypomagnesemia and hy-
pokalemia [8]. Cisp-induced renal damage is also attributed 
to its ability to induce oxidative stress [4].

Consistent with the results reported by Ghaznavi et al. [6] 
and Shelkea et al. [34], GM and Cisp administration at 120 
mg/kg and 7 mg/kg, respectively, resulted in a significant 
increase in the serum creatinine and urea levels compared 
those seen in the normal controls. Since a major kidneys’ 
function is the excretion of nitrogenous waste, such as cre-
atinine and urea, structural injuries to the kidneys result in 
the accumulation of these metabolites in the blood [1]. The 
co-administration of the extract at 100mg or 250 mg/kg or 
silymarin significantly reduced the serum creatinine levels 
as compared to the results for treatment with either Cisp or 

GM only. The urea levels were considerably reduced by the 
extract at 250mg in comparison with that for GM alone. 

However, the reduction in the serum urea was not signifi-
cant in the Cisp-induced nephrotoxicity. Administration of 
the extract at 100 mg did not alter the urea levels in response 
to the GM-induced nephrotoxicity. All other biochemical 
parameters measured were not affected by the treatments. 
Larbie et al. [16] demonstrated that the hydroethanolic 
extract of A. wilkesiana had high levels of antioxidants, 
flavonoids and hydrolyzable tannin activities. The oxida-
tive stress induced by Cisp and GM normally results in 
kidney damage as evident by increases in serum creatinine 
and urea. The extract’s antioxidant properties may have re-
versed or prevented the increases in these parameters in our 
study. Again, our results revealed that the extract at 250mg/
kg was better at reversing this increase compared to that 
noted for the100 mg/kg. The observed increases in the lev-
els of GST and GPx, and decreases in MDA and NO con-
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Plate 4: Immunohistographs of rat kidney of normal, nephrotoxic and treated animals for IL23. 
 

(A) Normal group with no expression; (B) Gentamicin only group with diffuse expression in the tubules; (C) GM + Silymarin; (D) GM + 100 mg/kg extract; (E)  
GM + 250 mg/kg extract with minimal expressions; (F) Cisplatin (Cisp) only with tubular expressions; (G) Cisp + Silymarin; (H) Cisp + 100 mg/kg extract; with 
minimal expressions (I) CISP + 250 mg/kg extract with low expression. Streptavidin-biotin complex Horse radish immunoperoxidase with Hematoxylin 
counterstain x 400. 
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Plate 4. Immunohistographs of rat kidney of normal, nephrotoxic and treated animals for IL23

A) Normal group with no expression; B) Gentamicin only group with diffuse expression in the tubules; C) GM + Silymarin; 
(D) GM + 100 mg/kg extract; E) GM + 250 mg/kg extract with minimal expressions; F) Cisplatin (Cisp) only with tubular ex-
pressions; G) Cisp + Silymarin; H) Cisp + 100 mg/kg extract; with minimal expressions; I) CISP + 250 mg/kg extract with low 
expression. Streptavidin-biotin complex Horse radish immunoperoxidase with Hematoxylin counterstain x 400.
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firm the antioxidant effects of the extracts. The protective ef-
fect of A. indica [20] and the related species, A. wilkesiana 
[21] appears to occur via such mechanisms as antioxidant 
and improved mitochondrial permeability.

The biochemical changes in both the serum and kidney 
homogenates following the administration of GM or Cisp 
was corroborated by the abnormal architectural changes 
found upon the histologic examinations of the kidneys. 
These included glomerular atrophy, tubular epithelial co-
agulative necrosis and cellular infiltrates (inflammation), 
tubular basement disruption (tubulorrhexis), and multiple 
foci of tubular casts. The co-administration of the extract 
at 100 or 250mg/kg reversed these abnormal alterations to 
near normal with less severity especially at 250mg/kg of 
the extract. These changes were also underscored by the 
expression of COX-2 in the renal tubular epithelium, espe-
cially as its expression was ameliorated with the increased 
concentration of the extract. 

Inflammation has been demonstrated to be a predominant 
cause of parenchymal cell death in the kidney and severe 
cases of acute kidney injuries [35], including acute injuries 
following nephrotoxins administration. This inflammatory 
response may be mediated by two different but related, arms 
of the immune system: both innate and adaptive immunity. 
The current study demonstrated excessive expression of 
pro-inflammatory cytokine (COX-2), IL-17 and IL-23) in 
the renal parenchyma following GM or Cisp treatment. 
The co-administration with the extract moderately but sig-
nificantly down-regulated the COX-2 expression. Cyclo-
oxygenase, also known as prostaglandin endoperoxidase 
synthase, is a key enzyme in the conversion of arachidonic 
acid to prostaglandins, with two known isoforms of COX-1 

and COX-2 [36]. The over-expression of COX-2 has been 
reported in inflammation and renal dysfunction. 

The role of IL-17A in the pathogenesis of acute and 
chronic kidney disease has been demonstrated [37] and 
that its blockade reduces albuminuria and kidney injury 
in diabetic nephropathy [38]. Interleukin-23 is a pro-in-
flammatory cytokine, playing an important bridging role 
between the innate and adaptive immune responses [39]. 
The supportive data coming from murine models, sug-
gesting a positive effect where blocking IL-23 ameliorates 
kidney and skin diseases [40]. In the current study, the 
treatment with the extract did not lead to significant down-
regulation in the expression of IL-17 and IL-23, ruling-out 
any possible role of the extract’s protective effect through 
this mechanism. The current study was limited to hema-
tological, biochemical and some proinflammatory cyto-
kines. Down regulation with respect to IL-17 and IL-23 
did not seem to be related to the protective effect of the 
extract. Thus other mechanisms could be explored to con-
firm the protective effect and support a possible translation 
of the outcomes to human subjects.

Conclusion 

The current study demonstrated that the cultivated orna-
mental hedge, A. wilkesiana ‘inferno’ has protective effects 
against kidney damages induced by gentamicin and cispla-
tin by modulating the biochemical parameters, improving 
kidney micro-structures, modulating pro-oxidant and anti-
oxidant properties (NO versus GST & GPx), and down-reg-
ulating the expression of COX-2. The extract can, therefore, 
be considered as an alternative and effective agent used in 
the management of kidney diseases, which is likely to be 
developed into a potent drug for clinical applications.
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