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ABSTRACT 
 
Aim: This study evaluated the nephroprotective effect of methanol extract of Hymenocardia acida 
leaves in rat model of gentamicin induced renal damage.  
Materials and Methods: Twenty- four (24) Wistar albino rats of either sex weighing 150- 200g were 
divided into 4 groups of 6 animals each; Group I served as the control and received normal saline, 
Group II- IV received gentamicin (40 mg/kg, i.p), Groups III and IV also received 200 and 400 mg/kg 
body wt., p.o methanol extract of Hymenocardia acida leaves respectively for 15 days. Body weight 
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measurement, serum urea, creatinine, electrolytes analyses and histopathological examination of 
kidney were carried out.  
Results: Gentamicin treatment caused nephrotoxicity as evidenced by marked elevation in Serum 
urea, creatinine, decreased sodium and chloride ions, elevated serum level of potassium ion and 
pathological signs such as congestion, focal areas of inflammation, tubular necrosis, and glomerular 
atrophy. Administration of the extract at doses of 200 and 400 mg/kg/ body wt significantly (p< 0.05) 
decreased Creatinine and urea levels, significantly (p< 0.05) increased sodium and chloride ion and 
significantly (p< 0.05)  decreased potassium ion level when compared to the gentamicin- alone- 
treated group. Histopathological analysis also revealed a gradual reversal of the pathological 
features caused by gentamicin toxicity.  
Conclusion: It was concluded that the extract possesses nephroprotective potential. 
 

 
Keywords: Gentamicin; Hymenocardia acida; renal; toxicity. 

 
1. INTRODUCTION 
 
Drug nephrotoxicity is one of the most common 
causes of acute kidney injury [1]. It occurs in 10–
25% of patients treated with the therapeutic 
doses of aminoglycosides [2], especially 
gentamicin. The broad-spectrum activity against 
aerobic gram- positive and gram- negative 
organisms, their chemical stability and their rapid 
bactericidal action has made them the first-line 
drugs in a variety of clinical situations [3]. 
However, higher concentrations of these 
antibiotics are nephrotoxic. Gentamicin induced 
renal damage is widely used model for inducing 
nephrotoxicity in experimental animals [4]. It is 
characterised by direct tubular necrosis, which is 
localized mainly in the proximal tubules. It is a 
complex phenomenon characterised by an 
increase in plasma creatinine, urea levels, 
perturbed electrolyte balance, severe proximal 
tubular necrosis, followed by deterioration and 
renal failure [5,6]. The toxicity of gentamicin is 
thought to be related to the generation of reactive 
oxygen species (ROS) in the kidney [7]. 
Consequently, several compounds with 
antioxidant activity have been tested to ame-
liorate gentamicin nephrotoxicity. 
 

Hymenocardia acida is a tree of about 6m high, 
gnarled and twisted with characteristics rough 
rusty-red bark, of the wooden savanna 
throughout the region from Senegal to west 
Cameroons, and widespread in tropical Africa. 
The wood is light brown or pink, darkening to 
orange, close- grained, with conspicuous annual 
rings, and hard. Hymenocardia acida 
(Euphorbiaceae) is very popular in African 
tradomedicine. It is called "Heart-fruit" in English 
[8]. It is commonly known as "jan yaro" in Hausa, 
"ikalaga" in Igbo, and "Orunpa” in Yoruba [9]. In 
Senegal and Ivory Coast, an infusion or 
decoction of its leaves is used for the treatment 

of chest complaints, small pox, in baths and 
draughts as a febrifuge, and is taken as snuff for 
headaches or applied topically for rheumatic 
pains and toothaches [10]. The bark and leaves 
are used together in various ways in Nigeria for 
abdominal and menstrual pains and as poultices 
on abscesses and tumours. The powdered 
leaves of the plant are used for the treatment of 
arthritis [11]. Studies have also shown that H. 
acida possesses free radical scavenging activity 
and strong reducing power in vitro [12]. 
Phytochemical screening of this plant revealed 
the presence of flavonols, flavonoids, phenols, 
proanthocyanidins, steroids and triterpenoids 
which are likely to be responsible for its 
antioxidant properties [10]. Based on the 
reported anti- oxidant activity of H. acida, this 
study investigated the possible protective effect 
of the methanol extract of the leaves of the plant 
against Gentamicin- induced nephrotoxicity in 
albino Wistar rats. 
 

2. MATERIALS AND METHODS 
 
2.1 Materials 
 
2.1.1 Chemicals and drugs 
 
Gentamicin was purchased from ‘Good 
Shepherd’ Pharmacy Shop, Mararaba, 
Nassarawa, Nigeria. All the other chemicals 
(Methanol, sulfuric acid and sodium hydroxide) 
used were of analytical grade and were 
purchased from Sigma- Aldrich through a local 
vendor. 
 
2.1.2 Animals 
 
Adult Wistar rats of either sex weighing 150–
200g were used for this study. They were kept in 
stainless steel cages under standard laboratory 
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conditions. They were maintained on clean water 
and standard rodent feed. 
  

2.2 Methods 
 
2.2.1 Plant collection and identification 
 
The leaves of Hymenocardia acida were 
collected from a natural habitat in Mararaba Area 
of Nassarawa State, Nigeria. The plants were 
identified at the herbarium unit of Biological 
Sciences Department, Nassarawa State 
University, Keffi and voucher specimen (voucher 
number HA076) was deposited for future 
references.  
 
2.2.2 Preparation of extracts 
 
The leaves of Hymenocardia acida were shade- 
dried for seven (7) days and pulverised using an 
electric blender. Two thousand and five hundred 
(2500) gram of the pulverised leaves was cold 
macerated in methanol for 72 hours. The 
resulting mixture was filtered using Whatmann 
filter paper (Size No1) and the extract was 
concentrated using rotary evaporator. The 
extract will from now on be reffered to as 
Methanolic Extract of Hymenocardia acida 
(MEHA). 
 
2.2.3 Acute toxicity study 
 
The oral median lethal dose (LD50) of the extract 
was determined in rats according to the method 
of [13]. 
 
2.2.4 Experimental design  
 
After an acclimatisation period of Seven (7) days, 
twenty- four (24) albino rats were divided into 
four groups of six animals each and treated as 
follows:  
 
Group I:  Control (1ml normal saline) 
Group II:  Gentamicin (40mg/kg)  
Group III: Gentamicin (40mg/kg) + MEHA 

(200mg/kg)  
Group IV: Gentamicin (40mg/kg) + MEHA 

(400mg/kg)  
 
Except group I animals, other three groups 
received 40 mg/kg/ day gentamicin 
intraperitoneally while the extract was 
administered orally to Groups 3 and 4 rats. All 
treatments were carried out for a period of fifteen 
(15) days after which blood and tissue (kidney) 
samples were collected for biochemical and 

histopathological analyses respectively. The 
parameters monitored are as follows:  
 

2.2.4.1 Body weight  
 

Body weights of these rats were monitored every 
3 days within the period of treatment.  
 

2.2.4.2 Serum creatinine  
 
Creatinine was estimated using the method 
described previously by Broad and Sirota, using 
Jaffe’s reaction. To 1.0mL of serum and kidney 
homogenates, 8.0 ml of double-distilled water, 
0.5mL of 2/3N sulfuric acid and 0.5ml of 10% 
sodium tungstate were added. This mixture was 
centrifuged at 4000 rpm for 15 min at 4 oC, 5.0ml 
of the clear supernatant was taken to which 
1.5ml of saturated picric acid and 1.5ml of 0.75N 
sodium hydroxide were added. The absorbance 
was read at 460 nm after 15mins. Standard and 
blank were also processed similarly. 
 
2.2.4.3 Urea estimation  
 
Urea was estimated by method reported by [14]. 
Urea was estimated by the reported method. To 
0.1ml of serum and kidney homogenates, 3.3ml 
of double-distilled water, 0.3ml of 10% sodium 
tungstate and 0.3mL of 0.67N sulfuric acids were 
added. The samples were centrifuged (4000 rpm, 
15 min, 4

o
C) and to 1ml of the supernatant, 1ml 

of double-distilled water, 0.4ml of diacetyl 
monoxime reagent and 0.6ml of sulfuric acid– 
phosphoric acid mixture were added. The 
samples were incubated in a boiling water bath 
for 30 min, cooled to room temperature and the 
absorbance was read at 480 nm. 
 
2.2.4.4 Serum electrolytes 
 

The Sodium and Potassium ions concentration 
was determined using Flame Photometric 
method. Compressed air, diluted serum (1 in 20 
dilutions) was sprayed as a fine mist of droplets 
(nebulised) into a non-luminous gas flame which 
became coloured by the characteristics emission 
of the sodium or potassium metallic ions in the 
sample. Light of a wavelength corresponding to 
the metal being measured (sodium- 589nm; 
potassium-767nm) was selected by a light filter 
and allowed to fall on a photosensitive detector 
system. The amount of light emitted depends on 
the concentration of metallic ions present. By 
comparing the amount of light emitted from the 
sample with that from a standard solution, the 
amount of electrolyte in the sample was 
measured. 
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2.2.4.5 Histopathological examination 
 

The kidneys were excised and quickly fixed in 
10% formalin, processed and stained with 
haemotoxylin and eosin and then observed 
under microscope for degeneration, fatty 
changes, necrotic changes and evidence of 
nephrotoxicity.  
 

2.2.5 Statistical analysis  
 

Statistical analysis was carried out using SPSS 
version 20.0. All the data were expressed as 
mean ± SEM and the statistical differences 
between the means were determined by one way 
analysis of variance (ANOVA) which was 
followed by Duncan test and difference between 
means at P > 0.05 were considered significant. 
 

3. RESULTS 
 

3.1 Acute Toxicity 
 
The results of acute toxicity studies showed no 
mortality or physical changes, circulatory signs, 
autonomic and central nervous system effects up 
to a dose of 5000 mg/kg of methanol extract of 
Hymenocardia acida. The oral LD50 of the extract 
was therefore taken to be > 5000 mg/kg. 
  

3.2 Effect of the Administration of 
Methanol Extract of Hymenocardia 
acida Leaves (MEHA) on the Body 
Weight of Rats   

 
As shown in Table 1, no significant (p> 0.05) 
changes were observed in the body weights of 
the Gentamicin- alone (Group I) and Gentamicin/ 
extract- treated groups (Groups III and IV) 
compared to the normal control (Group I). 
 

3.3 Effect of the Administration of 
Methanol Extract of Hymenocardia 
acida Leaves (MEHA) on Serum 
Creatinine and Urea Levels of Rats   

 
The effect of treatment on serum creatinine and 
urea levels of rats is shown in Figures 1 and 2. 
Gentamicin- alone- treated group (Group II) 
showed significant (p < 0.05) increase in both 
creatinine and urea levels when compared to 
normal control (Group I). However, 
administration of methanol extract of 
Hymenocardia acida leaves at doses of 200 and 
400mg/kg (Groups III and IV) alongside 
Gentamicin produced significant (p >0.05) 
reduction in both creatinine and urea levels when 

compared to the Gentamicin- alone- treated 
group (Group II). 
 

3.4 Effect of the Administration of 
Methanol Extract of Hymenocardia 
acida Leaves (MEHA) on Serum 
Electrolytes of Rats   

 

The Gentamicin- alone- treated group showed 
significant (p ≤ 0.05) decrease in serum Na+ and 
Cl

-
 levels with a significant (p ≤ 0.05) increase in 

K
+
 level when compared to the normal control 

(Table 2). However, administration of methanol 
extract of Hymenocardia acida leaves at doses of 
200 and 400mg/kg (Groups III and IV) alongside 
Gentamicin significantly (p >0.05) increased the 
serum levels of Na

+
 and Cl

-
 and significantly  (p 

>0.05) reduced serum K+ level compared to the 
Gentamicin- alone- treated group (Group II). 
 

3.5 Histopathological Findings 
 

Histopathological examination of the kidney 
tissue of the control group showed normal 
glomeruli, intact Bowman’s capsule and proximal 
convoluted capsule (Plate 1). Gentamicin– 
treated group showed severe glomerular 
congestion, inflammatory cells, necrosis and 
tubular casts (Plate 2). Administration of 200 
mg/kg methanol extract of Hymenocardia acida 
leaves alongside Gentamicin showed mild 
reduction in glomerular congestion, inflammatory 
cells, necrosis and tubular casts (Plate 3) while 
administration of 400 mg/kg of the extract 
showed near normalisation of the kidney 
architecture (Plate 4). 
 

4. DISCUSSION 
 

Nephrotoxicity is the most important side effect 
associated with the consumption (for more than 7 
days) of aminoglycoside antibiotics such as 
gentamicin. The prevalence of this complication 
is over 30%. It brings about the incidence of 
10%- 20% of acute renal failure [15,16,17]. 
However, different prescribing options can have 
a variety of implications [18]. The most common 
symptoms of nephrotoxicity include decreased 
glomerular filtration, increased creatinine, blood 
urea nitrogen (BUN), uric acid, alkaline 
phosphatase, and electrolyte changes [19,20]. 
This study evaluated the possible protective 
effect of the methanol extract of Hymenocardia 
acida leaves against Gentamicin induced 
nephropathy in rats. 
 

Body weight of rats was monitored as a reduction 
in body weight is usually one of the 



manifestations of Gentamicin
nephrotoxicity. In this study, no significant 
changes were observed when the group 
administered Gentamicin alone and Gentamicin/ 
extract groups were compared to the control.  
This is contrary to the findings of other 
researchers as weight loss usually accompanies 
gentamicin- induced nephrotoxicity.
 
The increased creatinine levels in the serum of 
the Gentamicin- treated rats is as a result of a 
decrease in glomerular filtration rate (GFR) and 
creatinine filtration that is associated with kidney 
damage [21]. There is usually an increase in 
 
Table 1. Effect of the administration of methanol extract 

 
Group 
 0 3 
Group 1 168.3±13.45 168.9±20.13
Group 2 165.1±15.64 167.5±19.11
Group 3 166.3±18.20 170.4±18.01
Group 4 167.5±21.15 169.5±20.43

Data are presented as mean ± SD of body weight (g). Data was analysed
Duncan post- hoc test for multiple comparisons, (n=6). Mean values having different lower case alphabets as 

superscripts are considered significant (p< 0.05) across the columns. Group 1: Control received Normal saline. 
Group 2: received 40 mg/ kg Gentamicin. Group 3: received 40 mg/kg Gentamicin + 200 mg/ kg MEHA. Group 4 

received 40 mg/ kg Gentamicin + 400 mg/ kg MEHA

 

Fig. 1. Effect of the administration of methanol extract 

Group 1: Control received 1ml Normal saline. Group 2: received 40 mg/ kg Gentamicin. Group 3: received 40 
mg/kg Gentamicin + 200 mg/ kg MEHA. Group 4 received 40 mg/ kg Gentamicin + 400 mg/ kg MEHA
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ions of Gentamicin- induced- 
nephrotoxicity. In this study, no significant 
changes were observed when the group 
administered Gentamicin alone and Gentamicin/ 
extract groups were compared to the control.  
This is contrary to the findings of other 

s as weight loss usually accompanies 
 

The increased creatinine levels in the serum of 
treated rats is as a result of a 

decrease in glomerular filtration rate (GFR) and 
ated with kidney 

damage [21]. There is usually an increase in 

serum urea level when its rate of production 
surpasses its rate of elimination [22
increase in urea is therefore also an indication of 
renal damage. This study showed a statistical 
significant elevation in serum urea, creatinine 
(Figs. 1 and 2) following gentamicin 
administration. The methanol extract of 
Hymenocardia acida at both doses however 
significantly reduced the levels of these markers 
indicating its ability to protect the kidney
damage due to gentamicin possibly by improving 
the ability of the glomerulus to filter urea and 
creatinine. 
 

administration of methanol extract of Hymenocardia acida leaves 
on the body weight of rats 

days (d) 
6 9 12                

168.9±20.13 171.4±10.28 174.6±11.18 176.5±09.12
167.5±19.11 172.9±13.81 174.2±13.11 178.3±13.15
170.4±18.01 173.2±12.13 175.4±18.19 177.8±20.17
169.5±20.43 171.2±13.18 173.8±10.13 179.4±21.15

Data are presented as mean ± SD of body weight (g). Data was analysed by one- way ANOVA followed by 
hoc test for multiple comparisons, (n=6). Mean values having different lower case alphabets as 

superscripts are considered significant (p< 0.05) across the columns. Group 1: Control received Normal saline. 
2: received 40 mg/ kg Gentamicin. Group 3: received 40 mg/kg Gentamicin + 200 mg/ kg MEHA. Group 4 

received 40 mg/ kg Gentamicin + 400 mg/ kg MEHA 

 
administration of methanol extract of Hymenocardia acida leaves 

on serum urea levels of rats 
Group 1: Control received 1ml Normal saline. Group 2: received 40 mg/ kg Gentamicin. Group 3: received 40 
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serum urea level when its rate of production 
ses its rate of elimination [22,23]. The 

increase in urea is therefore also an indication of 
renal damage. This study showed a statistical 

ificant elevation in serum urea, creatinine 
(Figs. 1 and 2) following gentamicin 
administration. The methanol extract of 

at both doses however 
significantly reduced the levels of these markers 
indicating its ability to protect the kidney from 
damage due to gentamicin possibly by improving 
the ability of the glomerulus to filter urea and 

leaves (MEHA) 
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Fig. 2. Effect of the administration of methanol extract 
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Group 1: Control received 1ml Normal saline. Group 2: received 40 mg/ kg Gentamicin. Group 3: received 40 
mg/kg Gentamicin + 200 mg/ kg MEHA. Group 4 

 
Table 2. Effect of the administration of methanol extract 

 
Treatment K

+
 (µmol/L )

Group 1 3.75±0.13
a
 

Group 2 6.15±0.45
b
 

Group 3 3.92±0.54a 
Group 4 3.79±0.14

a
 

Data are presented as mean ± SD. Data was analysed
for multiple comparisons, (n=6). Mean values having different lower case alphabets as superscripts are 

considered significant (p< 0.05) across the columns. Group 1: Control received 1normal saline. Group
40 mg/ kg Gentamicin. Group 3: received 40 mg/kg Gentamicin + 200 mg/ kg MEHA. Group 4 received 40 mg/ kg 

  

Plate 1. Micrograph showing Kidney tissue of control rat with normal glomeruli, intact 
Bowman’s capsule and proximal convoluted capsule (H and E stain, Mg. × 40)
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administration of methanol extract of Hymenocardia acida leaves 

on serum creatinine levels of rats 
Group 1: Control received 1ml Normal saline. Group 2: received 40 mg/ kg Gentamicin. Group 3: received 40 

mg/kg Gentamicin + 200 mg/ kg MEHA. Group 4 received 40 mg/ kg Gentamicin + 400 mg/ kg MEHA

administration of methanol extract of Hymenocardia acida leaves 
on serum electrolytes of rats 

(µmol/L ) Na
+
 (µmol/L) Cl

-
 (µmol/L)

135.1±4.56
b
 101.5±1.12

109.0±2.46
a
 89.3±2.26

139.4±7.16b 103.4±6.91
139.6±2.32

b
 102.6±8.56

Data are presented as mean ± SD. Data was analysed by one- way ANOVA followed by Duncan post
for multiple comparisons, (n=6). Mean values having different lower case alphabets as superscripts are 

considered significant (p< 0.05) across the columns. Group 1: Control received 1normal saline. Group
40 mg/ kg Gentamicin. Group 3: received 40 mg/kg Gentamicin + 200 mg/ kg MEHA. Group 4 received 40 mg/ kg 

Gentamicin + 400 mg/ kg MEHA 

 
 

Micrograph showing Kidney tissue of control rat with normal glomeruli, intact 
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Plate 2. Photomicrograph of the Kidney tissue of a rat treated with Gentamicin showing 
glomerular congestion, inflammatory cells, necrosis and tubular casts (H and E stain, Mg. × 

200) 
 

 
 

Plate 3. Photomicrograph of the Kidney tissue of a 200mg /kg MEHA-treated rat showing 
decreasing glomerular congestion, inflammatory cells, necrosis and tubular casts (H and E 

stain, Mg. × 800) 
 

 
 

Plate 4. Photomicrograph of the Kidney tissue of a 400mg /kg MEHA -treated rat showing 
normal arrangement of cells (H and E stain, Mg. × 100) 

 
Our result also suggests that methanol extract of 
Hymenocardia acida leaves prevents the decline 

in serum electrolyte concentrations associated 
with Aminoglycosides. The lower value of serum 
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sodium observed with the Gentamicin- alone 
treated group indicated the inability of the kidney 
to conserve sodium and chloride. Haemodilution 
too may be involved in the fall of sodium value 
via excess of water intake and or increased 
production of endogenous water. The increase in 
the level of Potassium may be due to its reduced 
excretion aggravated by leakage of intracellular 
potassium into blood stream as a result of 
gentamicin induced lesions in the renal tubular 
epithelium. The present results are in harmony 
with the data obtained by [24] and [25]. 
Apoptosis plays a major role in kidney 
embryogenesis, resulting in large-scale cell 
death during development [26]. By contrast, in 
the adult and under normal circumstances, 
evidence of apoptosis is seldom found in the 
kidney, where the rate of cell turnover is very 
low. However, there are a number of 
documented cases related to kidney insult in 
both pathology and toxicology where the renal 
tissue, in particular the tubular epithelium, 
exhibits a substantial increase of apoptotic cells 
[27,28]. The extract at doses of 200 and 400mg/ 
kg was able to return the levels of the 
electrolytes to near normal. 
 
Histopathological examination of the kidney 
tissues revealed various pathological signs such 
as congestion, focal areas of inflammation, 
tubular necrosis, and glomerular atrophy in the 
gentamicin- alone treated group.  The extract at 
the doses administered was able to reverse 
some of these observations. This observation 
further proofs the nephro- protective effect of the 
extract. 
 

5. CONCLUSIONS 
 
Our findings have provided strong evidence that 
methanol extract of Hymenocardia acida leaves 
possesses protective effects against gentamicin- 
induced nephrotoxicity in rats. This protective 
effect might be due to its reported antioxidant 
and anti-inflammatory properties or other 
pathways which require further studies.  
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