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Ethanolic leaf extract of Ipomoea aquatica Forsk 
abrogates cisplatin-induced kidney damage in albino rats 
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Introduction
Cisplatin (CPT) is a very effective chemotherapeutic 
platinum compound used for the treatment of cancer 
(1). It is useful for the treatment of cancers of the head, 
neck, ovary, testis, and lung (2). However, the use of CPT 
in combating cancer is limited by the development of 
numerous reversible and irreversible adverse effects (3). 
The efficacy of CPT is dose dependent, but the significant 
risk of nephrotoxicity frequently hinders the use of higher 
doses to maximize its antineoplastic effect (4). The kidney 

excretes CPT. However, on entering the kidney, it is 
concentrated in the renal tubular cells via organic cation 
transporter 2 (5) where it undergoes metabolic activation 
to a more potent toxin (6). Nephrotoxicity due to CPT is 
characterized by tubular damage, affecting renal proximal 
and distal tubules. Tubular damage may range from a 
mere loss of brush border of epithelial cells to an overt 
tubular necrosis in severe cases. Tubular damage causes 
impaired reabsorption, which underlies the proteinuria, 
hypomagnesemia and hypokalemia observed with CPT 
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Implication for health policy/practice/research/medical education:
This study evaluated the protective effect of the ethanolic leaf extract of I. aquatica against a rat model of cisplatin-induced kidney 
damage. This study observed that the ethanolic leaf extract of  I. aquatica attenuate  cisplatin-induced kidney damage in a dose-
dependent manner. This shows that the ethanolic leaf extract of I. aquatica contains essential constituents that can be used for the 
treatment cisplatin associated kidney damage. 
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Introduction: The efficacy of cisplatin (CPT) is dose dependent, but the risk of nephrotoxicity 
hinders the use of higher doses to maximize its antineoplastic effect. Ipomoea aquatica Forsk 
(IA) is a medicinal plant used in folklore for the treatment of many ailments. 
Objectives: This study assessed the protective effect of the ethanolic leaf extract of I. aquatica 
(EEIA) against a rat model of CPT-induced kidney damage. 
Materials and Methods: Fifty-four adult albino rats used for this study were randomized into 
9 groups of 6 rats each. Rats were orally pretreated with 100, 200 and 400 mg/kg of EEIA 
daily for 7 days and were administered with 6 mg/kg of CPT intraperitoneally (ip) on the fifth 
and seventh day. On the eighth day, rats were sacrificed, blood was collected, and kidneys 
were excised. Plasma was extracted from blood and evaluated for renal function indices while 
kidneys were evaluated for oxidative stress markers and histology.
Results: The effects of CPT on the body and kidney weights were not significant (P > 0.05) when 
compared to control. However, CPT-induced kidney damage showed significant (P < 0.05) 
increases in creatinine, urea, uric acid, and malondialdehyde levels when compared to control. 
Furthermore, significant (P < 0.05) decreases in superoxide dismutase, catalase, glutathione, 
glutathione peroxidase, total protein, albumin, sodium, chloride, potassium and bicarbonate 
levels were obtained in CPT-treated rats when compared to control. The kidneys of CPT-
treated rats were marked by extensive tubular necrosis. However, CPT-induced nephrotoxic 
effects were significantly (P < 0.01; 0.05) and in a dose- dependent manner reversed in EEIA 
pretreated rats.
 Conclusion: The ethanolic leaf extract of I. aquatica Forsk contains essential constituents that 
can be used to treat CPT associated kidney injury. 
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administration. In addition, nephrotoxicity due to CPT 
often progresses with reduced glomerular filtration 
rate and increased serum creatinine and urea (7). The 
mechanism of CPT-induced nephrotoxicity is not fully 
understood. However, some studies suggest the induction 
of oxidative stress (8), leading to epithelial cell damage, 
injury to nuclear and mitochondrial DNA, activation of 
multiple cell death, survival pathways and the initiation of 
inflammatory response (9).

Ipomoea aquatica (IA) which belongs to family 
Convolvulaceae is a perennial herb found throughout Asia 
and Africa. It is considered to have a wide distribution and 
grows in moist soils as well as the side-lines of fresh water, 
ditches, lakes, ponds, marshes and wet rice field (10). It is 
used in folklore for the treatment of many ailments, which 
include inflammation, fever, jaundice, biliousness, and 
bronchitis. In addition, it is used for the treatment of febrile 
delirium, piles, hypertension, diabetes, constipation, and 
microbial infections (10). Pharmacological evaluations 
in animal model have shown that it has anti-diabetic, 
anti-inflammatory, anti-hypertensive, antimicrobial, 
anticancer and antioxidant activities(10). The basic 
preliminary phytochemical screening of IA shows the 
presence of various phytochemicals such as flavonoids, 
amino acids, alkaloids, lipids, steroids, saponin, phenols, 
reducing sugar, tannins, β-carotene, glycosides, and 
quercetin (11). Phenolics, flavonoids and tannins, are 
natural antioxidants with potential role in the prevention 
and treatment of diseases (12). Flavonoids are a group of 
natural poly-phenolic compounds found in plants and 
have a variety of biological effects and play important 
roles in the detoxification of free radicals and can prevent 
drug-induced nephrotoxicity (13). 

Objectives
The present study evaluated the effect of the ethanolic 
leaf extract of Ipomoea aquatica Forks (EEIA) on CPT-
induced kidney damage in albino rats which has not been 
evaluated.

Materials and Methods
Animals, drugs and preparation of plant material
Fifty-four adult albino rats of either sex, weighing 210-
225 g, purchased from the animal house of the Faculty of 
Pharmacy, Madonna University, Elele were used for this 
study. Rats were divided into 9 groups of six rats each 
housed in cages under a 12 h light/ dark cycle and had 
free access to diet and water ad libitum. The rats were 
allowed to acclimatize for one week. CPT injection (Sun 
Pharmaceutical India) was used to induce renal toxicity. 
The leaves of Ipomoea aquatica Forks (IA) were harvested 
and authenticated. The leaves of IA were cleaned and dried 
in shade and powdered by a mechanical grinder. For the 
preparation of ethanolic extract, 350 g of IA powder was 
added to 1000 mL of ethanol and macerated for 24 hours 
and filtered. The extract was filtered through Whatman 

No. 1 paper and evaporated under reduced pressure 
using a rotary evaporator to an extract. The yield (40.9 g) 
was kept in a bottle with a tight-fitting cover until it was 
needed for the study. 

Phytochemical analysis of Ipomoea aquatica Forsk
The tests for carbohydrate, protein, tannins, saponins, 
steroids, flavonoids, terpenoids, alkaloids, and glycosides 
were carried out based on procedures outlined by Trease 
and Evans (14).

Dose selection, drug administration and animal sacrifice
CPT (6 mg/kg) intraperitoneally (ip) was used for the 
induction of nephrotoxicity (15) while 100, 200 and 400 
mg/kg of EEIA were used for the study (16). Group A 
(solvent control) was treated with 0.2 mL of normal saline 
whereas group B (placebo control) was treated with 0.2 
mL of corn oil. Groups C-E were orally treated with 100, 
200 and 400 mg/kg of EEIA daily for 7 days respectively. 
Group F was treated with 6 mg/kg of CPT intraperitoneally 
(ip) on the fifth and seventh day. Groups G-I were orally 
pretreated with 100, 200 and 400 mg/kg of EEIA daily for 7 
days respectively while 6 mg/kg of CPT was administered 
ip on the fifth and seventh day. The rats were allowed for 
an overnight fast and sacrificed on the eighth day. 

Biochemical and antioxidant assay 
Blood was obtained after the rats were euthanized and 
centrifuged at 4000 rpm for 15 minutes. The resulting 
plasma was analyzed for renal function indexes (creatinine, 
urea, uric acid, total protein and albumin) using standard 
laboratory test kits. Kidneys were harvested, weighed 
and homogenized with 10 mL of sucrose solution (0.25 
M) using electric homogenizer. The homogenate was 
centrifuged at 3000 rpm for 20 minutes and the supernatant 
was collected for the assessment of antioxidant levels. 
Kidney malondialdehyde was assayed according to Buege 
and Aust (17) while reduced glutathione was evaluated 
using the method of Sedlak and Lindsay (18). Superoxide 
dismutase was assessed as reported by Sun and Zigma 
(19) while catalase was analyzed as described by Aebi 
(20). Glutathione peroxidase was evaluated as reported 
by Rotruck et al (21) while total protein was measured as 
described by Gornall et al (22).

Histological examination of the kidney
Kidney samples were taken and fixed in 10% neutral 
buffered formalin for 24 hours and decalcification was 
carried out using formic acid. The kidneys were dehydrated 
in serial dilutions of alcohol. Kidney specimens were 
cleared in xylene and embedded in paraffin. Paraffin 
wax tissue blocks were prepared for sectioning at 4 μm 
thicknesses by a sledge microtome. The obtained tissue 
sections were collected on glass slides, deparaffinized, 
stained with hematoxylin and eosin, and then examined 
using light electric microscope for pathology.
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Ethical issues
This project was approved by Ethics Committee of 
Niger Delta University, Bayelsa State Nigeria. Prior to 
the experiment, the protocols were confirmed to be 
in accordance with the guidelines of Animal Ethics 
Committee of Niger Delta University.

Statistical analysis
Statistical analysis was performed using SPSS 18 
software (SPSS Inc, Chicago, IL). Results are presented as 
mean ± standard error of mean (SEM). Differences among 
groups were conducted using ANOVA followed by Tukey’s 
post hoc test. Values of P < 0.05; 0.01 were considered 
significant.

Results
The phytochemical analysis of EEIA shows the presence of 
the following constituents; tannins, saponins, flavonoids, 
alkaloids, protein, phenols, glycosides and carbohydrate. 
Rats administered with CPT and EEIA did not show 
significant (P > 0.05) changes in body and kidney weights 
in comparison to control (Table 1). Also, effects were 
not significant (P > 0.05) on plasma creatinine, urea, uric 
acid, total protein and albumin in rats administered with 
EEIA when compared to control. On the contrary, plasma 
creatinine, urea and uric acid were significantly (P < 0.05) 

increased whereas total protein and albumin levels were 
significantly (P < 0.05) decreased in CPT administered rats 
when compared to control (Table 2). However, the levels of 
these plasma parameters were significantly (P < 0.01; 0.05) 
reversed in a dose dependent manner in rats pretreated 
with EEIA prior to the administration of CPT (Table 2). 
Furthermore, in rats treated with EEIA, plasma sodium, 
chloride, potassium and bicarbonate levels were not 
significantly (P > 0.05) different from the control. However, 
lower and significant (P < 0.05) levels of plasma sodium, 
chloride, potassium and bicarbonate were observed in 
CPT-treated rats when compared to control. On the other 
hand, these parameters were significantly (P < 0.01; 0.05) 
restored in a dose-dependent manner in EEIA pretreated 
rats (Table 3). In EEIA treated rats, the kidney levels of 
malondialdehyde (MDA), glutathione (GSH), catalase 
(CAT), superoxide dismutase (SOD) and glutathione 
peroxidase (GPX) did not differ significantly (P > 0.05) 
from the control. On the contrary, SOD, CAT, GSH and 
GPX levels were significantly (P < 0.05) decreased whereas 
MDA levels were significantly (P < 0.05) increased in CPT-
treated rats when compared to control (Table 4). However, 
the kidney levels of these parameters were significantly 
(P < 0.01; 0.05) reversed in a dose-dependent manner in 
rats pretreated with EEIA prior to the administration of 
CPT (Table 4). The micrograph of the kidney of the control 

Table 1. Effects of Ipomoea aquatica on body and kidney weights of cisplatin-treated albino rats

Dose  (mg/kg) Initial body weight (g) Final body weight (g)  Kidney  weight (g) Relative kidney  weight (%) 

Control 220.7±12.0 230.5±12.3 0.76±0.07 0.32±0.03
EEIA 100 210.5±13.1 221.6±11.9 0.80±0.02 0.36±0.09

EEIA 200 225.4±11.5 235.0±12.1 0.75±0.05 0.32±0.04

EEAA 400 215.3±10.3 222.4±13.2 0.82±0.04 0.37±0.03

CPT 6 225.9±12.6 235.6±10.4 0.76±0.07 0.32±0.08

EEIA 100 + CPT 220.5±10.1 229.7±11.2 0.81±0.03 0.35±0.04

EEIA200 + CPT 225.1±13.2 232.5±12.8 0.84±0.06 0.36±0.02
EEIA400 + CPT 220.8±12.7 230.9±13.3 0.79±0.03 0.34±0.07

EEIA, ethanolic leaf extract of Ipomoea aquatica; CPT, cisplatin.
Values are represented as mean ± SEM, n=6.

Table 2.  Effect of Ipomoea aquatica on plasma renal function indices of cisplatin-treated albino rats

Dose (mg/kg) Urea (mg/dL) Creatinine (mg/dL) Uric acid (mg/dL) Total protein (g/dL) Albumin (g/dL)

Control 28.3±2.22 1.40±0.55 1.32±0.17 8.54±0.82 5.44±0.35
EEIA100 27.5±2.13 1.37±0.40 1.30±0.70 8.55±0.53 5.46±0.46

EE1A 200 28.5±2.52 1.35±0.31 1.29±0.53 8.59±0.40 5.49±0.35

EE1A 400 25.4±2.20 1.34±0.23 1.26±0.62 8.60±0.59 5.50±0.51

CPT6 98.1±8.11a 6.70±0.32 a 7.43±0.47a 2.21±0.71 a 1.00±0.60 a

EE1A100 + CPT 60.9±7.32b 4.32±0.72b 4.41±0.43b 3.71±0.56b 3.19±0.80b

EE1A 200 + CPT 42.4±4.14c 2.50±0.53c 3.62±0.79c 5.50±0.68c 4.65±0.41c

EE1A 400 + CPT 29.8±2.63c 1.51±0.27c 1.48±0.62c 7.65±0.47c 5.37±0.72c

EEIA, ethanolic leaf extract of Ipomoea aquatica; CPT, cisplatin.
Values are represented as mean ± SEM, n=6.
a Significant (P < 0.05) difference when compared to control. b Significant (P < 0.05) difference when compared to CPT-treated rats. c Significant 
(P < 0.01) difference when compared to CPT-treated rats. 
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rat showed normal histology (Figure 1A). Additionally, 
the micrograph of the kidney of rats administered with 
400 mg/kg of EEIA showed normal histology (Figure 
1B). In contrast, the kidney of rat administered with CPT 
showed extensive tubular necrosis (Figure 1C). However, 
the kidneys of rats pretreated with 100, 200 and 400 mg/kg 
of CPT prior to the administration of CPT showed acute 
tubular necrosis (Figures 1D to 1F).

Discussion 
The phytochemical screening of EEIA shows the 
presence of tannin, saponins, flavonoids, alkaloids, 
protein, phenols, glycosides and carbohydrate. This 
observation is in agreement with previous findings (23). 
The comparison between organ weights of treated and 
untreated groups of animals has conventionally been used 
to evaluate the toxic effects of chemical substances (24). 
The present study did not observe significant changes in 
the body and kidney weights of rats administered with 
CPT and EEIA. Creatinine is a non-protein nitrogenous 
waste product produced from the breakdown of creatine 
and phosphocreatine which serves as an indicator of renal 
function (25). Urea is a sensitive biomarker used in the 
assessment of renal tissue damage (26). Uric acid is the 
final oxidation product of purine metabolism and is renally 
excreted. Its level is usually elevated in kidney disease 

(27). In the present study, the plasma levels of creatinine, 
urea and uric acid were normal in rats administered with 
EEIA. However, the plasma levels of these parameters were 
elevated in CPT treated rats. This observation is consistent 
with previous findings (28). On the other hand, elevations 
in the plasma levels of creatinine, urea and uric acid in 
CPT treated rats were abrogated in a dose dependent 
fashion in rats pretreated with EEIA. The quantification 
of proteinuria (the majority of which is usually albumin) 
is now a central part of screening for kidney disease (29). 
This study observed normal levels of plasma total protein 
and albumin in EEIA-treated rats. On the contrary, the 
levels of total protein and albumin were abnormally 
decreased in CPT-treated rats. This finding is in agreement 
with previous study (30). However, this observation 
was abrogated in a dose-dependent fashion in rats 
pretreated with EEIA. Plasma electrolytes play important 
physiological roles in enhancing enzyme activities, 
creating electrical gradients, promoting several metabolic 
and cellular activities, and ensuring normal homeostasis. 
Therefore, distortions in electrolytes may lead to clinical 
abnormalities (31). The current study observed normal 
levels of plasma electrolytes (sodium, chloride, potassium 
and bicarbonate) in EEIA administered rats. However, 
plasma electrolytes were decreased in CPT-treated rats. 
This is in line with previous reports (32). In contrast, 

Table 3.  Effect of Ipomoea aquatica on plasma electrolytes of cisplatin-treated albino rats

Dose (mg/kg) K+ (mmo/L) Cl- (mmo/L) Na+ (mmo/L) HCO3- (mmo/L)

Control 3.47±0.61 121.0±10.5 180.8±13.4 26.4±2.24
EEIA 100 3.46±0.59 120.7±12.7 187.3±14.0 27.7±2.52

EEIA 200 3.48±0.32 125.9±11.0 180.6±12.5 25.3±2.00

EEIA 400 3.40±0.44 127.6±10.5 185.7±13.7 28.6±2.46

CPT6 1.00±0.57a 40.9±3.96 a 61.7±4.55 a 10.4±1.00 a

EEIA 100 + CPT 1.54±0.44b 61.9±4.22b 95.6±7.32b 14.7±1.17b

EEIA 200 + CPT 2.02±0.65c  90.6±7.57c 130.1±14.0c 21.0±2.51c

EEIA 400 + CPT 3.36±0.31c 110.5±10.7c 179.6±15.1C 25.2±2.63c

EEIA, ethanolic leaf extract of Ipomoea aquatica; CPT, cisplatin.
Values are represented as mean ± SEM, n=6.
a Significant (P < 0.05) difference when compared to control. b Significant (P < 0.05) difference when compared to CPT-treated rats. c Significant 
(P < 0.01) difference when compared to CPT-treated rats. 

Table 4. Effect of Ipomoea aquatica on kidney oxidative stress indicators of cisplatin- treated albino rats

Dose (mg/kg) MDA (nmol/mgprotein) GSH (µg/mgprotein) CAT (U/mgprotein) SOD (U/mgprotein) GPX (µg/mgprotein)

Control 0.18±0.09 14.7±0.43 24.0±2.11 35.0±4.00 25.3±2.54
EEIA 100 0.16±0.01 16.2±0.31 25.4±2.65 37.1±3.17 26.9±2.00
EEIA 200 0.13±0.06 15.6±1.00 25.8±3.52 36.6±2.58 28.0±3.57
EEIA 400 0.12±0.03 17.0±2.17 27.0±4.32 39.7±3.11 29.1±3.36
CPT6 3.00±0.08a 4.16±0.33 a 6.06±0.21 a 9.32±0.24 a 5.05±0.14 a

EEIA 100+ CPT 2.53±0.04 b 6.53±0.47 b 9.42±1.11 b 15.4±2.07 b 8.1±0.28 b

EEIA 200+ CPT 1.42±0.03c 9.72±0.24c 14.6±1.52c 22.5±3.20c 14.2±1.00c

EEIA 400+ CPT 0.31±0.05 c 13.1±0.57 c 20.7±2.00 c 30.2±2.70 c 20.9±2.31 c

EEIA, ethanolic leaf extract of Ipomoea aquatica; CPT, cisplatin.
Values are represented as mean ± SEM, n=6.
a Significant (P < 0.05) difference when compared to control. b Significant (P < 0.05) difference when compared to CPT-treated rats. c Significant 
(P < 0.01) difference when compared to CPT-treated rats. 

http://www.jnephropharmacology.com


Journal of Nephropharmacology, Volume 8, Number 1, 2019http://www.jnephropharmacology.com 5

Ipomoea aquatica and nephrotoxicity

plasma electrolytes were restored in EEIA pretreated 
rats. The main enzymes participating in oxidative stress 
reduction process are SOD, CAT, GSH and GPX. SOD 
and CAT are collectively involved in the degradation of 
superoxide anion to hydrogen peroxide and finally to water 
(33). GPX decreases hydrogen peroxide and transforms 
lipoperoxide and other organic hydroperoxides into their 
corresponding less reactive hydroxylated compounds (34). 
These enzymes form a frontline defense against oxidative 
stress; therefore, decreases in their activities may result in 
several deleterious effects (35). 

In the current study, EEIA treated rats showed normal 
kidney SOD, CAT, GSH and GPX levels. However, CPT 
treated rats showed decreased SOD, CAT, GSH and GPX 
levels. The observation in CPT treated rats is consistent 
with previous reports (36). On the other hand, the levels 
of SOD, CAT, GSH and GPX were restored in a dose 
dependent fashion in rats pretreated with EEIA. MDA 
is one of the most abundant aldehyde generated during 
secondary lipid oxidation that is commonly used as a 
lipid peroxidation marker. It is highly toxic and can alter 
or cross-link a variety of biological macromolecules 
producing mutagenic/carcinogenic effects (37). In this 
study, normal MDA levels were observed in EEIA-treated 
rats, in contrast, elevated levels of MDA were observed in 
CPT treated rats. The observation in CPT treated rats has 
been previously reported (38). However, MDA levels were 
restored in EEIA pretreated rats. It is imperative that CPT-
induced alterations in biochemical indices be correlated 
with renal histology. Therefore, the kidneys of CPT treated 
rats were examined and results showed extensive tubular 
necrosis. This observation is in agreement with previous 
reports (39). However, the observed kidney damage in 
CPT treated rats was ameliorated in EEIA pretreated rats. 
The mechanism of CPT-induced nephrotoxicity is not 

fully understood (40). However, renal tubular injury and 
death (apoptosis and necrosis) were the main pathological 
events reported in CPT associated nephrotoxicity (41). 
CPT is known to damage cell mitochondria, arrest cell 
cycle in the G2 phase, inhibit ATPase activity and alter 
cellular transport system. These actions can eventually 
induce apoptosis, necrosis and cell death (41). It has also 
been proposed that CPT binds to GSH resulting in CPT-
GSH complex formation in tubules stimulating renal lipid 
peroxidation (42). CPT interacts with thiol groups and 
macromolecules and causes significant oxidant loading 
on the kidney resulting in accelerated oxidative and 
nitrosative stress (43). In the present study, the observed 
ameliorative effect of EEIA against CPT-induced renal 
toxicity is in consonance with the protective effect of 
EEIA on gentamicin-induced renal toxicity in albino rats 
reported by Sharmin et al (44). The ameliorative effect 
of EEIA could be attributed to its ability to inhibit CPT-
induced oxidative and nitrosative stress in renal tissues of 
treated rats. Studies showed that EEIA has the ability to 
scavenge free radicals, up-regulate antioxidant activities 
and inhibits the production of pro-inflammatory 
mediators. These effects have been attributed to its 
phytochemical constituents especially phenolics, 
flavonoids, β-carotene and tannins. β-carotene has been 
reported to have antioxidant and anti-inflammatory 
effects (45). Flavonoids can quench free radicals, suppress 
enzymes associated with free radical generation and 
stimulate internal antioxidants (46). Phenolic compounds 
scavenge free radicals, donate hydrogen and serve as 
reducing agents (47,48). 

Conclusion
The ethanolic leaf extract of I. aquatica Forsk contains 
essential phytochemical substances that can ameliorate 

Figure 1. (A) Kidney of the control rat showing normal histology. (B) Kidney of rat administered orally with 400 mg/kg of ethanolic leaf extract 
of Ipomoea aquatica daily for 7 days showing normal histology. (C) Kidney of rat administered with 6 mg/kg of CPT intraperitoneally showing 
extensive tubular necrosis. (D-F) Kidneys of rats pretreated orally with 100, 200 and 400 mg/kg of the ethanolic leaf extract of Ipomoea aquatica 
for 7 days prior to the administration of 6 mg/kg of CPT intraperitoneally showing acute tubular necrosis (H&E 100X).

A

D

B C

FE

http://www.jnephropharmacology.com


Journal of Nephropharmacology, Volume 8, Number 1, 2019 http://www.jnephropharmacology.com6 

Bokolo B and Adikwu E

CPT associated kidney injury. 
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