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Abstract

This study aimed to evaluate the effects of aqueous and methanolic extracts of Commelina diffusa on gentamicin
induced-nephrotoxicity in rats. Nephrotoxicity was induced by intraperitoneal injection of gentamicin (80 mg/kg) for 10
days. Simultaneous, extracts were administered at doses of 100 and 200 mg/kg. Silimaryn (100 mg/kg) was used as
reference drug. At the end of the experimental period, body weight, kidney weight, urine output, biochemical and
antioxidants parameters were evaluated; kidney tissues were also examined. Results showed that gentamicin induced
nephrotoxicity confirmed by a significant (p <0.05 to p <0.001) increased in serum urea, sodium and creatinine levels,
and a significant (P<0.05) decreased of urine creatinine level in negative control group. In the same group, the activities
of superoxide dismutase and catalase, and the levels of gluthation and serum protein were significantly decreased while
malondialdehyde level was increased compared to normal control. Aqueous and methanolic extracts of C. diffusa
significantly reversed all the altered parameters. Histopathological examination of kidney tissues revealed that aqueous
extract of C. diffusa at dose of 200 mg/kg repaired the renal damage induced by gentamicin. In conclusion, aqueous and
methanolic extracts of C. diffusa possess nephroprotective effects.
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tubular epithelial cells [6]. One of the principal

INTRODUCTION elements that intermediates gentamicin-induced renal

The large blood flows of the kidney and its
ability to extract and concentrate hydrosoluble toxic
molecules, prone to kidney damage [1]. Renal failure
represents one of the major problems in the world, and
renal damage is very common since Kidney excretes
toxic substances. The Global Burden of Disease 2015
study estimated that, in 2015, 1.2 million people died
from kidney failure, an increase of 32% since 2005 [2].
The kidney damage is usually a consequence of tubular
obstruction caused by cell swelling or debris deposition
[3]. Several studies have shown that toxic substances
can damage various cell types in kidney.

Gentamicin  (GM) is an aminoglycoside
antibiotic with a wide spectrum of activities vastly used
in the treatment of Gram-negative bacterial infections
[4]. But its usefulness is limited due to its serious side
effects such as nephrotoxicity [5]. The central aspect of
GM nephrotoxicity is tubular cytotoxicity. This
cytotoxicity is related to apoptosis as well as necrosis of

impairment is reactive oxygen species (ROS) [7]. ROS
produce cellular injuries and tissue death via several
mechanisms including peroxidation of membrane
lipids; protein denaturation and Deoxyribonucleic acid
(DNA) damage [8].

Herbs have been used as alternative medicines
in various diseases [9]. Commelina diffusa is a
pantropical herbaceous medicinal plant in the dayflower
family [10]. It is widely distributed throughout
Bangladesh and other South Asian countries and in
Africa. In Chinese traditional medicine it is used to
reduce swelling and inflammation [11]. In Asia, Africa
and America it is commonly used to treat urinary
infections, diarrhea, hemorrhoids, enteritis, eye
irritation, conjunctivitis, ophthalmia, laryngitis, sore
throats, otitis media and nose bleeding [12,13].
Throughout Latin America the plant parts are used in
dermatitis and Burns [14]. Phytochemical studies have
shown that C. diffusa contains high proportion of
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flanonoids, alkaloids, phytosterols and triterpernoids
[15,16]. Flavonoids are known to counteract the
oxidation pressures caused by toxic compounds in the
human body and work to neutralize them. However,
there is no pharmacological study on the possible
nephroprotective effect of Commelina diffusa against
GM induced renal damage in rats. Therefore, the
present study was conducted to evaluate the effects of
aqueous and methanolic extracts of C. diffusa in
gentamin-induced nephrotoxicity in  Wistar rats
intoxicated.

MATERIALS AND METHODS
Drugs and chemicals

Different solvents and kits for biochemical
assay were purchased from Geochim laboratory Ltd,
Bafoussam, Cameroon. Silymarin was purchased from
Sigma Aldrich, Saint Louis, USA. Gentamicin was
purchased from a local pharmacy store.

Plant material

The whole plant was collected in Dschang,
(West Cameroon) in February (2017) and authenticated
at the National Herbarium of Cameroon by comparison
to the voucher specimen number SRFC/35189.

Preparation of plant extracts

The whole plant was dried at room
temperature away from sun light and ground into a
coarse powder using an electric blender. This powder
was used to prepare the aqueous and methanolic
extracts.

Aqueous extract preparation

Five hundred grams (500 g) of powder of C.
diffusa were mixed with 5L of distilled water and the
mixture was boiled for 40 min. After cooling, the
solution was filtered with a whatmann paper N°1. The
filtrate was evaporated in the oven at 45°C to obtain 59
g of crude extract.

Methanolic extract preparation

Four hundred grams (400 g) of powder were
macerated in 3 L of methanol for 24h. The macerate
obtained was filtrated and then evaporated at 65°C
using rotary evaporator to obtain 13.6 g of methanolic
extract.

Animals

Male Wistar albino rats aged 10 to 12 weeks
and weighing between 200g and 220g were raised in the
Animal House of Department of Animal Biology of
Faculty of Science, University of Dschang, Cameroon
under natural temperature and normal day/night cycle.
They received standard food and water ad libitum. All
animal procedures were conducted with strict adherence
to the NIH Guide for the care and use of laboratory
animas (NIH Publication 85-23 Rev. 1985).

Experimental design and procedures

Forty two (42) rats were divided into seven
groups of six rats each: group 1 or normal control
received distilled water; group 2 or negative control
received distilled water; group 3 or positive control
received silymarin (100 mg/kg/day); groups 4 and 5
were treated with aqueous extract of C. diffusa (AECD)
at doses of 100 and 200 mg/kg respectively and groups
6 and 7 were treated with methanolic extract of MECD
C. diffusa at same doses. All these treatment were
administered daily for 10 consecutive days. During the
ten days the rats of group 1 were injected with saline
solution while all other groups received intraperitoneal
injection of gentamicin (80 mg/kg).

On day 11" each animal were kept in
individual metabolic cages for 24 hours for urine
collection.

Blood sample collection and biochemical analysis

At the end of the experiment, animals were
anesthetized by intrapertoneal injection of Diazepam (5
mg/kg) followed by Ketamine hydrochloride (50
mg/kg). The abdominal cavity was opened; blood
samples were collected by catheterism of abdominal
artery in non-heparinized test tubes and were
centrifugated at 3000 rpm for 15 min. Serum obtained
was stored at -20°C until it was used for the estimation
of electrolytes (Na*, K* and CI), urea, creatinine, and
total protein. Creatinine was also measure in the urine.
After blood collection sample, kidneys were collected,
blotter dried, weighed. The right kidney was excised
transferred into 10% neutral buffered formalin for
histological examination, while the left kidney was used
for antioxidant studies.

Antioxidant parameters estimations

Left kidney excised was homogenized in cold
50 mM potassium phosphate buffer (pH 7.4) at a
concentration 15% (w/v) using homogenizer. The
unbroken cells and cell debris were removed by
centrifugation at 1000 rpm for 10 min using a
refrigerated centrifuge. After this stage, the homogenate
was subjected to centrifugation (6000 rpm for 15 min)
and the supernatant was used for the estimation of
gluthation (GSH), malondialdehyde (MDA) and the
activities of superoxide dismutase (SOD) and catalase
(CAT).

Histological study

Kidney tissues were taken from animals after
sacrificed. The tissues were washed with ice-cold saline
solution to remove blood, fixed immediately in 10%
neutral buffered formalin, dehydrated in different
grades of alcohol, embedded in paraffin wax, sectioned
at 4-6 pum thick, stained with Haematoxylin and Eosin
and cleared in xylene; then examined microscopically.
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STATISTICAL ANALYSIS

Results were expressed as the Mean =
Standard Error Mean (S.E.M.). Data were analyzed by
one way Analysis of Variance (ANOVA) using Graph
Pad Prism versus 5.0. The means were separated and
compared by Tukey post-test. p<0.05 was considered as
statistical significant.

RESULTS
Effects of AECD and MECD on body weight, kidney
weight and urine volume

Ten days injection of GM (80 mg/kg)
significantly reduced (p<0.01) the body weight and
increased (p<0.001) the relative kidney weight of rats.
C. diffusa extracts and silymarin significantly (p<0.5;
0.01; 0.001) reversed these altered parameters (Tablel).

Rats of negative control group showed non-
significant increase of urine volume when compared to
normal control group; while that of rats treated with C.
diffusa extracts at dose of 200 mg/kg significantly
increased.

Table-1: Effect of AECD and MECD on body weight, kidney weight and urine volume

Group/Treatment (mg/kg) | Mean body weight (%) | Relative Kidney weight | Urine output volume
(9/100g bw) (ml/100g bw)
Normal Control 123.00+ 2.42 0.32+0.00 2.30+0.19
Negative control (GM) 96.39+0.60° 0.49+0.07° 4.07+0.56
Silymarin 100 + GM 112.40+1.40" 0.36+0.01" 3.05+0.55
EACD 100 + GM 106.10+0.79° 0.35+0.03" 4.81+0.88
EACD 200 + GM 104.71+1.36" 0.38+0.01° 5.78+1.28°
MECD100 + GM 108.40+2.24" 0.34+0.02" 4.10£0.55
MECD 200 + GM 106.20+1.62° 0.33+0.02" 5.28+0.88°

Values are represented as Mean + S.E.M. °p<0.001: significant difference compared to normal control group; ap<0.03, *p<0.01,
"P<0.001: significant difference compared to negative control group. AECD= Aqueous extract of Commelina diffusa,
MECD=Methanolic extract of Commelina diffusa. GM= Gentamicin.

Effects of the AECD and the MECD on serum
parameters

As shown in Table 2, GM significantly
(p<0.05 to p<0.001) increased the serum creatinine and
serum urea level while the urine creatinine level was

silymarin significantly (p<0.001) decreased the serum
creatinine and urea level. Otherwise, extracts
significantly (p<0.05 to p<0.001) increased the urine
creatinine level compared to the negative control group.
They also significantly increased (p<0.05) the

significantly reduced. MECD (200 mg/kg) and creatinine clearance, reduced by daily injection of GM.
Table-2: Effects of AECD and MECD on serum parameters
Group/Treatment - . . Creatinine
Serum creatinine Urine creatinine Serum urea
(mga/kg) (mg/dl) (mg/dl) clearance (mg/ml)
g g (ml/min) g
Normal Control 163.3 + 15.85 554.41 + 67.71 0.05+0.01 98.69 £ 3.71
Negative control 300 +24.22° 182.42 +21.971° 0.023 + 0.00 142.20 + 13.63°
Silymarin 100 + GM 103.30 + 24.45" 564.00 + 13.62" 0.20£0.12 120.50 £ 5.89
EACD 100 + GM 226.70 + 37.24 596.80 + 50.97" 0.052 +0.01 94.64 + 4.54"
EACD 200 + GM 253.30 + 16.06 462.41 + 78.74" 0.08 £ 0.02 99.00 + 6.42°
MECD100 + GM 293.30 £ 12.29 513.60 + 27.56" 0.05 £ 0.01 95.20 + 4.46"
MECD 200 + GM 186.70 + 15.20" 396.00 + 57.90 0.07 £0.01 90.66 + 6.67"

Values are represented as Mean + S.E.M. °p<0.01, °p<0.001: significant difference compared to normal control group; *p<0.05,
£p<0.01; "p<0.001, significant difference compared to negative control group. AECD= Aqueous extract of Commelina diffusa,
MECD=Methanolic extract of Commelina diffusa. GM= Gentamicin

Effect of AECD and MECD on serum electrolytes
Serum concentration of sodium significantly
(p<0.05) increased after injection of GM (80 mg/kg).
Treatment with AECD (100 mg/kg) and MECD (200
mg/kg) significantly (p<0.01) reduced the sodium level

of rats when compared to negative control group. GM
(80 mg/kg) did not cause any significant change on
serum potassium and chloride level. However MECD
(100 mg/kg) significantly (p<0.05) reduced the chloride
level of rats compared to control groups (Table 3).
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Table-3: Effect of AECD and MECD on serum electrolytes

Group/Treatment (mg/kg) Serum sodium Serum potassium Serum chloride
(MEg/L) (MEg/L) (MEg/L)
Normal Control 152.30 + 0.33 4.80+0.28 112.70+0.33
Negative control (GM) 154.00 +0.0° 4.25+0.08 111.80+0.91
Silymarin 100 + GM 151.30 £0.33° 4.46+0.27 112.00+0.51
EACD 100 + GM 150.50 +0.5" 4.12+0.28 109.00+1.39
EACD 200 + GM 153.21 +0.47 4.20+0.23 113.00+0.81
MECD100 + GM 152.80 +0.16 4.33+0.59 105.50+1.70"
MECD 200 + GM 150.71 +0.81" 4.53+0.25 109.30+1.97

Values are represented as Mean + S.E.M. ?p<0.05; ®p<0.01: significant difference compared to normal control group; “P<0.05;
"P<0.001, significant difference compared to negative control group. AECD= Aqueous extract of Commelina diffusa,
MECD=Methanolic extract of Commelina diffusa. GM= Gentamicin (80 mg/kg).

Effect of AECD and MECD on antioxidant
parameters

The mean values of MDA, SOD, CAT, GSH
and TP obtained at the end of the experimental period
are recorded in Table 4.

These results showed that daily injection of
GM (80 mg/kg) significantly (p<0.01) increased the
levels of MDA in the kidney tissue of rats. Treatment of
rats with C. diffusa and silymarin significantly
(P<0.001) decreased the level of MDA compared to
negative control group.

Animals of negative control group exhibited a
significant decrease (p<0.05) in SOD and CAT
activities in renal tissue when compared to their
corresponding normal control values. Aqueous and

methanolic extracts of C. diffusa at both doses and
silymarin (100 mg/kg) significantly (p<0.05; p<0.001)
increased the CAT and SOD activities when compared
to the nephrotoxic group. Only the AECD (100 mg/kg)
significantly (p<0.05) increased the activity of SOD in
renal tissue of rats when compared to the negative
control group.

Significant increased (p<0.05) of GSH was
obtain only with rats treated with silymarin when
compare to the negative control group.

GM (80mg/kg) injection reduced total proteins
of rats. AECD (100 mg/kg) and the MECD (100 mg/kg)
showed significant increase of TP when compare to the
negative group.

Table-4: Effects of the AECD and the MECD on antioxidant parameters in Gentamicin-induced nephrotoxic

albino rats
Group/Treatment GSH (umol/g | MDA (mol/mg CAT SOD (U/mg Total Protein
. . (mol/mg .

(mg/kg) tissue) tissue) tissue) protein) (g/dIl)
Normal control 4.86x0.06 0.14+0.02 0.1740.00 2.05+0.02 7.72 #1.10
Negative control 3.51+0.22 0.23+0.02" 0.11+0.01% 1.99+0.00° 2.10 +0.18

Silymarin 100 + GM 5.23+0.04" 0.10+0.00" 0.19+0.017 2.01+0.00 10.5+3.6
AECD 100 + GM 4.69+0.45 0.12+0.017 0.16+0.01° 2.16+0.07" 21.92 +6.66"
AECD 200 + GM 4.4040.02 0.12+0.017 0.16+0.01° 2.00+0.00 6.14 +0.79
MECD 100 + GM 4.60+0.68 0.10+0.017 0.17+0.01° 2.00+0.00 16.97 +2.60*
MECD 200 + GM 4.7840.30 0.11+0.027 0.19+0.017 2.00+0.00 12.03 +2.66

Values are represented as Mean + S.E.M. °p<0.01: significant difference compared to normal control group; *p<0.05, ¥p<0.01,
"p<0.001: significant difference compared to negative control group. AECD= Aqueous extract of Commelina diffusa,
MECD=Methanolic extract of Commelina diffusa. GM= Gentamicin (80 mg/kg).

Histological examination of the kidney tissues

The renal architecture is normal in the normal
control group of rats with renal normal cortex showing
normal corpuscle and tubules with little congestion of
cortical blood vessels (Fig.1.Control). In nephrotoxic
group, renal architecture showed cell damage
characterized by leucocytes infiltration (1), widening of
the Bowman’s capsule, tubular clarification (TC) and

mesangial expansion (ME) (Fig. 1.GM). In the AECD
groups leucocytes infiltration (1) were observed (Fig.1.
AE 100) whereas in the MECD groups the tubular
clarification (TC), inflammation and minimal mesangial
expansion (ME) were observed. In Silymarin treated
rats the renal architecture appeared to be normal
(Fig.1.SIL).
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Fig-1: Histological images of kidney of rats pretreated with Commelina diffusa extracts and silymarin in gentamicin-induced nephrotoxicity

I=Infiltration of leucocytes (Inflammation), G=Glomerulus, BC= Bowman’s capsule, D= Distal convoluted tubule,
P=Proximal convoluted tubule, ME=Mesangial Expansion, TC= tubular clarification.

DISCUSSION

GM is an aminoglycoside antibiotic with a
wide spectrum of activities. It is vastly used in the
treatment of Gram-negative bacterial infections [4].
However, it is one of the leading causes of drug-
induced nephrotoxicity [7]. The present study was
undertaken to evaluate the effects of AECD and MECD
on rat model of gentamicin-induced nephrotoxicity.
This is characterized by elevated levels of urea,
creatinine and uric acid in plasma, as well as severe
proximal tubular necrosis and renal failure [17].

A number of experimental studies in rats have
shown that the GM toxicity is related to the loss of body
weight and the increase of kidney weight. The body
weight loss may be attributed to dehydration and
anorexia due to acidosis following gentamicin
administration [18] while an increase of the kidney
weight might be attributed to inflammation [7]. In the
present study, intraperitoneal injection of GM
(80mg/kg) significantly (p<0.001) decreased the body
weight of rats and increased the relative kidney weight.
Similar results were obtained by Chinnala et al. [19]. It
has also been observed in this study that the GM has
increased the urine volume of rats. It is well known that
intraperitoneal injection of GM decreased the
reabsorption of water in the proximal convoluted tubule
leading to dehydration. Therefore, the decrease of body
weight could be due to dehydration. Treatment with
AECD and MECD significantly (p<0.001) increased
the body weight of rats. The improvement in growth

could be attributed to the nutritive value of C. diffusa
extracts. Indeed, Chullanandana [20] has shown that
this plant contains high protein content.

Serum creatinine and urea are known as
biomarkers to detect the early phase of renal damage
and chronic renal damage [21]. Creatinine derived from
endogenous sources by tissue creatinine breakdown and
its clearance enables a quite good estimation of the
glomerular filtration rate (GFR) [22]. The concentration
of creatinine is elevated when GFR is markedly
decreased in renal pathies [23]. Urea is the nitrogen
containing end product of protein catabolism. Its
concentration begins to increase only after parenchymal
tissue injury [24]. The nephrotoxicity of GM is often
associated with the elevation of blood urea and serum
creatinine [25]. These finding showed that daily
injection of GM (80 mg/kg) for ten days significantly
(p<0.01) increased serum creatinine and urea levels and
significantly decreased urine creatinine concentration.
In addition, creatinine clearance was considerably
reduced. Similar results were obtained by Hamad et al.
[26]. The significant increase of serum creatinine and
urea concentrations reflects the severity of renal
insufficiency, which occurred in association with the
sudden fall in GFR. GM is known to be actively
transported into proximal tubules after glomerular
filtration in a small proportion where it causes proximal
tubular injury and abnormalities in renal circulation that
leads to a reduction of GFR [7,27]. These alterations in
biochemical parameters were correlated with the renal
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histological lesions: tubular clarification, mesangial
expansion and swelling (Fig. 1.GM). Extracts and
silimaryn  reversed the altered  parameters,
demonstrating their ability to protect renal function.
Normalization of biochemical parameters was
associated by significant (p<0.01) reduction of relative
kidney weight and reduction of signs of kidney damage
(Fig. 1. AE100 and AE200).

In this study, GM (80 mg/kg) significantly
(p<0.05) increased the serum sodium level, while
chloride level was non-significantly (P>0.05) increased
and, potassium concentration was non-significantly
decreased (P>0.05). Several experimental studies have
shown that GM inhibits cell membrane transporters of
brush border and dysfunction of co-transport systems
and channels, leading to increase absorption of
electrolytes [28]. Therefore, the increase in the serum
sodium concentration observed in nephrotoxic group
might be attributed to the inhibition of transporters by
gentamicin. Gentamicin is also known to cause the
simultaneous inhibition of very different membrane
protein species including Na*/K*ATPase and released
lactate dehydrogenase, resulting in an apparently
multifactorial cell death process [29]. A decrease of
potassium concentration could be due to either
diminished potassium uptake via the Na-K/ATPase or
to an enhanced efflux caused by increased potassium
membrane permeability or depolarization of the cell
electrical potential [30]. Such a depolarization could
also explain the observed rise of chloride concentration.
Treatment with C. diffusa extract restored electrolytes
levels; this means that C. diffusa extracts could restored
the membrane proteins transporter leading to reduced
reabsorption of electrolytes.

In recent years, increasing interest is seen in
the role of free radicals and oxidative damage in a
variety of human diseases [31]. In this respect, several
studies have been reported that oxygen-free radicals are
considered as important mediators of GM induced renal
failure since these chemicals species have a potential to
oxidize biomolecules such as proteins, DNA and lipids
[32, 33]. As report in table 5, the GM (80 mg/kg)
significantly  (p<0.01) increased the level of
malondialdehyde (MDA) when compared to normal
control group. The same result was obtained by
Aiswarya et al. [34], using the GM (80 mg/kg) for eight
days. MDA is the end product of lipids peroxidation
[35]; So, it increase is used as an indicator of lipid
peroxidation, and subsequently oxidative stress.
Aqueous and methanolic extracts of C. diffusa has
prevented against GM- induced lipid peroxidation by a
significant decrease of the level of MDA. Lipids
peroxidation inhibition potential of the extracts could be
due to presence of flavonoids in the plant. Indeed, the
studies of Ahem [15] and Malarvizhi [16] have shown
that C. diffusa contain high proportion of this
compound. Flavonoids have been reported to inhibit
lipid peroxidation in the cell membrane and improved

their integrity against lyses by binding to the membrane
[36].

SOD, CAT and GSH are endogenous
enzymatic antioxidants which protect the cells
components against free radical attack [35]. SOD is the
key defence enzyme that catalyses the conversion of
superoxide radical to oxygen and peroxides [37].
Peroxide is then transformed by CAT into water and
oxygen with the action of GSH. The mechanism of
nephrotoxicity of GM involves a decrease of these
endogenous enzymatic antioxidants. Our study reveals
that GM (80 mg/kg) significantly (p<0.05) decreased
the SOD and CAT activities and the level of GSH.
Similar results were obtained by Ashish et al. [25]. The
results showed that enzymatic activities of SOD, CAT
and GSH were significantly (p<0.05 to p<0.001)
increased in groups treated with extracts and silymarin
showing their antioxidant effects.

The nephroprotective activity of C. diffusa
extracts and silymarin were correlated with the
histological analysis (Fig.1) and total protein level.
Protection of the structure of glomerulus and renal
tubules with the aqueous extract of C. diffusa and
silymarin provides a direct evidence for their
nephroprotective activity. In the other hand, the
significant increase of TP in C. diffusa treated groups
suggests their regenerative properties.

CONCLUSION

The results of the present study indicate that C.
diffusa extracts provide adequate protection against
gentamicin-induced nephrotoxicity. This
nephroprotective effect was found to be in a dose
dependent manner. The beneficial effects of C. diffusa
extracts suggested by biochemical findings and
supported by histological evidence in this study on
gentamicin-induced renal damage might be due to
scavenging effect of extracts. This provides persuasive
evidence and supports the use this plant in traditional
medicine for the treatment of renal disorders.
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