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Abstract: Cola nitida (Kolanut) is conventionally used in tropical Africa for the treatment of all kinds of ailments
such as migraine, morning sickness, metabolic disorders etc. However, this study was designed to investigate the
diuretic, natriuretic and kaliuretic activities of methanolic extract of Cola nitida (MECN) in male Wistar rats. Adult
male Wistar rats were randomly allotted into control (25 ml/kg b.w.), furosemide (20 mg/kg b.w; standard), MECN1
(100 mg/kg), MECN2 (200 mg/kg), MECN3 (300 mg/kg), MECN4 (400 mg/kg), MECN5 (500 mg/kg), MECN6 (600
mg/kg) groups with n=6. The extract was prepared as previously described and the treatment lasted for 14 days.
Urine volume and diuretic indices were estimated. Urine electrolytes, plasma electrolytes, plasma/renal AST/ALT,
plasma creatinine and urea were assayed using flame photometry and standard colorimetric method respectively.
Administration of different doses of C. nitida significantly altered body weight gain and water intake but not food
intake compared with control group. There were significant increases in urine volume and urine electrolytes (Na+, K+
and Cl-), a decrease in plasma/renal ALT and AST activities, a decrease in plasma creatinine and urea concentration and no alteration in plasma electrolytes when compared with control and furosemide-treated groups. Our study
suggests that MECN elicits diuretic, natriuretic, and kaliuretic activities without causing electrolyte impairment,
hepatotoxicity and nephrotoxicity. These effects are dose-dependent.
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Cola is an evergreen forest plant that is common in tropical region of Africa. It has different
species such as Cola acuminata which is predominant in Togo, Angola, Liberia, Ivory Coast,
Senegal and Nigeria [1]. Both species are now
cultivated in tropical zones of the America and
in Southeast Asia [2]. Cola tree grow up to 25
meters tall with pale yellow flowers, purple
stripes, star-shaped fruits and woody hulls. It
has a shiny and light green color leaves. The
fruits can weigh up to 3 kilograms and contain
large seeds with reddish brown nuts known as
cola nut [2].

in Igbo language and Obi in Yoruba language
[3]. Its usefulness for traditional purposes in
West Africa span from social life, religious
events to sealing business contracts [1, 4]. It
has also been used in folk medicine as an aphrodisiac, an appetite suppressant, to treat
morning sickness, migraine headache, and indigestion [5]. C. nitida has been applied directly
to the skin to treat wounds and inflammations
[6]. The tree’s bitter twig has been used as well
for cleaning the teeth and gums [5]. The medicinal uses of Cola nitida in Africa cannot be over
emphasized; cola fruits are used as tonics,
stimulants and concoction for the treatment of
fever, dysentery and exhaustion [2].

Cola nitida belongs to the family of sterculiaceae, specie of acuminata, nitida and to the
Genus of cola. It is commonly called Kola nut in
English language, Goro in Hausa language, Oji

In Europe, Kola nuts were once used to treat
migraines, neuralgia, nausea, and diarrhea [2].
Kola preparations are used today to treat physical and mental exhaustion [7]. The medicinal
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importance of Cola nitida is based mainly on
the chemical constituents of the plant from its
roots to its seeds. The plant is known to contain
several chemical constituents noted for their
medicinal values among them are caffeine, theophylline and theobromine [7]. Cola nitida also
contain traces of essential minerals like potassium, calcium, magnesium, sodium, iron, zinc,
manganese, and phosphorus. Some of these
minerals act as a source of macro and micro
nutrient needed for growth, development and
metabolic activity. It is used in the manufacturing of beverages such as Coca cola and Pepsi
cola (Javies, 2002). It is also used in the manufacturing of dyes [8]. Studies have shown that
Cola nitida acts as a stimulant that fight tiredness, reduces hunger and thirst, act as a bronchodilator and most people take it to stay alert
[8].
Diuresis is increased in urination and the physiologic processes that produce such an increase
in the renal system. It involves extra urine production in the kidneys as part of the body’s
homeostatic maintenance of fluid balance.
Drug-induced diuresis is beneficial in many lifethreatening disease conditions such as congestive heart failure (CHF), nephritis, hypertension and pregnancy toxemia [9]. A number of
diuretics like mannitol, thiazides, furosemide,
and spironolactone are used in practice [10].
However, most diuretic drugs have been associated with numerous adverse effects such as
electrolyte imbalance, metabolic alterations,
development of new-onset diabetes, activation
of the renin-angiotensin and neuroendocrine
systems, and impairment of sexual function [1,
12]. Studies have shown that higher loop
diuretic dosages in patients with CHF are at a
high risk of mortality [13]. In this scenario, the
need for novel diuretics such as plant-based
substances, which are considered to be relatively safe and possessing lower potential for
adverse effects, is imperative. This forms the
rationale of the current study to investigate the
diuretic, natriuretic and kaliuretic activities of
methanolic extract of Cola nitida (MECN) in
male Wistar rats.
Materials and methods
Drugs and chemicals
Furosemide was obtained from Apro Pharmaceutical Ltd, Ado-Ekiti, Nigeria, and the chemi232

cals used in the study were of AR grade, which
were obtained from Sigma Chemical, St. Louis,
MO, USA.
Preparation of the extract
Samples of C. nitida were commercially obtained locally in Nigeria, and authenticated by a
botanist in the Department of Agricultural science, Afe Babalola University where a voucher
specimen was documented. The plant material
was washed with distilled water, and chopped
into small pieces with a kitchen knife. Drying
was achieved under room temperature for 7
days in an open space. Dried sample were pulverized and extraction was carried out by soaking the sample in 80% methanol (Sigma-Aldrich,
Germany) for 24 hours in a glass bottle. The C.
nitida was filtered with Whatman No. 1 filter
paper. The filtrate was concentrated by evaporation in a rotary evaporator (Search Instrument). The concentrate (extract) was stored in
a refrigerator.
Animals, grouping and protocol
Adult male Wistar rats weighing 180-200 g
were obtained from the animal house, College
of Medicine and Health Sciences, Afe Babalola
University, Ado-Ekiti, Ekiti State, Nigeria. The
rats were housed in wire mesh cages and maintained in a well ventilated room at 25±2°C, on
a 12-h light/12-h dark cycle. Rats had unrestricted access to standard rat chow and tap
water. After acclimatized for two weeks, the
rats were randomly allotted into different
groups (n=6 each); Control (25 ml/kg body
weight; b.w.), Furosemide (20 mg/kg b.w;
Standard), MECN1 (100 mg/kg b.w. of MECN),
MECN2 (200 mg/kg b.w. of MECN), MECN3 (300
mg/kg b.w. of MECN), MECN4 (400 mg/kg b.w.
of MECN), MECN5 (500 mg/kg b.w. of MECN)
and MECN6 (600 mg/kg b.w. of MECN). The
treatment lasted for 14 days and the administration was done daily by oral gavage. The
investigation was conducted in accordance
with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals and
was approved by the Institutional Review Board
of Afe Babalola University, Ado-Ekiti, Ekiti State
and every effort was made to minimize both the
number of animals used and their suffering.
Initial and final body weights were monitored
using animal weighing balance (Olympia
SCL66110 model, Kent Scientific Corporation,
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Table 1. Effect of methanolic extract of Cola nitida on body weight, food intake and water intake in
male Wistar rats
GROUPS

CONTROL

FRD

MECN1

MECN2

MECN3

MECN4

MECN5

MECN6

Weight change (g/week)

10.2±1.5

3.5±1.2*

4.8±0.5*

2.0±1.4*

4.0±0.7*

4.5±0.8*

4.6±1.0*

4.3±0.8*

Food intake (g/day)
W0

10.5±3.0

11.1±1.3

9.6±1.0

10.7±1.2

12.3±1.1

11.1±0.8

13.2±0.2

10.9±0.5

ΔW1

0.4±0.9

2.0±1.1

0.5±0.9

3.0±1.2

0.7±0.8

1.1±0.6

1.4±1.1

0.9±0.5

ΔW2

0.5±0.1

1.4±1.3

0.7±0.7

3.3±1.7

1.5±0.8

1.5±0.7

1.2±0.9

0.4±0.8
17.6±10.7

Water intake (ml/day)
W0

15.6±8.0

14.8±5.7

16.0±3.7

16.8±3.0

17.6±3.4

15.7±3.3

16.1±4.2

ΔW1

5.0±0.8

6.8±0.8

0.5±0.6*,#

2.8±0.7#

3.8±0.7#

2.0±0.6*,#

7.2±0.9

4.0±1.1

ΔW2

6.1±0.6

7.9±0.9

0.3±1.0*,#

2.8±0.9*,# 11.0±0.5*,#

9.8±0.5*

3.7±0.6#

9.6±0.5*

Data are expressed as mean ± S.E.M. n=6. Data were analyzed by one-way ANOVA followed by Bonferroni post hoc test. (*p<0.05 vs Control;
#
p<0.05 vs FRD). ΔW1 (change in week 1); ΔW2 (change in week 2).

Torrington, CT06790, USA) and the body weight
change was estimated.
Investigation of diuretic, natriuretic and kaliuretic activities
Diuretic potential of different doses of the
extract was determined following the previous
method [3, 14]. The rats were allowed to acclimatized to metabolic cages fabricated by
Central Technological Laboratory and Workshops, Afe Babalola University, according to
Ohasu R Model; Ohasu, Pine Brook, New Jersey,
USA) for 3 days before the commencement of
the study. The last 24 h of this study investigated the possible diuretic, natriuretic and kaliuretic activities of C. nitida. The animals were
fasted for 12 hours with free access to water.
There after the drug and extract were administered to the rats. Urine volume and electrolytes
(Na+, K+ and Cl-) were estimated in the samples
of urine collected after 6 h of the study. Diuretic
indices were calculated as previously described
[14].
Sample preparation and biochemical analysis
At the end of treatment, the rats were anesthetized with pentobarbital sodium (50 mg/kg, i.p).
Blood was collected from the apex of the heart
into heparinized bottle and centrifuged at 3000
rpm for 15 minutes using a bench centrifuge
and the plasma was stored frozen until it was
needed for biochemical assay. Biochemical
analysis of plasma electrolytes concentration
(Na+, K+ and Cl-) were performed using flame
photometry and AST, ALT, creatinine and urea
were performed by standard colorimetric method using assay kit obtained from Randox
Laboratory Ltd. (Co. Antrim, UK).
233

Tissue homogenate
The kidneys were excised, blotted and weighed.
After weighing, 500 mg of tissue was carefully
removed and homogenized with a glass homogenizer. Following centrifugation at 3000 rpm
for 10 minutes, supernatant was removedand
used for the measurement of renal AST and ALT
activities by standardized enzymatic colorimetric methods using assay kit obtained from
Randox Laboratory Ltd. (Co. Antrim, UK).
Statistical analysis
All data were expressed as means ± SEM.
Statistical group analysis was performed with
SPSS, version 22 of statistical software. Oneway analysis of variance (ANOVA) was used to
compare the mean values of variables among
the groups. Bonferroni’s test was used to identify the significance of pair wise comparison of
mean values among the groups. Statistically
significant differences were accepted at
p<0.05.
Results
Effect of methanolic extract of Cola nitida on
body weight, food intake and water intake in
male Wistar rats
Sub-chronic administration of different doses
of C. nitida significantly altered body weight
gain and water intake but not food intakecompared with control group. In addition, 300 mgtreated group showed a significant increase in
water intake compared with furosemide-treated group (Table 1).
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Table 2. Effect of methanolic extract of Cola nitida on urine volume and its diuretic indices in male
Wistarrats
GROUPS

CONTROL

FRD

MECN1

MECN2

MECN3

MECN4

MECN5

MECN6

Urine Volume (ml) 0.58±0.05 0.75±0.02* 0.65±0.03 0.70±0.01* 0.94+0.06*,# 1.10±0.07*,# 0.95±0.05*,# 1.05±0.13*,#
Diuretic index

0

1.29±0.08* 1.12±0.05* 1.2±0.09*

1.6±0.10*,#

1.9±0.07*,#

1.6±0.08*,#

1.8±0.12*,#

Data are expressed as mean ± S.E.M. n=6. Data were analyzed by one-way ANOVA followed by Bonferroni post hoc test. (*p<0.05 vs Control;
#
p<0.05 vs FRD).

Figure 1. Effect of methanolic extract of Cola nitida
on urine electrolyte concentration; Na+ (A), K+ (B)
and Cl- (C) in male Wistar rats. Data are expressed
as mean ± S.E.M. n=6. Data were analyzed by oneway ANOVA followed by Bonferroni post hoc test.
(*p<0.05 vs Control; #p<0.05 vs FRD).

Effect of methanolic extract of Cola nitida on
urine volume in male Wistar rats
Treatment with different doses of C. nitida significantly increased urine volume except for the
groups that received 100 mg of C. nitida when
compared with control group (Table 2).
Diuretic index of methanolic extract of Cola
nitida in male Wistar rats
Diuretic index as previously described is the
ratio of urine volume of the experimental group
to that of the control group [14]. Indices of 1.01.49 and 1.5 and more are regarded as moderate and potent diuretics respectively [14, 15].
As detailed in Table 2, the groups treated with
234

100 mg and 200 mg of C. nitida showed moderate diuretic effect (indices <1.5), while other
experimental groups with high doses showed
potent diuretic effect (indices >1.5).
Effect of methanolic extract of Cola nitida on
urine electrolyte concentration (Na+, K+ and Cl-)
in male Wistar rats
Sub-chronic treatment with different doses of
C. nitida led to significant increases in urine
electrolyte concentration (Na+, K+ and Cl-) when
compared with control group except the group
treated with 100 mg of C. nitida that did not
significantly increased urine Na+ and Cl- compared with control (Figure 1). In addition, 300
mg-treated group of C. nitida significantly
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Figure 2. Effect of methanolic extract of Cola
nitida on plasma electrolyte concentration; Na+
(A), K+ (B) and Cl- (C) in male Wistar rats. Data
are expressed as mean ± S.E.M. n=6. Data
were analyzed by one-way ANOVA followed by
Bonferroni post hoc test. (*p<0.05 vs Control;
#
p<0.05 vs FRD).

increased urine Na+ and K+ levels when compared with furosemide-treated group (Figure
1A, 1B).
Effect of methanolic extract of Cola nitida on
plasma electrolyte concentration (Na+, K+ and
Cl-) in male Wistar rats
Sub-chronic treatment with different doses of
C. nitidadid not alter plasma Na+, K+ and Cl- concentration when compared with control group
except the group treated with 100 mg/kg of C.
nitidathat significantly decreased plasma K+
concentration compared with control (Figure
2). In addition, 500 mg- and 600 mg-treated
groups of C. nitida significantly increased plasma Cl- and K+ concentration compared with
furosemide-treated group (Figure 2B, 2C).
Effect of methanolic extract of Cola nitida on
AST and ALT activities of male Wistar rats
Serum or plasma AST and ALT are commonly
measured biomarkers of hepatic injury or toxic-
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ity (Wang et al., 2012), while renal AST and ALT
are biomarkers of renal toxicity or nephrotoxicity. Administration of different doses of C. nitida
significantly reduced plasma AST and ALT when
compared with both the control and furosemide-treated groups, except the groups treated
with 500 mg and 600 mg of C. nitida that
showed no significant effect on plasma AST
compared to control and furosemide-treated
groups (Figure 3). However, administration of
different doses of C. nitida significantly reduced
renal ALT when compared with control group. In
addition, the groups treated with 100 mg-400
mg significantly reduced renal AST and ALT
activities when compared with furosemidetreated group (Figure 4).
Effect of methanolic extract of Cola nitida on
renal function test in male Wistar rats
Elevated level of plasma creatinine and urea
are potent biomarkers of renal dysfunction.
Administration of different doses of C. nitida
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Figure 3. Effect of methanolic extract of Cola nitida on plasma AST (A) and ALT (B) in male Wistar rats. Data are
expressed as mean ± S.E.M. n=6. Data were analyzed by one-way ANOVA followed by Bonferroni post hoc test.
(*p<0.05 vs Control; #p<0.05 vs FRD).

Figure 4. Effect of methanolic extract of Cola nitida on renal AST (A) and renal ALT (B) in male Wistar rats. Data
are expressed as mean ± S.E.M. n=6. Data were analyzed by one-way ANOVA followed by Bonferroni post hoc test.
(*p<0.05 vs Control; #p<0.05 vs FRD).

reduced the plasma levels of creatinine and
urea when compared with control and furosemide-treated groups. The reduction was significant when compared with control- or furosemide-treated group except the 600 mg-treated
group that showed no significant reduction in
plasma urea level (Figure 5).
Discussion
The current study investigated diuretic, natriuretic and kaliuretic activities of methanolic
extract of C. nitida in male Wistar rats. Our
results demonstrated that treatment with dif-
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ferent doses of MECN significantly increased
urine volume, urine electrolytes, which are
associated with reduced plasma AST/ALT, creatinine, urea and renal AST/ALT activities. The
treatment also altered body weight gain and
water intake but not food intake compared with
control group. In addition, there were no alterations in plasma electrolyte concentration.
C. nitida has been previously shown to lessen
fatigue, prevent hunger pangs [5], increase
mental activity, reduce the need for sleep and
may even prevent metabolic disorder [16], and
these effects have been attributed to caffeine-
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Figure 5. Effect of methanolic extract of Cola nitida on plasma craetinine (A) and urea (B) in male Wistar rats. Data
are expressed as mean ± S.E.M. n=6. Data were analyzed by one-way ANOVA followed by Bonferroni post hoc test.
(*p<0.05 vs Control; #p<0.05 vs FRD).

theobromine components of C. nitida [16, 17].
However, there was paucity of information
regarding the renal effects of MECN.
The present results that sub-chronic treatment
with different doses of MECN significantly
altered body weight gain when compared with
control group was consistent with previous
observation that aqueous and ethanolic extract
of C. nitida causes a reduction in body weight
gain in the treated group compared to control
group [18, 19]. The weight reduction has been
attributed to the presence of caffeine as one of
the active component of C. nitida [18]. Also,
weight loss has been earlier reported in the
habitual user of C. nitida [20, 21]. Although C.
nitida and its active constituent, caffeine have
been reported as appetite-suppressant [21],
but the present observation showed no significant alteration in food intake compared to control group. This implied that the inhibitory effect
of MECN on food intake may be dose-dependent. In addition, our results showed a significant alteration in water intake, which is in line
with earlier study [21].
The results that sub-chronic treatment with different doses of MECN significantly increased
urine output except 100 mg/kg b.w was an indication that doses from 200 mg-600 mg/kg
elicited diuretic activities, since diuresis is
known as increased in urine production. Also,
diuretic indices of different doses (Table 2)
using the method of Lipschitz et al. [14] suggested that 100 mg-600 mg/kg of MECN in
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this present study elicited diuretic activities. In
addition, high doses from 300 mg-600 mg/kg
showed potent diuretic effect with diuretic indices >1.5 [14, 15], whereas low doses 100/200
mg/kg- showed moderate diuretic effect with
diuretic indices <1.5 [15]. This observation provided additional information to earlier studies
that aqueous extract of C. nitida induces diuresis [19]. The spectrum of biological and pharmacological effect including diuresis of C. nitida has been attributed to its caffeine constituent. The doses of 300 mg-600 mg/kg produced more urine compared with furosemide-treated group. This implied that the high
doses seemed to be more potent than the
furosemide.
The observation that treatment with different
doses except 100 mg/kg of MECN led to significant increase in urine electrolytes concentration; Na+, K+ and Cl- suggested that C. nitida
dose-dependently elicited natriuretic and kaliuretic activities. This observation was similar to
previous observation that aqueous extract of C.
nitida induced a significant increase in urine
concentrations of Na+, K+, Cl- in the experimental group compared with control group [19].
These effects could also be attributable to caffeine constituent of C. nitida [17]. Specifically
250 mg of caffeine has been reported to
increase urine volume and sodium excretion
[22], and theophylline another potent constituent of C. nitida [22] has been demonstrated to
increase glomerular filtration rate (GFR) or renal
blood flow [23]; this could reduce tubular reab-
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sorption of water and sodium which may lead to
diuresis and natriuresis [22]. However, the
present doses of C. nitida did not alter plasma
Na+, K+ and Cl- concentration when compared
with control group except the group treated
with 100 mg/kg b.w of C. nitida that significantly decreased plasma K+ concentration compared with control and perhaps due to inability
or ineffectiveness of 100 mg/kg dose to maintain plasma-urine potassium balance. The
impairment of potassium homeostasis attributable to significant loss of K+ through urine which
subsequently led to significant decrease in circulating level of K+. Although the exact mechanism was not observed in the present study but
our observation seems consistent with previous study that low dose of caffeine (main constituent of C. nitida) significantly reduced plasma K+ compared with control [24]. The present
finding that some doses (200-600 mg/kg) of
MECN did not alter the circulating levels of electrolytes were also in consonance with earlier
study that treatment with ethanolic extract of C.
nitida did not cause any significant change in
plasma electrolytes [18]. It has been earlier
documented that chronic consumption of caffeine containing beverages is an integral part of
normal lifestyle and no electrolytes imbalance
or dehydration has been reported [25]. In addition, 500 mg- and 600 mg-treated groups of C.
nitida significantly increased plasma Cl- and K+
concentration compared with furosemide-treated group. This observation suggested that
higher doses of methanolic extract of C. nitida
like 500 mg/600 mg/kg- seemed to be associated with electrolyte imbalance. Therefore,
the present results provided additional information that the maintenance of electrolyte balance during administration of C. nitida is
dose-dependent.
Plasma/tissue AST or ALT are potent biomarkers of tissue toxicity ranging from hepatic,
nephrotic, cardiac, cerebral to neuronal toxicities [26, 27]. Our present results showed a significant reduction in plasma AST and ALT when
compared with both the control and furosemide-treated groups, except the groups treated
with 500 mg and 600 mg of C. nitida that did
not alter the plasma AST compared to control
and furosemide-treated groups. This suggested that treatment with current doses of C. nitida did not induce hepatotoxicity except the
higher doses (500 mg/600 mg/kg). In addi-
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tion, a significant reduction was observed in
renal ALT when compared with control group,
and likewise a reduction in renal AST when
compared with furosemide-treated group
except 500/600 mg/kg- dose that showed no
alteration in renal AST when compared with
control and furosemide-treated groups. This
implied that treatment with low-moderate
doses of MECN (100-400 mg/kg) did not
induce nephrotoxicity. These findings were consistent with earlier report that treatment with
doses lower or equal to 400mg over a short
period of time could not induce toxicity [18].
Elevated levels of plasma creatinine and urea
have been reported to indicate nephrotoxicity
[28]. Our present findings showed a reduction
in the circulating levels of creatinine and urea
when compared with control and furosemidetreated groups. The reduction was significant
when compared with control- or furosemidetreated group except the 600 mg- treated group
that showed no significant reduction in plasma
urea level. This finding suggested that treatment with MECN did not induce renal dysfunction except at higher dose like 600 mg/kg-. This
observation was consistent and provided additional information to earlier studies that chronic
consumption of caffeine or kolanut at higher
doses may result in renal dysfunctions and
development of nephritis [29, 30]. Therefore,
our present findings demonstrate that the renal
effects of MECN are dose-dependent.
Conclusion
Our study suggests that methanolic extract of
C. nitida elicits diuretic, natriuretic, kaliuretic
activities without causing electrolyte impairment, hepatotoxicity and nephrotoxicity. These
effects are dose-dependent.
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