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Objective: To assess the putative diuretic and antioxidant properties of Cassia occi-
dentalis (C. occidentalis) leaves' aqueous extract.

Methods: Adult rats were administered with C. occidentalis leaves aqueous extract
acutely (24 h) and subchronically (7 d), at doses 80, 160, 240, 320, and 400 mg/kg (per
0s). Negative control group received only an equivalent volume of distilled water, while
the two positive control groups received the diuretic drugs furosemide (20 mg/kg, ip.) and
hydrochlorothiazide (HCTZ) (20 mg/kg, ip.). Urinary elimination of electrolytes in
response to treatments was evaluated, together with changes in concentrations of creat-
inine, urea, aldosterone, glucose, and albumin in urine and plasma. Various urinary in-
dicators of kidney function and plasmatic markers of oxidative stress were also assessed.
Results: The acute administration of C. occidentalis increased the urinary excretion of
107.58% at the higher dose tested, compared to negative control. The reference drugs
furosemide and HCTZ induced increases of 84.27% and 48.05%, respectively. Acutely,
the extract induced Na* and CI” elimination, whereas subchronically an increase in K*
elimination was also observed. The extract also improved the kidney function indexes and
oxidative stress markers. These effects were dose-dependent and comparable with posi-
tive control observations.

Conclusions: Our findings strongly suggest that C. occidentalis aqueous extract has
diuretic and antioxidant activities, and deserves further studies considering the potential
for the treatment of hypertension.

1. Introduction

Arterial hypertension is among the most frequent pathologies
in elderly worldwide, with an incidence ranging from 40%
(about 65 years patients) to 90% (patients older than 85) in
developed countries [1.2]. This pathology raises more concerns
as it constitutes a major risk of cardiovascular accident. In
developing countries, partly due to the relatively inexpensive
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costs several hypertensive patients have been relying on
medicinal plants for their treatment. Furthermore, various
reports suggesting that conventional antihypertensive drugs
may increase the risk for cardiovascular accidents have
resulted in an increased interest of the research community for
medicinal plants [3.4l. Not surprisingly, WHO reports
(particularly in the last decade) have been encouraging studies
on medicinal plants and alternative medicine for priority
diseases like hypertension and its cardiovascular complications.

Cassia occidentalis (C. occidentalis) is a tropical plant used
in African and Asian traditional medicines to treat or improve a
number of diseases and conditions, in particular cardiovascular
disorders [5.6]. As in various other countries, in Cameroun
roasted seeds are used as coffee substitutes, while other parts
of the plants are used by traditional healers to treat metabolic
and cardiovascular diseases. Interestingly, experimental
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evidence supports the applications in traditional medicine.
Phytochemical studies of C. occidentalis leaves revealed the
presence of a number of pharmacologically active families of
molecule, including tanins, cardiac glycosides,
terpenoides and anthroquinones, terpenes, and inorganic
elements [7.8]. Extracts of this plant were reported antifungal,
antiviral [9.10], antibacterial, anthelmintic [11.12], antispasmodic,
analgesic,  antipyretic,  anti-inflammatory  [13.14],  and
hepatoprotective properties in humans and experimental
models [15.16]. Verma and colleagues (2010) showed the effect
of ethanolic extract of C. occidentalis for the management of
alloxan-induced diabetic rats [17.18], and Sreejith and
colleagues reported anti-allergic, anti-inflammatory and anti-
lipid peroxiding effects [19].

The present work aim was to measure the diuretic and anti-
oxidant activities of the aqueous extract of C. occidentalis leaves
in rats.

saponins,

2. Materials and methods
2.1. Animals and procedures

Rattus norvegicus [(172.3 = 4.3) g] of both sexes obtained
from Yaoundé’s Pasteur Institute (Cameroon) were reared in the
Department of Biological Sciences, Faculty of Sciences (Uni-
versity of Ngaoundéré, Cameroon). Animals were housed under
controlled temperature [(24 = 2) °C] and relative humidity
[(45 = 10)%], and had ad libitum access to food (pellets from
Cameroonian National Veterinary laboratory) and tap water.
Animal health status and housing conditions were monitored by
a veterinary physician.

Preliminary tests were performed as previously described
[20]. Briefly, rats received distilled water per os (10 mL/kg body
weight), and placed individually in metabolic cages. After 6 h,
urine was collected and the volume measured. Animals
excreting at least 40% of the volume of distilled water
received were selected for the study, and conversely, those
excreting less than 40% were excluded. Then, selected animals
were placed individually in metabolic cages, and allowed 7 d
for acclimation. Eight experimental groups were obtained by
treating n = 5 rats (per group) with a specific solution, i.e.:
vehicle solution (distilled water, per os) for the negative
control group, one of the 5 different doses of extract
investigated for the 5 test groups (per os), and the diuretic
drugs furosemide (20 mg/kg, ip.) or hydrochlorothiazide
(HCTZ) (20 mg/kg, ip.) for the positive control groups.
Animals were sacrificed by decapitation at the end of the
experiment. Arteriovenous blood was collected in heparinized
tubes and centrifuged (3000 rev/min for 10 min). The plasma
collected was stored at —20 °C for biochemical analyses. The
liver and kidneys were dissected out, cleaned of fat material,
weighed and stored at —20 °C for biochemical analyses.

Experimental procedures were approved by the institutional
Animal Care and Use Committee and the research was approved
by the Ethics Committee of the University of Ngaoundéré.

2.2. Plant extract preparation
2.2.1. Plant material collection

Leaves of C. occidentalis Linn were harvested in Mora
(60 km from Maroua, the largest city of the Far North region of

Cameroon) during rainy season. They were identified by experts
of the National Herbarium of Cameroon and a sample was
deposited (specimen NO 21057/SFR/CAM).

2.2.2. Aqueous extract preparation

Fresh leaves of C. occidentalis were soaked in distilled water
(1000 g for 1 L at room temperature) for 12 h. The macerate was
filtered through Whatman filter paper No 3, and the filtrate
concentrated in a rotary evaporator at 40 °C for 24 h. This process
was repeated until an oily paste extract was obtained (130 g),
which represented the concentrated crude extract of
C. occidentalis leaves. The extract was stored at —20 °C until use.

2.2.3. Aqueous extract doses

The solution of C. occidentalis extract with the highest
concentration tested was prepared by dissolving 800 mg of the
concentrated crude extract obtained previously in 10 mL of
distilled water (80 mg/mL concentration). The other solutions
used in the study were 4:5, 3:5, 2:5, and 1:5 dilutions of this
solution in distilled water. Solutions were given per os in a
volume of 5 mL/kg body weight, thus, the increasing doses of
aqueous extract of C. occidentalis tested were 80, 160, 240, 320,
and 400 mg/kg.

2.3. Diuretic effect evaluation

2.3.1. Acute diuretic effect evaluation

Urine was collected and the volume determined each hour
from the treatment for 6 h (i.e. 1, 2, 3, 4, 5, and 6 h after treatment)
and 24 h after in all experimental groups. Electrolyte concentra-
tions (Na+, K*, and CI") were measured in 24-h urine and in blood
plasma obtained from animals sacrificed 24 h after treatment.

2.3.2. Subchronic diuretic effect evaluation

Based on preliminary observations from acute diuretic effect
evaluation, the experimental group receiving the highest dose of
extract tested (400 mg/kg), and the positive and negative control
groups were treated daily for 7 d at the same time each day.
Urine was collected daily, its volume measured, and electrolyte
concentrations (Na*, K*, CI7) determined.

2.4. Determination of urinary and/or plasma
concentrations

2.4.1. Osmolarity and electrolytes

Osmolarity of plasma and urine samples were measured by
cytometry using an osmometer (Knauer). Urinary and plasma
concentrations of Na*, K* and Cl™ ions were evaluated using flame
photometry (Jenway PFP 7, Bibby Scientific, USA), following
standard protocols. Urinary natriuresis was measured during the
diuretic response, particularly at the maximum excretion rate.
Doses of Na* and K* were calculated as indicators of saluretic
activity and the ratio Na*/K* was calculated for the natriuretic
activity. And to estimate the carbonic anhydrase inhibition activity,
the ratio of C1” ions to Na* and K* ions was calculated [21].

Osmolar clearance was calculated using plasma osmolality,
urinary osmolarity and urine flow (V) according to the following
formula:

Osmolar clearance = urinary osmolarity x V/plasma osmolality
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2.4.2. Concentrations of other blood molecules

A two-way digital spectrophotometer (Secomam RS232C,
Secomam SAS, France) was used to determine the concentra-
tions of urea, glucose, albumin, and creatinine in plasma and
urine samples. Similarly malondialdehyde concentration was
determined in plasma, and catalase, hydroperoxide and protein
concentrations were determined in hemolysates of blood pellets
and in liver homogenates. Aldosterone concentration in the
plasma was measured using radioimmunoassay (assay kit Aldo
RIACT, ALPCO Diagnostics, USA).

2.5. Phytochemical studies

In order to identify the chemical structure of the compounds
responsible for the diuretic activity, preliminary tests of the
phytochemical study were conducted following the procedures
described by Trease and Evans (1983) [22]. Briefly, Essential
oils from the aqueous extract of C. occidentalis and urine
were extracted with hexane. These extracts were then
stitched onto plates of thin layer chromatography on silica,
the first disclosure was obtained by ultraviolet radiation
(254 nm and 365 nm) and then with vanillin. Analytical tests
for the identification of different families of metabolites in
crude extracts of the leaves were performed at the national
Institute of Medicinal Plants for Medicinal research
(Cameroon).

2.6. Statistical analyses

Data from test groups and positive control groups were
compared to negative control group using one-way ANOVA
followed by LSD test for post hoc analysis, using Origin soft-
ware (OriginLab, Northampton, MA, USA). Changes with P
values lower than 0.05 were considered significant. Data are
presented as mean + SEM.

3. Results

3.1. Effect of the acute administration of C. occidentalis
extract on urination and associated urinary and serum
parameters

3.1.1. Overload eliminated after 1 h

The overload eliminated after 1 h by rats acutely treated
with the three highest doses of C. occidentalis aqueous extract
tested (240, 320, and 400 mg/kg), administered with an
equivalent volume of distilled water (negative control), or rats
treated with one of the two diuretic drugs (positive control) is
shown in Figure 1A. All treatments induced at least a 3-fold
increase in the overload elimination compared with negative
control group. The response of the extract was dose-dependent,
and eliminated 78.79% of overload at 240 mg/kg (P < 0.001
against negative control group), 90.87% at 320 mg/kg
(P <0.01) and 126.87% at 400 mg/kg (P < 0.001). Furosemide
eliminated 100.00% (P < 0.001), HCTZ 88.43% (P < 0.001),
whereas only 35.35% overload was eliminated in the negative
control group.

3.1.2. Latency to first urination, urine volume and pH
The bar graph of Figure 1B represents the latency to first
urination of rats acutely treated with the three highest doses of
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Figure 1. Overload eliminated and urination latency.

A. Overload eliminated after 1 h by rats acutely treated with the three
highest doses of C. occidentalis aqueous extract tested, administered with
an equivalent volume of distilled water (negative controls), or rats treated
with one of the two diuretic drugs used as positive controls. Note that all
treatments induced at least a 3-fold increase in the overload elimination
compared with negative controls. Note also that the response of the extract
was dose-dependent. B. Latency to first urination (bars) and urine pH of the
same rats. Note the 2-fold decrease in all groups compared with negative
controls. Note also the dose-dependent response of the extract, and the
absence of significant change in the pH of the urine. dH,O, distilled water;
Furos, furosemide. ANOVA + LSD test against negative control group:
*P < 0.05, #*P < 0.01, ***P < 0.001.

C. occidentalis aqueous extract tested, and of negative and
positive control groups. Negative control group average first
urination latency was 42 min, furosemide 18.27 min (P < 0.01),
and HCTZ 19.82 min (P < 0.05). The extract displayed a dose-
dependent decrease as the first urination latency with 17 min
(P < 0.05), 15 min (P < 0.01), and 11 min (P < 0.01) at doses
240, 320 and 400 mg/kg.

The urinary pH (7.11 in negative control group) was slightly
decreased in groups treated with furosemide (6.79) or HCTZ
(6.42), and slightly increased in groups receiving the extract
(7.7,7.5, 7.6 at doses 240, 320 and 400 mg/kg). However, these
changes were not statistically significant (Figure 1B).

Figure 2 shows the changes in the total volume of urine
excreted by rats following acute treatment with various doses of
C. occidentalis aqueous extract (80, 160, 240, 320, and 400 mg/
kg). On the overall, the extract and the diuretic drugs increased
the volume of urine excreted. After 24 h, an average volume of
urine of 218.34 mL/kg body weight was excreted in the control
group, whereas 402.35 mL/kg of urine were excreted in
furosemide-treated (P < 0.001), 323.27 mL/kg in HCTZ-treated
(P < 0.05), and 453.24 mL/kg (P < 0.001), in groups receiving
the extract at 400 mg/kg, respectively (Figure 2C).

3.1.3. Electrolyte excretion
The effect of acute treatment with C. occidentalis aqueous
extract or diuretic drugs (compared with negative control
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Figure 2. Extract acute administration and urine volume.

The total volume of urine excreted after 6 h (A), 12 h (B), and 24 h (C) by
rats following acute treatment with various doses of C. occidentalis aqueous
extract, administration of an equivalent volume of distilled water (negative
controls), or treatment with one of the two diuretic drugs used as positive
controls. Note that the highest doses of extract and the diuretic drugs
increased the volume of urine excreted. Note also that the response of the
extract was dose-dependent. dH,O, distilled water; Furos, furosemide.
ANOVA + LSD test against negative control group: *P < 0.05, **P < 0.01,
***P < 0.001.

groups) on various electrolyte excretion indexes and parameters
in the urine produced in the 24 h following treatment are shown
in Figure 3, and Tables 1 and 2.

As shown in Table 1, saluretic and natriuretic activities were
significantly increased by diuretic drugs (P < 0.001) and by the
extract (P < 0.001 at the highest dose tested). Similarly, carbonic
anhydrase inhibition was also increased by diuretic drugs
(P < 0.01) and by the extract (P < 0.01 at the highest dose
tested). On the same hand, carbonic anhydrase inhibition, salu-
retic, natriuretic, diuretic, as well as Na* and CI” indexes were
high for in all groups, but the extract effect at 400 mg/kg (higher
dose used) was 2-fold higher than the diuretic drugs at the dose
used (Table 2). Notably, K* index was only slightly increased by
the diuretic drugs and the extract (Table 2).

All treatments increased the urinary excretion of Na* and CI~
compared to negative control group; the extract response was
dose-dependent (Figure 3). After 24 h, the extract significantly
(P < 0.05) increased the urinary excretion of Na* (Figure 3C)
and CI” (Figure 3F) from 16.58 to 16.67 mEq/kg (negative
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control group), respectively, to 167.39 and 168.36 mEq/kg at the
dose 400 mg/kg. The urinary excretion of Na* and CI~ induced
by furosemide were 93.38 and 94.67 mEqg/kg (P < 0.05),
respectively, and HCTZ 72.43 and 75.41 mEqg/kg (P < 0.05)
(Figure 3C, F). No statistically significant change was observed
in the mount of K* excreted in the urine after 6 h (Figure 3G),
12 h (Figure 3H) and 24 h (Figure 3I).

3.1.4. Urinary indexes of kidney function

The effect of C. occidentalis aqueous extract and diuretic
drug treatment (compared to negative control group) on indexes
of kidney function in urine produced in the 24 h following the
treatment are shown in Table 3. Treatments with the various
doses of extract and the diuretic drugs decreased the glomerular
filtration rate from 1.66 mL/min in the negative control group to
1.37 mL/min (furosemide, P < 0.001), 1.38 mL/min (HCTZ,
P <0.001), and 1.43 mL/min (extract at 400 mg/kg, P < 0.01).
Creatinine clearance and urea concentration in the urine were
significantly decreased as well, but no significant change was
observed in urinary creatinine rate (Table 3). Osmolar clearance
and free water clearance were increased, while urinary osmo-
larity decreased. Glucose and albumin were not detected in the
urine.

3.1.5. Serum parameters

Concentrations of Na* and K" ions were significantly
increased (596.44% and 311.17% respectively in animals
receiving the extract at 400 mg/kg, P < 0.05) (Table 4). Furo-
semide and HCTZ and the extract (at 400 mg/kg) induced sig-
nificant increases (4.56%, 2.31%, and 4.57% respectively,
P < 0.05) in albumin level (Table 4). Albumin level increased
from 43.17 g/L in the control group to 45.18 g/L in animals
treated with the extract at 400 mg/kg.

Increases in plasma osmolality and aldosterone levels were
observed (P < 0.001) (Table 4). Similarly, the extract and
diuretic drugs induced significant increases (P < 0.05) in serum
creatinine and urea levels. Despite a slight increase in rat
receiving the extract and diuretic drugs, glycemia ranged be-
tween (91.12 = 6.34) mg/dL and (97.65 + 7.15) mg/dL in all
experimental groups.

3.2. Effect of the sub-chronic administration of C.
occidentalis extract on urination and urine parameters

3.2.1. Urine volume

The total volumes of urine excreted daily by rats following
subchronic treatment with the highest dose of C. occidentalis
aqueous extract tested (400 mg/kg), administration of an
equivalent volume of distilled water (negative controls), or
treatment with one of the two diuretic drugs used as positive
controls are shown in Figure 4A. C. occidentalis and diuretic
treatments significantly increased the volume of urine excreted,
compared to the negative control group. Compared to the
negative control group (y = 1.91x + 208.4, R? = 0.77), furose-
mide (y = 21.3x + 389.9, R> = 0.90), HCTZ (y = 14.7x +292.3,
R? = 0.99), and extract-treated groups (y = 23.5x + 425.6,
R = 0.99) had a significantly higher and positive slope
(P > 0.01), i.e. the effects were more marked with time. Notably,
from the first day of treatment the volume of urine excreted daily
was significantly increased by all these treatments, compared to
the negative control group.
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Figure 3. Extract acute administration and Na*, K*, and CI~ urinary excretion.

A-C. Estimated amount of Na * excreted in the urine after 6 h (A), 12 h (B), and 24 h (C) by rats following acute treatment with various doses of
C. occidentalis aqueous extract, administration of an equivalent volume of distilled water (negative controls), or treatment with one of the two diuretic drugs
used as positive controls. Note that all treatments increased the urinary excretion of Na * compared to negative control group, and the dose-dependent
response of the extract. Note also that the highest dose of extract tested induced a 10-fold increase in the amount of Na * excreted, whereas the diuretic
drugs induced only a 5-fold increase. D-F. Estimated amount of C1~ excreted in the urine after 6 h (D), 12 h (E), and 24 h (F) by the same rats. Note the
similar observations as in A—C. G-1. Estimated amount of K* excreted in the urine after 6 h (G), 12 h (H), and 24 h (I) by the same rats. Note that no
statistically significant change was observed. dH,O, distilled water; Furos, furosemide. ANOVA + LSD test against negative control group: *P < 0.05,
**P < 0.01, #**P < 0.001.

Table 1
Effect of acute treatment with C. occidentalis aqueous extract on carbonic anhydrase inhibition, and on saluretic and natriuretic activities, observed in

urine produced in the 24 h following the treatment.

Experimental groups Saluretic (Na* + CI7) Natriuretic (Na*/K*) CAI [CI/(Na* + KY)]

dH,O 33.3+3.3 0.7+ 1.0 0.4 +0.5
Extract 240 mg/kg 147.0 + 4.5%** 1.4 +1.1% 0.8 = 0.4%
320 mg/kg 234.1 + 3.8%** 5.7 + 1.2%* 0.9 + 0.6*
400 mg/kg 335.8 + 5.2%:%* 9.1 = 1.0%%** 0.9 = 0.5%*
Furosemide 188.1 + 7.9%%** 2.1 = 0.9%** 0.7 = 0.4%*
HCTZ 147.8 + 7.8%** 3.6 £ . 2% 0.8 = 0.5%*

CALI carbonic anhydrase inhibition. Values are mean = SEM, n = 5. ANOVA + LSD test vs. negative control: *P < 0.05, **P < 0.01, ***P < 0.001.

Table 2
Effect of acute treatment with C. occidentalis aqueous extract on electrolyte excretion indexes in urine produced in the 24-h following the treatment.

Experimental groups Electrolyte indexes K" index Other indexes Natriuretic (Na*/k") CAI [CI/(Na + K)]
Na' index CI” index Diuretic index  Saluretic (Na* + CI7)
Extract 240 mg/kg 4.4 4.5 1.1 1.4 4.4 2.0 1.8
320 mg/kg 7.0 7.1 0.9 1.7 7.0 7.9 2.1
400 mg/kg 10.1 10.1 0.8 2.1 10.1 12.6 2.1
Furosemide 5.6 5.7 1.9 1.8 5.7 3.0 1.6
HCTZ 4.4 4.5 0.9 1.5 4.4 35 2.0

CAI index: CAI activity in test group/CAI activity in control group. CI™ index: chloride excretion in test group/chloride excretion in control group.
Diuretic index: urine volume of test group/urine volume of control group. K* index: potassium excretion in test group/potassium excretion in control
group. Na* index: sodium excretion in test group/sodium excretion in control group. Natriuretic index: natriuretic activity in test group/natriuretic
activity in control group. Saluretic index: saluretic activity in test group/saluretic activity in control group. Values are mean + SEM, n = 5.
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Table 3
Effect of acute treatment with C. occidentalis aqueous extract on indexes of kidney function in urine produced in the 24-h following the treatment.

Experimental Glomerular filtration rate Urinary osmolarity Osmolar clearance CH,O Urea Creatinine Creat C
groups (mL/min) (mosmol/kg) (UL/min) (UL/min) (mg/24 h) (mg/24 h) (UL/min)
dH,0 1.66 + 0.32 200.20 + 17.10 47.0+ 1.5 56.0 = 1.2 27.1 £2.1 258 +39 280+1.2
Extract 240 mg/kg 1.55 + 0.42% 111.10 = 18.20%***  45.0 + 1.2 540+ 1.3 23.2 £ 1.3%%% 232 +4.5 25.0 = 1.6*
320 mg/kg 1.52 £ 0.14* 113.10 = 13.20***  46.0 + 1.7 56.0 = 1.1 24.1 £3.5% 242 +£3.8 22.0 + 1.4%*
400 mg/kg 1.43 £ 0.11%* 124.40 = 17.30%***  48.0 + 1.4%* 66.0 £ 1.6%%* 242 + 3.6 26.2 £2.6 20.0 + 1.3%**
Furosemide 1.37 £ 0.12%%% 170.20 = 28.10***  76.0 £ 1.3***  68.0 = 1.5%** 247 = 1.7%* 27.1 £3.4 21.0 £ 1.2%*
HCTZ 1.38 £ 0.12%3%% 166.30 = 12.10%**  66.0 £ 1.1%%%  66.0 = 1.8%** 22.4 + 1.3%%* 274 + 4.7 19.0 £ 1.4%**

CH,O: free water clearance. Creat C: creatinine clearance. Values are mean + SEM, n = 5. ANOVA + LSD test vs. negative control: *P < 0.05,
#P < 0.01, ***P < 0.001.

Table 4

Effect of acute treatment with C. occidentalis aqueous extract on serum parameters.

Groups Na* K* Glucose  Creatinine Urea Albumin Aldosterone  Plasma osmolality
(mEq/L) (mEq/L) (mg/dL) (mg/dL) (mg/dL) (g/L) (pg/mL) (mosmol/kg)
dH,0 1.7 £ 0.6 1.8 0.9 91.1 £6.3 0.6 £0.3 222 +24 432 +4.1 283.2 £22.2 259.2 = 21.1
Extract 240 mg/kg 7.6 + 1.7%%* 50 + 2.8%** 922 +7.6 0.7 + 0.6* 235x1.3 44.1 £ 3.1 285.2 + 18.6 266.3 + 22.1%*
320 mg/kg 9.9 + 1.4%#%* 57 £3.6%*%*% 042 + 83 0.7 £ 0.3*% 244 £32%*% 452 +4.1%*% 291.2 + 19.3*%% 268.5 + 31.2%**
400 mg/kg 11.8 = 1.7%%% 6.5 £ 3.7%%* 07.7 £ 7.2 0.9 £ 0.2%%* 26.9 + 4.3%** 452 + 52%%* 303.4 £ 87.7**%* 272.1 + 42.1***
Furosemide 12.4 = 1.2%%% 74 £23%%*% 073 + 6.4 0.7 £ 0.1%%* 24.6 £ 4.5%*% 45.1 £ 3.3%*% 301.2 £ 84.9%** 2735 + 32.]***
HCTZ 7.8 = 1.6%%* 10.8 £ 3.5%** 054 + 5.2 0.7 £ 0.2%%* 273 + 3.1%%* 442 + 2.3%%* 2053 + 77.7%%* 2723 + 442%**

Values are mean + SEM, n = 5. ANOVA + LSD test vs. negative control: *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4. Extract subchronic administration and urinary excretion.

A. Total volume of urine excreted daily by rats following subchronic treatment with the highest dose of C. occidentalis aqueous extract tested, administration
of an equivalent volume of distilled water (negative controls), or treatment with one of the two diuretic drugs used as positive controls. Note that from the
first day of treatment to the last all treatments significantly increased the volume of urine excreted daily, compared to the negative control group. B-D.
Estimated amounts of Na* (B), K* (C), and CI~ (D) excreted in the urine by the same rats daily. Note that all treatments increased the urinary excretion of
Na* and CI™ from the first day of treatment to the last one, compared to the negative control group, unlike K* excretion, which started to be marked from the
fifth day of treatment with the extract, and on the second or fourth day of treatment with the diuretic drugs used in positive control groups. dH,O, distilled
water. ANOVA + LSD test against negative control group: *P < 0.05, **P < 0.01, ***P < 0.001.

than the negative control group (y = 0.14x + 15.9, R = 0.56):
furosemide (y = 10.6x + 819, R’ = 0.99), HCTZ
(y = 94x + 60.9, R? = 0.98), and extract-treated groups
(y = 12.1x + 154.6, R? = 0.98). The effects of treatment with

3.2.2. Urinary electrolyte excretion

The estimated amounts of Na* (Figure 4B), CI~ (Figure 4C),
and K* (Figure 4D) excreted daily in the urine by rats following
subchronic treatment with C. occidentalis extract at 400 mg/kg,

administration of an equivalent volume of distilled water, or
treatment with one of the two diuretic drugs used as positive
controls are shown in Figure 4. Na* and CI”
significantly increased by all these treatments, compared to the
negative control group from the first day of treatment. All
experimental groups had a significantly higher slope (P > 0.01)

amounts were

extract or diuretic drugs on K* amount excreted was also more
marked with time. However, the effect were more marked from
two to six days of treatment (Figure 4D): furosemide
(y = 6.8x + 33.9, R’ = 0.98), HCTZ (y = 5.8x + 12.1,
R’ = 0.99), and extract-treated groups (y = 3.6x + 13.2,
? = 0.97).
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Table 5

Effect of the subchronic administration of C occidentalis aqueous extract on markers of oxidative stress.

Experimental MDA ROOH CAT Protein Glutathione
groups (UM/100 g of (UM/100 g of (mMH,O,/min per g of (g/100 g of (mmol/L)
tissue) tissue) protein) tissue)
Liver homogenates dH,O 9.96 + 1.32 1.37 £ 0.09 0.02 + 0.02 56.04 £ 052 -
400 mg/kg extract 7.80 + 0.86* 0.76 + 0.25%** 0.17 = 0.06* 30.29 + 5.18%* —
Blood plasma dH,0 20.96 + 1.50 0.03 = 0.01 - - 0.43 + 0.04
400 mg/kg extract 8.10 x 3.12%**  0.06 = 0.01°* - - 0.24 £ 0.03%**
Blood pellet dH,0 - - 0.01 £ 0.00 46.81 = 8.01 —
hemolysates 400 mg/kg extract — - 0.13 £ 0.03*%*%* 54.81 = 0.29*% —

CAT: catalase. MDA: malondialdehyde. ROOH: hydroperoxide. Values are mean + SEM, n =5. ANOVA + LSD test vs. negative control: *P < 0.05,

**P < 0.01, ***P < 0.001.

3.2.3. Oxidative stress markers

Table 5 showed the effects of the subchronic administration
of C. occidentalis aqueous extract (400 mg/kg) on markers of
oxidative stress. Catalase activities in liver homogenates and in
hemolysates were significantly decreased (P < 0.05). The extract
also induced a significant decrease in hydroperoxide amount in
liver homogenates (P < 0.001), and an increase in blood plasma
(P < 0.05). Plasma and liver malondialdehyde amounts were
significantly decreased (P < 0.05). Glutathione concentration in
plasma were decreased (P < 0.01). Protein amounts were
decreased in liver homogenates (P < 0.01) and increased in
hemolysates (P < 0.05).

3.3. Phytochemical study

Phytochemical screening performed on crude extracts
revealed the presence of several primary and secondary metab-
olites such as fatty acids, anthraquinones, glycosides, anthra-
cenes, saponins, tannins, and coumarins. Phenolic compounds,
triterpenes, volatile oils and sterols, but also flavonoids and al-
kaloids were also present in the extract. Thin layer chromatog-
raphy showed that the hexane extract and urine of treated rats
contained four chemical fractions. These initial observations and
findings suggest that the aqueous
C. occidentalis contains several chemical compounds which
biological potential activity deserves further investigation.

extract of leaves of

4. Discussion

Results of the present study suggest that the aqueous extract
of leaves of C. occidentalis administrated per os had stronger
diuretic effects than reference drugs at doses used, both in acute
(24 h) and subchronic (7 d) studies. The acute administration of
the extract at the dose with the more marked response (400 mg/
kg) induced an increase of 107.58% in urinary excretion
(compared to negative control group), against 84.2% and
48.05% with furosemide and HCTZ, respectively. Still in the
acute study, the extract also accelerated the elimination of fluid
overload and decreased the latency of the first urination
(152.43%, at 400 mg/kg, against 114.08% and 42.34% furose-
mide and HCTZ, respectively) and the diuretic index of groups
treated with the extract was higher (2.07 at 400 mg/kg) than
furosemide-treated (1.84) and HCTZ -treated (1.48). The phar-
macological response of the extract was dose-dependent and
comparable results were also obtained in the subchronic study.
Notably, the volume of urine excreted increased with the dose of
extract, particularly in the first hour after administration. Similar

observations were reported in studies assessing the other plants
with diuretic activity such as Randia echinocarpa (231, and Ficus
glumosa [201. Such rapid diuretic activity may be due to very
high concentration of active molecules of the saponin,
flavonoid and anthraquinone families [24], which presence in
extracts of C. occidentalis was detected by phytochemical
analysis in our study and previously reported [25].

C. occidentalis extract caused a more marked increase in
natriuresis than furosemide and HCTZ compared to the negative
control group, more specifically 909.59% at 400 mg/kg against
463.20% and 336.85%, respectively. Furosemide increases uri-
nary excretion of sodium by inhibiting Na*/K*/2C1~ symporter
(co-transporter system) in the thick ascending limb of the Henley
loop [20], while HCTZ inhibits the Na*/Cl~ symporter (co-
transporter system) in the distal convoluted tubule, by
competing for the Cl” binding site, and increasing the
excretion of Na+ and C1™ [20]. Whether the extract induces the
suppression of renal tubular reabsorption of water and
electrolytes by one of these processes or by another
mechanism is still to be determined. However, although during
acute testing the extract only induced a strong elimination of
Na®, as both diuretic reference drugs, K* elimination by
extract subchronic treatment became marked only from 6 d of
treatment onward, against 2 d for furosemide and 4 d for
HCTZ-treated. These observations suggest that C. occidentalis
acted as a K* -sparing diuretic [26.27],

C. occidentalis was well tolerated with an encouraging safety
profile in subchronic administration. Glucose and albumin were
not present in treated rats’ urine, and no significant change was
observed in the urinary creatinine levels. Instead, a marked
reduction was observed in the concentration of urea in the urine
compared to negative control group, the K* plasmatic concen-
tration was increased, and Na* and CI~ concentrations in the
plasma were significantly decreased. Taken together, these re-
sults indicate that C. occidentalis may act as a loop diuretic
which inhibit the Na*/K*/C1~ co-transporter system in the thick
ascending loop of the nephron, thus increasing natriuresis and
kaliuresis [28].

C. occidentalis also caused the acidification of urine. There
was a significant reduction in the osmolarity of urine in rats
treated with the extract. C. occidentalis may impair the basal
secretion of ADH and reduce the responsiveness of uriniferous
tubules to the action of ADH. Inhibition of ADH causes poly-
urea with low osmolarity [29]. Furthermore, in our study
radioimmunoassay revealed a decrease in aldosterone in
animals treated with the extract, further suggesting that the
stimulation of diuresis by the aqueous extract of the leaves of
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C. occidentalis may be comparable to furosemide mechanism.
Notably, glomerular filtration measured by creatinine clearance
was reduced, together with glomerular filtration rate, probably
due to increases in the Na* load available for Na*/K*
exchange [30.31], which indicates that the increase in diuresis
may also originate from changes in glomerular filtration,
besides changes at tubular level.

Findings of the study also indicated that C. occidentalis may
have antioxidant effects. Comparable observations were reported
in a number of other plants with diuretic properties [32]. In
addition, the extract also decreased hydroperoxide levels in
homogenates, malondialdehyde levels in plasma, and the
activity of catalase in homogenates and hemolysates, which
are markers of oxidative stress [33].

The results of the present study strongly suggest that
C. occidentalis leaves' aqueous extract have potent and dose-
response diuretic and antioxidant properties, both in acute and
subchronic use in rats. These findings justify at least partly the
use of this extract in folk medicine for the treatment of hyper-
tension. Future studies aimed at identifying the active principles
accounting for these effects of C. occidentalis leaves’ aqueous
extract may lead to the discovery of a potent diuretic, potentially
with antioxidant properties.
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