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ABSTRACT 
 

Aims: Wakouba is a salty substance used till medieval ages in traditional medical practices for the 
preventive treatment of hypertension. The current research focuses on the acute and sub-acute 
toxicity of this salt using laboratory Wistar rats. 
Study Design: Wakouba prepared using rank 17 fronds from Elaeis guineensis plant’s crown: 
fronds harvested, dried, incinerated; then the ash dissolved into water and duly filtered. Then 
various Wakouba doses orally given to adult Wistar rats and acute and sub-acute toxicity 
parameters measured for 28-days. 
Place and Duration of Study: Investigations performed at La Mé Research Station for Oil-Palm 
(National Agronomical Research Centre, CNRA) and Laboratory of Biochemical Pharmacodynamy 
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(Felix Houphouët-Boigny University), between Mai 2014 and February 2015. 
Methodology: For acute toxicity assessment, Wakouba given separately to rats at doses varying 
from 5,000 to 8,000 mg/kg body weight (BW) by oral route, and animals observed for behavioral 
changes or mortality. For sub-acute toxicity study, animals also orally administered with various 
Wakouba doses between 950 to 2,500 mg/kg BW, and then weekly examined, during 28 days, for 
toxicity symptoms dealing with hematological parameters (numbers of red blood cells, white blood 
cells, and hemoglobin; percentage of hematocrit, mean corpuscular volume, mean corpuscular 
rate, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, lymphocytes, 
and platelet count), biochemical characteristics (urea, creatinine, aspartate aminotransferase, 
alanine aminotransferase, total cholesterol triglycerides, alkaline phosphatase, lactate 
dehydrogenase, and creatine phosphokinase), and histopathological traits (liver, heart, and kidney). 
Results: Wakouba appeared a non-toxic substance because it revealed LD50 and MTD respective 
values of 6,308.57 and 5,000 mg/kg BW. Beyond the 28-days assessment, the rats were sacrificed 
for hematological, biochemical and histopathology concerns. Any significant variations in the overall 
hematological traits and some biochemical parameters (AST, ALP, CPK, LDL, and TP) were 
observed. However, at the rate of 2,500 mg/kg BW, Wakouba induced significant (P<0.001) 
increases in urea, creatinine, and HDL-cholesterol and decrease drop in the LDL-cholesterol from 
the treated animals. Histological examination of vital organs showed normal architecture 
suggesting no morphological trouble in the heart, kidney, and liver. 
Conclusion: The oral administration of Wakouba did not produce any significant toxic effect from 
rats. Such observations are significant safety margin in the uses of Wakouba that could therefore 
be valorized in therapeutic approach through pharmaceutical formulations. 
 

 

Keywords: Wakouba; acute toxicity; subacute toxicity; tissue histology. 
 
1. INTRODUCTION 
 

Elaeis guineensis (Jacq) known as oil palm plant 
is a monocotyledon crop belonging to plant 
family of Arecaceae. It’s a tree reaching 15 to 30 
m of height [1], consisting of a single trunk 
without any branch, and displaying a consistent 
crown of 40-50 leaves of 5 to 8 m long [2]. Palm 
oil culture is a very important livelihood for many 
populations from its growing lands where it 
records several food, cosmetic, and therapeutic 
properties. Several studies from the oil palm 
plant were reported regarding the methanolic 
extract of leaves. According to Salleh et al. and 
Runnie et al. [3,4], this methanolic extract fights 
against atherosclerosis and 
hypercholesterolemia by inhibiting the oxidization 
of low density lipoprotein (LDH). It also exhibits 
vasodilatative, antihypertensive, and wound 
healing effects [5;6]. In vitro trials attempted on 
the same extract by Chong et al. [7] revealed the 
inhibition of the Gram positive bacteria growth at 
Minimum inhibitory concentration (MIC) between 
6.25 mg/mL and 12.5 mg/mL; while Kweifio-Okai 
[8] reported the anti-inflammatory effect of the 
total aqueous extract of oil palm leaves. 
 

Some pharmacological interests are also 
involved with other derivatives from the oil palm. 
Indeed, the palm sap is used to highlight the 
rabies virus by immunofluorescence [9]. In 
Senegal, it is used against aches and 

rheumatism, whereas it’s used against 
hepatotoxicity in Nigeria [10,11]. In Côte d'Ivoire, 
the salt obtained from fronds of oil palm, named 
‘’Wakouba’’, is used in traditional treatment of 
hypertension. In fact, the arterial hypertension is 
a disease whose treatment by modern 
conventional medicine is very expensive and 
inaccessible. An antihypertensive used in the 
traditional medicine, and accessible for all, 
deserves deeper and sound scientific 
investigations to avoid treatment risks since such 
concerns often seem to be tragical for 
populations. The purpose of this study was to 
investigate the bio-toxicological parameters of 
this salt. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Material 
 

Wakouba was prepared according to the method 
described by Zirihi et al. [12], using the palms of 
rank 17 from the oil palm crown. These palms 
were harvested, washed, carved into 
approximate 1 cm length pieces, and dried at 
room temperature of 25-30°C for four weeks. 
Afterwards, the dried leaves pieces were 
incinerated into a muffle furnace at 400°C until 
white ashes. Thereafter, one hundred grams 
(100 g) of ash was dissolved into one liter (1 L) of 
distilled water and homogenized for 2 h at room 
temperature (25-30°C) using a magnetic stirrer. 
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The homogenate has then undergone filtration 
two times upon a cotton wool followed by another 
filtration on Whatman paper. The final filtrate was 
evaporated in an oven at 60°C to obtain the 
Wakouba salt. 
 

2.2 Animal Model 
 
Adult Wistar rats (150-170 g) obtained from the 
laboratory animal shop of the Pasteur Research 
Institute in Côte d’Ivoire were used for this study. 
They were kept in polypropylene cages under 
identical animal house condition and provided 
with standard pellet and water ad libitum. 
Environmental conditions were maintained at 
temperature of 22±2°C and relative humidity of 
60±10% [13]. 

 
2.3 Acute Toxicity Study 
 
The acute oral toxicity study was conducted 
according to the method described by Bléyéré et 
al. [14]. Forty-two (42) Wistar rats were randomly 
divided into seven groups of 6 rats each 
according to their body weights. The rats in 
Group 1 were considered as controls and 
received 1mL of standard saline (NaCl) solution 
at 0.9% (m/v). From Groups 2 to 7, the rats were 
orally administered with Wakouba doses of 5,000 
; 5,500 ; 6,000 ; 6,500 ; 7,000, and 8,000 mg/kg 
body weight (BW) for one day, respectively, 
using a stainless orophageun steel. The animals 
were then observed continuously for 14 days, for 
behavioral signs, mortality and other signs of 
toxicity, leading to the determination of the 
Wakouba dose inducing 50% rats’ mortality (50% 
lethal dose, LD50). 
 

2.4 Subacute Toxicity Study 
 
For this experiment, 36 Wistar rats were divided 
into a control group and five Wakouba-treated 
groups (950; 1,000; 1,500; 2,000; 2,500 mg/kg 
BW), each group consisting of six animals 
according to their body weights. Repeat-dose 
oral toxicity was assessed according to the 
Organization for Economic Cooperation and 
Development (OECD) guideline 407 [15]. The 
control animals (Group 1) received orally normal 
saline (0.9% NaCl) while animals from Groups 2 
to 6 received Wakouba doses of 950; 1,000; 
1,500; 2,000, and 2,500 mg/kg BW, respectively, 
for 28 consecutive days using a stainless 
orophageun cannula steel. At the day 30, the 
blood of the overall animals was collected 
according to suitable experimental protocol [16, 
17] for the determination of biochemical and 

hematological parameters. Then, the animals 
were sacrificed and their vital organs (liver, heart 
and kidney) were removed for macroscopic 
examination. 
 

2.4.1 Determination of hematological 
parameters 

 

At the 29th day, all rats from various groups were 
anesthetized using chloroform, submitted to an 
overnight fasting (for 8 h), sacrificed at the day 
30, and then their blood samples were collected 
by cardiac puncture. The blood samples of each 
sacrificed animal were collected into heparinized 
bottles (0.5 mL) to evaluate hematological 
parameters, namely red blood cells (RBCs), 
number of white blood cells (WBC), hemoglobin 
(Hb), hematocrit (HCT), mean corpuscular 
volume (MCV), mean corpuscular rate (MCR), 
mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), 
lymphocytes (LYM), and platelet count (PLT). 
The overall parameters were determined using 
an automatic hematology analyzer (Coulter KX -
21) [18,19]. 
 

2.4.2 Determination of biochemical 
parameters 

 

The blood samples (1.5 mL) of each sacrificed 
animal were collected into dry centrifuge Huma 
tubes with EDTA as anticoagulant reagent. The 
biochemical analysis was performed using the 
blood serum after centrifugation at 1480 RPM for 
10 min. Then, biochemical parameters such as 
values of urea, creatinine, aspartate 
aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH), creatine 
phosphokinase (CPK), and total proteins 
cholesterol (TP) were measured by standard 
colorimetric methods. The lipid profile in the rats’ 
blood was also investigated, consisting in total 
cholesterol (TChol), triglycerides (TG), high 
density lipoprotein-cholesterol (HDL-C), and low 
density lipoprotein-cholesterol (LDL-C). These 
parameters were measured using clinical 
chemistry analyzer (Vital Scientific, Netherlands). 
 

2.4.3 Histopathological examination 
 

The rats were dissected after blood collection 
and their vital tissues (liver, heart, and kidney) 
were carefully examined. Tissue samples were 
fixed into 10% formalin dehydrated in 
concentrated alcohol bath series (70°, 80°, and 
90°) and embedded in paraffin blocks. 
Afterwards, ultrathin sections were de-waxed by 
xylene, hydrated into ethanol solutions, and 



stained with hematoxylin and eosin. The 
histopathological examination was performed 
using an optical microscope (Nikon Eclipse 
E600, USA) at 40x magnification size. Sections 
were assigned grades as reported by Billingham 
et al. [20]. 
 

2.5 Statistical Analysis 
 

The data were statistical analyzed using Graph 
Pad software (Graph Pad Prism 4 Microsoft 
Sendiegie, California, USA). The statistical 
treatment consisted in a one-way analysis of 
variance (ANOVA) followed by Bonferroni test for 
multiple statistical comparison. The probability 
value was considered at P< 0.001. Results were 
reported as mean of variance ± SEM.
 

3. RESULTS AND DISCUSSION
 

3.1  Lethal dose 50 (LD50) Resulting 
the Administration of Wakouba

 

Table I shows the percentage of rats mortality 
from the different groups after gavage 
administration of various doses of 
between 5,000 and 8,000 mg/kg BW. These 
mortality percentages allow the drawing of the 
graph in Fig. 1 using the logarithm of 
doses. From such a caption, the LD50 value of 
Wakouba is highlighted at 6,309±99.97 mg/kg 
BW. 
 

3.2 Subacute Toxicity of Wakouba
 

3.2.1 Effect of Wakouba on hematological 
parameters of rats 

 

The results of the hematological tests are 
gathered in table 2. The overall hematological 
parameters investigated from the 
treated rats, namely RBC, WBC, Hb, HCT, MCV, 
MCR, MCH, MCHC, LYM, and PLT values were 
within normal standard compared to the 
rats group. They do not involve any significant 
differences (P > 0.05, ns) between the palm 
extract-treated animals and the control ones.
 

Table 1. Rats mortality based on doses of
 

Groups of rats Doses (mg/kg BW)
1 0000 
2 5,000 
3 5,500 
4 6,000 
5 6,500 
6 7,000 
7 8,000 
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th hematoxylin and eosin. The 
histopathological examination was performed 
using an optical microscope (Nikon Eclipse 
E600, USA) at 40x magnification size. Sections 
were assigned grades as reported by Billingham 

The data were statistical analyzed using Graph 
Pad software (Graph Pad Prism 4 Microsoft 
Sendiegie, California, USA). The statistical 

way analysis of 
variance (ANOVA) followed by Bonferroni test for 

son. The probability 
value was considered at P< 0.001. Results were 
reported as mean of variance ± SEM. 

3. RESULTS AND DISCUSSION 

Resulting from 
Wakouba 

Table I shows the percentage of rats mortality 
from the different groups after gavage 
administration of various doses of Wakouba 
between 5,000 and 8,000 mg/kg BW. These 
mortality percentages allow the drawing of the 

logarithm of Wakouba 
the LD50 value of 

is highlighted at 6,309±99.97 mg/kg 

Wakouba 

on hematological 

The results of the hematological tests are 
gathered in table 2. The overall hematological 
parameters investigated from the Wakouba-
treated rats, namely RBC, WBC, Hb, HCT, MCV, 
MCR, MCH, MCHC, LYM, and PLT values were 
within normal standard compared to the control 
rats group. They do not involve any significant 
differences (P > 0.05, ns) between the palm 

treated animals and the control ones. 

3.2.2 Effect of Wakouba on biochemical 
parameters of rats 

 

The results of the various biochemical 
experiments on the Wakouba-treated rats are 
mentioned in table 3 against the control rats 
group. Oral administration of Wakouba
doses of 950 to 2,500 mg/kg BW did not cause 
significant changes of the main serum
biochemical parameters, namely aspartate 
aminotransferase (207 to 209 U/L), alanine 
aminotransferase (151 to 156 U/L), lactate 
dehydrogenase (264.1 to 266.9 U/L), creatine 
phosphokinase (155.7 to 158.4 U/L), alkaline 
phosphatase (292 to 294 U/L), and tota
(64.9 to 66.9 g/L) compared to the control 
untreated rats. However, urea and creatinine 
were statistically higher (p<0.001) in rats treated 
with Wakouba at dose of 2,500 mg/kg BW (0.85 
and 36.66 mg/L, respectively) compared to the 
control rats (0.39 and 16.20 mg/L, respectively).
 

 

Fig. 1. Rats mortality chart drawn on the 
logarithm of Wakouba doses basis

 

The lipid parameters are given in Table 4. 
illustration doesn’t display any statistical 
difference (p>0.05) between the 
treated rats and the untreated rats for the
contents in total cholesterol (1.62 to 1.68 g/L) 
and triglycerides (0.54 to 0.75 g/L). By contrast, 
HDL-cholesterol and the LDL-cholesterol were

Table 1. Rats mortality based on doses of Wakouba administered 

Doses (mg/kg BW) Number of dead rats Mortality (%)
0 0 
0 0 
1 20
2 30
4 40
5 80
6 100
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treated rats are 

mentioned in table 3 against the control rats 
Wakouba at the 

doses of 950 to 2,500 mg/kg BW did not cause 
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biochemical parameters, namely aspartate 
aminotransferase (207 to 209 U/L), alanine 
aminotransferase (151 to 156 U/L), lactate 
dehydrogenase (264.1 to 266.9 U/L), creatine 
phosphokinase (155.7 to 158.4 U/L), alkaline 
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were statistically higher (p<0.001) in rats treated 

at dose of 2,500 mg/kg BW (0.85 
and 36.66 mg/L, respectively) compared to the 

0.39 and 16.20 mg/L, respectively). 

 

Fig. 1. Rats mortality chart drawn on the 
doses basis 

lipid parameters are given in Table 4. This 
illustration doesn’t display any statistical 

0.05) between the Wakouba-
treated rats and the untreated rats for the 
contents in total cholesterol (1.62 to 1.68 g/L) 
and triglycerides (0.54 to 0.75 g/L). By contrast, 

cholesterol were
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statistically higher (p<0.001) from the animals 
treated with Wakouba doses of 1,000 to 2,500 
mg/kg BW (1.11 to 1.29 g/L and 0.23 to 0.43 g/L, 
respectively) than in the control rats (0.93 and 
0.60 g/L, respectively). This difference 
emphasizes respective increase and decrease in 
the rates of HDL-cholesterol and LDL-cholesterol 
when the rats are administered with Wakouba 
doses from 1,000 to 2,500 mg/kg BW as shown 
in Table 4. 
 

3.3 Histological Characteristics in Tissue 
Sections of Wakouba-treated Rats 

 

Fig 2, 3 and 4 show the respective 
histopathological sections of the liver, kidney and 
heart in control rats and rats treated with 
Wakouba at the highest dose considered at 
2,500 mg/ kg BW. The liver section of treated rat 
didn’t present any significant damage. 
Hepatocytes (H) and sinusoids revealed normal 
architecture compared to the control rats (Fig. 2a 
and 2b). The higher dose of Wakouba also did 
not result in any marked deleterious effect on the 
kidney of treated rats. 
 

Overall rats tissues investigated, namely 
Glomerulus (G), Bowman’s capsule (Bc), 
proximal collecting tubule (P), distal collecting 
tubule (D), and collector tube (Tc) are with 
normal appearance compared to the control rats 
group (Fig. 3a). Fig 4 also reveals normal 
appearance of the heart from treated animals 
compared to the control. Muscle cells, as shown 
by arrows, form a large complex network of 
parallel smooth muscle fibers (SMF) and each 
cell remains clearly individualized. 
 

4. DISCUSSION 
 

The toxicological investigation of consumed 
plants extracts is highly important for supporting 
safety uses without any physiological disorder for 
humans. Such a study usually includes three 
paths, namely the determination of the LD50 by 
acute toxicity, the measuring of hematological 
and biochemical parameters, and the histological 
study regarding the subacute toxicity. 
 
From the acute toxicity of Wakouba, the resulted 
LD50 is 6,308.57 mg/kg BW. According to the 
standards provided by the WHO [21] and 
Morrison and Kimble [22], Wakouba appears as 
a non-toxic substance at the tested doses since 
tis LD50 value is below 7,000 mg/kg BW. After 
treatment of healthy rats with various Wakouba 
doses (950; 1,000 1,500, and 2,000 mg/kg BW), 
the sub-acute toxicity investigation did not result 

in any change from their hematological 
parameters compared to the control rats. Such 
observations show that Wakouba does not affect 
the haematopoiesis. Indeed, the haematopoiesis, 
physiological process allowing the blood cells 
synthesis, is one of the most sensitive bio-
functions targeted by toxic components [23]. 
Besides, the hematological parameters are 
appropriate traits for investigation of the 
physiological and pathological states from 
humans and animals [24]. Significant changes in 
these parameters from laboratory animals are 
predictive for the human toxicity, since rats are 
slightly close to humans for major biological 
characteristics [25]. 

 
Liver and kidney are the filtrant tissues of the 
organism [26] and are therefore of the main 
targets for some toxic medicinal plants’ 
compounds. Oral administration of Wakouba to 
rats at doses between 950 and 2,000 mg/kg BW 
did not change serum values of the renal and 
hepatic markers compared to the control group. 
In fact, transaminases are suitable indicators and 
biomarkers [27,28] for the toxic effects 
assessment regarding medicinal plants; and their 
concentrations in blood correlate the hepatocyte 
damages [29,30]. For renal function, urea and 
creatinine are the main diagnostic parameters, 
while CK, LDH and AST are markers of heart 
failure [31-33]. These parameters are not 
affected by Wakouba doses below 2,000 mg/kg 
BW. However, at the dose of 2,500 mg/kg BW 
Wakouba resulted in mild dyspnea and slight 
increase of the urea and creatinine values in rats. 
The observed dyspnea could be derived from 
with the hypotensive effect of Wakouba 
previously reported by Doumbia et al. [34]. 
According to these authors, Wakouba could deal 
its hypotensive effect as a calcium antagonist 
and a β-blocker compared to the standard 
tenordate molecule known as a commercial 
antihypertensive. In fact, creatinine and urea are 
substantially eliminated from the blood by 
glomerular filtration, which also depends on the 
blood pressure in the glomerular capillaries 
stated at about 30 mm Hg. Therefore any drop in 
blood pressure may cause a decrease in 
glomerular pressure of about 10 mm Hg [35]. 
Thus, any reduction in blood pressure can cause 
a decrease in plasma volume filtered by the 
glomerulus. The high level of urea and creatinine 
confirmed the hypotensive effect of Wakouba 
and not a renal effect. Our results corroborate 
those reported by Masson [36] on the toxicity of 
Stachytarpheta indica in rats. 
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Table 2. Hematological traits of rats treated with various doses (mg/kg BW) of Wakouba 
 

Parmeters Control 
Means±SD/Wakouba dose 

950 1 000 1 500 2 000 2 500 
WBC (x 10

3
/mm

3
) 8.76±0.00 8.75±0.50

ns
 8.77±0.12

ns
 8.76±1.12

ns
 8.78±0.30

ns
 8.76±0.20

ns
 

RBC (x 106/mm3) 7.80±0.10 7.50±0.01ns 7.40±0.01ns 7.80±0.09ns 7.60±0.10ns 7.60±0.30ns 
Hb (g/dL) 12.40±0.10 12.92±0.02ns 12,70±0.05ns 12.50±0.08ns 12.42±0.06ns 12.92±0.04ns 
MCHC (g/dL) 30.40±1.05 30.40±0.04

ns
 31.60±0.51

ns
 31.80±0.47

ns
 30.90±0.61

ns
 31.70±0.79

ns
 

PLT (x 103/mm3) 648.20±5.02 649.00±5.72ns 652.00±0.41ns 647.00±2.94ns 657.00±3.01ns 653.00±0.34ns 
LYM (%) 98.00±0.35 97.00±0.36

ns
 95.00±0.93

ns
 98.00±0.25

ns
 96.00±0.58n

s
 96.83±0.04

ns
 

HCT (%) 39.83±0.36 38.90±0.02ns 39.40±0.99ns 37.10±0.76ns 39.40±0.61ns 38.70±0.05ns 
MCV (Fl/cell) 57.82±0.01 58.08±0.01

ns
 57.40±0.02

ns
 56.80±0.48

ns
 57.40±0.23

ns
 58.20±2.33

ns
 

From the same line, values with lowercase ns script are not statistically different at p=0.05 to the control. WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; 
MCHC, mean corpuscular hemoglobin concentration; PLT, platelets; LYM, lymphocyte; HCT, hematocrit; MCV, mean corpuscular volume; SD, standard deviation 

 
Table 3. Biochemical profile of rats treated with various doses (mg/kg BW) of Wakouba 

 
Parmeters Control Means±SD/Wakouba dose 

950 1,000 1,500 2,000 2,500 
AST (U/L) 206.00±0.68 208.00±0.63

ns
 207.00±1.06

ns
 206.00±0.85

ns
 209.00±0.51

ns
 207.00±1.18

ns
 

ALT (U/L) 150.00±2.64 152.00±0.81ns 151.00±2.03ns 154.00±1.48ns 153.00±0.93ns 156.00±1.89ns 
Urea (mg/L) 0.39±0.01 0.41±0.01

ns
 0.40±0.02

ns
 0.42±0.01

ns
 0.41±0.05

ns
 0.85±0.03

***
 

Creat (mg/L) 16.20±1.21 17.10±0.00ns 17.80±0.72ns 16.90±0.02ns 16.50±0.11ns 36.66±0.57*** 
LDH (U/L) 265.2±1.61 264.10±1.67

ns
 266.90±0.57

ns
 265.70±1.52

ns
 266.40±0.13

ns
 265.80±0.81

ns
 

CPK (U/L) 155.4±3.25 155.80±1.56
ns

 158.40±2.78
ns

 155.70±0.97
ns

 156.80±1.54
ns

 155.90±0.57
ns

 
ALP (U/L) 201.00±1.39 293.00±1.09ns 292.00±1.34ns 294.00±1.18ns 292.00±1.73ns 293.00±1.41ns 
TP (U/L) 65.40±0.62 66.90±0.65

ns
 65.80±0.63

ns
 65.90±0.89

ns
 64.90±1.55

ns
 66.70±0.45

ns
 

From the same line, values with lowercase ns script are not statistically different compared to the control at p=0.05; values with *** scripts are statistically different to the control 
at p=0.001. SD, standard deviation; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Creat, creatine; LDH, lactate dehydrogenase; CPK, creatine 

phosphokinase; ALP, alkaline phosphatase; TP, total proteins cholesterol 
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Table 4. Lipid profile of rats treated with various doses (mg/kg BW) of Wakouba 
 

Parmeters Control Means±SD/Wakouba dose 
950 1,000 1,500 2,000 2,500 

TChol (g/L) 1.68±0.00 1.64±0.01
ns

 1.65±0.01
ns

 1.67±0.01
ns

 1.69±0.05
ns

 1.62±0.01
ns

 
TG (g/L) 0.74±0.01 0.75±0.12ns 0.67±0.04ns 0.63±0.01ns 0.59±0.06ns 0.54±0.01ns 
HDL-Chol (g/L) 0.93±0.11 0.98±0.01ns 1.11±0.02*** 1.18±0.03*** 1.24±0.01*** 1.29±0.05*** 
LDL-Chol (g/L) 0.60±0.01 0.55±0.01

ns
 0.43±0.12

***
 0.36±0.05

***
 0.27±0.02

***
 0.23±0.01

***
 

From the same line, values with lowercase 
ns

 script are not statistically different at p=0.05 to the control; values 
with lowercase *** scripts are statistically different to the control at p=0.001. SD, standard deviation; TChol, total 
cholesterol; TG, triglycerides; HDL-Chol, high density lipoprotein cholesterol; LDL-Chol, low density lipoprotein 

cholesterol. 
 

 
 

Fig. 2. Histological appearance after section of the liver from rats treated with control salt (a) 
and rats treated with Wakouba at dose of 2,500 mg/kg BW. 

Colorant: Eosine-Hematoxyline; Magnification: 40x 
Cs, Sinusoids; H, Hepatocyte 

 

 
 

Fig. 3. Histological appearance after section of the kidney from rats treated with control salt (a) 
and rats treated with Wakouba at dose of 2,500 mg/kg BW 

Colorant: Eosine-Hematoxyline; Magnification: 40x 
G, Glomeruli; Bc, Bowman's capsule; Tc, distal convoluted tubules; Tp, proximal convoluted tubules 
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Fig. 4. Histological appearance after section of the heart from rats treated with control salt (a) 

and rats treated with Wakouba at dose of 2,500 mg/kg BW. 
Colorant: Eosine-Hematoxylin; Magnification: 40x 

SMF, Smooth muscle fibers 
 

The safety of Wakouba is confirmed by the 
observation of histological section of the kidney 
from treated rats, showing no damage, even at 
higher dose of 2,500 mg/kg BW, compared to the 
control rats’ kidney. The liver and heart from 
Wakouba-treated animals are also as similar as 
those of the controls, showing that this extract 
does not interfere with the metabolism of the 
target tissues. Regarding the lipid profile, the 
treatment with Wakouba led to an increase in the 
HDL-cholesterol and a decrease in LDL-
cholesterol compared to the control rats group. 
The “good cholesterol” (HDL-cholesterol) carries 
the excess of organs cholesterol towards the 
liver where it is eliminated. They have the ability 
to clean the arteries from all lipid deposits due to 
the “bad cholesterol” (LDL-cholesterol) that 
gradually form real fatty plaques called 
atheroma. So, the HDL-cholesterol has 
significant contribution in reduction of the risk of 
atherosclerosis plackets developing. Thus, it has 
beneficial effect against cardiovascular concerns 
since atherosclerosis is known as a significant 
marker of these diseases [37], and its higher 
concentration in the serum could be protective 
for the myocardia [38]. Thanks to the main 
observations about the treated rats, Wakouba 
could be valorised as a raw antihypertensive for 
supporting prevention against the cardiovascular 
troubles. 
 

4. CONCLUSION 
 
The toxicity investigation about Wakouba allowed 
the determination of the LD50 and MTD. The 
values recorded indicate the safety uses of 

Wakouba. This extract also relies on hypotensive 
effect revealed by the higher blood value of urea 
and creatinine at the dose of 2,500 mg/kg BW. 
These statements are confirmed by the 
histological examination of the kidney, liver and 
heart without any damage in their structures. The 
administration of Wakouba also increases the 
blood HDL-cholesterol whereas the LDL-
cholesterol level is dropped. From the overall 
outcomes, the Wakouba salt could be taken as 
antihypertensive and cardio-protective 
substance. 
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