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Abstract 

High blood pressure is an important health problem because of its prevalence and its several complications. The high 
cost of its management and the side effects of conventional drugs have led patients to use medicinal plants. Carissa edulis 
is one of the plants used in the traditional management of hypertension. The aim of this study was to determine the 
effects of crude extract and fractions of Carissa edulis in L-NAME hypertension rats models. The phytochemical analysis 
of the extracts was carried out by using the thin layer chromatography method. The pharmacological effect was 
evaluated in Wistar rats rendered hypertensive by administering the N (ω) -Nitro-L-Arginine-Methyl Ester (L-NAME). 
The crude extract was administered at 500 mg / kg (b/w) and the fractions at 20 mg / kg (b/w). Blood pressure was 
measured by a non-invasive method. Four fractions were obtained after fractionation. Many chemical compounds were 
detected diversely distributed in either in the crude extract or in the fractions. The crude aqueous extract induced a 
significant decrease in blood pressure from 137, 00 ± 8,01 mmHg to 94,75 ± 2.84 mmHg. In the other hand, only the 
aqueous fraction exerted the highest effects by reducing the blood pressure from 137,00 ± 8,01 mmHg to 93,5±8,54 
mmHg. 

The results obtained justify the traditional use of the leaves of Carissa edulis in the treatment of high blood pressure. 
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1. Introduction

High blood pressure, the major risk factor of cardiovascular diseases is an important health problem worldwide because 
of its prevalence and its multiple complications. The therapeutic management of hypertension is a long term and 
expensive process especially for developing countries population. The high cost of its management and the side effects 
of conventional drugs have led patients to use medicinal plants [1].

Carissa edulis (Forssk.) Vahl. is a plant which belongs to the family of Apocynaceae and is distributed in tropical Africa 
(Botswana, Cameroun, Benin) and Asia (Cambodge, Japan and Myanmar) [2]. The root decoction is used against malaria, 
indigestion, post-partum pains and against chest pains. [3]. The roots’ infusion is used against stomachache, Herpès 
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simplex virus infection and cataract when used as eye drop. In Benin, the roots are used as aphrodisiac, against women 
sterility and hypertension. Carissa edulis is also used as a source of dye [4]. 

Pharmacological studies on Carissa species have indicated significant antiplasmodial [5], diuretic (Nedi T et al, 2004)[6], 

anticonvulsant [2] , antibacterial [3, 7–10], anti-oxidant and anti-tumor [5, 11–13], antiviral [14, 15] , antiemetic [9], 

anti-hyperlipidemic [10], analgesic, anti-inflammatory, antipyretic activities [16, 17], vasorelaxant [18], 

cardioprotective [19] , hepatoprotective [16–18], antidiabetic [5] and anti-helminthiasis activities [20].  

Considering the use of Carissa edulis in folk medicine as antihypertensive, this study aimed to evaluate the 
antihypertensive activities of the crude extracts and fraction of the plant in order to verify its ethnomedical use. 

2. Material and methods 

2.1 Vegetal material 

Fresh leaves of Carissa edulis were harvested at Abomey-Calavi a closed country to Cotonou (South of Benin) and a 
voucher specimen was authenticated at the National herbal Centre of Benin AA6482/HNB. They were dried under the 
lee of sun at a temperature between 20-25°C during three weeks. The dried leaves were pulverized and the powder was 
stored at room temperature until use. 

150 g of the dried powder of Carissa edulis were extracted at 80°C with 500ml of distilled water during 30 minutes. The 
decoction was filtered and then poured into an evaporating dish to evaporate the water over a water-bath at a 
temperature of 80°C. The brown dried extract obtained was stored in refrigerator at 4°C.  

In the other hand, 50 g of the aqueous extract were dissolved with 500 ml of distilled water and then introduced in a 2L 
conical flask. A first separation was carried out with dichloromethane (700ml three times) and successively with ethyl 
acetate and n-butanol. The organic phases were recovered and evaporated at 30°C on a rotary evaporator. The residual 
aqueous phase was also evaporated at 70°C on the rotary evaporator under reduced pressure. 

2.2 Phytochemical analysis 

The phytochemical analysis of the crude extract and the various fractions was carried out using a thin-layer 
chromatography (TLC) as described by Bladt and Wagner (2001) [13]. 5 mg of each extract was dissolved in 1 ml of 
appropriate solvent (1: 1 merhanol / water mixture, dichloromethane and ethyl acetate). On silica gel chromatography 
plates (60F254, Merck), 10μl of each mixture are deposited and the migration was carried out by means of suitable 
solvent for each desired chemical group. Thus, for the screening of coumarins, flavonoids, tannins, triterpenes and 
anthocyanins derived, the migration solvent used includes ethyl acetate / formic acid / methanol / acetic acid / water 
(100: 11: 11: 26). The solvents used for the searching of alkaloids, anthracenes, and glucosides are mixed of ethyl 
acetate, methanol and water (in proportions 100, 13.5: 10). For lignans, terpenes and sesquiterpenes, saponins, 
naphthoquinones, the migration solvents mixure wererespectively: chloroform / methanol / water (70: 30: 4); 
Chloroform / methanol / water (65: 25: 4); Chloroform / acetic acid / methanol / water (64: 32: 12: 8) and toluene / 
formic acid (99: 1). 

2.3 Animal Design 

Male wistar rats weighing between 180 - 200g were used housed in cages and maintained in a light controlled 
environment (12:12h light-dark cycle). They had free access to food and water.  

For the crude extract, 15 rats were assigned to three groups of five rats 

 Control group: Rats received distilled water from day 1 to day 14 (L-NAME for the 7 first days and which 
received specific treatment from day 8 to day 14 as follows: 

 (N(G)-Nitro-L-Arginine Methyl Ester (L-NAME) group: rats were treated with L-NAME) at 20 mg/Kg of body 
weight from Day 1 to Day 7 and received distilled water from day 8 to day 14. 

 Treated Group: Rats of this group were previously treated with L-NAME followed by the aqueous extract of 
Carissa edulis at 500 mg/kg of body weight from day 8 to day 14. 
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For the fractions, 35 male rats were randomly divided into 7 groups of five.  

Group 1: Rats received distilled water from day 1 to day 14 (control group 
Group 2: Rats were treated with L-NAME from Day 1 to Day 7 and received distilled water from day 8 to day 14. 
Group 3: Rats of each subgroup were treated with one of the fractions of Carissa edulis 30 mg/kg of body weight for 7 
days after 7-day-administration of L-NAME. 
Group 4: animals in this group were treated with Losartan at 100 mg/kg of body weight from day 8 to day 14 after L-
NAME administration from day 1 to day 7. 

2.4 Measurement of blood pressure 

The arterial pressures of the rats were taken by non-invasive measurement with the CODA device (Kent Scientific 
Corporation, USA) on D0, D4, D8, D12 and D15. 

The CODA device allows the measurement of caudal arterial pressure in rats. This method of measurement consists in 
the use of a sleeve causing an occlusion of the blood flow at the level of the caudal artery. This sleeve is linked directly 
to a CODA voltage controller which is connected to a computer. Once the systolic and diastolic blood pressure values 
were obtained, the system automatically calculates the mean pressure while the cuff deflates completely. This value can 
also be calculated using the following formula: PAM = PAD + 1/3 (PAS-PAD). 

2.5 Data processing and analysis 

Arterial pressure values are given on average ± standard error. The data were entered in Excel and analyzed using 
GraphPad Prism 5 software. The analysis of variance (ANOVA test) was used. The significance threshold P was set at 
5% (P <0.05). 

3. Results  

3.1 Aqueous extraction and liquid-liquid partition  

The aqueous extraction carried out from 100 g of the powder of the leaves of Carissa edulis yielded 18.32g of a dry 
extract of a slightly dark brown color with a yield of 18.32%. The liquid-liquid partition from 50 g of crude aqueous 
extract resulted in four (4) fractions: the aqueous fractions (Aqueous F.), dichloromethane (FDM), acetate of ethyl (FAE) 
and butanol (F. BUTANOL). The masses, extraction yields, colors and aspects of the various fractions are shown in Table 
1. 

Table 1 Summary of liquid-liquid partition efficiency results 

Fractions Mass of fractions (g) Extraction yield (%) Colors and aspects after evaporation 

F AQUEUX 22,80 45,60 Light brown and powder 

F BUTANOL 9,95 19,90 Orange and powder 

F AE 0,81 1,62 Paste and sticky yellow orange 

F DM 0,86 1,72 Pasty and sticky dark green 

F CYCLO 0,20 0,40 Pasty and sticky dark green  

Total 34,62 69,24  

The extraction yields were determined based on the weight of the dry crude aqueous extract. 
The highest yields were obtained with the aqueous phase followed respectively by the butanol phases, dichloromethane, 
ethyl acetate. On the basis of very low yield obtained for the cyclohexane phase, we carried out a thin-layer 
chromatographic analysis of the various fractions in order to define their chromatographic profile with a view to 
possible regrouping. The reading of the plate revealed that the cyclohexane and dichloromethane fraction had the same 
profile and therefore consisted of the same families of chemical compounds. We have thus discarded the cyclohexane 
fraction (very low yield). The results of this partition showed that during the partition a small quantity of components 
was drained into the organic phases, which justifies the higher yield obtained for aqueous fraction (45, 60%). In the 
organic phases, the butanol fraction gave the highest yield (19, 90%) while the cyclohexane fraction gave the lowest 
yield with 0.44%. 
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3.2 Phytochemical analysis 

The results of the phytochemical screening was given in table 2. Eleven (11) chemical compounds were distributed 
differently in the crude aqueous extract as well as in the different fractions. Lignans and saponosides were present in 
the crude extract and in all the fractions. Tanins, anthocyanin pigments, glycosylated coumarins, anthocyanin pigments, 
alkaloids, glycosylated flavonoids and anthracens were absent only in the dichloromethane fraction, but present in the 
crude extract, aqueous fraction, butanol fraction and in the ethyl acetate fraction. Naphtoquinones were detected only 
in the dichloromethane fraction. Bitter principles were highlighted in the aqueous fraction, butanol fraction and in the 
ethyl acetate fraction, while the triterpens in the ethyl acetate and dichloromethane fractions. 

Table 2 Phytochemical screening of the crude extract and the different fractions of Carissa edulis Vahl 

Samples Crude 

Extract 

Aqueous 
fraction 

Butanol 
fraction 

Ethyl acetate 
fraction 

Dichlromethane 

Fraction 

Tanins + + ++ ++ - 

Triterpenes - - - + ++ 

Anthocyanin 
pigments 

+ + ++ ++ - 

Glycosylated 
Coumarins 

++ ++ + + - 

Lignans ++ ++ ++ ++ + 

Saponosides ++ ++ ++ ++ + 

Bitter Principles - + ++ ++ - 

Alkaloids + + + ++ - 

Glycosylated 
Flavonoids 

++ ++ + + - 

Anthracene 
Derivatives 

+ + ++ ++ - 

Naphtoquinones - - - - + 

Absence (-), (+) Low presence, (++) Strong presence 

3.3 Effects of crude aqueous extract and fraction on arterial hypertension 

Table 3 Comparative mean arterial pressure of the rats subjected to the study of the antihypertensive activity of the 
crude extract 

 D0  D8  D15 

Control 89,60 (3,94) 91,40 (11,17) 88,80 (7,22) 

L-name 93,33 (7,45) 137,00(13,45) 119,67 (12,33) 

L-name/crude extract 93,75 (5,09) 137,00 (8,01) ** 94,75 (2,84) ** 

The data are expressed in mmHg and as mean +/- SEM; The values assigned to the letter A are significantly different from the value of the witness 
batch; The values assigned to the letter B are significantly different from the value of the L-NAME batch 

    (*: P-value <0.05)and (**: p-value <0.01)are Significantly different from witness group. 

Tables 3 and figure 1 showed the mean arterial pressures of the different groups of retreated with the crude extract of 
C. edulis. 

Administration of L-NAME from D0 to D7 resulted in a significant increase in both control and treated group of rats. The 
MAP increased about 40 mmHg. Consequently, a significant decrease of rats MAP was observed when treated by crude 
aqueous extract of C. edulis from 137,00 ± 8,01 mmHg (J8) to 94, and 75 ± 2.84 mmHg (D15). 
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Figure 1 Effect of the crude extract of Carissa edulis on the arterial pressure of rats 

Table 4 Comparative mean arterial pressure of the rats subjected to the study of the antihypertensive activity of the 
different fractions 

 PAS  PAD  PAM 

CONTROL 132,8±3,69 86,8±6,32 101,6±5,11 

L-NAME 167±4,16 119,67±12,33 135±8,89 b 

L-NAME/Losartan 120±10,07 86,33±10,84 97±10,39 a 

L-NAME/F AQ 119±12,81 81,75±6,81 93,5±8,54 a 

L-NAME/F BUT 145,5±11,84 98,5±12,28 113,75±11,93 

L-NAME/F AE 162,8±13,64 125,8±11,75 137,8±12,2  

L-NAME/F DM 152±13,32 106,2±14,39 121±13,48 

F: Fraction; BUT: Butanol; DM: Dichloromethane; AE: Ethyl acetate; The values assigned to the letter a are significantly different from the value of 
the control batch; The values assigned to the letter b are significantly different from the value of the L-NAME group; *:P-value<0.05 and **: p-value 

<0.001 Significantly different from control group. PAS: systolic arterial pression; PAD: diastolic arterial pression; PAM: Mean arterial pression  

 
* Significant compared to control group;# Significant compared to L-NAME group 

Figure 2 Mean arterial pressure of the different groups of rats 
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Table 4 and Figure 2 showed the effect of the administration of the various fractions on the arterial pressure of the rats. 
After administration of L-NAME,rats blood pressure increased significantly and the administration of either Losartan 
or the different fractions normalized the MAP. The best effect was recorded with the aqueous fraction. Although the 
butanol fraction induced a significant decrease it was not able to normalize the MAP of the rats. Ethyl acetate and 
dichloromethane fractions had no effect on the rats MAP. 

4. Discussion 

The aqueous decoction is the method used by healers to prepare herbal recipes. It is also the most widely used method 
for the preparation of recipes used in the traditional management of hypertension [21, 22]. This technique has therefore 
been used to carry out the aqueous extraction of the plant drug. 

The liquid-liquid partition is carried out by using increased polarity solvents. Empirically, the aqueous extraction was 
chosen, followed by the alkaline extracts in conventional therapeutics. This choice is generally advisable because most 
active pharmacological molecules dissolve there.  

The results of this partition showed that during the partition, a small quantity of extracts was drained into the organic 
phases. This justifies the yield obtained for the aqueous fraction (45.60%). In the organic phases, the butanol fraction 
gave the highest yield (19, 90%). 

The phytochemical screening revealed eleven (11) chemical compounds distributed differently in the crude aqueous 
extract and the different fractions. 

The different fractions obtained and the crude aqueous extract were tested on a model of hypertension induced by L-
NAME in Wistar rat. Indeed, an inhibition of nitrogen monoxide (NO) synthesis at the endothelial level is induced by L-
NAME and underlied the development of arterial hypertension in the rat. This inhibition of NO leads to vasoconstriction 
by increasing peripheral vascular resistance and is a relatively stable model of hypertension. According to Biancardi et 
al (2007) [23], vasoconstriction induced by sympathetic tone, in response to L-NAME administration, plays an 
important role in the initiation and maintenance of hypertension. 

The dose of L-NAME at 20 mg / kg body weight used in our study is comparable to that used by Mali et al (2012), and 
Bachav et al., (2012) [24, 25]. Arterial pressures obtained after L-NAME administration were significantly higher (p 
<0.05) than in normal untreated rats, indicating the efficacy of L-NAME at this dose. The aqueous extract of C. edulis 
significantly normalized (P <0.05) the blood pressure at a dose of 500 mg / kg. 

In the other hand, only the residual aqueous fraction revealed the most important antihypertensive activity.  

Our results were similar with those previously published by Adjagba (2015) , Osseni (2016), Adjagba (2017) [26–28] 
who in their work demonstrated that at a dose of 500 mg / kg body weight, the crude aqueous extract of Tridax 
procumbens, Gmelina arborea and Crateva adansonii significantly reduced MAP in the rat. Considering the model of 
hypertension used during this study, the mechanism of action of the crude aqueous extract and the active fraction 
derived from the fresh leaves of Carissa edulis may be a relaxation of the vascular smooth musculature leading to a 
decrease in peripheral resistances due to the inhibition of the action of L-NAME.  

Al-Youssef and Hassan 2010 [5], have shown that the petroleum ether, ethyl acetate and aqueous extracts of Carissa 
edulis possess a marked potency for lowering the blood pressure in rats at a dose dependent manner, while butanol 
extract has not shown any significant decrease in arterial pressure at higher dose. 

The observed antihypertensive property could be related to the activity of the secondary metabolites detected in the 
aqueous extract and which were concentrated in the aqueous fraction.  

It has been shown that flavonoids induced vasorelaxation and increased nitric oxide (NO) production by endothelial 
cells [29, 30]. 

Cardiac glycosides have effects on the heart. These are the active ingredient in many different heart medicines in clinical 
use and they are the major class of medications used to treat heart failure. The cardiotonic activity and prolonged blood 
pressure lowering effect of Carissa edulis was previously reported [5]. The cardiac activity of water-soluble fraction has 
been attributed to the presence of the odoroside glucosides including odoroside H and F [5]. 
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Phytochemicals such as the flavonoids, tannin, (polyphenols) and terpenes are kwon to induce antioxidant properties 
[21, 31, 32] and are thus liable to protect lipids by lipid peroxidation inhibition, blood and other body fluid from damage 
induced by oxidative stress. 

Some alkaloids were known to have muscarinic activity (Liu et al., 2003)[33]. It has also been documented that saponins 
have some hypotensive activity [34, 35]. 

Moreover it has been also noted a diuretic effect of extracts of Carissa edulis that may also explain the antihypertensive 
effect [2]. 

5. Conclusion 

The crude aqueous extract induced a significant decrease in blood pressure. In the other hand, only the aqueous fraction 
exerted the highest effects by reducing the blood pressure. Furthermore, vasodilator properties of the extract were 
conferred on it by the presence of numerous secondary metabolites and their safety has been proven. This present 
results support the ethnomedical use of Carissa edulis as an antihypertensive agent. 
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