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ABSTRACT 

 
Cassia alata is used in Cameroon by the population to manage high blood pressure. The present study 

was undertaken to evaluate the preventive activity of the hydroethanolic extract of Cassia alata leaves (HECA) 
on N-nitro-L-arginine methyl ester (L-NAME)-induced hypertensive rat. Male rats were used to induce 
hypertension by the administration of L-NAME (50 mg/kg/day). The others groups were receiving 
concomitantly L-NAME plus HECA (100 and 200 mg/kg/day) or captopril (20 mg/kg/day). All the treatments 
were given orally for 4 weeks. At the end of the treatment, the hemodynamic parameters were recorded. 
Kidney and liver functions as well as oxidative stress markers were evaluated by colorimetric method. The 
acute effects of Cassia alata were studied on blood pressure (BP) after intravenous administration in 
normotensive rats. Intravenous administration of HECA induced a significant hypotensive response. The 
hypotensive effect of the extract was unaffected by atropine but decreased by reserpine (5 mg/kg). 
Concurrent treatment with HECA (100 or 200 mg/kg) prevented high BP, oxidative stress as well as kidney and 
liver functions impairment without affecting heart rate (HR). HECA can prevent hypertension, its associated 
oxidative stress and kidney and liver functions impairment, passing at least in part through the 
catecholamine’s inhibition and/or destruction.  
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INTRODUCTION 
 

Hypertension remains a major health problem worldwide considering the prevalence of morbidity and 
mortality [1]. Chronic nitric oxide inhibition with N-nitro-L-arginine methyl ester (L-NAME) can increase 
regional vascular resistance, raise the blood pressure, and oxidative stress accompanied with renal and liver 
damages [2]. Vascular endothelium of hypertensive patients is already known to produce less nitric oxide (NO) 
[3]. The protective effects of antihypertensive drugs in the context of NO deficiency are then better 
understood with L-NAME-induced model of hypertension in rat. The use of Plant extracts in the treatment of 
many diseases has gained interest because plants remain a reliable source of effective and better tolerated 
drugs [4]. A large number of plant species which are important sources of traditional medicine are widely 
being used to treat hypertension and/or oxidative stress [5,6]. Many plants have already proved scientifically 
their effectiveness against chronical diseases, including hypertension [4,5]. Most of them contain natural 
antioxidants that can prevent ROS formation and its damages [7]. Moreover some flavonoid have proved to 
ameliorate hypertension, oxidative stress and lipid metabolism in L-NAME hypertensive rats [5,8]. 

 
Cassia alata (C. alata) used in the present study is a small tree of the family of Caesalpiniaceae widely 

used in the world to manage many ailments [9]. In Cameroon, the leaves are used in the treatment of skin 
infection, hepatitis and intestine helminthiases. It is also known by the populations for its diuretic activity and 
then it is used by them to manage hypertension. Moreover, its phytochemistry reveals a big among of 
flavonoids with antioxidant activity [10]. Its protective activity on cardiovascular system has already been 
demonstrated [11]. The present study was designed to give scientific bases to the traditional use of C. alata. It 
was performed to investigate the effects of hydroethanolic extract of C. alata in L-NAME-induced 
hypertension, the related oxidative stress on rats and some mechanisms. 

 
SUBJECTS AND METHODS 

 
Animals 
 

Ten to twelve weeks old male albinos Wistar rats, weighting between 180 and 250 g were used. 
Animals were raised in the Animal House of the Faculty of Science, University of Yaounde I. they were 
maintained under standard light (12-hour day/night natural cycle) and temperature (25° C) with free access to 
a standard animal diet and tap water. The standard animal diet was made up with corn (40%), wheat (20%), 
fish flour (24%), palm oil (7%), groundnut (3%), bones flour (2%), edible salt (1%), cotton edible crab (2%) and 
vitamin complex (1%). All the procedures and protocols involving animals and their care were conducted in 
conformity with the institutional guidelines approved by the institutional animal ethics committee of 
Cameroon (Reg. No. FWA-IRB00001954). 

 
Plant material 
 
 Fresh leaves of C. alata were collected in Jun 2016 at Yaounde (center region of Cameroun). The plant 
material was identified at the national herbarium in Yaounde, where voucher specimen N° 155/HNC has been 
deposited. The leaves were washed, dried in an oven at 45°C for 48 hours and ground into powder. The 
hydroethanolic extract was prepared according to Pieme et al [12]. Briefly, 185g of the powder were soaked in 
930 mL of a water and ethanol mixture (30:70) for 72 hours, in a percolator supplied with a filter. The filtrate 
was concentrated by evaporation at 40°C under reduced pressure on a rotary evaporator (BUCHU R-100) and 
dried in an oven to afford 36.108 g of hydroethanolic extract of C. alata, yield of 20.06 %.  
 
Effects of C. alata on blood pressure and heart rate  
 
Acute effect of C. alata 
 

This effect was evaluated with the direct method according to Bilanda et al [13]. Briefly, the rats were 
anaesthetized using an intraperitoneal injection of 15% urethane (1.5 g/kg). The trachea was exposed and 
cannulated to facilitate spontaneous respiration. A polyethylene catheter (PE 50) was inserted into the right 
femoral vein and an injection of 10% heparin (0.1 mL/100 g body weight) was immediately administered. 
Another catheter was inserted into the left carotid aorta and connected to a pressure transducer recording 
system (Biopac Student Lab MP35) for systolic blood pressure (SBP) and heart rate (HR) recording. The animals 
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were allowed to stabilize for at least 30 min before administration of any test substances (Dimo et al[14]. The 
test substances were injected through a cannula inserted into the femoral vein.  

 
 After equilibration for at least 30 min, the dose–response relationship of the C. alata (10, 20 and 40 

mg/kg) extract was determined on normotensives rats (NTR). The vehicle (Mc Even) was also administered in a 
group of rats to ensure that the observed effects were not due to the vehicle. Cardiovascular parameters (SBP 
and HR) were recorded for 1 h after the extract administration. In another group of NTR, the effect of C. alata 
extract (40 mg/kg) was examined after administration of the muscarinic receptor antagonist atropine (1 
mg/kg). Atropine was injected intravenously, 5 min before administration of the plant extract. An inhibitor of 
the vesicular momoamine transporter, reserpine (5 mg/kg) was given to another group of 5 NTR for 3 days; 
then the effect of C. alata extract (40 mg/kg) was assessed. 
 
Subchronic effects of C. alata 
 

The subchronic effect of C. alata was evaluated on L-NAME-induced hypertensive rat’s model. The 
doses of C. alata were determined after a screening. Wistar NTR (25) were randomly divided into five groups 
of five animals. The first group (control) received distilled water (10 mL/kg), while the second one (L-NAME 
group) received L – NAME (50 mg/kg/day) plus the vehicle (water 10 mL/kg). The third group received at the 
same time L-NAME (50 mg/kg/day) and captopril (20 mg/kg/day). While the fourth and fifth groups received a 
combination of L-NAME (50 mg/kg/day) plus C. alata hydroethanolic extract (E 100 and E 200 mg/kg/day 
respectively). All the treatments were administered daily orally for 4 weeks at the corresponding volume of 1 
mL/100 g. At the end of the respective treatments, arterial blood pressure and heart rate of all rats were 
recorded as previously described. 

 
Blood and organs collection 
 

Immediately after hemodynamic parameters recording, blood samples were collected from the 
abdominal artery, and centrifuged at 3000 rpm, 4°C for 15 minutes. The plasma obtained was kept at −20°C for 
biochemical analysis. Thereafter, the heart, the liver and the thoracic aorta were collected, washed in saline 
and weighed. Homogenates (20 %) were prepared in Mc Even solution for heart and aorta, in Tris–HCl 50 mM 
(pH 7.4) buffer for liver. Organs were crushed and then the mixture was centrifuged at 3000 g at 4 °C for 25 
minutes. The supernatant was collected and stored at 20 °C for oxidative stress markers and nitrites 
evaluation. 

 
Biochemical analysis 
 

Tissue levels of reduced glutathione (GSH), malondylaldehyde (MDA) and superoxide dismutase 
activity (SOD) and catalase were assayed using colorimetric method [15,16,17§]. The tissue concentration of 
nitrites was evaluated using the Griess method [18]. Serum protein concentration was assayed according to 
Gornall et al[19] using the Biuret reagent and bovine serum albumin as a standard. The serum concentrations 
of creatinin and bilirubine, the activities of alanine and aspartate aminotransaminases (ALT & AST), glutamyl 
transferase gamma (γGT) were determined using commercial diagnostic kits (Fortress, UK). Serum 
concentrations of sodium and potassium were assessed using commercial diagnostic kits (Quimica Clinica 
Aplicada, Spain) 

 
Statistical analysis 
 

Results were expressed as the mean ± SEM. Data were analyzed with Graph pad prism 5.03 logiciel. 
The difference between the groups was compared using one-way analysis of variance (ANOVA) followed by the 
Tukey’s post hoc test. A value of p < 0.05 was considered statistically significant. 
 

RESULTS 
 
Effect of acute injection of Cassia alata on blood pressure and some mechanisms  
 

The intravenous administration of the vehicle had no effect on blood pressure (data not shown). The 
injection of the extract of Cassia alata in normotensive rats (NTR) resulted in a significant and rapid drop of 
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mean blood pressure (MBP). As shown in Figure 1 A, Cassia alata (10, 20 and 40 mg/kg) reduced the MBP in 
normotensive rats (NTR) by 17.91 % ( p >0.05), 35% (p<0.001) and 27.44% (p<0.001) respectively. The first and 
rapid hypotensive response was followed by a relative rapid increase of MBP. Thereafter the MBP decreased 
gradually, and the reduction was significant (20%) at 40 mg/kg from the 25th minute after injection, until the 
end of observation period. The late decrease in MBP was dose-related. 

 
The effect of two antagonists, atropine and reserpin on the hypotensive action of Cassia alata (40 

mg/kg) was investigated (Figure 1 B). The pretreatment with atropine sulphate (200 µg/kg) did not significantly 
affect the immediate and rapid hypotensive effect of the plant extract. However, the late decrease was non 
significantly reduced (50 %) one hour after the injection of the plant extract. In contrast, the pretreatment 
with reserpine (5 mg/kg) significantly reduced (59.89 %) only the immediate hypotensive effect of the plant 
extract in NTR.  

 

 

Figure 1: Effects of C. alata on blood pressure and some mechanisms. 
 

Each point represents the mean ± S.E.M.; n=5; *P< 0.05, **P<0.01, ***P<0.001significantly different as 
compared to initial MBP. 

 
 
 

A 

B 
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Subchronic effects of Cassia alata on blood pressure, heart rate and body weight 
 

The administration of L-NAME (50 mg/kg) during 28 days resulted to a significant (p<0.001) increase in 
systolic, diastolic and mean arterial blood pressure (SBP, DBP and MBP) (Table 1). The increase was of 89.32%, 
116.43% and 102.98% respectively as compared to NTR. Cassia alata hydroethanolic extract (100 mg/kg, E100) 
prevented that increase by 41.81%, 45.33% and 43.30% respectively as compared to L-NAME hypertensive rats 
(HTR). At the dose of 200 mg/kg (E200), the prevention in the increase of blood pressure was by 35.39%, 
37.09%, and 36.46% respectively for SBP, DBP and MBP as compared to L-NAME HTR. Captopril (20 mg/kg) 
acted in the same way and the reduction was of 48.16%, 48.40% and 48.31% respectively as compared to L-
NAME HTR. No significant effect was observed on heart rate in all the groups. 

 
The administration of L – NAME (50 mg/kg) during 28 days resulted in a significant drop in body 

weight gain as compared to NTR (Table 1). The concomitant treatment with L – NAME and C. alata (100 mg 
and 200 mg/kg) did not prevent the drop in body weight gain. However, captopril has succeeded to prevent 
the drop in body weight induce by L-NAME.   

 
Table 1: Subchronic effects of Cassia alata on blood pressure and heart rate 

 

Parameters NTR HTR CAP 20 E 100 E 200 

SBP (mmHg) 118.23 ± 7.86 188.65 ± 5.57 c 97.79 ± 5.93  γ 109.77 ± 6.00 γ 121.87 ± 10.07 γ 

MBP (mmHg) 83.47 ± 8.40 169.42 ± 5.88 c 87.57 ± 6.49  γ 96.06 ± 8.09 γ 107.64 ± 10.14 γ 

DBP (mmHg) 73.84 ± 10.18 159.81 ± 6.22 c 82.46 ± 6.78  γ 87,36 ± 7.82 γ 100.53 ± 10.22 γ 

HR (BPM) 359.22 ± 14.60 377,14 ± 10.36 395.83 ± 9.25 355.19 ± 5.64 344.75 ± 22.13 

BWg (%) 11.88 ±3.10 -7.70 ±1.27 c 8.85 ±1.73 γ -4.49 ±0.80 -2.79 ±1.10 

 Each value represents a means ± S.E.M. of 5 rats; c P < 0.001, significantly different compared to normal rats. γ 
P < 0.001, significantly different compared to L-NAME hypertensive rats. NTR: normotensive rats receicing only 
distilled water (10 mL/kg); HTR: hypertensives Rats receiving L- NAME (50 mg/kg) and distilled water; CAP 20: 
Rats receiving L- NAME and Captopril (20mg/kg); E100: Rats receiving L- NAME and C. alata extract (100 
mg/kg) ; E200: Rats receiving L- NAME and C. alata extract (200 mg/kg); DBP=diastolic blood pressure; 
SBP=systolic blood pressure; MBP=mean blood pressure; BPM=beat per minute; HR=heart rate; BWg= Body 
weight gain as comparerd to initial value at the begining of the treatment. 
 
Effects of Cassia Alata on liver and kidney function parameters 
 

As shown in Table 2, no significant difference in the level of serum protein was observed among all 
the treated groups. The administration of  L – NAME (50 mg/kg ) during 28 days resulted in a significant 
increase in the serum activity of AST, ALT, γGT and in bilirubin level. The increase was of 24.05%, 35.63%, 
117.15%, and 137.60 for AST, ALT, bilirubin and γGT respectively as compare to NTR. The same increase was 
observed in the serum levels of creatinin, potassium and sodium in L-NAME-HTR. That increase was of 23.76%, 
25.40% and 13.12% respectively as compare to NTR. The increase in the level of these parameters was 
significantly and non dose-dependently prevented in C. alata-treated animals as compared to HTR. The 
exception was observed for AST (E100) and sodium (E100 & E200) where though low, the differences in the 
values were not significant as compared to HTR. Captopril also significantly prevented the increase of all the 
above parameters except for AST and ALT.  

 
Effects of Cassia Alata on oxidative stress marker variables  
 

The effect of C. alata on oxidative stress marker parameters is summarized in Figure 2. The oxidative 
stress parameters evaluated in this study were superoxide dismutase SOD (A), catalase (B), reduced 
glutathione (C), malondialdehyde MDA (D) and nitrites (E) on the aorta, heart and liver. After 28 days of 
treatment with L-NAME, a slight and non significant decrease was observe in the levels of GSH in all the 
investigated organs. The concomitant treatment with the plant extract or captopril has successfully prevented 
that decrease, bringing the values far above those in NTR.  
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Figure 2: Effect of C. alata on oxidative stress marker parameters. 

 
Each bar represents a means ± S.E.M. of 5 rats; aP < 0.05, bP < 0.01, cP < 0.001, significantly different 

compared to normal rats. αP < 0.05, βP < 0.01, γP < 0.001, significantly different compared to L-NAME 
hypertensive rats. NTR: normotensive rats receicing only distilled water (10 mL/kg); HTR: hypertensives Rats 
receiving L- NAME (50 mg/kg) plus distilled water; CAP 20: Rats receiving L- NAME plus Captopril (20 mg/kg); 
E100: Rats receiving L- NAME plus C. alata extract (100 mg/kg) ; E200: Rats receiving L- NAME plus C. alata 
extract (200 mg/kg). Superoxide dismutase SOD (A), catalase (B), reduced glutathione (C), malondialdehyde 
MDA (D) and nitrites (E). 
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Table 2: Effects of Cassia alata on liver and kidney function parameters 
 

Parameters NTR HTR CAP 20 E 100 E 200 

Protein (mg/dL) 82.78± 2.72 90.91 ± 7.02 87.71 ± 2.53 83.62± 2.58 88.14± 3.18 

AST (U/L) 53.91± 2.91 66.88± 3.30 a 79.98± 4.38 cα 63.33± 2.12 49.72± 1.23 β 

ALT (U/L) 30.28± 0.93 41.07± 2.90 b 44.04± 2.27 c 18.82± 2.16 b γ 16.41± 0.28 c γ 

Bilirubin (µmol/L) 3.44 ± 0.46 7.47 ± 0.15 c 2.78 ± 0.52 aγ 1.40 ± 0.26 c γ 1.49 ± 0.17 c γ 

γ GT(U/L) 1.25 ± 0.10 2.97 ± 0.08 c 1.38 ± 0.32 γ 1.30 ± 0.22γ 1.96 ± 0.17α 

Creatinin (µmol/L) 170.89 ± 3.82 211.51± 5.47 c 128.49± 4.88 cγ 139.10± 3.11cγ 157.73± 2.02 γ 

Na+ (mmol/L) 93.83 ± 2.19 110.01 ± 0.67 a 57.67 ± 2.61 c γ 106.13± 4.92 108.49 ± 4.30 a 

K+ (mmol/L) 5.61 ± 0.46 7.03 ± 0.85 5.98± 0.36 4.42± 0.28 β 4.86± 0.45 α 

 
Each value represents a means ± S.E.M. of 5 rats; aP < 0.05, bP < 0.01, cP < 0.001, significantly different 
compared to normal rats. αP < 0.05, βP < 0.01, γP < 0.001, significantly different compared to L-NAME 
hypertensive rats. NTR: normotensive rats receicing only distilled water (10 mL/kg); HTR: hypertensives Rats 
receiving L- NAME (50 mg/kg) plus distilled water; CAP 20: Rats receiving L- NAME plus Captopril (20 mg/kg); 
E100: Rats receiving L- NAME plus C. alata extract (100 mg/kg) ; E200: Rats receiving L- NAME plus C. alata 
extract (200 mg/kg). 
 

The activity of SOD has not been affected by any treatment except the one involving captopril, where 
it was significantly increase. None of the treatment has affected the level of MDA in the heart. However, MDA 
was significantly increased with all the treatment in the aorta, though the concomitant treatment with the 
plant extract or captopril prevented significantly that increase, as compared to HTR. L-NAME in treatment 
alone has significantly dropped the level of nitrites in all the investigated organs except in the liver where only 
a slight decrease was observed. The concomitant treatment with plant extract has significantly prevented that 
drop in the aorta (E100 and E200) and in the liver (E100) as compared with HTR.   

 
DISCUSSION 

 
This study demonstrates for the first time that the hydroethanolic extract of Cassia alata induces an 

acute hypotensive effect on normotensive rats (NTR). Moreover, the antihypertensive effect of the extract is 
associated with antioxidant properties in hypertensive rats. The results of the present study demonstrated 
that the injection of the hydroethanolic extract of Cassia alata on NTR led to an acute decrease in blood 
pressure followed by a second decrease that persisted for least 1 hour. The first phase may be due to the 
effects on the cardiac pump activity while the late one could be the action on vessels [20]. This later phase, 
observed with all the doses (10, 20 and 40 mg/kg), was significant only at 40 mg/kg. The fact that atropine (a 
muscarinic antagonist) did not significantly affect the action of the plant extract may imply that the plant 
extract action does not pass through muscarinic receptors. In contrast, the decrease by reserpin of both the 
immediate and the late drop in blood pressure suggests that the action of the plant extract passed at least in 
part through the catecholamine’s inhibition and/or destruction [21]. These findings revealed the hypotensive 
effect of hydroethanolic extract of Cassia alata and give an idea about its mechanism of action. 

  
Subchronic oral treatment with the extract prevented the rise in blood pressure of rats subjected to L-

NAME treatment. The effect was more significant at the dose of 100 mg/kg than at 200 mg/kg. This 
observation suggests that the plant extract has an antihypertensive activity passing through mechanisms 
leading to an increase in NO production and/or action. This could justify the rise in nitrites levels on aorta and 
heart. The mechanisms in this beneficial effect might involve the inhibition of the orthosympathetic activity as 
suggested by the results of the acute study. However, other mechanisms might also be involved, including the 
reduction of oxidative stress by Cassia alata extract. Indeed oxidative stress is enhanced in hypertension, 
atherosclerosis, and other forms of cardiovascular disease and participates in the mechanisms of vascular 
injury [22]. Moreover, in hypertensive patients, lower concentrations of antioxidants have been documented 
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[23]. Thus, drugs which improve the oxidative status would be able to lower arterial blood pressure. The 
results of the present study showed that several biomarkers of oxidative stress are impaired in L-NAME 
treated rats. Reduced glutathione (GSH) is the most abundant antioxidant endogenously produced in 
eukaryotic cells that interacts with activated oxygen species. An increase in organs’ GSH levels in rats treated 
with plant extract may be attributable to the antioxidant effect of the extract. It may contain compounds 
capable to scavenge ROS, and therefore prevent GSH use to neutralize the ROS [24]. The association of Cassia 
alata or Captopril with L-NAME prevented the decrease of glutathione and SOD and the increase of MDA in 
the investigated organs. These results are in accordance with other authors [25] who demontrated that the 
Cardioprotective effects of Vitex cienkowskii methanol/methylene chloride extract passed through its 
antioxidant activity. Glutathione plays an excellent role in protecting cell from oxidative damages. Therefore 
Cassia alata may be acting as membranes protector to prevent the lipid peroxidation or/and as free radicals 
scavenger [26]. This was confirmed with the reduction of MDA by the plant extract. That action of the plant 
extract may in turn protect the organs against the injuries caused by free radicals. The antioxidant potential of 
Cassia alata might be due to the free radical scavenging properties of its known phytochemicals such as 
polyynes, flavonoids, phenylpropanoids and phenolics[27,28]. This can explain the protective effect of Cassia 
alata extract on liver and kidney. The evaluation of the toxicity of L-NAME on the functions of these organs 
revealed an increase in the levels of blood creatinin, sodium, potassium, bilirubine, γGT and transaminases 
(AST and ALT) activity. Cassia alata inhibited the elevation in serum levels of AST, ALT, creatinin, 
sodium,potassium, γGT and bilirubine induced by L-NAME; that is similar with the effect on oxidative stress 
markers. These results are consistent with those of some authors [5,29,30]. This may indicate that oxidative 
stress contributes in mechanism(s) of hepatotoxicity due to chronic consumption of L-NAME. The low level of 
serum enzyme activity following the concomitant treatment with Cassia alata as compared to untreated rats 
confirms the liver and kidney protective effects of Cassia alata [27] as well as its antioxidant activity [5]. In the 
present study, treatment with L-NAME increased the blood pressure in association with decreased in heart and 
aortic nitrite levels. The levels of heart and aortic nitrite were low with the co-administration of or captopril 
with L-NAME, showing the ability of the plant extract to stimulate the production or prevent the deletion of 
nitrites [5,25]. 

 
In summary, the present study provides evidences that the hydroethanolic extract may have 

hypotensive effects and is able to prevent hypertension with NO deficiency. It can improve endothelial 
function in L-NAME animal model of hypertension. These effects may be combined with its antioxidant as well 
as nephro and hepatho- protective activity. These findings point out the beneficial effects of Cassia alata 
leaves as a complementary treatment in the management of hypertension and its complications. 
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