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Abstract
Background: Non optimal blood pressure has been reported as a leading cause of death globally. Croton zambesicus is a highly valued medicinal plant in Nigeria and the West African sub-region. It is used by traditional medicine practitioners in the management of hypertension. This study aims to determine the phytochemical constituents and evaluate the diuretic activity of the aqueous leaf extract of Croton zambesicus in albino rats. Methods: The aqueous leaf extract of Croton zambesicus was screened for phytochemical constituents. The effect of aqueous leaf extract of Croton zambesicus on urine output was evaluated and the concentration of sodium and potassium in urine was also determined. Results: Phytochemical analysis of the aqueous leaf extract revealed the presence of flavonoids, tannins, saponins, terpenoids, alkaloids and cardiac glycosides. The aqueous extract (10 mg/kg) produced significant (p<0.001) increase in urine output when compared to the control and hydrochlorothiazide (10 mg) administered groups. However, there was no significant difference (p>0.05) in Na+ and K+ concentrations of urine. The results obtained from this study revealed the aqueous leaf extract of Croton zambesicus contains bioactive constituents which includes; flavonoids, tannins, saponins, triterpenes, alkaoids and cardiac glycosides. In addition, the leaf extract produced an increase in urine output comparable to that produced by hydrochlorothiazide.
Keywords:	Croton zambesicus, Traditional medicine, Phytochemicals, Hydrochlorothiazide, Diuretic.
Introduction
     Hypertension is one of the most prevalent non-communicable conditions worldwide [1]. It is responsible for an estimated 45 % of deaths due to heart disease [2] and 51 % of deaths due to stroke globally [2]. Most of these deaths and disability caused by blood pressure-related diseases are suffered by people in resource-limited countries. Prevalence of hypertension in Nigeria has been put at 38.6 % and 41.2 % for adult males and females aged ≥25 years respectively [3]. 
     Managing this chronic condition and its resultant complications constitutes a great financial burden on individual patients and the health systems of many countries [4]. For this reason, majority of people living in developing countries rely on traditional remedies (mainly herbs) for their health care needs [5].
    Croton zambesicus (CZ) (Euphorbiaceace) is native to tropical West and Central Africa and used for the treatment of several ailments. The leaf decoction is used as antihypertensive by traditional medicine practitioners in Nigeria [6]. Some pharmacological studies on the plant include; anti-inflammatory, analgesic and antipyretic activities of the root extract [7], anticoagulant [8], anticonvulsant [9], neuropharmacological [10] and antioxidant activity [11]. The hypotensive activity of the aqueous leaf extract of Croton zambesicus has also been reported [12]. The present study was carried out to determine its phytochemical constituents and evaluate the diuretic activity of the aqueous leaf extract of Croton zambesicus. 

Materials and Methods 
Male albino rats weighing 150 to 200 g were maintained at room temperature and 12 hours dark- light cycle. Food and water were given ad libitum. The experiments were carried out in accordance with the Guidelines for Laboratory Procedures laid down by the University of Ilorin Ethics Committee on Research as well as the International Animal Care and Use Committee (IACUC) in Nigeria. All the animals were fasted for 16 hours, but allowed free access to water before the commencement of experiments. 

Collection and identification of plant material                      
The leaves of Croton zambesicus were collected between April and June 2014 from Iwo, Iwo Local Government Area of Osun State, Nigeria. The plant was identified by Mr. I.A. Kareem, a taxonomist at the Federal College of Forestry, Jos, Nigeria and further authenticated at the Herbarium Section in the Department of Pharmacognosy, University of Jos, Nigeria. The plant was found to correspond with voucher specimen number UJ/PGPH/HSP/0801.

Preparation of the aqueous leaf extract of Croton zambesicus 
The leaves were removed from the stem, shade dried and reduced to fine powder using mortar and pestle. The powdered leaf (300 g) was extracted by maceration with distilled water for 24 hours and filtered using Whatman paper No. 1. The filtrate was evaporated to dryness on a water bath at 40 - 45 o C. A dark brownish residue obtained was weighed and stored in the refrigerator prior to use. 

Phytochemical screening
The aqueous extract of Croton zambesicus was screened for phytochemical constituents according to the methods of Evans [13] and Sofowora [14]. 

Carbohydrate (Molisch test)
A few drops of Molisch reagent was added to an aqueous solution of the extract in a test tube. Concentrated sulphuric acid (1ml) was added down the side of the test tube. The presence of a reddish ring at the interface of the two liquids indicated the presence of carbohydrate.

Anthraquinones (Borntrager test)
The extract 0.5 g was shaken in 5 ml of chloroform in a test tube. This was filtered and filtrate shaken with an equal volume of dilute ammonia solution. The appearance of a reddish pink colour in the lower ammoniacal layer denotes the presence of anthraquinones.

Alkaloids (Dragendoff test)
Aqueous solution of the extract (1 ml) was treated with strong ammonia and extracted with chloroform. The chloroform extract was concentrated and a few drops of Dragendorff reagent was added to it. The appearance of an orange-yellow precipitate indicated the presence of alkaloid.



Terpenoids (Liebermann Burchards test)
The extract (0.1 g) was extracted with 5 ml of methanol and filtered. The filtrate was evaporated to dryness on a water bath. The residue was shaken with chloroform and filtered into a clean test tube. Acetic anhydride (2 ml) was added to the filtrate and shaken. Concentrated sulphuric acid (1ml) was added carefully down the side of the tube to form a lower layer. A brownish-red or violet ring at the interface between the two liquids with the upper layer turning green indicated the presence of terpenoids. 

Cardiac glycosides (Keller-Killiani test)
An aqueous solution of the extract was shaken with 0.5 ml lead acetate and filtered. The filtrate was shaken with 5 ml of chloroform and allowed to separate. The chloroform was pipetted off and evaporated to dryness. The residue was dissolved in 3 ml glacial acetic acid containing sulphuric acid. A reddish-brown layer formed at the inter phase of the two liquids with the upper layer turning to bluish-green on standing.   

Saponins (Frothing test)
An aqueous solution of the extract was shaken and a froth that persisted on warming indicated the presence of saponins.

Tannins (FeCl3 test)
An aqueous solution of the extract was filtered. Two drops of 5 % ferric chloride was added to the filtrate. The presence of a dark green precipitate indicated the presence of tannins.

Flavonoids (Sodium hydroxide test) 
Acetone was added to 0.1 g of the extract and stirred. The mixture was evaporated, residue extracted with warm water and filtered. To an equal volume of the filtrate, 5 ml of 20 % sodium hydroxide was added. The appearance of a yellow colour indicated the presence of flavonoids.

Determination of Diuretic Activity of the Aqueous Extract of Croton zambesicus
Male albino rats were divided into 5 groups of 5 animals each. All the groups were given a salt loading of 2 ml of 5 % dextrose-saline solution subcutaneously (s.c.) at 0 hour and after 1 hour. The rats were placed in metabolic cages. The rats were treated acutely via the intraperitoneal route as follows. Group 1 - Control 0.9 % NaCl (0.2 ml); Group 2 - CZ extract (1 mg/kg); Group 3 - CZ extract (10 mg/kg); Group 4 - CZ extract (100 mg/kg) and Group 5 - Hydrochlorthiazide (10 mg/kg).

Urine sample was collected in plain bottles after 2 hours and volume of collected urine was measured. The Urine collected was transferred into plain bottles and stored at -4o C before analysis. Na+ concentration of urine was determined by colorimetry method [15] with sodium fluid kit (Centronic GmbH) while K+ concentration was determined by turbidimetric method [16] with potassium fluid monoreagent (Centronic GmbH).

Statistical Analysis
Data obtained were expressed as mean ± standard error of mean (SEM). Graphs were plotted using Microsoft Excel. A statistical analysis was carried out using one-way analysis of variance (ANOVA) followed by Bonferroni post-hoc test for multiple comparism.                                                               

Results

Phytochemical Analysis
Preliminary phytochemical analysis of the aqueous leaf extract of Croton zambesicus (CZ) revealed presence of flavonoids, tannins, saponins, triterpenes, alkaloids and cardiac glycosides (Table 1).

Effect of Aqueous Extract of Croton zambesicus on Urine Output in Rats 
The aqueous leaf extract (1 and 10 mg/kg) produced significant (p<0.05 and p<0.001) increase in urine output compared to the control group. There was no significant (p>0.05) difference in urine output produced by 10 mg/kg compared to 100 mg/kg. The aqueous leaf extract (10 mg/kg) produced a significant (p<0.01) increase in urine output compared to hydrochlorothiazide (Figure 1).

Effect of aqueous extract of Croton zambesicus on Na+/ K+ ratio 
There was no significant difference (p>0.05) in Na+/ K+ ratio in the group treated with (10 mg/kg) aqueous extract of Croton zambesicus compared to hydrochlorothiazide (Table 2).

Discussion

Phytochemical screening of the aqueous leaf extract of Croton zambesicus revealed the presence of flavonoids, alkaloids, terpenoids, saponins and tannins. These phytochemicals are often sources of bioactive compounds essential in drug discovery [17]. Flavonoids have been reported to have antioxidant and vasodilatory activity which is beneficial in cardiovascular disorders such as hypertension [18], [19] .Terpenoid compounds (including the monoterpenoids and diterpenoids), have been shown to produce beneficial effects on the cardiovascular system [20], [21] including; diuretic, vasorelaxant, negative inotropic and hypotensive activity [22], [23]. 

In a previous study, we reported the hypotensive and cardiac depressant activities of the leaf extract of Croton zambesicus in laboratory animals [12].This present study shows the aqueous leaf extract of Croton zambesicus possibly has diuretic activity. The urine output produced by Croton zambesicus leaf extract was significant compared to hydrochlorothiazide, though there was no significant difference in electrolyte concentration. Diuretic activity of plant extracts has been reported to be beneficial in reducing blood pressure [24]. They are used in the management of cardiovascular disorders including hypertension and heart failure. Hydrochlorothiazide acts by inhibiting NaCl reabsorption in the distal tubule which results in an increase in Na+ loss, reduction in plasma volume and total peripheral resistance [25]. Thiazide diuretics decrease blood pressure by lowering cardiac output. It is hypothesized that a vasodilatory effect of thiazides complements the compensated volume depletion, resulting in a sustained decrease in blood pressure [26].

Conclusion
The results obtained from this study revealed the aqueous leaf extract of Croton zambesicus contains bioactive constituents which include; flavonoids, tannins, saponins, triterpenes, alkaoids and cardiac glycosides. These phytochemicals may be responsible for the increased urine output produced by the leaf extract.
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Figure 1:  Effect of Croton zambesicus Extract on Urine Output in Rats n=10, *p<0.05, **p<0.001 vs control CZ: aqueous extract of Croton zambesicus  HCT: hydrochlorothiazide
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Table 1:    Phytochemical Screening of Aqueous Leaf Extract of   Croton  zambesicus    

Secondary Metabolites  Aqueous leaf Extract of CZ    

Carbohydrate   (Molisch test)                          +  

Anthraquinones   (Borntrager test)                          -  

Saponins   (Frothing test)                          +  

Flavonoids   (NaOH test)                          +    

Tannins   (FeCl 3  test)                           +  

Alkaloids   (Dragendoff test)                          +  

Cardiac glycoside   (Keller - Killiani test)                          +    

Terpenoids    (Liebermann Burchards test)                        +  

(+) present ( - ) absent, CZ:  Croton zambesicus     Table 2:   Effect of  Croton zambesicus   Extract on Na + /K +   ratio in Urine  of  Rats  

Groups  Treatment  Na+ ion  mmol/L  K+ ion  mmol/L  Na+/K+  ratio  

Control  0.2 ml, saline             -             -         -  

HCT  10 mg/kg i.p.  144.3±18.4  3.49±0.14  42.64   

CZ extract   10 mg/kg i.p.  153.3±23.4  3.78±0.14  42.78 NS   

HCT: Hydrochlorothiazide, CZ: aqueous extract of  Croton zambesicus     n=10, p>0.05 compared with HCT  
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