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Abstract

Background—Cardiovascular diseases presently rank high as leading causes of death globally.
The increasing acceptability of phytomedicine is due to the increasing inefficacy of many modern
drugs used for the control of many diseases. The aim of this study was to investigate the
ameliorative effects of -sitosterol (BSS) in comparison with lisinopril, a standard
antihypertensive drug, on certain biochemical hypertensive parameters in rats.

Methods—Hypertension was induced with cadmium chloride and biochemical analysis of serum
was carried out following treatment with BSS and lisinopril. Serum urea, creatinine and
electrolytes were assayed using standard kit as tests for renal function, while alkaline phosphatase
(ALP), aspartate transaminase (AST) and alanine aminotransferase (ALT) served as enzyme
indices of the liver function. The effect on the serum lipid profile was assessed and histological
examination performed on tissues of the liver and kidney.

Results—The rats treated with BSS showed a significant decrease (p<0.05) in the serum
creatinine concentration when compared with the hypertensive rats. Treatment with lisinopril
showed a significant increase (p<0.05) in the activity of AST and ALP when compared with the
normal rats. There were slight variations in the concentration of serum electrolytes of rats treated
with BSS and lisinopril respectively when compared with normal and hypertensive rats. BSS
significantly reduced calcium levels when compared with the hypertensive group. The
histopathological examination of the liver and kidney of animals treated with BSS was not
different from the control which showed normal histological structure, while the liver of the
hypertensive animals showed scanty inflamed cells.

Conclusion—The study shows that BSS is effective in restoring basal liver and kidney functions

in hypertensive rats.
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Introduction

Cardiovascular diseases (CVDs) are collectively responsible for 29% of global deaths [1].
Research into the etiology, pathology, and clinical treatment of the two major types of CVD:
strokes and coronary heart disease (CHD) revealed that several risk factors including
smoking, lack of physical activity, high blood pressure and dyslipidemia are associated with
these conditions [2, 3].

Hypertension a major pathological etiology of CVD is defined as the consistent elevation of
systemic arterial blood pressure. Despite the important role of hypertension as a cause of
disease, its pathogenesis remains largely unknown [4]. Substantial effort has been devoted to
defining the pathogenesis of blood pressure variation. Epidemiologic studies have
documented the impact of a variety of factors, including age, gender, and body mass index
[5]. Diet has also been implicated, with salt, potassium, and calcium suggested as important
factors [6]. How these factors influence physiology to alter blood pressure has been the
subject of extensive investigation. Genetic predisposition to hypertension is thought to be
polygenic, that is, caused by several different genes that together can produce a wide range
of phenotypic variations.

Hypertension could largely be classified by etiology as primary or essential hypertension
and secondary hypertension. Essential hypertension is the most prevalent hypertension type,
affecting 90-95% of hypertensive patients [7]. Hypertension is not only a major risk factor
for stroke and heart failure (HF), but more importantly for coronary heart disease (CHD).
Evidence suggests that CHD is the most common outcome of hypertension [8]; however,
other major risk factors for CHD include smoking and blood cholesterol and they interact in
a multiplicative fashion. CHD remains the leading cause of death and disability in the
developed countries [9] and is projected to be the leading cause of death in the developing
world by 2020 [10].

Phytosterols, plant natural products found in quite a number of plants, are cholesterol
homologues with similar chemical structure and biological functions as cholesterol. The
most abundant plant sterols are sitosterol, campesterol and stigmasterol [11]. Blood levels of
plant sterols in humans are only 0.1 — 0.14% of cholesterol levels [12]. Their lipid-lowering
effect is mediated by competitive inhibition of cholesterol absorption and by transcriptional
induction of genes implicated in cholesterol metabolism in both enterocytes and hepatocytes
[13]. The cholesterol-lowering properties of phytosterols have been extensively studied and
exploited in the preparation of functional foods [14]. Recently, there has been renewed
interest in other possible biological activities of these compounds in addition to their
cholesterol lowering effect. For instance, they have been shown to exhibit anti-cancer
activity [15]. It has been demonstrated [16] that -sitosterol caused a 24% decrease in cell
growth and a four-fold increase in apoptosis; antiatherosclerosis activities have also been
investigated [17]. The mechanisms by which plant sterols display their anti-inflammatory
activity are thought to include inhibition of secretion of inflammatory mediators such as
interleukin-6, and tumor necrosis factor-a by monocytes [16].
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Another possible effect of plant sterols is their antioxidant activity [18]. Under in-vitro
conditions, sitosterol, and sitosterol glucoside have been found to decrease lipid
peroxidation of platelet membranes in the presence of iron [19] and in healthy human
subjects a 2 and 3g dose of stanol ester reduced oxidized LDL-C levels [20]. While literature
is replete with information on the various biological activities mediated by phytosterols,
there is insufficient information on their antihypertensive activities, though various
preparations of plant extracts have been investigated which suggest that phytosterols may
have antihypertensive activities. Thus this study sought to investigate how beta-sitosterol, a
very abundant plant phytosterol might modulate some indices of hypertension in Wistar
albino rats.

Materials and methods

The leaves of Ficus asperifolia were collected from the premises of the University of
Ibadan, Ibadan, Nigeria. The plant was authenticated at the Department of Botany,
University of Ibadan where a specimen voucher was deposited. The leaves were air-dried,
finely powdered and extracted three times consecutively with ethyl acetate and 80% ethanol.
The extracted solutions were concentrated in vacuo (Buchi Rotavapor R-200, Tokyo
Rikakikai Co. Ltd.) to obtain crude extracts. Thin layer chromatography (TLC), column
chromatography, and high-performance liquid chromatography (HPLC) were used to
fractionate the extracts and to isolate the bioactive compounds. Spectroscopic analyses (1H-
NMR, 13C-NMR, LC-MS, EI-MS, IR, and UV) were employed to determine the chemical
structure.

Albino rats of Wistar strain (weighing 120-160g) were procured from the International
Institute of Tropical Agriculture (IITA), Ibadan and housed under standard conditions (room
temperature 25 £ 1C, relative air humidity 50 + 2%). All animals were maintained on 12-
hour light and dark cycle, allowed free access to clean drinking water and fed on standard
feed throughout the period of study. The animals were divided into six different groups of
five animals each, according to their weight, as follows: Group 1- control (distilled water);
Group 2- cadmium chloride-treated rats; Group 3- cadmium chloride and lisinopril
(1.3mg/kg/day); Group 4- cadmium chloride and lisinopril (2.3mg/kg/day); Group 5-
cadmium chloride and B-sitosterol (1.3mg/kg/day); Group 6- cadmium chloride and -
sitosterol (2.3mg/kg/day). The animals in the first group served as the ‘positive control” and
were fed on standard feed with distilled water throughout the study, while the animals in the
second group served as a ‘negative control’. The animals in groups 2 to 6 were given
Cadmium Chloride (CdCly) orally for two weeks at 1mg/kg body weight/day to induce
hypertension [21]. The animals in the last four groups were placed on treatment: two groups
were placed on a standard drug, lisinopril at different concentrations (1.3mg/kg/day,
2.3mg/kg/day) and B-sitosterol, at two different concentrations, same as that of lisinopril. At
the end of the fourth week, the rats were fasted for 24hours and sacrificed by cervical
dislocation. Blood samples were collected via ocular puncture using capillary tubes and
transferred into sterile, labeled 5ml serum bottles. The blood samples were centrifuged at
3,000 rpm for 10 minutes and the serum (supernatant) collected with a syringe and needle,
transferred into sample bottles and then stored at 4°C to maintain the enzyme activity.
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The serum cholesterol was measured according to the method described by [22] (Randox
CH 200 kit was used for the quantitative in vitro determination of cholesterol in serum).
Serum triglyceride level was determined according to the method described by [23] (Randox
TR 210 kit was used for the quantitative in vitro determination of triglyceride in serum).

High density lipoprotein-cholesterol was determined in the serum by the method of [24] and
[25]. The Randox HDL-cholesterol precipitant kit was used. Urea concentration was
determined in the serum according to the method of [26]. The Randox Urea kit was used.
Serum creatinine was determined according to the method of [27]. ALT and AST levels
were determined by the principle described by [28]. The determination of bicarbonate ion
concentration in the serum was carried out using back titration method.

All values are expressed as mean = S.E.M (standard error of mean) and comparisons were
made using one-way ANOVA with Dunnett Multiple Comparison Test. p < 0.05 indicated
statistical significance in all cases.

During the study period, thirty albino rats of wistar strain (weighing 120-160g) were used
and grouped into six different groups. In hypertensive rats induced with cadmium chloride,
there was no significant difference (p>0.05) in the electrolyte concentration except for
calcium ion which gave a 56% increase when compared with normal rats (Table 1). Both
lisinopril (2.3mg/kg) and BSS (1.3mg/kg) caused significant decrease (p<0.05) in the levels
of serum sodium and chloride in treated rats when compared with the normal rats.

The induction of hypertension led to 16.3% increase in ALP activity and a 32.7% increase in
AST activity (Table 2). Treatment with BSS (1.3mg/kg) gave significant decrease (p> 0.05)
in the activity of ALT when compared to the control. The effect of BSS on serum lipid
profile is shown in Table 3. The results indicate that there was no significant difference
(p>0.05) in the lipid profile of treated rats and the control group.

The results in Table 4 revealed that the elevated serum creatinine level following cadmium
administration was restored to normal upon treatment with BSS while the lower dose
(1.3mg/kg/day) reduced urea concentration significantly when compared to normal and
hypertensive rats. Also, lisinopril at the lower dose (1.3mg/kg/day) significantly reduced
(p<0.05) creatinine levels while the higher dose (2.3mg/kg/day) significantly increased
(p<0.05) serum creatinine when compared to hypertensive and normal rats.
Histopathological examination revealed that the liver and kidney of BSS treated rats did not
show any difference from the control with normal histological structure. Hypertensive
animals showed scanty inflamed cells. Examination of the liver of the lisinopril treated
group showed that the portal triad is mildly infiltrated with inflamed cells, while that of
kidney showed normal histology (Fig. 1 to 12).

Discussion

In this study, we have examined the effect of oral administration of BSS on basic
biochemical parameters implicated in hypertension in rats. The electrolyte concentration of
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hypertensive rats was not significantly different (p>0.05) from those of control. A similar
observation was made by [29] who reported that there was no detectable change in serum
electrolyte even after four weeks of cadmium exposure at the same concentration. Cadmium
mimics calcium which often leads to increase in calcium concentration in the extracellular
fluid. According to [30], excess calcium in the extracellular fluid may increase the amplitude
of action potential and enhance smooth muscle contractility. Although there was no
significant change in many electrolyte concentrations following hypertension induction, the
reduction of calcium concentration at lower and higher doses of BSS suggests that BSS
could reduce the accumulation of calcium in hypertensive conditions.

The observed decrease in ALT activity and increase in the activities of ALP and AST
suggests that oral administration of BSS (1.3mg/kg) leads to restoration of basal liver
function after cadmium induced hepatotoxicity. However, BSS does not show this activity at
the higher dose (2.3mg/kg); this suggests that the lower dose may be more effective in this
context than the higher dose.

The lipid profile of the treated and control rats were not significantly different (p>0.05).
This is probably because the mechanism of hypertension induction by cadmium does not
involve modulation of lipids; rather, it majorly act as an antagonist of atrial natriuretic
hormone receptor [31] thereby inhibiting the natriuretic, diuretic and smooth muscle
relaxing activity of Atrial Natriuretic Peptide (ANP).

It was observed that the elevated serum creatinine level following cadmium administration
was restored to normal upon treatment with BSS while the lower dose (1.3mg/kg/day)
reduced urea concentration significantly when compared to normal and hypertensive rats.
This suggests that oral administration of BSS may be beneficial for the restoration of basal
kidney function rate and in the improvement of serum creatinine in hypertensive rats. This
fact is corroborated by the normal histology pattern of the kidney section. In comparison
with normal rats, the lower dose (1.3mg/kg/day) of lisinopril was found to significantly
reduce (p<0.05) creatinine level while the higher dose (2.3mg/kg/day) gave an increase. This
suggests that lisinopril may be therapeutic at the lower dose but nephrotoxic at the higher
dose.

Conclusion

Hypertension remains a major health challenge worldwide. This study has demonstrated the
possible ameliorative effects of BSS on some biochemical indices of hypertension in wistar
albino rats. BSS was effective in restoring basal liver and kidney functions in hypertensive
animals. This important phytosterol therefore holds promise in the therapeutic management
of CVDs.
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Fig. 1.
GROUP 1 KIDNEY*

* Stained by H and E technique X 400
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Fig. 2.
GROUP 2 KIDNEY*

* Stained by H and E technique X 400
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Fig. 3.
GROUP 3 KIDNEY*

* Stained by H and E technique X 400
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Fig. 4.
GROUP 4 KIDNEY*

* Stained by H and E technique X 400
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Fig. 5.

GROUP 5 KIDNEY*

* Stained by H and E technique X 400
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Fig. 6.
GROUP 6 KIDNEY*

* Stained by H and E technique X 400
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Fig. 7.

GROUP 1 LIVER*
* Stained by H and E technique X 400
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Fig. 8.
GROUP 2 LIVER*

* Stained by H and E technique X 400
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Fig. 9.
GROUP 3 LIVER*

* Stained by H and E technique X 400
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* Stained by H and E technique X 400

GROUP 4 LIVER*

Fig. 10.
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Fig.11.
GROUP 5 LIVER*

* Stained by H and E technique X 400
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Fig. 12.
GROUP 6 LIVER*

* Stained by H and E technique X 400
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Effect of BSS on ALP, AST and ALT

ALT" AST" ALP"
Group1 | 113.11#559 | 116.49+19.73 | 66.67+13.61
Group2 | 122.12+1.53 | 173.08+24.74% | 79.67+31.342
Group 3 | 114.58+2.89 | 155.83+19.93% | 80.25+43.092
Group 4 | 111.67+3.322 | 146.27+19.16 | 76.50+30.26%
Group 5 | 104.67£6.37 | 135.69+7.93" | 79.00+14.14P
Group 6 | 113.66+7.23¢ | 148.78+11.79 | 67.67+16.292

*
Values expressed in mmol/l are mean + S.E of rats in each group

The values with the superscript a,b,c shows significant difference from other groups at 0.05 level.
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Table 3
Effect of BSS on serum lipid profile
Total cholesterol” Triglyceride* HDL* LpoL*
Group 1 | 52.67+24.91 79.33+43.66 | 25.67+4.04 | 11.13+8.95
Group 2 | 60.50+9.33 112.00+30.46 | 32.00+6.38 | 4.70 +3.53
Group 3 | 49.7512.82 101.75+47.20 | 28.50+4.65 | 3.80 £1.41
Group 4 59.80+7.05¢ 102.80+29.172 33.00+5.03 7.65 £3.44
Group 5 | 68.00+7.00¢ 143.67+38.76 | 32.33x4.51 | 6.9315.30
Group 6 | 52.33+10.01 62.00 £30.81¢ | 29.50+2.12 | 13.30+2.40

*
Values expressed in mmol/l are mean + S.E of rats in each group

The values with the superscript a,b,c shows significant difference from other groups at 0.05 level.
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Effect of BSS on serum urea and creatinine

Urea” Creatinine
Group 1 | 50.67+19.55 | 1.57+0.25
Group 2 | 33.50+6.86 1.68+0.05
Group 3 | 36.33x11.24 | 1.35+0.13%
Group 4 | 72.67+31.820¢ | 1.84+0.29¢
Group 5 | 38.00+3.614 1.57+0.21
Group 6 | 64.00£20.22° | 1.59+0.25¢

*
Values expressed in mmol/l are mean + S.E of rats in each group

The values with the superscript a,b,c,d shows significant difference from other groups at 0.05 level.
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