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Abstract
This study examined the significance of EESL on vascular smooth muscle regulation towards controlling high blood pressure as claimed by herbalist. Aortic rings 
of normotensive 10 wistar albino rats were used during the experiments. The EESL exert dual effect on 5-HT induced vasoconstriction; at lower dose (3.5mg/20ml 
in Kreb’s isolate solution), it potentiates vasodilation while at high doses (5mg-20mg/20ml) it potentiates vasoconstriction, and these two effects were abolished 
after endothelium removal. Potentiation of 5-HT induced vasoconstriction by EESL was however significantly (p<0.05) greater when normal calcium was present 
in Kreb’s isolate solution compared to low calcium in solution. The activity of EESL was found to be calcium dependent NO synthase because presence of NO 
synthase inhibitor in Kreb’s solution caused spontaneous vasorelaxation. These results indicate that EESL act on 5-HT receptor subtype and based on this finding the 
activity of EESL is through endothelial cell. Furthermore, the calcium- dependent and NO synthase may probably be the mechanism by which EESL induce both 
vasoconstriction and vasodilation effect.
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Introduction
Persistent high blood pressure (hypertension) ensure when 

physiological system regulating blood pressure such as vascular 
endothelium, L-arginine NO pathways etc. are altered [1]. In deed 
studies in human revealed the association of hypertension with 
No generation depletion [2]. Increased arterial reactivity due to 
dysregulation in endothelial nitric oxide synthase (eNOS) and pro-
oxidant enzymes enhanced basal and activated calcium level due to 
overactive trans-membrane calcium permeability, such accumulation 
therefore release endothelial contraction factors (EDCF) which is seen 
in spontaneous hypertensive rats [3]. Also, the changed in abundance 
or sensibility of important component of the EDCF cascade is been 
seen as contribution to the level of endothelium dependent contraction 
since expression of prostacyclin synthase [4], cox-1 [5] and endothelial 
sensitivity to TP reception located on the smooth muscle cell were all 
altered in an aorta of spontaneous hypertensive rats. Therefore [5], 
evaluation of medication uses in addressing or antagonizing persistent 
high blood pressure will go a long way to achieved good prognosis. In 
orthodox practice, combine medication, such as diuretic, angiotensin 
enzyme convertase inhibitor, calcium-channel blocker and B-blocker 
are used as an initial line of action to address hypertension [6]. Each of 
these drugs exert its effect differently to achieve gold objective. However 
traditional use of herbal preparation though the mechanism of some of 
these plants have been authenticated [7] other herbs are still awaiting 
the evidence for their mechanism of action. 

In our earlier report on plant Securidaca longipendunculata 
on isolated heart [8] and in-vivo effect of this plant on regulation of 
cardiovascular system [9], we demonstrated that the plant extract, its 
regulation on blood pressure through calcium channel, but to what 

extent this regulation will involve vascular endothelium has not been 
properly documented. It is known that calcium ion dependent NO 
synthase in the endothelia cell regulate normal blood pressure by 
releasing NO which in turn modulate vascular smooth muscle tone. 
This experiment is therefore designed to evaluate effect of extract of SL 
on calcium signaling toward endothelial releasing nitric oxide.   

Methodology
Ten normotensive Wistar rats (200-250gm) were anesthetized 

briefly with chloroform (100%) followed by exsanguination. The 
thoracic aorta was removed and dissected free from surrounding 
connective tissue and cut into ring segment of about 2-3mm long. The 
endothelium was removed from some of the rings by   gentle rubbing 
of the internal surface with a pipe cleaner, while others were left intact. 
Each ring was mounted for isometric tension recording on stainless 
steel hook in an organ bath filled with 20ml of Kreb’s Henseilet solution 
(mM) (NaCl, 119.0, KCL, 4.5; CaCl2, 2.5; MgSO4, 1.2; KHPO4, 1.2; 
NaHCO3, 24.8; and glucose 10.3) and gassed continuously with 95% 
O2, 5% CO2 then maintained at pH 7.4 and at 37°C. The rings with or 
without functional endothelium were given a stretched tension of 2000 
mg force. Isometric tension changes were monitored using an isometric 
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traducer (Grass Ft 03), which was in turn connected to grass model 7D 
polygraph for recording isometric contraction. The ring was allowed 
to equilibrate for 30min, during which they were stimulated twice 
with 5HT (10-5 mole) at 15min interval and also the Kreb’s buffer was 
changed.  After 5HT-induced contraction reached maxima contraction, 
the extract was added in a step-wise manner into the organ bath, and 
the effects of the extract were obtained. 

Influence of the extract on aortic ring with intact endothelium 
and denuded endothelium 

The rings were pre-contracted with 5HT (10-5 mole) and when the 
contraction attained a steady state, increasing concentrations of extract 
were added cumulatively. On the other hand, the endothelium was 
removed from some of aortic rings to assess the influence of extract on 
the deluded endothelium. 

Effect of different Ca2+ concentration in Kreb’s solution on 
extract-induced responses

Two concentrations of calcium ion (1.0mM and 0.4mM) in Kreb’s 
solution were used. The rings were pre-contracted with 5HT (10-

5 mole) until the contraction attained a stead state, then increasing 
concentrations of the extract were added cumulatively and the response 
was recorded.

Effect of NO blockade on extract responses

Nitric oxide synthase inhibitor NO nitro-arginine (L-NAME) was 
added into Kreb’s solution in organ bath. The rings were incubated for 
30 minutes before addition of cumulative doses of the extract, and the 
contractile responses of the muscle obtained was then recorded.

Results
Effect of extract of Securidaca longipedunculata on 5HT – 
induced vasoconstriction of intact aortic rings

The Kreb’s solution containing normal calcium (1.6mMol) was 
used. The aortic rings first pre-contracted with 5HT (10-5 mole) from 
zero level to 1436 ± 13.8 mg force, serial doses of extract of EESL were 
then added cumulatively. The extract showed no change in tension 
developed at low doses (0.1mg, 0.2mg and 1mg).  Further addition of 
2mg of EESL to the solution, inhibited significantly (P<0.001) 5HT (10-

5 mole) -induced contraction from 1436 ± 13.8 to 660 ± 10.7 mg force 
(the cumulated dose was 3.3mg/20ml of solution).  Further addition 
of EESL (5mg, 10mg, and 20mg 40mg) cumulatively enhanced 5HT 
(10-5 mole)-induced contraction of the aortic ring. The maximum 
tension developed were 1745 ± 8.00, 1930 ± 3.00 and 1890 ± 6.78 mg 
1890±6.78mg force, respectively, (Figure 1a). It appears that EESL has 
dual effect on 5HT (10-5 mole)-induced contraction; at low doses it 
inhibits, while at high doses it potentiates 5HT (10-5 mole)-induced 
contraction (Figure.1a).

Low Ca2+ concentration in Kreb’s solution and the contractile 
responses to the extract of Securidaca longipendunculata

The Kreb’s solution containing 0.4mM of Ca2+ ion stead of 1.6mM 
was used to investigate whether calcium-ion play a role in EESL-induced 
contraction. At low Ca2+ (0.4mM) in the Kreb’s, the mean contractile 
responses of aortic rings to 5HT (10-5 mole)-induced was 471 ± 77.4mg 
force instead of 1436 ± 13.8 mg force obtained with normal calcium 
concentration in Kreb’s solution. After contraction attained a stead 
state, the extract was then added cumulatively and contractions values 
were 471 ± 77.4mg, 471 ± 77.4mg, 471 ± 77.4, 75 ± 00.00, 910 ± 47.4, 

990 43.0 and 1000 ± 00.00 mg 1000 ± 00.0 tension at doses of 0.1mg, 
0.2mg, 1mg, 2mg, 5mg 10mg, 20mg and 40mg of extract respectively 
added cumulatively. These values were significantly (P < 0.001) less than 
the tension value obtained with normal calcium ion (1.6mM) in Kreb’s 
(1226 ± 13.46mg, 1426 ± 13.46mg,1426 ± 13.4mg, 660 ± 10.77mg, 1745 
± 80.00mg, 1930 ± 30.00mg and 1890 ± 30.00mg tension respectively), 
(Figure 1b).  EESL exerted dose-dependent constriction at high doses 
while at low concentration (3.5mg) the extract inhibited 5HT (10-5 
mole)-induced contraction. It was also observed that at 3.5mg EESL 
in solution, the inhibition by the extract to 5HT (10-5 mole)-induced 
contraction was   higher (P < 0.05) in low Ca2+ (75 ± 0.00mg tension) 
when compared with normal Ca2+ (1.6mM) in Kreb’s solution (666 ± 
10.77mg tension), Figure 1a and 1b. However, concentrations lower 
than 3.5mg did not also showed any changes to 5HT (10-5 mole) 
induced contraction of aortic rings in both two solutions.

Contraction responses to the EESL extract in the absence of 
endothelium

The contractile effect of EESL was investigated on aortic 
rings without endothelium. The effectiveness of the procedure for 
endothelium removal was confirmed by failure of acetylcholine relaxes 
KCl pre-contracted rings, and a normal response to acetylcholine 
has been used as an index of normal endothelial function [10]. Some 
rubbed aortic rings lack spontaneous activity with the EESL, while few 
rings demonstrate a slight contraction. This suggests the importance of 
normal endothelial lining for normal action of EESL.

Effect of extract on L-NAME

The rings were contracted twice with 5HT (10-5 mole), in the 
medium with normal calcium in Kreb’s solution. The rings incubation 
with L-NAME in Kreb’s solution showed no contractile response in 
some rings while those that showed little response were not stable as 
tissue relaxed spontaneously.

Discussion
The findings of the present study showed that the EESL relaxed 5HT 

(10-5 mole) pre-contracted rat aortic ring at low doses (0.1mg, 0.2mg, 
1mg, and 2mg), while at high (5mg,10mg, 20mg, 40mg) doses EESL 
enhanced 5HT (10-5 mole) induced contractile response of aortic rings. 
That the potentiation of EESL on 5HT (10-5 mole) induced constriction 
suggested that the EESL may be acting on serotonergic receptor. 
Nilsson et al., and Chester et al., demonstrated the existence of multiple 
5HT receptor sub-type expression in human blood vessel, of which 

 
Figure 1. Comparative of cumulative response of the 5HT (10-5) pre-contracted aortic 
ring to extract of Securidaca longipendulata to normal calcium ion (A=1.6mMol) and low 
calcium ion (B=0.4mMol) in Kreb’s solution
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two are known to be involved in the contraction of human vascular 
smooth muscle; namely 5HT1 and 5HT2 receptors [11,12]. They also 
showed that 5HT1b or 5HT1a subtype mediated the contractile effect of 
5HT in human vascular smooth muscle. A similar report from studies 
on experimental animals showed the presence of 5HT2a in peripheral 
vascular smooth muscle and it mediated exogenous serotonin [13]. 
Although this study did not attempt to fully characterize the receptor 
type upon which the extract acted, earlier report has demonstrated that 
exogenous serotonin mediates its effect through 5HT2a receptor; thus, 
suggesting that the potentiating effect of EESL may be through the same 
5HT2a receptor of exogenous serotonin. 

This is a significant finding because potentiation or activation 
of serotonergic receptor is a mechanism underling the treatment of 
depression and hallucination [14]. Indeed, the root extract is mostly 
used in traditional medicine to treat psychiatric problems and is, 
therefore, called “Maganin Mayu” (i.e. Witch’s medicine). In South 
Africa, the Chopi and Kung tribes used the roots as medicine for people 
possessed by evil spirit and in healing section, [15]. This area needs 
further investigation.

In view of the transient relaxation induced by low dose of EESL, the 
relaxation, therefore may be attributed to either another 5HT receptor 
subtype other than 5HT2a receptor or another mechanism, probably 
endothelium-derived relaxation factors. However other evidences have 
shown that the interaction between 5HT and sumatriptan observed 
in radial artery resulted in co-stimulation that released endothelium-
derived vasodilation factor which suppressed the contraction induced 
by either of these agents [16].

It is likely that at low doses of EESL, both 5HT (10-5 mole) and 
extract inhibited the contraction induced by either of them because 
convincing report of Adrian et al., indicated that 5HT2B and 5HT1c 
subtype receptors mediate endothelium-dependent relaxation of the 
rat and cat jugular vein, and also possibly pig pulmonary artery, via 
nitric oxide release [16]. Whether or not EESL also possesses this action 
requires further investigation.

The observed potentiation effect of EESL on 5HT induced 
contraction at high doses of extract may also be attributed to calcium 
channel mechanism. The previous study on isolated rabbit heart 
showed that the vasoconstrictive effect of EESL on coronary artery 
was antagonized by nifedipine, a calcium ion channel blocker [8]. This 
fact suggests that the concentration-dependent factor contributed to 
either opening or closing of calcium channels. The finding of Stanislav 
et al., supports the view that high calcium concentration causes rapid 
opening, while low concentration causes slow activation of the calcium 
channel [17].

Further investigation into whether calcium does play a role in 
both relaxation and contraction response induced by EESL was carried 
out using varying concentrations of external calcium ion in the two 
physiological salt solution (1.6 to 0.4mM). The result showed that at low 
external Ca2+ concentration in the solution, the enhanced contractile 
effect of EESL on 5HT (10-5 mole) induced contraction decreased. 
There was comparable less contraction of the ring in 0.4 to 1.6mM 
in Kreb’s solution. This finding supports the previous report that 
endothelium-dependent contractions are reduced when the external 
Ca2+ concentration is lowered and can be evoked by calcium ionophore 
A23187 [18,19].

It is a conceivable fact that the contractile agonist utilized calcium 
from two main sources in smooth muscle: extracellular and intracellular 
[20]. It is suggestive that EESL utilized the extracellular calcium. 

This view is supported by the finding in the present study that low 
contractile responses of the rings is observed in the media contained 
less calcium. The study, therefore, suggests that the contraction evoked 
by the extract depends on calcium ion. The role of calcium channel was 
also studied by incubation of the rings in Kreb’s solution, containing 
0.2mg nifedipine, where absolute relaxation was recorded. The findings 
gave additional support to our earlier view that the marked increase in 
coronary flow observed after co-administration of EESL and nifedipine 
was due to calcium channel blockade, and that the extract modulated 
these channels [8].

The importance of endothelium modulation of vascular smooth 
muscle through endothelium-derived contracting factor and 
endothelium-derived relaxing factor was observed in many studies 
[21,22]. Endothelial cell can induce relaxation of the underlying 
vascular smooth muscle by generating NO, prostacycline and through 
a non-characteristic endothelium-derived hyperpolarization factor 
[23]. On the other hand, endothelium can also contract the underlying 
vascular smooth muscle by generating the vasoconstrictor protanoids 
endothelium-dependent contracting factor [22].

The NO is formed in endothelial cells from the guanidine-nitrogen 
terminal of L-arginine, by the constitutive NO-synthase III, (eNOS). The 
activation of NO synthase III depends on the intercellular concentration 
of calcium ions in the endothelial cells, as it is Ca2+-calmodulin-
dependent. NO diffuses to the vascular smooth muscle cells and relaxes 
them mainly by stimulating production of cyclic 31 51 – guanosine 
monophosphate (cGMP), leading to inhibition of the contractile 
process [24]. These may be seen as a mechanism of relaxation responses 
to 5HT (10-5 mole)-induced contraction caused by EESL at low doses. 
The role of NO involvement in mechanism of dilation in this work was 
carried out because several studies have shown that nitric oxide exerts 
acute and chronic inhibitory effects on the production of endothelium-
dependent contraction [10], and, thus, justifies the pre-treatment of 
aortic rings with the NO synthase blocker L-NAME to optimize the 
production of endothelium-cyclooxygenase-dependent contractions 
[3,25]. No contraction was obtained in the presence of L-NAME at 
high doses. This may be due to the inability of EESL to accumulate and 
release enough calcium in the endothelium cell to trigger initial step of 
the endothelium-derived contracting factor cascade. The fact that EESL 
fails to produce endothelium-dependent contraction in the presence of 
L-NAME is in line with the previous data on effect of acetylcholine on 
aortic ring [26]. The Studies shown that when L-NAME was absent, 
acetylcholine accumulates calcium ions triggers the release of oxidative 
stress in both WKY and SHR being significantly more prominent in 
the latter, the process was however prevented when either L-NAME 
or antioxidants were present. The action of EESL could resemble 
acetylcholine effect on aortic rings pre-treated with L-NAME [3], as no 
contraction was also obtained because the presence of L-NAME affects 
calcium ion accumulation by acetylcholine that triggered induction of 
oxidative stress. The endothelium-dependent contraction is suggested 
to be responsible for contraction observed at high doses of the extract. 
This conception is supported by the following observations: (1) High 
calcium concentration in Kreb’s solution causes more contractile 
response. (2) No contraction was obtained when endothelium was 
removed.

This data supports the concept that an increase in intracellular 
calcium ion is necessary for the production of endothelium-dependent 
contractions [18,25]. Other studies also indicated that high calcium 
levels are required to initiate the release of endothelium-derived 
contracting factor, and substance like A23187, which increases calcium 
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ion entry causes contraction in both spontaneous hypertensive and 
normotensive rats [3].

The role of endothelium in mediating EESL effect was further 
carried out with de-endothelization. Some of rings showed little 
contraction, while others did not give any response to EESL-induced 
contraction. One explanation is that endothelium constitutes a 
diffusion barrier and its removal may disrupt calcium ion transport 
mechanism in endothelial cells. This implies that EESL might have 
induced contraction by accumulating endothelial calcium ion through 
calcium ion channel. We therefore concluded, that the EESL possessed 
dual effect on blood vessel; low dose relaxes aortic rings while high 
dose potentiates 5-hydroxytryptamin-induce aortic contraction 
therefore justified herbalist use of the plant for control of hypertension 
and psychiatric disorders. Based on our findings the EESL act through 
endothelium, calcium ion channel and 5-HT receptor, It is also obvious 
that calcium ion plays two roles in EESL modulation of vascular 
smooth muscle; either dilating through receptor-mediated increases in 
intracellular calcium ion, which result in NO formation, or constriction 
via excess accumulation of calcium ion.
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