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Introduction
Nowadays, because of the weakness of the economic resources, 

the populations in developing countries often turn to the traditional 
therapeutic practices (Pharmacopeia). 

To accompany these populations, the World Health Organization 
(WHO) in set up a development project of the strategies which would 
involve the role of the African traditional medicine (confer: Strategy of 
the African region AFR/RC50/9; 2010). 

According to the WHO, 60% of the current diseases would be due 
to medicine of synthesis. 

Supports of the WHO in the herbal medicine as the appeal possible 
for medicine current, opens new ways of studies for numerous plants. 
So, studies were led to highlight the use of certain plants in the treatment 
of the high blood pressure in Africa. 

In Ivory Coast, the populations use the aqueous solutions of 
the leaves of Citrus aurantifolia (Rutaceae) to handle the high blood 
pressure [1-3].

The potential antihypertensive of certain plants was also highlighted 
in certain works.

Khan and Gilani [4] showed that fruits of Terminalia bellerica 
decreased the blood pressure to anesthetized rats. Nworgu and al. [5] 
reported that the aqueous solutions of the leaves of Nauclea latifolia 
caused the decrease of the blood pressure to the rat. Boobalan and 
et al. [6] noted that the aqueous extract of the leaves of Melothria 

Abstract 
Of our ethnobotanic investigations in the district of Franceville, on 30 requested people, 20 answered the 

survey questionnaire. The present study aims at evaluating the hypotensive activity of Nephrolepis biserrata (NB) 
used by Ndoumou in the province of Haut-Ogooué in Gabon to treat or prevent against arterial hypertension. The 
Phytochemical studies show that the aqueous foliar extract of Nephrolepis biserrata consists of phenolic constituents, 
terpeniques and nitrogenous. This extract was used to realize all the tests of our study. The contraction is recorded 
by a system of isolated organ.

Nb (5-200 mg/ml) provoke the decrease of the contraction of the aorta of the toad induced by the norepinephrine 
(10-6 M) in presence and in absence of the endothelium. The threshold of the effect is 5 mg/ml in the presence and 50 
mg/ml in absence of endothelium; a maximal decrease is observed in 200 mg/ml. 

The acetylcholine (10-11-10-7 M) decreases the contraction of the aorta caused by the norepinephrine (10-6 M) in the 
presence of the endothelium; 3.10-11 M is the threshold of the effect and 10-7 M the maximum, whereas in the absence 
of endothelium, we observe an increase of the contraction.

Nephrolepis biserrata (5-200 mg/ml) cause the reduction of the contraction induced by the norepinephrine (10-6 M) 
of the aorta pretreated with a solution of L-NAME (10-5 M), in the presence of endothelium; the threshold of the effect 
is 5 mg/ml and maximum to 200 mg/ml, so highlighting the antihypertensive potential of Nephrolepis biserrata, and 
those this in presence and in absence of endothelium. 

maderaspatana reduced the blood pressure of the patients suffering 
from high blood pressure. Khalili et al. [7-9], showed respectively that 
the aqueous extract of Elaeocarpus ganitrus, Vaccinium Arctostaphylus 
and Vitis coignetiae caused the reduction of the blood pressure to rats 
spontaneously hypertensive. 

Studies revealed that the therapeutic properties met to plants were 
due to the presence of certain bioactive substances. 

This is the way, according to the works of Andriambeloson [10], 
the compounds polyphenolics (catechines, proanthocyanidines, 
anthocyanines, flavanols and phenolic acids) cause a vasorelaxation 
endothelium-depending on the thoracic aorta of rat.

In 2003, Chataigneau [11], showed that compounds polyphenolics 
some wine and some grape juice infer the relaxations dependent on 
the endothelium at the level of diverse isolated arteries of rat. See also 
the epidemiological studies realized by Renaud and Lorgeril [12] who 
suggested that the consumption of red wine stemming from grapes 
(who have in their composition polyphenols), could explain the 
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incidence more limited by the coronary cardiac diseases in the French 
population: it is the theory of the “French Paradox”. 

It is necessary to note also Perez-Vizcaino [13] investigations which 
revealed that the effects hypotensor of fruits and vegetables at the level 
of the hypertensive rats would be owed to the presence of polyphenols 
in the composition of the extracts of fruits and plants, particularly the 
flavonoids which are the most plentiful compounds and having a more 
important biological activity. 

Nair and Gupta [14] and the epidemiological investigations led by 
Erdman [15] support the hypothesis which announces that the “regular 
consumption of food rich in flavonoids can reduce considerably the 
risks of the mortality bound (connected) to the cardiovascular diseases”. 
Herrera et al. [16] showed that flavonoids decrease the contraction of 
the aortic artery of rat induced by the noradrenaline, so highlighting 
the antihypertensives properties of the flavonoids. Furthermore, Khan 
and Gilani [4] indicated that the consumption of fruits of Terminalia 
bellerica decreased the blood pressure of rats under anesthesia and this 
reduction was due to the presence of flavonoids, sterols and tannins. 

On the other hand, Segasaka-Mitane et al. [17,18] reported that 
the saponins of tea leaves caused the decrease of the blood pressure 
at the level of the hypertensive rats spontaneously. Khan and Gilani 
[4] indicated that fruits of Terminalia bellerica decreased the blood 
pressure of rats under anesthesia and that the reduction of this one 
would be due to the presence in its chemical composition of flavonoids, 
sterols and tannins. 

The role of the endothelium in the relaxation of the smooth muscle 
of vessels due to the action of the acetylcholine was demonstrated by 
Furchgott and Zawadzki [19]. 

Furthermore, it was highlighted that the nitrogen oxide (Nitric 
Oxide or NO/Endothelium Derived Relaxing Factor: EDRF) was a 
factor mattering in the relaxation of the cells of the smooth muscles 
[20],while the prostacycline stemming from another one way metabolic 
was a vasorelaxant important [21].

With regard to the previous studies, it would seem that the 
endothelium-dependent relaxation would arise from two independent 
ways. 

However, other factors would play an important role in the 
relaxation of the smooth muscles vascular as described by Félétou and 
Vanhoutte et al. [22-25].

Triggle et al. [26,27] who showed that an additional vasodilator 
mechanism observed mainly in the coronary circulation and in 
the peripheral vascular beds generally, would be associated with a 
hyperpolarization of the smooth muscle cells. 

Studies showed a similarity of the mechanisms of action of certain 
substances involved in the phenomenon of the relaxation of vessels. 

So, Komas [28] revealed that polyphenols cause the increase of the 
cyclic AMP and the cyclic GMP, which will have for consequence a 
relaxation of the aortic arteries without endothelium.

Andriambeloson et al. [10] revealed that the production of Nitric 
Oxide and the endothelium-dependent and independent relaxation at 
the level of the aorta of rat was led by the polyphenols of the red wine. 

The in vitro studies led by Chataigneau et al. [11] showed that 
compounds polyphenolics some wine and grape juice lead relaxations 
dependent on the endothelium would imply the nitric oxide (NO) 

as well as Endothelium Derived Hyperpolarization Factor in diverse 
isolated arteries. It is necessary to note also Ndiaye [29], showed that the 
formation of NO is due to the increase of the activity of NO-synthase 
endothelial by polyphenols, involves two different mechanisms which 
lead the relaxation of vessels, dependent one of the concentration of the 
free calcium in the cytosolique and other one of the way PI3-kinase/
Akt. 

Other works revealed the implication of the Enzyme of Conversion 
of the Angiotensin (ACE).

Indeed, Sakat et al. [8], related that the aqueous extract of Elaocarpus 
ganitrus reduced the blood pressure by inhibiting the activity of the 
Enzyme of Conversion of Angiotensin.

On the other hand, Sakat et al. [8], related that the aqueous extract of 
Elaocarpus ganitrus reduced the blood pressure by inhibiting the activity 
of ACE. Jang et al. [9] obtained the similar results, because they note 
that the red wine of Vitis coignetiae causes its effect to antihypertensive 
by inhibiting the Enzyme of Conversion of Angiotensin at the level of 
the hypertensive rats spontaneously. See all the concepts proposed by 
Busse et al. [30].

It is from this perspective that we are going to approach the 
phytochemical studies and the biological effect of Nephrolepis 
biserrata which is a plant used by the populations of Franceville and 
its surroundings (Haut-Ogooué) in disease prevention and to handle 
the arterial high blood pressure which is at present a problem of Public 
Health [31].

So, to give a scientific basis to this traditional practice in the Gabon, 
the study of the effect of the aqueous foliar extract of Nephrolepis 
biserrata on the contraction of the aorta of the heart of toad was led to 
estimate the antihypertensives properties of this plant, in vitro.

Material and Methods
Animal preparation

Toads (Bufalo regularis) were caught locally. The animal (100 to 150 
gr) was sacrificed after destruction of the central nervous system (the 
brain and the spinal cord) and opening of the rib cage; both arteries 
which constitute the aortic stick of the heart of toad are taken, cleaned 
and kept in the physiological solution (Locke Ringer of composition gr: 
NaCl 6,5; KCl 0,14; CaCl2 0,12; NaHCO3 0,20, in 1 liter of water distilled 
and bubble with 95% O2 and 5% of CO2). Two rings are obtained for 
every artery and six toads were used for every dose of the aqueous foliar 
extract of Nephrolepis biserrata and substance for the biological tests.

Vegetal preparation

The leaves of Nephrolepis biserrata were collected in the University 
Campus of the USTM in Franceville (Haut-Ogooué), in Lambaréné 
(Moyen-Ogooué) and in Oyem (Woleu-Ntem). 

Nephrolepis biserrata (Sw). Schott (PL.IX) is a fern of the family 
of the Dryopteridaceae authenticated by Dr Mounzéo and Issembe, 
Department of Biology, University of Masuku (Gabon) was used. This 
plant had already described by Tardieu-Blot [32].

Preparation of extracts foliar aqueous s of Nephrolepis biserrata: 
Leaves are crushed by means of a crusher (Waring-R Commercial 
ARMOR) to obtain a powder. The initial solution of the foliar extract 
was obtained by adding 0,50 gr of powder to 20 ml of distilled water, 
which afterward was diluted in several concentrations (5-200 mg/ml) 
to make biological tests.
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So, the aqueous extract of the leaves of Nephrolepis biserrata 
collected to Franceville was used to make the various tests, because the 
populations used it under this shape.

Phytochemical screening: The phytochemical tests of Nephrolepis 
biserrata were made on the aqueous extracts, chloroformic and 
ethanolic of all the plants provenance from three sources of harvests 
quoted above.

Two methods of extraction were used: the maceration and the 
decoction [33]. The phytochemical tests allow to highlight groups of 
compounds (sterols, polyterpenes, tannins, polyphenols, flavonoids, 
quinones and saponins) contained in extracts. They were made 
according to the classic methods described by Paris and Moyse [34,35].

Alkaloids: The highlighting of alkaloids was made by using the 
methods of reactive Dragendorff and Mayer. The test consisted in taking 
2 ml of filtrat in 2 different tubes may add in tube 5 drops of reactive of 
Dragendorff and 5 drops of the reactive of Mayer in the other one. The 
appearance of an orange-colored red precipitate in the tube containing 
the reactive of Dragendorff indicates the presence of alkaloids. Also the 
presence of a tint yellowish white in the other tube also gives evidence 
of the presence of alkaloids.

Anthraquinones: The highlighting was realized by introducing into 
a test tube 2 ml of filtrat more a solution of NH4OH (10%) may shake, 
the formation of a red tint gives evidence of the presence of the free 
anthraquinones. 

Cyanidines (Flavones): The test of Cyanidines was made by 
introducing into a test tube 2 ml of filtrat then the addition of 1ml of 
hydrochloric alcohol more 1 ml alcohol isoamylic and some shavings 
of magnesium. A pink-orange tint indicates the presence of flavones; 
pink-purplish puts evidence of the presence of flavones and red that of 
the flavanones.

Flavonoid: The highlighting of flavonoids was realized by adding 
to 2 ml of filtrat 1ml of H2SO4 more 1ml Na2CO3. The appearance of 
a dark tint stressed after the addition of the acid indicates the presence 
of flavonoids. The development of a tint blue-made purple after the 
addition of the base gives evidence of the presence of anthocyanins. 

Saponosides: The test of saponosides was made by introducing 2 ml 
of the filtrat into a test tube then shaken during 2 minutes and left then 
with the rest during 2 minutes. The obstinacy of the foam indicates the 
presence of saponosides. 

Sterol and triterpens: The presence of sterols and triterpens was 
highlighted by the test of Libermann-Buchard. In 2 ml of filtrat were 
added 2 ml of H2SO4 concentrated slowly during the wall of the test 
tube. The training of a brownish red ring highlights the presence of 
sterols and triterpens. 

Tannins:The presence of tannic compounds (hydrolysable and 
not hydrolysable) was detected by adding to 2 ml of filtrat, 1ml of an 
aqueous solution of trichloride of horseshoe (2%). The appearance of 
a black blue color indicates the presence of Gallic tannins; also, the 
appearance of a green-black color after addition of the ferric trichloride 
(1%) indicates the presence of tannins catechics.

The chemical and pharmacological products

Norepinephrine, Acetylcholine and L-N (ω) -nitro-arginine methyl 
ester (L-NAME) obtained to Sigma Chemical Company was diluted in 
the distilled water and used for all the biological tests. 

Reactive of Dragendorff and Mayer, NH4OH (10%), hydrochloric 
Alcohol, isoamylic Alcohol, H2SO4, Na2CO3,Trichloride of horseshoe 
NaCl, KCl, CaCl2, and NaHCO3, obtained at Bioblock, Sigma Chemical 
Company and Fisher Scientific via Medilab in Gabon.

Experimental protocol 

Rings from 3 to 5 mm in lengths of arteries are cut and placed in 
a Pétri dish containing the physiological liquid. A ring isolated and 
gone up between two hooks is fixed to a capacity of constraint which 
allows to collect the contractile activity of the ring under a tension in 
the rest of 2 g; the set is placed in a tank with isolated organ of 20 ml 
containing the physiological solution oxygenated continues it by means 
of a bullor and maintained in a temperature of 37°C and in a pH 7,4 
by a circulating bath thermostated (Julabo EM). The signal collected 
via a sensor (LCM Systems Ltd UF1 Forces Sensor) is amplified by 
means of an amplifier (Bionic INSTRUMENTS) and transcribed on a 
graphic recorder (Linseis L250E). The preparation is stabilized during 
60 minutes before the realization of different tests. 

During the period of balance, tissues were stimulated with 40 
mM of potassium (40 mm K+), to reach the maximal tension after 10 
minutes; then a series of rinsing is made with the physiological solution; 
this operation (potassium stimulation and rinsing) is three times made, 
then for the balance, the basic tension was adjusted in 1 g. 

After the period of balance, the ring was precontracted with the 
norepinephrine (10-6 mM) to reach an optimal isometric contraction. 
The relaxation caused by various concentrations in an increasing and 
cumulative way of the foliar extract of Nephrolepis Biserrata (5-200 mg/
ml) and of the acetylcholine (10-11-10-7M) in presence and in absence 
of endothelium was expressed as the variation of the percentage of the 
contraction led by the norepinephrine (100%).

For the continuation of our study, the aqueous foliar extract of 
Nephrolepis Biserrata was used to make the biological tests.

To verify the absence of endothelium destroyed mechanically, a test 
was realized by an answer to the acetylcholine (10-6 M), according to the 
method of Furchgott and Zawadzki [19].

To avoid the influence of the nitric oxide (NO or Endothelium 
Derived Relaxing Factor: EDRF), the preparation was beforehand 
incubated during 30 min in a solution of L-NAME (10-5 M) to block 
the metabolic way of the synthesis of the nitrogen oxide, before the 
contraction of the preparation led by the norepinephrine (10-6 M), to 
verify the absence of endothelium destroyed mechanically, a test was 
realized by an answer to the acetylcholine (10-6 M), according to the 
method of Furchgott and Zawadzki [19].

To avoid the influence of the nitric oxide (NO), the preparation 
was beforehand incubated during 30 min in a solution of L-NAME 
(10-5 M) to block the metabolic way of the synthesis of the nitric oxide 
(NO; EDRF), before the contraction of the preparation led by the 
norepinephrine (10-6 M), then followed by the treatment of the same 
preparation by various concentrations of Nephrolepis biserrata (5-200 
mg/ml). 

Statistical analyses

The results are expressed are forms of the average values expressed 
in percentages of variations of the contraction of the aorta led by the 
norepinephrine (10-6 M), according to various concentrations of the 
aqueous foliar extract of Nephrolepis biserrata and the acetylcholine 
(Table 1). The contraction caused by the norepinephrine (10-6 M) 
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corresponds to a 100% percentage, was considered as reference. 

The doses of the effects threshold, maximum and the ED50 were 
determined for Nephrolepis biserrata and the acetylcholine. 

ED50 values: the concentration of test drug that causes a 50% 
relaxation of agonist-induced aortic contraction. 

Results were expressed as percentage of relaxation: 
% relaxation R1 R2 1 0 

R1
0=

−
×  

Where R1 is the response to Norepinephrine and R2 is the response 
after adding the test drug. The obtained values were expressed by means 
± SD. Statistical significance was tested using student’s test. 

Results
The results presented in the picture1 show that samples outcomes of 

three sites (Franceville, Lambaréné and Oyem) of harvests contain the 
phenolic compounds, terpenic and nitrogenous. The analysis of these 
results highlights the abundance (+++) in tannins, anthraquinones free, 
cyanidines, saponosides and a presence in the state of track of sterols and 
terpenes in the aqueous extract. The presence of the total flavonoids and 
the anthocyanins were revealed in extracts chloroformic and ethanolic.

However, flavonoids and anthocyanines are more plentiful in the 
chloroformic extract; and the extract ethanolic is rich in compounds 
terpenes. For the continuation of our study, it is the aqueous foliar 
extract which was used for the various biological tests.

Effect of the aqueous foliar extract of Nephrolepis biserrata on 
the contraction of the aorta induced by the norepinephrine 
(10-6 M) in presence and in absence of endothelium. 

In the presence of endothelium, the aqueous extract of Nephrolepis 
biserrata decreases in a way measure increasing and cumulative (5-200 
mg/ml) the contraction of the aorta of toad led by the norépinephrine 
(10-6 M); the threshold of the effect is observed in 5 mg/ml (0,30%) and 
maximum in 200 mg/ml (92,24%); the ED50 is 100 mg/ml, is a 53,70% 
decrease (Figure 1). The exposure time of the preparation for every 
dose of the foliar extract was 1 at 3 minutes (s). 

In absence of endothelium, the aqueous extract of Nephrolepis 
biserrata decreases in a way measures increasing and cumulative (5-
200 mg/ml) the contraction of the led aorta spoke norepinephrine (10-6 

M); the threshold of the effect is observed in 50 mg/ml (14,20%) and 
maximum in 200 mg / ml (96,59%); the ED50 is 100 mg/ml, is 47,34% 
decrease (Figure 1).

However, it is necessary to note that in absence of endothelium, we 
observe a light increase of the contraction in the concentrations 5, 10 
and 30 mg/ml; respectively of 7,70%, 6,85% and 2,02%.

Effect of the acetylcholine on the contraction of the aorta 
induced by the norepinephrine (10-6 M) in presence and in 
absence of endothelium. 

In the presence of the endothelium, the acetylcholine of a way 
measures increasing and cumulative (10-11 M-10-7 M) decrease the 
contraction caused by the norepinephrine (10-6 M); the threshold of 
the effect was observed in 3.10-11 M (30,85%) and maximum in 10-7 

M (88,14%). The exposure time of the preparation for every dose 

Chemical compound Aqueous 
Extract

Chloroformic 
Extract

Ethanolic 
Extract

Free Anthraquinones +++ - -
Anthocyanine - +++ ++
Cyanidines +++ - -
Flavonoids - +++ ++
Saponosides +++ - -
Sterols et triterpens + ++ +++
Tannins +++ - ++
Alkaloide +++ - -

+ + +: abundant; + +: not very abundant; +: to the state of trace; - : negative test.
Table 1: Chemical compounds of the foliar extract of Nephrolepis biserrata 
according to the solvents used.

Figure 1: Effects of Nephrolepis biserrata on the contraction of the aorta of the heart of toad induced by the norepinephrine (10-6 M) in presence and in absence of 
endothelium.
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concentration of acetylcholine was from 1 to 3 minute (s); the ED50 is in 
10-10 M, is a 45,25% decrease (Figure 2).

In absence of endothelium, in the same concentrations as above 
indicated, the acetylcholine increases the contraction induced by the 
norepinephrine (10-6 M); the threshold of the effect was in 10-11 M 
(4,72%) and maximum in 10-7 M (28,35%); (Figure 2).

We notice that the threshold of the decrease of the aorta’s contraction 
by Nephrolepis biserrata is observed in 5 mg/ml (0,30%) in the presence 
of endothelium and 50 mg/ml (14,20%) in its absence.

Effect of the aqueous extract of Nephrolepis biserrata on the 
contraction of the aorta induced by the norepinephrine (10-6 

M) preincubated with a solution of L-NAME (10-5 M) in the 
presence of endothelium.

In the presence of the endothelium, the aqueous extract of 
Nephrolepis biserrata decreases in a way measure increasing and 
cumulative (5-200 mg/ml) the contraction led by the norepinephrine 
(10-6 M) the preparation of which was preprocessed by a solution of 
L-NAME (10-5 M). The threshold of the effect was observed in 5 mg/ml 
(1,70%) and maximum in 200 mg/ml (87,66%); the ED50 is 100 mg/ml, 
that is 51,49% of decrease Figure 3.

Discussion 
From our ethnobotanic studies led in a district of Franceville 

(Evéché) having 1.342 inhabitants, a questionnaire about the knowledge 
and the use of Nephrolepis biserrata was subjected to 30 of them, 20 
wanted to participate in our survey. 

It gets free that Nephrolepis biserrata called “milliélè” by the 
ethnic group Ndoumou used foliar of Nephrolepis biserrata infusion 
in traditional medicine to warn and/or deal the arterial high blood 
pressure and that the young leaves were consumed as vegetable in the 
province of the Haut-Ogooué in Gabon. 

Our phytochemical studies on the samples of Nephrolepis biserrata 
collected to Franceville and its neighborhood (Haut-Ogooué), to 
Lambaréné (Moyen-Ogooué) and to Oyem (Woleu Ntem) present the 
same chemical groups.

Indeed, abundance in tannins, anthraquinones free, cyanidines, 
saponosides, alkaloids and a presence in the state of track of sterols 
and terpenes was observed in the aqueous extract. The presence of 
the total flavonoids and the anthocyanins were highlighted in extracts 
chloroformic and ethanolic.

Our phytochemical observations (Table1) are similar to those 
obtained by Adou et al. [36], who showed that the aqueous extract 
of Nephrolepis biserrata contains mainly flavonoids, tannins catechics 
and sterols. The biological tests (Figure 1) show that the aqueous 
foliar extract of Nephrolepis biserrata decreases the contraction of the 
aorta led by the norepinephrine (10-6 M); and this in a way measures 
increasing and cumulative (5-200 mg/ml) in presence and in absence of 
endothelium. Furthermore, the threshold of the effect (that is a 0,30% 
decrease) is observed in 5 mg / ml in the presence of endothelium and 
in 50 mg/ml (14,69%) in its absence; the effect is maximum in 200 mg 
/ ml in both cases; 96,59% in the absence of endothelium is a 92,24% 
decrease in presence and 96,59% in the absence of endothelium. 

These results highlight the effect relaxing of the foliar extract of 
Nephrolepis biserrata, thus the antihypertensives properties of a part of 
this plant at the level of the aorta of toad; the reduction of the amplitude 
of the contraction to 50% is observed in 100 mg/ml of Nephrolepis 
biserrata (ED50) in presence and in absence of endothelium; let be a 
respective decrease of 53,70% and 47,34% (Figure 1). 

Studies showed a correlation between cardiovascular risk and the 
consumption of polyphenols of natural origin [37] also reported that 
fruits of Anacardium L. of which the phytochemical studies revealed the 
presence of polyphenols were consumed and the leaves of this plant are 
used as antihypertensive in traditional medicine in Indonesia. 

So, according to Khan and Gilani [4], the raw extract of the fruit 
of Terminalia bellerica containing flavonoids, sterols and tannins, 
to manage of a way dose-increasing cause the decrease of the blood 
pressure at the level of a rat anesthetized (in vivo), of the aorta having its 
endothelial layer intact and of the aorta in absence of endothelium (in 
vitro). These results indicate that Terminalia bellerica lowers the blood 
pressure through an opposing mechanism of the Ca2+. Furthermore, 
for [37,38] the beneficial effects of polyphenols on the cardiovascular 
system could be partially owed to the direct action of these compounds 
on the vascular wall, and that polyphenols increase the production of 
the relaxing factors, especially the nitric oxide. 

According to the studies of Martin et al. [39,40], polyphenols cause 
the increase of the calcium cytoplasmic cells endothelial which lead by 
a continuation of biochemical reactions the production of nitric oxide 

Figure 2: Effects of acetylcholine on the contraction of the aorta of the heart 
of toad induced by the norepinephrine (10-6 M) in presence and in absence of 
endothelium.

Figure 3: Effects of Nephrolepis biserrata on the contraction of the aorta 
induced by the norepinephrine (10-6 M) pretreated with the L-NAME (10-5 M) in 
the presence and in absence of endothelium.
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implied in the mechanism of the vasorelaxation at the level of the aorta 
of bovine. Also let us indicate that Iwalokun et al. [2], revealed that 
Loranthus micranthus (Lm), used traditionally handle the arterial high 
blood pressure at the level of the aorta of rat by the increase of the 
production of the nitric oxide.

Other studies as that of the Chataigneau et al. [11], show that 
compounds polyphenolic are capable of increasing the concentration 
of the cytoplasmic calcium in endothelial cells to allow the activation 
of the NO-synthase endothelial (eNOS) by the complex calcium-
calmoduline, and another way of eNOS’s activation depends on that 
of the way phosphoinositide 3 (PI3) kinase/Akt and the consecutive 
phosphorylation of NO-synthase, Akt phosphoryled will be responsible 
for the activation of the eNOS. 

According to Ndiaye et al. [41,42], this formation of NO is mainly 
due to the increase of the activity of NO synthase endothelial, a 
phenomenon involving two different mechanisms, one depending on 
the concentration of the free calcium in the cytosolic and the other one 
to the PI3-kinase/Akt’s way. 

According to Ndiaye et al. [29], compounds polyphenolic some red 
wine infer relaxations dependent on the endothelium are mediated by 
EDHF in the pig’s coronary artery; and that these relaxations caused by 
EDHF, and led by compounds polyphenolic, are strongly reduced by 
inhibitors of the way PI3-kinase/Akt. 

The use of the acetylcholine (10-11 M 10-7 M), shows a decrease of the 
contraction of the aorta of the heart of toad led by the norepinephrine 
(10-6 M) in the presence of endothelium in a way measure increasing 
and cumulative (Figure 2). The threshold of the effect was observed in 
3.10-11 M (30,85%) and maximum in 10-7 M (88,14%). The ED50 is in 10-

10 M, is a 45,25% decrease. These results are similar to those of certain 
authors who indicate that the acetylcholine causes the decrease the 
contraction of vessels in the presence of endothelium. 

Indeed, Furchgott and Zawadzki [19] establishes the role of the 
endothelium in the relaxation of the smooth muscle of vessels due to the 
action of the acetylcholine; and that the nitric oxide (NO/Endothelium 
Derived Relaxing Factor or EDRF) according to Palmer [20], besides 
the prostacycline (PGI2) according to Moncada [21], identified as by 
endothelial-products were important vasorelaxants. 

However, other factors would play an important role in the 
endothelium-depending hyperpolarization (Endothelium Derived 
Hyperpolarization Factor or EDHF) in the relaxation of the vascular 
smoother muscles [25,26]. 

It is necessary to remind also that the works of Eckly and Lugnier 
[43] revealed that polyphenols such as flavonoids cause the increase 
of the AMPc and the GMPc which cause the stimulation of certain 
potassium channels which will have for consequence a relaxation of the 
aortic arteries without endothelium.

Also let us note that the study of Ding [26], specify that the relaxation 
of vessels led by the acetylcholine is endothelium-dependent, through a 
very important factor, the nitrogen oxide (NO or Endothelium Derived 
Relaxing Factor: EDRF). 

As a matter of fact, as the acetylcholine the aqueous extract of 
Nephrolepis biserrata provoke a vasodilatation of the aorta of the toad’s 
heart. 

In absence of endothelium, in the same concentrations (10-11 

M-10-7 M), the acetylcholine increases the contraction led by the 
norepinephrine (10-6 M); the threshold of the effect was in 10-11 M 

(4,72%) and maximum in 10-7 M (28,35%); Figure 2.

Our results are similar to those of Ludmer et al. [44,45] who 
showed that in the absence of endothelium, the acetylcholine cause a 
human vasoconstriction of the coronary arteries of the heart, and that 
according to Nitenberg [46], the acetylcholine causes a vasoconstriction 
of the coronary arteries at the patients suffering from a coronary 
disease. These authors concluded that the vasoconstriction caused 
by the acetylcholine in absence of endothelium would be due to the 
dysfunction of the endothelium. 

Contrary to the acetylcholine which causes a vasoconstriction with 
the absence of the endothelium, the aqueous foliar extract of Nephrolepis 
biserrata provoke a vasorelaxation in presence of endothelium with 
the amounts from 50 to 200 mg/ml. Let us note all the same that the 
threshold of the reduction in the contraction of the aorta by NB is 
observed to 5 mg/ml (0,30%) in the presence of endothelia and 50 mg/
ml (14,20%) in its absence.

Andriambeloson [10] revealed that the relieving caused by 
polyphenols was observed on the level of the vessels with (to low dose) 
and without endothelium (with high amounts). 

However, it should be noted that in absence of endothelium, we 
observe a light increase in the contraction to concentrations 5, 10 and 
30 mg/ml; respectively of 7,70%, 6, 85% and 2, 02% (Figure 1).

In order to highlight the mechanism (s) implied in the presence of 
aqueous extracts of NB, we inhibited the metabolic way which produces 
nitric oxide (NO or EDRF), very important factor in the relieving of 
the vessels [19]. For that, as shows it the results of Figure 3, when the 
aorta of the heart of clamping plate in the presence of the endothelium 
is pretreated with a solution of L-NAME (10-5 M) inhibiting of synthesis 
of NO [4], then contracted by the norepinephrine (10-6 M) to have a 
contraction maximum and followed by a treatment by a solution of 
foliar extract aqueous of Nephrolepis biserrata, and this in manner 
proportions increasing and cumulative (5-200 mg/ml), we always 
observe a reduction in the contraction. The threshold of the effect is 
noted to 5 mg/ml (1,70%) and maximum with 200 mg/ml (87,66%); the 
ED50 is of 100 mg/ml, that is to say a reduction of 51,49%. 

These results show that Nephrolepis biserrata causes its hypotensive 
effect by other mechanisms which would not imply only the way of 
the production of NO, because in spite of the inhibition of this one 
by L-NAME (10-5M), the aqueous extract always causes by the action 
of its compounds, the reduction of the contraction induced by the 
norepinephrine (10-6 M). 

Our work join thus those of Khan and Gilani [4], which reported that 
the rough extract of the fruit of Terminalia bellerica whose phytochimic 
studies reveal the presence of the flavonoïdes, of sterols and tannins 
like Nephrolepis biserrata, causes the reduction in the blood-pressure on 
the level of an anaesthetized rat (in vivo), aorta treated with a solution 
of L-NAME and aorta in absence of endothelium (in vitro). Moreover, 
work of Perez-Vizcaino [13], revealed that the injection of the quercetin 
which is a flavonoids, provoke in a manner proportions increasing; 
decrease the arterial pressure of the pretreated rats with a solution of 
L-NAME. These same authors observed this reduction of the blood 
pressure at various models of hypertensive rats. 

Let us quote also work of Jaffri [47], which showed that in the 
hypertensive rats induced by the administration of L-NAME whose 
production of nitrogen oxide is defective, the extract of the palm oil 
(Elaeis guineensis) attenuated the increase in blood pressure of these 
animals.
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Also let us recall according to the phytochimic studies on Hibiscus 
sabdariffa reported by Ojedaa [48], revealed the presence of polyphenols 
such as the anthocyanines and that these compounds cause the blood 
pressure decrease by inhibiting the activity of the Enzyme of Conversion 
of Angiotensin (ACE). Work of Jang [9], showed that the polyphenols 
of the red wine of Vitis coignetiae spontaneously provoke a hypotensive 
effect while inhibiting (ACE) on the level of the hypertensive rats. See 
the whole of the concepts suggested by Drank.

All in all, as work of Zisaki et al. [49,50] brings it back, the 
hypotensives substances are: inhibiters of the ACE, β and calci-blockers 
as well as the diuretic ones.

Our next investigations will relate to the metabolic ways implied in 
the mechanism of action of Nephrolepis biserrata. 

Conclusion 
This study shows that the aqueous extract of Nephrolepis biserrata 

decreases in manner proportions increasing, the contraction of the 
aorta of the heart of clamping plate; and this in presence and absence 
of endothelium.

This preliminary study shows that the antihypertensor effect of 
Nephrolepis biserrata seems dependant and independent endothelium 
to induce a vasodilatation of the vessels. 

The acetylcholine taken as example of antihypertensive 
pharmacological substance of the arteries causes also the reduction in 
the contraction of the aorta in an amount-increasing way but dependant 
endothelium, because in absence of the endothelium, the acetylcholine 
provokes a vasoconstriction. 

The action of antihypertensive Nephrolepis biserrata is observed 
(the reduction of the contraction) also when the preparation (aorta) 
is pretreated with a solution of L-NAME the inhibiter of the way of 
production the nitric oxide very important factor in the process of 
the relieving of the vessels, which lets consider that the chemical 
compounds of Nephrolepis biserrata mainly (polyphenols, alkaloid and 
terpenes), cause relieving by various metabolic ways which remain to 
be shown. The aqueous extracts of Nephrolepis biserrata present an 
antihypertensive property, which could justify and explain the use of 
this plant in the prevention and the treatment of arterial hypertension 
by the populations of Franceville and its surroundings.

Our studies must continue taking into consideration development 
of the Chronic Blood-Pressure at the young people and the people of 
the third age in various countries.
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