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Abstract

Stem bark decoction of Harungana madagascariensis is traditionally used orally to treat asthma and cough. However, no study has 
been reported on its effect on the airway smooth muscle. This study assesses the impacts of an aqueous extract from Harungana 
madagascariensis (HMAE) stem bark on the tracheal smooth muscle and investigates the related mechanisms. The activity of different 
concentrations of HMAE was evaluated on resting tension of isolated trachea and tracheal rings precontracted with acetylcholine 
(Ach, 10μM) or potassium chloride (KCl, 60mM). In addition, the effects of the preincubation of the tracheal rings with HMAE on 
contraction induced by Ach or KCl were evaluated. Then, several pharmacological antagonists were used to identify the related 
mechanisms. HMAE (1.5mg/mL, 3mg/mL, and 4.5mg/mL) significantly decreases the basal tone of tracheal rings as compared 
to the tone of non-incubated rings. Moreover, the extract inhibited cholinergic and high K+- induced contractions in rat trachea. 
Cumulative concentrations of HMAE (1-5 mg/mL) induced relaxation respectively in tracheal rings precontracted with Ach (Emax 
= 67.5±2.9 %; EC50 =3.3±0.4 mg/mL) and KCl (Emax = 70.8±2.7 %; EC50 = 3.0±0.4mg/mL). The effect of HMAE was potentiated in 
the presence of glibenclamide (an ATP-dependent K+- channel blocker), whereas it was inhibited by Nω- nitro-L-arginine methyl 
ester (300µM) a Nitric Oxide (NO) synthase antagonist, and by mequitazine (an H1-histaminergic antagonist, 1µM). The overall 
data suggest the inhibition of voltage-dependent calcium channels and receptor-operated calcium channels, the stimulation of NO 
production, the inhibition of H1- histaminic receptors, and the opening of K+-ATP channels as mechanisms involved in the relaxant 
effect of HMAE on the tracheal smooth muscle.
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Introduction
Airways and other structures of the lungs can be affected by 

Chronic Respiratory Diseases (CRDs). CRDs are among the main 
causes of morbidity and mortality worldwide [1]. Asthma and 
Chronic Obstructive Pulmonary Disease (COPD) are two of the most 
prevalent chronic respiratory disorders [2]. Asthma affects about 
300 million people worldwide and its prevalence rises by 50% ev-
ery ten years [3], whereas COPD affects 328 million people [4]. 3.23 
million people died from COPD in 2019, making it the third-lead-
ing cause of death globally. The majority of deaths among people 
under 70 (90%) occurred in low- and middle-income countries 
[5]. These respiratory diseases are both characterized by airway 
smooth muscle constriction and are therefore typically treated us-
ing bronchodilators [6]. Nevertheless, these treatment modalities 
can cause many side effects, including cardiovascular diseases, gas-
trointestinal disorders, and hyperglycemia [7]. In order to improve 
the treatment of respiratory disorders, it is crucial to hunt for novel 
molecules that can relax the smooth muscle of the airways. Because 
of their low toxicity and higher tolerance by the human body, med-
ical plants, which are utilized by around 75 to 80 percent of the 
world’s population for primary health care, appear to be an inter-
esting alternative treatment [8].

The only species of flowering plant in the family Hypericaceae 
that belongs to the genus Harungana is called Harungana madagas-
cariensis (Lam. ex Poir.). It can be found in clearings in forest and sa-
vanna areas of tropical Africa [9]. This species, often known as the 
“Dragon’s blood tree,” is a tropical, heavily branching shrub or small 
tree that can grow up to 12 meters tall [10]. It has historically been 
employed as an antiseptic, an abortifacient, and a natural source of 
cosmetics and dermatological agents [11]. Additionally, it is used 
to treat a number of illnesses, such as anemia, jaundice, bleeding, 
gonorrhea, malaria, liver problems, diabetes, piles, gastrointes-
tinal disorders, parasitic skin diseases, tuberculosis, and asthma 
[12-14]. H. madagascariensis is very useful therapeutically. It has 
been reported to possess antispasmodic, antibacterial, antifungal, 
antiviral, and antihelminthic effects [15-19], antidiabetic, antioxi-
dant, hypotensive and cardioprotective properties [20-23], anti-in-
flammatory and analgesic effects [24]. Additionally, we previously 
investigated the H. madagascariensis aqueous extract’s acute and 
subacute toxicity and concluded that this extract did not show a sig-
nificant toxicity effect in rodents [25].

According to published research, H. madagascariensis includes 
a variety of bioactive substances, including tannins, alkaloids, fla-
vonoids, saponins, and terpenes [20]. A prenylated 1, 4-anthraqui-
none that was extracted from the stem bark of H. madagascariensis 
and has alpha-glucosidase inhibition and antioxidant activity is one 
of the chemicals that have been identified from this species [26].

Previous studies have demonstrated the relaxant effect of H. 
madagascariensis on the ileum smooth muscle [27] and on the vas-
cular smooth muscle [28]. Stem bark decoction of Harungana mad-
agascariensis is traditionally used orally to treat asthma and cough  

 
[29,30]; however, as far as we are aware, no study on its effect on 
the airway smooth muscle has been reported. As a result, the cur-
rent work sought to explore the potential mechanisms underlying 
the relaxant effects of the aqueous extract of H. madagascariensis 
on tracheal smooth muscle.

Material and Methods
Extraction of Plant Material

In June 2019, fresh stem barks from H. madagascariensis were 
gathered in Essazok, Mbalmayo (Center Region, Cameroon). The 
Cameroon National Herbarium is where the plant was identified. 
A voucher sample was deposited there under registration number 
4224HNC. Bark fragments were air-dried at room temperature and 
then ground into a fine powder. 500g of powder was added to 4L of 
distilled water, and the mixture was allowed to boil for 20 minutes. 
The resultant decoction was further lyophilized after being filtered 
using Whatman paper No. 3. With a yield of 9.89%, a crude brown 
extract powder (98.90g) was produced. 

Qualitative Analysis of Phytochemicals

The presence of phenolic compounds, saponins, tannins, antho-
cyanins, and anthraquinones was screened for in the crude aqueous 
extract of the stem bark of H. madagascariensis. Standard proce-
dures were followed as described by Harbone [31].

Detection of Alkaloids

The extract (3mL) was mixed with 1 mL of 1% HCl and a few 
drops of Mayer’s reagent (potassium mercuric iodide solution). Al-
kaloids are present when a precipitate that is cream-white forms.

Flavonoids Analysis

5 ml of 95% v/v ethanol, 5 drops of hydrochloric acid, and 
0.5g of magnesium turnings were added to the extract (3mL). Fla-
vonoids can be detected by their brick red or violet effervescence 
appearance.

Test For Steroids and Triterpenoids 

In a test tube, the extract (5mL) and chloroform (2mL) were 
mixed. Four drops of acetic anhydride were then added, and the test 
tube was heated in a water bath and quickly chilled in ice water. 
In the test tube was put 2 mL of concentrated H2SO4. Steroids are 
shown by the creation of a green hue, whereas triterpenoids are 
shown by the formation of a purplish-red tint.

Test for Phenolic Compounds

Three drops of a 10% aqueous ferric chloride solution were ap-
plied to 5 mL of the aqueous extract sample. When phenolic com-
pounds are present, a blue or green hue will appear.

Saponins Test

In a test tube, distilled water (2.5mL) and plant extract (5mL) 
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were mixed. The presence of saponins is indicated by the develop-
ment of persistent foaming.

Tannins Test

A few drops of 3% ferric chloride were added to the extract 
(5mL). The presence of tannins was indicated by a filthy blue or 
dark green hue.

Test for Coumarins

A tube containing 8 mg of the plant extract was covered with 
filter paper soaked in a solution of sodium hydroxide (10%), then 
exposed to UV for 1 to 2 minutes. The formation of yellow-green, 
fluorescent spots was an indication of the presence of coumarins.

Test for Anthocyanins and Anthraquinones

15 mL of distilled water and 12 mL of ether were added to 1mL 
of aqueous extract and stirred. The formation of 2 phases (aque-
ous with red-brown color and ethyl with yellow color) and a brown 
agar at the bottom of the tube was an indication that anthraqui-
nones and anthocyanins were present.

Animals and Chemicals

Twenty-six male albino Wistar rats weighing between 220 
and 250g were obtained from the University of Yaounde I, Higher 
Teachers’ Training College’s Animal House (Cameroon). They were 
kept in plastic cages with free access to tap water and regular food 
while under normal lighting conditions (12-hour day/night cycles). 
The study was carried out in accordance with the internationally 
accepted principles for laboratory animal use and care as found 
in the US guidelines (NIH publication #85-23, revised in 1985) for 
the use and care of laboratory animals in research. The Cameroon 
National Ethical Committee authorized this study (approval N° FW-
IRB00001954).

Sigma-Aldrich provided the following chemicals: potassium 
chloride (KCl), acetylcholine chloride (Ach), Nw-nitro-L-arginine 
methyl ester (L-NAME), glibenclamide, propranolol, indomethacin, 
and atropine (Germany). All additional compounds were of the an-
alytical variety and were dissolved in distilled water.

Tissues Preparation

The rats were killed by being struck in the neck, the chest was 
opened, and extra connective tissue and fat were removed in or-
der to access the trachea. Five to six cartilage rings from a piece 
of the trachea were isolated, and isometric contractile responses 
were then assessed by putting the rings in an organ bath (20 mL) 
containing Krebs-Henseleit solution (37°C, pH 7.4) that contained 
the following ingredients (in mM): NaCl 118, KCl 4.65, CaCl2 2.52, 
MgSO4 1.64, KH2PO4 1.18, NaHCO3 24.9, glucose 12 and aerated 
with oxygen. Tracheal rings were hung between two stainless steel 
hooks in a horizontal position. The chamber wall was connected to 
one of the hooks, and an isometric force transducer was linked to 
the other hook (it50, EMKA Technologies, France). The bath solu-
tion was changed every 15 minutes while the tissues were kept 

under 1.5g initial strain and allowed to equilibrate for 1 hour [32]. 
60mM KCl was originally injected throughout each experiment to 
test the vitality of the tracheal tissue and only responsive tracheal 
rings were used in the investigation.

Effect of H. madagascariensis Extract on the Basal Tone Tra-
chea 

To evaluate the effect of H. madagascariensis extract on the 
basal tone, tracheal rings were incubated with H. madagascariensis 
aqueous extract at the concentration of 1.5, 3, or 4.5mg/mL for 30 
minutes after the 1h equilibration period. The changes in the basal 
tone were recorded and compared to non-incubated tissues.

Effects of H. madagascariensis Aqueous Extract on Tracheal 
Smooth Muscle Contraction Elicited by Acetylcholine or Potas-
sium Chloride 

The tracheal rings from rats were contracted in two differ-
ent tests using acetylcholine (10-5 M, Ach) or potassium chloride 
(60mM, KCl) to examine the relaxant effects of H. madagascariensis 
on the airway smooth muscle. The extract was cumulatively add-
ed to the organ bath at the corresponding concentrations of 1, 1.5, 
2, 2.5, 3, 3.5, 4, 4.5, and 5mg/mL for the contraction generated by 
KCl and Ach, respectively, when the contraction curves for the rings 
reached the plateau phase of maximum tension. Additionally, for 
the control group, distilled water was introduced in the organ bath 
for tracheal rings contracted with either Ach or KCl. The tensions 
were measured, and a percentage of the trachea rings’ relaxation in 
response to the contractive agents was used to calculate the relax-
ant effect of H. madagascariensis. 

Effect of H. madagascariensis Aqueous Extract Pre-Incubation 
on Acetylcholine and Potassium Chloride-Induced Contraction 
in Tracheal Rings 

Tracheal rings obtained from rats were contracted with in-
creasing doses of acetylcholine to investigate the impact of pre-in-
cubation with H. madagascariensis Aqueous Extract (HMAE) on the 
contraction elicited by acetylcholine. (Ach, 0.1-100μM) then rinsed 
3 times with Krebs-Henseleit solution and the tension was stabi-
lized to 1.5g. These tracheal rings were then incubated with one of 
the H. madagascariensis concentrations (1.5, 3, or 4.5 mg/mL) for 
10 minutes and contracted with increasing concentrations of Ach 
(0.1-100μM). The same protocol was repeated to access the pre-in-
cubation effect of HMAE on the tracheal rings’ contraction induced 
by potassium chloride with the only difference being that Ach was 
replaced by potassium chloride (KCl, 15-60mM).

Studies on the Mechanisms Underlying the Tracheal Smooth 
Muscle-Relaxing Effects of H. madagascariensis

To identify the underlying mechanisms, some tracheal rings 
were pre-incubated for 10 minutes with propranolol (1µM), Nω-ni-
tro-L-arginine methyl ester (L-NAME, 300µM), and glibenclamide 
(1µM), then contracted with Ach (10-5M) while other tracheal 
rings were pre-incubated for 10minutes with mequitazine (1µM), 
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atropine (1µM), and indomethacin (1µM), and then KCl (60mM) 
was added. The HMAE was then cumulatively added and concen-
tration-response curves for the inhibitory responses were created 
in the presence of Ach or KCl.

Statistical Analysis 

The analyses and representations were carried out with the 
software GraphPad Prism 8.0.1 (GraphPad Software Inc., San Diego, 
CA, United States). Values are represented as mean±standard er-
ror of the mean (SEM), the median effective concentrations (EC50), 
and the Area Under the Curve (AUC). For comparisons with the 

corresponding controls, the student’s t-test or Repeated Measures 
ANOVA was used, followed by the Bonferroni post-test. At P<0.05, 
differences were considered significant.

Results
Qualitative Evaluation of Phytoconstituents

A variety of secondary metabolites, including flavonoids, phe-
nolic compounds, saponins, tannins, anthocyanins, and anthra-
quinones, were identified through phytochemical screening of the 
chemical compounds present in the crude aqueous extract of the 
bark sample of H. madagascariensis, as shown in (Table 1).

Table 1: Qualitative phytochemical composition of the aqueous extract of Harungana madagascariensis stem bark.

Phytoconstituents Indication

Alcaloids -

Flavonoids +

Triterpenoids -

Phenolics compounds +

Saponins +

Catechic tannins +

Coumarins +

Anthocyanins and anthraquinones +

Note*: + =presence, - = absence.

Harungana madagascariensis Extract Alone Decreases the 
Basal Tone of the Trachea

In the initial series of tests, we evaluated the potential impact 
of the H. madagascariensis Aqueous Extract (HMAE) on the trache-
al basal tone following a 1-hour equilibration period under 1.5g of 
resting tension. As shown in Figure 1 below, the incubation of rings 

for 30 minutes with the HMAE significantly decreased the trache-
al basal tone in a concentration-dependent manner. The percent-
ages of decrease recorded for the extract concentrations of 1.5, 3 
and 4.5mg/mL were respectively 5.9±0.5 % (P<0.001), 9.0±1.0 % 
(P<0.001) and 11.6±1.6 % (P<0.001) as compared to the non-in-
cubated rings.

Figure 1: Effect of the H. madagascariensis aqueous extract (HMAE) on the basal tone of the tracheal smooth muscle. Values shown mean ± 
SEM of 6-8 rings by curve from 6-8 rats. ***P<0.001 versus non-incubated tissues.
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The Tracheorelaxant Effects of H. madagascariensis Aqueous 
Extract after Cholinergic and High K+-Mediated Contractions.

Pre-contacted tracheal preparations with Ach (10µM) and KCl 
(60 mM) were concentration-dependently relaxed by HMAE (1-5 
mg/mL) with the maximum effect (Emax) values of 67.5±2.9 % and 
70.8±2.7 % at the concentration of 5 mg/mL respectively for Ach 

and KCl precontracted rings (Figures 2A and 2B). The concentra-
tion producing 50% of the maximum effect (EC50) was 3.3±0.4 mg/
mL in the Ach pre-contracted rings and 3.0±0.4 mg/mL in the KCl 
pre-contracted rings. Since there was not a significant difference in 
the Emax obtained under Ach and KCl pre-contracted rings, HMAE 
showed a more effective response under Ach-mediated contraction.

Figure 2: Concentration-response curves of the relaxant effect of H. madagascariensis Aqueous Extract (HMAE) on acetylcholine (10μM, A) 
and potassium chloride (60mM, C) contracted rat tracheal rings and the related area under curves (B and D). Data and error bars represent the 
mean±SEM (n=6 rings by curve from 6 rats). **P<0.01, ***P<0.001 vs. control.

Antagonist-Like Effects of H. madagascariensis Against Contractions Brought By Acetylcholine and Potassium Chloride 

Figure 3: Effect of the pre-incubation of tracheal rings with H. madagascariensis Aqueous Extract (HMAE) on contraction induced by Ach (A) or 
KCl (B). Values are expressed as mean±SEM (n=6-11 rings by curve from 6-11 rats). **P<0.01, *** P<0.001 ± vs. non incubated rings.
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The pre-incubation of tracheal rings with Harungana mada-
gascariensis extract led to an inhibitory effect of the contraction in-
duced by cumulative concentrations of Ach (0.1-100μM) or KCl (15-
60mM). This inhibitory effect was significant (P<0.01 to P<0.001) 
for the three concentrations of H. madagascariensis used (1.5, 3, or 
4.5 mg/mL) both in the case of Ach and KCl contraction (Figures 

3A and 3B). The maximal inhibitory effect was observed at the con-
centration of 3mg/mL on Ach contracted rings with a percentage 
of inhibition of 124.2± 6.9% (P<0.001) and at the concentration of 
4.5mg/mL on KCl with a percentage of inhibition of 125.1±12.5 % 
(P<0.001).

Role of NO, β-Adrenergic and ATP-Dependent K+ Channel-Mediated Signaling in The H. madagascariensis Tracheorelaxant Effect 
After Ach-Induced Contraction

Figure 4: Concentration-response curves of H. madagascariensis in the absence of antagonist (non-incubated) and the presence of L-NAME 
(300µM), propranolol (1μM), and glibenclamide (1μM) in isolated rat tracheal preparations precontracted with acetylcholine. Values are expressed 
as mean±SEM (n=6-8 rings by curve from 6-8 rats). *p<0.05, **P<0.01, ***P<0.001 compared to non-incubated tissues.

L-NAME (300µM, a non-selective NOS inhibitor) significant-
ly decreased the HMAE-induced relaxation. The Emax was 39.6 ± 
4.2% in the presence of L-NAME vs. 67.5±2.9 % in the non-incu-
bated tracheal rings (P<0.001) (Figure 4A). After incubation with 
glibenclamide (1µM, an ATP-dependent K+- channel blocker), the 
relaxing effect of HMAE on Ach-contracted tracheal rings was fur-
ther potentiated (P<0.01) as the Area Under the Curve shows (Fig-

ure 4B). Whereas propranolol (1µM, a non-selective β-adrenergic 
blocker) significantly (P<0.05 to P<0.01) reduced the initial relax-
ing action of H. madagascariensis extract at the two first cumulative 
concentrations (1 and 1.5 mg/mL) (Figure 4A). However, no signifi-
cant changes were observed globally as compared to non-incubated 
rings (Figure 4B).

Implication of the H1-Receptors Pathway on the Tracheorelaxing Action of H. madagascariensis on High K+-Contracted Rings

Figure 5: Relaxant effects of cumulative concentrations of H. madagascariensis on rat tracheal smooth muscle contractions induced by KCl 
(60mM) in non-incubated and incubated tissues with (A) mequitazine (1μM) (B) atropine (1μM) and (C) indomethacin (1μM), (n=6-8 rings by 
curve from 6-8 rats) *: P<0.05 **: P<0.01, compared to non-incubated tissues.
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Pre-treatment of tracheal rings with mequitazine (1µM, an 
H1 receptor antagonist) significantly reduced the tracheorelaxing 
effect of H. madagascariensis (Figures 5A and 5B). Indeed, in the 
presence of mequitazine, the Emax was 52.9±3.4 % vs. 67.5±2.9 % 
(P<0.01) in the non-incubated tracheal rings. However, neither at-
ropine (1µM, a muscarinic receptor antagonist) nor indomethacin 
(1µM, a cyclooxygenase pathway inhibitor) altered the tracheore-
laxing action of H. madagascariensis.

Discussion
Airway Smooth Muscle (ASM) is a crucial component implicat-

ed in asthma physiopathology because it helps to generate airway 
hyperresponsiveness and airflow blockages [33]. Therefore, ASM is 
the focus of both current and possible future therapeutics for asth-
ma. In the present research, the effects of H. madagascariensis stem 
bark aqueous extract (HMAE) on the trachea were determined to 
assess the possibility of its use as a bronchodilator medication. 
The first finding of this study revealed that HMAE significantly de-
creases the tracheal basal tone. Asthma patients have more ASMs, 
which are known to present a substantial and sustained basal tone 
[34]. Thus, it has been proposed that the tonic activation of ASM 
by the airway basal tone mainly contributes to its capacity to con-
tract [35,36]. When at rest, the intracytoplasmic concentrations 
of Ca2+ and Na+ are continuously adjusted to maintain the smooth 
muscle’s basal tone [37]. It has been postulated that among other 
things, airway wall expansion brought on by structural alterations 
can be responsible for variations in airway basal tone and oxida-
tive stress. In contrast to oxidative chemicals, which are linked to 
raised airway tone and airway hyperresponsiveness, reduced glu-
tathione, an antioxidant, lowers the airway tone [38]. On this basis, 
we can hypothesize that the antioxidant capacity of HMAE could 
contribute to the decreased effect observed on tracheal basal tone 
[22,39,40]. Interestingly, HMAE induced relaxant effects in trache-
al rings precontracted with acetylcholine (Ach) or high K+ (KCl). 
Likewise, the plant extract reduced the contraction induced by the 
two contractive agents. The fundamental factor that causes smooth 
muscle to contract is an increase in intracellular calcium concen-
tration ([Ca2+] i). Through the sarcoplasmic reticulum, [Ca2+]i can 
come from intracellular storage and extracellular space. While ace-
tylcholine links to a G-protein coupled receptor and increases the 
Ca2+ sensitivity, Ca2+ entrance by activating the voltage-dependent 
Ca2+ channels and receptor-operated calcium channels (ROCCs), 
KCl causes muscle contraction by allowing the influx of Ca2+ (across 
voltage-dependent Ca2+ channels) from the extracellular space into 
the cytosol via the cell membrane [41,42]. The release of Ca2+ from 
the sarcoplasmic reticulum (SC) is caused by the activation of the 
ROCCs, which are connected to muscarinic receptors [43]. The fact 
that HMAE inhibits both Ach and high K+-contraction suggests that 
non-specific tracheorelaxant function via calcium channel blockade 
mechanisms is involved. HMAE may reduce Ca2+ entry and/or block 
the ROCCs, both of which have an impact on the release of Ca2+ from 
the SC.

The relaxant activity of HMAE was evaluated on tracheal smooth 
muscle incubated with Nω nitro-L-arginine methyl ester (L-NAME), 
a NO Synthase (NOS) inhibitor, to investigate the function of Nitrite 
Oxide (NO) generation on the tracheorelaxant action of the plant. 
The NOS isoforms catalyze a reaction that uses L-arginine, molecu-
lar oxygen, and NADPH as substrates to create NO and L-citrulline, 
which is an endogenous tracheorelaxant mediator [44,45]. NO after-
ward activates soluble Guanylyl Cyclase (GC), which produces intra-
cellular cGMP and relaxes the smooth muscle of the airway [46]. We 
observed that treatment with L-NAME significantly decreases the 
tracheorelaxant activity of HMAE. This finding suggests that the NO 
signaling pathway at least partially mediates the tracheorelaxing 
effects of HMAE. Indeed, the H. madagascariensis aqueous extract’s 
capacity to release NO contributes significantly to its vasodilating 
activity as previously demonstrated [28]. In another set of experi-
ments, the tracheal smooth muscle was incubated with propranolol 
(a non-selective β antagonist) and contracted with acetylcholine to 
investigate if the β-adrenoceptor stimulatory activity is involved in 
the plant relaxant effect. It is generally established that treatments 
for asthma, such as β2-adrenoceptor agonists, cause bronchodila-
tion by boosting cAMP synthesis or slowing down cyclic nucleotide 
breakdown (cAMP and cGMP) [47]. On tracheal smooth muscle, 
HMAE demonstrated significant relaxing effects, which were not 
statistically different from those of the extract in non-incubated 
tissues. Therefore, these results suggest that the tracheorelaxant 
effect of HMAE is not due to its β-adrenoceptor stimulatory proper-
ty and indicates that the extract elicits relaxation independently of 
cyclic nucleotides. The extract was evaluated on acetylcholine-con-
tracted rat tracheal rings in the presence of glibenclamide, which 
inhibits the ATP-sensitive potassium channels, to determine if the 
extract’s bronchorelaxant process is related to these channels. In 
fact, K+ channel activation generated membrane hyperpolarization, 
which led to dilation, while K+ channel inhibition resulted in mem-
brane depolarization, which led to constriction [48,49]. The relax-
ing impact of HMAE was stronger in the presence of glibenclamide 
than it was in its absence. This finding implies that, despite the 
presence of glibenclamide, the extract may elicit relaxation through 
a variety of routes, including the reduction of [Ca2+] i, the blocking 
of ROCCs, as well as the opening of K+-ATP channels. Besides, this 
effect is observed when two drugs sometimes cause receptor po-
tentiation rather than inhibition. One possible explanation is that: 
the two drugs are antagonists (with different actions) and they bind 
to the receptors (heteromeric receptors) that consist of different 
subunits, where each drug acts on only a part of the subunits [50]. 
Therefore, as regards the observed data we suggest that K+-ATP 
channels could be involved at least in part in the relaxation induced 
by the plant extract. Our result is similar to the finding of other re-
searchers with the hydroalcoholic extract of Waltherica indica [51]. 

Tracheal smooth muscle was incubated with mequitazine, an 
antagonist of the H1-specific receptor (antihistaminic), then con-
tracted with KCl in order to study the impact of histamine (H1) re-
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ceptors in the extract’s relaxing effect. H1 and H2 receptors are two 
distinct types of receptors that histamine has been demonstrated to 
stimulate. While the H2 receptor mediates the activity of histamine 
in promoting stomach acid secretion, the H1 receptor mediates the 
action of histamine in inducing smooth muscle contraction of the 
small intestine and bronchi [52]. It has previously been observed 
that histamine (H1) receptor-blocking medications have a trache-
orelaxing activity [53]. Mequitazine preincubation significantly at-
tenuated the tracheorelaxant effect of H. madagascariensis extract 
indicating that the extract had an inhibitory impact on the tracheal 
smooth muscle’s H1- receptor. To investigate the muscarinic recep-
tors’ function in the relaxing action of H. madagascariensis extract, 
the extract’s relaxing effects were also examined in tissues that 
were contracted with KCl and incubated with atropine, a musca-
rinic antagonist. Muscarinic inhibitors, a type of bronchodilator, 
have been known to have relaxing effects [54]. In tissues that had 
not been incubated but had been contracted with KCl, the results 
revealed a significant relaxant effect that was not statistically dif-
ferent from that of the plant extract. This study suggests that the 
relaxing action on tracheal smooth muscle may not be caused by 
the blockage of muscarinic receptors. The relaxing impact of H. 
madagascariensis was investigated on tracheal smooth muscle in-
cubated with indomethacin, a non-selective COX inhibitor, to assess 
the influence of HMAE on cyclooxygenase (COX) pathways leading 
to the synthesis of prostaglandins. In this series of tests, we deter-
mined if the plant’s anti-inflammatory properties contributed to its 
relaxing effects. Previous studies have revealed that H. madagas-
cariensis has anti-inflammatory properties [24]. It is suggested that 
the prostaglandins pathway is not involved in the H. madagascar-
iensis extract-induced tracheorelaxant effect since the response in 
non-incubated tissues was not statistically different from that ob-
served in in incubated tissues. This outcome also showed that H. 
madagascariensis’s ability to reduce inflammation is unaffected by 
its ability to relax the trachea.

Conclusion
In conclusion, this study revealed that H. madagascacriensis 

extract induced a relaxant effect on the basal tone of isolated rat 
trachea and the tracheal ring precontracted with Ach or KCl. These 
results indicate a potent tracheorelaxing effect of H. madagacasa-
criensis which may justify its popular use in respiratory diseases 
such as asthma. The inhibition of voltage-dependent and recep-
tor-operated calcium channels and the stimulation of K+-ATP sen-
sitive channels may contribute to the tracheorelaxant effect of H. 
madagascariensis extract on contraction induced by KCl or Ach. 
Moreover, the relaxant effect of H. madagascariensis could be ex-
plained through the stimulation of NO production and the hista-
mine receptors -H1 inhibition. Further investigations need to be un-
dertaken to determine the anti-asthmatic properties of this plant 
in asthmatic animal models and to elucidate the signaling mecha-
nisms.
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