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Objectives: Aqueous leaf extract of Tridax procumbens (ALETP) has potent relaxant activ-
ity. However, this relaxant activity in respiratory smooth muscle remains uninvestigated. 
This study investigates the effect of ALETP on the contractile activity of tracheal smooth 
muscle (TSM) in adult male Wistar rats.
Methods: Twelve male Wistar rats divided into 2 groups and were treated with either 100 
mg/kg of ALETP (ALETP treatment group) or vehicle (distilled water; control group) through 
oral gavage for 4 weeks. Dose responses of TSM from the 2 groups to acetylcholine (10–9 
to 10–5 M), phenylephrine (10–9 to 10–5 M), and potassium chloride (KCl; 10–9 to 10–4 M) 
were determined cumulatively. Furthermore, cumulative dose responses to acetylcholine 
(10–9 to 10–5 M) after pre-incubation of TSM with atropine (10–5 M), L-NAME (10–4 M), indo-
methacin (10–4 M), and nifedipine (10–4 M), were determined.
Results: Treatment with ALETP substantially inhibited TSM contraction stimulated by cu-
mulative doses of acetylcholine, phenylephrine, and KCl. Furthermore, preincubation of 
TSM from the 2 groups in atropine significantly inhibited contractility in TSM. Incubation in 
L-NAME and indomethacin also significantly inhibited contractility in TSM of ALETP-treated 
rats compared to that of controls. Contractile activity of the TSM was also inhibited signifi-
cantly with incubation in nifedipine in ALETP-treated rats.
Conclusion: ALETP enhanced relaxant activity in rat TSM primarily by blocking the L-type 
calcium channel and promoting endothelial nitric oxide release. ALETP contains agents 
that may be useful in disorders of the respiratory tract. 
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INTRODUCTION

Plant/herbal preparations have long been used to treat sev-
eral disorders [1], and a vast number of people trust their thera-
peutic potential [2]. Plants and plant by-products have yielded a 
significant number of medicines [1].

Several studies have reported the smooth muscle/vaso-relax-
ant and antihypertensive potential of Tridax procumbens leaf 
extract (TPE) [3-5]. T. procumbens has been used to produce 
emollients, beverages, and skincare products, and the extensive 

use of the plant is associated with its protective properties and 
phytochemical constituents [6].

A significant number of fatalities because of respiratory dis-
orders and associated complications have been reported [7, 8]. 
The most commonly used drugs for asthmatic conditions are 
fast-acting β2-agonists [9] and anticholinergics [10]. However, 
for long-term regulation, antileukotrienes [11], cromolyn so-
dium [12], inhaled [13], oral [14] corticosteroids, and methylx-
anthines [15] are used.

Efforts for finding alternative or complementary medicines 
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with minimal adverse effects are intensifying. Although ALETP 
has remarkable smooth muscle relaxant activity, this activity in 
respiratory smooth muscle has not been studied. This study in-
vestigated the contractile activity of the tracheal smooth muscle 
(TSM) in male Wistar rats treated with ALETP. Contractile 
responses of TSM to acetylcholine (Ach), phenylephrine, and 
potassium chloride (KCl) were studied. Additional mechanistic 
investigation was performed by incubating TSM from the 2 
groups in atropine (an anticholinergic), L-NAME (a nitric ox-
ide synthase inhibitor), nifedipine (an L-type calcium channel 
inhibitor), and indomethacin (a non-specific cyclooxygenase 
inhibitor).

MATERIALS AND METHODS

1. Plant material

Between September and October 2019, fresh leaves of T. 
procumbens were sourced from campuses of Lagos State Uni-
versity. A sample specimen of the leaf was appropriately identi-
fied and certified by a taxonomist in the University. Voucher 
number for the leaf specimen is 1008876.

2. T. procumbens aqueous leaf extract preparation

Leaves were air-dried for 2 weeks, pulverized, and then 
soaked in distilled water for 72 hours. Whatman filter paper 
was then used to filter the mixture. The filtrate was evaporated 
in an incubator at 50℃. The yield of this preparation was 23.6% 
of a light brown powdery crude T. procumbens leaf aqueous ex-
tract. It was stored at –4℃, and fresh preparation was made for 
animal treatment.

3. Animals

Twelve male Wistar rats weighing 150-200 g were kept 
individually in cages for 2 weeks for acclimatization. They 
were fed standard rat feed and allowed access to water. This 
study obtained approval from Lagos State University College 
of Medicine Ethics Committee on Animal guideline (Ref. No: 
AREC/2019/013).

4. Experimental design

Twelve rats were separated into 2 equal groups. The control 

group was treated with distilled water (vehicle), whereas the 
other group was treated with 100 mg/kg of ALETP [16]. ALETP 
was administered by oral gavage, once daily, for 6 weeks.

5. Preparation of TSM

At the end of the 6-week treatment period, rats were sedated 
(30 mg/kg sodium pentobarbital) and then sacrificed by as-
phyxiation. The trachea were surgically removed. The TSM was 
separated and 6 rings were tied together using a thread with 
the cartilage and smooth muscles facing opposite directions. 
Each TSM was held in an organ chamber containing physi-
ological salt solution (PSS) using a thread with one end coupled 
to a hook and the other to a force isometric transducer. The 
isometric transducer was sourced from Ugo Basile Italy (model 
7004), and the isometric contractions were recorded by the data 
acquisition system (model 17400). Of note, the PSS was kept at 
a temperature of 37℃ with a continuous supply of gas mixture 
(95% oxygen and 5% carbon dioxide). The composition of the 
PSS was as described earlier [5]. 

6. Drugs and chemicals

AK Scientific (USA) supplied L-NAME, and Ach and KCl 
were procured through Tocris UK online store. Nifedipine was 
from Unicure Pharmaceutical Co. Ltd. Lagos, Nigeria, and in-
domethacin was from Jiangxi Pharmaceutical Co., Ltd. Jiangxi, 
China. 

7. Experimental contractile studies on excised TSM

8. Cumulative dose responses of TSMs to phenylephrine, 
potassium chloride, and acetylcholine

The stabilization period for the tissue was 90 min during 
which the tissue was stimulated every 30 min. Cumulative dose 
responses of TSM toward Ach (10–9 to 10–5 M), phenylephrine 
(10–9 to 10–5 M), and KCl (10–9 to 10–5 M) were determined cu-
mulatively. Steady responses were ensured before the addition 
of another dose or in-between drug applications; tissues were 
washed thrice. 
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9. Contractile responses in TSM after pre-incubation

1) The involvement of calcium channel blockers in the 
contractile activity of the TSM in ALETP-treated and control 
groups was investigated by incubating TSM from the 2 groups 
in nifedipine (10–4 M; an L-type calcium channel inhibitor) for 
15 minutes. Contractile responses to the cumulative dose of 
Ach (10–9 to 10–5 M) were then determined and recorded.

2) The activity of competitive muscarinic receptor antago-
nists in the TSM of ALETP-treated and control groups was in-
vestigated by incubating the TSM from the 2 groups in atropine 
(10–5 M) for 15 minutes. Subsequently, contractile responses to 
the cumulative doses of Ach (10–9 to 10–5 M) were determined 
and recorded. 

3) The contributions of nitric oxide in ALETP-mediated 
contractile activity of the TSM were investigated by incubating 
TSM from ALETP-treated and control groups in a nitric oxide 
synthase inhibitor (L-NAME; 10–4 M) for 15 minutes. Contrac-
tile responses to the cumulative dose of Ach (10–9 to 10–5 M) 
were then determined and recorded.

4) Finally, non-specific COX inhibitor activity in ALETP-
mediated contractile activity of the TSM was investigated by 
incubating the TSM from the 2 groups in indomethacin (10–4 M) 
for 15 minutes before the contractile response to the cumulative 
dose of Ach (10–9 to 10–5 M) were determined and recorded. 

10. Statistics

Graphpad Prism statistical package (version 5) was used for 
analysis in this study. Where appropriate, 1-way analysis of vari-
ance (Dunnett post hoc test) was used, with p <0.05 considered 
statistically significant.

RESULTS

Figs. 1, 2, and 3 present the maximum contraction (%) of the 
TSM from control and ALETP-treated rats to cumulative doses 
of PHE (10–9 to 10–5 M), KCl (10–9 to 10–5 M), and Ach (10–9 to 
10–5 M). ALETP-treated rats showed significantly inhibited per-
centage TSM contraction compared to control rats. The con-
traction (%) with PHE (Fig. 1) in control rats was 14.4%, 39.2%, 
53.3%, 77.7%, and 86.4% compared to 11.1%, 17.2%, 27.5%, 
37.2%, and 45% in ALETP-treated rats. With KCl (Fig. 2), the 
percentage contraction in control rats was 17.5%, 39.6%, 56%, 
70.8%, 78.3%, and 89.1% compared to 14.5%, 15.8%, 17.1%, 
18.3%, 23.5%, and 25.5% in the ALETP-treated rats. With Ach 
(Fig. 3), the percentage contraction in control rats was 30.6%, 
45%, 60%, 82.5%, and 90.6% compared to 25%, 28.7%, 31.2%, 
41.8%, and 45% in ALETP-treated rats. TSM incubated in atro-
pine (15 mins) resulted in significant inhibition of contraction 
in both control and ALETP-treated rats (13.5% [control] and 
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Figure 1. The percentage maximum contraction to Phenylephrine 
(10–9-10–5 M) in control and Tridax procumbens (100 mg/kg) treated 
rat. N = 6, *p < 0.05.
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Figure 2. The percentage maximum contraction to cumulative doses 
of Potassium Chloride (10–9-10–4 M) in control and ALETP (100 mg/kg) 
treated rat. N = 6, *p < 0.05.
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30% [ALETP treated]) than in non-atropine-incubated TSMs 
(78.3% [control] and 45% [ALETP treated]; Fig. 4). Incubation 
of the TSM in L-NAME resulted in significant inhibition in 
contractile activity of TSMs obtained from control rats (18.7%) 
and ALETP-treated rats (11.9%) compared to pre-incubation 
control TSMs (90.6%; Fig. 5). In addition, incubation of TSM in 
indomethacin significantly inhibited contractile activity of the 
TSM from control rats (21.5%) and ALETP-treated rats (19.1%) 
compared to pre-incubation control TSMs (90.5%; Fig. 6). The 
contractile activity of TSM was also significantly inhibited with 
incubation in nifedipine in ALETP-treated rats (50.6%) when 
compared to pre-incubation control TSMs (90%; Fig. 7).

DISCUSSION

To our knowledge, this is the first study to report significant 
contraction inhibition by ALETP treatment in TSM in response 
to cumulative doses of respiratory smooth muscle constrictors 
like phenylephrine, Ach, and KCl. This observation provides 
empirical evidence for the relaxant property of ALETP in the 
smooth muscle of the respiratory tract for the first time. KCl in-
duces contractility in TSM by stimulating the Rho A and Rho-
kinase inhibitors. However, inhibitors of Rho-associated kinase 
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Figure 5. The contractile response (%) to cumulative doses of acetyl-
choline (10–9-10–5 M) in TSM preincubated in L-NAME (10–4 M) from 
control and ALETP (100 mg/kg) treated rat. N = 6, *p < 0.05, **p < 
0.01, + = with incubation, - = without incubation.
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Figure 3. The percentage maximum contraction to cumulative dos-
es of acetylcholine (10–9-10–5 M) in control and ALETP (100 mg/kg) 
treated rat. N = 6, *p < 0.05.
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Figure 4. The percentage of contractile response to cumulative dos-
es of acetylcholine (10–9-10–5 M) in TSM preincubated in atropine 
(10–5 M) from control and ALETP (100 mg/kg) treated rat. N = 6, *p 
< 0.05, **p < 0.01, + = with incubation, - = without incubation.
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are found to inhibit KCl-induced contraction in TSM [17]. 
Ach is known to cause airway smooth muscle contraction by 
activating phospholipase to release inositol 1, 4, 5, triphosphate. 
This mobilizes calcium from the sarcoplasmic reticulum, result-
ing in increased intracellular calcium levels [18]. Prophylactic 
treatment with ALETP in this study significantly inhibited the 
contractile activity of excised TSM to cumulative doses of these 
airway smooth muscle contraction agonists (Ach, KCl). This 
observation suggests the underlying involvement of Rho A or 
Rho-kinase activation and calcium channel blocking in the re-
laxation of the TSM by ALETP.

We also investigated the involvement of calcium channel 
blockers in the relaxation induced by ALETP in TSM. We found 
that the contractile activity of the TSM was also significantly in-
hibited with incubation in nifedipine (an L-type calcium chan-
nel inhibitor) in ALETP-treated rats. The ability of ALETP to 
enhance nifedipine activity observed in this study indicates that 
it can help enhance the relaxation of respiratory tract muscle 
which could benefit an asthmatic patient with hyperactivity in 
tracheal/bronchial airways. Calcium-dependent mechanisms 
have previously been reported for ALETP-induced relaxant 
activity in normotensive rat aorta [3]. Specifically, non-specific 
and non-competitive inhibition of calcium influx and mobiliza-
tion from stores were reported. ALETP treatment in this study 

exhibited its potential at preventing exaggerated contractile re-
sponses to key stimulants of the airway smooth muscles. 

To further investigate the relaxant activity of ALETP, we ob-
served TSM excised from the 2 groups preincubated in atropine 
(muscarinic receptor antagonist) and found significant inhibi-
tion of contractility in the TSM of ALETP-treated rats. This 
inhibition was however not as pronounced as that observed in 
control rats. This suggests that inhibitory muscarinic activity 
may not be key in ALETP-mediated relaxation of TSM. Atro-
pine is a competitive antagonist that causes relaxation in the 
airway by preventing Ach from binding to type 3 muscarinic 
receptors [19]. 

The roles of nitric oxide synthase inhibitors and non-specific 
COX inhibitors (L-NAME and indomethacin, respectively) 
were also investigated. Incubation with L-NAME and indo-
methacin resulted in a significant inhibition in the contractile 
activity of TSM among ALETP-treated rats compared to control 
rats. The ability of ALETP to act as a nitric oxide donor in the 
endothelium is highlighted by significant relaxation of ALETP-
treated TSM despite incubation with a nitric oxide synthase 
inhibitor (L-NAME). This hypothesis for the relaxant activity of 
ALETP has been reported in erectile tissues [5] and blood ves-
sels [4]. Furthermore, the significant inhibition in contractile 
activity after incubation with indomethacin also indicates the 
inhibitory activity on prostaglandin synthesis/release by ALETP 
in TSM. However, the underlying mechanism remains unclear.
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Figure 6. Contractile response (%) to cumulative doses of acetyl-
choline (10–9-10–5 M) in TSM preincubated in indomethacin (10–4 M) 
from control and ALETP (100 mg/kg) treated rat. N = 6, *p < 0.05, 
+ = with incubation, - = without incubation.

 

 

 

 

 

 

 

 

 

 

 

0

20

40

60

80

100

9 8 7 6 5

co
nt

ra
ct

ile
 R

es
po

ns
e (

%
)

Ach Concentration (-Log M)

CONTROL (-)
TRIDX TREATED (-)
CONTROL (+)
TRIDX TREATED (+)

*

Figure 7. The contractile response (%) to cumulative doses of ace-
tylcholine (10–9-10–5 M) in TSM preincubated in nifedipine (10–4 M) 
from control and ALETP (100 mg/kg) treated rat. N = 6, *p < 0.05, + 
= with incubation, - = without incubation.
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Literature review indicated that plants with therapeutic re-
laxant activity in airway smooth muscle exert their therapeutic 
effect by activating β2-adrenoceptors [20]. Other reported 
mechanisms include histamine receptor antagonism [21], inhi-
bition of calcium channels [22], activation of K+ channel [23], 
muscarinic receptor antagonism, and augmenting methylxan-
thine activity [24]. The relaxant activity of ALETP on TSM in 
this study can be attributed to the phytochemical constituents 
present in the plant. T. procumbens leaf contains saponins, 
flavonoids, and tannins [5]. Reports have shown that medici-
nal plants such as Galago senegalensis [25], Tribulus terrestris, 
and Turnera diffusa containing phytochemicals like saponins 
and flavonoids enhance relaxant activities [26]. In addition, 
naringin, a dihydroxyflavone from citrus fruits, has also been 
reported to stimulate TSM relaxation and attenuation of hyper-
responsiveness in various models of animal respiratory diseases 
[27].

The antioxidant properties of ALETP were likely involved 
in mediating the airway smooth muscle relaxation in TSM 
observed in this study. Substantial antioxidants like quercetin, 
vitamin E, flavonoids, linoleic acid are reported to be present 
in ALETP [28]. These antioxidants may have offered protec-
tion against oxidative damage to trachea smooth muscle. Local 
mechanical and chemical irritation, hypoxia, and excess carbon 
dioxide can lead to airway smooth muscle contraction [29]. We 
did not determine the level of antioxidant enzymes in TSM in 
this study. The role of the antioxidant properties of ALETP in 
mediating its relaxant activities must be investigated. 

CONCLUSION

This study indicates that ALETP treatment enhances relax-
ant activity in rat TSM partly by inhibitory muscarinic recep-
tor activity and primarily by L-type calcium channel blocking, 
inhibition of prostaglandin release or synthesis, and promoting 
endothelial nitric oxide release. Phytochemical constituents and 
their pronounced antioxidant activities are likely involved in 
mediating muscle relaxant activity. ALETP contains agents that 
may be useful in disorders of hyperactivity or chronic obstruc-
tive diseases of the respiratory tract.
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