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Abstract - This study was carried out to evaluate the effects of a tincture of leaves of Cymbopogon citrates 
on vascular smooth muscle of rats. The effects on aortic contraction of a hydroethanolic tincture of leaves 
of C. citratus at different concentrations were assessed in endothelium-denuded rat thoracic aortic rings, 
pre-contracted with 60 mmol/L of KCl or 10 µmol/L of phenylephrine. The results demonstrated that the 
tincture extract of leaves of C. citratus induced a concentration-dependent relaxation in endothelium-
denuded rat aortic rings with an IC50 of 41.8 ± 5.2 mg/mL and 4.2 ± 1.2 mg/mL in the aortic rings pre-
contracted with 60 mmol/L of KCl and 10 µmol/L of phenylephrine, respectively. In conclusion, this 
investigation has shown that the mode of action on the vasorelaxant effect caused by this tincture is 
endothelium-independent. The findings from this study provide a scientific basis for the use of this plant 
in traditional medicine and merits further investigations. 
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Introduction 

Cymbopogon citratus (DC.) Stapf. is an aromatic medicinal plant of Poaceae family popularly known as “caña 
santa”, “caña de limón”, “pasto limón” (in Spanish) or “lemon grass” (in English). It is widely distributed across 
all continents where it is used for various purposes [1]. The phytochemistry screening showed alkaloids, tannins 
and flavonoids presence in the aqueous extract of the leaves of this specie [2]. Phytochemical characterization of 
hydroalcoholic extract of C. citratus confirmed the presence of reducing compounds, alkaloids, triterpenes and 
tannins, showing great concentration of flavonoids [3]. Flavonoid compounds isolated from the aerial parts of C. 
citratus are quercetin, kaempferol and apigenin [4]. Previous reports showed that quercetin promotes 
endothelium-independent vascular relaxation [5]. 

C. citratus have been used in the popular medicine to treat anxiousness, digestive disorders, hypertension, 
among others affections [1, 6]. Several pharmacological effects of this specie have been studied such as 
analgesic, sedative, anxiolytic, and anticonvulsant. It is also reported to act as a sedative, antispasmodic, and 
antihypertensive agent [1].  Some studies have shown that the endovenous administration of aqueous [7] and 
hydroalcoholic [8] extracts of leaves of C. citratus present antihypertensive effect in rats. The essential oil of C. 
citratus induces hypotension in rats and vasorelaxation in rat mesenteric artery [9]. 

However, scientific evidence is needed to support its supposed therapeutic efficacy. It is imperative that 
evaluation of the potential use of folkloric medicine for the treatment of hypertension be performed on a 
scientific base.  

The objective of this study was to evaluate the effects of a tincture of leaves of C. citrates on vascular smooth 
muscle and consequently provides further evidence for the antihypertensive effects of this tincture. Preliminary 
results were presented in “XXVIII Italo-Latin American Congress of Ethnomedicine”, which will take place in 
Havana from September 16th to 20th 2019 [10].  

Materials and methods 

Plant extract 

The 20 % tincture of leaves of Cymbopogon citratus here employed (Lot number 608003) is a raw material for 
the production of over-the-counter phytotherapy commercialized in Cuba. This tincture was obtained from the 
leaves of the plant and was made with 70% ethanol. Quality control certification was provided by The 
Provincial Pharmacy Enterprise of Havana, governed by the branch regulations [11-12]. 

Animals 

Male adult (7-8 weeks) Wistar rats were obtained from the National Center for Laboratory Animal Reproduction 
(CENPALAB; La Habana). Prior to experiment, animals were adapted for seven days to laboratory conditions 
(controlled temperature 25 ± 2°C, relative humidity 60 ± 10% and 12 h light/dark cycles). Tap water and 
standard diet for rodents supplied by CENPALAB were freely provided. All procedures were also conducted 
according to the European Commission guide-lines for the use and care of laboratory animals and approved by 
the Ethic Committee from the Institute of Cardiology and Cardiovascular Surgery. The minimum number of 
animals  and  duration  of  observation  required  to  obtain  consistent  data  were  employed. 
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Aortic rings 

Thoracic aortic rings were dissected from rats under pentobarbital anesthesia. Care was taken to mechanically 
remove the endothelium with the purpose of verifying the direct actions of the tincture on vascular smooth 
muscle. They were fixed to a force transducer and placed in bath chamber continuously perfused (10 mL/min) 
with Tyrode solution of the following composition (mmol/L): 140 NaCl, 2.5 KCl, MgCl2, 2 CaCl2, 10 
Trishydroxymethylaminomethane, 10 Glucose (pH =7.4, gassed with O2; T = 35°C) and stabilized, under a load 
of 0.8 g, for 30 min before the beginning of the experiment, according to the procedure of Galán et al. [13] with 
slight modifications. Contraction was induced by replacing NaCl by KCl (60 mmol/L) or with 10 µmol/L of 
phenylephrine. After an equilibration period of 30 min, the endothelium removal was confirmed by the 
administration of acetylcholine (10 μmol/L) to precontracted vascular rings. A set of experiments was conducted 
using cumulative addition of tincture (0.03, 0.1, 0.3, 1, 3, 10, 30, and 100 mg/mL) at 10-minutes interval 
between successive additions. The control rings were similarly treated but the corresponding vehicle (70% 
ethanol) was added instead. 

Statistical analysis 

Results are expressed as means and standard errors of means. Student’s t- test evaluated the statistical 
significance for paired samples, previously checked that the data complied with the premise of normality. 
Differences were considered statistically significant for p < 0.05. The graphics and the statistical processing 
were done using the software OriginPro 8 SRO v8.0724 (MA, USA).  

Results and discussion 

The tincture extract of leaves of Cymbopogon citratus induced concentration-dependent relaxation in 
endothelium-denuded rat aortic rings pre-contracted with 60 mmol/L of KCl (Fig. 1). Concentration-response 
curve, based on the Hill function, was fitted to the experimental data obtained after applying tincture of C. 
citratus concentrations from 0.03 to 100 mg/mL with an IC50 of 41.8 ± 5.2 mg/mL, compared to the vehicle 
control (70% ethanol) (Fig. 2). The highest concentration studied (100 mg/mL) caused a 91.3 ± 3.4 % of 
vasodilatation, while the lowest concentrations (0.03 to 10 mg/mL) hardly caused vasodilatation. At 30 mg/mL 
a vasodilatation of 28.8 ± 3.1 % occurred (Fig. 2).  

 
Figure 1: Examples of the vasorelaxant effect of tincture of Cymbopogon citratus at different concentrations in a rat aortic ring pre-

contracted with 60 mmol/L of KCl. The endothelium removal was confirmed by the administration of acetylcholine (ACh, 10 μmol/L) to 
precontracted vascular rings. 

The tincture at concentrations ranging from 1 to 30 mg/mL, was more efficacious in decreasing the aortic ring 
contraction induced by phenylephrine (10 μmol/L), also in the endothelium-denuded aortic rings, compared to 
the vehicle control (70% ethanol) (Fig. 3). In this set of experiments, tincture at 30 mg/mL vasorelaxed in a 96.8 
± 1.2 %. Experimental data were fitted to a Hill function and the estimated IC50 for inhibition of contraction was 
4.2 ± 1.2 mg/mL (Fig. 2). 
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Figure 2: Concentration-response curves for the inhibition of force of contraction by tincture of Cymbopogon citratus and vehicle control on 

KCl (60 mmol/L) induced contraction and on phenylephrine (10 µmol/L) induced contraction in endothelium-denuded rat thoracic aortic 
rings. Values are shown as means ± standard errors of means with n = 5 rats, ∗ P<0.05 compared with the vehicle control. Experimental data 

were fitted to a Hill function. 

 
Figure 3: Examples of the vasorelaxant effect of tincture of Cymbopogon citratus at different concentrations in a rat aortic ring pre-

contracted with phenylephrine (10 μmol/L). The endothelium removal was confirmed by the administration of acetylcholine (ACh, 10 
μmol/L) to precontracted vascular rings. 
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These findings suggest that the relaxation effect of this tincture is endothelium-independent. Similar results were 
obtained with methanolic extracts of leaves [14-15], stems, and roots of C. citratus and citral, the major 
constituent of C. citratus essential oil [15]. The decoction [7] and hydroalcoholic [8] extracts of leaves of C. 
citratus showed some hypotensive effects given intravenously in rats and some weak diuretic effect when given 
orally in rats [7]. C. citratus essential oil (1, 5, 10, and 20 mg/kg, i.v.) induced transient hypotension and 
bradycardia in rats and in rings of rat superior mesenteric artery pre-contracted with phenylephrine, C. citratus 
essential oil (1 to 3000 µg/mL) induced relaxation that was not affected after removal of the endothelium [9], 
which are in agreement with the vasorelaxant effects of tincture observed in the present study. All this assumes 
that the chemical components responsible for the vasodilator action are present in all the extracts, despite the 
geographical origin of the plant.  

Although further studies are needed to see if the chemical components of the tincture has any direct effect on 
calcium channels, the decrease of force of vascular contraction by this tincture should be at least partly due to an 
inhibition of both voltage- and ligand-gated calcium channels. This is because the contraction of vascular 
smooth muscle caused by high-K+ solution (60 mmol/L) containing calcium is associated with an increased 
entry of extracellular calcium through voltage-gated calcium channels [16]. Also in this study, phenylephrine as 
an alpha-1 adrenoceptor agonist was used as preconstrictor to determine the vasorelaxant response to tincture of 
C. citratus, and this effect is mediated by ligand-gated calcium channels [16]. 

Citral (the major constituent of C. citratus essential oil) was able to inhibit contractions evoked by the presence 
of K+ (electromechanical coupling) and blocked contractions evoked by BaCl2 dose-response curves, it is 
proposed that relaxation of the tracheal smooth musculature mediated by citral occurs via electromechanical 
coupling, probably due to a blockade of L-type voltage-gated calcium channels [17]. 

The vasorelaxant effect could be due to the quercetin present in the extract. Previous reports showed that 
quercetin promotes endothelium-independent vascular relaxation [5] and Cogolludo et al. [18] indicated that 
quercetin produced relaxant effects in rat coronary arteries. Hou et al. [19] demonstrated  that  calcium channel  
block  by  quercetin  (IC50  value  of  about  10 μmol/L) along with potassium channel stimulation accounts for 
its spasmolytic effects in rat coronary artery preparations.  

Other flavonoids like kaempferol and apigenin present in the extracts C. citratus leaf [4] also have vasorelaxant 
action. Kaempferol enhances endothelium-dependent relaxation in the porcine coronary artery through 
activation of large-conductance Ca2+-activated K+ channels [20]. The flavonoid apigenin exhibited endothelium-
independent vasorelaxation in rat isolated thoracic aorta [21] and it inhibit the influx of extracellular calcium 
[22]. 

Other phytocompounds present in this tincture can also influence the response. So, the mixture of components 
present may have synergistic vasorelaxant actions. 

The results obtained with the C. citratus leaf tincture suggest that the plant may have some hypotensive 
potential. 

Conclusion 

This study has shown that the mode of action on the vasorelaxant effect caused by this tincture of leaves of 
Cymbopogon citratus is endothelium-independent. The results obtained with this tincture suggest that it may 
have a potential clinical use for hypertension treatment, however, further studies are necessary to evaluate it 
safety and therapeutic margin before the human use. The findings are in accord with the ethnopharmacology use 
of this specie and the complementary toxicological and clinical studies can support investigations assessing their 
use as antihypertensive agent. 
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