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Abstract 

Ethnopharmacological relevance 

 Clitoria ternatea flower is traditionally used in the treatment of respiratory disorders 

including bronchitis and is one of the ingredients in different Ayurvedic preparations that are 

used in respiratory disorders. However, till date there is no scientific report on the anti-

asthmatic activity of this flower.  
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Aim of the study 

 Ethanolic extract of Clitoria ternatea flowers (ECT) was evaluated for its anti-allergy and 

anti-tussive potential in experimental animals. Additionally, the anti-inflammatory potential 

of ECT was carried out to draw a plausible mechanism of action of the drug.     

Materials and Methods 

 In-vitro anti-asthmatic activity of ECT was evaluated in goat tracheal chain and isolated 

guinea pig ileum preparations. Acute and chronic anti-asthmatic activity of ECT (100, 200 

and 400 mg/kg; p.o.) was estimated in histamine aerosol exposed guinea pigs and in OVA 

sensitized and challenged mice respectively. Anti-tussive activity of ECT (100, 200 and 400 

mg/kg; p.o.) was evaluated against sulfur dioxide- and citric acid-induced cough in 

experimental animals. Moreover, the anti-inflammatory activity of ECT (100, 200 and 400 

mg/kg; p.o.) was evaluated against carrageenan- and acetic acid-induced inflammation in rats.       

Results 

:  ECT attenuated histamine-induced contraction in both goat tracheal chain and isolated 

guinea pig ileum preparations. ECT (400 mg/kg) attenuated histamine-induced dyspnoea and 

OVA-induced changes in differential cell count in broncheoalveolar fluid, levels of 

interleukins (IL-1beta and IL-6) and immunoglobulin (OVA-sensitive IgG1) in animals. ECT 

(400 mg/kg) further ameliorated sulfur dioxide- and citric acid-induced cough in 

experimental animals. Additionally, ECT (400 mg/kg) attenuated inflammation in 

carrageenan and acetic acid challenged rodents.       

Conclusions 

 Standardized ECT could be considered as a potential therapeutic alternative in the 

management of allergy-induced asthma.  

Graphical abstract 
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Abbreviations:  

ANOVA, Analysis of variance ; BALF, Bronchoalveolar Lavage Fluid; ECT , Ethanolic 

Extract of Clitoria ternatea Flowers; CMC , Carboxy Methyl Cellulose; CF , Charles-Foster; 

CP , Chlorpheniramine Maleate; CPCSEA        , Committee for the Purpose of Control and 

Supervision of Experiments on Animals ; CT , Clitoria ternatea; DEX, Dexamethasone; 

HPTL, High Performance Thin Layer Chromatography; IND , Indomethacine; IL , 

Interleukins; Ig , Immunoglobulin; OECD, Organization for Environmental Control 

Development ; OVA , Ovalbumin; PB , Peribronchial; PV, Perivascular; PBS, Phosphate 

Buffer Saline; PCT , Preconvulsive Time; UV, Ultra Violet   
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1. Introduction     

Asthma is considered as a chronic inflammatory disorder of respiratory system that is highly 

prevalent in world population (Masoli et al., 2004; Bousquet et al., 2005). There are several 

predisposing factors including allergens play a significant role in the pathogenesis of asthma 

(Custovic et al., 2010). Epidemiological, clinical and experimental studies suggest that 

allergenic triggers such as indoor (house dust mites, molds, pets, cockroaches, and rodents) 

and outdoor (pollens and molds) allergens aggravate the severity of asthma (Bloemen et al., 

2007). Thus, allergy gains critical attention in pathophysiology of asthma.        

Allergen-induced asthma is characterized by reversible airway obstruction, airway 

hyperresponsiveness, mucus hypersecretion and airway remodeling (Agrawal and Shao, 

2010). Mucus plugging and epithelium denudation is considered as one of the important 

pathological characteristics in allergen-sensitive asthma (Wenzel et al., 1999; Dweik et al., 

2010). Mast cells predominantly localized in mucosal tissue and its activation by allergens 

produce a plethora of soluble mast cell-derived mediators such as histamine and cytokines 

including interleukin (IL)-l and IL-6 (Weller et al., 2011; Chung et al., 2014; Carr et al., 

2016; Piliponsky et al., 2002; Piliponsky et al., 2003).  These cytokines initiate infiltration of 

several types of cells including eosinophils, neutrophils, lymphocytes and phagocytes into the 

respiratory airways and thus initiates inflammation. It has also been postulated that eosinophil 

degranulation can damage epithelial cells, modulate the function of smooth muscles of the 

airways and at molecular level it increases the level of IgE in respiratory airways (Bradley et 

al., 1991; Kritas et al., 2014; Jatakanon et al., 1999; Gibson et al., 2001; Baines et al., 2010; 

Wilson et al., 2013; Miranda et al., 2004; Bittar et al., 2015). It has also been suggested that 
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under allergic conditions, allergens induce the aggregation of the high-affinity IgE receptor 

which is expressed on mast cell surface (Chung et al., 2014; Carr et al., 2016). Moreover, it is 

well established that allergens such as pollen, dust mites, mold or animal dander can initiate 

an acute immune response (Agrawal and Shao, 2010). Thus, immunity and inflammation play 

a vicious cycle in the pathogenesis of allergen-sensitive asthma.       

Pharmacotherapy of asthma includes anti-allergic drugs, bronchodilators, and 

corticosteroids (Cumming and Mitchell, 1997; Guilbert et al., 2006). These drugs are 

clinically limited due to their severe unwanted side effects such as hyperglycemia, 

hyperlipidemia and susceptibility to pathogens (Tan, 1991). Ayurvedic medicines, the Indian 

Traditional System of medicines, include several medicinal plants in its formulations for the 

treatment of asthma and allergic disorders. Further, experimental studies report minimal 

adverse effects of these herbal medicines. Thus, it can be assumed that the herbal drug 

therapy could be a potential alternative in the pharmacotherapy of allergen-induced asthma.  

Clitoria ternatea (CT; family: Fabaceae) also known as ‘Aparajita’, is a perennial 

climber, strongly persistent, and sparsely pubescent legume herb mentioned in ancient system 

of medicine (Gomez and Kalamani, 2003). It is widely distributed throughout the tropical 

regions of Africa, Asia and Central America. Literature review suggests that CT possesses 

several bioactive properties including antioxidant (Kamkaen and Wilkinson, 2009), local 

anesthetic (Mukherjeea et al., 2008), anthelmintic (Khadatkar et al., 2008), antipyretic and 

anti-inflammatory (Parimaladevi et al., 2003). Preclinical studies also suggest that the roots 

of CT possess anti-asthmatic and anti-histaminergic activity in experimental animal models 

(Taur and Patil, 2010; Taur and Patil, 2011). However, it is well established that harvesting 

roots for the purpose of medicinal use significantly disturbs the ecosystem than aerial parts of 

the plant (Alves and Ros, 2007). Moreover, CT flower is traditionally used in the treatment of 

respiratory disorders including bronchitis (Parrotta, 2001; Prajapati and Sharma, 2003; Khare, 
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2004). In addition, CT flower is one of the ingredients in different Ayurvedic preparations 

that are used in respiratory disorders (Patil and Patil, 2011). However, till date there is no 

scientific report on the anti-asthmatic activity of CT flower.     

Hence, in the present study, anti-allergic activity of standardized ethanolic extract of 

flower of CT was investigated in histamine- and ovalbumin (OVA)-induced asthma. Further, 

anti-tussive and anti-inflammatory activities were evaluated in several experimental animal 

models.         

2.  Materials and methods  

2.1 Chemicals and reagents 

Quercetin and Ovalbumin (OVA; Grade V) was procured from Merck Pvt. Ltd. and Sigma-

Aldrich, India respectively. All other chemicals and reagents of high-performance liquid 

chromatography and analytical grade were procured from Merck Pvt Ltd., New Delhi and 

Himedia Laboratories Pvt Ltd., Mumbai, India.  

2.2 Plant material and extraction procedure 

The flowers from C. trenatea were collected from medicinal garden of GLA University, 

Mathura, Uttar Pradesh, India in September 2011. A voucher specimen was identified and 

deposited in the Birbal Sahni Institute of Palaeobotany, Lucknow, India (Voucher specimen 

No.: 13387). The dried and powered plant material was extracted exhaustively using Soxhlet 

apparatus with ethanol 98% at 1:7 plant material/solvent (w/v) five consecutive times at room 

temperature, which was then sonicated in ultrasound (30 min/day). The solvent was removed 

under reduced pressure using rotary evaporator and lyophilized to yield dried ethanolic 

extract of flowers (ECT; 9%, w/w).    

2.3 Phytochemical analysis of C. trenatea flower 

2.3.1 Preliminary phytochemical screening and estimation of total phenolic and 

flavonoid content   
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The ECT was subjected to identification tests for flavonoids, alkaloids, tannins, cardiac 

glycosides anthraquinones, saponins and phenols using standard protocols (Ajikumaran et al., 

2006).   

2.3.2 Estimation of total phenolic content   

Assaying method of Singleton and Rossi was adopted for estimation of total phenolics 

content in ECT using Folinciocalteu reagent with slight modification. About 100 μl of ECT 

(1 mg/ml) were prepared in a 100 ml volumetric flask and added 0.75 ml of Folin-Ciocalteu 

reagent (previously diluted in 1:10 ratio with deionised water) was thoroughly mixed and 

allowed to incubate for 5-8 min at room temperature (25 ± 1 °C) condition. Thereafter, 0.75 

ml of Na2CO3 solution (60 g/L) was added to mixture and allowed it to stand at room 

temperature (25 ± 1 °C) for 2 h intervals. Absorbance was measured against blank using 

Double-Beam UV-Vis Spectrophotometer (Simadzu-1800) at λmax 725 nm respectively. 

Gallic acid was used as a standard to construct calibration curve (0.02-0.1 mg ml-1) and 

readings taken in triplicate to get accurate results. The total phenolic content was expressed 

as milligrams of gallic acid equivalent/ g extract.    

2.3.3 Estimation of total flavonoid content    

Total flavonoid content was determined by the aluminium trichloride (AlCl3) colorimetric 

assay procedure of Zhishen et al. (1999). Briefly, 1.5 ml of 2% AlCl3 was added to 1.5 ml 

ECT solution (500 ppm in 80% MeOH). After incubation of 1 hour at room temperature, the 

absorbance was estimated against blank using Double-Beam UV-Vis Spectrophotometer at 

420 nm against a blank. Quercetin was used as a standard to plot the calibration curve. The 

amount of total flavonoid was expressed as quercetin equivalents (mg quercetin/g extract). 

All the samples and the standards were analyzed in triplicate.     

2.3.4 Standardization of ECT to quercetin by HPTLC method   
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The ECT was standardized to quercetin using high performance thin layer chromatography 

(HPTLC) method. Mobile phase for developing the chromatogram was composed of 

chloroform: methanol and formic acid mixture in the ratio 7.5: 1.5: 1 (v/v/v). The 

concentration of quercetin was taken as 0.5 mg/mL, while that of the ECT was taken as 

5 mg/mL in methanol. The study was carried out using Camag-HPTLC instrumentation 

(Camag, Mutten, Switzerland) equipped with Linomat V sample applicator, Camag TLC 

scanner 3, Camag TLC visualizer, and WINCATS 4 software for data interpretation. The Rf 

values were recorded and the developed plate was screened and photo documented at ultra 

violet range with wavelength (λmax) of 254 nm.   

2.4 Animals   

Inbreed adult male Guinea Pig (450-500 g), Charles-Foster (CF) albino rats (150-200 g) and 

albino mice (25-30 g) were obtained from Central Animal House, Institute of Pharmaceutical 

Research, GLA University, Mathura and were used in the study. The animals were grouped 

and housed in Poly-acrylic cages lined with husk under standard condition (24 ± 2 °C 

temperature, 45-55% relative humidity and 12 h light: 12 h dark cycle) respectively. Animals 

were allowed to freely feed their standard pellet diet (Lipton India, Ltd., Mumbai) and water 

ad libitum. Fasted animals were deprived with their food for 16-18 h before experimentations 

but allowed to water ad libitum. All the experimental procedures utilized were performed in 

accordance with the approval of the Institutional Animal Ethics Committee 

(1260/ac/09/CPCSEA) under strict compliance of Committee for the Purpose of Control and 

Supervision of Experiments on Animals (CPCSEA) guidelines for the experimental studies.   

2.5  Acute toxicity study    

An acute oral toxicity study was performed according to “Organization for Environmental 

Control Development” guidelines (OECD: Guidelines 420; Fixed Dose Method) for oral 

administration of ECT (suspended in 0.5% carboxy methyl cellulose; CMC). Albino male 
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rats (N = 6, 150-200 g), overnight fasted for 18 h were used for the experiment. The ECT was 

administered in increasing dose of 5, 50, 300 and maximum dose up to 2000 mg/kg to the 

experimental animals.      

 

2.6 Evaluation of in-vitro anti-asthmatic activity 

2.6.1 Isolated goat tracheal chain preparation    

Isolated adult goat tracheal tissue was obtained from slaughter house. Trachea was cut into 

individual rings and tied together in series to form a chain. Trachea was suspended in bath of 

Kreb’s solution and was continuously aerated at 37 ± 0.5 °C. Dose response curves of 

histamine in plain Kreb’s solution and in Kreb’s solution containing ECT (10 mg/ml) were 

performed (Chaudhari and Lahiri, 1974). Percent of maximum contractile responses were 

plotted to record dose response curves of histamine in the absence and presence of ECT.    

2.6.2 Isolated guinea pig ileum preparation     

The guinea pigs (overnight fasted) were sacrificed and the ileum was mounted in an organ 

bath containing Tyrode solution, which was continuously aerated at 37 ± 0.5 °C. Dose 

response curve of histamine in plain Tyrode solution and in Tyrode solution containing ECT 

(10 mg/ml) were performed (Vogel and Vogel, 1998). Percentage maximum contractile 

response was plotted to generate dose response curve of histamine, in the absence and 

presence of the plant extract.   

2.7 Evaluation of in-vivo anti-asthmatic activity   

2.7.1 Estimation of acute effect of ECT (100, 200 and 400 mg/kg) in guinea pigs 

exposed to histamine aerosol  

The guinea pigs were randomly allocated to five groups of six each and namely: Vehicle, 

ECT-100, ECT-200, ECT-400 and CP-2. Each animal was exposed to 0.2% histamine 

aerosol, of particle size 5 µm through a compressed nebulizer (Rolex Pvt. Ltd., India) at a 
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flow rate of 0.4 mL/min, in a glass histamine chamber (60 × 36 × 60 cm). The preconvulsive 

time (PCT) was determined from the time of exposure to onset of dyspnoea leading to the 

appearance of preconvulsive dyspnoea (PCT1). Thereafter, the animals were kept in their 

respective cages with fresh airs. The vehicle group received CMC (0.5 %) while rest of the 

groups administered with ECT (100, 200 and 400 mg/kg) and CP (2 mg/kg) respectively after 

30 min to first exposure of histamine aerosol. After 1 hr to drug or vehicle administration, the 

second exposure of histamine aerosol was made following the earlier procedure and the onset 

of dyspnoea (PCT2) was measured for each animal. The mean exposition time was calculated 

as the difference between PCT2 and PCT1. Further, the percentage of protection was 

calculated using the formula = [(1- (PCT1/PCT2))*100].   

2.7.2 Estimation of chronic effect of ECT (100, 200 and 400 mg/kg) in OVA sensitized 

and challenged mice       

The asthmatic model was established by sensitization to OVA. Specifically, all of the mice in 

the Vehicle, ECT-100, ECT-200, ECT-400 and DEX-1 groups were sensitized on days 0, 7, 

and 14 by intraperitoneal injection of 20 ??g OVA emulsified in 2 mg aluminum hydroxide 

gel (Invivo-Gen, San Diego, CA, USA) in a total volume of 200 ??L. These sensitized mice 

were exposed to aerosolized 5% OVA in sterile saline for 7 days beginning on the 15
th

 day of 

the experiment at a time gap of 24 hr for 30 min at each time. The mice were placed in a glass 

chambers (51 × 31 × 21 cm) that were connected to a jet nebulizer (Rolex Pvt Ltd., India) to 

create a whole-body inhalation system. ECT (100, 200 and 400 mg/kg), DEX (1 mg/kg), and 

Vehicle (0.5% CMC) were administered orally 30 min before each OVA challenge. The mice 

were sacrificed at 24 h after the last challenge, and bronchoalveolar lavage fluid (BALF) and 

lung tissues were collected for analysis.     

2.7.2.1  BALF Collection and Differential Cell Counts 
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Briefly, the mice were anesthetized by intraperitoneal injection of pentobarbital sodium (70 

mg/kg) at 24 h after the final challenge. BALF was collected by lavage with ice-cold 

phosphate buffer saline (PBS, 400 μL × 3; 85–90% of the lavage volume was recovered) via 

a tracheal catheter. The lavage samples from each mouse were centrifuged at 1000 rpm for 10 

min at 4 °C. The total number of inflammatory cells in the BALF was counted using a 

hemocytometer. Differential cell counts were performed using Wright’s staining on the basis 

of morphological criteria. The number of cells in the BALF was determined by two 

independent investigators in a single-blind study, and at least 200 cells each were analyzed 

from three different random locations using a microscope. Further, the cytokine proteins such 

as IL-1β (ab100704) and IL-6 (ab100713) were quantified in BALF using ELISA test kit 

(Abcam Pvt. Ltd., India).    

2.7.2.2  Quantitative estimation of antigen-specific IgE and IgG1 antibodies 

OVA-specific IgE (ab157718) and IgG1 (ab133045) antibodies were measured in serum of 

the mice using ELISA test kit (Abcam Pvt. Ltd., India).       

2.7.2.3  Lung histology  

After BALF samples were collected, a 20 mL syringe equipped with an 18G needle was used 

to inject 10–15mL PBS slowly into the right ventricle. Then the lungs were inflated with 4% 

paraformaldehyde under 20 cm pressures by a tracheal catheter and placed in 4% 

paraformaldehyde fixative for paraffin embedding. A series of microsections (5 ??m) were 

cut with a microtome and stained with hematoxylin and eosin (H&E) to assess inflammatory 

cell infiltration. The inflammation score was determined as follows: grade 0: no 

inflammation; grade 1: occasional cuffing with inflammatory cells; and grades 2, 3, and 4: 

most bronchi or vessels which were surrounded by a thin layer (1-2 cells: grade 2), a 

moderate layer (3–5 cells: grade 3), or a thick layer (>5 cells: grade 4) of inflammatory cells, 
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respectively. The total inflammation score was calculated by the addition of the peribronchial 

(PB) and perivascular (PV) inflammation scores.   

2.8 Evaluation of anti-tussive activity  

2.8.1 Sulfur dioxide (SO2)-induced cough 

Healthy mice were divided into several groups and drug treatment was continued for 7 days. 

NaHSO3 solution in water (500 mg/kg, 2.0 ml) was placed at the base of a specially designed 

desiccator and 0.2 ml of sulfuric acid was added using a pipette which resulted in the 

formation of sulfur dioxide. After 15 s, each mouse was placed on the stage in the desiccator 

and exposed to SO2 for 45 s. The mice were then removed and placed in a clear glass 

chamber for counting of bouts of cough for 5 min (Gupta et al., 2009).   

2.8.2 Citric acid-induced cough  

Antitussive assay was carried out as per earlier report (Chung et al., 2003). Unrestrained 

conscious guinea pigs were individually placed in a transparent 20 cm × 10 cm × 10 cm 

airtight Plexiglass chamber and exposed to 17.5% (w/v) citric acid aerosol produced by an 

ultrasonic nebulizer for 1 min with a flow rate of 0.6 mL/min, the aerosol particles had a 

mass median aerodynamic diameter of 0.9 μm. During the 10 min observation period, the 

guinea pigs were continuously observed, and the latent period of cough and numbers of 

coughs were simultaneously noted.  

2.9  Evaluation of anti-inflammatory activity  

2.9.1 Anti-inflammatory activity in carrageenan-induced paw oedema test     

Overnight fasted animals were divided into five groups (n = 6). 0.1 ml of 1% carrageenan 

solution was injected into the sub plantar region of the right hind paw of the rats, 1 h after the 

administration of vehicle, Indomethacine (IND; 10 mg/kg, p.o.) and ECT (100, 200 and 400 

mg/kg). The paw volume was measured with a micrometer screw gauge (SMC-20326, 

Sterling Manufacturing Company, Ambala Cantt, India) at 1, 2, 3, 4 and 6 h after 
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administration of either standard or test drug. The difference between the left and right hind 

paw volumes (indicating the degree of inflammation) was determined in comparison to the 

control animals (Moody et al., 2006).            

2.9.2 Acetic acid-induced vascular permeability   

This test was carried out by the method described by Whittle (1964) with a slight 

modification. 5 groups of mice (n = 6) were used for the study. Group I served as vehicle 

control, groups II, III, and IV were treated with extracts 100, 200, and 400 mg/kg, 

respectively, whereas group V received indomethacin 10 mg/kg orally. One hour after the 

treatment, mice were injected with 1% acetic acid solution (10 mL/kg) in saline 

intraperitoneally. Just after 2% Evans blue solution (10 mL/kg) in normal saline was injected 

intravenously through tail vein. 30 min later, mice were sacrificed by cervical dislocation and 

the peritoneal cavity was washed with normal saline (5 mL). The washings were collected 

and made volume up to 10 mL into heparinized test tubes and subsequently centrifuged at 

2,000 rpm for 10 min. The dye content in the supernatant was measured 

spectrophotometrically (Shimadzu 1800, Japan) at a wavelength of 610 nm. The vascular 

permeability effects were expressed as the total amount of dye leaked into the intraperitoneal 

cavity based on their absorbance.  

2.9.3 Cotton-pellet induced granuloma in rats 

Sterile cotton-pellets (10 mg each) were implanted subcutaneously in the back axilla regions 

of each rat under pentobarbital sodium (50 mg/kg, i.p.) anaesthesia. The animals in the two 

test groups were treated orally with ECT extract at 200 or 400 mg/kg daily for 7 consecutive 

days; while the control group received either normal saline (vehicle control) or IND (10 

mg/kg body weight). Scarification was made after 8
th

 day and the cotton-pellets were 

removed, freed from extraneous tissues and the dry weight of each pellet was recorded. The 
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percentage of inhibition with respect to the dry weight of the cotton-pellet was calculated and 

compared with the control groups (Debprasad et al., 2012).  

2.10 Statistical analysis 

The results were expressed as Mean ± standard error of mean (S.E.M.). Statistical analysis 

was performed using Graph Pad Prism 4.2
®

 software. The difference between groups was 

assessed by analysis of variance (ANOVA), followed, when necessary, by the suitable post-

hoc test. The significance level for rejection of the null hypothesis was always ≥5%.    

3 Results  

3.1 Phytochemical analysis of C. trenatea flower  

Preliminary phytochemical screening suggested the presence of flavonoids, alkaloids, 

tannins, cardiac glycosides anthraquinones, saponins and phenols in ECT. Further, the 

spectrophotometric determination revealed that the total phenolic and flavonoid content was 

found to be 223.4 ± 10.5 (mg gallic acid equivalent/g extract) and 25.8 ± 2.1 (mg quercetin/g 

extract). Further, the HPTLC analysis suggested the presence of quercetin (4.3%, Fig-1).       

3.2 Selection of dose of standardized ECT   

The acute oral toxicity study revealed that the ECT in increasing dose of 5, 50, 300 and 

maximum dose up to 2000 mg/kg was found tolerable in the experimental animals. Low 

dose: 100 mg/kg (half of one-tenth of the maximum lethal dose), Median dose: 200 mg/kg 

(one-tenth of the maximum lethal dose) and High dose: 400 mg/kg (twice that of one-tenth 

dose) were selected for evaluation of pharmacological activities. Moreover, the rats did not 

show any gross behavioral, neurological or autonomic toxic effects after first 3 h of ECT 

administration and for any lethality after 24 to 72 h till 14 days.    

3.3 Effect of standardized ECT on isolated goat tracheal chain and guinea pig ileum 

preparation   
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Fig-2 illustrates the effect of ECT and vehicle on histamine-induced contraction in isolated 

goat tracheal chain (A) and guinea pig ileum (B). Two-way ANOVA revealed that there were 

significant differences in histamine-induced isolated goat tracheal chain and guinea pig 

illeum contraction among treatments ([F (1, 20) = 240.7, p < 0.05] and [F (1, 20) = 134.8, p < 

0.05] respectively) and concentrations ([F (4, 20) = 49.4, p < 0.05] and [F (4, 20) = 75.9, p < 

0.05] respectively). Further, there was a significant interaction between treatment and 

concentration in histamine-induced isolated goat tracheal chain [F (4, 20) = 7.0, p < 0.05] and 

guinea pig ileum [F (4, 20) = 3.1, p < 0.05] contraction. Post-hoc test showed that ECT 

significantly decreased the histamine-induced contraction in both isolated goat tracheal chain 

and guinea pig ileum at all concentrations of histamine.               

3.4 Effect of ECT (100, 200 and 400 mg/kg) on histamine-induced onset of dyspnoea 

in guinea pigs   

The effect of ECT (100, 200 and 400 mg/kg) on histamine-induced onset of dyspnoea in 

guinea pigs is depicted on Table-1. One-way ANOVA revealed that there were significant 

differences in mean exposition time among groups [F (4, 25) = 142.0; p<0.05]. Post-hoc test 

showed that ECT (100 and 200 mg/kg) did not cause any significant change in the mean 

exposition time compared to vehicle administered histamine treated guinea pigs. However, 

ECT (400 mg/kg) and standard drug significantly increased the mean exposition time in 

histamine treated guinea pigs compared to vehicle administered animals.       

3.5  Effect of ECT (100, 200, 400 mg/kg) on OVA sensitized and challenged 

alterations in differential cell counts in BALF in mice   

Table-2 illustrates the effect of ECT (100, 200 and 400 mg/kg) on OVA sensitized and 

challenged alterations in total leukocytes, neutrophiles, eosinophiles, macrophages and 

lymphocytes in BALF in mice. One-way ANOVA revealed that there were significant 

differences in total leukocytes [F (4, 25) = 25.4; p<0.05], neutrophiles [F (4, 25) = 21.8; 
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p<0.05], eosinophiles [F (4, 25) = 13.3; p<0.05], macrophages [F (4, 25) = 25.1; p<0.05] and 

lymphocytes [F (4, 25) = 17.3; p<0.05] in mice BALF among groups. Post-hoc test showed 

that ECT (100 and 200 mg/kg) did not cause any change in the levels of total differential 

counts of cells in OVA sensitized and challenged mice compared to vehicle treated animals. 

However, ECT at highest dose level and standard drug significantly mitigated the levels of 

total differential counts in cells in OVA sensitized and challenged mice compared to vehicle 

treated animals.    

 

3.6 Effect of ECT (100, 200, 400 mg/kg) on OVA sensitized and challenged 

alterations in levels of IL-1 beta and IL-6 in BALF in mice 

The effect of ECT (100, 200 and 400 mg/kg) on OVA sensitized and challenged alterations in 

the levels of IL-1β (A) and IL-6 (B) in BALF in mice is depicted in Fig-3. One-way ANOVA 

revealed that there were significant differences in IL-1β [F (4, 25) = 31.6; p<0.05] and IL-6 

[F (4, 25) = 68.7; p<0.05] in mice BALF among groups. Post-hoc test showed that ECT (100 

and 200 mg/kg) did not cause any change in the levels of IL-1β and IL-6 in OVA sensitized 

and challenged mice compared to vehicle treated animals. On contrary, ECT (400 mg/kg) and 

DEX significantly reduced the levels of both cytokines in OVA sensitized and challenged 

mice compared to vehicle treated animals.    

3.7 Effect of ECT (100, 200, 400 mg/kg) on OVA sensitized and challenged 

alterations in levels of antigen-specific IgE and IgG1 in BALF in mice  

Fig-4 illustrates the effect of ECT (100, 200 and 400 mg/kg) on OVA sensitized and 

challenged alterations in the levels of IgE (A) and IgG1 (B) in BALF in mice. One-way 

ANOVA revealed that there were significant differences in IL-6 [F (4, 25) = 31.2; p<0.05] in 

mice BALF among groups. However, there were no significant differences in the level of IgE 

[F (4, 25) = 0.6; p<0.05] in mice BALF among groups. Post-hoc test showed that ECT (100 



17 

 

and 200 mg/kg) did not cause any change in the levels of IgG1 in OVA sensitized and 

challenged mice compared to vehicle treated animals. On contrary, ECT (400 mg/kg) and 

DEX significantly reduced the level of IgG1 in OVA sensitized and challenged mice 

compared to vehicle treated animals.     

3.8 Effect of ECT (100, 200, 400 mg/kg) on OVA sensitized and challenged 

alterations in lung histology in mice  

The effect of ECT (100, 200 and 400 mg/kg) on OVA sensitized and challenged alterations in 

the cytoarchitecture of lung tissue (Fig-5) and inflammation score (Fig-6) in mice. One-way 

ANOVA revealed that there were significant differences in PB [F (4, 25) = 23.1; p<0.05], PV 

[F (4, 25) = 49.3; p<0.05] and total inflammation [F (4, 25) = 65.4; p<0.05] score in mice 

lung section among groups. Post-hoc test showed that ECT (100 and 200 mg/kg) did not 

cause any change in the score of PB, PV and total inflammation in OVA sensitized and 

challenged mice compared to vehicle treated animals. On contrary, ECT (400 mg/kg) and 

DEX significantly reduced the score of PB, PV and total inflammation in OVA sensitized and 

challenged mice compared to vehicle treated animals.      

3.9 Effect of ECT (100, 200 and 400 mg/kg) on Sulphur Dioxide-induced cough in 

mice   

Fig-7 illustrates the effect of ECT (100, 200, 400 mg/kg) on sulphur dioxide-induced cough 

in mice. Repeated measures of two-way ANOVA revealed that there were significant 

differences in number of coughs per 5 min among treatment [(4, 100) = 87.8; p<0.05] and 

time [(3, 100) = 30.4; p<0.05]. Further, there was a significant interaction between treatment 

and time [(12, 100) = 10.7; p<0.05]. Post-hoc test showed that ECT (100 and 200 mg/kg) did 

not cause any significant change in number of coughs at any time point in mice compared to 

vehicle treated animals. However, ECT (400 mg/kg) and standard drug (codeine phosphate 
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30 mg/kg) significantly decreased the number of coughs in mice compared to vehicle treated 

animals at 30 min and this effect was persisted up to 90 min.    

3.10 Effect of ECT (100, 200 and 400 mg/kg) on citric acid evoked cough in guinea 

pigs   

Effect of ECT (100, 200 and 400 mg/kg) on latent period to cough (A) and number of bouts 

(B) in citric acid exposed guinea pigs are illustrated in Fig-8. One-way ANOVA revealed that 

there were significant differences in latent period to cough [F (4, 25) = 18.8, p<0.05] and 

number of bouts [F (4, 25) = 21. 6, p<0.05] among the groups. Post-hoc analysis showed that 

ECT (100 and 200 mg/kg) did not cause any significant change in latency to cough and 

number of bouts in guinea pigs compared to vehicle administered animals. However, ECT 

(400 mg/kg) and standard drug (codeine phosphate 100 mg/kg) significantly increased and 

decreased the latency to cough and number of bouts in animals compared to other group 

guinea pigs respectively.     

3.11 Effect of ECT (100, 200 and 400 mg/kg) carrageenan-induced paw edema in rats  

Table-3 depicts the effect of ECT (100, 200, 400 mg/kg) on carrageenan-induced paw edema 

at different time points in rats. Repeated measures of two-way ANOVA revealed that there 

were significant differences in the volume of paw among treatment [(4, 125) = 435.4; p<0.05] 

and time [(4, 125) = 239.0; p<0.05]. Further, there was a significant interaction between 

treatment and time [(16, 125) = 27.8; p<0.05]. Post-hoc test showed that standard drug but 

not ECT (100, 200 and 400 mg/kg) significantly decreased the volume of paw at 1 hr in mice 

compared to vehicle treated animals. Moreover, ECT (400 mg/kg) and standard drug 

significantly decreased the volume of paw in mice compared to vehicle treated animals at 2 

hr. Further, the extent of decrease in the volume of paw in standard drug treated animals were 

significantly higher compared to ECT (400 mg/kg) administered rats. In addition, it has been 

observed that both ECT (400 mg.kg) and IND were significantly decreased the volume of 
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paw compared to vehicle treated animals. This effect was continued up to 6 hr of the 

experimental design.      

3.12 Effect of ECT (100, 200, and 400 mg/kg) on acetic acid-induced vascular 

permeability in mice  

Fig-9 illustrated the effect of ECT (100, 200, and 400mg/kg) on acetic acid-induced vascular 

permeability in terms of leakage of dye in rats. One-way ANOVA revealed that there were 

significant differences in dye leakage among the groups [F (4, 25) = 20.5, p<0.05]. Post-hoc 

analysis showed that ECT (100 and 200 mg/kg) did not cause any significant change in terms 

of dye leakage in mice compared to vehicle administered animals. However, ECT (400 

mg/kg) and IND significantly decreased the dye leakage in animals compared to vehicle 

treated mice.   

3.13  Effect of ECT (100, 200 and 400 mg/kg) on cotton pellet-induced granuloma 

formation in rats  

Fig-10 illustrates the effect of ECT (100, 200, and 400 mg/kg) on cotton pellet-induced 

granuloma formation in terms of weight of cotton pellet in rats. One-way ANOVA revealed 

that there were significant differences in weight of cotton pellet among the groups [F (4, 25) 

= 26.1; p<0.05]. Post-hoc analysis showed that ECT (100 and 200 mg/kg) did not cause any 

significant change in weight of cotton pellet compared to vehicle administered rats. However, 

ECT (400 mg/kg) and IND significantly decreased the weight of cotton pellet compared to 

other groups of the experimental protocol.  

4.  Discussion  

We for the first time report the potential therapeutic activity of highest dose level of ECT 

against histamine- and OVA-induced asthma in animals. In addition, ECT (400 mg/kg) 

exhibited anti-tussive and anti-inflammatory activities in experimental animals. Taken into 
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consideration of the above facts, it can be assumed that standardized ECT may be considered 

as a potential therapeutic option in the management of allergy-induced asthma.         

In the present in vitro study, ECT at 10 mg/ml concentration significantly attenuated 

histamine-induced contraction of goat trachea and guinea pig ileum. These observations 

indicate that standardized ECT probably exhibited anti-histaminergic activity. Additional in 

vivo study revealed that ECT (400 mg/kg) delayed onset of histamine-induced dyspnoea in 

guinea pigs. These reports further strengthen the assumption that the standardized ECT 

possesses significant anti-histaminergic activity. In support to our results, earlier reports 

suggest that roots of CT exhibit anti-histaminergic activity in experimental animals 

(Parimaladevi et al., 2003; Taur and Patil, 2010). Hence, it could be presumed that the 

therapeutic active constituent(s) may be common to root and flower of CT.          

It has been well accepted that OVA sensitization followed by its challenge develops 

asthmatic symptoms in the experimental animals. There is a characteristic histological 

alteration in the airways of the animals (Kucharewicz et al., 2008). Moreover, OVA 

sensitization increases histamine- and cytokine-mediated infiltration of eosinophils into the 

mucosa of airways (Lukacs, 2001; Song, 2016). Our results demonstrate that ECT attenuated 

OVA-induced asthmatic symptoms such as airway inflammation and mucus hypersecretion in 

the animals. Further, ECT attenuated immune responses especially IL-1β and IL-6-mediated 

inflammatory response and mucus hypersecretion in the rodents. It has been well documented 

that cytokines such as IL-1β and IL-6 trigger the differentiation of airway epithelial cells into 

mucus-producing goblet cells that culminate into the production of more mucus into the 

airways (Dabbagh et al., 1999). In other reports, it has been suggested that histamine is an 

important mediator in the initiation and the development of antigen-induced airway responses 

and inflammation (Shimizu et al., 2000). Considering the above facts, it can be assumed that 

ECT could be a therapeutic option in the management of allergen-induced asthma.   
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Citric acid-induced cough is considered as one of the best model for assessing the 

anti-tussive effects of medicinal plants and synthetic compounds. The inhalation of citric acid 

causes bronchial hyper-responsiveness and hypersensitivity to histamine-induced 

microvascular leakage. It has also been suggested that citric acid stimulates histaminergic 

receptors that are located in the larynx and upper airways of the respiratory tract by opening 

the pH gated ion channels to induce bronchial contraction and cough (Canning, 2006). ECT 

attenuated the latent period and number of bouts in the rodents. These observations could be 

correlated to the anti-histaminergic and anti-allergy effects of ECT, and thus this therapeutic 

alternative can be considered as an anti-tussive agent however subject to further 

investigations. SO2 induced cough model is also used for evaluation of antitussive potential 

of a traditional candidate medicine (Wang et al., 2011; Han et al., 2010). ECT also attenuated 

the latent period and number of bouts in experimentally induced cough in mice using SO2. 

Determination of underlying mechanism of beneficial effect is major topic requiring further 

comprehensive investigation. 

It has been well suggested that histamine plays a significant role in the pathogenesis 

of inflammation (Amin, 2012). As the present study demonstrates the anti-histaminergic 

activity of ECT and carrageenan is one of the mediators to modulate the activity of histamine 

and can induce inflammation, we carried out the anti-inflammatory activity of ECT in 

carrageenan-induced paw edema in rats. The carrageenan-induced paw edema is a well 

defined model of acute inflammation that includes several inflammatory mediators in the 

development of time-dependent edema (Vinegar et al., 1987). In the first phase (1-2 hr after 

carrageenan administration) histamine is first detected and in the later phase (2-3 hr after 

carrageenan administration) being attributed to serotonin, kinins and prostaglandins (Necas 

and Bartosikova, 2013). Subsequently, carrageenan injection also provokes the release of 

certain important pro-inflammatory cytokines such as IL-1 β and IL-6 and cytokine-induced 
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neutrophil chemo-attractant (Cuzzocrea et al., 1999; Mansouri et al., 2015; Boughton et al., 

1993). Cotton pellet induced granuloma model is considered a reliable in vivo model for studying 

chronic inflammatory condition. Efficacy of drug in this model clearly highlights inhibitory 

activity on leucocytes infiltration, aggregation and release pro-inflammatory cytokine 

including IL1-β and IL-6 (Kumar et al., 2016). Based on the above observations, it can be 

postulated that ECT could be considered as a potential anti-allergy and anti-inflammatory and 

thus anti-asthma candidate.     

In conclusion, ECT exhibited beneficial effect against histamine- and OVA-induced 

asthma in animals. Moreover, ECT exhibited anti-tussive and anti-inflammatory activities in 

experimental animals. Taken into consideration of the above facts, it can be assumed that 

standardized ECT could be considered as a potential therapeutic alternative in the 

management of allergy-induced asthma.         
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Figure-1: HPTLC chromatograms of standard quercetin (A) and ethanolic extract of C. 

trenatea flower (ECT). X-axis represents absorbance unit (AU) and Y-axis represents 

retention factor (Rf) for each chromatogram.      

Figure-2: Effect of ECT (2.5, 5 and 10 mg/ml) on maximum effective dose (Emax) of 

histamine (Hist)-induced contraction in isolated goat tracheal chain (A), Emax of Hist- and 

acetylcholine (ACh)-induced contraction in isolated tracheal chain (B and C respectively) and 

ileum (D and E respectively) preparation of  guinea pig. All values are Mean ± SEM (n = 6). 

*P<0.05 and 
#
P<0.05 compared to Hist and Hist + ECT (2.5 mg/ml) respectively (One-way 

ANOVA followed by Student Newmann Keuls Post-hoc test).      

Figure-3: Effect of ECT (100, 200 and 400 mg/kg) on ovalbumin (OVA) sensitized and 

challenged alterations in the levels of interleukin (IL)-1β (A) and IL-6 (B) in BALF in mice. 

All values are Mean ± SEM (n = 6). 
a
P<0.05, 

b
P<0.05 and 

c
P<0.05 compared to Vehicle, 

ECT-100 and ECT-200 group respectively (One-way ANOVA followed by Student 

Newmann Keuls Post-hoc test).    

Figure-4: Effect of ECT (100, 200 and 400 mg/kg) on OVA sensitized and challenged 

alterations in the levels of immunoglobulin E (IgE; A) and IgG1 (B) in BALF in mice. All 

values are Mean ± SEM (n = 6). 
a
P<0.05, 

b
P<0.05 and 

c
P<0.05 compared to Vehicle, ECT-

100 and ECT-200 group respectively (One-way ANOVA followed by Student Newmann 

Keuls Post-hoc test).   
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Figure-5: Histopathological observation of treatment effect of ECT (100, 200 and 400 

mg/kg) on OVA sensitized and challenged alterations in the cytoarchitecture of mice lung 

tissue (haematoxylin and eosin staining). Representative histological section of mice lung of 

Vehicle (A), ECT-100 (B), ECT-200 (C), ECT-400 (D) and DEX (E). (Arrow marks indicate: 

Grey: inflammation in perivascular area and Black: inflammation in peribronchial area).   

Figure-6: Effect of ECT (100, 200 and 400 mg/kg) on OVA sensitized and challenged 

alterations in the inflammation score in peribronchial (A), perivascular (B) and total tissue 

section (C) of mice lung. All values are Mean ± SEM (n = 6). 
a
P<0.05, 

b
P<0.05 and 

c
P<0.05 

compared to Vehicle, ECT-100 and ECT-200 group respectively (Kruskal-Wallis test 

followed by Dunns multiple comparison test).    

Figure-7: Effect of ECT (100, 200, 400 mg/kg) on sulphur dioxide-induced cough in mice. 

All values are Mean ± SEM (n = 6). 
a
P<0.05, 

b
P<0.05, 

c
P<0.05 and 

d
P<0.05 compared to 

Vehicle, ECT-100, ECT-200 and ECT-400 group respectively (Repeated measures two-way 

ANOVA followed by Bonferroni Post-hoc test).     

Figure-8: Effect of ECT (100, 200 and 400 mg/kg) on latent period to cough (A) and number 

of bouts (B) in citric acid exposed guinea pigs. All values are Mean ± SEM (n = 6). 
a
P<0.05, 

b
P<0.05 and 

c
P<0.05 compared to Vehicle, ECT-100 and ECT-200 group respectively (One-

way ANOVA followed by Student Newmann Keuls Post-hoc test).  

Figure-9: Effect of ECT (100, 200 and 400 mg/kg) on acetic acid-induced vascular 

permeability in terms of leakage of dye in rats. All values are Mean ± SEM (n = 6). 
a
P<0.05, 

b
P<0.05 and 

c
P<0.05 compared to Vehicle, ECT-100 and ECT-200 group respectively (One-

way ANOVA followed by Student Newmann Keuls Post-hoc test).  

Figure-10: Effect of ECT (100, 200 and 400 mg/kg) on cotton pellet-induced granuloma 

formation in terms of weight of cotton pellet in rats. All values are Mean ± SEM (n = 6). 
a
P<0.05, 

b
P<0.05 and 

c
P<0.05 compared to Vehicle, ECT-100 and ECT-200 group 

respectively (One-way ANOVA followed by Student Newmann Keuls Post-hoc test).       
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Table-1: Effect of ECT (100, 200 and 400 mg/kg) on histamine-induced onset of dyspnoea in 

guinea pig   

Group PCT1 (sec) PCT2 (sec) Mean exposition 

time (sec) 

% Protection 

Vehicle  115.6 ± 

13.6 

116.8 ± 

29.8 

    1.5 ± 0.2 1.2  

ECT-100 117.2 ± 

14.2 

118.5 ± 

27.3 

    2.7 ± 0.4 2.3 

ECT-200 110.6 ± 139.4 ±   25.4 ± 5.5 18.7 
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12.9 31.8 

ECT-400 114.8 ± 

15.8 

487.8 ± 

37.6 

386.3 ± 29.4
 a,b,c

 78.5 

CPM-2 119.6 ± 

17.6 

590.7 ± 

35.4 

473.4 ± 31.7
 a,b,c

 80.3 

All values are Mean ± SEM (n = 6). 
a
p<0.05 compared to Vehicle, 

b
p<0.05 compared to 

ECT-100 and 
c
p<0.05 compared to ECT-200 (One-way ANOVA followed by Student 

Newmann Keuls Post-hoc test).     

 

Table-2: Effect of ECT (100, 200 and 400 mg/kg) on OVA-induced alterations in differential 

cell counts in BALF in mice 

Group Total 

leukocytes 

(cu/mm) 

Neutrophiles 

(cu/mm) 

Eosinophiles 

(cu/mm) 

Macrophages 

(cu/mm) 

Lymphocytes 

(cu/mm)  

Vehicle  18326.2 ± 924.4 839.1 ± 78.4 925.4 ± 68.5 8587.3 ± 513.3 235.3 ± 22.1 

ECT-

100  

17565.4 ± 

1210.7 

755.3 ± 79.2 852.3 ± 79.7 8641.4 ± 631.4 156.2 ± 20.6 

ECT-

200  

16879.3 ± 

1205.6 

710.2 ± 74.5 825.5 ± 71.6 8379.8 ± 684.1 147.3 ± 18.4 

ECT-

400  

8674.3 ± 1150.3
 

a,b,c
 

246.4 ± 42.8
 

a,b,c
 

431.2 ± 62.2 
a,b,c

 

4231.4 ± 231.5
 

a,b,c
 

 58.4 ± 14.8
 

a,b,c
 

DEX-1  6854.5 ± 860.2
 

a,b,c
 

185.3 ± 41.7
 

a,b,c
 

398.5 ± 59.8
 

a,b,c
 

3784.2 ± 221.3
 

a,b,c
 

 49.5 ± 15.4
 

a,b,c
 

All values are Mean ± SEM (n = 6). 
a
p<0.05 compared to Vehicle, 

b
p<0.05 compared to 

ECT-100 and 
c
p<0.05 compared to ECT-200 (One-way ANOVA followed by Student 

Newmann Keuls Post-hoc test).     
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Table-3: Effect of ECT (100, 200 and 400 mg/kg) on Carrageenan-induced paw edema in the 

rats     

Groups Increase in paw volume in mL at 

 1 hr 2 hr 3 hr 4 hr 6 hr 

Vehicle 0.70 ± 0.03 1.22 ± 0.05 1.80 ± 0.07 2.10 ± 0.06 2.50 ± 0.08 

ECT-100  0.69 ± 0.04 1.12 ± 0.05 1.73 ± 0.09 1.99 ± 0.09 2.45 ± 0.09 

ECT-200  0.64 ± 0.07 1.10 ± 0.08 1.68 ± 0.08 1.89 ± 0.08 2.41 ± 0.07 

ECT-400  0.60 ± 0.06 0.62 ± 0.07
 a,b,c

 0.55 ± 0.08
 

a,b,c
 

0.53 ± 0.07
 

a,b,c
 

0.59 ± 0.08
 

a,b,c
 

IND 0.12 ± 0.03
 

a,b,c,d
 

0.30 ± 0.03
 

a,b,c,d
 

0.50 ± 0.04
 

a,b,c
 

0.50 ± 0.03
 

a,b,c
 

0.60 ± 0.04
 

a,b,c
 

All values are Mean ± SEM (n = 6). 
a
p<0.05 compared to Vehicle, 

b
p<0.05 compared to 

ECT-100 and 
c
p<0.05 compared to ECT-200 (Repeated measures two-way ANOVA 

followed by Bonferroni Post-hoc test).           

 

 




