
Currents in Pharmaceutical Research (CPR) 
Volume 2 Issue 2, Fall 2024 
ISSN(P): 3007-3235, ISSN(E): 3007-3243 
Homepage: https://journals.umt.edu.pk/index.php/cpr          

 
 
Article QR   

 
 

 
 

 
 
  
 
 

 
 
 
 

 
A publication of 

The School of Pharmacy   
University of Management and Technology, Lahore, Pakistan   

Title: Evaluation of Viola canescens Wall Ex. Roxb. for Anti-asthmatic and 
Antitussive Activities and Isolation of Bioactive Compound 

Author (s): Abdullah1, Irfan Ullah1, Waqar Ahmad1, Muhammad Ibrar2, and Bashir Ahmad3  
Affiliation (s): 1Department of Pharmacy, University of Malakand, Chakdara Dir Lower, Pakistan 

2Department of Pharmacy, Bacha Khan University, Charsadda, Pakistan 
3Department of Zoology, University of Malakand, Chakdara Dir Lower, Pakistan 

DOI: https://doi.org/10.32350/cpr.22.01     

History: Received: July 13, 2024, Revised: September 02, 2024, Accepted: October 12, 2024, 
Published: November 15, 2024 

Citation: Abdullah, Ullah I, Ahmad W, Ibrar M, Ahmad B. Evaluation of viola canescens 
wall ex. Roxb. for anti-asthmatic and antitussive activities and isolation of 
bioactive compound. Curr Pharma Res. 2024;2(2):01–21. 
https://doi.org/10.32350/cpr.22.01        

Copyright: © The Authors 
Licensing:  This article is open access and is distributed under the terms of 

Creative Commons Attribution 4.0 International License       

Conflict of 
Interest: 

Author(s) declared no conflict of interest     

https://journals.umt.edu.pk/index.php/cpr
https://doi.org/10.32350/cpr.22.01
https://doi.org/10.32350/cpr.22.01
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


2 Currents In Pharmaceutical Research 
 

Volume 2 Issue 2, Fall 2024 

Evaluation of Viola canescens Wall Ex. Roxb. for Anti-asthmatic and 
Antitussive Activities and Isolation of Bioactive Compound 
Abdullah1∗, Irfan Ullah1, Waqar Ahmad1, Muhammad Ibrar2, and Bashir Ahmad3 
1Department of Pharmacy, University of Malakand, Chakdara Dir Lower, Pakistan 
2Department of Pharmacy, Bacha Khan University, Charsadda, Pakistan 
3Department of Zoology, University of Malakand, Chakdara Dir Lower, Pakistan 

ABSTRACT  
Folklorically, Viola canescens (VC) is used for the treatment of respiratory 
disorders, such as cough and asthma. The current study aimed to evaluate 
VC for anti-asthmatic and anti-tussive activities and isolate the bioactive 
compound. The plant was collected, extracted, and fractionated, with the 
isolation of compounds via column chromatography. Solvent extracts of VC 
were evaluated for anti-asthmatic and anti-tussive activities in animal 
models. The purified compound obtained from ethyl acetate fraction (EF) 
via column chromatography was identified by Mass and 1H-NMR 
spectroscopic techniques. The EF (at 200 mg/kg/day for 21 days) 
significantly increased latency to pre-convulsive dyspnea (PCD) as 
compared to control. Similarly, mucous viscosity of the sensitized group 
was reduced significantly by EF (at 200 mg/kg). In isolated guinea pig’s 
ileum preparation, the EF (at 25 μg/ml) exhibited maximum relaxant 
activity (48.83 ± 1.5% inhibition at 0.8 ml) against histamine-induced 
contractions (p<0.01). The citric acid-induced cough bouts in guinea pigs 
were significantly reduced by EF (58.13 ± 3.1% at 200 mg/kg). The EF also 
significantly inhibited the secretion of phenol red dye (43.02 ± 3.1% at 200 
mg/kg). A flavonoid (quercetin) was isolated from the EF that may be 
probably responsible for anti-asthmatic and anti-tussive activities of the 
plant.   
Keywords: asthma, cough, flavonoids, Viola canescens (VC), ovalbumin  
1.INTRODUCTION  

The history of the use of medicinal plants for the treatment of different 
diseases is as old as man himself. During the past few decades, the use of 
herbal medicine has been revived due to multiple reasons [1]. Globally, 
respiratory diseases are the significant and one of the most common causes 
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of morbidity and mortality. In Pakistan, acute respiratory infections 
represent 30-60% of outdoor patients in hospitals [2]. Common respiratory 
diseases include common cold, cough, bronchitis, asthma, and whooping 
cough. Worldwide, asthma affects approximately 262 million people, 
causing 4.5 million deaths, and the number of patients is expected to 
increase over time [3]. In Pakistan, the prevalence of asthma is increasing 
day by day with 5% annual increment, out of which 20-30% are children. It 
has been reported that 12% of Pakistan’s adult population is suffering from 
asthma [4].    

Respiratory passages become over-responsive in asthma, accompanied 
by increased mucus production which results in episodic coughing, 
wheezing, and shortness of breath. Cough is also a respiratory disease 
caused by different etiological agents. It may coexist with asthma and 
reduce the quality of life significantly [5]. Cough affects about 40% of the 
world’s population. Drugs having anti-tussive activity are often used in 
asthma [6]. Herbal medicine is increasingly used in the treatment of asthma 
and cough due to cultural practices and beliefs, supposed few adverse 
effects, active marketing by manufacturers, and the relatively low cost [6, 
7]. The current treatment of asthma involves only symptomatic relief by the 
administration of corticosteroids and anti-inflammatory drugs in 
combination with bronchodilators, such as 𝛽𝛽2-adrenergic agonists. 
Therefore, there is a dire need for better drugs with improved patient 
compliance that can modify the nature of disease [8, 9].  

The emergence of COVID-19 pandemic caused widespread morbidity 
and mortality worldwide [10]. This situation is extremely alarming for 
asthmatic patients as COVID-19 aggravates asthma [11]. The Centre for 
Disease Control and Prevention (CDC) has warned that asthmatic patients 
are at a high risk of pneumonia and acute respiratory distress caused by 
COVID-19 pandemic [12]. In this scenario, new strategies for the treatment 
of asthma are direly needed.    

Viola canescens (VC) Wall Ex Roxb. from family Violaceae is a herb 
that grows in the hilly areas of Khyber Pakhtunkhwa (KPK) in Pakistan [13, 
14]. According to the folklore, it is used in the treatment of jaundice and 
cancer as antipyretic and carminative and also used in various nervous 
diseases [15, 16]. Furthermore, it is also used to relieve epilepsy, stomach 
acidity, rheumatism, eczema, respiratory disorders [17, 18], malaria, 
dysentery. It is also helpful in regulating menstruation, leucorrhoea, 
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aphrodisiac, and headache [18]. VC has been shown to possess antioxidant, 
membrane stabilizing, hepatoprotective [19], and anti-malarial properties 

[20]. Secondary metabolites reported in the plant include saponins, phenols, 
alkaloids, flavonoids, tannins, and triterpenes [19]. No research has been 
conducted so far on anti-asthmatic and anti-tussive activities of the plant 
despite its ethnomedicinal usefulness in the treatment of these disorders. 
Therefore, solvent extracts of the plant were evaluated to test these 
properties and column chromatography was also carried out for isolation 
and purification of compound that may be probably responsible for these 
effects. 
2.MATERIALS AND METHODS 
2.1.Plant Collection and Extraction  

VC was collected in March from Dir Lower, KPK, Pakistan. It was 
positively identified by taxonomists and voucher specimens submitted to 
the Herbarium with reference No H. UOM. BG. 277. It was dried under 
shade, ground, and the powder plant material (4.67 kg) was soaked in 
commercial-grade methanol for 3 weeks. It was filtered through filter paper 
and concentrated in rotary evaporator (Heidolph, Laborota 4000 efficient, 
Germany) to obtain Viola canescens methanolic extract (VCME). This was 
partitioned in separating funnel to get n-hexane (NHF), chloroform (CF), 
ethyl acetate (EF), and aqueous fractions (AQF).   
2.2.Experimental Animals    

Guinea pigs and BALB/c mice were picked up from the Veterinary 
Research Institute Peshawar and kept in the animal house; served with 
standard diet with 12/12 h light-dark cycle. Approval from the Research 
Ethics Committee, Department of Pharmacy, University of Malakand was 
also obtained (No. DREC/20160503-15).  
2.3.Anti-asthmatic Activity   

2.3.1. Histamine Induced Pre-convulsive Dyspnea (PCD). Guinea 
pigs (470-580 g) were randomly grouped into eighteen (n=5). Group I 
animals, non-sensitized, were orally treated with distilled water (2 
ml/kg/day). Group II were ovalbumin (OVA)-sensitized animals, orally 
given distilled water (2 ml/kg) and group III-V animals were OVA-
sensitized, treated with VCME p/o at 50, 100 and 200 mg/kg. While, group 
VI-VIII were OVA-sensitized animals, administered with NHF at 50, 100, 
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and 200 mg/kg p/o. Similarly, group IX-XI animals were OVA-sensitized, 
treated with CF at 50, 100, and 200 mg/kg p/o. Group XII-XIV were OVA-
sensitized, treated with EF at 50, 100, and 200 mg/kg; group XV-XVII were 
OVA-sensitized, treated with AQF at 50, 100, and 200 mg/kg. Group XVIII 
animals were orally administered salbutamol (0.5 mg/kg).   

Guinea pig’s sensitization was conducted by treatment with OVA (100 
mg/kg i.p) on the 1st day, followed by 50 mg/kg on the 2nd and the 20th day. 
On the 21st day, 1 h after the last dose, the animals were exposed to 
histamine dihydrochloride aerosol (0.2%) in a glass chamber until 
preconvulsive dyspnea (PCD) was observed. After the removal of guinea 
pigs from the chamber, they were then exposed to fresh air for recovery, 
followed by determination of the latency to PCD [21, 22]. 

2.3.2.Determination of WBC and Lymphocyte Count. Blood sample 
(1 ml) was taken from the abdominal aorta. The number of white blood cells 
(WBC) and lymphocytes was determined by automated blood analyzer 
(Hematology analyzer, BK-3200, Biobase China) [23]. 

2.3.3.Measurement of Mucus Viscosity. Tracheas (2 cm) were isolated 
from guinea pigs up to the point of thoracic bifurcation. It was then rinsed 
with normal saline (2 ml) for five minutes, followed by viscosity 
determination of the tracheal fluid [24]. Briefly, fluid from trachea (1.0 ml) 
was obtained by 1.0 ml syringe. The needle point of the syringe was kept 
downwards in a stand. The syringe plunger was carefully removed and the 
fluid was allowed to drop under gravity. The emptying time of tracheal fluid 
out of syringe was noted using a stopwatch. The flow rate was used as 
viscosity index and calculated as vol/sec (ml/sec) by formula [24].  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑣𝑣𝑣𝑣𝑀𝑀𝑀𝑀𝑣𝑣𝑀𝑀𝑣𝑣𝑣𝑣𝑣𝑣 �
𝑚𝑚𝑚𝑚
𝑀𝑀𝑠𝑠𝑀𝑀

�

=  
1 𝑚𝑚𝑚𝑚

𝑇𝑇𝑣𝑣𝑚𝑚𝑠𝑠 𝑣𝑣𝑡𝑡𝑡𝑡𝑠𝑠𝑡𝑡 𝑓𝑓𝑣𝑣𝑓𝑓 𝑣𝑣𝑓𝑓𝑡𝑡𝑀𝑀ℎ𝑠𝑠𝑡𝑡𝑚𝑚 𝑓𝑓𝑚𝑚𝑀𝑀𝑣𝑣𝑓𝑓 𝑣𝑣𝑓𝑓 𝑀𝑀𝑣𝑣𝑓𝑓𝑣𝑣𝑡𝑡𝑠𝑠𝑠𝑠 𝑣𝑣𝑣𝑣 𝑏𝑏𝑠𝑠 𝑠𝑠𝑚𝑚𝑒𝑒𝑣𝑣𝑣𝑣𝑠𝑠𝑓𝑓 
 ×  1 𝑀𝑀𝑠𝑠𝑀𝑀 

2.3.4.Ex-vivo Anti-asthmatic Activity. After dissecting the abdomen 
of guinea pigs, ileum was removed and shifted to an organ bath containing 
Tyrode’s solution (15 ml), maintained at 37 ± 1°C temperature and 
continuously aerated. The dose-response curve for histamine was 
determined in Tyrode solution containing VC (25 μg/ml) and the response 
to drugs was determined on kymograph (Student kymograph, Pan Lab S.L 
Energia, Barcelona Spain). The tissue was equilibrated for 30 minutes and 
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the solution was changed at 10 minutes interval. Histamine-induced (2.5 
μg/ml) contractile responses of ileum in the presence and absence of the 
various fractions of VC were determined [25]. 
2.4.Anti-tussive Evaluation  

Citric acid and phenol red expectoration models were used for the 
evaluation of anti-tussive activity. 

2.4.1. Citric Acid-induced Cough. Guinea pigs were exposed to citric 
acid (7.5% aerosol) one day prior to experiment for five minutes and the 
number of cough bouts was noted. Animals exhibiting cough bouts of 13 ± 
5 were erratically grouped into seventeen (n=5) and were orally 
administered various fractions of VC for one week. Group I animals were 
administered distilled water p/o (2 ml/kg/day), groups II-IV were orally 
treated with VCME 50, 100, and 200 mg/kg, and groups V-XVI were 
administered NHF, CF, EF, and AQF at 50, 100, and 200 mg/kg daily. 
While, group XVII administered codeine phosphate (25 mg, p.o). On the 7th 
day, 1 h after the administration of last dose, animals were re-exposed to 
7.5% citric acid aerosol followed by counting the numbers of bouts of 
cough. The percentage inhibition of cough bouts was calculated by formula 
[26]. 

% 𝐼𝐼𝑡𝑡ℎ𝑣𝑣𝑏𝑏𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑡𝑡 =
𝑁𝑁𝑣𝑣 − 𝑁𝑁𝑣𝑣
𝑁𝑁𝑣𝑣

× 100 

where, No is the number of cough bouts before treatment; Nt is the number 
of cough bouts after treatment. 

2.4.2.Phenol Red Expectoration. Mice (20-30 g) were randomly 
grouped into seventeen (n= 5). The experiment was carried out for seven 
consecutive days [27]. Group I animals were administered with distilled 
water (2 ml/kg/day, p.o), groups II-IV were orally treated with VCME at 
50, 100, and 200 mg/kg, and group V-XVI were administered NHF, CF, 
EF, and AQF at 50, 100, and 200 mg/kg daily. Group XVII was treated with 
sodium cromoglycate (50 mg, i.p). 

  On the 7th day, 1 h after the administration of last dose, ammonium 
chloride (5 mg/kg) was orally administered to all groups. After 30 minutes 
of ammonium chloride administration, phenol red (0.5 g/kg) was 
administered intraperitoneally to all groups. All the animals were 
euthanized by cervical dislocation and their trachea was cut down and 
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placed in normal saline (2 ml) separately in test tubes. Sodium hydroxide 
(0.1 ml, 1 N) was added to stabilize the pH and the absorbance of dye 
secreted from trachea was measured at 460 nm by UV-visible 
spectrophotometer [28].   

%𝑣𝑣𝑡𝑡ℎ𝑣𝑣𝑏𝑏𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑡𝑡 =  
𝐶𝐶𝑀𝑀 − 𝐶𝐶𝑣𝑣
𝐶𝐶𝑀𝑀

 × 100 

where, Cc is the concentration of dye secreted in control group and Ct is the 
concentration of dye secreted in test group. 
2.5.Column Chromatography and Isolation of Compound 

The column chromatography of EF was done using silica gel by 
employing slurry method. The column was eluted with pure n-hexane, 
followed by ethyl acetate: n-hexane, gradually increasing the polarity of the 
mixture and was finally eluted with 100% ethyl acetate. The eluates were 
concentrated separately in a rotary evaporator at 40°C, followed by TLC 
analysis [29, 30]. Fractions with same Rf were pooled for further 
chromatography. The 90% EF of VC was re-chromatographed and eluted 
with 5% ethyl acetate: hexane, and then collected in vials and dried. 
Chromatography continued until pure compound was obtained.   
2.6.Statistical Analysis 

Statistical analyses were performed by one-way-ANOVA following 
post-hoc Tukey test for multiple comparisons via SPSS version 16. 
3.RESULTS 
3.1.Percentage Yield                       

The percentage yield of VCME was 8.748% (408.56 g). VCME (70 g) 
was retained for biological activities, while 338 g was used for fractionation 
to get 22.6 g n-hexane (6.68%), 7.9 g CF (2.33%), 10.7 g EF (3.17%), and 
272 g AQF (80.47%).    
3.2.Anti-asthmatic Activity   

3.2.1.Effect on Latency to PCD. Figure 1 shows that VC at 
concentrations of 50, 100, and 200 mg/kg/day significantly inhibited 
bronchoconstriction induced by histamine as observed from the latency to 
PCD, compared with the control group. VCME showed 8.06 ± 1.6%, 13.07 
± 2.6%, and 24 ± 2.2%, and CF showed 11.5 ± 2.6%, 19.42 ± 1.5%, and 31 
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± 1.8% latency to PCD at 50, 100, and 200 mg/kg, respectively. While, EF 
exhibited 14.18 ± 1.9%, 22.86 ± 1.5%, and 37.4 ± 3.1% latency to PCD at 
50, 100, and 200 mg/kg, respectively. 
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NHF CF EF
AQF

0
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20
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40
VC (50 mg/kg)
VC (100 mg/kg)
VC (200 mg/kg)
Salbutamol (0.5 mg/kg)
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***

%
 In

hi
bi

tio
n

 
Figure 1. Effect of Viola canescens on Latency to PCD in Guinea Pigs 
All values were taken as Mean ± SEM. Statistical analysis was performed 
by one-way ANOVA following post-hoc Tukey test, where *** = p < 
0.001, ** =   p < 0.01 as compared to control. 
VC, Viola canescens; VCME, Viola canescens methanolic extract; NHF, 
n-hexane fraction; CF, chloroform fraction; EF, ethyl acetate fraction; 
AQF, aqueous fraction.  

3.2.2.Effect on WBC and Lymphocyte Counts. There was no 
significant change in lymphocyte and total number of WBC as shown in 
Table 1. Highest average WBC number was observed in the OVA group 
and lowest in the control group.   
Table 1. Effect of Viola canescens on WBC and Lymphocyte Counts of 
Guinea Pigs   

Groups Dose 
(Quantity/kg/day) 

WBC counts 
(cmm) 

Lymphocyte 
counts (%) 

NHF 

Control (2 ml DW) 
Sensitized (2 ml DW) 
NHF (50 mg) 
NHF (100 mg) 
NHF (200 mg) 

3100 
4200 
3900 
3700 
3400 

44 
38 
36 
47 
48 
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Groups Dose 
(Quantity/kg/day) 

WBC counts 
(cmm) 

Lymphocyte 
counts (%) 

Salbutamol (0.5 mg) 3500 41 

CF 

Control (2 ml DW) 
Sensitized (2 ml DW) 
CF (50mg) 
CF (100 mg) 
CF (200 mg) 
Salbutamol (0.5 mg) 

3100 
4200 
3800 
3700 
3300 
3500 

44 
38 
34 
42 
40 
41 

EF 

Control (2 ml DW) 
Sensitized (2 ml DW) 
EF (50 mg) 
EF (100 mg) 
EF (200 mg) 
Salbutamol (0.5 mg) 

3100 
4200 
4000 
3800 
3300 
3500 

44 
38 
39 
43 
49 
41 

AQF 

Control (2 ml DW) 
Sensitized (2 ml DW) 
AQF (50 mg) 
AQF (100 mg) 
AQF (200 mg) 
Salbutamol (0.5 mg) 

3100 
4200 
4200 
4000 
3800 
3500 

44 
38 
37 
42 
36 
41 

VCME 

Control (2 ml DW) 
Sensitized (2 ml DW) 
VCME (50 mg) 
VCME (100 mg) 
VCME (200 mg) 
Salbutamol (0.5 mg) 

3100 
4200 
4100 
3900 
3900 
3500 

44 
38 
38 
33 
40 
41 

3.2.3.  Effect of VC on Mucus Viscosity. The viscosity of mucus in 
trachea was significantly reduced by various fractions of VC as compared 
to the sensitized untreated group (Table 2). The activity of CF and EF was 
significantly higher than other solvent extracts of VC.   
Table 2. Effect of Viola canescens on Mucus Viscosity 

Groups Dose (Quantity/kg/day) Mucus viscosity  
(ml/sec) × 10-3 

NHF Control  (2 ml DW) 
Sensitized (2 ml DW) 

18.80 

13.91 
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Groups Dose (Quantity/kg/day) Mucus viscosity  
(ml/sec) × 10-3 

NHF (50 mg) 
NHF (100 mg) 
NHF (200 mg) 
Salbutamol (0.5 mg) 

19.32 

19.91 

20.13 

21.36 

CF 

Control (2 ml DW) 
Sensitized (2 ml DW) 
CF (50 mg) 
CF (100 mg) 
CF (200 mg) 
Salbutamol (0.5 mg) 

18.80 

13.91 

19.68 

20.14 
20.83 

21.36 

EF 

Control (2 ml DW) 
Sensitized (2 ml DW) 
EF (50 mg) 
EF (100 mg) 
EF (200 mg) 
Salbutamol (0.5 mg) 

18.80 

13.91 

19.53 

20.04 

20.72 

21.36 

AQF 

Control (2 ml DW) 
Sensitized (2 ml DW) 
AQF (50 mg) 
AQF (100 mg) 
AQF (200 mg) 
Salbutamol (0.5 mg) 

18.80 

13.91 

18.84 

18.90 

19.49 

21.36 

VCME 

Control (2 ml DW) 
Sensitized (2 ml DW) 
VCME (50 mg) 
VCME (100 mg) 
VCME (200 mg) 
Salbutamol (0.5 mg) 

18.80 

13.91 

18.83 

19.11 

20.09 

21.36 

3.2.4.Ex-vivo Anti-asthmatic Activity. Histamine-induced contraction 
of isolated guinea pig ileum preparation was significantly inhibited by VC 
(25 μg/ml) (Figure 2), showing its H1 receptor antagonistic activity that is 
responsible for anti-asthmatic activity. VCME exhibited 37.5 ± 2.6% and 
EF showed 48.14 ± 1.5% inhibition of histamine-induced contraction of 
guinea pig ileum at 200 mg/kg as compared to control (p < 0.01). 
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Figure 2. Percent Inhibition of V. canescens on Histamine-induced 
Contraction in Guinea Pig Ileum 
All values were taken as Mean ± SEM. Statistical analysis was performed 
by one-way ANOVA following post-hoc Tukey test, where *** = p < 
0.001, ** = p < 0.01 as compared to control.  
3.3.Anti-tussive Activity 

3.3.1.Effect of VC on Cough. Figure 3 shows that VC exhibited dose-
dependent inhibition of cough induced by citric acid. VCME showed 24 ± 
2.6%, 38.83 ± 2.4%, and 41.74 ± 2.6% inhibition, while EF exhibited 47.91 
± 1.7%, 51.15 ± 1.9%, and 58.13 ± 3.1% inhibition at 50, 100, and 200 
mg/kg, respectively. While, codeine phosphate inhibited 65.69 ± 2.3% of 
citric acid-induced cough at 25 mg/kg. 
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Figure 3. Effect on Citric Acid-induced Cough Bouts  
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All values were taken as Mean ± SEM. Statistical analysis was performed 
by one-way ANOVA following post-hoc Tukey test, where *** = p < 
0.001, ** = p < 0.01 as compared to control.    

3.3.2.Effect of VC on Phenol Red Dye Secretion in Mice. VC 
exhibited dose-dependant inhibition of phenol red dye secretion in mice as 
compared to control (Figure 4). VCME demonstrated 8.23 ± 2.6%, 10.23 ± 
2.1%, and 19.52 ± 1.3% inhibition of phenol red secretion at 50, 100, and 
200 mg/kg, respectively. EF exhibited 14.5 ± 1.9%, 27.3 ± 1.4%, and 43.02 
± 3.1% inhibition of dye at 50, 100, and 200 mg/kg, respectively. While, 
sodium cromoglycate inhibited 32.14 ± 2.3% of phenol red dye secretion 
into tracheal fluid at 50 mg/kg. 
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Figure 4. Percent Inhibition of Phenol Red Dye Secretion in Mice 
All values were taken as Mean ± SEM. Statistical analyses were performed 
by one-way-ANOVA following post-hoc Tukey test, where *** = p < 
0.001, ** = p < 0.01 as compared to control. 
3.4.Compound Isolation 

The isolated compound was obtained as yellow amorphous powder, 
soluble in acetone with melting point 316°C, molecular weight 302, and 
molecular formula C15H10O7. 

3.4.1. Mass Spectra of Isolated Compound. The molecular ion peak 
in the EI-MS spectrum of the compound was at m/z 302.0 and the other 
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peaks were visible at m/z 128, 142, 153, 229, 245, and 274 (Supplementary 
data). 

3.4.2.Proton NMR Spectrum of Compound. The P-NMR data of 
isolated compound matched with the previously reported one. Proton NMR 
spectrum of the compound (in acetone-d6 at 400 MHz) exhibited chemical 
shift values δ 6.85 (1H, d, J = 8.0 Hz, H-5'), 7.55 (1H, dd, J = 8.0, 2.0 Hz, 
H-6'), 6.37 (1H, J = 2.0 Hz, H-8), 7.67 (1H, d, J = 2.0 Hz, H-26.12 (1H, d, 
J = 2.0 Hz, H-6), 12.16 (s, H5/OH) (Supplementary data). 
4. DISCUSSION  

Respiratory diseases are increasing due to uncontrolled pollution that 
has attracted the attention of scientists recently [31, 32]. The current study 
showed that the solvent extracts of VC inhibit histamine-induced 
bronchoconstriction in guinea pigs and prevent chemical-induced cough. It 
has already been determined in the published researches that VC extracts 
have a wide margin of safety up to 2 g/kg body weight [19].  

Ovalbumin-induced sensitization of guinea pigs is a widely accepted 
model of asthma [33, 34]. The EF exhibited an increased latency to PCD 
which denotes the inhibition of bronchospasm caused by histamine which 
is in corroboration with the previous studies [22]. Histamine and other 
spasmogens activate the release and utilization of calcium that increase the 
contraction of smooth muscle of respiratory passage [35]. VC has shown 
antispasmodic activity by ameliorating the responses to histamine and 
relaxing guinea pig ileum. This activity is probably mediated by flavonoids 
(quercetin) present in VC to inhibit calcium entry into the smooth muscles 
[36]. VC contains flavonoids which are already known as bronchodilators 
[37]. Among several anti-asthmatic effects, flavonoids block histamine 
release from mast cells and thus, hinder histamine-induced 
bronchoconstriction [38, 39]. Quercetin was isolated from the ethyl acetate 
fraction of VC for the first time which is known to exhibit bronchodilator 
effect [40, 41]. Several medicinal plants with similar phytochemicals to VC 
have exhibited anti-asthmatic activity [34, 42].  

Agents that decrease the viscosity of tracheal fluid are beneficial in 
asthma as mucus plugging of bronchial passages occur in this disease. It 
was determined that the viscosity of tracheal fluid was reduced by VC 
extracts, particularly the EF. Moreover, VC has high concentration of 
flavonoids and polyphenols which have antisecretory potential [19, 43]. The 
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antioxidant potential of VC is also one of the contributing factors to anti-
asthmatic activity [44, 45].  

In the current study, citric acid-induced cough model was employed, 
which was significantly inhibited by VC in a dose-dependent fashion. It was 
reported that cough induced by chemicals is analogous to the physiological 
events occurring in human beings [46]. Cough reflex involves central or 
peripheral mechanism. Anti-tussive activity in the current study shows that 
VC decreased the number of cough bouts and the amount of phenol red dye 
secreted by the trachea. As the viscosity of mucus and its secretion is 
reduced, consequently decreasing the resistance to airflow and thus, 
irritation, which may result in cough, is also reduced. Additionally, the 
inhibition of cough bouts also involves central pathway as codeine acts 
centrally [47]. This shows that VC inhibits cough by peripheral and central 
mechanisms.   
4.1. Conclusion 

VC exhibits anti-asthmatic and anti-tussive activities by peripheral and 
central mechanism. Moreover, the viscosity of mucus and its secretion is 
reduced that decreases air way resistance, and hence irritation, which might 
result in cough is responsible for antitussive activity. Since this plant is 
enriched with polyphenols and flavonoids, the isolated compound quercetin 
(a flavonoid) may be responsible for anti-asthmatic and anti-tussive effects. 
Furthermore, clinical studies on the plant, its fractions, and isolated 
compound are needed that may lead towards the development of plant-
based anti-asthmatic and anti-tussive drugs.  
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