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ABSTRACT 

Background: The leaf and root of O. sanctum has long been among the primary choices 
in herbal treatment of cough. The present study was aimed to formulate an optimized 
mixture of leaf and root extracts and assess their efficacy as cough suppressant and 
expectorant individually and in combination with the standards. 

Methods: Sulphur Dioxide (SO 2)- and capsaicin-induced cough model was developed 
to  assess  antitussive  activity  whereas  broncho-tracheal  phenol  red  secretion  model 
was  developed  to  evaluate  expectorant  activity  in  mice.  Individual  application  of 
aqueous leaf and root extract (100, 200 & 400 mg/kg) was compared with standards. 
Moreover, the formulated leaf to root extract (50:150, 100:100; 150:50 mg/kg) was 
brought in to comparison. Finally, all extract dose groups were conjugated with one-
tenth dose of the standards and intra-comparison between all groups were performed. 

Results: Data showed that  OSL 400 and  OSR 400  both inhibited the cough  reflexes 
though  OSR  activity  was  not  with  the  mark  of  OSL.  The  activity  pattern  was  found 
similar in formulated mixture too where OSL:R 150:50 dominated. When coupled with 
standards, the extract mixture demonstrated greater efficacy in comparison to that of 
individual  extracts.  Interestingly,  the  mixture  conjugated  with  the  standard’s  one-
tenth dose (1 mg/kg), proved equivalently potent as standard at its individual dose (10 
mg/kg). 

Conclusion: The findings suggested an insight for optimized mixture of leaf and root 
of  O.  sanctum,  which  can  suppress  and/or  expel  cough,  coupling  with  low  dose  of 
standards those are associated with side effects. 
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INTRODUCTION 

Medical science describes Cough as a defensive reflex of 
the respiratory tract and is considered favorable to 
human body to clear the upper airways unless it becomes 
aggravated  and interfere with the  normal respiration 
[1,2].  Dry  or  unproductive  cough  are  often  linked  with 
eosinophilic bronchitis, airways irritation as a result of air 
pollutants, airways allergies, gastroesophageal reflux 
disease (GERD) [2,3], however, sometimes occurs 
without  any  associated  root,  often  termed  as  idiopathic 
cough  [4].  Though  steam  inhalation,  use  of  demulcents 
are  found  quite  effective  in  most  of  the  events  through 
hydration  of  respiratory  tract,  uncontrolled  coughs  are 
treated with opioidergic central cough suppressants [5]. 
Codeine,  pholcodeine,  noscapine,  dextromethorphan  is 
among the frequently prescribed opioids, however, 
certainly comes with associated side effects like sedation, 
addiction, nausea, apnea, constipation etc [6,7]. 
Moreover, use of these drugs are contraindicated in 
severe  respiratory  congestion  like  asthma  as  they  are 
known  to  compromise  the  respiratory  activities  further 
[8].  Rationally,  the  search  for  effective  as  well  as  safe 
antitussive  agents  has  become  a  prime  need  in  field  of 
respiratory phytomedicine.  

Many  plants  have  been  in  claim  for  anti-asthmatic  or 
cough suppressive properties. Extensive scientific studies 
have  been  performed  based  on  the  recommendations 
from  the  folk  medical  practitioners  and  tribes.  Among 
these,  a  most  widely  used  antitussive  plant  is  Ocimum 
sanctum Linn. (Lamiaceae), also known as Holy Basil, and 
considered a herb for all reasons [9-11]. The leaf of the 
plant is considered both a cure and prevention for cough 
and cold [12-14]. Alongside, the root of this plant has been 
reported  to  have  expectorant  and  antitussive  activities 
[9,15]. The design of this study thereby started with the 
aim to evaluate antitussive and expectorant properties of 
both  leaf  and  root  of  O.  sanctum,  further  compare  their 
effectiveness in combination and finally assess for 
synergies when used together with standards. 

METHODS 

Collection and Preparation of the Extracts 

Total  10  O.  sanctum  whole  plants  were  collected  from 
kalatiya, keraniganj, Dhaka (23°42'59"N, 90°17'8"E) and 
authenticated from Bangladesh National Herbarium and 
a  specimen  was  kept  with  an  accession  number  56349. 
The plants were washed thoroughly with running water 
and leaves and roots were isolated. Both the plants parts 
were then subjected to dry under ceiling fan and 

afterwards,  crushed.  In  powder  form,  leaves  and  roots 
were  soaked  in  distilled  water  separately  and  left  for  3 
days with occasional shaking. The mixtures were filtered 
with  paper  filters  and  the  filtrates  were  concentrated 
using a rotary evaporator (Biobase RE-2010, China) [16]. 
Finally,  approximately  5g  of  leaf  (OSL)  and  3g  of  root 
(OSR) extracts were obtained. 

Drugs and Chemicals 

Codeine phosphate (Merck, Germany), capsaicin (Incepta 
Pharmaceuticals  Ltd.,  Bangladesh),  salbutamol  (Square 
Pharmaceuticals  Ltd.),  phenol  red  (Sigma-Aldrich,  USA) 
and sodium  hydrogen  sulfite and  sulphuric acid (RCI 
LABSCAN Limited, Thailand), sodium hydroxide (Merck, 
Germany) were obtained. All reagents were of analytical 
grades. 

Experimental Animals 

All experiments were conducted on Swiss Albino mice of 
both  sexes,  weighing  26-32g  and  aged  between  45-52 
days. Animals were purchased from the animal house of 
pharmacy  department  of  Jahangirnagar  University  and 
kept in semi-transparent plastic cages with adequate food 
and water supply. They are fed with standard dried 
pellets and allowed a 12h light and dark cycle.  

Acute Toxicity Test 

Oral  gavage  was  performed  with  high  doses  (250,  500, 
1000 and 2000 mg/kg) of the plant extract to five healthy 
mice comprising each group to investigate the immediate 
and short-term toxicity. They were monitored for the next 
3 days for unusual behavior or any mortality [17].  

Grouping of Animal  

Prior experiments, 120 mice were divided into 20 groups 
each consisting of 6 mice. Groups were designated with 
respective agents as follows: Group 1: Control,  received 
distilled water. Group 2: Positive Control, received 
standard  drug.  Group  3:  OSL  100  mg/kg.  Group  4:  OSL 
200 mg/kg. Group 5: OSL 400 mg/kg. Group 6: OSR 100 
mg/kg.  Group  7:  OSR  200  mg/kg.  Group  8:  OSR  400 
mg/kg. Group  9: OSL:R 50:150 mg/kg. Group 10:  OSL:R 
100:100  mg/kg.  Group  11:  OSL:R  150:50  mg/kg.  Group 
12: OSL 100 mg/kg + Standard. Group 13: OSL 200 mg/kg 
+ Standard. Group 14: OSL 400 mg/kg + Standard. Group 
15: OSR 100 mg/kg + Standard. Group 16: OSR 200 mg/kg 
+ Standard. Group 17: OSR 400 mg/kg + Standard. Group 
18:  OSL:R  50:150  mg/kg  +  Standard.  Group  19:  OSL:R 
100:100 mg/kg + Standard. Group 20: OSL:R 150:50 
mg/kg  +  Standard.  All  groups  received  the  treatments 
orally. 
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Assessment of Antitussive Properties 

Sulphur Dioxide (SO2)-Induced Cough Model 

Antitussive activity was assessed according to the method 
described by Miyagoshi et al., 1986 [18] and simplified by 
Gupta et al., 2009 [2]. A desiccator containing a vial (2ml) 
at  the  base,  holding  a  pipette  from  the  top  and  floored 
with a wired gauge, was used in this experiment. At first, 
the vial contained 500mg/ml sodium hydrogen sulfite 
(NaHSO3) and 0.2 ml of sulphuric acid (H 2SO4) was added 
using the top mounted pipette where the following 
reaction took place:  

2NaHSO3 + H2SO4 = 2SO2 + Na2SO4 + H2O 

Mice were placed in the wired platform in the desiccator 
after 15 seconds and subjected to the exposure of SO 2 for 
45  seconds.  Thereafter,  mice  were  withdrawn  from  the 
desiccator and placed in observation cage with an open-
ended funnel filter to which a stethoscope was attached, 
to count the reflexes of cough for 5 minutes. The 
experiment was repeated for all groups at 30, 60, 90 and 
120 minutes after oral drug treatments [19]. 

Capsaicin-Induced Cough Model 

This experiment was performed according to the model 
described by Zhang et al., 2009 [20] and modified by W. 
Liu et al., 2015 [21]. A 500 ml glass beaker was used in 
this regard where the mice were individually placed and 
subjected to atomized spray of capsaicin solution 
(100μmol/l)  for  10  seconds.  The  frequency  of  coughing 
was counted for 2 minutes. After recovery on 24h, mice 
were orally administered with the respective treatments 
and re-exposed to capsaicin nebulization. Again, the bouts 
of coughing were recorded.  

Assessment of Expectorant properties  

Phenol Red Secretion Model 

The  method  was  carried  out  as  described  by  Han  et  al., 
2010 [22]. 5% phenol red physiological saline 
(500mg/kg) was intraperitoneally injected to mice after 
30 minutes of drug and test agents’ administration. After 
another  30  minutes,  mice  were  sacrificed  keeping  the 
trachea intact from the thyroid cartilage to the main stem 
bronchi. This part was removed and sonicated with 1.5 ml 
of physiological saline solution to extract phenol red. 100 
µl  of  the  extraction  was  transferred  to  a  96-wells  plate 
and kept in 100 µl of 0.1M sodium hydroxide. The optical 
density  was  immediately  measured  with  a  microplate 
reader (Biobase-EL10A, China) at 546nm. The amount of 
phenol  red  was  deduced  from  the  regression  curve  of 
different concentration. 

Statistical Analysis 

Data  represented  as  mean  ±  standard  error  (n=5).  To 
assess  the  difference  between  the  observations  before 
and  after  treatment, paired  t  test was  conducted. To 
determine the statistical significance one way analysis of 
variance  (ANOVA)  was  performed  using SPSS  v.20. p 
values were assessed within range of 0.001 < p < 0.05 and 
a  value  less  than  0.05  was  considered  as  statistically 
significant. 

RESULTS 

No abnormal behavioral symptoms or mortality was 
recorded during treatment or in its follow-up. However, 
mild to moderate indigestions characterized by greenish 
yellow stool were recorded at higher doses like 1000 and 
2000 mg/kg. Rationally, lower doses (100, 200, 400 
mg/kg body weight of mice) were used for further 
experiments. 

On  treatment  of  O.  sanctum  leaf  extract  against  sulphur 
dioxide (SO2) induced cough, OSL 400 was found 
significantly  effective  in  inhibiting  the  bouts  of  cough 
(Figure 1a). More profound efficacy was observed when 
the same dose was applied in combination with codeine 
phosphate at 1 mg/kg (18.4, 60 min). Codeine alone at 10 
mg/kg  showed  a  gradual  reduction  in  the  frequency  of 
cough till 90 minutes (20.7). 

Unlike leaf extract, O. sanctum root extract showed lesser 
potential to decrease coughing frequencies (Figure 1b). In 
comparison to control, OSR 100 could not limit the bouts 
alone. However, along with the standard (1mg/kg), OSR 
100 reduced the number of coughs. Maximum efficacy for 
the root extract and codeine combination was found with 
OSR 400 at 60 min (20.1). 

Formulated extract of leaf and root exhibited a linear fall 
in frequencies of cough over time in all ratio (Figure 1c). 
Treatment with leaf dominant formulation showed 
greater  efficacies  (26.2,  90  min)  in  comparison  to  root 
dominant and equal formulation. Moreover, the 
conjugation of codeine accelerated the inhibition, 
maximum at 60 min (13.0). 

Like  Sulphur  Dioxide  (SO2)  induced  cough test,  mice 
undergo less cough when treated with the standard (39.5) 
(Figure  2)  in  capsaicin-Induced  Cough  Model.  On  leaf 
extract treatment, OSL 400 alone significantly treated the 
cough  (41.4),  however,  lower  doses  proved  to  be  less 
potent. More prominent potential was shown by the leaf 
dominant formulated extract OSL:R 150:50 in 
combination with codeine phosphate at 1mg/kg (36.1). 
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Figure 1: Frequency of Cough observed in Sulphur Dioxide (SO 2) induced cough model against the treatment of O. sanctum (a) leaf 
extract  (OSL),  (b)  root  extract (OSR),  (c)  leaf  to  root extract  in  ratio  (OSL:R),  measured  over  time.  COD=Codeine  Phosphate.  Data 
represents as mean ± standard error mean (SEM) (n=6) against the concentrations in mg/kg. To compare all groups against control, 
Dunnett t test was performed alongside one way analysis of variation (ANOVA). *&^ represented p value for individual groups and 
combination groups respectively; */^, **/^^, ***/^^^ denoted p<0.05, 0.01, 0.001 respectively and considered statistically significant.  
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Figure 2: Frequency of Cough observed in capsaicin induced cough model against the treatment of O. sanctum (a) leaf extract (OSL), 
(b)  root  extract  (OSR),  (c)  leaf  to  root  extract  in  ratio  (OSL:R),  measured  in  2  minutes  after  drug/test  agent  administration. 
COD=Codeine  Phosphate.  Data  represents  as  mean  ±  standard  error  mean  (SEM)  (n=6)  against  the  concentrations  in  mg/kg.  To 
compare all groups against control, Dunnett t test was performed alongside one way analysis of variation (ANOVA). *&^ represented 
p value for individual groups and combination groups respectively; */^, **/^^, ***/^^^ denoted p<0.05, 0.01, 0.001 respectively and 
considered statistically significant. 

 

Figure 3: Secretion of Phenol Red observed in mice trachea against the treatment of O. sanctum (a) leaf extract (OSL), (b) root extract 
(OSR), (c) leaf to root extract in ratio (OSL:R). SAL=Salbutamol. Data represents as mean ± standard error mean (SEM) (n=6) against 
the  concentrations  in  mg/kg.  To  compare  all  groups  against  control,  Dunnett  t  test  was  performed  alongside one  way analysis of 
variation (ANOVA). *&^ represented p value for individual groups and combination groups respectively; */^, **/^^, ***/^^^ denoted 
p<0.05, 0.01, 0.001 respectively and considered statistically significant. 

Maximum phenol red secretion was observed by the 
Salbutamol at 4 mg/kg body weight (8.1) in comparison 
to the control group (3.9) (Figure 3). OSL 400 and OSL:R 
150:50,  both  in  conjugation  with  standard  at  1  mg/kg, 
greatly increased the secretion level (8.3 and 8.6 
respectively).  the  extract  in  their  individual  application 
showed moderate increase in phenol red secretion. 

DISCUSSION 

As  a  traditional  folk  medicine,  the  leaf  and  root  of  O. 
sanctum were explored against cough in sulphur dioxide 
(SO2)- and capsaicin-stimulated mice models. Inhalation 
of high concentrations of SO2 causes irritation and 
pulmonary  and  systemic  inflammation,  thus,  can  affect 
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lung function and worsen asthma attacks [23,24]. Acute 
symptoms  of  SO2 exposure  include  wheezing,  shortness 
of breath and chest tightness [25]. Early response of SO 2 

inhalation involves tissue injury, neutrophilic lung 
inflammation and airway hyperresponsiveness (AHR) 
[26].  SO2 results  in lipid  peroxidation  and oxidative 
damage in lungs of mice. causing a significant increase of 
TBARS and a significant decrease in GSH content in lungs, 
significantly increased SOD and GPx activities, however, 
reported to decrease CAT activities [27]. 

On the other hand, inhalation of capsaicin nebulized spray 
causes  central  respiratory  depression  and  fatal  apneas 
mediated via TRPV1 activation  on lung afferents, spinal 
cord-ascending tracts, and medullary structures 
(including  nucleus  tractus  solitarius).  AMPA  receptor-
triggered conductances act a vital role in capsaicin-
induced apneas [28]. Thus, the drug development can be 
targeted at reducing AMPA receptor-mediated 
glutamatergic signaling. The opioid codeine phosphate 
has been in the core of the cough treatment for long and 
thus regarded as the 'gold standard' cough suppressant. 
Codeine restricts the  tracheal  constriction along  with 
cough reflex in addition to its central cough suppressant 
action [29]. 

The increase in the level of tracheal phenol red links to an 
increased  hexose  concentration  in  the  lung  fluid.  This 
indicates a triggered mucin secretion from mucous cells 
of submucosal glands and goblet cells of the surface 
epithelium in airways [30]. The intratracheal secretion of 
phenol red is also significantly increased by both 
parasympathomimetics  and  sympathomimetics. Along-
side, an increase in mucociliary clearance may facilitate 
the  transport  of  more  phenol  red  into  the  trachea  and 
thus augments phenol red concentrations [31]. 
Expectorants are found to increase the secretion of 
mucins and/or mucus hydration to an extent which 
produce a sufficient mass of mucus to be coughed up or 
sneeze to expel the mucus from the lungs or upper 
respiratory tract [32-35]. This may function as irritants to 
gastric vagal receptors, and recruit efferent 
parasympathetic  reflexes  inducing  glandular  exocytosis 
of a diluted mucus mixture [36,37]. 

Salbutamol  is  a  recognized  β2-adrenergic  agonist  that 
facilitates mucin secretion and at 4 mg/kg 
interaperitoneal administration, enables phenol red 
detection in trachea [31]. Moreover, being a β2 
adrenoceptor  agonists  salbutamol  exerts  its  maximum 
therapeutic potential through bronchodilation, tempting 
in the respiratory smooth muscle synthesis of the cyclic 
adenosine  monophosphate  (cAMP)  pathway.  cAMP  is  a 

molecule  with  various  cellular  functions.  An  increase  in 
the cAMP-dependent protein kinase A activity facilitates 
smooth  muscle  relaxation  resulting  in  bronchodilation 
[38].  Furthermore,  report  confirmed  that  inhalation  of 
salbutamol rises mucociliary clearance rate, a crucial 
defense mechanism for clearing the unwanted mass from 
lung in subjects with asthma and chronic bronchitis, via 
increase  in  ciliary  beat  frequency  shown  in  vitro  and  in 
vivo studies [39-41]. 

From the  observation,  it  can  be  concluded with  four 
noticeable findings which follows as firstly, both root and 
leaf extract of O. sanctum was prominent in showing their 
antitussive and expectorant activities alongside the 
standards. Secondly, leaf was profound in efficacy in 
comparison to root extract and the same case was 
observed  in  leaf  dominant  leaf-root  formulated  extract. 
Thirdly, when conjugated with the standard, extracts 
showed synergies in efficacy and finally, application of the 
extracts in conjugation  with one-tenth (1 mg/kg) of the 
dose  of  the  standard  as  applied  in  sole  treatment  (10 
mg/kg)  generated  equivalent  outputs,  thus,  indicated  a 
scope  for  minimizing  the  dose  of  drugs  associated  with 
side effects. 

The chemical composition of O. sanctum is highly 
complex, where the leaves and stem contain biologically 
active constituents including saponins, flavonoids, 
triterpenoids, and tannins, though, varies largely within 
strains and location [42]. The leaf volatile oil is 
constituted  of  eugenol,  euginal  (eugenic  acid),  urosolic 
acid,  carvacrol,  linalool,  limatrol,  caryophyllene,  methyl 
carvicol  (Estragol)  [43,44].  In  addition,  rosmarinic  acid, 
propanoic  acid,  apigenin,  cirsimaritin,  isothymusin  and 
isothymonin  rosmarinic  acid,  propanoic  acid,  apigenin, 
cirsimaritin,  isothymusin  and  isothymonin  also  exhibit 
antioxidant and antiinflammatory activities [9]. The 
obtained findings were thus assumed to be attributed to 
these compounds and together with the establish 
mechanism of the standards, where applied in drug-
extract combination. However, at this point of study it was 
not possible to pin point the responsible biological active 
compounds for certain cough suppressant and 
expectorant  activities.  Therefore,  fractionization  of  the 
extract along with the phytochemical screening was 
recommended to undergo further in vivo assessment. 

CONCLUSION 

O. sanctum is in the mainstay of the treatment of cough for 
folk medicine prescribers. This study supported the 
scientific proof for the basis of its use and also provided 
an insight to draw optimized dose line and a possibility to 
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reduce  the  dose  of  standard  drugs  associated  with  side 
effects. From the findings, it can be confirmed that, both 
leaf and root of O. sanctum possess cough suppressant and 
expectorant activities.  
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