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ABSTRACT 

Role of β-2 adrenergic agonists as analgesics and anti-inflammatory agents can be beneficial due to possible role of β-2 adrenergic 
receptors in modulation of inflammatory and nociceptive conditions. Therefore, the current study was planned to evaluate analgesic 
and anti-inflammatory activities of salbutamol and salmeterol in different experimental models in rats. Analgesic effects of test 
drugs were comparable to aspirin in the tail-flick method. Effect of tramadol was significantly more than the other drugs at all 
observation times. In carrageenan induced paw edema in rats, all test drugs showed anti-inflammatory activity which was 
comparable to aspirin at 30 minutes. At 60 and 120 minutes, anti-inflammatory activity of salbutamol (both doses) was significantly 
less than aspirin(p<0.05) while that of salmeterol was comparable to aspirin. In formalin induced arthritis model, all test drugs 
showed anti-inflammatory activity which was statistically significantly less than aspirin(p<0.05). Anti-inflammatory activity of 
salbutamol 2mg/kg was significantly less compared to salbutamol 1mg/kg and salmeterol(p<0.001). Salbutamol and salmeterol, 
both possess analgesic and anti-inflammatory activity in various experimental models in rats. In acute inflammation activity of 
salmeterol is comparable to aspirin.  

Keywords: Tail flick model in rats, carrageenan, rat-paw edema, formalin-induced arthritis. 

 
INTRODUCTION 

ain has been defined as an unpleasant sensory and 
emotional experience associated with actual or 
potential tissue damage, or described in terms of 

such damage. – International Association for the Study of 
Pain (IASP).1 Pain and pyrexia are the most common 
complaints in patients suffering from inflammatory 
diseases. Inflammation is defined as the reaction of living 
tissue to injury. It is a defense reaction, the ultimate goal 
of which is to help the organism get rid of both, the initial 
cause of injury (e.g. microbes, toxins) and the 
consequences of such injury (e.g. necrotic cells and 
tissues).2 Inflammatory diseases such as rheumatoid 
arthritis, hepatitis, and asthma are major causes of 
morbidity in humans. Inflammation plays a major role in 
the pathogenesis of bronchial asthma. Anti-inflammatory 
drugs like corticosteroids form the mainstay of treatment 
in this disease along with bronchodilators like β-2 agonists. 

Recent studies suggest that β-2 adrenergic receptors may 
be involved in increased nociceptive sensitivity3 and can 
inhibit nociception and inflammation.4-6 β2 adrenergic 
agonists are claimed to achieve this effect by increasing 
intracellular cyclic AMP levels. Raised cyclic AMP levels 
have been suggested to reduce secretion of various 
cytokines produced by monocyte/macrophages or T cells. 
Also, it has been shown to inhibit the release of hydrolytic 
enzymes and other pro-inflammatory mediators.7 The 

anti-inflammatory and analgesic effects of NSAIDs have 
also been shown to be related to β2 adrenergic receptors.8 

Analgesic and anti-inflammatory activity of β2 adrenergic 
agonists has been evaluated in a few studies. Anti-
inflammatory activity of salbutamol has been reported in 
experimental models of acute and chronic inflammation in 
rats.9 The inhibitory effect on inflammatory processes is 
seen primarily for CD4 cells as well as for leucocytes with a 
high density of β-2 receptors present on monocytes, 
macrophages, and Langerhans cells.10 An extensive 
literature search did not reveal any study reporting anti-
inflammatory and analgesic activity of salmeterol in animal 
models. As there is limited published data about analgesic 
and anti-inflammatory activity of these two β2 adrenergic 
receptor agonists, these drugs need to be further explored 
for these activities.  Since corticosteroids form an integral 
part of treatment in asthma, anti-inflammatory activity of 
β2 agonists, if established, will provide an additional 
mechanism for their efficacy in bronchial asthma. Hence, 
this study was planned with the objectives of evaluating 
the analgesic and anti-inflammatory activities of 
salbutamol and salmeterol in various animal models.  

MATERIALS AND METHODS 

Male Albino Wistar rats of either sex weighing 180-250 gm 
were selected. Study was conducted after approval from 
the Institutional Animal Ethics Committee (IAEC approval 
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Number 2092-94), which is an approved body by CPCSEA 
(Committee for the Purpose of Control and Supervision of 
Experiments on Animals), New Delhi. All procedures were 
performed in compliance with relevant international, 
national, local and institutional laws and requirements. 

The rats were grouped in separate polypropylene cages on 
husk bedding with six animals in each cage. Animals were 
fed with standard pellet diet and water ad libitum. Animals 
were allowed to adjust to the laboratory conditions such 
as light, temperature and noise before being subjected to 
the experiment (acclimatization). They were maintained at 
ambient temperature of 23±1°C with help of air coolers 
and enough humidity on a 12-hour light – dark cycle. They 
had free access to food and water. Care was taken to avoid 
coprophagy among animals by the use of net. Similar 
conditions were provided in laboratory while performing 
experiments. Study was conducted during the day time 

(between 10.00 to 18.00 hours).  

Chemicals 

Drugs: Salbutamol and Salmeterol in pure powdered were 
obtained form Cipla Pharmaceuticals Ltd Mumbai, India. 
Aspirin and chemicals like Sodium Carboxymethylcellulose 
(CMC) were obtained from Medley Pharmaceuticals Ltd., 
Mumbai, India, in pure powder form. Carrageenan and 
Tramadol were obtained from commercial sources. 
Chemicals were of analytical grade. All the drugs were 
dissolved in 0.9% normal saline while aspirin was 
suspended with CMC in normal saline.  Fresh solutions 
were prepared half an hour before experiment.   

Evaluation of Analgesic activity: Tail-flick method11 

For evaluation of analgesic activity, animals were divided 
into the following six groups:  

Group 1- Control group- normal saline (2ml/kg orally); 
Group 2- tramadol group: tramadol (10mg/kg 
intraperitoneal); Group 3- aspirin group: aspirin (300mg/kg 
orally); Group 4- salbutamol group: salbutamol (1mg/kg 
orally); Group 5- salbutamol group: salbutamol (2mg/kg 
orally); Group 6- salmeterol group: salmeterol (10mg/kg 
orally). 

In this study, Tail flick method was used to evaluate 
analgesic activity of Salbutamol and Salmeterol. 

Analgesic activity was assessed using modified method of 
D Amour and Smith12 called as Tail Flick method using 
analgesiometer.  Reaction time in seconds was used as unit 
for measurement of pain and an increase in reaction time 
was indicative of analgesia. Time between placing the tail 
of the rat on the radiant heat source and sharp withdrawal 
of the tail was recorded as ‘reaction time’.  Cut off time of 
ten seconds was imposed in all sets of experiments taken 
as maximum latency so as to rule out thermal injury while 
noting down the reaction time.  

Animals whose mean reaction time was outside the range 
of five-six seconds were discarded. In all the groups, tail-
flick test was performed prior to drug administration and 

at 30, 60, 90 and 120 minutes after drug administration 
and the reaction time at each time interval (test latency) 
was calculated.   

Average reaction times were then calculated and the 
percentage analgesia was calculated using the following 
formula:  

Percentage analgesia = (TL-BL / ML-BL) x 100    

Where M.L.= Maximum latency, T.L.= Test latency, B.L.= 
Basal latency or control latency  

Anti-inflammatory activity 

For anti-inflammatory activity animals were grouped into 
the following five groups:  

Group 1- Control: Normal saline 2 ml/kg (p.o.); Group 2- 
Standard drug: aspirin 300 mg/kg (p.o.); Group 3- 
salbutamol group: salbutamol (1mg/kg orally); Group 4- 
salbutamol group: salbutamol (2mg/kg orally); Group 5- 
salmeterol group: salmeterol (10mg/kg orally). 

Evaluation of Acute anti-inflammatory activity: 
Carrageenan induced-rat paw edema13 

The instrument used in this study for recording paw edema 
was Mercury Plethysmometer (modified by Hardayal Singh 
and Ghosh).14 Left hind paw of rats was marked with ink at 
the level of lateral malleolus; basal paw volume was 
measured by volume displacement method using mercury 
Plethysmometer by immersing the paw till the level of 
lateral malleolus.15 After one hour of drug administration 
0.1 ml of 1% Carrageenan (1% in 0.9% normal saline 
solution) was injected into sub plantar region of the left 
hind paw of rats. Paw volume was measured by 
Plethysmometer just before 1% carrageenan injection, 
that is, at ‘0’ hours and then at 30 minutes, 1st and 2nd hour 
after carrageenan injection.16 

Same procedure was adopted for rats of all the groups. The 
percentage inhibition of oedema in animals of all groups 
was calculated by using the formula: 

Percentage inhibition = (Vc-Vt)/Vc x 100 

Where, Vc = Paw volume in control group, Vt = Paw volume 
in test group 

Evaluation of chronic anti-inflammatory activity: 
Formalin induced arthritis in rats17 

Chronic inflammation was induced by subcutaneous 
injection of 0.1 ml of 2% formalin under the plantar 
aponeurosis of right hind paw of albino rats on first and 
third day of the experiment. 

The drug to be tested was given daily for 10 days. Linear 
cross section (LCS) immediately below the ankle joint of 
right hind paw was measured daily with Vernier Callipers. 
The difference in LCS on day one and day 10 was calculated 
for all groups. Percentage anti-inflammatory effect of 
particular drug was calculated by the following formula: 
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Statistical Analysis      

Results are expressed as mean ± Standard Error of Mean 
(SEM). Data was analysed by using Graph Pad Prism 
software version 8.0.2. Comparison between different 
groups was done by one-way ANOVA followed by Tukey’s 
test. P value less than 0.05 (p value <0.05) was considered 
as statistically significant. 

RESULTS 

Analgesic activity: tail flick method 

Table 1 shows that the mean reaction time of tramadol 
was statistically significantly higher when compared to all 
other groups at all observation times. At 30 minutes, the 
mean reaction time of aspirin was statistically significantly 
higher than the test drugs. At 120 minutes, mean reaction 
time of salmeterol was statistically significantly higher than 
salbutamol 2mg/kg. Mean reaction time of Aspirin was 
comparable with salbutamol(1mg/kg), salbutamol 
(2mg/kg) and salmeterol at 60, 90 and 120 minutes. 

Acute anti-inflammatory activity: carrageenan induced 
rat paw edema 

Table 2 shows that the percentage analgesia of tramadol 
was greater than all the other groups at all observation 
times. At 60 minutes, salbutamol 2mg/kg showed higher 
percentage analgesia than aspirin and salbutamol 1mg/kg. 
At 90 minutes, percentage analgesia of all test drugs was 
higher than aspirin. At 120 minutes, salmeterol showed 
higher percentage analgesia than aspirin. 

Table 3 shows that the mean paw volume in all the drug 
treated groups was statistically significantly lower when 

compared to control group (P < 0.001) at all observation 
times. Anti-inflammatory activity is inversely proportional 
to paw volume. At 60 and 120 minutes mean paw volume 
in salmeterol group was comparable to aspirin while that 
of salbutamol (both doses) was significantly more 
compared to aspirin. 

Chronic anti-inflammatory activity: Formalin induced 
arthritis in rats  

Table 4 shows that the percentage inhibition of 
carrageenan induced paw edema was maximum at 120 
minutes in all the three study groups. Aspirin showed 
higher anti-inflammatory activity than both the doses of 
salbutamol and salmeterol at all time intervals in the 
experiment. 

Chronic anti-inflammatory activity: Formalin induced 
arthritis 

The mean difference between LCS on tenth day and first 
day was calculated for each group. Lower the difference in 
LCS, higher is the anti-inflammatory activity. In table 5, the 
mean differences in LCS in all the three drug treated groups 
were statistically significantly less when compared to 
control (P< 0.0001). Inhibition of arthritis started from the 
third day in aspirin group, fifth day in salmeterol group, 
sixth day in salbutamol (1mg/ kg) and seventh day in the 
salbutamol (2mg/ kg) group, and maximum effect was 
seen on the tenth day in all the groups. The least difference 
in mean LCS was found in the aspirin group. 

Aspirin (87.63%) showed maximum percentage anti-
inflammatory effect followed by salmeterol (57.59%), 
salbutamol (1mg/ kg) (48.76%) and salbutamol (2mg/kg) 
(34.62%).   

 

 

Table 1: Mean reaction time by tail flick model of analgesia in rats (n=6) 

Drugs and Doses (mg/kg) Mean reaction time in seconds 

0 minutes 30 minutes 60 minutes 90 minutes 120 minutes 

Control (2ml/kg p.o.) 3.45+0.10 3.51+0.12* 3.53+0.13* 3.45+0.11* 3.45+0.09* 

Tramadol (10mg/kg i.p.) 3.78+0.2 8.38+0.06 8.96+0.06** 9.78+0.07** 9.36+0.09** 

Aspirin (300mg/kg p.o.) 3.61+0.13 7.96+0.11 7.28+0.07 8.12+0.06 6.90+0.04 

Salbutamol (1mg/ kg p.o.) 3.53+0.33 6.05+0.48** 7.20+0.60 7.93+0.50 6.70+0.63 

Salbutamol (2mg/ kg p.o.) 3.33+0.10 6.65+0.17# 7.60+0.22 7.05+0.36 6.00+0.31 

Salmeterol (10 mg/kg p.o.) 3.55+0.2 6.95+0.28# 7.20+0.28 7.85+0.20 7.30+0.18@ 

p.o. = per os (by mouth); i.p. = intraperitoneal. Data analysed using one-way analysis of variance (ANOVA) followed by 
Tukey’s test. Values are expressed as mean ± S.E.M. (n = 6 in each group); *P<0.0001 when compared to all other groups 
in all columns. Column 2: **P< 0.0001 when compared to tramadol and aspirin, #P< 0.05 when compared to tramadol and 
aspirin. Column 3: **P< 0.05 when compared to all other groups. Column 4: **P< 0.05 when compared to all other groups. 
Column 5: **P<0.0001 when compared to all other groups, @P< 0.05 when compared to salbutamol 2mg. 
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Table 2: Percentage analgesia in tail flick model of analgesia in rats (n=6) 

Drugs and doses (mg/kg) Percentage analgesia (%) 

At 30 minutes At 60 minutes At 90 minutes At 120 minutes 

Tramadol (10mg/kg i.p.) 73.50 82.00 80.00 67.00 

Aspirin (300 mg/kg p.o.) 67.66 57.26 49.22 47.63 

Salbutamol (1mg/ kg p.o.) 39.50 56.23 69.90 44.41 

Salbutamol (2mg/ kg p.o.) 49.80 64.53 56.00 42.67 

Salmeterol (10 mg/kg p.o.) 52.16 56.18 66.35 57.85 

Table 3: Effects of different drugs on carrageenan induced paw oedema 

Drugs and doses (mg/kg) Paw volume (ml) 

At 0 minutes At 30 minutes At 60 minutes At 120 minutes 

Control (2ml/kg p.o.) 0.36+ 0.03 0.8+ 0.02 1.08+ 0.04 1.21+ 0.05 

Aspirin (300 mg/kg p.o.) 0.31+ 0.03 0.41+ 0.03* 0.50+ 0.03*@ 0.31+ 0.03*@ 

Salbutamol (1mg/ kg p.o.) 0.33+ 0.04 0.58+ 0.06* 0.90+ 0.06* 0.73+ 0.04* 

Salbutamol (2mg/ kg p.o.) 0.34+0.08 0.56 + 0.08* 0.76+ 0.09* 0.56+ 0.04* 

Salmeterol (10 mg/kg p.o.) 0.31+ 0.04 0.51+ 0.04* 0.61+ 0.04*# 0.45+ 0.04*# 

Data analysed using one-way analysis of variance (ANOVA) followed by Tukey’s test.; Values are expressed as mean ± S.E.M. (n = 6 in 
each group); Where p.o. = per os (by mouth); Column 2: *P< 0.05 when compared to control, Column 3 and column 4: *P< 0.0001 as 
compared to control, @P< 0.05 when compared to salbutamol 1mg, salbutamol 2mg, #P<0.05 when compared to salbutamol 1mg 

Table 4: Percentage inhibition of carrageenan induced rat paw edema by different drugs 

Drugs and doses (mg/kg) Percentage inhibition (%) 

At 30 minutes At 60 minutes At 120 minutes 

Aspirin (300 mg/kg p.o.) 47.91 53.40 72.77 

Salbutamol (1mg/ kg p.o.) 27.08 16.64 37.22 

Salbutamol (2mg/ kg p.o.) 29.16 29.67 51.11 

Salmeterol (10 mg/kg p.o.) 35.41 42.14 62.80 

                   Where; p.o. = per os (by mouth) 

Table 5: Effects of different drugs on linear cross section below the ankle joint in formalin induced arthritis in rats (n =6) 

Drugs and doses (mg/kg) Mean initial LCS Mean Day 10 LCS Mean difference in 
LCS 

Percentage anti-
inflammatory effect 

Control (2ml/kg p.o.) 4.71+0.20 7.55+0.27 2.83+0.22 ------- 

Aspirin (300 mg/kg p.o.) 4.4+0.26 4.75+0.16 0.35+0.17*@ 87.63 

Salbutamol (1mg/ kg p.o.) 4.31+0.23 5.76+0.21 1.45+0.18* 48.76 

Salbutamol (2mg/ kg p.o.) 4+0.19 5.85+0.25 1.85+0.10* 34.62 

Salmeterol (10 mg/kg p.o.) 3.85+0.12 5.05+0.12 1.20+0.04*$ 57.59 

Data analysed using one-way analysis of variance (ANOVA) followed by Tukey’s test. Values are expressed as mean ± S.E.M. (n = 6 in each 
group) Where, LCS = Linear Cross Section, p.o. = per os (by mouth); *P< 0.0001 when compared to control, @P<0.05 when compared to 
salbutamol 1mg/kg, salbutamol 2mg/kg and salmeterol, $P< 0.001 when compared to salbutamol 2mg/kg.  

DISCUSSION 

This study has investigated the protective effect of β-2 
adrenergic receptor agonist drugs on nociception model, 
acute and chronic inflammatory models. Analgesics act on 
central or peripheral nervous system to relieve pain 
selectively without altering consciousness.18 Centrally 
acting analgesics alter the physiological response to pain 
and increase the pain threshold. However, generation of 

pain impulses at the chemoreceptor level is inhibited by 
peripherally acting drugs.19 Tail flick method is generally 
used for centrally acting analgesics through opioid 
receptors.20 This was evident in this study as in all the four 
drug treated groups, the pain threshold increased 
significantly during the experiment with tramadol group 
showing maximum effect. In this method, test animals 
treated with both doses of salbutamol (1mg/kg and 2 
mg/kg) and salmeterol (10mg/kg) have shown an increase 
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in the reaction time at 30, 60, 90 and 120 minutes post 
administration compared to pre-treatment levels. Analgesic 
activity of salbutamol and salmeterol came out to be 
comparable with aspirin at specific time intervals in the tail-
flick model of analgesia. Still, clinical usefulness of these 
drugs as analgesics in the absence of inflammation is less 
likely as the inflammatory nociceptive mediators are 
distinct. Extensive literature search suggests that β-2 
adrenergic receptor agonist drugs may be more effective in 
suppressing the release of these distinct inflammatory 
nociceptive mediators4-7 and hence, their clinical utility 
would be better in these clinical scenarios.  

Though aspirin has a central component of action, it 
predominantly produces analgesia through a peripheral 
action. Hence, maximum analgesic action of aspirin cannot 
be evident in this method. 

The underlying mechanism by which β2 adrenergic agonists 
inhibit nociception is not investigated in our study; 
however, it has been reported that they increase the 
intracellular cyclic AMP levels which further reduce 
secretion of various cytokines produced by 
monocyte/macrophages or T cells.21 

Carrageenan-induced paw oedema is a standard 
experimental model of acute inflammation. Carrageenan is 
non-antigenic and devoid of apparent systemic effects; 
hence it is considered to be the phlogistic agent of choice 
for testing anti-inflammatory drugs. This model of acute 
inflammation exhibits a high degree of reproducibility. 
Therefore, it has proven significant predictive value for 
clinically useful anti-inflammatory drugs.12 

Our study demonstrated that both doses of salbutamol 
(1mg/kg and 2mg/kg) and salmeterol (10mg/kg) effectively 
reduced the acute inflammation associated with 
carrageenan injection which is in consensus with the 
findings of the study conducted by Asha et al and Uzkeser 
et al.9,10 Various investigators have tried to explore the 
mechanisms underlying the anti-inflammatory activity of 

β2-adrenergic receptor agonists. 2-receptors are 
expressed in neutrophils, monocytes, and macrophages 
which are involved in the regulation of inflammation.22-24 It 
has been suggested that activation of β2 receptors causes 
intracellular increase of cAMP generated by the activation 
of adenyl cyclase in CD4+ lymphocytes, eosinophils and 
neutrophils, reducing the release of inflammatory 
mediators from these cells.21,25 

Anti-inflammatory role of both doses of salbutamol 
(1mg/kg and 2 mg/kg) and salmeterol (10mg/kg) in chronic 
inflammation can be suggested by our study findings in 
formalin-induced arthritis model of chronic inflammation. 
The result of our study was in accordance with the study 
conducted by Asha et al and Malfait et al.9,26 

Collagen type II specific Interferon-γ proliferation and mast 
cell degranulation in joint tissues is diminished by 
salbutamol in arthritis model. This could be the probable 
reason for significant anti-inflammatory action of these test 
drugs by enhancing vascular permeability.27 Moreover, 

Interleukin-12 release by peritoneal macrophages is 
blocked by salbutamol in a dose dependent manner. It also 
directly stimulates β-adrenergic receptors on inflammatory 
immune cells like monocytes, macrophages, Langerhans 
cells and blocks TNF release.28-30 This also could be the 
probable reason for anti-inflammatory action of salbutamol 
in chronic inflammatory model. 

These results are in accordance with already published 
reports in literature which indicate that β2 adrenergic 
receptor agonists do have an important role to play as 
analgesics and anti-inflammatory agents.9,10,25,31 However, 
considering the availability of many other drugs having 
superior analgesic and anti-inflammatory activities, the 
routine use of β2 adrenergic receptor agonists for these 
effects cannot be justified. Since anti-inflammatory drugs 
like corticosteroids form the mainstay of treatment in 
bronchial asthma along with β2 agonists, anti-inflammatory 
action of these drugs could be considered an additional 
mechanism for their usefulness in asthma. Further, it is 
suggestive that they may be particularly effective in the 
clinical scenario of inflammatory nociception.  

CONCLUSION  

Our study suggests that salbutamol and salmeterol possess 
significant analgesic activity in rats in tail flick model. Their 
analgesic activity may be beneficial particularly in 
conditions characterised by inflammatory nociception. 
They also have significant anti inflammatory activity in both, 
acute and chronic inflammation in carrageenan induced 
paw edema and formalin induced arthritis in rats, 
respectively, which could be an additional mechanism for 
their usefulness in bronchial asthma.  

REFERENCES 

1. Treede RD, The International Association for the Study of Pain 
definition of pain: as valid in 2018 as in 1979, but in need of regularly 
updated footnotes, Pain reports, 3, 2018 Mar, 2, DOI: 
10.1097/PR9.0000000000000643. 

2. Kumar V, Abbas A K, Aster J C, Robbins and Cotron Pathologic basis 
of disease, 7, 1, RELX India private limited publishers, Gurgaon India, 
2017, 69-111.  

3. Nackley AG, Tan KS, Fecho K, Flood P, Diatchenko L, Maixner W, 
Catechol-O-methyltransferase inhibition increases pain sensitivity 
through activation of both β2-and β3-adrenergic receptors, Pain, 
128(3), 2007 Apr, 199-208, DOI: 10.1016/j.pain.2006.09.022, 
PMID: 17084978. 

4. Choucair‐Jaafar N, Yalcin I, Rodeau JL, Waltisperger E, Freund‐
Mercier MJ, Barrot M, β2‐Adrenoceptor agonists alleviate 
neuropathic allodynia in mice after chronic treatment, British journal 
of pharmacology, 158(7), 2009 Dec, 1683-94, DOI: 10.1111/j.1476-
5381.2009.00510.x, PMID: 19912227. 

5. Yalcin I, Tessier LH, Petit-Demoulière N, Waltisperger E, Hein L, 
Freund-Mercier MJ, Barrot M, Chronic treatment with agonists of β2-
adrenergic receptors in neuropathic pain, Experimental neurology, 
221(1), 2010 Jan, 115-21, DOI: 10.1016/j.expneurol.2009.10.008, 
PMID: 19840789. 

6. Yalcin I, Choucair‐Jaafar N, Benbouzid M, Tessier LH, Muller A, Hein 
L, Freund‐Mercier MJ, Barrot M, β2‐adrenoceptors are critical for 
antidepressant treatment of neuropathic pain, Annals of Neurology: 
Official Journal of the American Neurological Association and the 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/


Int. J. Pharm. Sci. Rev. Res., 63(2), July - August 2020; Article No. 07, Pages: 44-49                                                         ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

49 

Child Neurology Society, 65(2), 2009 Feb, 218-25, 
DOI: 10.1002/ana.21542, PMID: 19259968. 

7. Sekut L, Champion BR, Page K, Connolly KM, Anti‐inflammatory 
activity of salmeterol: down‐regulation of cytokine production, 
Clinical & Experimental Immunology, 99(3), 1995 Mar, 461-6, 
DOI: 10.1111/j.1365-2249.1995.tb05573.x, PMID: 7882570. 

8. Suleyman H, Albayrak A, Bilici M, Cadirci E, Halici Z, Different 
mechanisms in formation and prevention of indomethacin induced 
gastric ulcers, Inflammation, 33(4), 2010, 224–34, 
DOI: 10.1007/s10753-009-9176-5, PMID: 20084447. 

9. Jadhav AD, Padwal SL, Jadhav RR, Jadhav SS, Pise HN, Choure MK, 
Anti-inflammatory property of salbutamol on acute and chronic 
models of inflammation, National Journal of Physiology, Pharmacy 
and Pharmacology, 5(2), 2015, 101-4, 
DOI:10.5455/njppp.2015.5.180920141. 

10. Uzkeser H, Cadirci E, Halici Z, Odabasoglu F, Polat B, Yuksel TN, 
Ozaltin S, Atalay F, Anti-inflammatory and antinociceptive effects of 
salbutamol on acute and chronic models of inflammation in rats: 
involvement of an antioxidant mechanism, Mediators of 
inflammation, 2012, 2012, 1-10, DOI:10.1155/2012/438912. 

11. Parmar NS PS, Evaluation of analgesics, anti-inflammatory and anti-
pyretic activity. Screen methods Pharmacol ,Narosa Publ House, New 
Delhi, India, 2006, 232–3. 

12. D’Amour FE, Smith DN, A method for determining loss of pain 

sensation, J Pharmacol Exp Ther, 72, 1941, 74-9.  

13. Winter CA, Risley EA, Nuss GW, Carrageenin-Induced Edema in Hind 
Paw of the Rat as an Assay for Antiinflammatory Drugs, Proc Soc Exp 
Biol Med, 111(3), 1962, 544–7, DOI: 10.3181/00379727-111-27849, 
PMID: 14001233. 

14. Singh H, Ghosh MN. Modified plethysmometer for measuring foot 
volume of unanaesthetized rats. Journal of Pharmacy and 
Pharmacology, 1968 Apr, 20(4), 316-7. 

15. Eddouks M, Chattopadhyay D, Zeggwagh NA, Animal models as tools 
to investigate antidiabetic and anti-inflammatory plants, Evidence-
Based Complementary and Alternative Medicine, 2012, 2012, 
142087, DOI: 10.1155/2012/142087, PMID: 22899950. 

16. Dutta S, Das S, A study of the anti-inflammatory effect of the leaves 
of Psidium guajava Linn on experimental animal models, 
Pharmacognosy research, 2(5), 2010 Sep, 313, DOI: 10.4103/0974-
8490.72331, PMID: 21589759. 

17. Brownlee G, Effect of deoxycortone and ascorbic acid on 
formaldehyde-induced arthritis in normal and adrenalectomised 
rats, Lancet, 268, 1950, 157-9, DOI: 10.1016/s0140-6736(50)90259-
5, PMID: 15401497. 

18. KD Tripathi, Essentials of Medical Pharmacology, 8, Jaypee Brothers 
Medical Publishers, New Delhi, India, 2019, 209-16. 

19. Shreedhara CS, Vaidya VP, Vagdevi HM, Latha KP, Muralikrishna KS, 
Krupanidhi AM, Screening of Bauhinia purpurea Linn. for analgesic 
and anti-inflammatory activities, Indian journal of pharmacology, 
41(2), 2009 Apr, 75, DOI: 10.4103/0253-7613.51345, 
PMID: 20336222. 

20. Carlsson KH, Jurna I, Depression by flupirtine, a novel analgesic agent, 
of motor and sensory responses of the nociceptive system in the rat 
spinal cord, European journal of pharmacology, 143(1), 1987 Nov 3, 
89-99, DOI: 10.1016/0014-2999(87)90738-2, PMID: 3691652. 

21. Tomlinson PR, Wilson JW, Stewart AG, Salbutamol inhibits the 
proliferation of human airway smooth muscle cells grown in culture: 
relationship to elevated cAMP levels, Biochemical pharmacology, 
49(12), 1995 Jun 16, 1809-19, DOI: 10.1016/0006-2952(94)00532-q, 
PMID: 7598743. 

22. Maisel AS, Fowler P, Rearden A, Motulsky HJ, Michel MC, A new 
method for isolation of human lymphocyte subsets by terbutaline 
treatment, ClinPharmacolTher, 46, 1989, 429– 39, doi: 
10.1038/clpt.1989.161, PMID: 2551559. 

23. Barnes PJ, Effect of beta-agonists on inflammatory cells, J Allergy 
ClinImmunol, 104, 1999, S10–7, DOI: 10.1016/s0091-
6749(99)70269-1, PMID: 10452784. 

24. Butchers PR, Vardey CJ, Johnson M, Salmetrol: a potent and long 
acting inhibitor of inflammation mediator release from human lung, 
Br J Pharmacol, 104, 1991, 672–6, DOI: 10.1111/j.1476-
5381.1991.tb12487.x, PMID: 1724629. 

25. Kasahara DI, Perini A, Lopes FD, Arantes-Costa FM, Martins MA, 
Nunes MP, Effect of salbutamol on pulmonary responsiveness in 
chronic pulmonary allergic inflammation in guinea pigs, Brazilian 
Journal of Medical and Biological Research, 38(5), 2005 May, 723-30, 
DOI: 10.1590/s0100-879x2005000500009, PMID: 15917953. 

26. Malfait AM, Malik AS, Marinova-Mutafchieva L, Butler DM, Maini RN, 
Feldmann M, The beta2-adrenergic agonist salbutamol is a potent 
suppressor of established collagen induced arthritis: mechanisms of 
action, J Immunol, 162, 1999, 6278–83, PMID: 10229875. 

27. Sin YM, Sedgwick AD, Chea EP, Willoughby DA, 1986. Mast cells in 
newly formed lining tissue during acute inflammation: a six day air 
pouch model in the mouse, Ann Rheum Dis, 45, 1986, 873–7, 
DOI: 10.1136/ard.45.10.873, PMID: 3789822. 

28. Baramki D, Koester J, Anderson AJ, Borish L, Modulation of Tcell 
function by (R)- and (S)-isomers of albuterol: antiinflammatory 
influences of (R)-isomers are negated in the presence of the (S)-
isomer, J Allergy ClinImmunol, 109, 2002, 449–54, DOI: 
10.1067/mai.2002.122159, PMID: 11897990. 

29. Volcheck GW, Kelkar P, Bartemes KR, Gleich GJ, Kita H, Effects of (R)- 
and (S)-isomers of beta-adrenergic agonists on eosinophil response 
to interleukin-5, ClinExp Allergy, 35, 2005, 1341–6, DOI: 
10.1067/mai.2002.122159, PMID: 11897990. 

30. Leff AR, Herrnreiter A, Naclerio RM, Baroody FM, Handley DA, Munoz 
NM, Effect of enantiomeric forms of albuterol on stimulated 
secretion of granular protein from human eosinophils, 
PulmPharmacolTher, 10, 1997, 97–104, DOI: 
10.1006/pupt.1997.0082, PMID: 9425641. 

31. Bentley GA, Starr J, The antinociceptive action of some beta-
adrenoceptor agonists in mice, British journal of pharmacology, 
88(3), 1986 July, 515, DOI: 10.1006/pupt.1997.0082, PMID: 9425641.

 

Source of Support: None declared.  

Conflict of Interest: None declared. 

For any question relates to this article, please reach us at: editor@globalresearchonline.net  

New manuscripts for publication can be submitted at: submit@globalresearchonline.net and submit_ijpsrr@rediffmail.com   

 

 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
https://doi.org/10.1016/s0091-6749(99)70269-1
https://doi.org/10.1016/s0091-6749(99)70269-1
https://doi.org/10.1111/j.1476-5381.1991.tb12487.x
https://doi.org/10.1111/j.1476-5381.1991.tb12487.x
https://dx.doi.org/10.1136%2Fard.45.10.873
https://www.ncbi.nlm.nih.gov/pubmed/3789822
mailto:editor@globalresearchonline.net
mailto:submit@globalresearchonline.net
mailto:submit_ijpsrr@rediffmail.com

