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PE: active, dyspnea, BT 38.2°C, RR 50 /min
HEENT: clear rhinorrhea, mild injected pharynx
- Lung: generalized expiratory wheezing, poor air entry |
wnne I Inssnunshunmsiy salbutamol nebulization x 2 A1 ey 20 il
Lung: clear, no wheezing, good air entry
vnuaglimsitadoer|sidosiu ; A. Reactive airway disease
B. Viral-induced wheezing
C. Asthma



What is Reactive Airways Disease (RAD)?

= A nondiagnostic te_rrh that described the following symptoms in young
_children:

— Recurrent wheeze, cough, sputum production or dyspnea

= Practical use of this term

- Young children (under 5 years old) with wheezing (15 or 2"d episodes)

— Other asthma-like symptoms in the settmg of viral lower respiratory mfectlons
(Viral-induced wheezing)

— Uncomfortable to diagnose asthma on initial presentation

Douglas LC, Feder KJ. Pediatrics. 2017;139(1):e20160625.
Fahy JV, O'Byrne PM. Am J Respir Crit Care Med. 2001;163:822-823.
Douros K, Everard ML. Front Pediatr. 2020 May 5;8:218.



Reactive Airways Disease (RAD)

— Preschool wheezing / asthma (which was treated as asthma)

- Interchangable terms
= “Asthma-like symptoms” or “Recurrent wheeze”
" Broncﬁial hyper-responsiveness (BHR) .
» Viral-induced wheezing |

= Transient asthma



RAD or Asthma?




Clinical Outcomes for Young Children Diagnosed
With Asthma Versus Reactive Airway Disease

—_

= Retrospective cohort analysis, university-based general pediatrics practice

= 403 children (2-7 yo), diagnosed with RAD or asthma

Table 1. Patient and Index Visit Characteristics

Full Sample Patient With 24 Months of Follow-Up

Overall
n =403

RAD
n =249

Asthma
n=154

PValue”

Overall
n =300

RAD
n=186

Asthma
n=114

P Value*

Sex (male)
Race (Black)

Ethnicity (Hispanic)
Age at index visit (mo)
Index visit location

259 (64%)

269 (67%)

100 (25%)
23 (16)

163 (66%)

172 (69%)

60 (24%)
18 (13)

96 (62%)

97 (63%)

40 (26%)
30 (17)

525
207
672
<.001

200 (67%)

198 (66%)

79 (26%)
20 (13)

130 (70%)

129 (69%)

49 (26%)
16 (10)

70 (61%)

69 (61%)

30 (26%)
26 (14)

130
17
.996
<.001

|_ED

107 (27%)

87 (35%)

20 (13%)

<.001

83 (28%)

67 (36%)

16 (14%)

<.001 |

General pediatrics clinic

Hospital

Specialist clinic

273 (68%)
21 (5%)
2 (0%)

146 (59%)
16 (6%)
0(0%)

127 (82%)
5 (3%)
2 (1%)

206 (69%)
10 (3%)
1(0%)

112 (60%)
7 (4%)
0 (0%)

94 (82%)
3 (3%)
1(1%)

History of wheezing before index visit (Y/N)

51 (37%)

B0 (32%)

771 (46%)

105 (35%)

56 (30%)

29 (43%)

76 (11%)

a3 (17%)

3 (0%)

36 (129%)

3% (18%)

D (2%)

RAD indicates reactive airway disease; ED, emergency department.
Data presented as mean (SD) or N (%).
*Pearson Chi-square test, Fisher exact test, or f test.

Frey SM, et al. Acad Pediatr. 2022;22(1):37-46.




Clinical Outcomes for Young Children Diagnosed
With Asthma Versus Reactive Airway Disease

Time to First ED Visit or Hospitalization (Asthma-Related)
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Frey SM, et al. Acad Pediatr. 2022;22(1):37-46.



Clinical Outcomes for Young Children Diagnosed

With Asthma Versus Reactive Airway Disease

Time to First ED Visit or Hospitalization (Asthma-Related)

Time to First OCS Prescription

RAD diagnoses were linked to delayed delivery of preventive care measures
* Within 2 years of initial diagnosis, clinical outcomes for those diagnosed with RAD
and asthma did not differ.

* A prompt diagnosis of asthma, rather than RAD, should be considered for children

with asthma symptoms.

og-Rank Test: p < 0.001

g Log-Rank Test: p <0.001
Wilcoxon Test: p < 0.001

Wilcoxon Test: p < 0.001

Frey SM, et al. Acad Pediatr. 2022;22(1):37-46.



Chuldren with RAD: .
How to dlagnosed Asthma in RAD
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Pathophysmlogy of Asthma / Recurrent
; wheezmg

—

alrway hyperresponsiveness , (reversible) airway obstruction
recurrent wheezing

breathlessness

coughing (at night or early morning)

GINA 2022



RAD and Viral infection as triggers




RSV- and RV-induced bronchiolitis Vs recurrent wheeze:
A systematic review and meta-analysis

—

SR i g Source OR (95% CI)
Schauer et al. 12.10 [3.22; 45.54] ; Haseagawa et al. 15111.07° 214
Chung et al. 24.75[2.69, 227.61) ; Hunderi etal 263 {1.46: 4.73}

s gk gt s : Lemanske et al 5.64 [2.29; 13.88]
ian M et al. 4 98: 6. : . : : 29;13.
Bertrand P. et al. 1.00[0.13; 7.45] : Midulla et al. 7.34[2.59;20.79]

b 5 Bergroth et al. 8.88[5.15; 15.32]
Sigurs etal. 28.11[3.50; 225.70] : . ,
BontL. etal. 18.75[3.94; 89.13] : Da Sihva etal. 2.93[1.34; 6.47]

Total 6.86 [2.20; 21.35] Chen etal. 2.07[0.16; 26.22]
Prediction interval (80%-Pl)  [1.27; 37.01] Makrinioti et al. 9.75[3.41; 27.86]
Heterogeneity: 75 = 14.15 (P = .03), I = 58% Total 4.11[2.24; 7.56]
0.01 0.1 1 10 Prediction interval (80%-Pl) [1.61; 10.52]
Odds Ratio (95% Cl) Heterogeneity: 7 = 39.92 (P < .001), I = 82%

0.1 05 1 2
FIGURE 2 Forest plot depicting the associations between RSV-bronchiolitis and recurrent wheeze development as compared with Odds Ratio (950/6 C])
healthy controls (OR 6.86, 95% Cl 2.20-21.35, 2= 58%), the right side of the vertical line favors RSV-positive bronchiolitis. OR: odds ratio,

1 . 5 ) S0k = 2: 2 2 s 2. i . R .
ClI: confidence interval, PI: prediction interval, I heterogeneity statistic, X,*: chi-squared heterogeneity statistics with 6 degrees of freedom FIGURE 3 Forest plot depicting the associations between RSV-bronchiolitis and recurrent wheeze development as compared with

RV-bronchiolitis (OR 4.24; 95% Cl 2.15-8.36, 2= 85%), the right side of the vertical line favors RV-positive bronchiolitis. OR: odds ratio, Cl:
confidence interval, Pl: prediction interval, 1% heterogeneity statistic, Xézz chi-squared heterogeneity statistics with 6 degrees of freedom

* Infant RV-bronchiolitis group were more likely to develop than

RSV-bronchiolitis group _
* ORA4.11 (95% Cl 2.24-7.56)

Makrinioti H, et al. Pediatr Allergy Immunol. 2022;33(3):e13741.



RSV- and RV-induced bronchiolitis Vs asthma:
A systematic review and meta-analysis

Healty control

Source OR (95% CI) : Source OR (95% CI)

Sigurs et al 7.93[2.06; 30.46) ; Jackson et al. 6.75[1.76; 25.96]
Yamaday. et al 17.33[1.63; 184.36] : Bergroth et al. 5.14[2.80; 9.42]
Zomer-Kooiker et al 5.56 [3.66; 8.44] I Leino et al. 1.11[0.40; 3.08]
Cassimos etal. 10.51[4.63; 23.82] ) Lukkarinen et al. 2013 3.38[1.31; 8.72]
Total 7.21[3.92; 13.28] Kusel et al. 0.68[0.29; 1.57]
Prediction interval (80%-Pl) [3.92; 13.26] Hasegawa et al. 2.81[1.53; 5.16]
Heterogenetty: 75 =2.60 (P = 46), I" = 0% Kotaniemi-Syrjanen et al. 8.57[2.08; 35.32]

—

0.01 0.1 1 10 Teearatkulpisarn et al. 2.01[0.87; 4.66]
Odds Ratio (95% ClI) Lukkarinen et al. 3.10[1.29; 7.49]
Total 272[1.48; 499]

FIGURE 4 Forest plot depicting the associations between RSV-bronchiolitis and asthma development as compared with healthy controls Prediction inter__yal (80%-PI) . [0.97; 7.60]
(OR 7.21; 95% Cl 3.92-13.28, I> = 0%), the right side of the vertical line favors RSV-positive bronchiolitis Heterogeneity: /: =2285(P =.004), " =65%

0.1 05 1 2 10
Odds Ratio (95% ClI)

FIGURE 6 Forest plot depicting the associations between RSV-bronchiolitis and asthma development as compared with RV-bronchiolitis
(OR 2.72; 95% Cl 1.48-4.99, 12 = 65%) the right side of the vertical line favors RV-positive bronchiolitis. OR: odds ratio, Cl: confidence
interval, PI: prediction interval, I% heterogeneity statistic, XSZ: chi-squared heterogeneity statistics with 8 degrees of freedom

* Infant RV-bronchiolitis group were more likely to develop than RSV-bronchiolitis
group
* OR2.72 (95% Cl 1.48-4.99)

Makrinioti H, et al. Pediatr Allergy Immunol. 2022;33(3):e13741.



How does rhinovirus induce airway
hyper-responsiveness?
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Mechanisms of rhlnowrus-mduced airway
inflammation.

Allergen

Rhinovirus
* Induced airway inflammation
through activated macrophage,

RS o neutrophils and eosinophils

LTC4, PG, NO
\: | . * Mucous hypersecretion
-
‘\

 SM contraction —»> wheezing

&

Neutrophils

Kum WK, Gern JE. Allergy Asthma Immunol Res. 2012;4(3):116-21.



Mechanism of RV infection

Cytosol

Epithelial
cells

Yang Z, et al. Front Inmunol. 2021;12:731846.



Mechanisms of rhlnowrus-mduced airway
inflammation.

Human rhinovirus .‘ Allergen

i Rhinovirus

* Induced airway inflammation

.““. through activated macrophage,

Alrway epithelium

RS o neutrophils and eosinophils

LTC4, PG, NO
\: | . * Mucous hypersecretion
-
‘\

 SM contraction —»> wheezing

&

Neutrophils

Kum WK, Gern JE. Allergy Asthma Immunol Res. 2012;4(3):116-21.



Immune response to Rhinovirus in Asthma

iral reponses;
ibit Th2 responses

IgE class switching;
Eosinophils and mast cells
activation;

Mucus production;

AHR

Inhibit Thl and Th2
response;

Prevent DCs maturation;
Inuduce immune tolerance

AHR;
Remodeling
\@

Smooth muscle

Eosinophils

\ £
; Anti-viral responses
Degranulation

Adaptive immune response

Degranulation

Innate immune response

Yang Z, et al. Front Inmunol. 2021;12:731846.



The role of bronchodilator in RV
infection: What is the evidences?
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Procaterol inhibits rhinovirus infection in primary cultures of human tracheal
eplth@llal cells m‘ bfam g % ke NNlh M e e

oshi Kubo Ry ichi Nagator

= Human tracheal epithelial cell culture (human embryonic fibroblast cells)
— Obtained from 41 patients»(73-l_-3 yr; 15 F, 26 M) without asthma

= Study intervention — pretreat with study medication for 3 days

~ Procaterol hydrochloride 0.1 pM
- Vehicle
— Selective B,-adrenergic receptor antagonist (ICl 118551) 10 min before procaterol 0.1 uM

= Infected with Type 14 rhinovirus — cultured at 33°C in 5% C0,—95% air for 7 days

= QOutcome:
— The quantification of rhinovirus RNA (detected cDNA with Qmagen kit and real-time PCR)
— Measurement of ICAM-1 expression
— Measurement of changes in acidic endosomes
— NF-kappa B assay
— Cyclic AMP assay

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.



Effects of procaterol on RV and the acidification
of RV endosomes ‘
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Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.




Effects of procaterol on the acidification of RV
endosomes and ICAM-1 expression

Fluorescence intensity (% pretreatment) m

Before treatment Treatment with vehicle
Procaterol (100 nM) vehicle
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Fluorescence intensity (% pretreatment) =11

0
Control Proc ICI Proc

Treatment with procaterol +
ICI

72h after treatment Procaterol (nM)

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.



Effects of procaterol on cytokine production
with RV infection ‘
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Interleukin-8 (pg/mL)

Time post-infection (days) Time post-infection (days) Time post-infection (days)

Procaterol reduced the type 14 rhinovirus infection-induced secretion
inflammatory cytokines (IL-18, IL-6, and IL-8).

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.



Procaterol inhibits rhinovirus infection in prnnaly cultmes of human tracheal

eplth811al Cells Ml me ‘. Hidekazu Nishimura®, Yukimasa Hatachi ¢, Motoki Yoshida ¢, Hider Fjiwara‘.

M AdI(tthky HdeXDglIlkSk
lKl ', Ryoichi Nagatomn
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What the study found on the efficacy of procaterol!!!
= Reduced the expressmn of ICAM-1 (the receptor for type 14 rhinovirus).

- = Reduced the number of acidic endosomes in the cells (where RV RNA enters into the
cytoplasm).

= Inhibited the activation of NF-kB proteins including p50 and p65 in the nuclear
extracts.

- Increased the cytosolic amount of the inhibitory kappa B-a and cAMP levels.

» Reduced RV infection-induced secretion inflammatory cytokines (IL-1B, IL-6, and IL-8).

Yamaya M, et al. Eur J Pharmacol. 2011;650(1):431-44.



| Airway inflammation in RAD:
Role of Bronchodilators '
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B, adrenergic agonist : Suppresses eosinophil-
induced EMT of bronchial epithelial cells

ICAM-1 VCAM-1
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e Tt == Kainuma K, et al. Respir Res. 2017;18(1):79.



Effect of Procaterol on airway inflammation and

hyperresponsiveness

%Raw2.5 p<005 NS (n = 6, each group)

p < 0.05

Control OA OA OA
+ procaterol + dexamethasone

Airway resistant

(% 10°cells) p < 0.01

p < 0.05
1

p < 0.01 p < 0.05
1

BAL fluid

Tashimo H, et al. Allergol Int. 2007;56(3):241-7.

OA
+ procaterol

[ ] Eoﬁnophﬂl
|| Total cell



B,-agonists: Comparative inhibitory effects of
superoxide anion (O,") production (In vitro)

Neutrophils Eosinophils

The suppressive effect of
superoxide production

Tulobuterol

Salbutamol = Procaterol >>> Salbutamol

> Tulobuterol
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= Neutrophils >> Eosinophils
Procaterol O=5 x 108 M

* Salbutamol @ = 10~° M/
* p<0.001 p<0.01 y
Procaterol Tulobuterol A =5 x 10°° M

| [ T 1 T | | | | T
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Superoxide production | e

Yasui K, et al. Int Arch Allergy Immunol. 2006;139(1):1-8.




Airway remodeling: Effect of eosinophils

. Epithelial-mesenchymal transition (EMT)
- Mechanism that increased number of myofibroblasts - AW remodeling

. Eos,inophils contact with bronchial epithelial cells - induced AW remodeling
- - Increases TGF-B, — promote EMT S

N
—

2 .A . o (
L r'

-

Yasukawa A, et al. PLoS ONE. 2013;8:e64281



Procaterol Inhibits Lung Fibroblast Migration

Tadashi Kohyama,"3‘4 Yasuhiro Yamauchi,' Hajime Takizawa,” Susumu Itakura,’
Sumiko Kamitani,1 Masashi Desaki,1 Shin Kawasaki,1 and Takahide Nagase1
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Kohyama T, et al. Inflammation. 2009;32(6):387-92.



B, adrenergic agonist : Suppresses eosinophil-
induced EMT of bronchial epithelial cells

Eosinophils "+

Procaterol

VST A O A

& L "v‘.‘t’g?‘:&g\%{ Bronchial epithelial cells

. | ) --,\,";“ A * From Riken Cell Bank (Tsukuba, Japan)
A * Incubated with human eosinophils 24 hr.
* Pre-treated with procaterol for 1 hr.
Outcome
* TGF-B,and GM-CSF level
 The expression of adhesion molecules
(ICAM-1 and VCAM-1)
fibroblast-like morphology

Procaterol + Procaterol

Eosinophils - Eosinophils

Kainuma K, et al. Respir Res. 2017;18(1):79.



Airway Inflammation Vs Airway remodeling:
Effect of procaterol "

control control

Deceased infiltration of eosinophils in Reduced subepithe
the submucosal area in procaterol- J |
treated Mice. procaterol treatment.

Tashimo H, et al. Allergol Int. 2007;56(3):241-7.



" RAD and Wheezing with Cough:
Evidences of Bronchodilators
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Treatment of wheezing: Procaterol VS Albuterol

= — P S —~— A

A comparison of oral procaterol and albuterol in
reversible airflow obstruction

T L Petty ', M L Brandon, W W Busse, P Chervinsky, W Schoenweter, A Beaupre, L P Boulet, ) Mazza

= Multicenter, randomized, double-blind study
= N =223 patients (mild to moderate, reversible bronchial airway obstruction)
= Duration: 12 weeks

= |ntervention:
— Procaterol 0.05 mg bid for 2 wk followed by 0.10 mg bid for 10 wk (N = 112)
— Albuterol 2 mg tid for 2 wk followed by 4 mg tid for 10 wk (N = 109)

= Qutcome: Spirometry at 2 wk, 2 months, and 3 months of treatment
Petty TL, et al. Am Rev Respir Dis. 1988 Dec;138(6):1504-9.



A Comparison of Oral Procaterol and Albuterol:
FEV1 after treatment
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Petty TL, et al. Am Rev Respir Dis. 1988;138(6):1504-9.



B-adrenergic agonists: ‘
Effect on mucociliary clearance

The mucociliary clearance apparatus

 Well-coordinated system — clearing the lung of bacteria and
_ foreign particulate matter

1. Airway secretory cells: produce a sol and gel (mucus) fluid
layer on the airway surface

2. Ciliated cells: propel the mucus out of the lung towards the
mouth

Basement membrane = Goblet cells

= Measured by following the rate of egress of dep05|ted
radiolabeled markers by gamma camera

Short acting B-adrenergic agonists

= Enhance mucociliary clearance rates in various lung diseases (eg, asthma, chronic bronchitis,
and cystic fibrosis)

Bennett WD. J Allergy Clin Immunol. 2002;110(6 Suppl):S291-7.



B-adrenergic agonists:
Effect on mucociliary clearance

Terbutaline 0.25 mg, SC 0Vehicle Raw (cm Hz0)-sec/L)

Terbutaline Pre-albuterol  Post-albuterol

P<0.02 Low Dose 1 38 089 *
N=7 ) :

HighDose (7 0.45 *

N=8

80% -

%*
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60% -
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Clearance through 1 hour

N\

Bennett WD. J Allergy Clin Inmunol. 2002;110(6 Suppl):5291-7. Low Dose High Dose




Effect of Procaterol: Mucociliary clearance

——

D1 D2

Procaterol on ciliary transport rate
| (increased ciliary bend amplitude)

E-1 ) = 10 pM - increased 37%

B (5 * 10 nM - increased 70%

Procaterol NB &

Komatani-Tamiya N, et al. Cell Physiol Biochem. 2012;29(3-4):511-22.



Original Article
Safety and efficacy of ambroxol hydrochloride in
combination with procaterol hydrochloride in

pediatric pneumonia treatment and their
effects on TNF-«, IL-6, and IL-18

Weiping Xiang, Ling Yao, Zhonggan Zhou

Case-control study of treatment in 86 children (aged 3.10 * 0.51 yo) with pneumonla for 10 days
* Group A: routine pediatric pneumonia treatment
Group B: routine pediatric pneumonia treatment + ambroxol hydrochloride with procaterol hydrochloride

* Routine pediatric pneumonia treatment = anti-inflammatory drugs, antibiotics (cefazolin and penicillin
sodium), vitamin C, cooling +/- aminophylline for bronchospasm)

* Ambroxal hydrochloride: PO, tid (10 mg; 3m-1y /15 mg; 2-3y /30 mg; > 4 y)

* Procaterol hydrochloride: PO tid (12.5 pug; <5y / 25 pg; >5vy)

| Symptom scores, changes in plasma TNF-a, IL-6, and IL-18 levels, pulmonary function (FEV1
and FV(C)

Xiang W, Yao L, Zhou Z. Int J Clin Exp Med 2020;13(10):7951-7.



Efficacy of ambroxol hydrochloride in combination
with procaterol hydrochloride in pediatric pneumonia

Table 2. Time of disappearance of clinical symptoms associated with
children in group A and group B . . .
Group B The cough disappearance time, wheezing

(n=43) disappearance time, defervescence time,
Cough disappearance time 7.01+1.43|3.04 +1.36 and rale disappearance time of group B

Wheezing disappearance time 7.20+ 1.25| 4.05 + 1.62 were shorter than those of group A
Defervescence time 718+ 1441 395+ 1.26

Rale disappearance time 6.82+1.08| 3.02+1.17

Table 3. Cough scores before and after treatment in children in
group A and group B

Group Group A (n=43) Group B (n=43) t P
Before treatment 5.23 + 1.68 5.42 +1.90 0491 0.625

~» The cough scores of both groups were
lower after treatment.
* The cough score of group B after
treatment being lower than before
treatment compare with group A

After treatment 2.68+1.42 1.26 £ 0.23 6.47/3 <0.001

Xiang W, Yao L, Zhou Z. Int J Clin Exp Med 2020;13(10):7951-7.



Efficacy of ambroxol hydrochloride in combination with procaterol
hydrochloride on TNF-a, IL-6, and IL-18 in pediatric pneumonia

Table 4. TNF-a before and after treatment in children in group A Table 6. IL-18 before and after treatment in children in group A
and group B and group B
Group A Group B Group Group A (n=43) Group B (n=43) t P

Group (n=43) (n=43) L P Before treatment 320.19 + 58.29 319.45 + 56.41 0.054 0.957

Before treatment 13.14 +2.15 13.01+247 0.260 0.795 After treatment 302.18 + 46.09 236.29 + 39.08 7.150 <0.001

After treatment 7.02+248 428+ 1.99 5.651 <0.001 t 7.542 9.014
t 5.207 8.580 P < 0.001 < 0.001
P < 0.001 < 0.001

Table 5. IL-6 before and after treatment in children in group A
and group B

o Group A Group : ] Inflammatory marker during pneumonia

(n=43) B(n=43) (TNF-a, IL-16 and IL-18)
Before treatment  48.39+ 269 49.13+106 1678  0.097 e the plasma level of group B after treatment
After treatment 36.46+2.16 28.49+124 20.980 <0.001 being lower than that of group A

t 6.135 8.508
P < 0.001 < 0.001

Xiang W, Yao L, Zhou Z. Int J Clin Exp Med 2020;13(10):7951-7.



Efficacy of ambroxol hydrochloride in combination with procaterol
hydrochloride on TNF-a, IL-6, and IL-18 in pediatric pneumonia

Pulmonary function (FEV1 and FVC) of group B were higher than those in group A
after treatment (P < 0.001)

Xiang W, Yao L, Zhou Z. Int J Clin Exp Med 2020;13(10):7951-7.



Original Article

Safety and efficacy of ambroxol hydrochloride in
combination with procaterol hydrochloride in

pediatric pneumonia treatment and their
effects on TNF-«, IL-6, and IL-18

Weiping Xiang, Ling Yao, Zhonggan Zhou

The combination of ambroxol hydrochloride and procaterol hydrochloride in pediatric pneumonia treatment
showed

 Better clinical symptoms (cough, wheezing, rale disappearance, and defervescence time periods)
* Better alleviation of pulmonary inflammation
e Better regulation of pulmonary function

This combination can improve the clinical efficacy of treatments in children with
pneumonia to a certain extent and is worthy of wide clinical promotion.
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Full agonist & strong broncho-dilating effects

= Full agonist: only need 5% receptor density can reach 100% broncho-dilating effect

= Partial agonist: even with 100% receptor density, it can not reach full broncho-dilating effect

High receptor density Low receptor density

Full agonist

Partial agonist

Relaxant effects of B2 adrenoceptor on severe precontraction

relaxation(%)

: Mean + S.E.
Drug concentration [log(mol/L)]



Procaterol

Bronchitis

(B2)
EC50

11.1

left atrium

(B1)
EC50

0.0001

B1
effect

B2
selectivity

(B2/p1)
111,000

Salmeterol

5.0

0.0001

50,000

Clenbuterol

2.0

0.0001

20,000

Salbutamol

0.0004

1,200

Formoterol

0.05

500

Terbutaline

0.0003

267

Fenoterol

0.005

0.01

Isoprenaline

1.0

Highly selectivity for B2 receptor,

Less Cardiac side effects

[00]
o
L

% Isoproterenol Maximum

Concentration [ — log (M)]

Positive inotropic responses

Yuichiro Kamigawa rt al. International Review of Asthma 1999;1(4):34.




Selective agonists of beta
ptors 2

adrenergic rece

B,-receptor Adenylyl cyclase

Smooth
muscle
relaxation

1. Terbutaline
2. Clenbuterol
3. Salbutamol
4. Salmeterol
5. Pirbuterol
6. Isoetarine

7. Orciprinaline

B-2 receptors

S ] e’ &
m B |
$l)2
Bronchial smooth
muscle

Bronchodilation

Inhibition
of calcium
release

Uterine muscle

Uterine relaxation
(tocolysis)




Procaterol: Mechanism of Action
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** Meptin Tab, Mini, Syrup \
~ be listed in National List of Essential Medicines
from year 2004 and also in year 2017

Nadey1 3 Respiratory system

3.1 Bronchodilators

3.1.1 Adrenoceptor agonists

1. Procaterol hydrochloride Syr
Salbutamol sulfate tab, aqueous sol, DPI, MDI, sol

for nebulizer

Terbutaline sulfate tab, syr, sterile sol

Terbutaline sulfate sol for nebulizer

Procaterol hydrochloride tab



Take home messages (1)

= RAD is a symptomatic diagnosis of recurrent wheezing in preschool child.

= Most df RAD-diagnoséd children become asthma, since preschool asthma are difficult

to diagnose.

= Early viral respiratory infections, especially RSV and rhinovirus (RV), are the

significant risk factors for asthma development.

* RV infections cause airway inflammation and hyper-responsiveness which can be

presented as recurrent wheezing or RAD.



Take home messages (2)

= Bronchodilator, eg; procaterol:

- hasan anti-viral effect especially in inhibiting RV infections by reducing RV adhesion molecules, .

acidification of RV endosomes and reducing inflammatory cytokine production.
— reduces eosinophilic infiltration and fibroblast migration.

— may help to prevent airway remodeling.

= Procaterol is the option of bronchodilator that helps in reducing RAD symptoms
which are wheezing and coughing (improves mucociliary clearance and when using

in combination with ambroxal)



Thank you for ydur attention

. The End
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