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บทคัดย่อ 
ฟ้าทะลายโจร (Andrographis paniculata) เป็นสมุนไพรท่ีใชก้นัอยา่งแพร่หลายมานานหลายศตวรรษในประเทศ

จีน อินเดีย และประเทศในแถบเอเชียตะวนัออกเฉียงใต ้โดยใชส้ าหรับการรักษาโรคติดเช้ือทางระบบหายใจและบรรเทา
อาการหวดั อย่างไรก็ตาม การศึกษาฤทธ์ิของฟ้าทะลายโจรท่ีเก่ียวขอ้งกบัการควบคุมการขนส่งไอออนในเซลล์เยื่อบุผิว
ทางเดินหายใจยงัไม่เป็นท่ีทราบแน่ชดั งานวิจยัน้ีมีวตัถุประสงคเ์พ่ือศึกษาผลของฟ้าทะลายโจรต่อกลไกการขนส่งไอออน
ในเซลล ์H441 ซ่ึงเป็นเซลลเ์ยือ่บุผิวทางเดินหายใจมนุษยโ์ดยใชเ้ทคนิค Ussing Chamber ในการค านวณค่ากระแสลดัวงจร
สมมูล ซ่ึงแสดงถึงการขนส่งไอออนสุทธิท่ีเกิดข้ึนผ่านเซลล์เยื่อบุผิว จากการทดลองพบวา่ ฟ้าทะลายโจรท าให้เกิดการ
เพ่ิมข้ึนของค่าความต่างศกัยไ์ฟฟ้าระหวา่งดา้นบนและดา้นล่างของเซลลเ์ยื่อบุผิวทางเดินหายใจและค่ากระแสลดัวงจรสมมูล  
(p  <  0.001; n = 5) โดยผลการออกฤทธ์ิของฟ้าทะลายโจรจะหายไปเม่ือมีการยบัย ั้งการท างานของเยื ่อบุช่องโซเดียม
ดว้ยอะมิโลไรด์ ซ่ึงเป็นสารท่ีขดัขวางการเคล่ือนท่ีของโซเดียมไอออนเขา้สู่เซลลอ์ยา่งแรง (p  < 0 .001; n = 5) การทดลองน้ียงั
พบวา่ การออกฤทธ์ิของฟ้าทะลายโจรไม่ผ่านการท างานของเยือ่บุช่องคลอไรด ์ชนิด TMEM16A และ CFTR ซ่ึงศึกษา
โดยใช้สารยบัย ั้งการท างานของเยื่อบุช่องคลอไรด์ ผลการศึกษาคร้ังน้ีสรุปได้ว่า ฟ้าทะลายโจรมีฤทธ์ิท าให้เซลล ์
H441 มีการดูดซึมของโซเดียมไอออนผา่นทางเยือ่บุช่องโซเดียมเพ่ิมข้ึน แต่ไม่ท าใหก้ารคดัหลัง่ของคลอไรดเ์ปล่ียนแปลง 
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Abstract 

Andrographis paniculata, also known as Fah Talai Jone in Thailand, is an herb traditionally used in China, 
India and Southeast Asia. It has been widely used for centuries, for the treatment of respiratory infection and common 
cold. However, the effect of Andrographis paniculata in regulating ion transport in respiratory epithelium is currently 
has not well understood. Thus, the present study was aimed to determine the effect of Andrographis paniculata on ion 
transport in human respiratory epithelium using NCI-H441 cell line using Ussing chamber technique. The equivalent 
short-circuit (Isc), an indicator of ion transport across the epithelium was calculated. The results showed that Andrographis 
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paniculata increased transepithelial potential difference and Isc (p < 0.001; n =5). The effect of Andrographis paniculata was 
abolished when the cell monolayer was pre-treated with amiloride, a potent epithelial sodium channel (ENaC) blocker 
(p < 0.001; n = 5). Interestingly, the effect of Andrographis paniculata was not sensitive to TMEM16A and CFTR Cl- 
channel blockers. Taken together these findings suggest that Andrographis paniculata increases Na+ absorption via 
ENaC without any effect on Cl- secretion in H441 cells.   
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Introduction 
Andrographis paniculata, commonly known as Fah Talai Jone (King of Bitters), is an herbal medicine that has 

been widely used in Chinese, Thai, and Ayurvedic medicine for treatment of asthma, respiratory tract infection [1], 
common cold [2], influenza and fever [3]. Pharmacological studies suggest anti-inflammatory [4-5], antipyretic [6], 
antiviral [7] and immunostimulatory [8] properties. Some clinical studies in uncomplicated common cold patients 
showed that the effectivity of Andrographis paniculata was much pronounced in controlling nasal secretion and nasal 
congestion [9]. However, the mechanism of this anti-secretory action remains unknown. Because airway surface fluid 
consists of mucous glycoprotein released from submucosal glands and water transported across airway epithelial cells, 
the latter being determined by transepithelial ion transport [10]. In particular, it is regulated by the balance between Na+ 
absorption mediated by epithelial sodium channel (ENaC) and Cl- secretion mediated by cystic fibrosis transmembrane 
conductance regulator (CFTR) and the calcium-activated Cl- channel (CaCC) [11].  

H441 cell is a respiratory epithelial cell line that has been used extensively as a suitable model for studying 
electrolyte and fluid transport in the respiratory epithelium. So far the effect of Andrographis paniculata in regulating 
ion transport in this cell type has not yet been well understood. The present study aimed to determine the effect of 
Andrographis paniculata on respiratory epithelium ion transport functions by measured bioelectric properties of  H441 
monolayer, which primarily secreates Cl- and absorbs Na+ [12], under short-circuit in vitro condition.  

 
Materials and Methods 

Cell culture: The human lung adenocarcinoma epithelial cell line, NCI-H441 cells (ATCC® HTB-174TM), was 
a gift from Assoc. Prof. Dr. Anuwat Dinudom (University of Sydney, New South Well, Australia). H441 cells were 
grown in RPMI 1640 medium supplemented with 9 % fetal bovine serum, 2 mM L-glutamine, 5 µg/ml insulin, 5 µg/ml 
transferring, 5 ng/ml selenium and 100 U/ml penicillin and streptomycin. The cells were maintained in 75 cm2 flasks 
and incubated in a humidified atmosphere of 5 % CO2 at 37 °C until they reach 70 % confluence before plating on 
Snapwell (Corning, U.S.A). For Ussing chamber studies, the cells were plated on Snapwell at the density 250,000 
cells/insert and grown in RPMI 1640 medium supplemented with 100 nM dexamethasone. After seeding for 24 hr, 
apical side of the cells were washed and 100 µl of fresh media added whereas the bottom compartment of the Snapwell 
were filled with 1.5 ml of fresh media and subsequently changed every 48 hr. Monolayers were incubated for 4-5 days 
until tight junctions were developed. 
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Ussing chamber study: Ussing chamber technique was used to determine the equivalent short-circuit current 
representing ion transport property of H441 cell monolayers grown on permeable supports (Snapwell).  The Ussing 
chamber is separated into two compartments, apical and basolateral, divided by the monolayer. Each half of the 
chamber was filled with physiological bathing solution containing (in mM) NaCl (130), KCl (4), H-HEPES (5), Na+-
HEPES (5), MgCl2 (1), CaCl2 (1) and glucose (5); pH 7.4. The chamber was connected to a data acquisition system 
(PowerLab 4/30, ADInstruments, New South Wales, Australia) and a high impedance device to prevent current to be 
drawn from the circuit by equipment. Transepithelial potential difference (Vte) was monitored continuously using a 
Chart V 7 program with reference to the basolateral side of the epithelium. Transepithelial resistance (Rte) was 
determined by applying short (200 ms) current pulses (3 µA, period 6 s). The equivalent short-circuit current (Isc) was 
calculated according to Ohm’s Law (I = V/R). Short-circuit current was allowed to stabilize for approximately 10 min 
before performing the experiment. 

After the H441 monolayers were allowed to equilibrate in the Using chamber for 10-20 min, Andrographis 
paniculata extract (Traditional Thai medicine Hospital, Prince of Songkla University, Songkhla, Thailand) dissolved in 
DMSO, at a concentration of 1, 10, 100 or 1000 µg/ml, was added to the apical bathing solution and the changes in Vte 
were recorded for at least 20 min. Pharmacological inhibitors were added to the apical side of the chamber 10 min prior 
to expose to the Andrographis paniculata. These include, at final concentration, 10 µM amiloride (Sigma, Missouri, 
U.S.A.), 20 µM CFTRinh-172 (Sigma, Missouri, U.S.A.) and 30 µM T16Ainh-A01 (Tocris Bioscience, Bristol, U.K.). 

Statistical analysis: All data were expressed as mean ± standard error (S.E.M.) from at least 5 sets of 
experiments. Statistical difference was assessed using the one-way analysis of variance (ANOVA) with Student-
Newman-Keuls post-hoc test and p < 0.05 was considered to be statistically significant. 

 
Results and Discussion 

The basal transepithelial potential difference (Vte) and transepithelial resistance (Rte) of H441 cells monolayers 
were 23.19 ± 1.23 mV (n = 25) and 1649.80 ± 81.94 Ω.cm2 (n = 25), respectively. These corresponded to an equivalent 
short-circuit current (Isc) of 14.96 ± 1.02 µA/cm2 (n = 25), calculated with Ohm’s law. To determine the effect of 
Andrographis paniculata on ion transport in H441 cells, as illustrated in the representative tracings (Figure 1), exposing 
the apical membrane of H441 cell monolayers with Andrographis paniculata (AP) 1000 µg/ml caused a 7.33 ± 1.03 mV 
(n = 5, p < 0.001) increase in Vte (apical side becomes more negative, Figures 1E and 2A), which reached a plateau level 
within 10 min. This correspond to 3.61 ± 0.57 µA/cm2 (n = 5, p < 0.001) increase in Isc (Figure 2B). Whereas AP 100 
µg/ml caused an increase in Vte (4.54 ± 0.89 mV, n = 5, p < 0.001; Figures 1D and 2A) but has no effect on Isc of H441 
cells (0.20 ± 0.55 µA/cm2, n = 5; Figure 2B). Giving that DMSO showed no effect on the Vte (Figures 1A and 2A) and 
Isc (Figure 2B), indicating that the changes in Vte and Isc observed in this study were not an effect of solvent.  

 
Figure 1 The effect of Andrographis paniculata (AP) on transepithelial voltage (Vte) in H441 cells. Representative 
recordings of Vte in H441 cells in response to (A) DMSO, (B) AP 1 µg/ml, (C) AP 10 µg/ml, (D) AP 100 µg/ml,  

and (E) AP 1000 µg/ml were added into apical bathing solution 10-20 min after start recording. Vte indicates 
transepithelial potential, ∆Vte indicates voltage changes in response to 3 µA injecting current and solid bar  

indicates the duration in which AP present in the apical bath solution. 

 
Figure 2 The effect of Andrographis paniculata (AP) on voltage changes (∆Vte) and equivalent short-circuit current 
(Isc) in H441 cells. The apical side of H441 monolayers was added with DMSO, AP 1, 10, 100 or 1000 µg/ml. Values 

are mean ± SEM from at least 5 sets of experiments. *** indicates p < 0.001 compared to negative control, DMSO (one-
way ANOVA with Student-Newman-Keuls post-hoc test). 

 

An increase in Isc subsequent to Andrographis paniculata treatment may be due to either increasing cation 
absorption or anion secretion. The major route for cation absorption in respiratory cells is via the amiloride-sensitive 
pathway [13]. To determine the amiloride-sensitive component of the Andrographis paniculata–induced Isc response, 
the H441 monolayers were pre-treated with 10 µM amiloride, a potent epithelial sodium channel (ENaC) blocker, by 
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absorption or anion secretion. The major route for cation absorption in respiratory cells is via the amiloride-sensitive 
pathway [13]. To determine the amiloride-sensitive component of the Andrographis paniculata–induced Isc response, 
the H441 monolayers were pre-treated with 10 µM amiloride, a potent epithelial sodium channel (ENaC) blocker, by 
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added into the apical bath solution to eliminate the contribution of ENaC on Isc. Under this condition, 1000 µg/ml AP-induce 
Vte and Isc was 0.82 ± 0.34 mV (n = 5, p < 0.001; Figures 3B and 4A) and 0.46 ± 0.16 µA/cm2 (n = 5, p < 0.001; Figure 
4B), respectively. These results suggest a strong possibility that the mechanism by which Andrographis paniculata 
increase Isc in H441 cells is mediated via ENaC. This finding is different with a previous report [14] that bisandrographolide, an 
active compound from Andrographis paniculata extracts, activates TRPV4 channel, nonselective cation channels, 
a Ca2+-permeable in HEK293T cells. 

 
Figure 3 Representative recordings of transepithelial potential difference (Vte) in H441 cells. When the cell monolayers 

were untreated (A), pre-treated with 10 µM amiloride (B), 20 µM CFTRinh-172 (C) or 30 µM  
T16Ainh-A01 (D) 10 min before treating with Andrographis paniculata (AP, 1000 µg/ml). 

 
 

 
Figure 4 Effect of amiloride, CFTRinh-172, and T16Ainh-A01 on voltage changes (∆Vte) and equivalent  

short-circuit current (Isc) in H441 cells in response to AP 1000 µg/ml. The apical side of H441 monolayers pre-treated 
without and with 10 µM amiloride, 20 µM CFTRinh-172 or 30 µM T16Ainh-A01 10 min before the presence of AP 
(1000 µg/ml). Values are mean ± SEM from at least 5 sets of experiments. *** indicates p < 0.001 compared to cells 

treated with AP (1000 µg/ml) alone (one-way ANOVA with Student-Newman-Keuls post-hoc test). 
 
Next, the effect of Andrographis paniculata on anion transport was determined by pre-treated H441 

monolayers with 20 µM CFTRinh-172, a cystic fibrosis transmembrane conductance regulator (CFTR) Cl- channel 
inhibitor before the AP was introduced. Under this condition, Vte was increased by 6.03 ± 0.79 mV (n = 6; Figures 3C 
and 4A), corresponding to a 4.34 ± 0.58 µA/cm2 (n = 6; Figure 4B) increasing in Isc. These values were equivalent to 
those of AP-treated group. In a separate experiment, the cell monolayers were treated with 30 µM T16Ainh-A01, an 
inhibitor of TMEM16A channel, a calcium-activated chloride channel (CaCC). Under this condition, the inhibitor did 
not show any effect on AP-induced Vte (5.28 ± 1.22 mV, n = 6; Figures 3D and 4A) or Isc (4.60 ± 1.07 µA/cm2, n = 6; 
Figure 4B) when compare with the cells treated with AP alone. These data suggest that Andrographis paniculata has no 
any effect on the activity of both CFTR Cl- channel or TMEM16A calcium-activated Cl- channel. 

 
Conclusion 

This study was the first to determine physiological activity of Andrographis paniculata in H441 respiratory 
epithelial cells. The stimulatory effect of Andrographis paniculata on the Na+ absorption across the respiratory 
epithelium could be beneficial in treating patients with respiratory infection such as common cold that associated with 
mucus and fluid accumulation in the airway. So far, the intracellular signaling pathway of Andrographis paniculata is 
still not well understood. More investigation to this signaling pathway is, therefore, required for a better understanding 
the action of Andrographis paniculata on airway diseases.  
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การจดัการของเสียอนัตรายและการมีส่วนร่วมของประชาชนในพืน้ที่ 
อ าเภอป่าพะยอม จงัหวดัพทัลุง 

People Participation in Hazardous Waste Management in Pa-payom District, 
Phatthalung Province 

 
โสมศิริ เดชารัตน1์*  
Somsiri Decharat1*  

 
บทคัดย่อ 

งานวิจยัน้ีเป็นการวิจยัเชิงส ารวจมีวตัถุประสงค์เพ่ือศึกษากระบวนจดัการขยะอนัตรายขององค์กรปกรองส่วน
ทอ้งถ่ินและศึกษาการมีส่วนร่วมของประชาชนในการจดัการขยะอนัตรายของชุมชน กลุ่มตวัอยา่งท่ีใชศึ้กษาประกอบดว้ย 
ผูรั้บผิดชอบงานดา้นส่ิงแวดลอ้ม 13 คน และกลุ่มตวัอย่างท่ีเป็นประชาชนจ านวน 253 คนท่ีอาศยัอยูใ่นเขตพ้ืนท่ีอ าเภอ
ป่าพะยอม จงัหวดัพทัลุงโดยใชเ้กณฑใ์นการคดัเขา้ เก็บขอ้มูลโดยใชแ้บบสอบถาม วเิคราะห์ขอ้มูลเชิงปริมาณโดยใชส้ถิติ
ร้อยละ และค่าเฉล่ีย ส าหรับขอ้มูลเชิงคุณภาพจะวเิคราะห์เน้ือหาและเรียบเรียงเชิงพรรณนา ผลการศึกษา พบวา่ ประชาชน
มีความพร้อมดา้นการมีส่วนร่วมในการจดัการขยะอนัตรายในระดบัครัวเรือน ระดบัปานกลาง (ค่าเฉล่ีย 2.84) และร้อยละ 
38.24 มีการคดัแยกขยะอนัตรายจากขยะทั่วไป ดังนั้นผลการวิจยัสามารถใช้เป็นแนวทางในการวางแผนและก าหนด
นโยบายการจดัการของเสียอนัตรายขององคก์รปกครองส่วนทอ้งถ่ินในพ้ืนท่ีต่อไป  
 

ค าส าคญั: การจดัการขยะอนัตราย การมีส่วนร่วม องคก์รปกครองส่วนทอ้งถ่ิน 
 

Abstract 
This research is a survey research aimed to study the hazarded waste management processes of local 

administrative organization and community participation towards hazarded waste management of population. The 
samples of this study were sixteen staff who had responsibility in environmental work and 253 residence in the 
communities in Pa-payom district, Phatthalung province. These were purposive sampling. The data was collected from 
the residences by using questionnaire and then analyzed by using percentage and mean. The qualitative data was 
analyzed by content analysis and descriptive writing. The research results found that the people had the readiness to 
participate in community hazarded waste management at moderate level (average 2.84) and 38.24 percent were 
hazardous waste separation from the general waste. Therefore, the results can be used as guidelines in the formulation of 
policies, planning and management of hazardous waste, of local governments in the following areas. 
 

Keywords: Hazarded Waste Management, Participation, Local Administrative Organization 
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