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Abstract

Speed, agility, and balance are the skills required for soccer players. Static stretching and dynamic
stretching in order to reduce the injuries rate and to increase muscle power, strength, and flexibility. The effects
of stretching help promote performance in soccer players. Thus, this study aimed to examine the immediate effects
of dynamic combined with static stretching and dynamic stretching on agility and balance in people who play
soccer. The participants included 30 male students at University of Phayao, aged 20 + 1.44 years on average.
They were randomly divided into 2 groups (dynamic combined with static stretching and dynamic stretching group).
Pre and post stretching tests were implemented in both groups for their balance and agility. Data obtained was
brought for statistical analysis. It was found that the Immediate effects on their agility and balance after dynamic

combined with static stretching and dynamic stretching were significantly higher (p < 0.05).

Keywords: Dynamic stretching, Static stretching, Agility, Balance, Soccer players
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Effects of combined training on shooting performance in women futsal player

at Rajamangala University of Technology Lana Tak
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Abstract

The purpose of this research is to study and compare the effects of combined training on shooting
performance in futsal. The participants was 20 players at the Institute of Rajamangala University of Technology
Lanna Tak. Purposive sampling was employed in this study. The instrument used in this research were combined
training program on the experimental group and futsal training program on the control group. The data were
statistically analyzed, using average, standard deviation, one-way repeated measure ANOVA, two-way repeated
measure ANOVA at a statistically significant level of 0.05.

The results of the study conveyed the accuracy and the power of shooting among the participants in
experimental group and increased accordingly to the time of training at a statistically significant level of 0.05. In
addition, the control group’s goal shooting accuracy improved after their eight weeks of training while the power
of shooting increase accordingly to the time of training at statistically significant level of 0.05. After comparing the
differences in goal shooting accuracy of both groups showed no differences. However, the power of shooting very
differently between the experimental group and control group after eight weeks of training and at a statistically

significant level of 0.05.

Keywords: Combined Training, Shooting, Futsal
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Estimation of air pollutant emissions from vehicles : A case study of the upper

Northern Thailand
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Abstract

The objective of this study was to estimate air pollutant emissions from vehicles in Thailand's upper northern
region in 2018. The emissions of four types of pollutants, including Carbon Monoxide, Hydrocarbons, Oxides of Nitrogen,
and PM, 5 were estimated from different types of vehicles, including passenger car, vans, pick up, motorcycle, bus,
and truck. The emissions were estimated using Thailand's PRTR Release Estimation Manual for Motor Vehicles. The
study found that in the base year 2018. The amount of CO, HC, NOy and PM, s emissions were 71,334.76, 58,877.61,
13,012.16 and 1,331.94 tons/year. CO and HC accounted for major emissions from motorcycles, while NOy accounted
for large emissions from trucks and PM, 5 emissions were primarily contributed by pickup trucks. Projections of pollutant
emissions for the years 2019 — 2032 revealed that the air pollutants tend to increase emissions in 2032 by 48.49%-
53.61% from the base year. In the case of mitigation evaluation of using 50% electric vehicles for newly registered PC,
Pick up, and MC vehicles during 20222032, it could reduce CO, HC, NOy, and PM, 5 emissions by 19.04%, 17.86%,

7.56%, and 18.05% respectively, compared to without measures.

Keywords : Air pollutant, Vehicle, Road transport, The upper northern, Electric vehicle
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nsUssRuniatassaanaisneninrangu s siuiniamieneuun lreyat we.
2561 it Wesaniindfifsomniseind newdnsamnisaunsszonmadlsaindel¥alalsun 2019
(COVID - 19) ¥INN19UFURAURITHARENIBINFIINLIUNINUE 6 UsZN A ﬁaﬂuéﬁqﬁquqmﬂﬂvfﬁ Wiu 7 Ay
(PC) sn8uHasaLyARALAL 7 AL (Van) 5an52UsU59n (Pick up) sadnsenHEsAaaLyARR (MC) alasans
(Bus) uazsaLssn (Truck) [10] ifiusausasaasaii s unsfinen Taun sosyaafiRd ausnanmadonazay uas
dmusnaanzieniia duunpaeiiadomas 0 we. 2561 Welniureyatgnilunalsuinnalassans
HANE ﬁymjM“fﬂﬂ@lmf@iymmﬂﬁm{ﬂyjmmﬂ@:mﬁﬁmﬂuﬂla NBIUHIITI NTHNTTUEINLN LL@:%J@HMW
Fruansnaanzdeonlng @ wa. 2553-2561 189 9 Fandanimmidanauuu niaianisointaiiulnoes
g mnzuaazlazion TagnisAsandnainiaiulanis (Growth rate) aavenuniysTuunazt Sanwan
sausan (Truck) fdnanisiulnfisdugeiiqn souay 18.92 sasasmnfte snausilsauyanalifiu 7 A (PC)
SONS2ULIAN (Pick up) WAZaNdNTEIEUARINYARR (MO) Hdnsniaiulnfisd souas 13.87 s08ay 3.26
LATIDEAY 0.96 AHAIFL AausnEsmisaIyARaITiY 7 A (Von) uazsalnuans (Bus) Aamsnniaifiulnanas
088 5.34 WAz 988AY 052 A1 aenelsfiny JuntsmanisoiBanoemmmeiigniaiulpfianas
s vinnsmansnilpelrdaanadulafiad nanAelseeyadmansaemmzdomonsdgudmiuans
sTagauyAAaLfiss 7 A (Von) uazsalaeans (Bus) 1 aAANoiSH sl Rtz uA Az sz dan3y
nN5AANTOILE RN DA TaR EN19BINA Turaetl W.e. 2562-2575 dnaausneunaanzidendu
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DA%

W PC W Van W Pick Up MC W Bus W Truck

PC, 1222 %
Truck, 18.00 %

Van, 0.87 %

Bus, 0.18 %

Pick Up, 15.55 %

MC, 53.18 %

a o ! s = = o o
AIAN 3 ﬂmmu‘mﬂum@mwzLUHuTuﬂﬂﬂLﬁuﬂmﬂuuu 9 FINIA

ANEAHINNNSUARLANSHAREEINFINLIMNINE UAAT ST LAN

ansuaiupInIAans e Anntuaded Taun neasueuneuwenlan (CO) aataznou
Talnsansueu (HO) nweanlzavashlnsian (NO,) uAzHLATaR AN 2.5 THATEY (PM, ;) BaRansoun
INYDYAADATNEINAATIANAH I PM, 5 uaznslalauiiiiunnanasginlimaisiing Wisns
FnaninnsUasyssHaiEeInA a1sBsengdenisaatszinsinisantasssaisdinsuwmasiiie
Uszinvanusnaessemalvy 189nsueUANNaRY [11] uazlrAnduLlszAvAntsUanenafis (Emission factor,
EF) ?Jmﬁaﬂu@?ﬁﬁ:mmmﬂ Fuunaaandomas ﬂy"lﬁﬁdﬁh’%ﬂ@:ﬁﬂﬂﬂﬁﬂﬁﬂﬂizmﬁmﬂﬂ‘iﬂﬂﬂﬂ@lfﬂﬂNﬂﬁ‘l&i
ANNFUUNAITITEAUSHANTOIUA 209NTHATLANNATY G91190 58 EMEP/EEA Guidebook, 2006 IPCC
Guidelines [12] ﬁﬂﬁ’ﬂﬂ‘i:ﬁw'ﬁfm‘iﬂé@ﬂuﬂﬂﬁ@ﬂﬂ@:fl@ Atmospheric Brown Clouds (ABC) Emission Inventory [13]
uaznnsAnEae Mifearas [14-15] Saunnslemdnssansiiaeg duandluansed 1 uatsvayasze:
NINITAUNI A ANIAA B D98N UAGE3zIAY (Vehicle Kilometers of Travel, VKT) Tagiduaniann
ﬁI’]Lﬂfﬁl?_l"ﬂm‘ﬂymdﬂgﬂﬂ@ﬂﬁﬁ@ﬁuﬂ‘j:mﬂ %!dfﬁy@'mwﬂm‘iﬁﬂ‘]ﬂ’]"ﬂm Limanond et al. [16] W&z Thuengnamlee et
ol. [17] wazrayasIniuLdIs999eyants s Tuflui Anen fuanslunngei 2 8n1amuam

n9UaBYA1THAREEINA JgRsiunisAan el

E, = Z (VKzjijEFH )
I’J

j

Tneit Ap UBnnoinnslassssnaReneenniAuaazein (Fueed)
VKT, #s S EEININNT R AN BN NN LA (Rlanmsnedunad)
N, Aa Usanasunmizuaazason (Ausad)
EF, AD ANENUS AN AU AN HATNENNIBNNATEIIAUALARZLSTEANABTZHEN

FIULNANEAATDINRS (NSNADA LaLNH)

ar a o > a <
— MR BTINUNAIINTTE AN VITAN THDATN-



o

@ 2 B~ =
5

THERSRLY /=4
W:I181I0V8) J e 25 & ) riny N )rons NUIEEN 53

PHAYAO RESEARCH CONFERENCE

msfinenfiarlreeyaUsimeun i unazlssnniifne (Suausnaanzidawazan) ainn 6
Uszian Tullgu Sunnanuidamaily uaztruayaennanisaianisaifunseummue buuaazd azln

3NIUNITUAREFITHANENNDINIFLAALERAUBILTWNINARL LARZU TN

A157199 1 AENUTEANENNTUABE ATHATEUARLEHAYEITNEUALSZINNANY ] SuUnATNERARBINGS

ATNNUSEANENISURDeNANY

Usziananunvine \FaiwRs (nSunailaiuns)

co HC NO, PM,

ﬁﬂﬂuﬁﬁqﬁquqﬂﬂ@TﬁLﬁu 7 A (PC) pllga 0.097* 0.016"  0.601"  0.0342"
WINEY 0.549" 0.116" 0.058*  0.0011*

LPG 1.044 0.10*  0.06%  nad*

CNG 0.3 0.05° 0.5° 0.03°
ﬁﬂﬂuﬁﬁqﬁquqﬂﬂ@Lﬁu 7 AU (Van) pllga 0.375" 0.035%  0.831"  0.0409"
\UNEN 2.01" 0.128"  0.064*  0.0011"

LPG 5.1° 0.25° 0.05° 0.03®

CNG 0.3 0.05° 0.5° 0.03°
T0N9LULLTINN (Pick up) Alaa 0.375" 0.035"  0.831"  0.0409"
INEY 2.01 0.128* 0.064*  0.00114

LPG 5.1° 0.25° 0.05° 0.03®

CNG 0.3° 0.05° 0.5° 0.03°
ﬁﬂﬁﬂﬁﬂquﬂuééquqﬂm (MC) N 3.03" 0.541"  0.194*  0.0035"
salapanssaNyNUszIan (Bus) plLam 0.15" 0.0214 257" 0.0354"

LPG 1 0.7 2.6° n.a®

CNG 0.806° 0.07° 4° 0.03®

TOUTIVNIMYNUTLON (Truck) P 3.6° 0.87° 9.15°  0.047°
TN 59.5" 5.25" 6.60" 0.00*

LPG 1® 0.7% 2.6° n.o®

CNG 0.806° 0.07° 4° 0.03"

nNELRR : ﬂy’]\‘i@d@’m@:ﬁ@ﬂ’]‘iﬂ’mﬂizm’IMﬂ’]‘iﬂﬂﬂﬂﬂlﬂﬂ&l@ﬁ‘iﬂ dwiuuwastnfindasionanes ez
Tne nanaupuNany, 2559 [12]
B frjyfmﬁd@”lﬂdﬁﬂ Atmospheric Brown Clouds (ABC) Emission Inventory, 2013 [13]
¢ 91989970 Castillo et al., 2022 [14]
> §19B99N Schipper et al., 2008 [15]

n.a. nenedl [wizeya (not available)
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Coax.

15199 2 TEYENINNEARNINEZEN (Vehicle Kilometers of Travel, VKT) 2898 11N IMHELARZUSEAN

STUTNNNSARNIEZAN (Rlainnsaanuaail)

Uszian .
. RUUR1599 13 Loy
STHNTAHE WASTITANE n;qmwumuﬂsE ADMHLNN P ANRAY
A5ANEIH
ﬁaﬂuﬁﬁi’\iﬁquqﬂm
C 15,640 31,368 22,557 37,708 26,818
Tafise 7 @34 (PQ)
‘mﬂuéﬁﬁ\azﬁuu‘ﬂm
~ 18,140 32,475 69,161 34,929 38,676
LK 7 AU (Van)
I0NTTULUIINN
18,140 32,475 28,030 40,120 29,691
(Pick up)
S09NTEULUR
5,662 4,015 5,701 5,524 5,225
(MC)
ﬁﬂ‘[mﬂmﬁmwﬂ
Y5210 (Bus) 34,585 51,664 72,237 60,244 54,682
s0lRUEITRaILaD
TOUTINNTWNIN
59,115 40,989 69,752 55,551 56,351

Ugetan (Truck)

NNTELAG E 91989910 Limanond et al., 2009 [16], F 81984910 Thuengnamlee et al., 2012 [17]

mﬁﬁﬂwm%ﬁéﬁ%{ﬂﬁzm@mﬁimmm%ﬁﬂ‘%mmmuwmuﬂuﬂ W.AL. 2562-2575 Tun1sa1anaos
wn B imsUassansnatuneaIn Aenesw ke s A e aewuneesdsymeine T w.e.
2562-2575 TagAMANNS BB NI NN HEAINS TIN5 IR NT wrpssaa v anutnnun avsyian uay
UsfinUasnninsuassaanafisniseinaiumsd wa. 2562 §9 e 2575 WAsusuiuigmn fesean
I w.a. 2562-2564 fanumaniunsszunneeslsafindalnSalalau 2019 (COVID - 19) Faiiuanunisnid
Tunf Aifinnasaadvnaassgia Tansfinisanfiansannafumiouasnisanas SnnsuUfifniion uas
NNINBITI I 199L5E IR AARS BIDNTFINARBNTU AL AN BIEWN L UAz SN BINNT U ABLENS
NAREV9DINA [7] 2819(5RANN el B e UM DU A ANAIN NS AMANIT DI LS WIS NI AR AN
934 6 Ugznn ’Vﬂﬂ%@ﬂ;ﬂﬂﬂﬁ@l Tl WAl 2562-2564 WU THAMNTIH SAIUIHIALUAFZENIINANTATANISOL 5]
ATHANNATSININT WA FEANAET ﬂmf;uﬁnﬂu@?ﬁf’%%quqmmﬁu 7 @ (Van) 990n15a1an190s il w.e.
0563-2564 HAMMDINITSIHIUTDUUARLENTES ANATTHNARIALARDHYDISIHIUTDLUAUARTEANTIAANT DS
i w.p. 2562-2564 @glefu‘*rj'wﬁyﬂmz 0.30-34.52 @950 laeans (Bus) ﬁﬁmwﬂmmmfﬁ'ﬂuqqﬁqm Sp8RY
0.79-34.52 imuﬁﬁqéwwmﬁi A 7 Aw (PC) SlAnAanuAanaLARew 5988y 0.54-7.62 ﬁﬂﬂuéﬁq@iquqmm
v 7 v (Van) SAnanuaannnaew speas 0.30-1.78 30N9¥ULU59YN (Pick up) fianANARIALARDY 308
[y 0.76-2.41 ﬁﬂf«v”ﬂ‘amuﬂuﬁziqumm (MC) flAnAanuAaALAReY 58882 4.80-15.09 WATIAUIINA (Truck)

ATAITHARIALARDY T82AE 3.03-10.46 V’]”Iﬂ’]’mﬂf\]qﬂmﬁﬂuﬁ\iﬂ@’]’]@’i’?LﬁuN’&N’]’V’Wﬂﬂq’ﬁ?%?.l’ﬂﬁﬁluﬂ@vﬁﬁ”lﬂqﬁ
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Coax.

Wiulnrasenunimu: Tunnsaan1soiEan e W TmﬂLaquﬁﬂﬂuéﬁQ§quq ARALAKN 7 AN (Van) Wazan
Tneans (Bus) Belamansnnisivlnfing

nMsANENT [AYinnNsUs s ANN1sU s s aNTHAR BB AR NN Tagszifiuannnasty
HA3NMTUS DA SRR I TR Ueua T (EV) AIesnfsnnsuasisanIentsnidunuduinany
2TEUEIA N19UN TYIHAR AT HAZEDS (18] WATUNHEYSNENASIT WA, 2558-2579 [19] 49
HIASNNTAIABHENWLUA WA (EV) Lmzﬁmummmm‘amﬁﬂﬁwﬁqmummuz&a SaNanTSIRNUSZANE NN
msTs@omasTuenueus uastmn i lannsnissenasaus 9 w.a. 2565 %@Lﬁuﬁﬁwﬁu Tnasuatnsn
aanzifaulny 3 Uszian Ao ﬁmuﬁﬁ"\iﬁquqﬂmfmﬁu 7 A (PC) 50N92ULU95Y N (Pick up) WAz
509n38HENA (MC) 1Wassduanuewn i (EV) sapay 50 S9annifinfinnstedamniainiiunds uazini
Al f?’]sﬁﬂimlﬁimmm (Liquefied Petroleum Gas : LPG) Lmzﬁvﬁsﬁﬁ‘j’mmﬁﬁm (Compressed Natural Gas : CNG)
waztsnfinEnnmnnsUassasnaR Bnee ATl w.e. 2565-2575 wasufisuiutunsaiun i
HIPGN1T fvfmﬂfﬁcfﬁmmm‘jﬁﬁuLﬂ@ﬂumuwmuﬁmum 3 Uszan Lﬂumuﬂumfwm (EV) m'ffﬁummu
‘mﬂumﬁfqmuqﬂﬂfﬂu \fiX 7 Au (PC) 50n92UzL99%N (Pick up) WATIATNTEHENS (MC) ATneniemm
(EV) Tl .71 2575 Anuiinsasas 22.09 99981UINTDEZANTINNA UAZIEHBIS LT BUS1WINE1E1m (WA
(EV) Aranunalssnfiusuans 0 A iannA1e930 unazlsenm %ﬁﬂiﬁmmﬂﬂuﬁﬁj’edquqﬂmfﬁLﬁu 7
AY (PC) 30092 ULUT59N (Pick up) LAZITNTE NG (MC) LT nenueus W (EV) Saua 33.22 3088y

14.66 LL@$;@E|@2§ 18.56 Tuﬂ WAL 2575 AINAIAL

=1
NANTITEINYT

A1INNNTANEINNTUTARUNTURBEEITHARENNBINTA 4 95A fB N15ANSUWNEWWeN [5m (CO)
auszneulalnsansuen (HO) neen smuasiulnsian (NOy) meﬂium@m*’um@fﬁﬁu 2.5 (ATEU (PM,5)
ANEHNIINE 6 Uszim Taun ﬁaﬂuéﬁqéquqmﬂ@fﬁﬁu 7 A (PC) ‘saﬁuﬁﬁqéquqﬂﬂmﬁu 7 Au (Van) 90
A9LULUT9Y)N (Pick up) iaé’ﬂﬁﬂquﬂuﬁﬁquqﬂmﬂ (MC) salnei@ns (Bus) waz3nu599n (Truck) HANTSANEN
WU UBHnmenn9Uane anTnat BneenAeneswees i mamileneuune ssszmalne Tuilgn
.. 2561 fin19UansnigAnsuaNeuLen(Ea (CO) geiqgn iy 71,334.76 dunall (3asay 49.35)
589897 An naraanleavasulngian (NO,) wARy 58,877.61 funail (suay 40.73) a15U5noU
Talpsansuan (HC) mnfy 13,012.16 siumad (sasas 9.00) Lmzﬁiu@:mwmmﬁi \iu 2.5 uATan (PM,,)
Wiy 1,331.94 suaad (seay 0.92) anansy Wewsaufleulsinmnisuass s snaRen1se1nimen
gz nUszian Tuigiu w.e. 2561 WU MEANSUBWNBNWenTEn (CO) uazanslsznaulElnsnnsuan
(HC) finnsansainsadnasmeuaayAna (MC) qefiqn iy 37,954.61 duned (sataz 53.18) uat
6,775.14 stunail (sp88z 52.05) nwasnlenvastilasian (N0, An1sUaauainsaussnn (Truck) geige
WU 32,356.64 unadl (spuay 55.93) meiummwmmfsi A 2.5 Tuasew (PM,.) fin1s1assannsn

A9¥UTU599N (Pick up) qqﬁqm Wiy 859.12 dumetl (Spuay 64.50) (Al 4)
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s
e .
&
=
C
& 80%
£
A
g 60%
=1
u'v
[
B 40%
@
&
=
& 20%
=
g -
T 0%
=
Co HC NOx
FASHNANEVINGBIATA

AT 4 Fasaunistassansnafieneenirananunue iugiu w.a. 2561

NANTFANANTTOILA TN AN TR B AT HAR BB N AR TuR A n amlereuuuaed
Uszmalne Tudl wa. 2562-2575 Whasuauiuigm Tananiafnundsil (md 5)

n1mANTUDNEuManTE (CO) nnaanfuuiTuunisuaseiiadn 89Tt we. 2575 faunaduy
150,024.06 siumail AT s NTlgn 78,689.30 f3 (308aT 52.45) WU TOTNTHIUEUA (MC) HUIFHn0)
MsUasEsNiga AANagsEMIN 57,934.61 -71,551.27 duneil xdnsoEas 46.97 309a9M1 Ap sauuAs
AIYARRTNIAY 7 A (PC) RATBETENIN 8,715.91-52,230.12 dumell tindusanay 54.14 50059990 (Truck)
ey 3979 12,842.11-28,005.14 dunail 1Wsdusasay 53.91 sanszuzusavn (Pick up) fA1BY5EMI1
11,091.47-17,225.94 sunai) ifindusosas 35.60 saeuAisaIuyAnaLin 7 ms (Von) HANDY5E1919 62097
753,13 fiund indusasay 17.55 uazanlnuas (Bus) fUsniainatansuaniiqe fanogysznang 131.70-
280.57 fiusef finduseuay 53.04

ansszneaulalasaisuan (HO) nmsandumlusnislaesdsdy Gelud w.e. 2575 i
28,052.30 fiunail 1A ud uarndgan 15,040.70 fu (3a88r 53.61) WU 304 N9 UEUA (MC) H1IF 10
nsUaeeNIndiga fA1eg5ang 6,773.14-12,771.75 fiunetl tRNTWSDEaL 46.97 58909H1 Ao F0uuAs
AanyARRTIAY 7 Au (PC) fiANag5:vang 1,686.21-6,237.81 diunetl 1RxTusatay 72.97 5005990 (Truck)
fiAnag s 3,079.82-6,703.20 sfiumail RnTusouar 5405 5ansTULUT5YN (Pick up) HATDY 31974
917.79-1,430.34 sinmail tindnsouas 35.85 50lnuans (Bus) HANDYTEMIN 504.76-848.05 sunail s
FDURL 40.48 UATIOEUATITIMYARALTN 7 AY (Van) fU3snninisUassdesfign fianeyszmang 50.45-61.15
fumeil ifsdusenas 17.50

nngeen wnuesiulngiam (NO,) anaandumalunnistassinds Selud w.e. 2575 fatmaiy
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Abstract

Cytokine storm is a life-threatening systemic inflammatory response syndrome caused by the uncontrollable
secreting of cytokines mainly produced by immune cells in response to damage or microbe infection. Elevated levels of
pro-inflammatory cytokines i.e., IL-6, IL-8, TNF-a, and CXCL10 have been reported for their contribution to infectious
diseases such as dengue fever and COVID-19. Accordingly, inhibiting cytokine levels and inflammation might lower
cytokine storm risk and death. Previously, there have been many reports of herbs/medicinal plants for their effects in
anti-inflammation and decreasing levels of the pro-inflammatory cytokine, demonstrating the alternative approach for
cytokine storm prevention. However, comparison of herb efficiencies is likely tricky based on the data from disparate
conditions, like extraction methods and inflammatory induction. Therefore, this study aimed to compare the efficiency of
Thai herbs, including Terminalia chebula, Terminadlia bellirica, Phyllanthus emblica, and Andrographis paniculata, on
lowering pro-inflammatory cytokine production. The key inflammatory cytokines, TNF-a- and IL-1, were used to
stimulate the inflammation in lung A549 cell lines. Sublethal doses of ethanolic herb extracts (100 ng/mL) were treated
with TNF-a- and IL-1B-treated cells for 24 hours. The result showed that T. chebula, T. bellirica, P. emblica, and
A. paniculata extract could lower IL-6, IL-8, TNF-a, and CXCL10 accessed by quantitative reverse transcription
polymerase—chain reaction (QRT-PCR). A. paniculata extract demonstrated the most potent effect in significantly reducing
IL-8, CXCL10 whereas P. emblica extract could significantly reduce /L-6 and TNF-a. This study demonstrated the use

of Thai herbs in controlling the cytokine storm in infectious diseases.

Keywords: Cytokine storm, anti-Inflammation, Thai herbs, Triphala

Introduction

Cytokine storm or cytokine release syndrome (CRS) is a chronic inflammatory response related to
extreme and uncontrol cytokine release. Cytokine storm occurs after unresolved acute inflammation when
the immune system is overactivated, i.e., in graft-versus—host disease [1], autoimmunity [2], hemophagocytic
lymphohistiocytosis [1,2], and virus infectious diseases including HIN1T [3], MERS-CoV [4,5], SARS-CoV-1 [4,5],
and SARS-CoV-2 [3,4,5]. Continuous cytokine secretion can lead to damage to a specific site of inflammation. In
the worst case, circulatory cytokines disperse and become life-threatening by conduction of self-tissue damage
and multiple organ failures [5]

Inducible cytokine production is the immune response against the virus invasion. The cell recognition of
viruses can stimulate inflammatory pathways for example, recognition of the viral genome through toll-like
receptors (TLR) activates the inflammatory response via the kappa-light-chain-enhancer of activated B cells
(NFkB) signaling pathway [6,7]. Consequently, upregulated pro-inflammatory cytokines; interleukin (IL)-6, and
chemokines; IL-8 and CXCL (CXC-motif chemokine ligand) 10 to activate and recruit leukocytes to the site of
inflammation [3,8]. Neutrophils then activate both resident macrophages and nearly circulatory macrophages to
phagocytose the virus-infected cells and digest phagocytosed particles. In addition, the secreted IL-6 from
activated neutrophils can recruit and activate other circulatory monocytes and macrophages to release

inflammatory cytokines, IL-1B, and tumor necrosis factor (TNF)-a to other infected cells to stimulate further
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inflammation. Furthermore, the stimulation of accumulated cytokines can upregulate the expression of
cyclooxygenase (COX)-2, an enzyme that mediates and is responsible for inflammation to transform arachidonic
acid into prostaglandin E2 (PGE2) to promote a local inflammation by stimulating vasodilation, increasing blood
pressure and inflammatory element recruitment [8,9,10]. However, when the excessive inflammation reaches the
overcontrolled level, it could lead to tissue injury, critically, multiple organ failures leading to the severe complication
and death in some viral infectious diseases, i.e., dengue shock syndrome [11], COVID-19 [3,4,5]. Therefore, the
discovery of anti-inflammation agents to lower the risk of cytokine storms is still needed.

Herb is an alternative resource for drug discovery since they contain various bioactive compounds that
can be used for medical purposes [12]. With the diverse biological activities and safe based on the traditional used,
some have been used to treat certain diseases and are listed on the national list of essential medicines (NLEM)
[13], which emphasizes the therapeutic potential and promotes the use of herbal medicine at a standard national
level. Terminalia chebula [14], Terminalia bellirica [15], Phyllanthus emblica [16], and Andrographis paniculata [17]
were listed in Thai NLEM. Their anti-inflammatory effects have been reported previously. However, since they
were tested under different conditions and models of diseases, their activities cannot be compared. Thus, in this
present study, we aimed to compare the anti-inflammatory effects of T. chebula, T. bellirica, P. emblica, and A.
paniculata on lowering cytokine production. The TNF-a and IL-1 recombinant proteins were used to induce
inflammation in the lung A549 cell line and tested the inflammation response by determining the upregulation of
IL-6, TNF-a, IL-8, and CXCL10 by using real-time PCR. The cytotoxicity of T. chebula, T. bellirica, P. emblica,
and A. paniculata extracts were determined by cell viability assay. Only the sublethal doses were tested to lower
the upregulation of those cytokines. The finding of this study will demonstrate the potential of Thai herbal medicine

to control the cytokine storm of virus infectious diseases.

Materials and Methodology

Cell Culture

The human A549 cell line established from alveolar epithelial cells of pulmonary carcinoma patients was
purchased from ATCC (American Type Culture Collection, VA, USA). The cells were cultured in Gibco Dulbecco's
Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/F-12) (Thermo Fisher Scientific, Waltham, MA, USA)
supplemented with 10% fetal bovine serum, streptomycin, and L-glutamine and incubated at 37 °C, 5% CO2

incubator.

Herb Extraction

The T. chebula, T. bellirica, P. emblica, and A. paniculata extracts were gifted from Dr. Hathaichanok
Pandith, Department of Biology, Faculty of Science, Chiang Mai University. In brief, the dried samples were
extracted with 70% ethanol (EtOH) on an orbital shaker at a speed of 160 rpm at room temperature for 24 hours.
The extracted solutions were filtered through Whatman® filter paper No.1 (Whatman Little Chalfont,
Buckinghamshire, United Kingdom) and concentrated under reduced pressure using a rotary evaporator to produce

the crude EtOH dried extract. The extracts were stored at -20°C until use.

ar a > a <
— MR BTINUNAIINTTE AN VITAN THDATN-



NEERDLY F—4 59

Cell Viability Assay

In this study, the cytotoxicity of ethanolic extract, A549 cells were plated in a 96-well plate at
approximately 10,000 cells per well. Then, the cells were treated with ethanolic extracts at a concentration ranging
from 7.81 to 500 ug/mL and incubated at 37 °C, 5% CO2 incubator for 24 and 48 hours. After the incubation,
the culture media were replaced with the PrestoBlue™ reagent (100 pl per well). The plate will be measured the
absorbance at 570 and 600 nm by using a microplate reader. The absorbance of herb-treated cell in each
concentration was compared with the non-treated control, which was set as 100%, to calculate the percentage

of cell viability as the following equation.
% Cell viability = [mean optical density"*™*°| mean optical density“™™ ] x 100

The half-maximal cytotoxicity concentration (CC50) of each herb at each concentration and time point
was analyzed by comparison of the percentage of cell viability and log concentration of treated herbs using non-

linear regression in GraphPad Prism Software version 9 (GraphPad Software, Inc., La Jolla, CA, USA).

Induction of inflammation and herb treatment

The recombinant TNF-a and IL-18 (ImmunoTools, Friesoythe, Germany) induced inflammation in A549.
Briefly, the cells were plated in a 12-well plate with approximately 1.5 x 10° cells per well a day before the
experiment. The TNF-a and IL-1f at 10 and 100 ng/mL concentrations were added to the cells and incubated for
24 hours. To determine the effect of the herb on lowering cytokine production, the extract of A. paniculata, P.
emblica, T. chebula, and T. bellirica (100 pg/mL) were treated in combination with TNF-a or IL-18 (10 ng/mL) to
A549. The plate was incubated for 24 hours, and the cells were harvested to determine the gene expression

using quantitative reverse transcription PCR (QRT-PCR).

Quantitative Reverse Transcription PCR (qRT-PCR)

The treated cells were harvested at the time indicated and subject to RNA isolation using TRIzol™ reagent
(Invitrogen, Carlsbad, CA, USA). To determine inflammation response, gRT-PCR was performed to monitor gene
expression of inflammatory mediators by using SensiFAST SYBR No-ROX One-Step Kit (Meridian Bioscience,
Memphis, Tennessee, USA). In addition, the monitored gene expression composed of pro-inflammatory cytokines
and chemokines used the following primers, /L-6 (F: 5” GTA CAT CCT CGA CGG CAT C 3 and R: 5° AGG CAC TGG
TTC TGT GCC T 3’), IL-8 (F: 5* TCC TGA TTT CTG CAG CTC TGT 3* and R: 5” CCA GAC AGA GCT CTC TTC CA 3),
TNF-a (F: 5 TCT CCT TCC TGA TCG TGG CA 3* and R: 5” GGC TAC AGG CTT GTC ACT CG 3’), and CXCLT10 (F: 5
GAA TCG AAG GCC ATC AAG AA 3’ and R: 5" AAG CAG GGT CAG AAC ATC CA 3’). The GAPDH was used as d
control housekeeping gene (F: 5 CGA CCA CTT TGT CAA GCT CA 3” and R: 5 AGG GGT CTA CAT GGC AAC TG 3’).
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Statistical analysis
A minimum of three different experiments were examined to determine the mean and standard deviation
(SD). Unpaired t-tests were used for statistical analyses in GraphPad Prism Software version 9 (GraphPad

Software, Inc., La Jolla, CA, USA). (* indicates p < 0.05; and ** indicates p < 0.01;)

Results

TNF-«a or IL-1B induced inflammation in A549 cell lines

The recombinant TNF-a or IL-1B proteins, the key pro-inflammatory cytokines, were used to induce
inflammation in A549. Cells were treated with 10 and 100 ng/mL of TNF-a or IL-1 for 24 hours. The inflammatory
cytokine gene expressions, including /L-6, TNF-a, IL-8, and CXCL10, were evaluated for inflammation levels
using qRT-PCR whereas GAPDH was used as a normalized housekeeping gene. The results, as shown in Figure
1, indicated that 10 and 100 ng/mL TNF-a increased expression of /L-6to 7.70- and 11.20-fold, TNF-a to 3.45-
and 9.14-fold, /L-8 to 24.43- and 156.03-fold and CXCLT0 to 7.56- and 27.61-fold respectively (Figure 1).
While 10 and 100 ng/mL IL-1f increased expression of /L-6 at 2.10- and 2.46-fold, TNF-a at 8.09- and 9.37-
fold, IL-8 at 118.09- and 116.88-fold and CXCL10 at 8.23- and 9.53-fold respectively (Figure 2).

IL-6 TNF a
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Figure 1 Relative expression of IL-6 (A), TNF-a (B), IL-8 (C), and CXCL10 (D) in TNF-a-induced A549. The Ab49
cell line was treated with 10 and 100 ng/mL of TNF-a for 24 hours. The gRT-PCR was performed to evaluate
gene expression to demonstrate normalized expression to that of GAPDH. The statistics were tested by independent

T-test. (“*” indicates p < 0.05; and “**” indicates p < 0.01)
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Figure 2 Relative expression of IL-6 (A), TNF-a (B), IL-8 (C), and CXCL10 (D) in IL-1B-induced A549. The A549
cell line was treated with 10 and 100 ng/mL of IL-1 for 24 hours. The gRT-PCR was performed to evaluate gene
expression to demonstrate normalized expression to that of GAPDH. The statistics were tested by independent T-

test. (“*” indicates p < 0.05; and “**” indicates p < 0.01)

Cytotoxicity of herbs in A549

We studied the cytotoxicity effects of T. chebula, T. bellirica, P. emblica, and A. paniculata ethanolic
extracts in A549. The cell viability rate at 24 and 48 hours after herb extract treatment was measured and
calculated for the percentage of cell viability compared to non-threated cells. The results showed that only the
high-dose concentration (500 ug/mL) of T. chebula, T. bellirica, P. emblica, and A. paniculata ethanolic extracts
reduced AB49 cell viability (Figure 2). The half-maximal cytotoxic concentration (CC50) values were calculated
using non-linear regression, which showed that the CC50 of T. bellirica, P. emblica, and A. paniculata on A549

at 48 hours were  399.3, 250.1, 296.4, and 273.2 ug/mL respectively (Figure 3).
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Figure 3 Effect of T. chebula, T. bellirica, P. emblica, and A. paniculata extract on A549 cell viability.
The AB49 were treated by T. chebula, T. bellirica, P. emblica, and A. paniculata in 2-fold serial dilutions ranging
from 15.625 to 500 pg/mL for 24 and 48 hours. The cell viability was performed, and the viable cell was evaluated
by PrestoBLUE reagent. The log concentrations and corresponding cell viability values were used to analyze for

non-linear regression.

Table 1 Half-maximal cytotoxic concentration of T. chebula, T. bellirica, P. emblica, and A. paniculata extract on
A549. The %cell viability of AB49 treated by 2-fold serial dilution of each herb extract was calculated into 50%

cytotoxic concentration (CC50).

CC50 (pg/mL) T. chebula T. bellirica P. emblica A. paniculata
AB549 (24 hours) >500 >500 >500 >500
A549 (48 hours) 399.3 250.1 296.4 273.2

CC: cytotoxic concentration

Effect of herb extractions on lowering cytokine secretion induced by TNF-a and IL-1f

The effects of T. chebula, T. bellirica, P. emblica, or A. paniculata extract were determined to lower the
upregulation of inflammatory cytokines. A549 were treated with 10 ng/mL of TNF-a or IL-1B with or without
sublethal doses (100 pg /mL) of T. chebula, T. bellirica, P. emblica, or A. paniculata extract. The results showed
that all herb extracts could reduce the expression of pro-inflammatory cytokines in TNF-a-induced A549.
Treatment of T. chebula extract significantly lowered the expression of /L-8 to 7.285-fold compared to
nontreatment 24.430-fold (p = 0.0713). Treatment of A. paniculata significantly lowered both /L-8 and CXCL10
to 7.432-fold compared to nontreatment 24.430-fold (p = 0.0069) and 3.074-fold compared to 9.671-fold (p =
0.0374), respectively (Figure 4A). Consistent with effects in IL-1B-induced A549, all 4 herbs could reduce the
expression of pro-inflammatory cytokines. Treatment of T. chebula significantly lowered expression of CXCLT0 at
0.423—fold compared to nontreatment 2.033-fold (p = 0.0065), and P. emblica significantly lower IL-6, CXCL10
and TNF-a at 0.797-fold compared to 1.713-fold (p = 0.0235), 0.347-fold compared to 2.033-fold (p = 0.0028)
and 5.587-fold compared to 61.190-fold (p = 0.0088) respectively (Figure 4B).
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Figure 4 Effect of T. chebula, T. bellirica, P. emblica, and A. paniculata extract on TNF-a- and IL-13-induced
AB49 cell in lowering pro-inflammatory cytokine expression. The A549 cell lines were co-treated with 10 ng/mL
TNF-a or IL-1B, and T. chebula, T. bellirica, P. emblica, or A. paniculata extract at 100 pg/mL. The gRT-PCR was
performed to evaluate the gene expression 24 hours after treatment where GAPDH was used as a normalized
expression. The graphs showed relative normalized expression of IL-6, IL-8, and CXCL10 for TNF-a-induced
A549 (A) and IL-6, CXCL10, and TNF-a for IL-1B-induced AB49 (B). The statistics were tested by independent
T-test. (* indicates p < 0.05; and ** indicates p < 0.01)
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Conclusions and Discussion

Usually, various abnormal situations, such as injury, cancer, or foreign body infection, can stimulate
immune cells to activate inflammation which is a primary immune system response. The controlled inflammatory
response is essential in cancer elimination, bacterial and viral clearance, and tissue recovery. [18] The inflammation
will continue until adaptive immunity takes control, anti-inflammatory cytokines are released, and the inflammation
is inhibited quietly. However, inflammation will not wholly stop with an antagonist to anti-inflammation until the
absence of instigators. Consequently, the inflammatory response is a double-edged sword if the inflammatory
cytokine release is persistent and prolonged, which is a cause of cytokine storm [8,18] which leads to tissue injury,
multiple organ failures in some viral infectious diseases, i.e., dengue shock syndrome [11], COVID-19 [3,4,5].
Cytokine storm is a significant outcome of several infections that might be fatal. Therefore, reducing the risk of
cytokine storm is a feasible strategy to cope with the severity of various infections and can also be applied to deal
with uncontrolled cytokine release in another non-infectious disease [3]. In this present study, we thus determined
the effect of Thai herbs on inhibiting pro-inflammatory cytokine production, which could be further developed as
drugs to lower the risk of cytokine storms.

We mimicked the inflammation in infectious disease by TNF-a and IL-18 pro-inflammatory cytokine
stimulation. In virus infectious diseases like influenza infection or Covid-19, TNF-a and IL-1B secreted by
macrophages initiated the inflammation related to viral clearance and stimulation of cytokine storm [19,20].
Treatment of TNF-a and IL-1p to epithelial lung A549 cells significantly elevated levels of IL-6, TNF-a, IL-8, and
CXCL9 (Figure 1,2). In Wang et. al.’s study, they utilized TNF-a to induce inflammation in A549 cell lines. Their
findings were consistent with our study in that the expression of IL-6, IL-8, and TNF-a were elevated [21].
Interestingly, this group of inducible cytokines/chemokines was found in patients with virus infectious disease
[3,11,22]. Cytokines are composed of various types depending on the significant function and releasing phase. The
groups that play a role in inflammation initiation are pro-inflammatory cytokines, i.e., IL-6, TNF-a, IL-1B, and
IFN-y which stimulate inflammatory mediators and set up inflammation, and chemokines, i.e., IL-8, CXCL10, CCL2
and CCL5, which recruit leucocytes to the site of inflammation [23]. Previously, patients with severe symptoms of
dengue fever, SARS, MERS, or Covid-19 had significantly elevated levels of IL-6, TNF-a, IL-8, and CXCL10
[3,11,22] and a persistently high level of these cytokines can cause a cytokine storm [3].

Immunomodulation is a practical approach to inhibit pro-inflammatory mediators like cytokines or
enzymes. The well-known immunomodulation uses non-steroidal anti-inflammatory drugs (NSAIDs), composed of
various medication drugs defined by their effect on endoperoxide synthesis enzyme inhibition [24]. However, some
severe side-effect of using NSAIDs in various cases has been noted [25]. Using of NSAIDs during COVID-19 could
increase the risk of bacterial infection complications or intensify the severity of infection [26,27]. Alternatively,
traditional plants or herbs have modulated the immune response based on anti-inflammation activity. Traditional
herbs are commonly used in alternative medication according to their safety over chemical drugs and broadly
biological activities. From our data, Terminalia chebula, Terminalia bellirica, Phyllanthus emblica and Andrographis

paniculata extracts effectively lowered the expression of IL-6, TNF-a, IL-8, and CXCL10 induced by TNF-a and
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IL-1B stimulation (Figure 4). The herbs T. chebula, T. bellirica, P. emblica and A. paniculata were listed in the
national list of essential medicines (NLEMs) as an alternative treatment against several diseases [28]. Herbs were
considered safe based on their traditional use. On the other hand, using NSAIDs has been reported to have severe
side effect in humans. NSAIDs might increase the risk of bacterial complications [26], thrombosis [29], and
congestive heart failure [30], which emphasizes the need for an alternative potential approach to minimize this
side effect, especially in some diseases which require long-term treatment. The toxicity study of the herbs used
in our study has been previously reported in vivo and showed the therapeutic window of sublethal doses to be
applied in clinics [31,32,33,34]. P. emblica at the oral dose of 500 mg per day was tested in 15 healthy adults
and showed no severe side-effect after 18 weeks of treatment [35]. Treatment of A. paniculata in mice showed
that an oral dose of 5000mg/kg bodyweight had no apparent harmful effect, and the mice could survive [36].
However, further clinical studies of herbs are still needed to evaluate the clinical response versus side-effect of

long treatment in addition to the appropriate route of administration to maximize the therapeutic effect in humans.
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