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ABSTRACT

Health problems can be caused by exposure to PM 2.5, when we breathe in an area,
filled with small particles. Such small particles pass through the nose and mouth into the
respiratory system and blood circulation. The particles can affect various organs in the body such
as lungs, heart, brain and the immune system. The key mechanisms by which PM 2.5 causes
various health problems are oxidative stress, inflammation and gene toxicity.

This study conducted experimental research to evaluate the effects of Thoranee
Santhakat on serum levels of Tumor Necrosis Factor-alpha (7TNF-(X) and Interleukin 6 (IL-6) of
participants who were exposed to PM 2.5 during work hours (8-10 hours/day) and lived in
affected area.

Method: Fifteen male participants aged 21-45 years old were recruited based on the
inclusion criteria. Prior to the experiment, participants were tested for serum levels of TNF-(X
and IL-6. The participants who had increased serum levels of TNF-QX and IL-6 were recruited and
received Thoranee Santhakat 960 mg/day at bedtime for the duration of 2 weeks. TNF-O(X and IL-
6 levels measured by ELISA technique. Side effects which occurred during drug administration
period were recorded. The serum levels of TNF-(X and IL-6 were measured again after the
experiment (2 weeks).

Results: Oral administration of Thoranee Santhakat for two weeks in 15 male
participants who were exposed to PM 2.5 showed a statistically significant reduction in the serum
level of TNF-QX (20.71 + 8.52 pg/ml) and IL-6 (4.36 + 1.43 pg/ml) as compared with the serum
levels before taking medicine (INF-Q, 58.88 + 16.16 pg/ml; IL-6, 5.07 + 1.49 pg/ml,

respectively) and no severe adverse effects occurred.



Conclusion: Thoranee Santhakat showed a positive correlation or a tendency to
decrease the serum levels of TNF-(X and IL-6 in participants who were exposed to PM 2.5.
However, the increased serum levels of these mediators at the start of experiment might be due to
factors other than PM2.5 exposure. Therefore, further studies are required for stronger clinical
evidence to support the use of Thoranee Santhakat in prevention and treatment of diseases and/or

abnormal conditions that may be caused by PM 2.5 exposure.

Key words: Thoranee Santhakat, TNF-Q, IL-6, PM 2.5
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Integrin activation Migration through
e by chemokines Stabie adhesion ondotholium
Leukocyte 0 Sialyl-Lewis X-modified glycoprotein
i B~ — Integrin (low affinity state)
Integrin (high-
a'fw}ity state)

PECAM-1
(CD31)

ol

Integrin ligand
Proteoglycan 3 (ICAM-1)
®» éq P Q
Chemokines B
(TNF, IL-1) i o o

Fibrin and fibronectin
(extracellular matrix)

~ A o sl A A gy 1 & A da
NINN 2.2 ﬂTWllﬁﬂQﬂ’]ﬁlﬂﬁ@u@'JGUf’)Q!“Baaluﬂlaf’)ﬂ"’]ﬂ?ﬁﬂﬂﬂﬁﬂﬂlﬁ@ﬂﬁﬂ@&ﬂﬂlﬂﬂﬂllﬂ']ﬁ

onNLaL

31: Kumar V, 2015, P75
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waelyTa o i 1L-1 vaz 1L-8
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1.1.2 @715 Iniiu (Serotonin) 8ONYNHIFUABINVFANNY NAT19ININAAIADA
18 ¢ enterochromaffin cell Lmngﬂﬂn@i’uiﬁ’ﬁmiwﬁﬂﬂﬂ Platelet activating factor LAz gINY
= a 1 < A . Y [ ]
a13% 15 Iniiu1d lunszuiumsingnquauounanaion (Platelet aggregation) AIUIFUNU
, 2 g a 2 A
g Lysosomal compounds FatiluasiniilulaleTam (Lysosomes) voudiadion

4 4 1 dy 1 4 = 2 o Y
ﬂlT’JLLﬁ%L"HﬁﬁINIHll%’ﬂ (Monocytes) mﬂmimmugﬂﬂaaﬂaaﬂmu@ﬂwamzuwa%ﬂuﬂw

'
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man1sonay’la Tavasnd lu'lale Tsundraylivatesia Fonsauduat Tusded
v &
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(Proteases) %Y elastase, collagenase, proteinase Wuau seaswarfiunalunisialeiiowe

U al 9 Y = U dy 9 =) J dy =
VDITINNY Gl,uﬂﬁulﬂﬂﬂ@]i"lﬂﬂ?fl%%ﬁi”lx‘lﬁﬁgnuﬁ?ilﬂumaTHﬂ’JEJ isend1 ueuallsaoe

v
A o W
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- VoA

oA [B= A d 9 9 49! [
1.2 ﬂqm‘ﬂﬁ@mJuﬂmJﬂllmagmumﬂ“luwaa 519MeAa 319U v (Newly

v
synthesized) @15 lunguil 1dun wiodaunaua (Prostaglandins) az glnlasdu

E4
= v 1

a I Aa % Id
(Leukotrienes) IFINAITADIFUALTINAUI eicosanoids I UNANANDN arachidonic acid ‘%QL‘]J U
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asfnldounianealnlaila (Phospholipid) ﬁ;ﬂudauﬂizﬂemmﬁaﬁ’mmaﬁLﬁ'a
arachidonic acid gneauaI810 1 19l cyclooxygenase 12 ldasngunsoaaunaudu Feiivate
snmriiaveuou iy §A3en 1§un PGE, PGD,, PGL, TXA,, TXB,, PGI, d15W30eA1
UNaua u‘ﬁﬁ an T;“lu N199NIAY 15U Prostaglandin D,, Prostaglandin E, I181¢ Prostaglandin F,
11N arachidonic acid f) ngasdeeu Taaf lipoxygenase awldans ﬂf,j:n leukotrienes Li8& lipoxins
Taed13 leukotriene U1 a18% 1A 191 Leukotriene A, Leukotriene B, Lﬁil Chemotaxis inavi1d
iadonv1I9UAATY @91 Leukotriene C, Leukotriene D, 1A% Leukotriene E, l#vasatdon
WA aziuMIFuiumisiasaidon s ldnasaauAan 15 u@2 (Bronchospasm)
Az a13NQY lipoxins 1¥Y lipoxin A, tiag lipoxin B, fnihilumssudinszuiumssnay

(Kumar V, 2015) @900 2.3 uag 2.4

Call membrane phospholipios

Steroids ——— | W; ?

— - CCOOH
CH,

ARACHIDONIC ACID Sty HPETES wets HETES
1 poxygenases

COX-1 and COX-2 - $-Lipaxygenase
Inhibitors, aspirin, 4 [ S
! S _Cyclooxygenase IpOXygenase ) =" sutors

Prostagiendin Gy (POG,) SHPETE ——e 5.HETE

vacw«}n H; (PGH,) ‘ o : ¢ ! 0
,__..r_

PG, - Lewotrene A, (LTA,) ——s Leukotriene B,
Causos
vasodilaton,
nhitas platelet
aggregat Leukotriene C, (LTCy)
= ' oy Loukatrione
Leukotriene ncreas
The D4(LTDY vascuar }——— receptor
omboxane Ay pormeatuity antagonists
2 Leukotriene E, (LTE,) e
Couson
vasoconstriction,
promotes platelet -
Aggragation (_12-Lipoxygonase )

PGDy o
POE. Lipoxin A, (LXA,)
2 T Lipoxin B4 (LXBY)
Causes vasodiaton,
Increased vascular m
permeabity, leukocyte
chemotas (PGOy) - e e

MNA 2.3 UFAINTZUIUMTAS9AITA ) 910 arachidonic acid ANV IENTA 9 Tu

NSTUIUMTONIAD

f31: Kumar V, 2015, P 84



Action

Vasodilation

Vasoconstriction

Increased vascular permeability

Chemotaxis, leukocyte adhesion

Eicosanoid

Prostaglandins PGl (prostacyclin),
PGE,, PGE,, PGD,

Thromboxane A,, leukotrienes C,,

Dl- E(
Leukotrienes C,, D, E,
Leukotrienes B, HETE

16

HETE, Hydroxyeicosatetraenoic acid

M 2.4 vaaallPasonlunszurumssniaunaz a3 lunqu Eicosanoid
A31: Kumar V, 2015, P 84

15 lunquildo9AI10AUIAD Platelet activating factor (PAF) Hina i 1iiaain
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a o o .. ' A A I3 9 ' o 4
HAZNAOAAUNANITHAARIMAAY (Bronchoconstriction) 16 1Nl NS uananiosveyierin i
% A wa Il 9 o <} -
Mo0AIRDAYLIBA LAZINNAMANTA IUMTTUAIUYOIHITINaDAIR0ARIYIAIGN UBNIINT
Y| <} [ [ 1 A
PAF §9%28atanav111un15in12 AuN1avedvaealana (Leukocyte adhesion) a4ta3
v a A 9 Y a 9 d‘ . . d‘
nszuumstuAuawlantasutaznszqulinansa31961380 (Chemical mediators) 81 )
v 1 L4 I 4
8nae a13adneuAe a13 b 1a 1Al (Cytokines) 1Wuanstsznn Tndy ng (polypeptides)
1 4 a ] a o
wudiinisadeluadvatevia 1wy aulnled (Lymphocyte) tazuualaswie
o o W 1A d Aa 4 a 4
(Macrophage) 713 19T Inindany laun dumesgau-1 AL-1) nwes walasda ulnnos
a Jd a [ { X o W a [
(TNF) 118z Um0 gan-8 (IL-8) A401N# 2.5 datiunumddy lumsfanszuaumsoniay
' s A o A ! Y . A o gy sl A
ADIFAAIBDYHIIMADAIADA TUNIIBIVEATI adhesion molecules BT I IvadITAADAVIY
a 19 @ ] o 4 4
imeantumisvesranadon ¥easalylalaiuaz Tnsnuanes (Growth factor) U < uay

o 1 a o o a 1
Faelumsa$19a15 eicosanoids iaz lun3noonlud (Nitric oxide, NO) ¥ 1#1AA1A15A14 9

Tuaazntimssnay w5 19 (Kumar V, 2015) 49910WA 2.5
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LOCAL INFLAMMATION SYSTEMIC PROTECTIVE EFFECTS SYSTEMIC PATHOLOGICAL EFFECTS
Hoart

Incroased TNE.

L
e Iy

TNF .

L Endothelial cells, blood vessels
e

TNF

Thvono‘ s mm‘:‘:{y

TNF,
[ Multiplo tissues
el TEs

Skolotal

TNF muscio
T ‘)~,
- e

H L [ 1 Y]
MNA 2.5 LAAIDIUNUINYD3 b Te1 1A IUNTZUIUMITONED LazHanIENURDD 387y

IL, Interleukin; TNF, Tumor necrosis factors
i3 Kumar V, 2015, P 87

a -4 a o A o
a15 Tuasneon lad (Nitric oxide, NO) gnHAA9INIINIASIBOYNITIHADAIADA
4 4 1 %) a A %‘
waauunlasvha uazisaalszamluaues Tageglugluuumapassnannsaazargluiin
& (Soluble free radical gas) fina 1¥inANTVENEAIVDIVIABARDA (Vasodilation) Tasna lnfe
a s Y o q Y 2 . .
luasnoonla ANTEAU quanulahe cyclase RN OMRERTITEGH cyclic guanosine monophophate
&~ o q ¥ P | A o a A
(cGMP) aiinari Inaanamile lunasadeanaiona uazimansveIouoaoaaon 1u
a -5 o < ' Aa ] o @
asneon leadsamisor ldinaadeainzngy tazAauiuiumiaoadon
A a o o aaa [ . . 9 a A 1
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B~ 0 2 . N Y
Peroxynitrite (ONOO) Faaw1soirldinaans Hydroxyl Radical L181¢ Nitric Dioxide milu
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[ A 1 o £ a s
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a 14 a a v
HAnEONUININIAaLNA TATHIY 01 YABATZIINDBNTEIIU (Oxygen-derived free radicals) &

I 1 a a 1 L~ a Aaan a o
L‘]JL!ﬂquﬂHﬂ']ﬂﬂﬁi% AMNDONHIIU Qﬂﬂﬁﬂﬂﬂ"lﬂl“]faﬁmﬂlﬁﬂﬂﬂl'n Lﬂﬂfﬂ"lﬂﬂ{‘]ﬂﬁﬂ']ﬂﬂﬂ%m%u

Taoou'laf NADPH Wlud s avz 1dasaglnleSeon las (Superoxide) #3911 §izede 11
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I . gl.: A A A A o Aaaa 1Y) a 4
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a 1 =\ Y [ [ a 1 dyd 1 9
Iﬂﬂﬂﬂ@'lslu’iNﬂ'lfJﬂmJﬂaulﬂ‘lJfNﬂuﬂuﬁi1ﬂ‘ﬂ1ﬂﬁ1’i@1§3§laﬂﬁ'igmﬁ'lul'iﬂﬂ?l?ﬁ?iﬂ'lu@lgyja
d5Y (Antioxidant)
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v 9 Y
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T v
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0% Sl rar O e
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5‘ ' roe= =
oe osecz——— \gatal e
3 : { i
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3| O v-" -l
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i~ _— a0
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MW 2.6 LAA Pathway ”lum'iﬂswi'u complement protein

3: Kumar V, 2015, P 88
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a4 1

. . v o { g . ! o 2
417 (Neutrophil Chemotaxis) C3b Fanrhnglu opsonin N MpelunszuIumsmareds
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1 = A ] A A 1 @
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[ { 1 a 4 I
A3ty @y an T led (Lymphocytes) tazuun Inswa (Macrophage) 1udu Tuvae
A ' A A ' A o . A
ANuMssouuziiaEe 1wy My uIuve eI lusuatd (Fibroblast) Lazviaealden

VLAY (Kumar V, 2015) §9,W# 2.7

ACUTE INFLAMMATION RESOLUTION
* Vascular changes * Clearance of injurious stimull
* Neutrophil recruitment « Clearance of mediators and acute
* Mediators inflammatory cells
o © < * Replacement of injured cells
¢ 0 = « Normal tunction

o

* Infarction
* Bacterlal infections
* Toxins @ PO
* Trauma

Healing

Healing
* Viral infections
* Chronic infections
* Porsistent injury FIBROSIS
* Autoimmune diseases » Loss of function
CHRONIC INFLAMMATION

* Anglogenesis

* Mononucioear cell infiltrate

* Fibrosis (scar)
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MNN 2.7 !Lﬁﬂ\‘lWﬁTl!ﬂﬂ“lluiﬂﬂﬂﬁf]ﬂlﬁULﬂﬂUWﬁulm%ﬂﬁ!ﬂﬂleI‘Uiclfﬁﬁi@ﬂﬁ@ﬂLﬁ‘ULi’E]‘J\‘]

3: Kumar V, 2015, P 92
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7 45 13 25.63 26 12 16.75
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30 50 12 31.04 32 7 19.54
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D.

150.00 t¥UAINAT UAAFHNIAN1Y (Body Mass Index) 1Ra 8 24.58 + 423 arazstiuranie

° ] ' Aav A ] A o a I
(BMI) g4 30.10 uazdiga 17.78 Tunguiidisiun1sidedif luguywssiuau o auaaily

Y

' '
Y =1

Y < o a g 9 = ° Yl 43 a
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uazquummumﬂmﬂu 6 — 30 YN HAIAUUOUIIUIU 1 AU ATluTosas 16.66 Iﬂﬂ‘VN 6
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9 o 1 % 1
Joyani llveanquaredig

$o0a2 130 Mean T+ SD

91g (1)) 34.60 £ 10.51
Tsadszan

1 Tsatlsedan 100%
Ysziamslgenszdn

liifidsziams sz 100%
MIUHEN

Taifimsusien 100%
QU (9IAUBAITYH) 36.59 1 0.143

ANuAY latia (uu.150M)

anuau lariavazraladiua)

127.00 = 19.53

anuau latinvazialanaiea 7520 13.22
vt (nn) 65.00 = 13.73
AIUGI (W) 162.2018.38
AMArHiNIan1g (BMI) 24.5814.23
msquuw’%

liguyns 60.00 %

qUUHS 40.00 %
uw’émuuﬁﬂwﬁqﬁuuau

6 30 WindsAuLoY 16.66 %

1NN 30 NS IAUIEY 83.33 %
UIUNIUADTU
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Waﬂ’]ﬁﬂﬂ‘kﬂﬂ'ﬁiwﬂqﬁﬁﬂ!ﬁmcﬂzm']@]ﬂlu']ﬂ 960 mg/day Glu‘ﬂquﬁjﬁni')mﬂ’]ﬁ?%ﬂﬂ

Yo v @ 1 = I o L4 1 1 o Y A 1
Idsuduidaduaziden PM 2.5 1Wuszeznal 2 ddard wua lisi lvguugivesitanie

L‘]J?IfJuLL‘]Jﬁ\‘]ﬁﬁ\illﬂi‘UEJTﬂﬂ'N wﬂﬁWﬂﬂJ“ﬂNﬁ

Y 9 Y

TagnousulszmuenssaidaunsaanguiiismmsItelgurgimay 36.59 =
¥y

U

0.14 p9A T od vadlasuessaldumzuinauvaisanieda’lan 36.61 £ 0.12 0981

q U

o

LI e ‘W‘]J’J"I]lllllﬂ’ﬂllLmﬂ@nﬂﬂuaEJNZJHfJﬁ'TﬂﬂJT]NﬁQ i p <0.05 (p — value= 0.72)

o

aanuaulanavaz iy labudrvesngugidisaumssenouivilszniue
S o =l d' a a v o =" =l
sitidumzanaiinunde 127.00 £ 19.53 Hadwaslson naesulsemuenssaidumanaiin

anuauTanavazirladudunae 132.00 = 21.17 Jadmasisen FanunaAunasuoIny

[

auTarinvuzilatudnoutaznassulsemuenssa daumzana luianuuana1adus g9l

Aaad

Wod 1Ay N I9adan p<0.05 (p—value=0.237) aAnuau lainvazarlonaredinou
% S W =S 1 d =) =) v
Fudsemuessaldaumzanalaunae 76.53 T 11.13 Haawasisen uazmenassulssniu
S o = % =) % % L:' a a é
sIAduNzNINNAINNNAY larinvazyinlanateamas 79.53 £ 9.75 Haawasison &4
AnasveInNNau lanavaziilanatedlinsutaznaasulsemuassadameaia lul
ANUUANANNUOINUTITIAYNNADAN p < 0.05 (p — value = 0.102)

9

oasimaduvesiilalungudidrsaumsitensusvlsemuenssdidamzanad

[

1 d' g‘/ 1 =3 [ A W (% 9 Y =
ANRAY 79.87 £ 11.83 ATIA0OUIN HaSUUsEMUssIddunzunons1Msiauveariilal
1 d' ?1’/ 1 = é U U d' [ 9 o 1 [
ANRAY 80.60 X 14.06 ASIAOUIN FINVIAURREOATINITIAUVDIH I 1INOUUAZHA

Sudlszmunsstidumnzana lifianuuanaeiuesniivedinynieanan p < 0.05 (p — value

=0.775) A4A15199 4.3
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519me anvau Tarevazirladuduazaaiend tazdaiimaduueariale

pousulsemu nassullsemu
NEIUTUNLANGA | AFIUTUNZINA | P — value
Mean * SD Mean X SD
AMQAUHANINIMY (DI UTATE) 36.59 1 0.15 36.61 £ 0.12 0.73
manuaulatinvariloium 127.00 £ 19.53 132.00 £ 21.17
(Naawnsilsen) 0-24
manuaulafinvaziinlanaen 76.53 £ 11.13 79.53 1+ 9.75
(Haawnsilsen) 010
Sanmsveuduiile (aadend) 79.87 £ 11.83 80.60 * 14.06 0.77

@ [

HINETA. *p < 0.05 = UANULANANBENITsdIAYN 1D

U

4.4 wamssvilszmusnssaidamzanalunguiidnsumsideniududasuazioun PM 2.5

1 U

d d o
aoszauNmes tualasda ulames 8avh (Tumor Necrosis Factor Alpha, TNF-O0) 1ta

a Jd a
oUINBIYAN-6 (Interleukin-6, TL-6) luiaen

= 9 A o VY Yo ao
Naﬂ”lif"fﬂkl1%1ﬂﬂ1§1ﬂEJ”ITJ'imZ‘Tﬂ!“ﬂ%QJ"I@]“IIIHﬂ 960 mg/day GI,UﬂQiJNLsU"Ii’JEJﬂ"Ii’Ji]EJ

Y

{ 1% Y 1 I [ 4 [ o ]
nlddudanuduaziden PM2.5 1luszezing 2 ddad nuhiinasildszauues TNF-a 1y

v o w

1neAaAadIaaliiod A “I/INE‘T’EW] Taefimszan TNF-Q luwdeanassulsemuenssaldamy

A v o

AANAUDRAY 20.71 T 12.00 pg/ml HAraaaed WA AYNNADABIIININ (p < 0.001) e
Seuieunuszay TNF-o Tudeaneau lasuanssaldumzana Tnsiinunae 58.88 +17.93

pg/ml AIA15199 4.4

Y Y 1 v A

HAYDINT IFe1FI A duNzaIA ABTZAY IL-6 luwdeavoInguiiinsIun1sIten

u

Yo % % é 1 1] A o LY A = d' d'
Tasududa PM 2.5 Fanousullszmuesisidamzana seau IL-6 lwasalinunagn 5.07
v ~A o I~ @ 4 @ A
1.4 pg/ml azvassulsemumnssadumnzanatuszeznainiu 2 dla1viszau IL-6 luiqoa

AnaI0dNUTedIAYN1IIada Taolin1unay 9436 = 1.439 pg/ml (P-value = 0.036) AN 19N

4.4 HAZNINN 4.2
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d‘ 9 A o I 1 A
MN1INN 4.4 Nﬁﬂﬁiﬂﬂ?‘ﬁimammzmm ‘]J%iﬂm 960 mg/day !ﬂu53ﬂgl3a’|@@!u9\iu1u 2

1y s Yo o o A ' @ s N ¢
ﬁ'].lﬂﬁ’? Klu@ﬂﬁﬂﬁ'ﬂ\lﬂﬁﬁ!uﬂglﬂﬂﬂ PM 2.5 mimummi Luﬂiﬂi“ﬁﬁ LW\Iﬂmf’Ji E]E‘W\h (Tumor

Jd a

Necrosis Factor Alpha, TNF-Q) uazﬁumasgﬂu—s (Interleukin-6, IL-6) Tuiaen

SRR T TNF-Ol (pg/ml) IL-6 (pg/ml)
nousUYTEMUeT | vadsulsemuen | neusulsemuen | vassulsemuen

1 39.02 12.43 3.98 4.74

2 44.80 15.49 5.93 6.83

3’ 37.91 12.97 4.48 3.28

4 43.19 15.20 3.45 2.21

5 57.43 37.43 3.66 2.19

6 74.20 21.58 4.49 4.07

7 55.08 17.51 5.64 5.28

8 86.27 17.11 4.66 4.11

9 69.80 18.72 6.03 4.01

10 81.87 16.89 7.51 6.56

11 42.24 20.76 8.35 5.29

12 68.36 28.13 4.94 5.11

13" 76.09 4137 2.62 2.67

14 51.42 19.30 5.14 5.55

15 55.48 15.75 52 3.64
Meant SD | 58.88+16.16 20.71 & 8.52%++* 5.07 F 1.49 4.36 T 1.43*

naewe. ***P <0.001 very highly significant

**P < (.01 highly significant

*P < 0.05 significant

T QUK 1 uIude Iy
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