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Abstract

This research purpose is a sentiment analysis model based on Thai social media using deep
learning techniques consisting of Convolutional Neural networks, Long Short-Term Memory, and Gated
Recurrent units. This research was tested with a wongnai product and service opinion dataset and
measured its effectiveness based on Accuracy. The experiment of this research found Long Short-Term
Memory provides better classification accuracy than Convolutional Neural networks and Gated Recurrent
units with an accuracy of 83.7%, followed by Convolutional Neural networks with an accuracy of 77.0%,
Finally Gated Recurrent units with an accuracy of 65.4% respectively. Therefore, it can be concluded
that the Long Short-Term Memory model is the most appropriate and effective for creating an automated
sentiment analysis system. The reason is that this algorithm takes into account the context of Thai words

and is designed for sequential processing as well as its internal memory.

Keywords: Deep Learning, Convolutional Neural Network, Long Short-Term Memory, Gated Recurrent Unit,

Sentiment analysis
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Fui1 wriuas by fua adwannasdiu 41 Hududiianuad anuAiainoa ad dadunasnisiu T 1id dafudnduann uaimsiilfioar
fimanorialidanyiu saudoduusy vyt miwia'lal Gy Adaunandy dduia §rlnneu+AoEs suuLtunsanadau daumitldwaay
asanuvumnaiiag wWuurasnafdsudududy numias wisamddudiindasand Suildudiaiuar 45-70 v uauwesiia amslaFann
auluipay Widadsauiug

positive

Sufluaanliluvnaimsaiy ussenAd aunaataIRaanIat aaaiudansassudlln amisnsasuiaaasanuinaiu U suillfl ositive
- - . - = . - - o = . - =
ANETTNING weillawiuy wiuasan M drilawiu asaauindnauiuy s lharmatasuil P
wilaudiaseoadua wiluwrliea. asdnsaudvl usuidnidng fuvierneTsousualasiaia 1 (Tseusuuaidfiasn) vinunaiawmiaai
. - o P - r_ = - o - om » - & . - - -
sa'lvimiaTnal (auusssuuaif)fuaniumusna ilamanunouuiivgaiadl Saddafiadadulsousualagiaiy iaimily wwiaaluny d

= - = =~
AU Lieed Wyay idlnuaiata owme a39a5aus

positive

s . - 3 v - = 2 - . i e - - v, - 3 -
Lidaisuannsnaauwianitaanndasas Undviufinnausiman waisilladaylifaeldilanaunmu Araiaas vivldasan e
Luiidadisarinasaanatdy ludesu wdnanwldusndaseimuadldimovazes iy gay - unamaaswmialii+saauews wauiall - dan
naaiidan

positive

= Y "y v Ao v
AINN 2 NAUANIBDYNVBYAVBAINUIIITIUBINNG [3]

nsAnAIN1wItne (word segmentation)
WunsgvaunsudnuasilanudrdgdmSuniwilneg
nuATeliAsElAFenlflusunsudndinwilng Tneld
Tuga NLTK uag PyThaiNLP lunsdndanlne Sadu
AuENYAILLUY ALFE (Single word) Aldarnnsdad
fheEnsiaduuuiBnisfisudfieniiian (Longest
Word Pattern Matching) Ineldwawnunsu (Dictionary-
Based Approach) 1ususeuiiey iilesnnlinanis
dindeenugnaesiign Tneldnsdnfauwauiynsy
nsrvuMshauveslusunsudadnlng Sudu
shemsadeyanngiudeyaniolndteyauniuliv
flusunsy visndutitenuusiazsenindig
NFEUILNIHAAN Y INemelUsun SR Ineagdne
wuuiRiisudfenfigadinulunauunsy Fuduain
NIAUNILAZVIAA AN BalfiLAYN AONITININT
Fumiazadayamdsesidunea (HTML) oon udas
thisrnuitldluisusudaumanunsy Tnefimun
TWidnusveansdariisalduenaniusedydnual
Wl () gavihenhluduiindeyaadlugiuteyavselug
Yaya [4]

nsidndmgn (Stop word ) ifunsthei
Lifanumnevsemitldiifsddaluenaisesn tned
anumneesAmietemuazliuAsunias fvige
awUsngluderuynieninu dedmemlunudnuas
ldfanuAsidesmeluiusslonilunissuun
mnAnyten Iy Fedunstiadmgaiadunszuiu
nsimshieunsdavindvdl temdanadnuasill

I & o = | o

Wuuselovd wavanauinveenvias G9astieUsendn

PafukaznalunsUssaana
nsiANazeInteya (Text Cleaning)

<)

Wutumeulunsinaugzo1ntaaumg 9 d1usy

v =

fouateglugluuutommduandumsuiloneazdes
mluduiiaznaiadudnulng viensusussnusves
Atvegluguuuuiientiu wu dfiwidniunwdingy
ieanneeufinmesasdlasdnusiuning waz
fuidnduanaeiu ldlafudeadu wu A du @’
Dudu Tunuifedifunshanuazernyadeys
awilnedslsvihnmsaudydnualing o fegluyadoya

[

panld e?fqaagaﬂ@ﬂjé’qna'm"l,aiﬁﬂsziasuufiumﬁwLLup
Jszian [5, 6]

NTas1IAIAANI (Vocabulary) Buduneu
Tunsasrsnaardnidmsuldlunisinszi lnevinns
uwdiileglulselonuaginsadeadsdindmnilng
msidfuanestusnldlunisads Feanunse
fmunveuavesiildlunisinwldlasnistinue
Fruuiiuaninauniignluyadoya iieandoya
Tudndildsndulunsiesesieanty

N13uUastan1u (Text Transformation)
dudunouiildlunisudasdsing q IWeglugud
peufmesasntlullunsussnanadeldday
Fonhmsulasteyaroufiaziuliinsgishedane
FUVINTTHUSIIEN MTidenauanyuy fe 18013
Lﬁaﬂﬁwﬁwﬁmmaﬁwmﬂﬁwe‘fﬁzyﬁu’wm idlosinnisni
AuanwarTwInanInltlunsUssanazldiig
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wazndwenslunsussananannn daussnduded
nsidenaudnuaziiielidayaivuinanas usdeq
goydednundAnyuestoyauas Al gNABIVeIHATNG
Tiioeiign TnefnrsananAthminvessddaydu 9
Tnsemiseiiléidonld Word Embedding Ssnszuaunis
nsasefunuvesteanududnnianaiasiunis
UTEUIANAN1BI5TTUIIRIUNITAS 19 IUNULT 9
AuevesR NI sunuTidenusennasAY
(Word Vector) Inglunisunuiitennuagldsiuinues
LINLABDSIMINUAINNENITBITEAINN LALYUIAVD

nnwesaransairunesld Tl nsadiaanaes
Alleuaiialagn13As1evidenduanyndeya
Vanunneu LLﬁﬁaa%"Nnﬂmai‘ﬁﬂmiﬁﬁjﬁumﬁﬂﬁﬁ
AnunnglnalAgsiuilsssrvinasannasAlnaLAgs
fughe Brsadunnwesmillilumadeifedayan
(Word2Vec) flagldigmsiunaiiasvesiituain
viunseutrawesitu sadunuusrasamaniiiu
TasstneUsvamassunuuRuilgsunsilndusitoadne
VSUMMSnesAntuslval faawd 3 7, 8]

Raw Data

Wongnai Customer

Reviews

!

Stopword

Word Segmentation

g

| Text Cleaning / Text Transformation |

g

| Word Embedding /

Word2Vec |

i

Deep Learning Algorithm
CNN / GRU / Long Short-Term Memory

g

Unseen Data

E>| Classifier Model |E>| Predicted Category

4.8
AN 3 TUA

a ‘:‘ Y a =
wAllANSITEU3LTEN
wATlAN19L58u3L398n (Deep Learning) [9]
[ 1 = a v A . .
Judumiliwainisiseuiveaasad (Machine Leaming)
= ) acx a Yo ) a PP ° v
Fududanesiudnlddmiunisseusnaiuisavinli
winsnsanansadndulaladuieiuayed lnenisieus
A < Q) v % % aa
vouasaudunisuszgnaldanuinisnuads lunis
eJLﬂiﬂ%ﬁ%@uﬂaLLa33%?&LLUU§TW&@G§WM%UVT’]U’]EJNaaUWﬁ‘f’\]’lﬂ
Toya ISUAUYRINITFIUITENTSININLATIYY
Uszamiisy (Neural Network) lusanasiiy nanAuTy
ANMIFEURUUNMITINUTRIANBINY LY eauoses
BN NUTTUouLaraUITIIATIZIEWNG 9

2UN1TINY

Wudhuuunnleegndivszansnm InelassieUszam
WenularinnsinassnsinauvessasusyanIuin
= | 2 A | A v o PRy v
Fausavlgaaninisensaieduloyalumiu ield
Tunisdndula Taenisvitanulesnasvedlaseng
Usearmieuduilnulggsaivinauaateduweas
Usgamuasuyueisondiivun Falvuaaunsosindaiu
° ~ v @ o a | |
untlasesilutu agiien Layer Ingusazliun
P2UVUNDUNITYINURUIAETIAIN Layer 10U Input
Layer, Hidden Layer wag Output Layer 1Jusu
lasathguszanmuuuneuligdu (Convolutional
Neural Network: CNN) [9] {udanesiiuvenissens
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WeAn TnevinuafseiunIININEIunNeIve Iy Ye
Ingagyhnsuunguuesndnuzeentunsen way
vhnsihaudnvazildluiluldlunsiuesa Toe
oulagfutuiigairuludiuveanisyin Feature
Extraction anngadeya Taeiuluiinsmendnuay
nyadeyalugunuurengutoya danesiiuneulg
Fuinisuusnisvitauesndu 2 dauldun Feature
Extraction wa¢ Classification lne Feature Extraction
Wunmsiheadlednidonaudnuuzdmiunnilild
Tunevhuenafitunou Classification Fudutumousio
1 dwiunsvin Feature Extraction vesnauligdu
Jumslddnseslunisdaidon Feature lnavinnis
fvusmunvesfinsesiilddmiunsdnidondeya i
nsaafiegluguves Matrix vhanlnsnsnsadluuugn
Foyaritedmuauinuildlumsiesegd uazviinis
Uszananaeenindanesiiuaeuligdu imslddinses
Tunmsadageaadnunzdunlnl deldnudnuusiu
wnlmiud 15renansainsanvuneesaudnua il

mLLazéTqmLaﬂé’ﬂwaimaa‘ﬁaaﬂaLﬁuimahjﬁﬂﬁﬁmlﬁauiﬁ
Tneifidanesinlidontdaiu 2 wuv lewn Max Pooling
uay Average Pooling Ing Max Pooling ﬁ'mﬁuﬂﬁa%"m
fhnsesBnsatunidioddlunsinsgideya an
durhmsfseiinniiaaitoglusnsesoanunldnu dau
Average Pooling 1Jun1sa314 Filter wuideniiuiu Max
Pooling usldun1sisAadevesrsng 9 veswnses
ponu1 laswnguszamuuunsuligduliiewsily
THlumslieszideyaiieglusuuuuvegammisingy
waiansnsa lldlunsiinszsiteyaiiogluguues
Fomnuldsnae miaseildmusdmnsiivessane
%ﬁmauiaqﬁuﬁﬁm%mﬁ"’wm lawn ConviD
filters=32, kernel _size=8, activation=relu, Dropout
=0.5, MaxPooling1D pool_size=2, fixed Dense =128,
optimizers =Adam EPOCHS = 50, Batchsize = 256,
Learning Rate=0.001 lpelnum Dense output=2 A9
HaaWsHaoIUsTINADTIUINAUTIAU AIsIuazLden
Tunwil 4

wordl — X

word 2 —— X,

words —— xg

Layer (fype) Output Shape Param #

embedding (Embedding)  (None, 1818, 126) 2367616

convid (ConviD) (None, 1816,32) 32600

max_poolingld (MaxPooling1D (None, 909,32) 0

flatten (Ratten) (None, 29088) 0

dense (Dense) (None, 128) 730

dense_t (Dense) {Nane, 2) 238

Total params: 6,124,066
Trainable params: 3,756,450
Nor-{rainable params: 2,367,616

Convolution

Look-up table Max-pooling

Fixed Dense

Full connection

A 4 lassinedszannuuuaeuligdu 9]

PIAINTITZULEN-T288dU (Long Short-

Term Memory: LSTM) [10] iludanesfiufigniiawn
so8aau191n RNN lasvinnisun dgyniludiuves
Gradient Vanishing aaen1seantuun1svingulugdiu
1 v @ o v

299 Cell v Tamnsanuaniuzveinsmuials

Taelu Cell was LSTM thuimihefuinten3onii Gate
Feusznouse Input Gate, Forget Gate, Memory Cell
State Gate way Output Gate dana3yiu LSTM feuldy
ﬁusﬁayjaﬁﬁmmma wiu Sdennu esevseavie

Ine LSTM Usznousie input gate, output gate uay
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forget gate Fyazidudsinrupunisinavesdoya
ol LSTM lisudayaunaindu input Wuasausn
LSTM 21914 input gate wazld1d output gate
Y Uy
iednauladnasifiuanlaliudragiugily LSTM v3e
wanaNatoya Aty LSTM Fsansnsaiseuiaindeyai

[

2 o w < = 1% g I Vo &
L‘Uumm‘uLLazLﬂumaau%ayjamaWsuaaﬂauulm’]LUu

mATeifldmmunrmninessanesfiumihenus
syezen-szorau lun Bidirectional-LSTM=256,
-128-64,
optimizers=Adam EPOCHS=50, Batchsize=256,
Learning Rate=0.001 Imeluum Dense output=2

activation=relu, fixed Dense

WBHUINAULTEU Fa518aZL08MUATNA 5

LSTM

cell state

forget gate

input gate output gate

Model: "sequential”

Layer (type) Output Shape Param #

embedding (Embedding) (Mone, 1432, 128) 1936640

bidirectional (Bidirectiona (MNone, 256) 263168
1)

dense (Dense) (None, 128) 32896

dropout (Dropout) (None, 128) 0

dense_1 {Dense) (None, 64} 8256

dropout_1 (Dropout) (None, 64)

batch_normalization (BatchMN (Mone, 64) 256
ormalization)
130

dense_2 {Dense) (None, 2)

Total params: 2,241,346
Trainable params: 304,578

Mon-trainable params: 1,936,768

A 5 NHEANUINTTLEI-5Y

mhelgunduuuuiiusey (Gated Recurrent
Unit: GRU) [12] gn#iamnnsiosannan LSTM G
Tudruvesnisananududaulunisvinauresdaseing
Uszamuuy LSTM wesansruauniegesly Cell
Sruunn Selinaneuszanianlunisiesiziuaz
yuena Ine GRU lavinisananududeulunisyinay
¥04lA598UTEAMUUU LSTM Tnenisanvulsgesly
Cell widalies 2 d1u laun Update Gate uay Reset
Gate uonanil GRU finalnTndanisemananius
melu Neural Network findnaffu LSTM fiasil Foreet

v
o

ya (LSTM) hag Anns13umes [11]

Gate widwisfimesiosndn LSTM ilesanludl
Output Gate Tuvaee1u GRU fiusgandamlnalfes
fU LSTM usiilosannmisfiwesdosninvili wsuls
fenin B wadlunsnuiingusiegeiifivunaidn
WU GRU Usedvisnmiindn saseildmmunsnns
fmesdanaiiunuredsundunuuiusey laun
Bidirectional-GRU=256, activation=relu, fixed Dense
=128-64, optimizers=Adam, EPOCHS=50,
Batchsize=256, Learning Rate=0.001 Inelun Dense
output=2 Weuaniuiieau faseazdentunIng 6

GRU

reset gate

L i

update gate

Model: "sequential_1"

Layer (type) Param #

embedding_1 (Embedding)

Output Shape

(Mone, 1432, 128) 1936640

bidirectional_1 (Bidirectio (Mone, 256) 198144
nal})
32896

dense_3 (Dense) (Mone, 128)

dropout_2 (Dropout) (Mone, 128)
dense_4 (Dense) (Mone, 64)
dropout_3 (Dropout) (Mone, 64)

batch_normalization_1 (Batc (None, 64)
hNormalization)

dense_5 (Dense) (Mone, 2)

Total params: 2,176,322
Trainable params: 239,554
Non-trainable params: 1,936,768

dl ' a U IS
AN 6 VUIBLIIUNAULUUNYS

£ wazAm19Twes (GRU) [11]
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AnsaRRLddmsuUSsuie uteyan g
NaseInakaansidvanetunaansnvinunglaindany
duiusiuegnals lnensauinmaugnietiuazsies

M15719% 1 M1519 Confusion Matrix

yinsas1unsnginUseansnin (Confusion Matrix)
YU lneliseazldennamisIen 1

Actual
Positive Negative
Positive True Positive (TP) False Positive (FP)
Prediction
Negative False Negative (FN)  True Negative (TN)

NANTN Lﬁ@LLﬂﬂiﬁ‘a’a%aﬁ 2 Uszum Loun
JoyanuuIn (Positive) wazdayasuau (Negative)
a115085UeAtUAILUTANN 9 983 Confusion Matrix
panlaidu 4 nsdl louA True Positive (TP) nsned
wuudiaesamnsaviunedeyaduiiuuin uagnsaiiv
nadnSithvsnedusuuan False Positive (FP) viangiie
wuuaesasaviunedeyailuiiuuin udnadns
Whnsneustuau False Negative (FN) vanefis
wuuiaesaiusaviwedeyaildudiuay winadns
Whnsnedusnuuan True Negative (TN) uisnefis
wuuassanunsaviwedeyaidudiuay waznsaiu
nadnEmneduduay siseindsyansamann
A1ANYNABY (Accuracy) AALULNET (Precision)
A1AUSEEN (Recall) ArANuE9na (F - Measure) [13]

NANTSIVY

INNTTARBILAarIATIZRNLATEANg 9 T
Aeades nuinsadauuuiaemniunsiese
mmfﬁﬂLﬁaiﬁmmQﬂﬁaaqaﬁaﬂ“ﬁ’mmié’m
Uszananan1w1essuviuiUssendldaudiuauuin
Tngazdosinnisaiinuanuae dmsuinluldlunig

Seuivesdanasiunisnumaianisseusidednlv
wingau 1nnsSeuiieuuseansanluyadeyaves
Test Set §anIndi 8-10 Wduduaa (Validation accuracy)
Lardanis1afl 2 wudnuudiassiiafignAenioe
Awsszeven-sverdu fanugndedunisdiuun
gedle 83.7% Auusiug 83.9% AIAUTEAN 83.7%
ANANEIINA 83.7% seasuilulasstneusyannuuy
Aauligduiuszansainarnugndeddunisduun
77.0% f1ANLLUEY 77.2% ANAINNTEAN 76.8%
AIANENAR 77.0% Musmertgleunduluull
Useg (Gated Recurrent Unit) dAnugnaasiunis
FILUN 65.4% AIMIULUUET 65.8% A1AINTEEN
65.4% FANEINE 65.3% AN dOAATOIIUIY
Aeowes Murthy wagame [14] Fvinsveaesiugiu
JoyaiTaiuiansaimis IMDB ViU Tadud31u Amazon
WU LSTM FuszanSamiddmiudeyauszian
V9AIIN UALARAARBINUIIWITEUBY Kurniasari kag
A [15] wuinilevimaass LSTM Auteyatiansalann
dodsaueoulatluniwdulaiide nuindaneif
LSTM Tsfanisdsziiulaiaaiifainuudugn uaz
UseAvBnmitAudentu
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A15719% 2 Han1snaasalSeuieulsEanS A nvedLfardanasiy

Accuracy Precision Recall F-Measure
CNN 0.770 0.772 0.768 0.770
GRU 0.654 0.658 0.654 0.653
LSTM 0.837 0.839 0.837 0.837
Accuracy Convoltional Neural Network
! 3gtacc
0.6
0 5 10 15 20 25 30 35 40 a5
epochs

i 8 n3winmmeageulsEansamALgndeanguiegne laswngUszamuuuasuligiu

Accuracy
Gated Recurrent Unit

O'QSW \/

0.9

acc
val_acc]|

0.85
08
0.75
OJW
0.65

0 5 10 15 20 25 30 35 40 45
epochs

A 9 ATMiNMIMedRUUTEANSAMATLGNABITRINENRIRE N e IgundukuuiiUTEy

Accuracy Long Short- Term Memory

—acc
val_acc

0.9
0.8
0.7

0.6

0 5 10 15 15 25 30 35 40 45
epochs

AWA 10 NTNINARBUUIEANTANANNYNABIVRINGUAIDEN MilEANNTITEEYE1- Sy
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aAUsBuaraTUNANTIVY

ANNANANITNAFDUUTLANTNINVYBINITHAIUN

'
a

sUuuuMTlessianuianuudedinueeulailnelog
ldmaliansiSeusivedn Welnseiaudafuves
qﬂﬁﬂﬁy’aé’mﬁuﬁwu,azmi‘u%mi Frugn i Tnand
ssnalumuuINUsesuau lnedinsyuiunisyinguesy 2

9 Y
v
o

Juneu liunn1sasienudnyuyIndayateaniny
fdnys uagnsasanvuiaesdmiuiuunanuian
dnunsaeAUsenantsmaassladed wuusiasdld
AENYMENSId1sFaLUY Word Embedding wdaslv
oglusUnuuveauming Auyadeyaniulneiidy
Snwarnsihdmauiluiuemsveaiu Wongnai 3
\u Food Platform wui1 uwuusassiléviseanud
svezem-szevau (LSTM) Iiuszansamlunisviunels
AnTlaseeUszauuuaeuligtu uasvtheleundu
wuufivseg Tunniaustlddnasdudianugndos
AAnawiudl AmnusEdn Amnunana eaain
Sanesiuviaiinisfarsuiusunvesdi uay
gnesnuuusndmiunsusyInanadiu (Sequence)
wagfinheanusinelufies fwihliaunsoansa
FormuinafesiivszananainnountudthuiUssana
waselumdnldld Uszneududnwauzaiuiidesidn
Ustleafifidernugniunnainngusogiasana s dena
Trimiranudiszeren-svosdu fanuusiugrgands
danesfiunsiFeuditednulnduy Tuvasildnailuns
Ussawalduananaiuunnin waznsusunsiimes
EPOCHS, Batch Size, Learning Rate @swalialasizsi
foyaldgniosunndedu uireseglussiufimnza sl
nvisetesauiuly Turugiisniunsuiumdnes
qafﬁuﬁaﬂ%wwmaﬂum'ﬁﬂismamamwﬁuwiuﬁu
HOAAADINUNANIINAADIUBY Murthy [14] Wag Kurniasari
[15] fviudsaguldiuuuhaesiivauntusesanes
b sy Srerau Snnumnyauiigaasii
Tdszgndduldludunisideyaniunisiumiles

oA (Text mining) W3BNITILATITNBITUAIUID
AMUFANINTBAIY (Sentiment Analysis) A1unlneg
HAdefidolanouurdn @1115098NLUUIIEALLBEA
SruauduvesmvinuresnsFeudidednlitiunniy
uay MsUduAsuilaidunszdu (activation function)
Tunvudrassliiinnunainvalgazaiuisodsnaln
wuusaesisyansamauly
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Abstract

This research is for the development of mobile applications. The objective is to recommend
nutrition that is suitable for the individual characteristics of the elderly and to increase dietary choices.
The mobile application contains: 1) keeping track of daily calories and other relevant values 2) food and
exercise recommendations based on the K-Nearest Neighbor (KNN) principle 3) recording of daily food
and drink items 4) a self-nutrition overview report. The system has been developed as a mobile application
on the iOS operating system for ease of use, and the results of the experimental program were tested
with a sample of 30 elderly people. From the assessment, it was found that the developed system was
able to recommend good nutrition for food. Overall satisfaction was at a good level (X = 4.25). The elderly
can choose the appropriate food, both in calorie content and nutritional value, by themselves. This is
beneficial if eating a healthy diet is combined with exercise. Limiting the amount of food and receiving

complete nutrients each day will result in the body’s being able to burn excess energy more efficiently.

Keyword: Nutrition Recommendation, Elderly, Mobile Application
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Nutrition Recommendation System for
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Abstract

The vertebral artery (VA) is a blood vessel that courses through the neck and cranium. The
vertebral artery is important as they provide vascularization to the hindbrain. The vertebral artery is
divided into 4 segments: Along its course, the V3 is the most vulnerable to injury from head movement,
and the arterial occlusion is commonly located in the V4. This research studied the histological feature
of the third and fourth parts of the bilateral vertebral artery (VA) in 20 Thai embalmed cadavers. Both
arteries were studied into proximal, middle, and distal segments. In histopathological studies, tissues
were processed and stained with Hematoxylin and Eosin, and Verhoeff-Van Gieson according to the
standard protocol. The photomicrographs were taken under a digital microscope and wall thickness was
measured by the ImageJ program. The results showed that the average value of tunica intima (T1) thickness
was not significantly different in V3 and V4 whereas the average values of tunica media (TM) and intima-
media thickness (IMT) were significantly different in V3 and V4. In the different segments of the artery,
the pathological sites were mostly located in the distal segment of V3 and the proximal segment of V4
as shown by the greater IMT thickness of V3 in the distal segment and V4 in the proximal segment. These
results demonstrated that the arterial wall thickness tended to be greater in the distal segment of V3
and proximal segment of V4. These might lead to an increased risk of ischemic stroke due to the narrowing
or obstruction of the lumen. Therefore, the data of this study could be beneficial for the prognosis of

vascular disease or the prevention of vascular injury.

Keywords: Vertebral artery, Histology, Cadavers

unin

n1sfnwilaseainamnaganieininvemasn
Goaunslunywdlisuauaulanninneinamans
uazuwwgiAntedagiamensinyinasnidenuina
Ao [1-3] vertebral artery (VA) \Juvasndonunsiia
muemiuaneetulUlunsInandsvrutioonidu 4
diu lagdiuusn (V1) uuneanainvasalien subclavian
NAMINNAIUABNIUTRINTLANTUNAY (transverse
foramen) s¥du C6 TUSsanuitae (v2) Aeduiinensy
Fusvesnszgndundaszdu C6 laudasedu C1
vdanesndnndeansygndundaues C1 Aeduilany
(v3) aginnelu sub-occipital triangle auigduanying
(V4) W1y atlantooccipital membrane tay Lﬁaﬁuaum

Fuuen (dura mater) Maau1U medulla oblongata
quidauiiu VA 8ndne [2, 3] $auifu basilar artery Son37
vertebrobasilar arterial system ﬁﬂﬁ?ﬁﬁ%ﬁ@@imgﬂﬂ
NUALDY JUBIUDY LAY USIUAUANUDIENDINAUYITU
uaraussnauvnenesAnluiosay 20 nUSunauden
wmaidlUiEssaues 4, 5] Tng VA {uvaeniden
1A medium-sized arteries ﬁé’ﬂwmsm\iﬁ;amaamﬂ
wiadu 3 4 TéuA ulu tunica intima $unans tunica
media wazduuen@e tunica adventitia Insusaztu
fninfiuazanuddnydel wadyntanasnidon
(endothelial cell) WWudugaeimlugnvesiimvaonidon
%uiuﬁwﬁlﬁﬁﬁju permeability, macromolecular

barrier Wagthromboresistant surface ﬁUWU’mmw’ju
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@ £

n1snovauaInIiAuiukarasne inflammatory
mediators [6] \duledaafin (elastic fiber) way
néwilaBeu (smooth muscle) luntasndonty
nandiunumdRylunsvaLazve1efIveIrasnLden
@1 external elastic lamina (EEL) g internal elastic
lamina (IEL) vinlvivaeadeniainudandgu auau
USunanisivaisuveaden (7] lnelsaveswasniien
dsrariomslAsunasdnuazmeganieinavesmils
veenEonieutunannsanUldly VA Wy vieeniEon
fudu viaenidonunauls viasndenldanes n15dnuia
YDINADALEDA LATUADALEBALUEALDILAN ANURAUN
sananunalaanndadunisuen Wy MsuinduusHM
ﬂamﬂmiaaﬂﬁwﬁamw‘%amﬁmﬂiz@ﬂﬁmﬁ]ﬁﬂﬂﬁmi
Anvnvea VA [8] visetadunielunavtadedaasy loun
91y A Wugnssu angluiulubengs maquw%
ANuulalings Ly Tnedasumaniinelia
anudeveseiadynimasden viiliAanisiia
Frunuuaiinsedeuiiveswaduianieg fluesd
Uszneunieluntaaenidon Wy wadndiuile
Gov sy waadey uwazansdun inuluden nsazeu
yosanswaridunglfiwadyndovaonideninay
Haund dawanane1sniiinvedlsaraonidoniaimnig)
LLazﬁwi‘Uzjwm%amwiu%u?ﬁw]‘uawaamLﬁammmmlﬁ
Faanszuannnesanmilistumelunmaenidon
V3 uaz Va [Juaimgd A uesnsiinauesdumaun
donuazthlugennismessuudszanm [9]
Tutgtuiinnslgnmsduiinnnssdvasniden
(angiography) Wlefnwidnuwaigeneiniaves VA Ty
AU fidin ImEJma,niaWﬂTa;gjaLﬁ'mﬁ’ummma
Aunie wavdiufinnievoivasnldeniviniy
[2] wazfinnsldnrsidadodsndudeaniuigs
(ultrasonography) Tun1smAumUes intima-media
thickness (IMT) wiieUsinnylsanasnideniuuds
(atherosclerosis) 16 [10] LL@i’ludauﬁuaﬁaaﬂaﬁﬁmﬁu
safUsznaumeluniasadentudedddunounis
Anwiniaganieinim Fadunisfnurainsiedns

waeaionvasidedin Tasldinissigaudayani
3aM18301AT83 VA 21nn15kIBnsdonannsgiulay
MsfouRLAYAIeY InenaIBaUATENUIIVUIALEUNIY
gudnanaiameluuazniouenyes VA dradnelngindy
$19021 [3, 11, 12] 9178 V3 vredeiiaunmdnniuiie
Wieufur@sug Gade awdn waz wenini) [2] Tu
dawaﬁayjammwm%wmsruaﬂ VA usiazdiu a9
fiaenuvanvanevesdoyasy [2-5, 13] lag VA 1Tu
waendonfitanuenuasdidnuuifselnsannzdi
V3 Juduiiimswasuiienas bifinszgnunaguis
desonisuinduannmsiedeulmuesdisve uay va
\Wudwiogaelunslvandsvruazsinmunisgasuues
naoadoni [14] Tudagiunismeaudeyanis
qan1e3nIAves V3 uar va Sedlldunniin dadalaid
FIPNUTNYULENNIANLINIATRMRRALTDN V3 Uay
va Tulssnnslne uideidaiingussasdiitefnu
AUNUT GNBAENINYANIEINALALANURAUNRYDS
nilavasaiden V3 uay va Tusiwenasdlvaanilne
fe75n15883 Hematoxylin wag Eosin Way Verhoeff-
Van Gieson ﬁgﬂﬁsﬁaaﬂammﬁﬁﬂﬁlﬁmmmLﬁﬁﬂammﬁm
Wesan WluaIU (segment) AeURIARALEDN V3
way V4 Juduvselevisenimmennsallsanasndon
wazduteyalunssy Tuazdosiunsuinduiionniia
Futfuvaonidenls

A NTUNITIY
1. NGUAIBEIHAZNIAUAIDENS
fodreondenildlunddeihinnaniig
919156 g Aldiion191Fountsaeulunguivn
MEINAAIER3 AL INeIEmEnsALlulad NnIneay
Widguadunseiiesisnuau 20 $19 Hunavie 12 519
wanda 8 319 o1gaglutaeiodlug (50 DTulv)
f519mefiiiunsnesauysal Liflunauinunevie
fiswe WRaLINNREYININSANEIanLaen V3 way V4
Wathawuavdnedsar 20 naenden sy 40
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fogs Ingnaonidon V3 Qﬂﬁmaam'mi'wé?mwiﬁwLmu'q
ﬁaanmmsﬁaaﬂiz@ﬂé’wﬁwm C1 UDIFUAUINBULN
g foramen magnum uagNMaaALEEN V4 1INFUL
ﬁwsqmu L?Jaﬁuauaﬂ%uuaﬂLLasLﬁaﬁmamm%uﬂaN
UDIUTNATDYFDTLIIN pons Waz medulla oblongata

2. Mawdsudegaduile
fedvasadenudasidugnuusesnidu
3 @ wing fu laun @ (proximal) d@unang
(middle) wazaulany (distal) Lazdnrasnidonluwu?
mAfAvINTinuuieuazUszana 0.5 cm 9Nty
Ymaeadenluugluiiemlesundy (10% neutral
buffer formalin) fuan 24 Falus wdrriludu
nsvUIUNSWIENTWie (tissue processing) awis
wmsgu laenshatineanduiile (dehydration)
frutefiausanagodauinududy 70% -100% ug
30 Wit lunsavaududy antuindwielila
(clearing) feledu 2 ad aday 30 unit way unsndu
Fuillo (nfiltrate) Frevnsfluman 2 A% Adsay 30
Wit udhiudleilsaduudonmsilu wazdnudeon
wisAfludinnunul 5 um a1ntudeudaedde
Hematoxylin waz Eosin ifiefnu1dnwasni
Janeinakarnedanmuerlvaenifenwasdeud
ffiw Verhoeff-Van Gieson Lite¥nnanumunvenils
naAldanLazAnvIanwaEUs IEL Way EEL

3. MaiusIuTIutaya

3.1 Anwdnwaigneganiednig (histology)
YoINlINanLaen

thaladiiledeiildinfnumelindosganssa
wuulduas lnefnwinaziuiinuadnuuglaseasiaiay
wensanminunelunmaenidenii 3 su laun wils
waendenduly dunas uazduuen s 3 dau
YoIviaeALionuwAl V3 uay Va

3.2 ANWIAINUNUIVDINTINaeALaeA

(arterial wall thickness)

Yniledenaenidoniin1unisdoudae
Verhoeff-Van Gieson $n@nwmenaedqanssatiuy
THuasriatuiinnnianeaniglaniasens 4X vnis
Juiinnmuagldlusunss Image) (freeware) Tun1vin
AMUNUITDY NEINABALADA LAYAINNNUIYB IS
viaondentilu asverainain endothelium 9 IEL
wazmLMUTBITIaDnIdandunans Taszezdann
971 EL §i EEL usiazdiagnegniiinisin 8 suvslag
wiaralianunasiuiielinsounquuanasnidon
Ve siaduntses 3 91

4. m3pTzvidaya
ianm%gaﬁlﬁmﬂmiﬁuﬁﬂm’mmmm
HilavaanLden ANYMENINTANILINIA KATNEITANIN
Fnuneluniisaondoniad V3 waz Va dandinssi
Toyalianssaiuuazliada one-way ANOVA uag
Mann-Whitney U test laglusunsudniagu SPSS
TunisilSeuiisuanunuivesntiviaenldonsening
naeAlaeALAY V3 wag V4 laginunaInlLangng

o o A

pe9ltydANAT p-value < 0.05

NAN15338

PMNNIANIRNWUTVBIARALEERA V3 Lay V4
Tusnseansdlugduay 20 19 Wuwwee 12 519
s 8 $19 ogeglurag 52-101 U 1ade 71.25 +
12.08 U lédoyadsil

1. AUNUIVDINTNADALADALAS vertebral
daufl 3 waz 4

aruvunETivasaidontuluveasnidon
WA V3 fAnadeiinfu 316.510 = 193.684 um
nifaendentunansifnasmumunviiu 496.621
+ 99.148 um LAZNAINNITIINAIAIIUNUINUY
waemdensulunavdunaraiionansan IMT nwuin
Tudrudisnefuves V3 tu d@udaneiinnumun IMT
innfigafianaminiade 873.696 + 189.589 um lagdau
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nansLazdILFuiinUILRaY 789.616+279.302 Um
LaL776.07+318.741 pm UREAIMNAIAY

R aendentuluves Va fidads
WiNAU 310.631 + 217.799 um nifmiaendendunans
fidadoaunuwinfu 357.93 + 97.532 um way
Tududisnadu /1 IMT ves Va Muwﬁqfﬂhmué{u dan
WinAU 819.949 + 443.783 pm

naannsUSBUTIBUARAsA LU
NARALEDA V3 Lay V4 WU UAUIYeINITIiaenten

ululndifestuiidade 316.510+193.684 pm uaz
310.631+217.799 um mudsu luvaisfinnumuuils
vaBAEentUNa1IweT V3 wunin Va og9ltyEALY
N9EAR (0<0.05) firiade 496.621 + 99.148 um wae
357.93 + 97.532 pm MUEINU WazAY IMT U89 V3
NI Va eehelideddunieadn (p<0.05) fidwade
813.13 + 233.352 ym Way 668.560 + 279.098 pm
AU (1157991 1)

M1519% 1 ANRALANUNUNIVBINTIADALEBA tunica intima (T1) tunica media (TM) wag intima—media thickness

(IMT) Ya9viapnLaen vertebral V3 way Va

Tl (um) T™ (um) IMT (um)
Proximal
V3 287.417+231.024 488.653+116.534 776.07£318.741
va 402.659+402.649 417.290+109.399 819.949+443.783
Middle
V3 287.483+246.758 502.133+109.006 789.616+279.342
\Z 241.05+199.847 344.856+93.894 585.906+250.953
Distal
V3 374.620+188.973 499.076+116.624 873.696+189.589
va 288.183+237.928 311.64+112.765 599.823+288.575
Average
V3 316.510+£193.684 496.621+99.148 . 813.13£233.352 7,
va 310.631+217.799 357.93+97.532 ] 668.560+279.098

ANadELSD., *p<0.05, one-way ANOVA wag Mann-Whitney U test; n=4

2. AnvaENRaNIeInIAYaNiimiaaniian
uA4 vertebral #ul 3 uas 4

INATHUNRGN YU FURUUNITIS BT
wadyntivaeaiden Tuuuseidlewarlideiiles @
EL way EEL wiseenifu 3 wuu léun nénidundu

(wavy) LEuUass (straight) waz Jupdunaunss (wavy
and straight) &nvasidulednuvuseidouay
liidlauiles (n il 1) Tneviaeaidon V3 way va finils
vaeadoniululszneude wadyntmasaidones
duulsisedeadudulug fdnvazngn 1eme vide
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| —
% 200 pm

17 ff.
2 IR 4

o C

AR 1 uangUMUUYY external elastic lamina (EEL) fiegseninaniiiviaeniientunaid (tunica media; TM) uag

nisvapadantuuen (tunica adventitia; TA) Idnwazundnduadu (A) \Wudunss B) wazsiluadunaidunss (C) (Verhoeff

stain, 100x)

dnsunsnueswaasniauriln lymphocytes Fu
subendothelial vesvaanEoniimMLLINAT 1 U
(layer) Tunnéveene dnwaizuad IEL v09 V4 Sause
lownnni V3 wazdnlnginsdessludunsamey
Fundnifundu

nifivaanEondunaniues V4 Unanin V3 oens
Forau Usvneusae wadnanuieSoufiSesindunun
29nayl (circular smooth muscle cell) 1Wudaulug) i
wulgpeaaniau (collagen fiber) wnsndeg uanan
thilu v3 FmundaifoBeusuunnindmdes fine
aaauAndviunIndiey wuduledanaindiuiuuin
usad 2 Tu 3 mesulu EEL wiuladaau dulugdl
Snwasaswaundnuuuldseios @ EEL 1o VA ung
171 V3 Tngdnlngnusuunaussninaduiudunsed
{idnvarAouticunmaslisaiien

nanaemdenduusntduduitiariumnun
Usznausevaenidesvundn iWeideiieaiudanulg)
Wudulemeaaauseeiaiuegnauindunaiuly

yananddmuiduledatadnlu V3 wuinnin Va
(M15799 2 waznINg 2)

3. dnuwaznensanmiinuluniimaanden
was vertebral d9udl 3 waz 4

viaonLden V3 uay V4 finumunvesaiiealy
snn 19 Tuyndeens uagwunaiia atherosclerotic
plaque Tnsuusdnuazves plaque finuiSemugis
ﬂﬂﬂuﬂﬂlﬂﬁaaﬁﬁﬁ foam cell, fibrous cap, lipid core,
calcification wag cholesterol cleft Tunisnann
Boaung V3 Wuwsw%amwagflufﬁ'auﬂawmnﬁqm
Tnelusuauiliignuamuuu foam cell Wudaulng Tu
vauzdiviasaidion Va wunedaniwanlvajoglugiusiy
Fodudnwazves foam call waz calcification
Dudulug (3197t 3 wazamit 3-5)
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A15719% 2 308a¥VBINNS B EIILAYaNYULIASIES19989 endothelium (Endo.) internal elastic lamina (IEL) ka

external elastic lamina (EEL) vasvaandan vertebral @ 3 wasd@iud 4

V3 (n=40) V4 (n=40)
Structure Proximal Middle Distal Proximal Middle Distal
n (%) n (%) n (%) n (%) n (%) n (%)
Endo cont. 6 (15.0%) 8 (20.0%) 5(12.5%) 13 (32.5%) 9 (22.5%) 14 (35.0%)
discont. 34 (85.0%) 32 (80.0%) 35(87.5%) 27 (67.5%) 31 (77.5%) 26 (65.0%)
IEL w cont. - - 3 (7.5%) 4 (10.0%) 8 (20.0%) 2 (5.0%)
discont. 5(12.5%) 1 (2.5%) 2 (5.0%) 3(7.5%) 2 (5.0%) 1(2.5%)
s cont. - - - 2 (5.0%) 3 (7.5%) 1(2.5%)
discont. - 2 (5.0%) 2 (5.0%) 3 (7.5%) - 4 (10.0%)
wands cont 9 (22.5%) 11 (27.5%) 5(12.5%) 14 (35.09%) 19 (47.5%) 26 (65%)
discont. 26 (65.0%) 26 (65.0%) 28 (70.0%) 14 (35.0%) 8 (20.0%) 6 (15.0%)
EEL w 2 (5.0%) - 1 (2.5%) 1 (2.5%) 4 (10.0%) 2 (5.0%)
discont. s 6 (15.0%) 10 (25.0%) 5(12.5%) 14 (35.0%) 11 (27.5%) 13 (32.5%)
wand s 32 (80.0%) 30 (75.0%) 34 (85.0%)  25(62.5%) 25(62.5%)  25(62.5%)

(cont.: continuous, discont.: discontinuous, w: wavy, s: straight)

P 1Y Y .«:4' % 2 ' d' | -:4'
A1519% 3 Sesardnuaizves plaque Mnuluntlsvasniden vertebral @i 3 wavduil 4

Plaque

characteristics

V3 (n=40) V4 (n=40)
Proximal Middle Distal Proximal Middle Distal
n (%) n (%) n (%) n (%) n (%) n (%)

Foam cell
Fibrous cap
Lipid core
Calcifications

Cholesterol cleft

12 (30.0%)
5(12.5%)

4 (10.0%)

12 (30.0%) 14 (35.0%) 23 (57.5%)

5(12.5%) 8 (20.0%) 7 (17.5%)
5(12.5%) 8 (20.0%) 8 (20.0%)
1(2.5%) 1 (2.5%) 22 (55.0%)

- 4 (10.0%) -

19 (47.5%) 12 (30.0%)

4 (10.0%) 4 (10.0%)
4 (10.0%) 4 (10.0%)
5(12.5%) 5(12.5%)
2(5.0%) 2 (5.0%)
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cl

a# 2 A: V3 Useneumgrdaraendentuly (tunica intima; TI) undaann internal elastic lamina (EL) wénuay
luistaLilos (gnasduns) lundamaeaniiontunans (tunica media; TM) wundnsiileSeu (Aadndes) ineaaau @advun)
wnsndiey external elastic lamina (EEL) wiulddnau fdnvazasmaundnuuuliseie uasnimaenifontuuen
(tunica adventitia; TA) ireaaaunaziduledanaindiuiuuin B: V4 Useneumedunilvasndanduluiidnvasmndidu
< v I3 A oA o A & v & a a o < 5y

wBntes IEL Wurfullanuseiiles nilsvasndentunansnunaiuilaiseu dneaaauwnsndd EEL wWiulalidnau way
Fuuangnusznaumeidulensaanaumnuuumiainuly (Verhoeff-Van Gieson stain, 100x)

a o o a & ) Lo ~ v % X a A oA '
amdl 3 A msnudvedmvaeadendulu (tunica intima; TN ivsyneulumemwadndnnieBeu @adnde) iudqu
gy wazunsneedulereaaiau Fadvun) B: dnwuwves foam cell Ninsaraunieluniasniontuly waddl
Snwadznaw/s 4 fat vacuoles 1ane nelulslnnwanady (Verhoeff-Van Gieson stain, 100x)

a il 4 dnwaizves plaque fiegroulusmilasumils meluuszneuluse fibrous cap (FC) fingu lipid core (LO)
(Verhoeff-Van Gieson stain, A: 40x, B: 100x)
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A 5 A: dnwaizues extracellular lipid (EL), microcalcification (Qﬂm%) uwaz cholesterol clef wulu lipid/necrotic

core B: énwauzve calcification (Calc) vunalvelunilanasadensulu (tunica intima; T1) (Verhoeff-Van Gieson stain,

A: 100x, B: 40x)

aAUTMELasaTUNANTTIRY
nan1sAnwIlATIATNveINIvaenlden V3
uaz va lusasdlngiifiongiade 71 Jdsdaeglunay
Faseny wulndiniavundvesntiasaideaduly
wnnn 1 sulunndhesng Sesnsluandnuaslneund
09 muscular artery findsduluunsunuazifueady
Wi viaeaLioneiag UL IEL [7] fs518911v84 Rustagi
wazAny iAW Va 9:1nsafideTinluraseny 20-40
wansraasndimasndenduludrawanuazdedie
WINAU 19.93 + 8.47 pm Way 17.07 + 6.93 um AUE1RU
[13] Sato uazAmzAnwvaemdenlufiongius 8
Wou- 92 U lideyatmdeduluves v3 uaz va oglu
479 60 - 85 pm laglifinuaneaiunieana [8] Tuvue
FoAdeinuidedsanumndvaeadenduly
Y99 V3 ffu V4 fianads 316,510 « 193.684 pm uaz
310.631 + 217.799 um MUY AUMUITIINNNT
NnTefinanudeiulsvenisnuinUunivesuils
nasaLdienludnweg intimal thickening kagluanuide
Htrmunesanmvoslsavasnideniuudon 3 sy
seuSuFUTnsunInUes foam cells Tuntasniden

1Y

Fulu szAunanelinisiin atheroma WagseAUTULTS

'
a

nunsazauveIwAaliey (6] laalainengiiuudl
nan3eNulaensanuNITUAsULUaIMI9AIUlATIES4
wagninvesviaeniden naannTIdeinutaulng

wadynvasnidenSosiuuulideiiios dudulade
ihlugnisgadenisviauvendoynidinasaiden
sgresduasgly lnweratinainnisanasaes
vasodilator pathways i Tun3neanlsdiidunuivily
nsvengiivemasnien N1sdeaiunisiniziuves
indaiden matudsnmafiudunurensadnduniedey
wazdosfumainufiseneendindu danfudodeysus
viaemdengapdeviiluisdamaliluiufioglunszua
\Fon (LDL) \AnufiSenoonBindurivansiiduousiug
vosoandiauiasuguluiu oxidized LDL denalvinils
nasadongniiansuariinisdniaugunssndely
Aansazasmasizaduiasineg wu wadndunieidoy
o PolaaneTen WAy whaWey JuNTiaenldion
Fulumuntuegnaiiuldda masniaudanannszduls
macrophage fuiulviiufiazaueglunisvaoniden
ogslsimudindesurmariliannsovinanslusiud
avaueg dudaunnly vliaansazauveslduly
lolawana@uves macrophage Fonan “foam cell”
Fenudnunznesanmiliieesas 30 lunndiuves
V3 uag Va4 lnganiiasgnuagn1seniauaInnIsesam
LaEN1IALYRLEAd 09Tl Iur o TYinTives
vaedenditosas ilevasmdeniinisdniavunntu
danalviifinnismeves foam cells vngdIu fins
Uandaesladusenut udninufisernatedu
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oxidized forms viluiliAwiwaalunyu cholesterol
crystals 93U wadywiavasniion, ndnilodeu
wavwadiladonvnuianig 9 lagn1saneveawad
méﬂﬁ?uﬁnmmﬂﬂmﬂﬁﬂﬂ lipid/necrotic core uay
finsndeushveradnanileSeuanutmassdon
Funanaudaudssislundsiuly innsdaasziiuay
Uasepoaaaunazlusilelnauausiuiudataiuuay
wadhue nanendu fibrous cap ARgALUY VIR
sovlspusnamlinasndeniianin “atherosclerotic
plaque” dwwananisivalisuvesdon silidenly
Foseorsng q Wdevas [6, 15-17]) deluauddedl
wué“ﬂwzusw&n%amwﬁﬁmmwummnLﬂuﬁﬂmu
sosaan Tuszesfifinnsdouudasuonain atheroma
|WuiAn intimal ulceration Weilodedemeaziinnis
fouugnludnweg fibrosis scar kagiinnsinuilmngde
wpaenunne Inslumiadsiinudnua caldfication
Tu V4 drudu infsdosar 55 Fadonndestiumive
YD Jonas LavAY ﬁwuiﬂﬂﬁlﬁm calcification L‘ﬁu%ﬂ
finulguesluvasnidenundluausdlaenuuniianly
waALaen intracranial internal carotid HAEAIIUYN
%Lﬁwﬁummmq [18]

Desai WayAMY 1891471 IEL U9INTY
vaoaden Va4 fanundndesdigaiderfisuiu VA
dau?ﬁuﬂ [3] Tuwaueil Sato wazans wuaMRRUARYeY
EL snnfigaludiutansves V3 Gewulushoesdidiens
Fus 50 Fuldwindu 8] Wuldluhusafeafufu
sAdelundsdinuinlaodninguds IEL uay EEL
finsSeshdnvandudunsmantundnduniulae
Snvazvondulefitanswdednisviadureulyd
mm&ialﬁawauﬁﬂaLﬁumqa'auawLﬁﬂmnmqﬁmn
FurlniAneudeuvesdanaiu dwalianuaunsa
TunisAusianas

Desai WAYANY WAy Sato WavAMy LAlive
Funaiefuanuruvewilvasadentdunaidlag
eawhdivinfigaegiisUasves V3 [3, 8] Wy

Wenfufunudseasaifinuin Anumnaitveonden
Funanawes V3 wund va o1l Agyneana
melunfmasndestunanssenousemadnduie
BeufiSesidunumnanauudlng nuduledaad
ﬂLL%iﬂﬁaagiuwﬁa%uﬂaWQmaﬂ V3 ladalaunin va
Wlosnmnvaendenuas V3 Sduledanainduauann
Lﬁammﬁusmaﬂiz‘mumﬂmigﬂ%lummzﬁﬁmi
mf?iauim‘uaaﬂw@ﬂé’wﬁadwﬂa V3 fURgEnULTIRoU
LLazLLiaﬁaU'%nmﬁ’]meﬁaaﬂmﬂﬂsz@ﬂﬂa c2 lnggn
gnluruzidanaluaudIuasIesenInen1suyuae
[19, 20]

vonantulusuddeilgannsirmammn
nifmaendestulusufutunanafiowansen IMT
yeraniinmsasiamauuvewvaendenduly
wazdunaiaitoLd u%ayjaﬂizﬂaumim%mw
vaenidenduuds dedeyaaiuayuihammumnveni
waendoniinuduiusiunnisaeadenunadenain
Tashuunsnintiaeniden [21] el Jadhav uazAne
'5'1sJa'rmfﬂ@ﬁﬁmmmwmmﬁwaamLﬁam%u IMT Tu
waenden carotid 1131 0.8 mm axilnudssse
nsiinlsanasndenilanavauesuiniy [10]
Jovanikic wagmug lA5189UA1 IMT 989 V1 114;}1’71'3'?
guamudausafieninde 0.78 + 0.248 mm wawiivany
miAdefidmananssnutesegiiuintuselassaing
Y0anasnLEenLAl Jodunafinuienisiiuduves
AUAUN IMT maamﬁwaamLﬁaml,mﬁsn‘t’faaﬁumq
F151091ufina 117 5T uves carotid IMT
farduitustuongfiunduidumeuazimds (21-
23] LLa5mm%ﬂﬁNaﬁiammwmﬁmrﬁﬁumaq IMT
Tunaeniden femoral [24] Inglunideiinuindade
IMT U89 V3 way V4 ﬁmwmm 813.13 + 233.352 um
WAz 668.560 + 279.098 um ALAITU TIAAIE
wnltunsiasunlasmemsmasnidonfiinsus
FumnmnssuiieunaonmLEITBIRDAEeR V3 LAy
Va wungiulateusd V3 Insnunsiveswilitasaiaen



UA 8 auun 2 NsNAU - SUOAU 2565

2. ong. InAlU. FoiBaonauwsinesa 43

wndign aemndesfuniswuneisaninludiutans
nndau oaienandulateves va g
frourannisldswesasndenlufieniaioudaain
ﬁauﬁazﬁw@ﬁaﬁmamaqsﬁu’uuaﬂ dlefinsiudeudienis
mslvavesdensgransesiuiuvhliinnsuiadures
nisvaendon Wilugnisiin plaque wariinsususa
Tnfimaendesvunty

Sﬁayjaﬁlﬁmﬂﬁuﬁaﬁﬁﬂﬁmwﬁaé’ﬂww
lassadrevewndanasaidon V3 uaz V4 lugaseny
gmilng Adnsmndvesimasnidentuly Aade
IMT 984 V3 wag Va4 Jaununainnninuni tagdanamudl
auiden Bnsenuasunniin Ussnaufunisnu form
cell fsfonar 30 lunndiuves V3 uaz V4 Yoy
MINUIMITRINTIraeAaeALarsoelsAfInaIIusuen
fannudedunmsinanzauesindonanrasniden
fuvesu Fadulselemisenisnensallsaasnidon
LLazLﬂusﬁagaiumiiﬁqLLazﬂaaﬁumimmﬁuﬁ%ma
suintuiunaondonls ilunsiseadueliens
Anwdnuauzniganiginiavasaiden VA lungu
fog1aiiillsntsedda 9aseny e uiedeudd
URNAINAY

finAinssuusenie
vovaunsEANDIN IS ildgiinneiiie
GuimemuliiteldAnuduailumadondsiliay
YBYDUANNNIINIFBTILALRRUNTEREIALUNTT
arvayusuUszanalunsvinide
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UNANED
Tsaiilauaznasndenduamvndfyueinisdedinveslssansmlan uagnuinisiinlsavasnden

I3

fuuds (atherosclerosis) lunasadenunslalsuls (coronary artery) fnsifinduegenasilugaony Fau

Welitngusrasdifofnmdnvuzmaganisinawezanumuvesdmasaideaundalsuiidude (left
coronary artery) kagA1UIN (right coronary artery) 313198131581V 20 519 018 52-101 U
#en1sana Hematoxylin Wwag eosin uay Verhoeff-Van Gieson wuimiivasnidestily (tunica intima) o4
vaemdenuadlalsunidurniiarmunnnniwilmasaideatunans (tunica media) gnsiitfodiymaaia
(p<0.05) wagwunsazanves foam cell WudwuunnneluniirasndeauaslalsundaudowazAua
Hadfmunsiin plaque Tuﬁﬂwngu"’] e lipid core, fibrous cap, calcifications waz cholesterol cleft waz
wupuAAUNATEY internal war external elastic lamina fifldnwamunuIngy Bosdeudu unnduay 1
wazanangaaniu uandlidiuiieny 50 YPulvagdinauasuuammsganmeimevewmioaoniden S9o1992

wludgnmsialsavaendonunsfiuundsld nanldnnmmiddetazdufeyaiugulunmsiluvssendldlunisusadiu
Anudsmaznsihsziinisiinlsevasadensiuudla

Adfey: viaeadoauadlalsuns 9an1einie ennsdlng wimasaiien nilmaeaidentuly

Corresponding author: rapipan.srd@gmail.com



46 2. 2ng. INAlU. FOIGEoI0AUWSIRESA TN 8 auun 2 NnsNAU - SUoA 2565

Abstract

Cardiovascular disease is the leading cause of death for people worldwide and found that the
incidence of atherosclerosis in the coronary arteries is sharply increasing in the elderly. The objectives
of this research were to study the histology and arterial wall thickness of the left and right coronary
artery of 20 Thai cadavers aged 52-101 years with Hematoxylin and eosin staining and Verhoeff-Van
Gieson. The thickness of the tunica intima of the right coronary artery was significantly thicker than the
tunica media (p<0.05), and large accumulations of foam cells were found in the wall of left and right
coronary arteries. Other plaques included the lipid core, fibrous cap, calcifications, and cholesterol cleft,
and abnormalities of the internal and external elastic lamina were observed, there were straight,
reduplication, stretch, and fraying. It was shown that people aged over 50 will have histological changes
to the arterial wall. This may lead to the development of atherosclerosis. The results of this research

will be the basis of information that can be applied in risk assessment and surveillance of coronary artery

disease.

Keywords: Coronary artery, Histology, Cadaver, Arterial wall, Tunica intima

uni

lsarlanasvaenlden (Cardiovascular
Diseases; CVDs) L?;Jummo@ﬂmﬁa%?maqﬂizmﬂsﬁﬂaﬂ
INANTTLNUTBIBIANTTOUNELAN NUBRIINSLELTIN
wndsferar 31 uagluusemalneanndeyavansensdg
arsrsagunuIlsailanaznasaidenduangnis
deotinvosszonsidudiduil 2 sesanlsauzide
N1SMUIAITRINTNVaanLEen (arterial wall thickening)
Junedanmsuduvesmsinlsamlauaznasnidon
wu lsaviaen denRuwla (atherosclerosis) lsAvaaniion
194 (stroke) N1INUIFIVDINTINABALGALANIINAIIN
AnUnfveswadurlsviaaniion (endothelial cells; ECs)
FallasudesiidsmanonmsinanuinUndsinananen
vianeawe) wu ang ne lduludengs Sulsemuems
fidreaanoseauarlalUUsiurdinanumuuus wie
low density lipoprotein (LDL) g1 powdiuladings guyss
g [1, 2]

AstAnasuudemasnidentiniing u
UTNUVADALEDALAITUALULAZIUIANGTS LTU Y
1@enlaslalsun3 (coronary artery) LaznasALaDALAS

AlsAn (carotid artery) tudu [3] nsAvuavaa
waoaldenUsnNlrdwmaligUededinanany
néwiilewilanadon Fmensidnvedlsavaoniden
Wlafu (coronary artery disease) @ulug)inainnns
avanvadlasurdalalulusiusinnnuvuuiusi was
AeliAnnssnauuuuEedineluntmasniden (4]
Tngoynmevasluiuagiinisivasuutaslidu oxidized-
LOL freneulesifiognelusrame silitoymeneslusiu
Hufivsewaduniudmalindmasndensniau [5]
sutinsiiusuuassaeufivesradnaiie
158U (smooth muscle cells; SMCs) annantlaiasniaon
Funane (tunica media) T wmasadentuly
(tunica intima) @sluanmazuniazlainu SMCs luus
Fanann mssnauwuuEesineluntassdon vl
finsmeveswadsiinging ) wu ECs, SMCs, macrophage
AniduseslsaiiSendn “atherosclerotic plaque”
dwmaliiAnnsiuuauvemasnden lrdesluiaes
néuilemlelddosadsenavilfidedinlg (6] s
ﬁﬂmﬁﬂwmwwqama%mmaqwﬁwaamé‘amﬁa
Anwviniseslsavesntanasnidenunelalsursly
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Ussinralnedafieudistion esanmsAnuidnuue
fanamiidedfrlunafuiegidunguuszrnsiddin
wagtodindudlideiig sufadosnsyndandues
fuae 171 eideifednriduiioAnvdnuuenis
aneinIevesHilivaendeauadlaliuI31NsNe19158
Tynjylneiifeny 50 YlU Fedemsden Hematoxylin
Az eosin wazn13¢ax Verhoeff-Van Gieson stain lng
AIRd1IIENUANRAUNANIone San1na1eluns
vaonden dwafildanuideiasdudeyaiiugilu
miﬁﬂﬂﬂizqﬂﬁﬁi’ﬂumiﬂizLﬁumwmﬁamazﬂmﬁﬂ
shansiinlsaveandenfuudls

A NAUNISIY
1. Msihunaaniian

veenidonuwnilalsursaugie (left coronary
artery) LagauY (right coronary artery) anainiila
2839319819158 g esuau 20 519 Useneumeine
18 12 $1auazinamnds 8 919 01gads 71.60 + 12.06
Lﬂuéwﬁrzhuﬂ'ﬁﬂmaugmi Lifununaiusasmtien
laifinsedninlanasrasnideniile uayvaondenua
Talsuiddudneuasauen Blflenudeme sntuih
7A8ALAANIRALULULINIAGAYING (cross section) 19l
muMuYieuarUsTIne 0.5 wuRns uavurlutien
Wasundu (10% neutral buffer formalin) Wuwan 24

Lumen

Pl TunvuefehUndadn iushulineamaiivies

Y

WavhnsEnemeasssald

2. mswlsuiiede
Ymaonideniiun1sinwnanIngaeunen
Wosuau (10% neutral buffer formalin) lun1u
nsvuumssssuiiode (tissue processing) i
TUgoused Verhoeff-Van Gieson Lila@inunanumun
YpNtIviaendonuazdou Hematoxylin Wy Eosin L‘ﬁa
ANWIENYAENINTANILINIA NEIBANTNVBINTLIVADR
Woaneldndesqanssriiuulduas

3. MSANYIAUNUIVB WL IaALEan (arterial wall
thickness)

waamdenfinun1sdoudied Verhoeff's
Elastic stain vhnsanwdnualasiassolli

Snpnumunvesnivaoniden 2 Suldurnt
nasmidontulunazniaaonidentunats Tasdige
$r9Bamstaionun 8 90 Tasutsdaliaseunauns
vaoAdoniians uazshnsin 3 e 1 90 lneBns
Santfsnaonidonluda (tunica intima; T1) a¥i5u a0
%’5‘14 endothelium (ED) lUfa internal elastic lamina
(EL) dhunifaaandontunans (tunica media; TM)
9531910 internal elastic lamina (IEL) 1U89 external

elastic lamina (EEL) uansgnnisinlananing 1

AN 1 L@RaiLntansInANunuNURsHIaanaanualalsuns lnendsrasadandulu (tunica intima; T1) 3ma1n endothelium

(ED) 94 internal elastic lamina (IEL) wavaiisvaantdantunand (tunica media; TM) da31n internal elastic lamina (IEL) 819

external elastic lamina (EEL)
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4. NMSANYIANYAULNINYANILTNIALAZANBAIZNIS
NY1FENNVR I ADALREN
AnYIan¥aEN199ANIEINALAENETHN N
yomtmaendenunsalsudimudneLaseuan ik
nséouded Hematoxylin wag Eosin Sauvednvuas
ANNANUNAKAZFULUUNITISBIAIYRY internal wag

external elastic lamina

5. maiuuaznsiaszidaya

Ainszitoyalassisauaiedsuazdiu
eauunessuresanumvelvaeadonuas
AATIZAAMULANGNNTZIINNBALEDALAILALTUITAUY
Heuaziuen fMeada Paired t-test lunsaliidoyadl
N15NT2AMUVUNG 139 Wilcoxon signed rank test
1Uﬂiﬂjﬁﬁagaﬁm'§ﬂi$mﬂﬁ’sLL‘U‘UIM"Uﬂﬁ fifin pvalue
< 0.05

NAN15IY

1. HAAMUNUNIVB N IVRDALRDALASLALSUISATUGY

LAZAIUYN 1azN1SIUTIUBUAINAUI VD INTIS

wazsulunasnidendnaieaiu
nuHdIviaenidonlnalalsunsa1uge

fidadsaunuivesndivasaidontuly winfu

1,338.397 + 1,056.073 pm dunifvaondondunans

fiAnadsaunun 917.936 + 307.395 um lagazidiu
I§dnademumnestmasadenduly femmun
wnnIeinaenidentunats ualiilnanuunnsing
s aflfddyneadn dauanaioaunuivesuis
naadenundlalsuiiduentuly annguiiogs
Wauadien 1,501.912 + 584.257 um Fannnnaede
mmuTeriaondendunans fiilen 597.032 +

190.414 um ognsiltivd1AYN19Ena (p-value < 0.001)
waAnSHAlENIANTIeT 1

2. NanN15UUHIEUAMNRUIVDINTINADALEDALAY
TalsunsanudnenazaIuan
AnteagaumuveRimasndontuluves
vaondenundlalsuiidiudne mnnguitegiaisnun
flen 1,338.397 + 1,056.073 um Fsfiantiosninanade
AunuvesnTnaendonuadalsunsaauen s
ARBEANNAL 1,501,912 + 588.257 pm welild
AuLANA1ved eiTed Ayv1eadh diuAiade
AMUUITe N IAERAenTuNaT B IaRALEDALAT
TAlswissnudie fiA1 917.936 + 307.395 um Fau1nn3)
TadsauruITesiasmdoaualalsunIfIuYan
A1 597.032 + 190.414 um ag9ltd1AYN a0

' '
' =

A
#
A1 p-value < 0.05 uansalannI5199

A191991 1 LARIARAIAUNUNTRINTIADAIRDALASLALTUIIALLIY (left coronary artery) Lagduw (right

coronary artery)

Arterial wall

Left coronary (um)

Right coronary (um)

Tunica intima

1,338.397 + 1056.073

1,501.912 + 584.257

Tunica media

917.936 + 307.395

597.032 + 190.414%,**

Aady+a T8 UUNINTEIY, *p<0.05 LT UL UAY tunica media 919918, **p<0.001 1B UWBUAU tunica intima 91383,

Paired t-test, Wilcoxon signed rank test; n=20
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3. ANWAUSNIINYITANTNVDINTINADALADALAY
nagALdaALALlAlTUISATUGIBLAZAIUY
HANSANYINIAN YL NN INYDINTS
naALdoALAlAlTUITAUTILATAIUTIT WUTINTI
vaondentuluiinsmundh Fafnainnisunsniaves
wadna oy Mnrleendondunanssuauinn
(n il 2) nuwadSniavavauneluniliasadeon
$ruanann (nndl 3) waedl plaque \Antunmelunils
naoaden wu foam cells SurumINEIUlngUNINF7
agﬁluwﬁwaamﬁam%ﬂu Fafunguves macrophage
fdvauludurliwadivesinadunniidenda fat
vacuoles uuinegnely cytoplasm (n it 4)
UNUTIUNUNISLAA atheromatous plaque A©
Usgnaume fibrous cap Agu lipid core (W1 5) B
nsazauvesldusiuiuuinatelu extracellular
matrix 1Ay extracellular lipid pools uaﬂmﬂﬁ
UNUTNUNU apoptotic smooth muscle cells

(il 6) azamagﬂjmﬂmﬁmﬂu necrotic core Wag
wuiuyuuaagey (calcification) agnnglu lipid core
funsnoglunimasadondulu (rmdl 7) Tnewufiuyu
wraendussundiaendenduly Wil lumen
vomasadon (Ml 8) unfIogmunsAnTuYY
wradentuvenodlulunlmaondoatunans was
unmegiunzegailuves endothelium Fadusu
ﬁag%mﬁu lumen wenaNHUSHATE plaque §Inu
cholesterol cleft (it 9) dhuntsvaonidestunans
wun1sunsndvesduleasaaiau (collagen fiber)
Sruaumnwaznuduledanadin (elastic fiber) #ifl
Snwairlaianysol vdududy 9 nsvarveglunds
vaemdentunas wardmuwadnduniedou Al
gUiﬂﬂLLﬁ%miﬁméﬁﬁﬁﬂUﬂa Lidusefou ((md 10)
AMnNNsAnwaNEzes plaque meluntlivasnlion
uaslAlTUNIAUT LA AN UANBAIZ DS plaque
meluntmaendenuandldfmnssd 2

A13197 2 dnwalzved plaque Nnuluntivesasnidenunslalsuisniugiy (left coronary artery) wagAIUY

(right coronary artery)

dnuwezas plaque

Artery Foam cell

(%)

Fibrous cap
(%)

Cholesterol cleft
(%)

Calcification
(%)

Lipid core
(%)

Left coronary 19 (95.00%) 14 (70.00%)

18 (90.00%) 9 (45.00%) 6 (30.00%)

Right coronary 20 (100.00%) 18 (90.00%)

15 (75.00%) 10 (50.009%) 3 (15.00%)

1NNSANET internal elastic lamina wag
external elastic lamina WUANEUEAURAUNFAYDY
elastic lamina Melunasadenuadlalsunsniugiey
waza1uw leuniinisiiesiadeunu (reduplication)

upnduiew 9 (fragmentation) wagvnanAu (fraying)
(AWl 11) LLﬁzWUdnﬁﬂﬂiL‘%mﬁaﬁuJﬂgULLU‘UMN (straight)
LaTAAUNANATY (Wave + straight) Fedaulngiwuing
Fnuanfununss (il 12) wanwaldmuenssd 3
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cl

f15199 3 é’ﬂwmsgﬂmumiﬁmﬁmaﬂ internal elastic lamina a¥ external elastic lamina

Left coronary Right coronary

Internal elastic lamina  Straight

14 (70.00%) 13 (65.00%)

Wave+ straight

6 (30.00%) 7 (35.00%)

External elastic lamina  Straight

15 (75.009%) 17 (85.00%)

Wave+ straight

5 (25.00%) 3 (15.00%)

AT 2 uERInIsTUNAveINTiraendenduluy
(tunica intima; TI) 91nASUNIARITBIAaNAMTD
= P o X o M &
Beuindeudduluannuilsvasaidandunans
(tunica media; TM) (Tunica adventitia : TA,
Verhoeff-Van Gieson stain, 100x)

a a o a o
NN 4 LLamWEJ’lﬁamW‘UENNWMaE]ﬂLaaﬂLLﬂﬂIﬂIﬁmi

Tagmu foam cells (gnesdnn) Smuauannunsndeglu
nifavaandenduly (Verhoeff-Van Gieson stain, 400x)

AN 3 uaameSaninveswivasaidenuna
lalsusndiwadaniau (@nasien) avauogagluni
yaendontuly 11NN (H&E, 400X)

AN 5 LARINYNSANINTYDINTIVADALADALAY

lalsun3 lngwu fibrous cap (gnasdnn) Aqu lipid
core (LC) fiazanagarslundinasnidontuly
(Verhoeff-Van Gieson stain, 100x)
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Al 6 uananeSaninvesntinasaidonuas
Talsun3 Tnewu extracellular lipid pools, apoptotic
smooth muscle cells avavagluntmasnidontu
Tu (Verhoeff-Van Gieson stain, 400x)

210 8 wansnsiiaviuyuuAaLdey (calcification; Ca)
mulunsasadonduly (tunica intima; TI) aswiy
fuyusaaidesvunslygdusisudiunly umen voq
yaeaLden (Tunica media : TM, Tunica adventitia : TA,

Verhoeff-Van Gieson stain, 40x)

RN VRN ANEHU LA
Al 7 wanmesanimuesdmaenidonuadtalsin
3 Tnenunaiinfiuyuunaifeu (calcification; Ca) ag
nelu lipid core (LQ) ﬁgnﬂquﬁw fibrous cap (FC)
melunifmasaidentily (Verhoeff-Van Gieson
stain, 100x)

< a o a ~
NN 9 LLﬁﬂdWU’]ﬁﬁmW‘UadNuwaaﬂLaaﬂLLﬂﬂIﬂIimi

Tngmu cholesterol clefts fifidnwazidudasinegy
nsweny (gnAsan) uae microcalcification fitdnuae
Jueud § wadnnszangegnielu atherosclerotic
plaque vewmimaeaidentiilu (Verhoeff-Van Gieson
stain, 100x)

A%l 10 LanIneISEN YOI InaDALa ALY

o

Talsun3 TnenunsiSesnfianund lddusadeu
y01 wadnauiileSoumelunimaondondunans
(tunica media; TM) sawﬁalfuaﬁﬁgﬂiwﬁﬁmﬂﬂa
(Tunica intima: Tl, Tunica adventitia: TA, Verhoeff-

Van Gieson stain, 100x)

ﬂ']‘Wﬁ 11 LLﬁﬂﬂﬁﬂUm%Wﬂ?%ﬁﬂ?WﬂJaﬂ internal
elastic lamina uag external elastic lamina 73n15

& < 9 °o § wva a o al o
WanJuLAYan ] BENINNNU Vl"]IWlIﬂ’liLiENWJVIDLlI
foillsvaenid internal (gnAsAmEes) uag external
elastic lamina (Qﬂﬂiﬁ‘u’n) (Verhoeff’s Elastic
stain, 400x)
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IEL : Straight

A 12 uansdnwaEnsSeiued internal elastic lamina (IEL) uaz external elastic lamina (EEL) vesvasnidenuadalsun’
(A) IEL & EEL wuuskwInga (straight) (B) IEL WUURAUNANATY (Wave + straight) (C) EEL WUUARLNANATS (Wave + straight) (Tunica

intima: TI, Tunica media: TM, Tunica adventitia: TA, Verhoeff’s Elastic stain, 100x)

2AUTMELaraTUNANITIRY
1INNITANHIAINNUIVDINTIVADALE DAL
1AlSUNSAUTELAZAIUYI 21N3 19015 eI
11w 20 fifieny 50 Vauly wunsmundavesas
naendentuluromasadenundalsunidudnouar
furn Fawaaenndosiunuideres Deopujar uay
Dixit [8] vuwmwumaaﬂLaamjuiuumﬁwml,wmwu
Fauseny 40 DFulY Feenvaziilgnisiiinlen
vaeadeniiuuds (8] iosnidlenguniuazyiliide
N1% oxidative stress Wagwy inflammatory proteins
Tudengatu [9] vhlVimadynimasnidentinufiauni
(endothelial dysfunction) “Lu;jqqmqﬁguwmwuaz
e denalviwadynimaondoavdslusinoanled
anauazinnsdeusveeadidaidonvradaly
nfanaenidenusnaildsuuinduriesnauiniy
FlvnTmaemdentulunung Sendnuvaezdng1ii
pathological intimal thickening %3® PIT WwagWamwn
Ui fibroatheroma stage [10] LAZHNAINNITATI
lunineenledanas agvildminfiveseadynis
naemdontumsidundsiiliifuntmaendoninni
anslusiudeansadunauain lumen wWwiluTumtds
vaeadonld waedilunssdulizadndundeFouuts
s awnny wesedeusaludwdmaenidondy
Tu shlhAnmsnundvestmaendonauinnsaiu
nslwadeueaden [11, 12] :1ndinanandnsduasiiiu
IghennuRnunilunmsvimihiiveasadunimasniden
fodugaisuduresmanundeswiimasaiden

INNIIANYIANBULNNINGITANTNYDINTIY
aoaLdenLAdlAlTUNIIULIBLaZAIUYIN WU plaque
moluniaaenidenduly dabae foam cell, fibrous
cap, lipid core, calcifications ag cholesterol cleft
Tagagny foam cells wnfignislunasnifonuns
1AlTUITAULIBUAZAIUYIN FDARADINUIIUITBVDY
Bhanvadia wazaniz [13] Tild@nwdnuaenedanin
YoINlIvanaoaALAIR U 1Bl (left anterior
descending; LAD), naonaldoauasaiugiauis (left
circumflex artery; LCA) uagaoniaontaslalsuniniu
97 (right coronary artery; RCA) 114[}3"171158%% 9148¢
Tura9 8-79 U waannisdnwimuseslspvesutliiaon
\Fonluszog intimal xanthoma snnfigelutaanguent
40-49 U Faudusveeiifinnsavauves foam cells $1u
1NV lumen YasviaeAldon wAlUNy necrotic
core #3® fibrous cap wazl3iin1g thrombosis @aulu
Yngue1y 40-79 U agwuseslsaszey fibrous cap
atheroma @9.duwuu advanced atherosclerotic
IM89ZNU necrotic core ﬁgﬂﬂqmﬁ’m fibrous cap
uslslfinns thrombosis [13] uandlsisiuinlsaviaoniion
auLLﬁaﬁssﬁummguLLsamﬂ*ﬁumwuizé’umaqawq uay
AetuldRauslutisfoguuasiaunseiuanuunss
seluludrensfiunntu annndidyuesnisiiala
naoadenfuuds Aeiin1savauvesnsiaainasealy
\Fongs Faazgnuuddlunszuadenlusuveslalulusiu
vilamumutiush vi3e LDL uagiile LDL gnoondlad
Tngouyadasy sxludwalvinlavasndoninissniay
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wazgnyiae nsdniauiarlunssduliiadyms
vaomden wazwadnduideeu Snnsudeans
adhesion molecules, chemoattractant iLa¢ growth
factors aflanszAunsieuveadisindenunili
WUsFiNs Y wazdeuiiundiusnadiiinssniay
[14] 91niu oxidized LDL awwinlek macrophage
nangan wludu foam cells Lmzamagjﬁmﬁwaamﬁam
[15] Tnensazanvas foam cells 1Quliauuy
naeluilu atherosclerotic plaque fiussnausae
fibrous cap AaaERLUL lipid core visalutuuny way
aafUsznaudu 1 1dun ¥1nwad, nin cholesterol uay
foam cells UrsUSIUNULERNIE foam cells Tumils
vaaaEontuly sveziEent intimal xanthoma da
33EJ5‘1'7iﬂﬁquamwﬂﬂﬁiﬁmﬂ%aﬂizﬁwmﬂlﬂ [16] n3elfi
xanthoma dAnswauiaelUasiinnsasauvesludy
Sraunnlusfmaesdendulu iy lipid pools vwa
Enldduves foam cells [17] Bondnuazauiinuni
i pathological intimal thickening AIN15AUIA7
yaaudanasnidon Taefidsldwunisiia necrosis
veuead [18] uarlumsinunifmunsiin necrotic
core L%ﬂﬂi@ﬂiiﬂﬁi’] fibroatheroma U%Lamﬂ'j%wu
apoptosis kag necrosis 904 foam cells uagigadnay
{loi3uu [19] FuuuLes necrotic core TARNEE
fibrous cap saduduilodeiiusznoudionsaiiou
53U lymphocytes macrophage wazwadndiiiodau
LaLNaa1NNISLAR fibroatheroma avlrntsviaoniden
wuniannniund dealimadndrnidodeuluns
vaenidentunats lasuidenluidslesannsiyd
atheroma ¥1amsunsvendon vilvndimaonidenty
nanginnIsilada (atrophy) [20]
uennEmIAnmlSmunsazauvesiuyu
whaBey (calcification) Tinsvaondanuadlalsun’
prugisuazaue Invdnlugnulundivasaiden

v
o

Huly danalvilinsngaasnvegaiyniivasniion
FeaanARadiunuITeved Demer Uazany [21] Aimuh

dulngin i atherosclerotic calcification sinwulu
nifimaendontuly inanansienssnauuay lusui
avaulu atherosclerotic lesions USunauannidusin
wilgnilimadnduiledsudsuudadluidumas
a¥enseqn [21] adeidesiivivliAnnsavauvosiiuyy
wraderluntaemdontuly (ntimal calcification)
Ifunengiiiindu Tsawimu Tealviuludengs
mnufudongs mame afuyns uaglsale Wudu
dlendimaenidenudafiannnissnauizesinas
nanedunaa@euliinig agvilivaendeongayide
Augang finnsivvemaeniienls [22]
PNNIANVIANWULNYITANINYBY internal
way external elastic lamina Ingnsdaunie Verhoeff-
Van Gieson stain luviaenidenuadlalsunsmugienas
ALY NUSNWUEANURAUNR LALA LAnNS S eeidou
i, waniduey o wasAvaAIINAu KaRINMSAnY
donndosTuIIiTuves Pranjali and Sachin [23] finy
AEsevsaidenan mues internal elastic lamina
Tudnuaizsneg Iun Snsviewenaindu ldeiles
1A8TEAUAINUTURTIVOIAIUEENIEYDY internal
elastic lamina %Mﬂ‘ﬁumwﬁmmqﬁgﬁu [23] W@y
danalvindeanaonidongayiduanudangu [8] uay
TnmsSessiildsediomes internal elastic lamina
wuhilenuduiusiuenumunveweondenduly
ﬁLﬁmgﬁu EJ’H]Lﬁ’eNmmﬂ internal elastic lamina ﬁﬁmi
Boaslidodomdedonanm wwiliisadndnile
Mnuiveendentunarardousindwvaendon
‘ilzlﬂ,u [24] kagn15dangvay internal elastic lamina
fiflnnsFossdoutu asvlndnanudemelunis
ganzveswanyuntiivaaniden viliiwadgyme way
nanesduudnainala (bare areas) Jsawvhiliiingg
unsnalveslalilusiuduinteluniaviasniien
mﬂ"ﬁuﬁ]uﬂmﬂlﬂu atherosclerotic lesions [25] W@y
mﬂmsﬁﬂmﬁwué’ﬂwmwaﬂ internal W@y external
elastic lamia L‘ﬁul,l,mmqmmﬁqm ADAARBINUNUINY
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84 Shembekar wagagu [26] finun1sBagh (stretching)
wagnsuanidui 9 ¥ed internal elastic lamia
Tufideindifiony a0 VFulU wansliiiuinilonny
Mﬂﬁﬁu%ﬁmﬂﬁ internal Wy external elastic lamia
Aanstas wazwdeinunniu [26]
nnsAneivhlinsuinisuasunlas
anwalznRanIgIMALarneSanmvesvaanten
waslalsundsnudneuainuun Tnenuseslsadisenin
atherosclerotic plaque IUEULL‘UUW'N 9 msdeuanin
U84 internal ke external elastic lamina LazNITRUN
Fuesntivasnden Fednvazdnarnduaivnddy
vesmsiinlsavaondenduude mafildanaudideiles
Dudeyafiugrulunisiluvszgndldlunisuseiiv
audsswarmsihszTinsialsavaendonfiuudale
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nansdaalu Tegldingavansssurfvasmalulagniluguoy d1neraeuon Jminas@anst degs
aywauUsiunssuisziuanudududesas 0, 5, 10, 15 way 25 w/v wauhduugnivlaainiuiosas 10
VAV WagANMIAMANNININENN-AT gVBINUBYLABETE AMAMNENUIARYSE ke TnaeuNIUTTa AN

IINNTANVIAUAINNNNENN-LATIYOIHARS UYWAY HANTIRaRNUIT JAd L*, a* uag b* winiu 77, 1
waz 5 auddy deiunsduannranszndndmariilian L anas (0<0.05) vaiiien a* way b* dudu
(p<0.05) aywmamndagnedian pH wUsHUDEEIN 9.11-9.46 uarmINANHIT LA T Ui MY nada iy
lifinansznusionisuendivesayvan nmslameigrisiueyyadassuesHiiu wuiilgrsiueyyadeass
Seway 4.56 mmzﬁéhaEJ']am‘uqulu’LLamqw%‘é’ma%aﬁais dlovwadudesaz 5, 10, 15, 20 uay 25 w/v undu
dunauvasaywmmantuisugniniaatabulenay 10 v wuih wandusiaymaniiquiduoyyadass
wUsiuegsmine¥esay 28.64-30.48 Tnsanmamaussiuannzaugninfimududuiesas 15 wi nauiu
ihifusgwineinatmbuiosas 10 vy Sasiuuanureulnesageaavini 6.91 AxLuL INALLUULAL O ALY
waziregedisuaugdunidiamuaiiy 300 Taladlde 1 nfuesiaedns uarlimuide Staphyloccous aureus,
Candida albicans wa Clostridium sp. Sefiannmenugdunisaannnsgiundnfasignanmnssy adud 1543
W.f. 2552 (UN%. 95/2552)
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Abstract

The objective of this research was to develop the liquid soap from the coconut shell charcoal
powder mixing with the cold pressed coconut oil by using the natural raw materials and technology of
community in Khlong Khuean district, Chachoengsao. The charcoal powder in liquid soap was varied at
different concentrations of 0, 5, 10, 15 and 25% w/v mixed with 10% v/v cold-pressed coconut oil. The
qualities of physico-chemical, antioxidant activity, microbial and sensory characteristics of samples were

analyzed. It was found that the Hunter L*, a* and b* values of control were 77, 1 and 5, respectively.
When the coconut shell charcoal was added, the L* values decreased (p<0.05), while the a* and b*

values increased (p<0.05). The pH values of all liquid soaps were varied between 9.11-9.46. In addition,
the adding of charcoal powder and cold pressed coconut oil did not affect the syneresis of the liquid
soaps. The antioxidant activity analysis revealed that the antioxidant activity of charcoal powder was
4.56%, while the antioxidant activity of control sample did not detect. When the charcoal powder at
different concentrations of 0, 5, 10, 15, 20 and 25% w/v mixed with the cold-pressed coconut oil 10%
v/v were used as the mixtures of liquid soaps, the antioxidant activity of the liquid soaps varied within
the range of 28.64-30.48%. The highest overall acceptability of 6.91scores from a full score of 9 score
was obtained in the liquid soap mixed with the 15% w/v of the coconut shell charcoal and the 10% v/v
of cold-pressed coconut oil. Also, total plate count of this sample was 390 colonies per 1 g of sample,
and Staphyloccous aureus, Candida albicans and Clostridium sp. were not detected in which the quality
of product accorded the Thai industrial standard No. 1543 (TCPS 95/2552).

Keyword: Cold pressed coconut oil, Coconut shell charcoal powder, Liquid soap

umin i Tagmdofiaainngaiugninuazdusznounisd
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SninaziBans Wosanugndnimeuiisasfives
WNULaEIENAR wazle Good Agricultural Practices:
GAP Fadunafdunisiaunandnuasiuiasugia
yaanunsnshuid uwillymaniuifiistude finvan
wywdnivdenaduresluuSinamnn Sanuasnslalle
Tousglagtdainnzainens1n Lagn1sINEaIleni
ypanwnsnsluiiufidmwansenusedundon wasiiia
Usinasinaansuaulnoonlesluiiud annnisasifuiivite
Anwinudosnisvesdusenounslufiuil wul
Ausznaunsiiauaulalunisiauindedugian

wwIRRluNMNERRIEUIINNEa TN kAT ABanly
iR STl dundn sl 19 gauluiud
Tngldiadoasnsdnlinfuildnisatiuayuainiguna
Dunsihutsnssumadnemansuldlifnuseles
g9gn aNTaNARRIALAINNEA LN IIOLLA HaEu
frunsinfigungiigeandn 1,000 sarwaldea
annsadsueyyedasyiiusendiauuasinaau i
nagedugs (1] FsnmantRtgninluimunSusdngdost
Tumsldduansiiuinndndusismeuazgadunduld [2]
patuINNEaEniIliaINNsIINEaNEN 1IN
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Tilvdaududmuazsulnlnglivdesitslilrnatedu
B Mnthuilidusarundun nseemddenui
mmumﬂﬂ3amsw%nﬁm’mmmmiums@ﬂsi'fun?a'u
g 3] Tnsannsndszgndldluiiesnsesiuag
naosganduvesiiiy saulufsgramnssueimsuay
w3osdena udu (4] uaﬂmﬂﬁ@mauﬁaﬁﬁgw;ummm
dinvasnanu awsageduludu anaruduveiovils
16 sdsgadvasanusndu q lalnslanzansduvid
(5] feAmuaudRnnanidanumngadlunsiau
HANAINAYMAIIIANNAZBIAKY INTIBUNUI
snguuthasuldiduemaet ensiviendgady
ansfufiandnslussuumadiue s @m?mf?iuhiﬁﬂ
Usvasdlaonanlugdituvionandusivngsia 6] sl
M98 1ULATUNITINTUAUINBIANITOIMITUAZ YIS
ansgowsn (FDA) 1Uaenseuasiivsyansamluns
gaduiivieusudeundy 5enuidenuitaynay
nasuIegadudsanysnaniovisuasiinaandivie

Fr5vdne Awndnennialad [7] IREGIAGH R gAY
Uizﬁm%mwﬁﬁiummm%un?ulﬁaﬂazmﬁ Ay
wavannsnvinwadiimelrvanoenldine (8]

Lﬂwmﬂiﬁﬂqﬂmw%aﬁmaﬂuﬁuﬁﬁwa
Aapdau SUNOUNAET SInTRRsidanT awsanan
ihifungnivinatmbuldies Seferluosdemnniia
meluguau Insusnintusenanidensniidaeis
arfu Jadusilildnuounasliiunisuussy
maadl dfuiilasedidnvasla dndunendeu 9
Yosmzni suseniTlgvifueyyadasgq anns
\Ansaseaifiendu Jeatuseanuesndn [9] witlymves
nwasnsie lanunsatlvveluiuidunieily
ﬁ’@umLﬂumamﬁmsﬁﬁmﬁmﬁmgaﬁﬂé’ INTIYIUINE
wuithstusendnyinatnduiiasddy fe nsnassn
(Lauric acid) Sfiavddudeuuafie fudosuay
Filasa venanihithuendnataduddindusasy
qissueYyaBaTE UGS [10]

(n)

wnaulsaty

Ya o

AIdeimnuaulalunsiawignsaymiainin
psshunza e AT tnatadu Sy
fmgRvihnunansanunsondsldiosiomesuuagiigu
wgnsadaiu lagdiesdaug waluladnig
Ingrmans unuszgndlslufuilnldndn sustln
TneflinguszasdiiownungasaymainaunsnuLay

Prfunendvia afndu Jawlstuneaulusesu

()

Al 1 (n) wnwenanunzganuzniliafuiildsunmsatvayuanigunaluiuiiauugniiy (V) neeuannzausnsnmaInAIes

Anudituiesay 0, 5, 10, 15 uag 25 w/v Anwinnnm
n1anenIn-Lall qrddiueyyadase aunIwdu
AUNE wavnvegounUszamduda Tindnsdn
Wudlwensvvesguilaauazdauaimduluniy
WASEIUNERTusigma TN atiufl 1543 e 2552
(B, 95/2552) [11] Fsdelsnduniniluea BCG
(Bio-Circular-Green Economy) algieensiiusz@nsnw
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wazgagsuznimoenliua anduiirluainliuis
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YruUszan 6 Talus Melimdu uansausnile

asBundeniosiiy 9ntuseuruasunsIUes 280
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ANMVNINIENN-WaTvaNea Iy Teun Adszuu CIE
AT REeLAIeTna (CR-400, Konika Minota, Japan)
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+3% LARIALAY) UAE b* (-b* UARETNRY LAY +b* uans
Amdoe) USuannudu A1 pH (Schott CG 842,
Germany) wazfin a_(EZ-200, Japan) 910 AOAC [12]
Ll,azz]ﬁ/lééfmmgmua@aizmﬂ Karagozler uazane [13]

2. MIHANAYMAINANNIAY WAUFATNS
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SILK 700 3 n3u wazshiimen 1 nfu (@siadifingn
aUmmLLazﬂ?umw%ﬁa 1A cosmetic 4891n3u
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AUAY mﬂuumammmmmammmuLLaummu
wswdmanadu Ineduihsusndnednatnduusina
Yovay 10 v/v findmesnngununsnslaglduznin
PnauNEnd fuanssniou snneued) Tinin
ULTINTT LasNAURIULUSAUAMUTNTUSDYRE 5,
10, 15, 20 uaw 25 w/v naslfidfunas el 12 $alus
Lﬁaiﬁagmmummq

3. ﬁﬂmqmﬁmmzaﬂumiﬁmmagmmNau
nedunarisutgnd nedeatndy Tnefnvimaves
ANMULTNTUVBINIDUSBEAY 5, 10, 15, 20 kAL 25 w/V
nasfuLsnE e deatndudesas 10 v

3.1 NAABUANAINNIINIEAIN-LATTBY
AR SeaymaIgnsing 9 laun

- manudunsa-ang (pH) Sesevisieedes
pH meter (Lab 850, Schott, Germany)

- fdszuu CIE Sinszsisneniosind (CR-
400, Konika Minota, Japan)

- NSUENAIYBINARA MY 910 AOAC [12]
ﬁwﬁmffm%agmmﬁmémlé’%afwﬂfﬂ andunld
nsreufiildnszmunsonued 1 daidliigamgives
Lﬁa@ﬂﬂiLLﬂﬂﬁaﬂJaaﬁﬂumémﬁm%agmmL"ﬂunm 1
Flus Funlnedaiminifwenainnisnsesdilaun
ATUIBIAT %Syneresis MNANNTT (1)

N LenoenINNEN A9

%Syneresis = x 100 (1)

Yrtinuan Aousiinle

- 3miwﬁqm%‘é’ma%a§ais (Antioxidant
activity) 910 Karagozler wazany [13] maqay’mm
naunsg uLaziunsndnsdnatady K833
2,2-diphenyl-1-picrylhydrazylscavenging capacity
(DPPH) vinsafinanssegslnedadegne 15 ndu
Huuea 30 dadans senals 24 Falus nseede
syAwnseaUns 1 antudesasazaneiinsedld
Fethnaud3unms 100 fadans vndeudlediog 1
1988035 ANa15aEa181193511 DPPH Aududy 0.1
mM USuas 3 Tadans luvindvvuadnuaziwe i
iy daieliliAnufAseluidinfigungiveadu
e 30 unil AarseunsduinanufAtevesquiinu
PUyadasy DPPH f\nﬂﬁ?u’imﬂ'ﬂms@jﬂﬂﬁuumﬁ
ANeIndy 515 wiluuns (A Frewnsesaning
Tladlmas (Shimadzu, UV-1601, Japan) ¥n1svnass
397 ANALAES B %qméﬁwua%aaaiz ANUANNT
(2

_A1

‘o - A
%EMdAUDYIABATE DPPH = (OA—)X 100 (2)
! 0

o A = Annsganiuudsresiiediniunl uaz

A, = fnsganaulasresiiegis
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- nageuUTINAsLarANAMUYDIasaY lag
APUUAYISNNTIIN JaT09 wazane [15] THiaeee ay

a a

1 fadans nauiuuInay 10 1adans wa1sazalzadhu

ATEUBNAMNIUIA 100 Nadans Unuinnseuannlemie
W15 RAUIAEDY 1WWEINTEUBNAINTUAIIIUIY 40 AT
AIUSUIwTRINANNS (3)

USunmsnlesay (wa.) = szauvlesay (wa.)-Usunsuingu (wa.) 3)

- nageUAHAIMNUYBINeEY lnufawUasTs
331N F9584 Uazaue [15] naaeulags nszuann

Ag @MUY 5 U LaAUINANNAINUVDY
Wosay auauns (4)

ANUAMUYBIEY (1R.) = SeAunasay (Wa)-USunsihndu (wa.) @)

3.2 nadeunsUszamnduda naudiegia
U 150 AU NAARUNUsEAMAURAYEINERA TN
agma’gﬁzq 6 ans A835 9-point hedonic scale
(1 Azuuy = lsweusnnilan uag 9 ALY = TeUsNTIgR)
Tnedsuifiunedudnuazdang & ndu Snvanile
dulauazanuveulaesid lngdnuuadisn1sann vy
wazAy [16] (COA. NO. RSUERB2021-111)

3.3 ATIHBUANAINNIA1URAUNTI VRS
wanfsaymamamsduLarfus i nainby
Tugnsiifigunmiifuaslsiuazuuumiureulngsiuan
Juilnags musnasgIundnfusignainnssy atud
1563 1.1, 2552 (. 95/2552) §ieid Total plate count,
Yeast and mold, Pseudomonas aeruginosa,
Staphylococcus aureus, Candida albicans Wag
Clostridium sp. MATIEREUNTE lngdnulasisnis
910 FDA’s Bacteriological Analytical Manual (BAM)
(17]

mLLmumimamLmUduauyiaﬁ Completely
randomized design (CRD) ¥NN15719a03911U 3 e
AATIENAURUTUTINVRITBYARIETT Analysis of
variance (ANOVA) kagilas1e U3 s Uil uansuanmg
ye3Auadfie Duncan’s multiple range test (DMRT)
fsgduanandesiuosas 95 lngltlusunsuduiagy
SPSS version 18 @iunisnadeun1sUszamduialu
Fofl 3.2 1WNUNIINARBILUY Randomized

completely block design (RCBD)

NAN15398

HANTANYIAMATNVININEN T-ATVDIHIA T
PNNEAULNIN

1. maghufiwSeuannzaruznd1n Tngwnee
wiesrnauliafufigumgl 800 osrnwaToa
W 6 $alus unlaziauay SouRTUAZLASIUSS 280
AUAMNINEAN-LAT] wanslunisnedi 1

A1979% 1 ﬂmﬂ’]WV]’Nﬂ’]FJﬂ"IW—Lﬂﬁ‘Uaﬂ H9ETUAINAZANUENG

AMNINNINNIENIN-LAS] NANIINAADY

Usnamudu (Govas) 2.10+0.90
a 0.18+0.13
L* 7.45+0.56
a* 5.54+0.73
b* 17.43+0.02
pH 8.23+0.66
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nesuiUsInamLAuSeray 2.10 Wuluany
WATFIURARTUTIYITY Y. 180/2560 Taszylaiiu
Sovay 8 Faflen a whi 0.18 warianudusnslay
fier pH iy 8.23 FadunuantAfimanzause
NSHAR ayad maudddnendeniswnlagiiangd
L¥, a* wag b* Ay 7.45, 5.54 uaz 17.43 auaifu
Wirnuiuvesrsdiuanaiseiaenndostu Aawa
[18] ANWIUTEANTAINRIAIUIINNLAINENSIT WU
mm’mmaﬂmmw‘w%ﬁaﬁmm%wﬂuiﬂmummgm

a1

NARAMIYUTU UA15B8AL 0.1-2.4 FIVUAUDHSIAILVD

2. ﬁﬂmqmﬁmmzam’lummémaﬁmmmau
wsunaziungndvinataby auninmig
MunM-ALiTasayval (Feg19AIuAN) uazayvad
AU LT uSosay 5, 10, 15, 20 uay 25
w/v mEsi s nulnatmdumnudududesas 10
vAv wanslupnsnsd 2

M15797 2 AU IMEHATTesEIR INaLRRmUTIA LTSN nemndulenYnada Sopaz 10 v/

WAAN I pH L* a* b* 13 Ay U3HNAs  AIuAeIL
dywian uenda  (Fowaz) Was YDINBY
(w/w) (Haaans) (Rad8ns)  (Nadans)
ayvan . S
) : 9.46°+0.03 77.04°+0.54 1.01°+0.76  5.78°+0.77 0 70.93° 77.25° 30.03°+0.46
lalpeapeany
GG S .
o 9.11°40.02 22.23+0.43  7.67+0.09 11.54°+0.87 0 70.46° 70.95¢ 25.43°+0.98
NIDU 5%
aijau C b b a a b c
. 9.33°+0.01 25.12°+0.92 9.33°+0.54 11.08°+0.98 0 70.85 73.34 23.56°+0.04
NI0U 10%
AUNE
* 9.45°+0.04 19.12°+0.05 9.09°+0.99  10.67°+0.76 0 69.35% 71.96° 25.34°+0.23
N0 15%
G . S ,
, 9.62°+0.01 15.45°+0.23 10.63°+0.67 11.23"+0.12 0 67.75 71.43 22.04°+0.57
N0 20%
GUAGH . .
9.41°+0.01 15.98°+0.87 10.13°+0.34 11.06°+0.82 0 67.96 72.58° 23.02°+0.10

NI 25%

v @

a,b,c,... MvnwIEiULantsAadsdaNLanssAuegsliTud Ay n19eia (p<0.05)

HaRAgay eI linaunsauLazdnTy
endiaadiadu (Modremunw) FAALANFA1991N
DL AUMAMINANNUNTEAUANS 9 wagkaungiy

v a o [ 1 a v o LY CY 1
ugwIntaanaiusteiitudfny (0<0.05) laudiaeng
AIUANE dv1iASU Fadlend L*, a* uag b* wiiu 77, 1
LAY 5 ANUATNU beLBLALAIAIUIINNTAIUE NS 1IAINA
iaymandudduazidumnniumnuanuidudues

' = v YR a
R901U YIdAPRRINUAT L* anad vauefAn a* way b*
A X 24 4 a A X 4 A v v
VLA F9An AvURounUasnTudlaliu AN UL IUYDs

mmﬂua‘gma’nmm%’umﬂﬁumummLéﬂ’msﬂ’ueum
pag uanslunIng 2 aywiaIvNeE1aia pH wlsiu
9Y5¥MINN 9.11-9.46 UATIINNTNARBUNTUENFAIVDY
Handuaaywamud aymamngashiinnisuenda
YOINBATY LARTIINITNANNIE LAY ISE N
%ﬁmaﬁmLﬁuvl,u'ﬁmamwum'a@mmmﬁaé’uﬁmaz
ﬂ’ﬁLL&mﬁa‘umﬁwmagmm ﬁauﬂ%mmmmﬁwmag
ARINENNIOUTANTEIINeSRaY 67-70



62 2. 2ng. InAlU. ROIJE0INALUWSIREST

TN 8 auun 2 NnsNAU - SUoA 2565

(1) (2)

(@)

AW 2 (0) AYWIFATAIUAY (V) AYMAINALNIEIU 5% w/w (A) AYMAIHANKIAU 10% w/w (3) SYWaINEN WU 15% w/w

(2) AYWIAINANRIETY 20% W/W WaY (R) AYWRINENNIATI 25% w/w

\efiansanviunsreuazAuALIad
Wesay wud degremuauivIuinsesuayil
ANUAMUYBINeLgeEn lnedlAviiiu 77 dadans way
Wiy 30 Ta88nT Aua1AU dundndusiayvainas
naguiisesay 5, 10, 15, 20 uax 25 wiv ety
wzninvdeadnduiiviunsesanandnioawiniu
70-72 Hadans uagll AUAIMUYRINBITENING 22-25
findanslum 5wl nansienevigrisinuoyyadasy
(Antioxidant activity)

qvisd1ueyyadasy DPPH vesingiulunis
WARAWRILazayMaHA s At udesay
10 v/v filsinasmagiu wansluasieil 3 wazqrsdu
ouyadase DPPH wesaymanaunssuiinadudy
e q nauifunsndeieatabudesas 10 v
wamslumsnadl 4

A13199 3 qridssueuyadasy DPPH veingivlunisndnayines wavaywanauiiiuuzndnadaduievas

10 v/v Nlalnaunaniu

CREHII aviddnuayyadasy DPPH (3ouas)
FIATUAINNZATLENT T 4.56x0.15
ihifuseniriartaubu 51.82+1.89
AYLIAIMNITAN Tinulusiogns
aymananTtuwiatauSosar 10 v 28.98+0.88
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A13199 4 qisduevadasy DPPH wesaywiainaunsduanududusing q wastihdusenivieainiuiosas

10 v/v

a LY (3 '
NannMINEYAY (W/w)

aVissinueyyadase DPPH (3oua)

aywmad (fegranunm) Linulusivagng
AUMAINANNIAY 5% 30.48°+0.67
AYMRINALNIAIY 10% 28.18°+0.34
AYMRINAUNIAY 15% 29.19°+0.56
AYVIRINAUNIAIY 20% 28.95+0.62
AUMRINANIAY 25% 28.64°0.28

v @

a,b,c,... MwvN

NANISNAABINUIN mﬁmﬁmﬂﬁay"mmmqmi

o I3

WagHART MUY AYIMAINHEALLIUTIAINKIIUULAE

o £ a

UUENINIYU

ﬁof De

1 nafmduliiwanigvdsiueyyadasy

(gmsmvaY) Wedweauiesas 5, 10, 15, 20 uag 25

w/v adudiunanvesaymainaunduuzniuie

e

afmduiosay 10 vAv nuiwdnsdaeiaynailgnsdu
puyadasyUsTINIaYay 28-30 (51991 4) uandli

wIieiuLansRIALaiinuLAnAR U9 TTEd AR NI9EaR (0<0.05)

duhgvisiueyuedassfiivtluayivaiinazanain
thiusgnimatnbu esngvisfueyuadass DPPH
mbifusnimatadullingeiosas 51.82 daunadiu
MnnganmendNil qrisiuesyyadasyiiesiosay 4.56
(57971 3)
HANSNAFBUNNUTEENENEvDIA A ILaY
aymaHaNsEuAnNtusg q uandlumsned 5

M13N 5 AZLUUNMIVIAdRUN1NUSTAMAINave AR INANRIAUTIANUTN TR 9 Haiulgnsvin

afmdusasas 10 v/v

wAnRosaywan W) d ilodura nay AUYaULABTIN
N Usng
aywian (fedemuny)  7.38°:1.86  7.14°:273  7.25°+1.86  T7.17°+1.26 7.59°+2.03
AUVRINAUNIATY 5% 7.14°+157  7.03°+1.14  7.32°+1.19  7.53°:1.12 6.79°+1.37
aUWRINENREIY 10% 625154  7.12°+153  7.75°x1.14  7.64°+1.78 6.75+1.59
AUMRINANNIEIY 15%  7.87°+1.07  7.68°+1.13  7.79°x121  7.57°t1.18 6.91°+1.35
AUMRINANNIEIY 20%  6.39°+1.49  6.28°41.27  6.48°+1.36  7.16°+1.58 6.55°+1.74
AUMRINANNIAIY 25%  6.49°+1.15  6.12°41.24  6.12°x129  7.17°:1.62 6.35°1.12

a,b,c,... AIDNYIANNULERINIALRRTEANLWANANWBE 19N

° W

dAgneada (p<0.05)

o
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PNNTNAFDUNUSLANFUNEVDINANN W9
ayman wud wandustayadlalldnaunsd ozl
dviuia fazuuuanuveulaeingads 7.59 Aziuy
odlesnnanuduiuvesiuslnasiedvesaymaniidy
dv1visedaTu drundniusiaUVaINANNIENUINNLN
wswEniienudududesas 5-25 wi nausunEnd T
yiaatniuiosas 10 v/v Srvuuudnvazusngeglu
979 6.25-7.87 Avuuy Wosnidedudadudemeaiu
Tanuniiauaylinansuendivewan o diunguuy
yosaiinasenzLuusEamdudatann Wesan
negnudung Adainuazdiofinemuitudurosnany
ﬁ]sa'awasiammL‘ﬁuﬁﬁwm%agmmmﬂsﬁu RIS
AzluLiiaLuANssee 1l TedAayeelutie 6.12-7.68
pzuuy Feffuslnaunangudsliveundninsiayiai
Hudeh evuuwilodiavesaymaieglugie 6.12-7.79

Avuuy ualofuanududunsduidosas 20 waz
25 w/v azdnaseieduda Aeflauniaiiudy
Lﬁmmﬂmmu@jmﬂ%mmﬁﬁuﬁﬁﬂuayjmmmm’ﬁu
FrundunuiwsauiSudiumaly aywailiiiinasie
nauvesaymanhliasuulndifssiusglurie 7.17-
7.64 AZLUY a‘g'mmNammmumﬂﬂzmmw%’nﬁ
AN USDYAE 25 w/v HRsluuAueulngsIu
dflgaiiiy 6.35 iilesandidduduuazaudunis
VDINANS U9 a‘gmmmammmuﬁmmvﬁwﬁu%faaaz
15 w/v fiazuuumnuveulnesingefigaviniu 6.91
Az dn3TeRsandnnlstleviiazaviuuay
YoUlAYTINVBINAN U ﬁuﬁaﬂagmmwaummuﬁ
amnuituiudesay 15 wiy LieAnwinuaingaunie
MINNINTFIUNERS U RAAMNTTY atiufl 1543 na.
2552 (1n%.95/2552) wanslun1s1adi 6

M15997 6 AN MENURAUYSEvDIAYMaINaNNITUNAIINTS Az 15 w/v nauhduuenSvdnadaidu

Soway 10 v/v

auNIY

NANISIATIZI

Total plate count

390 lalafisie 1 NSy

Yeast and mold

22 lalafife 1 N5y

Staphylococcus aureus

Tainuludiegns 1 nsu

Candida albicans

Tainulusegne 1 nSu

Clostridium sp.

Tainuludegne 1 nSu

IINNITNABUAMNINAIUIAUNTIVBaY
wiHANKaiudoEay 15 WA wazthifunendnnvia
affuBufosay 10 wA wuih SUSudogaunis 300
Talatide 1 n¥u wasUTumBaduazsiomn 22 1alad
#0 1 N3 vewiegay daumsvnaeunidegdunis
nelsa laun Staphylococcus aureus, Candida
albicans wag Clostridium sp. Wu319T1akinugaunse
fielsA wansWiiuhay e HauRea NNz NEN3 T
$ovaw 15 w/y nauihifusgndnelnataibuiesas 10

v/v AMAINAIURAUNTE AUNINTIIURER T
QAAMINTIY AUUN 1543 W.e. 2552 (UK. 95/2552)

afuTeuaasUNan1IINY
msianngasaymadgnsiifinasldiesan
IngAvlusunerasdeou Sminasduns: Inowauwn
fhuannzanuEninfinududusesay 0, 5, 10, 15,
20 waw 25 wiv raNtungnnadaduiifesay 10
V/V HANSANHIAMAINNINIEAIN-LANYBIAY AT
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winzgns wut aymmitlinaunsdunaziiuse i
afmuiiraing faunadntiosuasiidvaesiiduniy
wsiilolunanuannzatundMdwasinliayivad
duddwasdunindunuainud uduresnsgu
Feaenndoarfue L* anaq vauedian a* uay b* sty
fernAFsunvannniudodfiuamnduduremdiu
luayivad LagaINNITNAABUNITLENAIVRINGN TN
aymal nud aymainnansliiinnisuendives
wanfue uansimanassiukasisiussndvia
affuiidosay 10 v/v Lifinansenusenmnimile
Sufauazanuasivesaywial duUiinuenutues
aywmiidseniedosar 67-70 fannuTuvesayiman
anaudntosiileiisyTinamnsiu losnued iy
Juansagauinahfuiiuldnndu Uiinnses
WAEAUAIVILYDINBIAY WU KeENURINNEALENIN
wahsunsnimlsatnlulinanssnudeninfnes
voaaymafisadndesiiloTouifisufufiegne
AIUAN WITBVRY JUTBY Uazaue [15] Ine@nwiay
funzamznEsmAUImaRBILAzE e NUd
ayfiAnnudunIn-naegsening 9.89-9.96 uagnuil
FaEUAINAZANENIEYTIIMNASUB NS egadu
ansfiwnusneled Uuiing uazeame [19] 398013
fimgnsayIINnseiien naee aiudu wasialui
nud Ysumsnesdetegluyie 6.2-7.1 wudiuns
Faluiferuwansnsegne Siluddey
qisdueYyaBaTy DPPH aimansiaukagy
adudusie et nelnatnduosas 10
VA et ndnetieadadudae
VUi ueyyadaszresaymaegsiddidty
(p<0.05) ileiFsuifisuiusegisaunu ayiidons
dhuoyyadasziiniufosay 28-30 wariidauvaeluns
aniForilunaliinmssniau fnifuthiflianuguau
Witui Tneduuszneundniifigvddueyyadasslu
aywananiduugwinisadadu 9mnsal (201

o o A

wud thifusgninsieaiaduilansde Ao nsnassn

(Lauric acid) BedlnnSiueyyadaseauiargandineu

oghalsAmunssuiiuiinamnivoug Ssimehiigady
AIANANLAY %aaﬂﬂﬁﬂlﬁga Arysed LagAug [3] wui
ayfinaunsauazgIegaduAsanysnangyNTLYeY
Aanlald fnuautavietnszdnsdanndnsaniald
duegned wasldvaseuguinisdueyyadass
nspedulasdlen wazmufisnaladeayinslaalil
wuhayfiqnsiueyyedaszegisosas 3.18 auqf uay
Az [21] Anwqvidiuoyyedassvesayinumeased
wantia elimsruaunnvosndnfasiay e
Tumssssidiuastiiadudiunen wuth aygesiingn
I¢fiqvsdueyyadassivintuesas 32 Gadenndoaiy
aywamaRsTuNNzamENdTin L uduSesay
15 wiv wantunswdneinatadudosay 10 vy
wutednnusteyimangasiananiiqriinueyyadasy
diudufenay 29
ATLUUNIUTEANAUNAVDAY WA INEY
reeuitr s q matunsndnslnatindy
Foway 10 v/v WAASUIayIMaINANHIEUAINNEAN
ugniniinnududuiesas 5-25 wi nanfasidnase
AzuuuALaY HareAzILLIUsEamMALRaNN Wesan
ragudursdsiaiin viliayua fide danasenzuuu
AnuveulneTiNanadegluyle 6 Avuuw UnITeds
finnsandenaymamaunsauiinnudutuiosay
15 w/v Wiofnwinanmeauviduesndninsiayman
AINNINTFIUNEAS U RAAIMNTTY atiufl 1543 na.
2552 (10%.95/2552) agulddnaymaifindaldd
AuanTRnUAMINMENW-ARTTivINzay uiazdEd
Wasuwasludaau idesnniduddvensdiu nsidy
5ﬂﬁuuzw§nﬂjﬁmaﬁmLﬁuﬁﬂﬁmémﬁmeﬁagmmﬁqwé
Fusyyadassifingedusesar 30 uaznernufignguann
[22] flquanvAlunisgaduaisfiv gadundu
Tihanuazenfldd fsdednduguantfisuves
HARAUNINGTIUVIR wazaINNIINAdOUANLTEULAY
FIVBWANAUNAYINAT NUTIAYAIHAUNIAIUN
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nganuzndnfinududuiesar 15 wi lfazuu
AuveulnesIngefigainafu 6.91 Azuuy
PNATHUUAN 9 AvuuY wazlnanminuduniadu
TUnusasguRanSsigaamnssy aduil 1543 w.e.
2552 (1n%. 95/2552) lnetinideiiveiauouuylunislv
arudisusslomivesayiinananngAvluiuiasd
QniFueyLadaseiigs nandusiayiadfinanle
ansaasradudnanvalluyuwulduasnywasunis
panafidBusiely

finAinssuUsennd
YBYDUAMUNIING NI IVANIT1VUATUNSN

¥ '

~

YPIeaTUAYUNUITLNUNTTUAT U UTTLLTINUN
U FRMU
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2. Agaiud, sundne aerdeu, magd Tovy.
nsndndemasnusauriannayfanmioldly
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3. Agdeud dwded, aviedssa yyduns, udans
e, Zsa Tnlsad, Tunssad unatius,
uua nillwswgny, Vs Jgyayn, adgnidl 0.
vismsueyyadasy nsgaduanslasiiien (Vi)
Usunuaranudunsa-ang waganuienelaves
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Abstract

This research presents the development of a real-time center of pressure measurement system
for static balancing assessment in the elderly. The system consists of two parts: the structure and the
software. The structure was equipped with two pressure sensing devices that sensed the pressure value
of each foot while the assessee was standing on the devices. The sensing data can be stored in a
computer. The distance between the two devices can be adjusted according to the distance between
the assessee’s feet. In the software part, a program was developed to visualize the spatial pressure
distribution and show the center of pressure (COP) position which the latter provides the assessment of
balancing capability in real-time. The results, along with the assessee’s data, were stored in computer
files that can be used for further follow-up and analysis. The evaluation results conducted among 30
elderly assessees show that the pressure ratio percentage between left and right foot, from the developed
system, is correspond to the weight ratio percentage between left and right foot, from the existing
weighing scale; with the mean difference percentage of 5.54. The relationship between the deviation of
center of pressure and the pressure ratio between the two feet is linear equation; with the decision
coefficient (R%) of 0.94. The user satisfaction assessment results show that the developed system has
higher satisfaction than the existing weighing scale in all aspects which are ease of use, clear and fast

display, and ability to store data.

Keyword: Postural balance assessment, Center of pressure, Pressure sensor, Static balance
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con, (x)- 22  con,(y)- 25 5

i(P(x,.,R,yj,R ))

=1 j=1 =1 j=I1
A UAINAIANUAUYINT N WAZ AU (CLR) Faldilumdadesragnansvesduvesiunisusudiu
Juredevasigaguinanauduvindieuazying - Awladdann

_ COP, (x)+COB,(x)
- 2

LR

Agaaudnatsauiy COP(x,y) fuaildanyadeyasiuveszuuiiie
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Z. (xiP(x[,yj)) , Z(yjP(X,-aJ’,))
COP(x)=—5 » COP(y)=—L (5)

X \ ¢ o 2
SeuzilosmAUgNaAILAY (Deop ) \Busin
ATLLANANYRIANIAAUENANANNFULAIFUAINAN
AUV guazine (euiuns) Tlunsseyh
Vo a S %)’ % = v =
Asun1sUssluguaniminiBedluniegie e vive
= a = & o 1 an v H o
guund Fadunisihafldannisasimdnunyssana
Na AN B UTBUAUEUNINA19A LAY ELaY

YL UATALININANVDINITAIUIATIN LAAIAINN
# 6 nsalngSun1susziiulAgeaudnatsnuRuEes
lﬂma%’]ﬁasﬁm'ﬁzEJsL%am@uéﬂaNmmﬁwﬁumau
o & A W ' < ' A A
Wargaslunisvnaziimaanarinduaiuin waziioty
UndvgldrlnalAssgud

Dyyp = COP(x)=C,, ®)

AAUINANANUAUTIIEY

COP Left

PAUINANANUIY

& cor

COP Right #

@

VAUNNNANAMUA UGB LAZLNIUI

nwil 6 Agagudnatsauiu COP(x, y ) aaquénansarmsiuyinge COP, (x, y) Inqudnarmnudu winvn COP, (x, )

wazduisnansanuduiidisuasiviem (Cp,)

4.n3eenuuvdulusunTy
4.1 TuREUNINNUTBITEUY

Aldauszuulaun dnnigaimdidanse
YAAININNNSUNMUsEIaaune1una nsldaues
szuu Budunngldnussuuiassogiessrnavinves

o

A SUNIsUsEIuNasUTUTZEE N TE NI U USRI U

4 @ '

Unsaln$219 IR NAIRINETY TINNINTINTIDAZLDYN

He)

veagsunsUseiliuadlulusunsy ntuligSunis
YseiiuduldguvunsawaznatuinAa1suiuy 3 asa
Watlumeade

4.2 nseanuuudludaUsEauiudlduuunsiiin

Tusunsuildlunsmugunsyinuvesssuy
gnitmundulagldniudndanda ngld Microsoft
Visual Studio 2017 1uaTeslelunsiamn viauuy
53UUUURNIS Windows 10 lagntimaaauves
Tusunsuuansfianwil 7
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4.3 nstuiinuaawsilaainssuu
Wenavududin Wsunsuazvinisdmiu

€

ayavesuNsUTTluLaAgaaudnatsnLauly
Juuvaeslna CSV (Comma-separated values)

@aN 2

wenanflusunsudaladuiinlvdsunmnsfinuans

WSINAIINTINVBIFTUNITUTEY LLazsﬁa;ﬂaauﬁlé’am
gunsalnTainanusadnluladielusunsy Microsoft
Excel uaithuindeannsnuvseiinsisnanuduius
sywingiulseng o larely

@ GG RIE A01

5 %
COP

X: 2220 cm

Y: 11.24 cm

vuiinuay 0 A
uiin

©

naulumitusn

2wl 7 wihnedeuvedlsunsuiiaRu s sUszliuANuaInsalunmsskuunsiindszneume (1) sagiunis

Usziiiu, (2) wiheensfinuandusaina i Inefiduiidenduduinansseninayinnaassdng, (3) 1nauuandsiiumia COP 531 COP

Winde war COP Wwan (4) Asumts COP 33 wazdutudin uag (5) Jundulumiusn

NaN1339Y

lunmmaaeusEuUinA1AAUENaIIALGY
(COP) wuunanaFaifleUsziiiunnuanunsalumsmssin
vaurBuilsluggeony (szuulm) fnmsi3ouiiisutoya
fusruunildiedostadimin Tneftudoyaninnig
naaoufunguunisuseiiiu Juduggeengiifieny
53919 60 T4 89 T dwau 30 A Aiuudhiunsuins
Alsameruadvaiuguanduaidosinguiand
Fudunadonnguiedsiianizinizadudeiui
TutumeumsnaassldfmualiFumsussdunnau
Bulluagnssindiuau 3 e lagldszuuifuuarssuy
Tl eifiudoyauazmeniadouwasideyatioun
wnUSguiiguii

svuuiuldiedestalmiinuansAdminues
whehewazaingldauantuiinaniothunduane
fopavsnsduminuindeuazie daussuulnl
Tinsnnaineusudideyaiirgssuuaouinnediie
UszanaAing q Taedeganisnszareddeiuiives
WIINAVBUN AL YNINIAILINNATREAY
é’mwéaummﬁmaaLﬁ’]sﬁmuamﬁwm(DPLR)mami
Wisuieuuanssannd 8 Tasarluwuinny Y whiu
100 munedanisastinudniviafusend 1
wazli1991 Fansilanansdisnuaenngeeiu
szinanansUssiuiilaansyuuipusazszuulng
TnofiaruunaneswesrLadeinfudovas 5.54
wazAdsauunnIgIYiniu 8.00
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150
140
130

100

1234567 8 951011121314151617 18192021 2223243252627 2812930

o om el m
S o &

B COP Ratio (seuuini) ™ Weight Ratio (sEuuiéiu)

a' = a a 9 ' a '
AN 8 nSUTeU L'VlEJUNaﬂ’]iﬂizLlluﬂ']imiﬂm’)izv")’mﬁ%l]‘uLﬂﬂLLaxﬁxUUiWﬂJ

Al 9 WARINAYBINENIENAYTY 81y 76 AuWiniU -0.10 WwuRluns tnedeyaninaiaguingsu
AN 157 H5888rinasenina 25 luRlng dwidn  msUssifiuimnuansnsalunsnssiuasBuiislés ne
46 Alansu NUNAAS YA ENIIEIUANUAUYDIGE ﬁﬁhﬁ;mQuéﬂa’mm’méﬁ’uagiﬂﬁLﬁaqqmﬁQﬂaﬂqﬁzudﬂqLﬁ']
LAgYINUINYINAU -1.80 LLagﬁiwzLﬁuawhquéﬂawmm

COP Right #

b cor

COP Left

:1' ) ' a aa & ' ¢ Y v o ¢
NINN 9 ma&nmamiﬂizmemsazwaamQuammammmu%amm@ua

AWil 10 (n) WAAIHAYBIN AR IELNANGS Awdl 10 (@) WARINAYDIN FIB1ELNAN
91¢ 73 AUEN 162 HsvEgrinaseninadin 23 lwuflns  91g 60 ANEN 150 A528erneseninami 22 [wumiims
dwiin 64 Alan¥u wuhilehdesazdmsdmanudu  dmiin a8 Alandu wuihilidifesasdandiunudiy
voaidnsuasiiviity -14.93 uaslisvondes  veavdsuaziuity 24.19 wasilszeriboes
AAUENAIANNRUINY -0.77 wufuns Tnedeya  AAudnananuAuYty 1.39 wudiuns lnedeya
fananaguigsumassiiudiunliunstudeddine - dnanasuidiunisussdiuiuvnliunisiudedums
Rivtld AUVTALY
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COP Right

¥ cor

COP Left

(n)

t.ﬁ ﬂ

COP Left

& cor

COP Right 4

(@)

= Y ' a da & ' < 9 a v a
a1 10 GYAE]EJ’NNaﬂ’]ﬁ‘Ui%LlIUWlIﬂ’ﬁ%EJZLﬂaiﬂﬁﬂuﬁlﬂa’]ﬂﬂ’l’m@u (N) LYY kay (V) LBYIVIN

WeRlansaundayanavaaiiioniauduiug

serinTTEzidasmguinansuRuisuiuASeuay
FnsaunnusiuvagekazwnunuInduauns

Waduniadudseansnisanneewiniu 14.823 A1Aan
YRIAUNTONNDUYNNU 0.4081 wasduuszansnsanay
19 (R?) winfiu 0.94 fan i 11

: o o o o v,
AUBANANAUAUVDILNITIEUATNIVI (58RY)

50 T T T :

40 r

0r

201

10 f

-20 |

3

‘B38aTY 1

AunIEnAnaeLaLd

30 . . .
-1.5 -1 -0.5 0 0.5

1.5 2 25 3 3.5

JruzieIAAUINAAINAY (BURALIAS)

i 11 nsmliansrnuduiusseninsseziosgqudnansnnuiuiuA1TosagAULANF1IANRY YUTNEEUAZIYINYI

PNNFUETUNMTUTTIIUREiinsEuUnATeuay
36.6 BuBusdnainiosuaziBesvininiesiriniu
Jewar 6.7 Budeadneeuay 10 Budesvinseay 20
wagdudusnnuniosas 20 ledangumgingsuns
fuBnadaoaadosverifesdgudnansninud
Ssteluil

516UAAa (Deyp )

Tmenstuuniiile —0.25< D,y <0.25
msBuBesgnadntesiiie —0.50 < D, <0.25
-1.00< D,

<-0.50

Msudesiiantesiile op <

nsudesdnedle Do, <-1.00
msBudesride 0.25< D, <0.50
msBudeadresnniile 0.50<D,,, <1.00
MsBudeavinunnidle b, >1.00

cop =
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nnanIsUsEliuauianelaveldeu
syuulumlidSouiisuiussuudy lewn n1sldeaudne
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The Comparison of rosmarinic acid in Orthosiphon aristatus extract

by high performance liquid chromatography
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UNANED

nsAnunETTagusrasdifiowIeuiisuuununselsauniinvesansatavgimuanuan (Orthosiphon
aristatus) Mgy 70% e uea MnuvaLmIEUgnTLAnsatY 10 unds naaeuseilasinlnnfibuuiaung
uazlasslnnsilveamaaussourgs nuluvaliUnunandnvesansaiaveugaiian fe Jwmiausdugi
Wiy 13.12 wWedldud uazkandnsiian fe SwiaiBeens Wiy 6.66 Wedidusd nanmsvageulasinlnngi
LUURUN NUSNwalzsesRaiane Dailonse st wagiumisuauansiian (Retardation factor, R) Winfu 0.35
AsafuasuInsgIUnsaAlsansiin nan1snaaeuMeIslasuinnsvesvalaussausganuImutulnivanse
Tsau3inwiniu 12,50 Wil wasfinuandilumsgandunasggeiinnueiady A ) wiriu 329 uluins
MnMTIeTEiURnunsalsaunitin nuihdmiauasueniivinaunsalsanidninniigauiniu 350,86 lulasndiy/
fiaddns (Goway 1.75) drundmuauniinandmineyarinunsalsauniintesfigauiniu 81.16 lalasniu/

a

fadans (Fogay 0.41) Bsn1sATIe9ieae HPLC ladinsnageuanugniesuazauulieiiovedisiages nue
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R? WU 0.9997 %recovery Sowaz 99.74-108.02 Arauuiugingluiuwayseningdu a1 %RSD wihiu
0.1 - 1.9 uaz 0.3 — 0.6 MUAINU UsNANUUAT LOD hag LOQ wiriu 0.06 wag 0.17 tulasniu/fadans auasiu
wandliiiuiniFieseilinnugndeuazindedolunisinszinsalsaunsinlundvuinu

AdAeY: MeruInua, nsalsaunin, lasinlnnskuuiiun, lasuiinnsivesviadaussausge

Abstract

The objective of this study is to compare the amount of rosmarinic acid in Orthosiphon aristatus
extract from 10 different origins. The methods were used thin layer chromatography and high-performance
liquid chromatography. The leaves of Orthosiphon aristatus were extracted with 70% ethanol. The results
showed that crude extracts from Prachinburi province were found the highest yield at 13.12 % while
Chiang Rai province had the lowest yield (6.66 %). TLC fingerprints showed a similar pattern and a spot
at retardation factor (Rf) value of 0.35 was identified as standard rosmarinic acid. According to the high-
performance liquid chromatography, Kmax was 329 nm and the retention time was 12.50 minutes. Nakhon
Nayok province has the greatest amount of 350.86 microgram/ml (1.75%) of rosmarinic acid among the
planting sites while Yala province has the lowest at 81.16 microgram/ml (0.41 %). The method validation
of the HPLC technique demonstrated good linearity and represented a high correlation coefficient value
(R?) were 0.9997, %recovery was 99.74 — 108.02. Intra-day and inter-day precisions were showed %RSD
value 0.1 - 1.9 and 0.3 - 0.6, respectively. In addition, LOD and LOQ were 0.06 and 0.17 micrograms/
milliliter, respectively. It has been demonstrated that this method can accurately and consistently analyze

the rosmarinic acid in Orthosiphon aristatus.

Keyword: Orthosiphon aristatus, Rosmarinic acid, Thin layer chromatography, High performance liquid

chromatography
N - hydroxy-5, 6, 7, 4’ tetramethoxyflavone (TMF)
e 1MuIALLY (Orthosiphon aristatus — lwwulgiu (sinensetin) kaggw1lvsu (eupatorin)
(Blume) Mig. ¥3e Orthosiphon stamineus Benth.) \8udiu [3] 9nns@nwnfiiiusnwuinansadaanue
oglured Lamiaceae wurhlUluuauieiBonsiusen  vuaauniigvissueyyadass [4-6] funisdniau [5-7]
Fesld fnduveuidniies sanRfeutiswy warsaLfy fuuzssongnuuin (8, 9] funisaiavasadenl
[1] fdassnananld Tudaaniz Sulh wagdsaansold  [10] fhuwvinu [4, 7, 10, 1] dudieretle [12] was

Snwlsanszinnglaaniveniau lsawumnu lsalade  dudsnmsiasyiulavesiuaiiiie [4, 5, 10] Tnvansdnay

sniau 1seuiv wazlsala Wudu (2] fnsdnen
sarUsznaumaaiinudlwgduansngu phenolic
compound laun nsalsaun3an (rosmarinic acid) 3’

fgrdnsndnine1tneuae nsalsaunitn uenaind
§4151897UN153LAT 1Y 9AUTENDUNILAR Y INg
NUIALLINININUNEIR9AUAIBITN AT NN
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WUURIUN [13, 14] wazrdslasuilnnsifiveainan
GHERRME NNE) wudesrussnaunaniifianetuy
aehaiitfodfnsedn uenanidedinsAnmmsldnge
Tsaun3dnlumsinunlugtaelsaiugiiusifionids (atopic
dermatitis) [16] wagdinsululglunsiuniseniau
fuilunlugiieiiuiniuggnia (seasonal allergic
rhinoconjunctivitis) [17] agnslsAnalulszinealnads
laildinsAnwinnuuanAsveeIRUTENEUNALALUD
weMUIARLIIINRUTIA 9Ty ﬁqﬁuﬁﬁﬁﬂﬁﬁﬂm
WisurisuUTunansalsansdnvesaisadnng
VIUINKUNT INUNAIUNVEMUINLIT 10 wned Tu 5
giinavesUseindalneg Ao mawmile n1AngTueen
Weanile Apnate nale waznianyiueen Aae3d
TAsunnsflLuuRIug wagdslasunlnnsWeesman
aussauzge iedudeyalunisifenuvasugnual
mnmLLmﬁ:ﬁ@mmwLLa3ﬁﬂ%mmmiﬁﬂﬁzﬁmmzaﬂu
s lulgmensunmdaely

WA NAUNISIY
Ns3BNAIaE19aNULNS
Freg1amamuaanuafiiuiiealuifieu
WoARN1EY 21N 10 wiauwizUan thanmnuis e
8 4lus awmﬁulﬂauﬁqmwgﬁ 50 29ALTADYE UU 5
Flus thliun uwdseudenzunsuues 80 arntuth
NV INUIALNILAY A2989ay 50 ATU LAY 70%
wuea Usuins 1,000 Jadans ﬁui’?ﬁqmugﬁﬁaq
Wunan 3 Ju ndunsesdienseaunses udath
Fregnafilalussmeiendvhazanuoansnewrses rotary
evaporator thansafiniiufigamgll -4 sswniwaldea
aunInagihluldanu

A1SNAFUAY Thin Layer Chromatography (TLC)

WHHASAN VIS IR INUELIIZUGN
A9 9 WAZAITHINIFIUNTALIANNSTEN azaiesiY
lenualrlANUNTURIpg 1A 10 Haansu/Aadans
ntunendeg1asuns 10 Tulasans asuuwsy
Tasuvns fluuuiaung (TLO) fiwdeudie silica gel

60 GF254 (Merck) wu1a 10 x 12 wufiwng 14igaia
wasufidu Ingdu tefiaas@ian waznsanesiin
(toluene: ethyl acetate: formic acid) Tugns1au 9:9:1
Ny TLC Wiigaandouiiindeuluangaibusiy
Uil solvent front dnkulasu AT Weonueli
Wi psRdeuNanIskenasnelauasdanslilean
fieuennay 254 uaz 366 wiluwns MNTURILI
WA R, YomaUaTataTiny

N15NAaaun 28 High Performance Liquid
Chromatography (HPLC)

LATIUAI0Y 19EITANANY 1M UIA LN
AILINTU 20 Hadnsu/dadans lueniuoa nTeeNu
membrane syringe filter ¥u1n 0.45 Tulpsiuns U3ues
fidn 20 lalasans Tpniawrdeudie 0.1% nsnvlesin
Tuth (0.19% formic acid in water: A) uazerdlalulnsd
(acetonitrile: B) ¥gAodNtLUY gradient program
wanainseit 1 Sinsziilagldiaies HPLC — DAD
system (Shi-madzu, Kyoto, Japan) l¥aeduil C18
(5 lulasiuns, 4.6 x 250 fadluns) gaungiiaedu 40
perwalioa snsinislua 1.0 adans/und [6] Auia
mUTINIRlsaun3in WeuivansavaleunsgIunse
Isann3fnlutnsanuidudu 50-800 lulasnsu/iaaans
SENUNANTIATITAUTINMNTalsaunsinludiegg
wg e lunilensusetindnuis 100 ndu
(¢/100g DW)

miwmaa‘ummgnﬁaaLLazm'mmi']L%ﬁﬂlﬁ%ﬁ%ﬂ'ﬁ
AA5129 (Method validation)
Asnaaeuadldudunse (Linearity)
ansavasuInIgIuNIAlannsin ANty 50,
100, 200, 400 way 800 lulasnsurediadans Usums
20 luTAsans As1esiaae HPLC ntuadiansav
UINIFIUTENINANUTLTUIDIENTAZAIBUINTFIUAY
Huildingm wasvnandulsyansanduiug (correlation

coefficient, R?)
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A58 1 IgnAnaBuTiLu gradient program

1381 (W9) B (%)
0.0-3.0 80
3.1-6.0 70

6.1 -11.0 60

11.1 - 14.0 55

14.1-19.0 5

19.1 - 24.0 5

24.1 - 28.0 2

28.1 - 30.0 0

N13UIAIAIINLL UL (Accuracy) Taudn
A13AEANUUINITTIUNIALTANNTEN ALLTNTY 50, 100
waz 400 lulasnsudedaddns USums 20 lulasdms
Baddes HPLC Tagvhnisdndr 3 adadunmmen
FRUaENIINSUALTDIANTALAIEUINITFIU (%recovery)

A1smaufissvesaiesile (Precision)
nagoulngunaIsazatsuInsgIunsalsansin
AULTNTY 100, 200 way 800 pg/ml USums 20
TalAsans Twns1eilag HPLC Tnevinnnsdndn 3 ade
ﬁm’ammﬂ'wmmLﬁaaﬁuadLﬂéaaﬁalugﬂ%q%’aaax
ﬂmﬁmmummgmﬁuﬁm‘ (%RSD) M1A1AULTIES
neluiu (intra-day precision) LagMIAIAILLTIE
5¥113193U (inter-day precision)

MsAnwImAIAT Nt udgafiann s
A51294L9 (Limit of detection, LOD) wagAANULUYL
Argafiarnnsasunldog1agndes (Limit of
quantitation, LOQ) TnefansanaInAu LT Uiy
BN T1AIUTENI N Y IUVDIATALANLNINTFIUAY
dryayausundu (S/N) i 3 waz 10 @y LOD waz
LOQ #1uaau

ASAATIZHNSEDA
nsSsuiisuUsununsalsaunsinueans

aﬁ’mmjmumLmqmmma'uwwﬂgﬂﬁ'Lmﬂm"mﬁ’u

3Lﬂswﬁ9’hamsmﬂ'wLa§auazdamﬁmmummgm

Tnwananldlun1simsigsifie One-way analysis of

U v o w

variance (ANOVA) fAnunseautiudgyn1eaia 0.05
NANISINY

ansanavieTUTBIIUIALTaR A 70%
LoVUea mmmnfiuwwﬂgjﬂﬁy’a 10 unasludszinelng
WU 10 fegns fdnuasdundiinna Sseu
Atu-gousnafudntes Tnouvdeifiuiinanandngs
fign (%Yield) fio Samiausdun3 sesasnde dmin
uaswIEN wazdamintdnanil lnedusunnsosasnanas
Winfiu Seway 13.12, 12.78 way 12.48 audnu Tuvae
flansatavienuna muInusnnuEINzUgndmia
Fea310 TUnantesiigafe Yeva 6.66 Lansdansng
72

NAN1SNAEBUR2Y Thin Layer Chromatography
MMTIATIEAENTAN AN TUNE AU w110
AIBEN LiBuivaIsuInsgIuNIalaunsin dlonsna
dounelisidansihlelaninnuenndy 254 wily
LIRS NULBUTULES ﬁﬁwLmﬁaﬁuaqmsmmgmmﬂha
w3ln (R Wiy 0.35) Turauefidumisdu q vesas
samlinuuauiiunasiinsstusumisuesnsalsau3an
nsdanafinnue1indy 366 wiluwng wui1ans
1NIFIUNIALTANSEN UﬁwﬂgLﬁuLmUﬁﬁwﬁu (R Wil
0.35) LLazmsaﬁwmwzﬁmmﬂLLmﬁLmuﬁﬂﬁmg
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M13199 2 Anwaued Wil LarTevaHANAAYRIETANAVENUNEIMUIALIIAINUMELN UGN TUANGTY

waadiun Anwuzdansana Ywinansafneu Souaznanan

(g) (%)
PIAUATUILN (a) fhnnaseu 6.39 12.78
Jandnauasugy (b) dhanaudu 4.73 9.46
JmInuATaITIA (0) Ahanau 3.40 6.80
Jmiadisesie (d) amnaudy 3.33 6.66
FariausTugs (e) Apaudy 6.56 13.12
Jadnvays () Anaudy 5.04 10.08
JminuATIEL (g) dnaseu 3.60 7.20
Jminelass (h) ahanagou 5.78 11.56
Jariadandl () ahanagou 6.24 12.48
Jmingzan () Annaseu 4.39 8.78

Favauliitiosndn 7 wau (rmdl 1) f R, gowmaufinen  wusnildnwasveslasuilnunsuiindrety Insfiad
IFanansatnneIu wansdensei 3 Retention time 12.50 W7 fdnwzaunasu wayan
ganduuainmeAduggn (A,_) winiu 329
NAN1SNAEaUA2Y High Performance Liquid uﬂumm(mwﬁ 2)%amaﬁuaﬁmmgmﬂm‘lsamﬁﬁﬂ
Chromatography WARIFINING 3
ARaN1sNAandlaTuilnnI i vnnan
amimuzqﬂmﬂéhasmmjmmml,mﬁa 10 wuaq

M50 3 dnwalrd uagen R veuauasiiwenlannasatagiiauinlagds TLC

wAUEIT Anwurdvsauans R,
1 Fuhidu (blue) 0.20
2 Fuhiu (blue) 0.35
3 A\ (green) 0.38
4 @ (light blue) 0.40
5 Auna (red) 0.50
6 dunsdy (red-orange) 0.60

7 dunsdy (red-orange) 0.70
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8.0 =

00 =

A 1 TLC chromatogram meldssddanslaleianiinnnuennndu 254 (A) uas 366 (B) wiluums

mAU
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900

800
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700
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min
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2000 oH
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750
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MR TIERUTINNIAlTausinvesansane
METUNE VLIRS 10 wnaauwizdgn ddulvg
ganuunna1snueg NltedAgyn19adf (p<0.05)
TAYaN TN AN IUNE TMUIALNIINIITAUATUIBN]
USinaunsalsauniiingsiian wihiu 350,86 (Sevat 1.75)
sosaunfedwinvayiiian wiriu 319.93 lulasnsuw/
find8n5 (Fouar1.60) uazuvasfinuu3uiunsa

Tsausiin Yeufigadedminezan indu 81.16
lulasndu/fadans Govaz 0.41) agalsinu e
Wisuisuidusies fanudiarsadaneiung
RUINLLT IINNINTAUATEITIA JWITee518 Javdn
Usn3uys wazdamdauassvdun ludiaanuuansieiv
VAR uanadInsId 4

A19199 4 USunauiazsesavnIalsaunsinveswmevuinkianLaszUgniuansieiu

LR 9R29819

(ug/ml extracts)

J3ununsalsaunsin

$ppazvasdSuunsalsaunsun
(g/100g DW)

nTauATUILN ()
JaminuasUgy (b)
Jandinunsanssa (0
JWineesY (d)
FIAUTIRUGT (e)
Jainvays (f)
JrTauassaN (g)
Jminelass (h)
Jawindaadl (i)

Jrinezan ()

350.86 + 0.06000 °
157.69 + 0.00882 °
238.60 + 0.00333°
199.96 + 0.17000 ¢
225.42 + 0.01856 “©
319.93 + 0.00577
207.58 + 0.00577 *©
103.41 + 0.00333 ¢
261.41 + 0.00577 "
81.16 + 0.00000 '

1.75
0.79
1.19
1.00
1.13
1.60
1.04
0.52
1.31
0.41

*Monysaneiy LanatadianuunnseegeiitedAgnieads (p<0.05)

HansMadaUANgNaLazaLTefioldvas3s
N1531A312% (Method validation)
nan1sadouauduldunse (Linearity)
wanslifuinfidnuasdia Togldaunsdunse fe
y = 19668 — 616706 wazAduUsTAVSanduing (R)
Wiy 0.9997 wanssan il 4
N1SNAABUNIAIAIINYNADIVBIITIATIEY
(Accuracy) Inenfnansazaeanasgunsalsauniand
nsrvaududuasluludes 1ang 1mulIanug
WAIAUIUNAN Yrecovery HAWINAU 99.74 - 108.02 %

AINHANITNARBILEAITIIDNITILATIENAINA 1D
fanugnifesgemannasifisensuld (Fevay 90-110)
HanIsNAdeUAI LY us1veLASaile
(Precision) Wu11 intra-day precision &A1 %RSD iy
0.1 - 1.9 @ inter-day precision &A1 %RSD LU
0.3 — 0.6 IINHANITNARDILEAIITIBNITAATIEIRING T
fianuusdudimunasineensuls (%RSD tounin 2)
mamimﬂ'wmmLﬁuﬁu@?wqmﬁmmiﬂ%mswﬁ
16 (LOD) wazermududusgniarusagueile
ag19gnAed (LOQ) Wud1en LOD uax LOQ wiriu 0.06
waz 0.17 lulasniu/Aadans mussu wanadennsnad 5
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2x10" =
Y = 19668*X - 616706
R = 09997

210"
=)
<
K o
o
g
2 1x10"
()
hel
fa
=
©
3 J
©

5x10° ]

0 T T T T T T 1
0 200 400 600 800

concentration (ug/ml)

Ml 4 N5MNINTFINENTATAELIRTEIUNSALTANIS TN

A3 5 HANINARDUALYNABIYEIIBNTIATIEY (method validation) nsalsausinluansatiangmuinus

Validation parameter Rosmarinic acid
Linearity
linear regression equation y = 19668x — 616706
R’ 0.9997

Accuracy (Y%recovery)

50 pg/ml 108.02
100 pg/ml 103.80
400 pg/ml 99.74

Precision (%RSD)

intra-day 0.1-1.9

inter-day 0.3-0.6
Specificity

A (nm) 329

retention time (min) 12.50
Sensitivity

LOD (ug/ml) 0.06

LOQ (ug/ml) 0.17
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aAUsBuaraTUNANTIVY
PnmsAnwileinseiUSinansalsan3in
mnmaaﬁwmwzﬁmmmu,mmﬂLméuwwﬂ@jﬂﬁ
ansiuludsemdlng wazainasmemviavaty 70%
LOVINUDA WUIENTARAREI UG IMUIALINTSoUazT0Y
Handnagluyasening 6.66-13.12 Faaonmdosiuns
fAnw1ea Suhaimi wavmmy (8] AidnsAnwinisads
VGIMINLLEE T0% enueasiufunisldrdudes
mufige wuUinamsataverungmuinunegly
%39 5-10%
HAN15ILATIZANLATUNINAT L UURIUN
wudansaasgunsalsansin den R whiu 0.35 uae
lennaevaisatang muanwuinielduas
Sansliletananuenandu 366 wiluwns wuinduay
asanun 7 wau Tnenan1svadeuesansatang
WUIRLLIN 10 wnas Ureriinsalsaursindu
asfUszneumaadl ewnuauans fien R uaziidnse
fluansunsgunIalsausiin dennaediun1sAnwIves
Kartini wazgaag [13] lavihnsAnwvmegeuaisanialu
YOIMQINUINLLL (Orthosiphon aristatus) 31n 11
e Tudulatiide #2875 Thin Layer Chromatography
(TLO) wudn dlen R wirriu 0.20-0.30 Faflawinustavan
wazsngdnunzsesiuiansihiiolasnlnnsfiuuy
HIUNAR18AGIAY uaﬂmﬂﬁﬁﬂaamé’mﬁu%gah
Thai Herbal Pharmacopoeia U 2021 finuuauans
dhRutaay deiisufuansunasgiunsalsauniin
flf1 R Wiy 0.30-0.37 1neld Mobile Phase szuy
Weniu [1] wasdlowSeudisuansaaveg w7
wraamnzUgn laun daminuasuien Jwiauasusy
JarinuAsadssd Jminusuys Jwminvays Jmia
unsT AN uazdariatami unngiuuauansiiitu
Fonau uaneiunliufifivsnansalsauiinunnnin
an 3 unaannzUgnde Jmindiesse Jaminelass uag
Jimdaszan Ausnguovansliddaau Seaiasingn
F08199NUNaRINa JUsanunsalsanisiatoy
FaaonndostunanIsinsziie HPLC

PNMINAFDUMIBITIATUNINNT I HUBINA?
ausTaULgs (HPLO) wiazuvasiidnuazlasunlnunsy
witeuitu waduildnsmuansnaiy wandidiuimgh
WnLIILAazuva i usuaesdUsyneunuadli
uane1eiu Iaglunisiasigilsunansalsaunsdn
NUMENTIAKIRTNYS 10 wvdeliUSinainselsausin
9ej5eMINg 0.41-1.75 ¢/100 g DW Tsaonadoafunis
Anwlulsuinmdulaiidefiadang muiawuidae
WYNUDAN 9 Uad WUUTHUNIALIANNT TN BgsEnIng
0.19-2.60 /100 g DW [15] Tunnsdnwrilnumein
wALLILMAITUTInsalsaun3inundign Ae
Jmiaunsunen uazuvasiiiUiunasiosiian ie damin
gran Jauansstuegrsiiduddynieadi (p<0.05)
PInMIAneTiunUIUSINaesEUsEneunaadl
yosiivaulnsluusiasiuifamuunndetu osn
AURIU @nINnioIne Usinauludilasu sauvie
annzuaiuan [13] uenaniteafinananeius oy
gosfiy raanluniafu wazdededudunden
3w 9161 [15] warannsAne Shekarchi [18] A1z
Uinunsalsaun3inlufivayulnsdu o 29 aeiug
Twaed Labiatae wuiniuSunausaus 0.00 - 5.85 ¢/100
¢ DW Fafinnuunnsnsiuegnafituddymsada

“Lumiﬁﬂmﬂ%&ﬁﬁmimaaummgﬂﬁmLLaz
anutdetioveitiinseiUiinuasddiemain
HPLC wudﬁ%‘imiwﬁﬁﬁmmgﬂﬁamasmL%aﬁa
ogluinausifeensuld aanasiunsgIuves ICH [19]
wuinAanandudunse fivaseududy 50 - 800
lalasnsu/fadans den R? winfu 0.9997 @1 LOD uay
LOQ Wi 0.06 tag 0.17 lulasniu/dladans auaeu
wazdiofmsei intra-day precision &g inter-day
precision (%RSD 111U 0.1 - 1.9 uaz 0.3 — 0.6
Audwu) agluinaeisnnsgiu %RSD deend 2 du
%recovery HAWYINAU Sovay 99.74 — 108.02 %ﬂag”[,u
inauaifigeusuls (90-110%) 91nn5AAT 129 Retention
time dnwaizvetAlnndy wazd A wesiin wud
AsafiuansIIRsEIUNIALaun3in lnedl Retention time



Q0 2. Zngl. INAlU. ROIBEDINALWSIREIST

TN 8 auun 2 NnsNAU - SUoA 2565

wihiiu 12,50 w1l wagdidn A iy 329 iluwins
Faaonndosfunsaneves Heradi wavAniy [15] uay
Lau wag Chua [20] #iléSnseimusuamensa
Tsaunstinluansanavamuinuu lagly RP-HPLC vila
Gradient elution WuivIsAemesiiiiienugnios way
aanidede warlul 2019 MsAnwwes Guo wazans
[21] la@nw1das1zvinsa Usenauniaaiilunan
i lagldislasunlnnsilveamaiaussaugge
wuUlAYLazuNaaiUnlnsum3 nuInlesausenauni
il loun nsafluedn 26 wfia Wanlauews 11 ada
lawesiiuesn 6 viin nsnladu 4 ¥da wavunudluu
5 %iin uennifmussdusznoumaadiinniigade
nsalsanisin
nsAneATelfunsisuiieulsinanse
Iiam%ﬁﬂmmmiaﬁ’mmﬁmumLmemma'wqﬂﬁ'
unneinaiy Aaedslasunlnnsiiveavalaussauses
(HPLO) Fawaannmsfnuiinnudfayduegrannly
aunsansisagy dviuliidugiudeyauaziuims
”LumiLﬁaﬂ%amajmumLmemma'uwwﬂqﬂﬁ
wuUsuunsalsausinaiuinasiusy Thai herbal
phamacopoeia @ognamungan wothluimundy
AR ST euTNTILNTE MWIAWLY et T4l
MINsuNdLaassasialy

AnAnssuUsENA
nsfnwildsunsaduayisean i
windunulng AugNINeINIsSITUIR UN1Inede
walulagsyuenadaiy Inenvnanauns Jamin
AnauAs kazNgUUVaNansNsEmgUNUlne Ine1de
NsaEnssauguaTUss Jamdnfivalan AusansITMEaY
waganiyenans an1unsEUIUTIYYUN
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Abstract

Pathavi Apo Vayo formulary (PAV) is one of Thai traditional medicine that consisted of 21 herbal
plant powders and has been used in the treatment of diabetic patients. An uncertainty on efficacy, safety
and variation in quality of the products are important factors for herbal medicine usage. Therefore, the
aim of this study was to establish quality control of PAV. The effects of PAV on cell viability and nitric
oxide production in the different glucose containing media were also investigated. The 21 herbal plants
and PAV were extracted using 50% ethanol. The possible chemical fingerprint and chemical markers of
these plants were identified by using TLC and HPLC comparing with PAV. Normal glucose medium (NGM)
and high glucose medium (HGM) were used to culture RAW264.7 cells in this study. The cytotoxicity and
nitric oxide (NO) production were studied by using MTT assay and Griess reaction, respectively. The Rf
values of 21 plant extracts on TLC fingerprint were similar with the R values of PAV extract. Gallic acid
was the major content in PAV and plant extracts using qualitative HPLC. PAV extract showed low cytotoxicity
(IC50 of 1,139.48 + 36.22 and 1,134.69 + 13.55 pg/mL, respectively) and could inhibit NO production (IC50
of 128.49 + 4.68 and 127.57 + 14.02 pg/mL, respectively) in NGM and HGM without a statistical difference.
In conclusion, the chemical composition of plant extracts was remaining content in PAV extract and gallic

acid can be used as a chemical marker. This PAV extract had low cytotoxicity and inhibited NO production.

Keywords: Pathavi Apo Vayo formulary, Quality control, Medicinal plants, High glucose, Cytotoxicity
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Introduction

Diabetes mellitus (DM) is a metabolic
disorder characterized by chronic hyperglycemia
which is an increasing of blood glucose levels due
to absolute or relative insulin production deficiency.
Nitric oxide (NO), a critical inflammatory mediator,
plays an important role in the inflammation of type
Il diabetes mellitus (T2DM) [1]. The synthesis of NO
is catalyzed by inducible nitric oxides synthase
(iNOS), endothelial cells nitric oxide synthase (eNOS)
and neuronal nitric oxides synthase (NNOS). iINOS is
induced by inflammatory cytokines such as
interleukin-1 (IL-1) or tumor necrosis factor-alpha
(TNF-OL) in macrophages and many other cell types.
The increased levels of CD163, CD154 and TNF-OL
indicate that an inflammatory process occurs in
skeletal muscle of T2DM patients. This may
contribute to iNOS induction, muscle damage and
insulin resistance [2]. The excessive NO increased
the inflammatory marker levels in T2DM, which is
activated by the PPARY/eNOS pathway [3]. In
addition, condition of insulin resistance increased
NO levels in both diabetic and prediabetic patients
(4]

In Thailand, diabetes is rising trend in the
hospitalization over the last decade. Due to high
cost of medical care with long-term treatment,
diabetes is considered to be an economic burden
and national public health problem [5]. According
to the failure of conventional hypoglycemic drugs
to satisfactorily maintain normal glucose levels and
some serious side effects [6], significant interest in
an alternative and complementary medicine
especially herbal preparations has been maintained
[7]. More than 400 plants are available for the

treatment of diabetes. Despite the fact that there
are many herbal drugs available for treating
diabetes, only a small number of these plants have
undergone scientific and medical evaluation to
assess their efficacy [8].

Quality control is therefore one of the
major problems in the rational use of herbal
medicines. With many herbal medicines, the active
ingredient is unknow. Genetic and environmental
factors may influence the synthesis of plant
secondary metabolites. Frequently a marker
compound is selected and this is used to determine
the quality of the herbal medicine [9]. Thin-layer
chromatography (TLC) is the method of choice for
identifying a wide variety of substance classes
because it is simple, rapid and inexpensive method.
High-performance liquid chromatography (HPLC) is
a popular method for analysis of herbal medicines
because it is easy to use and is not limited by the
volatility or stability of the sample compounds. In
general, HPLC can be used to analyze almost all
the compounds in the herbal medicines. For
example, preliminary phytochemical studies on fruit
of Emblica officinalis, the TLC and high performance
thin-layer chromatography was performed and the
developed plates were visualized in UV 254 nm,
366 nm [10]. Emblica officinalis and Terminalia
chebula extracts containing phenolic compounds
were determined by HPLC technique [11, 12].
Thai traditional herbal formula, Sattagavata,
Mathurameha, and Tubpikarn were prescribed to
diabetic patients for a long time [13]. TLC was also
developed for the quality control of three anti-
diabetic Thai herbal formulae extracts, showed the

presence of rutin and chlorogenic acid which are
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powerful antioxidants and are beneficial to diabetic
conditions [13].

Pathavi Apo Vayo formulary (PAV) is one of
Thai traditional medicine that is from Wat Phra
Chetuphon’s inscriptions. This formulary consists
of 21 herbs and has been used for the treatment
of diabetes. The screening basic methods could
identify the presence of composite plant in PAV. A
chromatogram fingerprint of PAV would facilitate
the quality control assessments of composite plants
in PAV to ensure the reproducibility of ingredients
and the consistent efficacy of the product.
Accordingly, the aim of this study was to identify
possible chemical fingerprint and chemical markers
for evaluating the quality of medicinal plants in PAV
by using TLC and HPLC. Moreover, the effects of
PAV ethanolic extract on the cell viability and nitric
oxide production of macrophage were investigated
in high glucose medium (HGM) compared with
normal glucose medium (NGM) that related to
inflammation and hyperglycemic condition in
diabetes.

Material and Methods
1. Chemicals

Ethanol (RCI Labscan, Thailand); methanol
(RCI Labscan, Thailand); acetone (RCl Labscan,
Thailand); CHZCl2 (RCl Labscan, Thailand); D-glucose
(Kemaus, Australia); L-glutamine (Himedia, India);
Escherichia coli LPS (Sigma, USA); DMEM (Gibco,
USA); DMSO (Fisher Scientific, UK); FBS (Gibco,
Germany) and MTT (Molecular probes, USA) were
obtained from local distributors. All other chemicals
used were of analytical grade and were obtained

commercially.

2. Preparation of Pathavi Apo Vayo formulary
and the plant extracts

PAV was the formulary that contained 1
part each of 21 herbal plants. The PAV and each
plant ingredients (Table 1) were purchased from
Bansamunpaiosot, Bangkok, Thailand. PAV and each
plant ingredients of PAV was macerated in 50%
ethanol for 7 days. After filtration, the remain debris
from extraction was repeated by maceration in 50%
ethanol for 7 days. The filtrates from both
extractions were combined. The solvent was
evaporated and concentrated by using a vacuum
evaporator (Buchi, Thailand). The temperature of
water bath and coolant were set at 50 °C and 10
°C, respectively. The percentage yield for each

sample is shown in Table 2.

3. Quality control of raw material and formulary
extracts
3.1 Thin layer chromatography fingerprint

For efficacy in clinical practice, the quality
control of PAV is continually improving. The
ethanolic extracts of 21 plants and PAV were
prepared. The experiment was performed on TLC
plate, silica gel 60 F254 (Merck, Germany) size 5 x
7 cm. One gram of each plant extracts and PAV were
dissolved in 3 mL methanol, then were spotted to
the 3 plates. Cyperus alternifolius L. (1), Acorus
calamus L. (2), Plumbago indica L. (3), Ocimum
tenuiflorum L. (4), Terminalia chebula Retz. (5),
Zingiber officinale Roscoe (6), Coriandrum sativum
L. (7) and PAV (P) were spotted onto the baseline
of the plate no. 1 using a capillary tube. Vitex
trifolia L. (8), Fagraea fragrans Roxb. (9),

Cinnamomum porrectum (Roxb.) Kosterm (10),
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Table 1 Plant component of Pathavi Apo Vayo and Pathavi Apo Vayo formulary

Samples Botanical name and Formulary Family Parts used
@ Cyperus alternifolius L. Cyperaceae Stem
§ Acorus calamus L. Acoraceae Rhizome
% Plumbago indica L. Plumbaginaceae Root, stem
ﬁ Ocimum tenuiflorum L. Lamiaceae Leaf, stem
* Terminalia chebula Retz. Combretaceae Fruit
ﬁ Zingiber officinale Roscoe Zingiberaceae Rhizome
* Coriandrum sativum L. Apiaceae Fruit
R

, Vitex trifolia L. Lamiaceae Leaf
& Fagraea fragrans Roxb. Gentianaceae Leaf
Q Cyperus rotundus L. Cyperaceae Rhizome

Stem bark,
Holarrhena pubescens Wall. Ex G. Don Apocynaceae q
WO0O
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Table 1 Plant component of Pathavi Apo Vayo and Pathavi Apo Vayo formulary (continued)

Samples Botanical name and Formulary Family Parts used
Aniseia martinicensis (Jacq.) Choisy.
Convolvulaceae Climber
Share.
Kaempferia galanga L. Zingiberaceae Rhizome
Allium sativum L. Amaryllidaceae Rhizome

Lagenaria siceraria (Molina) Standl.

Terminalia bellirica (Gaertn.) Roxb.

Phyllanthus emblica L.

Piper retrofractum Vahl

Piper nigrum L.

Azadirachta indica A. Juss.

Pathavi Apo Vayo

TYZ X R

Cucurbitaceae

Combretaceae

Phyllanthaceae

Piperaceae

Piperaceae

Meliaceae

Climber, Leaf

Fruit

Fruit

Fruit

Seed

Leaf
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Table 2 Percentage of yield and chemical marker content of PAV and plant extracts

Botanical name and % Yield of Gallic acid Vanillic acid  Caffeic acid (ug/10
Formulary extract (ug/10 mg (ug/10 mg mg extract)
extract) extract)
Cyperus alternifolius L. 5.43 NF 3.84 +0.13 3.63 + 0.04
Acorus calamus L. 8.88 2.33 + 0.06 1.83 + 0.40 NF
Plumbago indica L. 14.94 8.38 = 0.04 3.30 £ 0.01 NF
Ocimum tenuiflorum L. 7.45 4.55 + 0.45 4.60 + 1.83 3.89 +0.10
Terminalia chebula Retz. 10.30 98.79 + 1.90 7.22 +£0.92 NF
Zingiber officinale Roscoe 11.12 4.45 + 0.40 0.29 + 0.00 NF
Coriandrum sativum L. 5.40 0.43 + 0.02 298 + 0.01 471 +0.11
Vitex trifolia L. 15.60 NF NF NF
Fagraea fragrans Roxb. 19.69 4.47 +0.45 NF NF
Cinnamomum 3.34 NF 6.53 + 0.47 NF
porrectum (Roxb.) Kosterm
Cyperus rotundus L. 21.70 4.78 + 0.15 NF NF
Holarrhena pubescens Wall. 10.13 599 +0.10 291 +0.04 NF
Ex G. Don
Aniseia martinicensis (Jacq.) 4.50 20.39 + 5.25 14.37 + 1.25 NF
Choisy. Share.
Kaempferia galanga L. 9.93 14.15+1.93 2.35 +0.21 NF
Allium sativum L. 61.38 NF 2.18 + 0.01 NF
Lagenaria siceraria (Molina) 11.75 2.60 £ 0.23 NF NF
Standl.
Terminalia bellirica (Gaertn.) 8.94 84.78 + 0.16 NF NF
Roxb.
Phyllanthus emblica L. 12.94 468.28 + 0.36 NF NF
Piper retrofractum Vahl 6.94 4.34 + 0.37 NF 4.34 + 0.37
Piper nigrum L. 5.66 NF NF NF
Azadirachta indica A. Juss. 7.06 4.02 + 0.00 NF NF
Pathavi Apo Vayo 13.87 28.94 + 0.07 NF 3.73 £ 0.05

Note: NF is not found.
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Cyperus rotundus L. (11), Holarrhena pubescens
Wall. Ex G. Don (12), Aniseia martinicensis (Jacq.)
Choisy. Share. (13), Kaempferia ¢alanga L. (14) and
PAV (P) were spotted onto the plate no. 2. Allium
sativum L. (15), Lagenaria siceraria (Molina) Standl.
(16), Terminalia bellirica (Gaertn.) Roxb. (17),
Phyllanthus emblica L. (18), Piper retrofractum Vahl
(19), Piper nigrum L. (20), Azadirachta indica A. Juss.
(21) and PAV (P) were spotted onto the plate no. 3.
The plates were developed by TLC tank and a
CHZCL2 (1:9). The
chromatography was detected under the ultra violet
(UV) light chamber at 254 and 365 nm. A vanillin-

mobile phase was acetone :

sulfuric acid reagent was sprayed on a
chromatographic plate and then photographed. The
retention factor (Rf) values were calculated as
described below:

Rf = Distance traveled by solute / Distance

traveled by solvent front

3.2 High performance liquid chromatography
(HPLC)

Reversed-phase C18 column (4.6 x 150
mm, 5 um) (SORBAX, Agilent, USA) was used in HPLC
system (Alltech, USA). Mobile phase system was
1% acetic acid: ACN in ratio of 97:7 with flow rate
1.0 mL/min and detected at UV 277 nm. The PAV
(10 mg) was dissolved in acetonitrile (1 mL) and
then filtrated using 0.45 pum syringe filter. Standard
gallic acid, vanillic acid and caffeic acid were diluted
to various concentration for calibration curve.
Extracts or gallic acid, vanillic acid and caffeic acid
(20 pL) was injected. The running time was 35 min.
The areas under the curve of each extract were
compared with calibration curve of gallic acid,

vanillic acid and caffeic acid.

4. Determination of cytotoxicity

Macrophages (RAW264.7 cells) were
cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with glucose medium (2 mM
L-glutamine, 5.5 mM D-glucose for NGM and 2 mM
L-glutamine, 15 mM D-glucose for HGM), 1%
antibiotic-antimycotic solution and 10% fetal bovine
serum that modified method of Torres- Castro et
al. [14] and incubated at 37 °C, 5% C02 for 1 week.
Cells (2 X 10° cells/well) were seeded into 96-well
plate and incubated at 37 °C, 5% o, for 24 h. The
PAV was dissolved in dimethyl sulfoxide (DMSO) for
100 mg/mL and sterile by using 0.45 pm syringe
filter as a stock solution. PAV was diluted with
culture media to various concentration and then
added (100 pL) into the cells. After incubation for
24 h, the cell viability was analyzed by using MTT
assay [15]. Fifty microliter of 1 mM MTT was added
to each well and then incubated at 37 °C for 3 h.
The formazan was dissolved in DMSO and then was
measured at 570 nm using a microplate reader
(Infinite M200 Pro, TECAN, Austria). The cell viability
was calculated as described below and then
expressed a cytotoxicity as 50% inhibitory
concentration (ICSO).

Cell viability (%) = 100 x (absorbance of

treatment / absorbance of control)

5. Determination of nitric oxide production
RAW264.7 (2 X 10° cells/well) were
cultured into 96-well plate by using NGM and HGM,
and then incubated at 37°C, 5% COZ for 24 h.
Extracts were diluted with glucose culture media
in the absence or presence of 10 pg/mL
lipopolysaccharides (LPS) and then added (100 L)
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into the cells. After incubation for 24 h, 50 pL of
culture media was pipetted to mix with 50 pL of
Griess reagent (1% Sulfanilamide dissolved in 5%
phosphoric acid:0.01% N-1-napthylethylenediamine
dihydrochloride in a ratio of 1:1). The absorbance
was measured at 540 nm. The results were
compared between with or without LPS induction
and then calculated for nitric oxide inhibition. The

results were expressed as IC_..

6. Statistical analysis

The experimental results were performed
in triplicate and represented in mean + S.D. Data
was analysed by using SPSS version 16.0. Independent
t-test was used in the between group comparison
of normal glucose medium (NGM) and high glucose
medium (HGM). Comparison of differences within
groups (Pathavi Apo Vayo formulary concentration)
was performed by using one-way analysis of
variance (ANOVA) followed by least significant
difference (LSD) post hoc test. Differences were

considered statistically significant at p<0.05.

Results and Discussion
1. Quality control of raw material and formulary
extracts

PAV formulary was consisted of 21 plants
as shown in Table 1. The combination of different
parts of plants might affect to the quantity of
phytochemical content and the biological activities
due to the distinctive chemical profiles [16]. The
changing of various physical, chemical, and
geographical aspects may contribute to the quality
of herbal materials [17]. Therefore, the major
chemical composition of raw materials of PAV was

determined for quality control.

TLC and HPLC were used to identify
possible chemical markers for evaluating the quality
of the crude drug such as Pogostemoni herba which
is a component of Kampo medicines [18]. Therefore,
TLC chromatogram was used to separate and
identify marker compounds of each plant remaining
content in the PAV extract in this study. All plant
extracts under UV light at 254 nm were shown as
a dark spot as well as PAV extract (Figure 1A). The
detection TLC spot with UV light at 365 nm showed
the same position in 12 plant extracts (Figure 1B).
Chromatographic fingerprints of PAV and 21 plant
extracts obtained in visualization with vanillin-
sulfuric reagent were investigated in Figure 1C. Each
band of all plant extracts (except A. sativum extract)
was found in the similar position of the bands from
PAV extract. PAV had different compounds because
of equal ratio combination of 21 plant powders
depending on types of phytochemical content in
each composite plant. These shown bands on the
TLC plate were probably the main compounds of
the plant extracts. High intensity and clearly bands
might be the same compounds that found in many
composite plants in PAV formulary and might serve
as a potential herbal activity. The R values of 21
plant extracts were similar with some R values of
PAV extract after determination by using TLC
chromatogram (Table 3). Under UV light at 254 nm,
10 spots of PAV were obtained (Rf of 0.17,0.22,0.28,
0.44, 0.52, 0.58, 0.65, 0.72, 0.78 and 0.79) while 3
spots of PAV were obtained under UV light at 365
nm (Rf of 0.62, 0.67 and 0.80). Under visualization
with vanillin-sulfuric reagent, 6 spots of PAV were
obtained (Rf of 0.27, 0.35, 0.59, 0.70, 0.77 and 0.86).
Therefore, these results confirmed that 21 plant

extracts were remaining content in PAV extract.
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Moreover, to determine standard
compounds contained in 21 plant extracts and PAV
extract, HPLC was used. The method validation of
quantitative HLPC analysis was performed. The
r-square data of linearity of gallic acid, vanillic acid
and caffeic acid was 0.9995, 0.9998 and 1.0000 with
the concentration range of 6.66-80.00, 7.73-80.80
and 6.73-80.80 ppm, respectively. The accuracy in
the % recovery of these standard compounds was
98.45%, 97.73% and 99.63%, respectively. The
precision in % relative standard deviation (%RSD)
of these standard compounds was 1.70%, 1.27%
and 0.50%, respectively. Gallic acid, caffeic acid and
vanillic acid are the examples of common phenolic
compound found in plants [19, 20]. Gallic acid is
rich in many herbal plants and has progressively
demonstrated robust antioxidative and anti-
inflammatory, this compound can be a potential

anti-hyposglycemic agent for DM [21]. Caffeic acid is

A

a potent agent against diabetes that acts as an
effective antioxidant in reducing serum glucose,
lipid profile [22] and anti-inflammation [23]. Vanillic
acid reduced diabetes and diabetic nephropathy in
rats, these effects might be attributed to its powerful
free radical scavenging property and down-
regulation of inflamsnmatory cytokines [20]. Therefore,
gallic acid, caffeic acid and vanillic acid were used
as a standard compound for analysis of PAV and
plant extracts by using qualitative HPLC.
Interestingly, gallic acid was found higher
than vanillic acid and caffeic acid in PAV and plant
extracts (Table 2). PAV contained gallic acid and
caffeic acid (28.94 + 0.07 and 3.73 + 0.05 pg/10 mg
extract, respectively). The highest gallic acid content
was found in P. emblica L. (468.28 + 0.36 pg/10 mg
extract) following with T. chebula and T.
bellirica (Gaertn.) Roxb. (98.79 + 1.90 and 84.78 +
0.16 pg/10 mg extract, respectively) whereas
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Figure 1 TLC fingerprints of plant and PAV extracts. A) 254 nm, B) 365 nm and C) vanillin-sulfuric acid reagent. Lane 1: C.
alternifolius L., 2: A. calamus L., 3: P. indica L., 4: O. tenuiflorum L., 5: T. chebula Retz., 6: Z. officinale Roscoe, 7: C.

sativum L., 8: V. trifolia L., 9: F. fragrans Roxb., 10: C. porrectum (Roxb.) Kosterm, 11: C. rotundus L., 12: H. pubescens Wall.

Ex G. Don, 13: A. martinicensis (Jacq.) Choisy. Share., 14: K. galanga L., 15: A. sativum L., 16: L. siceraria (Molina) StandL.,
17: T. bellirica (Gaertn.) Roxb., 18: P. emblica L., 19: P. retrofractum Vahl, 20: P. nigrum L., 21: A. indica A. Juss. and P: PAV.
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Table 3 R values of PAV and 21 plant extracts on TLC

R(values
P 1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 18 19 20 21
0.17 0.17 0.16 0.17 0.16 016 017 0.17 0.17  0.17 017  0.17 0.17
0.22 0.22 0.22 0.22 022 0.22
0.28 0.27 0.28 028 028 028
< 0.44 0.44 0.44 0.44 0.44 044 0.44
o)
(3]
> 0.52 052 0.52
=]
0.58 0.58  0.58
0.65 0.65 0.65 0.65 0.65  0.65
0.72 0.71 071 071 0.71
0.78 0.77
0.79 0.80 0.78 0.78
0.62 0.62
n
@
0.67 0.67 0.67  0.67
>
=]
0.80 0.79 0.79 0.80 0.80  0.80 0.79 0.79 0.80 0.80 0.80
% 0.27 0.27 0.27 027 0.27 027 027 027 0.27
o
,L:) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
=]
% 0.59 0.59 0.59 059 059 059 059 0.59 0.59 0.59
7]
1
é 070 070 0.70  0.70 0.70 070 070 070 0.70 0.70 070 070 070 070
% 0.77 0.77 0.77 0.77  0.77 0.77 0.77 0.77 077 0.77
>
0.86 0.86 0.86 0.86 086 0.86

Note: P: PAV, 1: C. alternifolius L., 2: A. calamus L., 3: P. indica L., 4: O. tenuiflorum L., 5: T. chebula Retz., 6: Z. officinale Roscoe, 7:

C. sativum L., 8: V. trifolia L., 9: F. fragrans Roxb., 10: C. porrectum (Roxb.) Kosterm, 11: C. rotundus L., 12: H. pubescens Wall. Ex G.

Don, 13: A. martinicensis (Jacq.) Choisy. Share., 14: K. ¢alanga L., 15: A. sativum L., 16: L. siceraria (Molina) Standl., 17: T. bellirica (Gaertn.)
Roxb., 18: P. emblica L., 19: P. retrofractum Vahl, 20: P. nigrum L. and 21: A. indica A. Juss.

C. sativum had the lowest gallic acid content (0.43
+ 0.02 pg/10 mg extract) among the 16 extracts.
The P. emblica L. was found to be an interesting
source of phenolic compounds, especially gallic
acid [11, 24]. The previous research reported that
gallic acid was one of the major important
compounds of T. chebula [12, 25] and T. bellirica
[26] extracts. Therefore, gallic acid was a major
compound in the composite plants of PAV formulary
that might serve as a potential herbal activity of
PAV formulary. Moreover, caffeic acid was found in
four plants and PAV extracts. Gallic acid and caffeic
acid, therefore, can be used as the chemical markers

of PAV formulary.

2. Cytotoxic activity and nitric oxide production
of PAV extract

The cell viability of RAW264.7 cells was
analyzed to obtain a safe concentration of PAV on
NGM and HGM. PAV showed low cytotoxicity at the
concentration that was lower than 800 pg/mL and
there was no statistical difference in cells viability
between NGM and HGM when treated with PAV.
However, the cytotoxicity of PAV extract was
increased when treated with the higher concentration
in both NGM and HGM (IC50 of 1,139.48 + 36.22 and
1,134.69 + 13.55 pg/mL, respectively) (Table 4).
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Table 4 Cytotoxicity of PAV on RAW264.7 cells in NGM and HGM

PAV concentration

Cell viability (%)

(pg/mL) NGM HGM
0 100.00 + 0.00 100.00 + 0.00
100 98.45 + 3.16 94.29 + 3.25*
200 106.78 + 2.11% 98.78 + 5.03
400 104.68 + 3.43 101.04 + 2.89
800 77.57 + 3.88%** 81.05 + 2.53%**
1,600 1457 + 1.87%* 13.20 + 0.64%**

IC,, (ug/mL)

1,139.48 + 36.22

1,134.69 * 13.55

Data are presented as mean + S.D., *p < 0.05, ***p < 0.001, significant difference from control (0 pg/mL) using one-way

ANOVA followed by LSD post hoc test, n=3 for each group.

Moreover, as shown in Figure 2, the PAV
extract could inhibit LPS-induced NO production in
RAW264.7 cells in dose-dependent manner.
Especially, the PAV (> 400 pg/mL) could completely
inhibit NO production in both NGM and HGM
conditions. The IC., values for NGM and HGM were

128.49 + 4.68 and 127.57 + 14.02 pg/mL, respectively.
PAV extract might have anti-inflasmmatory activity
that led to reduce NO production from LPS-induced
RAW264.7 cells in both NGM and HGM conditions.
In this study, there was no significant difference in

inhibitory activity of PAV on NO production between

100 -
~ 80 J
§ ¥ KK*
S 60 T
7 %
g. 0 4 / kR / Frn
R Z B2 % o
» o | .
= 2 I 2 1l Ml .
NGM + I_I_l HGM o
o - B 0 pg/ml 50 pg/ml 100 pg/ml
[£] 200 pg/ml W 400 pg/ml [ 800 pg/ml

Figure 2 The effect of PAV extract on NO production of LPS-induced RAW264.7 cells in NGM and HGM. Data are presented

as mean + S.D.,, *** p < 0.001, significantly different from control (0 pg/mL) using the one-way ANOVA followed by LSD

post hoc test, n=3 for each group.
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NGM and HGM conditions. This result suggested that
the PAV might have non-specific inhibitory effect
on NO production and did not depend on the
concentration of glucose in the culture media in
this study. However, this inhibitory effect of PAV
extract on NO production might be the results of
anti-oxidative and anti-inflasnmatory properties from
those composite plants. The extract of P. emblica L.
[11], T. chebula fruits [25, 27] and T. bellirica [28]
have been known to exhibit antioxidant, anti-
inflammation and inhibit nitric oxide production.
The component plants of PAV, for example, T.
chebula, P. emblica, Z. officinal, C. rotundus, K.
galanga, A. sativum, P. emblica, L. siceraria and A.
indica have been independently studied in various
reports both in vitro and in vivo models for their
potential hypoglycemic action [29-38]. Gallic acid
that found in fruit of T. bellerica is the active
principle responsible for reduction plasma glucose
level after inducing to diabetic male Wistar rats [39].
The role of gallic acid in P. emblica facilitated their
glucose homeostasis and mediated antidiabetic
potential [40].

Conclusion

Gallic acid and caffeic acid were found to
contain in PAV extract and many plant extracts in
this study. The 21 composite plants were remaining
content in PAV extract. The PAV extract showed low
cytotoxicity and could inhibit NO production on
RAW264.7 cells in both NGM and HGM. The results
from this study may be further used for quality
control of the medicinal plants, safety, and the
other activities of PAV formulary for application on

diabetic treatment. Anti-inflammatory activity of

PAV should be further studied on gene and protein
expressions by using real-time PCR and proteomics,

respectively.
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Abstract

Polyhydroxyalkanoates (PHAs) have received special attention as a substitute material for the
synthetic polymer in various applications due to their distinctive chemical and physical properties.
However, PHAs are still unable to replace the synthetic polymer because of high cost and low production
capacity which in turn make the product become high price. The main cost of production is carbon
source used as a substrate for PHAs production. In order to reduce the production cost and eliminate
waste, waste or by-products from a variety of industries were used as a source of carbon. Lignocellulosic
biomass waste is an interesting raw material due to numerous quantities, inexpensive and renewable
resources. Nevertheless, the use of lignocellulosic biomass waste requires the process of converting
lignocellulosic waste into a carbon source that consist of the pretreatment, hydrolysis and detoxification
methods. In addition, the basic principle of metabolic pathway for PHAs biosynthesis and the use of
lignocellulosic biomass waste for PHAs production were described. This review can assist in the further
development of PHAs production from lignocellulosic biomass waste and lead to the production of

quality and sustainable bioplastics in the future.

Keywords: Polyhydroxyalkanoates, Lignocellulosic biomass waste, Metabolic pathway, Carbon source

uni Asuaulumntiegas (monomer) Lo (1) short-chain

wedlansendsaniluien (Polyhydro-
xyalkanoates; PHAs) Wunanadndriaimdszenn
wodleamasiduaTwilaguuafidefaunsuuInuas
Lmiuauwmﬂuawmaﬁuﬁ: Wi Bacillus megaterium,
Cupriavidus necator, Pseudomonas oleovorans
Wudu wazensiAsluied Halobacteriaceae wiu
Haloferax wag Haloarcula [1] 1ng PHAs %Qﬂmam
LLagazauaguJ'maiulsﬂmwma?ﬁmmLLUﬂﬁﬁ&JLﬁaL‘f’lu
Lma'qma‘uauuaxwé’wmﬁﬁmLﬁaagﬂuamazﬁaﬁ
213gnane wu dlulasiau weanesa dawn vise
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WoAlgnTaNTILaDLTA (polyhydroxyvalerate; PHV)
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(poly(3-hydroxybuytrate-co-3-hydroxyvalerate;
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hydroxyoctanoate; PHHO) [4] PHAs @n313ngiaeaane
TeRNsTIUYR Nebuanznieandiautarlsoantiau
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Tnegaun3dlanansumidui mivoulneenled way/
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fiusznauiienglaaUseunas 500-15,000 Tuiana
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n1suiuaniwiaginiensanluieaglag
(Pretreatment of lignocellulosic biomass waste)
fnqusvasduesnisuiuanmianudoiisantu
waglaa Ao ilerinaniu uiuiifvesTaqmdeiis
dnluwaglaa anaudundnuazszduarudu
woResvenvaglad [15] mUiuannianuiodis
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1. MsUSUaNIMNIINIEATN (Physical pretreatment)
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$aunuan ddudnaseu wazeaululasin (udu [17]
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¥
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2. MsUsudn1mnaail (Chemical pretreatment)
2.1 nMsUsuanmeenng (Alkaline pretreatment)
Wunsldang laun lafey wnaidoy
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' '
o =

i Bannldufuanmianuideivanluaglaaussinm
Ihiledouiifivinadniudes wu Wienuazuny
dulesn o1vviniaglaauasiadivaglaaianisaae
#alel [19]

Fildded Ao annsaviluanmedlizuusade
\Wisufunsusuanineaensa nanafe amnsasing
gaumgiiviesla usisedldianlunsiugiseuunane
HlusvFoduiu [21]

2.2 mM3usuanmeiensa (Acid pretreatment)
nsnifeald 1Wun nsndaiiinuaglslnsnaein

leanndisangn wenanildadinsldnsaneansinlunin
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wazoanednlunisuvaninianimdoiisanluwaglas
Bnéne [22) Meuuanmiensntuansavilalagld
nsnLduduveldean msldnsauduiiventie a1use
vhitgamailigannidn (a1 100 ssriwaidea) 19
Uinanimags warlisdudestinisdesaaedensa
wulwidn uiiidelde fo fenudufviazgrsluns
finnsougelasediindosiouargunsalifimumumiu
sonsnduitlidalddnege fafudsilinsldnm
Fevndufidenlunislduivanintagvieds
dnluwaglaa n1sldnsaidearsudsendu 2 35 fe
vhilanmzgamgiigs (1nnd 160 sarmiwaldea) uas
vhitanmzgamgiian (Mndn 160 ssrniwaldea) [23]
og1dlsfimunisufuanimdensaiiasiiansusznoy
wesySauarlonsendufiaimosyiaintudie uas
ududesdinisusuaanulunsn-re newluld

3. asUsuanImmIeaniIga wsaunuadl (Physico-
chemical pretreatment)

3.1 nsszidamsuenluile (Ammonia fiber
explosion, AFEX)

awnsevinldlaglianimdeiaanTuisaglas
huisendunesluilemainelinuiuuazaumail
qﬂwzmnmwﬁq PnunsannLiueETINga
Tunisusuanmineilvarlduenlundowmaiussann
1-2 AlanfusotninuisdednnavesTanudeis
anluwaglaa 1 Alansu uagldonumgiilunsyiuisen
i 90 semnvadeaduszesiian 30 wiit lasly
ﬂszmumsﬁ@ﬁLsuagiaa%gﬂeiaaaawLﬂuﬁﬂma
ladlnwesingnszuiunisiianyesdiauagyinli
TnsaiswesanudoisanTuaglanudeuludmaly
Sandeuannsolumstniuiuasnissesaaede
oulwliiuty [24] wonanil weulufeldlunns
Ysuanmudannsaihnaululalasnvirliananlgane
1 [25] wagldneliiinveadsdududgyuiniu
dawandon ogslsimuistdumnzdniunisusuann
winlifugnuay Yanmefiominmainuasinnniinisld

Ufuanmianuwideisaniumaglaananliidosounas
Saniusinadniugs [22)

3.2 mMszdagglot (Steam explosion)

Yaquidefanluwaglaaiiiiunisansuin
udrnzgnuivanndnglethaudaiunm 30 Jundids
20 w1t v nduanaufuategaTInITul
AufuUssIINA [22] TngUnfezmunugamgiiliv
160-260 aeFnwadied uazAUAY 0.69-4.83 Luny

Unaena [24] nszuaunsiiasyinliingex@Raiitoglu
iefiwaglaagneeslnenszuiunslelnsladadeiiniu
fseuiisenindunsauedinuasililassasisves
anduAnmaAsundaduFadumsiindnenwliiiy
nszUILNsYoBameLTaglan WiUTEAVENINEINTg
Uuanmineiituegfunaetade éud suinves
*'iaqmﬁaﬁﬂéﬂiuwaqiaa LA 9NN uazUIum
ATty wenaniisiivsrarsnwlunisldusuanm
YaquideiaanTuaglaaainmainumsuazyspuamls
dowdannnissanlsiidedou esmnliideseut
USunaunyerdfalueiivaglaaiesndn [22]
masulinfelothilfnanssnusoduandon
toiosnnluifinsldasiailunssuiunisuivanin
wgsnafinsldiuasndsnuliinasnn uasiasiiuds
Aetuanmsgesameneseiisagloauisdiude
3.3 nsldideu (Liquid hot water)
Biladwiuiinsmmdaseled uiismsld
ihfeulunisufvanimilagaunugamgilid 170-230
pernwa@eaLaglianuiuiInnil 5 wnzUrania
iiormuaulitinegluaniusvonnaifeasdnali
iefiwaglaaiianistos Yanuwdeiaanluwaglaaiiku
msUvanmudiazegludnuagiaudsianan (slurry)
Tngdruiiduvosudaziduwagloa wazdiuiidu
yosvarazdihnalodlnuesfiAnainnisdesaans
vousiiwagladazaisey Liloannisaaisfives
woAusAATlsAuazanMsAnassumsaiunuay
Junsa-andliiegluga 4-7 [22)
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msUsuanmEsnSouliden fe dsmanszny
sedwndautos ludnsldarniniilunszuiunis
VSuanw wavdlewieuiiisuiunissudesaglonh
‘wmf']miU%“Uamwﬁwﬂfﬁauaﬂﬁﬂ%mmfwmaq&LLaz
ansdudadesnin

4. M3USUanmN19T2INeN (Biological pretreatment)

F3sUuanmmedinentendunisees
aaedniulaonsliqaunid Seqduvianaeuld loun
FINEUT im?nfwma WAZIIHERY Tnendesvanioz
naneulsl lewn wulvduanea andueseanding
wavwsnflawesoeandivg fiawnsadesaansdniule
Tnglamzslungusmdvnagianuaunsaluniseey
aanvaniiulaegesansiuaviinlinisdesaanene
wulasifiusyansam ﬂ&iﬂﬁ@lé’ﬂ%mmﬁmwa%aﬁqa
[15] ﬁaaaﬁu%asﬂuﬂdmﬁ \%u Ceriporiopsis
subvermispora, Phanerochaete chrysosporium,
Ceriporia lacerata, Trametes versicolor Wag
Tyromyces chioneus \Ju@u [22] winEtesduing
sodwndounarlifiassuduintuusld duiiton
esniidnsnisdesaasivilideddinalunis
YSuanimuu

agnslsAmunisUuanmudas s Tusineden
Fas1in nsiinanstiuds dnldane (22, 26] way
HANTZNUADAILING DUUINT BEUANFAIITULAAINS
A7 1

910915799 1 wnfnsandernldsouay
NansYNUsEAIIAdEN WUIMsUSUaREennsldin
%auuaww%amwﬁmmLﬁuﬁmiﬁaﬁaLLamﬁaMNWﬂﬁqm
wazfialddnetey esnldiinnsldasniduiv
waglanasaulunisusvanimiesusnisusuaninmig
Fanmiugedldnauiu venaninisuuaningqe
worludledusnisuilefifalddneton Wewnawse
Tuedludondvanldlndla agrelsAnuuenluiied
arundufivioruyvduarduandeulnaanizyiah

windinssalvaiatu datu nslfinfeudaluisnu
aulalunmsiluldusuanndanndeiidnlueaglaa

n1sdavaaedanmaeiisanluwaglag (Hydrolysis
of lignocellulosic biomass waste)
n1sgesaareidunszuiunislunisiaeu
waglaauavieliwaglaaliduimaluanaiion liun
nglaa nuantaa wiulua exs1Ulua uaglelaa lngld
G 6 @ Y 1 aaa
nsavsotouleiluiissufiisen (catalyst)

1. Msdoudatufaensa (Acid hydrolysis)
nsaffeuldlunistosaans fo nsndailasn
wazlalasmansn Tnethluudsisdannsaudoeniu
2 AsTrIUNsILAIdLtuvesnseaild de nnstes
aanesiensaienis (dilute acid hydrolysis) @slu
nsvuunshegldnsafitinrududulssanadesay 2-5
TngUsuns uazdedldgumngiigslunisgosaaisds
WANFNNAINNITDUEANEAIBNTALTLTU (concentrated
acid hydrolysis) fldinsafifiamududulszanadosas
10-30 TagU3unns usianunsavinfigamgdisle [27]
dusunalnnistesaanamensnLanIRanIn
7l 2 lutuusn namaszdnelevlusneu (H) Tiulaiana
voswindulalnsidonlosau (H,0 o HO"
aganglon H' WiiuwaglaauazldBidnaseusuiu
aaﬂ%wuﬁL%mwiwimLaqamaﬂﬂg‘lmmﬁmﬂuﬂm
AOURNA waryiliiuseszning C-O unneanlimiy
laeanandluidioulossu sunsertailuanavosiidun
ufisentuleadnansludenlessuldidunglaauay
H 28, 29] Twiweudeariu elwaglaaszgneesla
Junglea nuaalaa wiulua leolaa waz ozsdlua
%ﬂﬂszmumieiasaawaé’wﬂmﬁazﬁwémﬁm%ﬁuq L
a1sUsznauesyta lansenduiiamesysa uas
n3arne intusaeuariimnndufvrouuaiise
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A13197 1 F9f Tedndn Msiinansdugs Aldane waznansenudedsndenlunisuSuanniandes
anlugaglaaduunmuisnis

B/ Y - Y o msiia ald o Y
. Jof daide .z , NaNsENUADEILINGON
Uuanw dsfugs e
N9NBAMN - AN anmae - Tindanugs #in #in - KansENUINMILY
neanluwaglaa - fadlsuiuisnis NAsUBdHanTENY
- annudundnves UFuannisau IngdausodwIndey
waglad - HANTENURBDINTA:
S X e 9wy o 5
- iyuER iU Tan Wesnlunisanvuin
wiialdn1an1sinyns Tanmdensdnluwaglaa
- gnsalgusuanm RERGEERLNGEIY
Tanmaeia FI01EIHAR AN
anluwaglaald 21nele
NUszAnN - HANTENUNINALS:
Wewnaunsaluay
A A Ao
wiseallefiduadis
YULYIINTARVUIATER
= Qy a
wihensdnluwaglaa
o
maadl
nsldeing -hanelassasiavesdniiy - Tdanlunnsusu #in a9 - KaNsENUsRIN:
- ananuundnuay anmunu Tnunadeylansonlys
sziuanudu - ladwngdunsly AHANTENURDANAININ
BGIGELER YFuannTanivie uazdiiwUunansodnd
waglad ednluwaglaa uesluiley
o o D= S| s o
- @unTaving Uszavlfiilogeud lansonladidugunsne
gaunniiviodlay HUsuadniiutes CEANRGED
AUAUUNALA dniiuavdawasion
- mnefunslduiu Tledvseusuuniy
anwianmaeiia fBIN1508NTIU
anluwaglaaldiile mMaFuail Biochemical
wdanfiusunauantiu Oxygen Demand, BOD)
#in TGER
nsldnsn - WiSunauanage - fiaanduity oY oy - nansgnusier: sl
- liifipafinnsgevaany JunTERoNLYd nIANTUITAINasBTa
b uAzAIINRBY AN LaTER
- wneiunsly - finnseugunsal WeannnInagyinliian
YSuannTanvie IEETEERNGER Anudunsn-navesih
HMINIsNYAIIaY ndusiadldgunsal wWahsuulasly
winliiiilegeu AUTONUFBNT - HANTENUFBDINA:

fnnsouls nsndanasnavilanway
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A15199 1 (58)

BN . - Y AsLAn e o Y
. o doide .z ldde  wansznuredauinden
Jsuann GRFIRN
- fioelinmsuiuAAy Jusynmanveazeewley
Wunse-snsnau dlevuidevlueinia
dhluld 2135 WAAULLALAZLAR
AsEzaNLUULIUENIULAR
Wurunsale
711901800
saunuad
msedadn - diudifolitutag - ldsangdunsld i i - wansvuseth: il
waulaie mﬁaﬁaﬁn‘iumag‘ﬂaa Usuannianmie anufunse-snswesin
- ansnsohuenlande fisdnluiwaglas ITE RO BV
nau g lndle winlffideseuuay USinmeendiauazaneii
- WA unsIEUSU fa@ﬁﬁﬂ‘%mm (Dissolved Oxygen, DO)
annwanlilduan anflugs anaq azLfusunnsie
waz Tanmietions Adidnluth (e
A1SLAYAT fonidafiuasiivn)
mssuidasne - Lifinsldansied - Twdanugs a9 4 - HansENuINNSLY
Toth - WA unsEUSU 1 sunamnn W uUSnamndadu
anmiagiundoiia - ldwngdunsly HANIENUNISDMAD
anluwagladszinn USuanmTanivie dawndon
Iihilouds fisdnluiwaglas - HanSEMURONSNEINTTN:
Uselffifosou esandinnslénilu
J3uauunn
msldigeu - laifinsldansiad #i #i demanszvusedaindon
- Mananduuag toeiiloniinsly
ussiiwaglaa ndathUios
M9 N - fIANUTUNIEHD - Sasmstosaansm i i dwansznuseduandey
andlu - Tnanlunisusu Yeaiieaniinisld
- s AU W&

- laifinnsldansiadl
- gnansaldiuTan
WABT9M19NIS

Wnwes Liloseu

2. nMsegaangalgaulysl (Enzyme hydrolysis) (amorphous) ¥3888118888Y0UYAYLAANT

Ingldioulaligaguaaidudusafiseoluns  dunideiuse B-1,4-glycosidic (2) wonlengaiiua

govameiwaglaa lneviluouludivagiaauszneume  (exoglucanase) agviwiimsiuiueulangaua lay

voullasl 3 naw liun (1) wulangmiiud (endoglucanase)  gasaaneiagladanUateiuiiluhniauesdld

imihigesluanaveuvaglaansediuiildlusudeu
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i i H
= @ 4
R—C—0-H + O — R—-C—-0 + H--0_
H
acid
Hydronium ion
CH,0H CH,0H
O O 0 O
@
OH C
0 O ™o o 0 H
CH20H 0@ OH CH;;,OH CH,0H H
Conjugated acid Cyclic carbonium ion l
OH OH
H H
oH C.  + — OH
‘1'1-0 /ol "t.‘o 0/ \aﬁ\
CH,OH CH,oH H
Glucose

A 2 nalnlunistevaaneivaglaariensa (28]

ansaueduiinawalalulea uaz (3) Uin-nalalewa

(R-glucosidase) yiut1fgsurnaiwalaluloaln

Lﬂuﬁwmaﬂ@[ﬂa [30] GTfQLauisnﬂLszjaQLaaﬁmmiawam
leannuuaiiise wWu Clostridium, Cellulomonas,
Streptomyces, Thermomonospora Wudu wags1ung
¥l LU Aspergillus, Schizophyllum wag Penicillium
D [31]

wenani dinslieulniBug saufuiewle
wagiad wu teulwdleanua svsdiua uazwanna
wardinsiNaNTAnWIIRIRT wavasinale (mediator)
wu lansen@iuulelaseylaa (HOBT) way 2,2 -oxdlu-
Ja (3-lofalvulalnevladu-6-valnidn wadn) (ABTS)
iielheulusifidnanmlunisdosaaneifivunniy [32]

winsgegaaemsleulvifinnudngse
misiaaaa’mmaq‘[aauazﬁmmLﬂuﬁmﬁﬁiaﬁmfmé’au
11NN DYERNYAIUNTA WANITEDUAAILAIY
L@ui“ﬂﬁjﬁéuﬁﬂ'ﬂ%%"]ﬂﬁﬁ Lﬁmmmaul%ﬁﬁﬁmqﬁ
vonaniidedddialunisdesaasuty dauniseos
gangmensadlaldansuaziianlunisdesaaeasnin
Asgpzaatumeeulyy uaddelds Ao dnansenume
?ﬁLL’J@é’@MLLﬁ%’T@ﬂ%’@ﬂifﬁﬁé}’awuﬁamiﬁmﬂiauqq

astiudanaznisidaansiudddulalaslawm
#ns8uss (Inhibitor)
Iuﬂszmumiﬂ%uamwi’aaLuﬁa‘ﬁa
anlugaglaasieg waznstevaanetunenanayld
danaudafifiansdudauintudaoiane Tagialy
ansfudseneude 3 nasl Ao ﬂzjuﬁ 1 1auA nsngau
(weak acid) U nIALDTAN NFANESHN WaznsaLaEln
lngnsawadiniinainnisuansivemesdialuliiana
vaugilivaglad mmzﬁmmﬂa%ﬁﬂLLasﬂﬁmagaﬁmﬁm
mﬂmsamaél’waqmﬁﬂﬁzﬂavl,m%ﬂd%’aLLazlamaﬂsTj
wiiawmesTa mudny Lﬁaﬂﬁmmfhﬁmulfi’hgit,%aémm
wuUATSY nsmazienswanILa i a1Anudunsa-
(ﬂ'Nﬂ’lEJI“LJL“ZJaé‘UE]GLLUﬂﬁL%EJa@]aJLLa%W]EJSLuﬁEjW [33]
ﬂq'u‘ﬁ 2 laun arsusgneufiuedn (phenolic
compounds) LAna1AN1SEANGIURelATIATI9ANTU
Imﬂﬁﬁﬂizﬂau?\luaaﬂ%ﬁﬂﬁﬁiaﬁuLﬁvaémmLLUﬂﬁS&J
\nAMLEWe [17] ﬂfjuﬁ 3N oSy (furan
derivatives) i weosylsa uatlensonduiamesysa
Lﬁmmﬂﬂﬁﬁ%mﬁlamﬁummﬁwma lngansusenau
maswrludufsnaasyiuinvesuuniise [34] Sue
dwaliusinawewansueifiseinisanadle
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nsidaanstiugs (Detoxification)
1. psidnansdudedaedsnienienin (Physical
method)

N1538e (evaporation) WAENIINTDINIULL
UUSU (mermbrane filtration) 1WASsnanmiiden
Tidnansdudafissveld Wy nsauedan ansuszneu
wasylsa uazduq Inemsszimedeayymeanielii
uiusuidthminluanadnnisnses (molecular weight
cut off) Kaust 100-1000 ndusielua [34] lunsuenans
Fudioonanlelnslawm

Y v

2. 115A1AE158U89R8ATN19ATl (Chemical
method)
2.1) M lAdunans (Neutralization)
WunsguiumsuSuaranudunsa-anawes
ansavanelalaslanmeansazatenns lawn a1sazane
waaidou Toiiey wazwenlufoulonseonles ey
ﬂizmumiﬁmiﬂisﬂauLﬂ/\lai‘vﬁauaﬂamaﬂ%mﬁa
wasySavzanasnauuazgnidnesnlagnisnses [34]
2.2) NM3UsuAaLAu (Overliming)
Plalneidnunadeulansonlanaslu
Talaslaniisusuatnnudunsa-ae Taely
ﬂszmumiﬁﬂimﬂffaﬂﬁﬂﬁﬁaaﬂulaimlmwwﬁﬂ
Ufdseduunal@oulensenlaeaiimduasusznou
uwnaledaulnrteduiuddiavarsthuazuensonlg
n15n389 YNNIt EInsafinansUsynaues
Wiauarlensendufiamesysaliusdiudie agndls
Aaisiiideds Ao Usunanhmaanaaiosminima
sggnidsuduansuszneudilianansathluldwsinle

a

(unfermentable compound) TuvaeiinUfizen [35]
2.3) n1sgadunlsaiuiudusd (Activated
charcoal adsorption)
miﬁﬁﬂmiﬁué'?ﬂﬂami@m%uﬁwmuﬁmﬁu
miuisifedlddemnialddeton fussansamly
nsiamanstiudamnansusenouitldveuth 1dud ans
Usznauiluedn uazlesisa uazlidwmansznuse

Vsinanhmalulslaslawmandae [34] Tnedsyansam
maﬂmi@msﬁ’uﬁasﬁﬂuﬁmﬁuﬁﬁuaeﬁwawﬂﬁa Ly
anadunsn-ing anlunispadu gaumgl uazdnadin
sypnelsinaauiuudiulsinesialasiaim Wudu

[36]

3. nsisaansdiudedaedIniedann (Biological
method)

Fiidder Ao vinluanmeiilsizuus s
tioy \huiinsdedawanden [37) osnnldqduvad 1wy
Coniochaeta ligniaria, Trichoderma reesei,
Ureibacillus thermosphaerius Wag Issatchenkia
occidentalis \Jufu Tunisindnansdudanan
miﬂisﬂamm%ﬁ%’a "Lamm%mﬁmﬂa%vﬁa uayuoan
[38] HiiUsganBamussnatidatuegifunatstade
i msiunse-ane aaumgd arlumstu sueiade
wazFeqAunIsiild [17] egndlsfimumsrindnanssuds
Frogaunidlinauuussiinsgadetineddides
fouianldlunisindaansduddulolnslawn [39]
yenanigadinisldieuladlunisiidnansdssney
uedn Fueulediidedld fe wannawaviesoanlud
2n5Av12 Fregresrlunguil 1dun Trametes
versicolor, Phanerochaete chrysosporium, Cyathus
bulleri, Cyathus stercoreus Wag Pycnoporous
cinnabarinus [39] Tagnszuaumsiminansdudae
wuladiaieadosiunanenaln Wy msiUawesans
Usgnaveglsunfnlagnisiiueondiau (oxidative
fission) 3en1siAnUfAT0enTIATuTiNg Famn
lansonda nswiniafiganiansueda uaznisaans
Nuszuesasises Wudu [40]

@

1 I3 =l Vaal o
ag19lsAmunisidenldislalunisiidnans
gudenisArisfeesdusenavvesansdudaniegly

ad v '

lalaslawneanandlunisnadl 2 wazilot3saenany
WldirdnarsdudilulalaslaisnvesTagnians

anluwaglaasineg agldaneivunzauagaanse
minansdudalanuanslunsen 3
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v
o

M990 2 @sTUgNnInluliazIs

AN15MINEEUL

A1589U849

ANITELNBUAZNITATOINTULLILUTY

ansfiszmgldl WU nsakedin ansuszneumesisa 1iladu (usu

msvildunans

asUsznaumesTauazlansendiufiamaiisa

AsUSUANLAY

nandainin ansuszneumleiia uazlansenduiiamlesisa ansusznauituedn

nsgadumeauiuiug

ansUszneuilidveuin liun ansusznaumesysa uazaisusenouiluedn

Asldioulayd

asuszneuiluedn ansusynaulesnsa wavlansenduiamasysa
Y Y

M15199 3 daneNldasusunuansudnianlaluwiayds

A5n151130 Jaamaans e oo . e o . ON&ES
.z - dn1znsidnansdues asfudanazUsunainda Y. -
d138ut anluiwaglas 31984
VMINIBATN
NSNTDMIU sugnisila  wuwsundumiinluanadansn asdssneuesySaldiiounvan [41]
WIHLUTY 5849 130 Uag 200 A1adu asUsenaulansendiuiiamlesyiSauay
nsnuedRnlaunnindesas 90.0
NSIENEIY AUy seglalaslawnlviliviinnsvde  nsauedindewar 65 [42]
anyeyIne $ovaz 10 Y0IUTUINTIUAY navlasiinforay 74 asusznounes
Wialavaueansuseneulensend
wiamesiasevay 4
=
Al
Myl mulures  aswedl: ansazaneluifeslansen  ansUszneumlesiiFasesay 40.0 [43]
nana AuLan ladidudu 1 wesuea a1sUseneuiiueinievay 30.0
QRR VRN sunedans sl urai@eslansenled nsavesiinfevar 8.0 [44]
Wiy avudunsa-re: 10 nsnLagitinesas 5.0
gaumnil: 60 peALTALTYA ansUszneumesyiafesar 75.6
vanlunsyugisen: 2 dalus a1susenauiluedn Wy Nladuuay
leafiaflenuszanuiosay 30-40 nIn
wesdnioeag 60.0
mMIgatue il dandserinseuiududduls ansuseneufiuednlefesas 55.0 [45]
g wnslalaslawn: 1 nfuse 20 nsaagdtinladesas 60.3 a1suszneu
fadans lansonduiiamesuialifosas 52.6
gamgilunisgadu: 60 aemn
walgeanatlunisgadu: 1 ilua
Fuauge Usinauduiugdud 2 n3usie asUsznouesiiauaslansendiuiia  [46]

lelnslaiem 100 faddns
gamgiilunisgadu: gaumgiivies
wantun1sgadu: 5 unil

wesyiaderay 94.0
nsAuedAnsosay 28.0
nsanesiiniouay 39.0
asusznevilusdniovay 88.8
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- nAlu. Foidaonauwsitasd 119

M15719% 3 (5i)

Wmside  Faawdeiis e B Y B ae LNENS
" - dn12znsindnansduga dnsfiuduazUSunaiinda . -
asdugs  Anluiwaglad 31984
S
9T
toulal yhednend  oulviuanng 2 vlinanPycnoporus  oulwsing 2 sllnaunsafidn [a7]
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