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The Role of N-glycosylation of Hepatitis B Surface Protein in Autophagy

Sakulrat Boonruab?, Fujiyama Kazuhito? Misaki Ryo? Ingorn Kimkong!"
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ABSTRACT

Hepatitis B virus (HBV) infection is a major cause of acute and chronic hepatitis.
In addition, chronic HBV infection is associated with the development of cirrhosis and hepatocellular
carcinoma. Autophagy has been implicated in innate and adaptive immune responses to viral
infection. HBV has been reported to enhance the autophagic process to benefit its replication.
A recent study has found that the large surface protein of HBV (LHB) is modified by N-glycosylation.
This modification affects not only virus survival but also immune escape. Currently, there are
no reports involving the role of N-glycosylation in HBV proteins and autophagy. Therefore,
we aim to explore the role of N-glycosylation of hepatitis B surface protein in autophagy. In this
study, we constructed the LHB gene wild type and mutants of N-glycosylation at amino acid
positions 4, 112, and 309 by site-directed mutagenesis technique. These constructs were transfected
into Huh7 cells. The results analyzed by Western blot showed that the size of expressed LHB protein
was 39 kDa (Non-glycosylated) and 42 kDa (Glycosylated). The detection of N-glycosylation
by PNGsase F found that the profile of N309Q was not converted, therefore N309Q might be an
important position in N-glycosylation. The expression of autophagy protein was studied
by Immunoblotting using specific antibodies to ATG9A, ATG12, ATG16L1, and LC3 proteins.
The results showed that there were no significant differences in N4Q, N112Q, and N309Q positions
when compared to the wild type. This preliminary study summarized that N-glycosylation of LHB might

not be involved in autophagy.

Keywords: Hepatitis B Virus, N-glycosylation, Autophagy

* Corresponding Author
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virus; HBV) L?;Jummmﬁaﬁmﬂwﬂaamim

T3AAUDNLAULABUNAY (acute hepatitis) Way
Tsasusnauiiess (chronic hepatitis) Usevns
walanuinndn 2000 duauiinisindonde
fiusy3ansindeladasusnaut Yssanas 90%
%a@ﬁamsﬁamwmmﬂim drudnuszunn
10% ldanursanidalisalauaziniswauily
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Tselfasusniauifedainudiusiunisiin
Tsasunds (cinhosis) waglsauwiS iy (hepatocellular
carcinoma)! Fsthlugmsidedisesieusann

o

1 aeusial wiiindagiuasild
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azutasnulasa

v o

fusniauTuainu

galavhd (autophagy) dnJugdsmumu
fuusn (innate immunity) Algasfldlunisiidn
L%@W’m intracellular pathogens LLazszhEJﬂizéju
giifuniud1uiiass (adaptive immunity)
TunszUIUNTT antigen processing Wiethiaue
wouALause CDA* T cells’ asavanvuiinlad
nswaunalnifiefieginatessuunisyinau
489 autophagy uazldnszurunisiiiiedaesy
nafinduanvesiilifaies (viral replication)
$19879L%U herpes simplex virus-1 (HSV-1),
cytomegalovirus (CMV) liag Kaposi’s sarcoma
herpes virus (KSHV) agnslsfarulasaunsadna
lailgvhatenseuiunisnanann Tumanseaiudiu

NAUNTZAUNTEUIUNTS autophagy kaz oA

autophagic vacuoles Tumsifiss 1w i poliovirus,
coronavirus, dengue virus e hepatitis C virus (HCV)
dwisu HBV? dielauuwnilfinisAnwinud HBY
a1u1sanseAuliAnNsEUILN1T autophagy Tu
wadiniziios sauielufuvesnynaaes
LLaSQ"CJ’JEJﬁaG]L%IEJ Ing HBV aznin autophagy
HIUN19 HBx protein Tasn159UAY PI3KC3
FadueuluitddlunsSuduvesnseuiuns
mﬂﬁ?u HBx %ﬂiséjumﬁﬁwwmm PI3KC3
nsnseiuliAnNIzUIUNT autophagy ¥ad HBV
fianudrdlunisifinsiuiuvesialafaes
wonNANiluNSAN® Ve Tang H (2009) uaz
ARUE WUIT HBxX protein U84 HBV Fn1NIzUIUNIT
autophagy lngiiun1suanseanvesdu Beclin1®
Wan9n HBV 1&e HBx lun1sifiusuiuuds
N15AN®IUDY LiJ(2011) WU small HBV surface
proteins (SHBs) fdulunisnsgdunszuIung
aolavd wavdaslunisiiiusiuiuves HBY
AaBLguiu’
dlolduuaniifsiesunisinvives
Lambert C (2007) WagAndy wunmsiin N-Glycosylation
Tudu large surface proteins 989 HBV (LHBs)’
A15ANBILRLLANYOY Yu D wazAme (2014)
WAeafuunuInees N-Glycosylation Tu HBV
BV Tng HBV
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ela¥a Jagtudelafisnesuanmieidos
521979 N-glycosylation Twde HBV funsiiin
N32UIUNIT autophagy é’aﬁ?umiﬁﬂmﬁ%m’n
flagoSunsunuInuesn1siin N-glycosylation
Tudela¥afusniautusiim large surface
protein ioN15LAANIEUIUNITEBLANNT
nan1sAnwaginlinsiukazidilatsnalnueg
hi¥dlunswaunannisianevesszuugiauiu
wnBetu Fsonathluguuamslunissnumlsg
viiewaunduiiiuseansamilglusunean
IgUITaIAvanITIdY

1. diefnwunumresnisiiadulng
TndatuusnalsiuuivendelSasusnieu
TronsiinnseuunmseslnvdluwadusiSedu
Huh7

1Y

= ada
58 U8UIDINY
1. MslAaudy LHB
a a o’ a aaa
WinUSHaAdwe Inswmataujisen
Qﬂisﬂ‘wa LaL3d (Polymerase Chain reaction; PCR)
Ay primers 9L W1ZADEU LHB Lazliousa

nanAua PCR AUAADS pGEM-T Lilaanginau

¥
=

Duuwiduerdngidie Escherichia coli DH5O
pstadaulmaunlane3s colony PCR oulwsidn

JUNZ Lad5 sequencing

2. Site-directed mutagenesis
WinUsunuadule laswaila PCR
Tnefdueduwuveglugunatadn pGEM-T 7%

]

8 LHB wazld mutagenic primers tUasuiUas

o ¥ a

gduianalelndusiiusiundefidonis
WednwinisiAndulnaladiaduludiu large
surface proteins ¥84 HBV (LHBs) Fan1snaaes
afedl Igdsuulasdduinnalolng 3 dums
Ao Tudundsnsnezdlud 4 (Na), 112 (N112)

wag 309 (N309) antiutiing\iie Escherichia

aa

coli DH5Q waEMSIABU mutants NLARET

sequencing

3. st uE Y

dnanafin pGEM-T #ifidu LHB uéin
feeulasidnsuniy wazideudotuinmes
PcDNA3.1 wagyinisanesaeuduuuviniduen

qjl,%a Escherichia coli DH5Q agns39dau

o

Traufilanae3s colony PCR Loulasiindng

uazAs sequencing

4. Transfection

thwanaiin pcDNA3.1 78y LHB 14hg
wad w15 iU Huh-7 cells Tme Lipofectamine 2000
LAYASIVFBUNSHENIDDNVBILUSAY LHB 1neds

Western blotting
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5. msasdeunmaindulnaladiady
asasunsiinsulnaladiady fae
oulasl peptide-Na-(N-acetyl-t-D-glucosaminyl)
asparagine amidase (PNGase F) W& polyacrylamide
gel electrophoresis 7l sodium dodecyl sulfate
(SDS-PAGE) hazdtAs1gRlUsiun189%

Immunoblotting

6. MInTdsULBlANIT
AT1d@UNTUARIeaNYRdlUsALTUAD

olaN13721878 Western blotting Ta el

LouRUOANSUNIERelUTAY ATGIA, ATG12,

ATG16L1 uay LC3

7. MFIATILINEDTA
Fuvsiavinaasuanaudiade
AT UuLIATEIL N153LATIEAN19aRA
Iaanliunistagldnisvaaeudl dmsutoyaids
USuau (Student’s ttest) waznisnaaeulaaunas
dwduduusienunin (Chissquare test) #n5aun

Al p <0.05

o o

ANULANANVRIATBEAYNINED

WNan1539e
NaNISAaUEY LHB 91nn15uUSUN
a & v a A | a o &
ALOULEA28LNATA PCR LAYLTDUABNAR N

PCR fiUlIALABS pGEM-T tioau3aauduuuy

Aduiewingiie Escherichia coli DH50L Wuin
NATBINISAMEDNIALANUUDIMITAALEBN 2XYT

1n835n13 spread plate tialalatidvnuus g

a

ARLEDN 2xYT Nlla15U T Uz wounTaY uay

asraaeulpauiiléaeds colony PCR Tnansaa
YRR NARTD PCR 7ilineR3 electrophoresis
Tneld 1% agarose gel LazooandnAme PCR
U3uws 3 pllane nsnaaesiild marker Quick-
Load® Purple 2-Log DNA Ladder (0.1 - 10.0 kb)
NANSANYINUIN WARH Y PCR V09618819 P2
PGEM-T flutnauszanas & kb wanssannil 1
nan1siasunlasdrduinilelng
Tusunsnsnezilufl 4 (N4), 112 (N112) uae 309
(N309) Taeldinaiia Stedirected mutagenesis
wdtindng e Escherichia coli DH5 O waziile
MSIFEDUNUIINANA Y PCRUDILIALADS
PGEM-T il mutants wuihiauiauseana 4 kb

d

U

(nd 1) ndsandu §redudruduidn
mammalian expression vector laginnaiasia
OGEM-T 7ififu LHB 38 mutants vesdu LHB
uanagteulylfindnig Nhel way Hindll
WieLlUAsy vector 990 PGEM-T vector luifu
mammalian expression vector %'!ﬂuﬁﬁlﬁ] z14
PcDNA3.1 wu1 azldauveswaiadn pGEM-T
fif8u LHB w30 mutants vesdu LHB 2 wau
FauszneulUdodruvesdu DNA insert fvuin
Uszana 1200 bp wagauInuas PGEM-T vector
fluuraUssuna 3000 bp Andutihgu insert
WousaiunAmeS PcDNA3.1 wasnisdne
Irouduuwitiduieidngide Escherichia coli
DH5Q lasdntasnlaladuusinisanidon 2xYT
A18735n15 spread plate Tnalaladd@v1auu
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MBURVDITU LHB wad vin1snsiaaauleaudils

1975 colony PCR WU11 kaUNAnAme PCR

ol

P8919ALM5 PcDNA3.1 7l wild type n3e
mutants 99984 LHB Huu1nuszuin 5-6 kb
("t 3) antunsredeulrauiiladeioule]
Fas1um1z wazds sequencing 1o uduna
NINAADY

HAN15YINATERR pcDNA3.1 I8 LHB
wnareludueaduyiSeafiu Huh-7 cells 1nw
Lipofectamine 2000 lawiinguaiuAuAe GFP
ATG16L1 (reporter genes) Aiaszilagladndas
ama%laﬂqamimsuuﬁ 184310 transfection
72 F3lue s cell lysate LLa¢ supernatant
detnlUiszsinisuanoanveslusiu nuin
UsyanSninnisdeangludauvadugise Huh?
fiuszanes 70 Wl (it 4) avndufivivad
Wiemsavaaulusiu LHB #2833 Western
blotting Tnelduaufvediisiinizsdelusiiu
PreS1 wWul1dn1Tuanioonvedlusiu LHB
U1 39 kDa (Non-glycosylated) wag 42 kDa
(Glycosylated) (AWl 5a)

nan1sanwIn1TAnsulnaladiady
NA9IAINYININITATIVFOUNTUARNIDDNVBILUTAU
LHB Aaetoulesl peptide-Na-(N-acetyl-U-D-
glucosaminyl) asparagine amidase (PNGase F)
Ta® run polyacrylamide gel electrophoresis
7l sodium dodecyl sulfate (SDS-PAGE) wha g
¥msasavdeunsuanteanvedlUsiusnady
1n835n15 western blotting tnelduaufivedi
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glycosylated) thag 42 kDa (Glycosylated) 3n1g
Aaasuulasendulnaladiatu lunanafini
U1 wild type (P2), mutants #nums NG uag N112
ﬁmnﬂ%uuﬂmgﬂmumnmmamaaﬂﬂuaﬂ
TUsAuauin 42 kDa (Glycosylated) TutTu
sULuUNIsUandeanvoalysiy LHB vu1a 39
kDa (Non-glycosylated) waglaili an1swasuulas
vaudulnaladiatuly mutant f1umids N309

= '
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NAN1TATIABUNTHENIDBNTBILUTAU
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Uszunm 5-10 w1l wazdamnuidutulusau
ﬁwéqm PierceTM BCA protein assay kit mﬂﬁ?u
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afiaz 10 uniuasld First antibody selusiui
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(Cell signaling) kay PreS1(AP2) (Santa cruz)
AIEAIALAD9919 1:1000 Lazyiin1sUNTINAY
o 9Nl 4 DI waIged vN1aneeae TBS-T
buffer 3 a%a atay 10 wiluFudnld wazvin
mMyULsasIe Second Antibody (Mouse monoclonal

antibodies against GAPDH, Goat anti-mouse
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horseradish peroxidase conjugate (GAM-HRP)
(Santa cruz)) MeAALTB9919 1:5000 tHuan
60 W7t uazd1adae TBST buffer 3 A%t afaz
10 u#t w§ea1nfuriinis develope nadae
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Substrate Taeldindos Image Quant™ LAS
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paewaila site-directed mutagenesis Waz e
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2aleN13

Lane 1: Marker

Lane 2: P2 PGEM-T
Lane 3: N4 PGEM-T
Lane 4: N112 PGEM-T
Lane 5: N309 PGEM-T

AT 1 LauNanAwel PCR 9031AL93 pGEM-T 13 wild type %38 mutants 9838u LHB

#lga1nn1s run gel electrophoresis
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A 2 lalatvesSrouTuuuindunvasdu LHB

vegluanes pcDNA3.1 UuaWNsSARLEEN 2xYT

Lane 1: Marker

Lane 2: P2 pcDNA3.1
Lane 3: N4 pcDNA3.1
Lane 4: N112 pcDNA3.1

Lane 5: N309 pcDNA3.1

AT 3 WoUREASDT PCR vaaiiamed pcDNA3.1 7ifl wild type #io mutants vesdu LHB

AlgiannIs run gel electrophoresis

m‘wﬁ 4 Transfection 984 Huh7 cell line

Tneld Plasmid ATG16L1 #ifl GFP \uBusiesuma (reporter genes)
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pCONA P2 Ne N112 N309 e
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| —— g“ P — o) — Lane 9:N30SQ(+)
(b)

2199 5 (a) nMskangeanuadlusiu LHB insiadaulangnsiosaufuannaniesalusiu PreSt Tu
\waduz59iu Huh7 Aidaaneme plasmid pcDNA3.1 713 wild type %38 mutants ¥es8u LHB (b) 13

ps1vaauNsineulnaladiatu sreweuleal PNGase F hasikoufivadnsmizsalusiy Prest Tu

\waduziSIiU HUT Tideenede plasmid pcDNA3.1 #ifl wild type 3@ mutants 038y LHB
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Relative ATGOA Expression
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Glycosylation site

Glycosylation site
ATGSA LC3

(b)

A 6 nsuanseanvedusiuluiteslavIluwesuziSediu Huh? asadeulnensldueuRuoni
FuzmnlUIAY ATGIA, ATG12, ATG16L1 way LC3
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uiTedTTagUszasdiiednuianududuroudsinfisnduduldun danzd (zn)
uaw winila (Mn) waslavefdufis o uandon (C) Tusdadnansiiivnumnnnesauiiuiian
nansvesUszmelne Suldud SmiaRidng doum uunyd werursUsy uenanidvinnsdnwluddgdu
fnanedluisasmauddmiauassunsssdiumsidsuasdngd unmila uasueadesfivudeuly
Fnsietu (ED) axtiunUszgndliiileUsudiudnsnsududa namsdnwmwuindnafiiusiegsnuydls

a

Ju 7 nqu laun ngudnvnmvenusd dmvaali 41ivmay 91alsduess 9ndes drawmillen
wazd MUy namsAnwUI mATetaunsafuiesnedin liimme 26 fregs Tnewdadu 7 Q5HERH
Ao naudnnvvenzd d1aield dromen $1lsdueds dmndes Frantlen uerimdu nanmsiinsie
mANdaned waruieniladien3as atomic absorption spectrophotometer Wui Usinaudanzdinde uax
wmiaiede wunnilanlungudnndes Ae 16.193+1.322 me/ke WAy 20.788:2.385 me/kg ALY
Vsinamwesdanzdainsanuludnansi 7 nauegluyae 6.677 -18.614 me/kg druliunamesuuaniilad
msIanuLegluye 5.404-29.750 me/kg Amstuidouvewandiouade wunnlungudmilesds 0015
+0.016 mg/kg warUBinameuandlsnfinsianuludansia 7 naueglugg 0.001 - 0.050 me/kg U3
nsvulouvesuaniilonlaiiua wnsguifmualidnasdosduandeouldiiu 04 mekg
deUsudiu ED mnmsuslaadlu 1 Sunudn nsSududadansdindesotmiing (BW) Sa1 0.064
+ 0,008 - 0.092 + 0.007 mg/keBW/day d@unsSuduiausmilandeseimingaiiadaus 0.035 + 0.007
-0.118 + 0.013 mg/kgBW/day n155UduianAnLil LAl Adaus 0005 + 0019 - 0.138 + 0.083
me/keBW/day Amsfududadenzddetuiildandafiadesninfirmualile Susietu Tuvaeiivunida
funliuiesAuufinadidmun dunsiududausadondilifudnnasgiuiiimun uaglinennudes
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from Rice Markets at Central region of Thailand and Exposure Assessment
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ABSTRACT

The objectives of this research were to study the concentrations of essential element
zinc (Zn) and manganese (Mn) and toxic metal cadmium (Cd) in rice grain that was collected
from rice markets in central part of Thailand including, Phichit, Chainat, Nonthaburi
and Nakhonpathom province. Moreover, the Japanese rice samples that were sold
in department store in Nakhonpathom were also studied. The estimate daily intake (EDI)
of consumption of rice grain the contaminated with Zinc (Zn), Manganese (Mn) and cadmium
(Cd) was applied in order to evaluate the exposure rate. The result of this study revealed that
the 7 groups of rice sample were collected including, polish fragrant rice, polish Sowhai rice,
multi-strain mixed polish rice, brown rice (rice berry), unpolished rice, sticky rice and Japanese
rice. The result of Zn, Mn and Cd analysis by atomic absorption spectrophotometer showed
that the average concentrations of Zn and Mn were 16.193+1.322 mg/ke and 20.788+2.385 mg/kg
respectively. The highest average concentrations of Zn and Mn were found in unpolished rice
samples group. The concentrations of Zn in all 7 groups of rice grain ranged from 6.667-18.614
me/ke. The concentrations of Mn in all 7 groups of rice grain range ranged from 5.404-29.750
me/kg. The highest average contamination of Cd was found in sticky rice group which was to
be 0.015 +£0.016 mg/kg. The concentrations of Cd in all 7 groups of rice grain ranged from 0.001
- 0.050 mg/kg. The contamination of Cd in rice grain did not exceed the permissible guideline
(0.4 mg/kg). When assessed the EDI values from rice consumption in one day, it was found that
the average EDI values of Zn /body weight (BW) were 0.064 + 0.008 - 0.092 + 0.007 mg/kgBW/day.
The average EDI values of Mn/BW were 0.035 + 0.007 - 0.118 + 0.013 mg/kegBW/day. The average EDI
values of Cd/BW were 0.005 + 0.019 - 0.138 + 0.083 mg/keBW/day. The obtained exposure rates of Zn

NIATAMIVANENT UN 7 aludl 1 unsiax - Tguieu 2565



mailto:rattana.pa@ssru.ac.th

NIFITIMIVAITAT UNTINIAETIVANTIGIUNT

Journal of Allied Health Sciences Suan Sunandha Rajabhat University

in this study were lower than one day recommendation value. However, the exposure rates
of Mn exhibited the trend of exceeding the recommendation value. The exposure rates of Cd
did not exceed the standard value and it did not increase the risk from exposure of Cd

by consumption of rice samples that can be found in some area in the country.

Keywords: zinc, manganese, cadmium, rice grains, rice market, Central region, Thailand,

exposure assessment
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Whgsemelalu 1 3u dsauns’

EDI = [Cioq X Intake rate] / body weight

dlo Cry = Arududuvesansluwdedn
(Mg/KS to0a)
Intake rate = 8n51A15USIAATEANTHDTU
vpsaulny laoninunin aulneuslana
41@15 285 nSuUUIEIRO TS
BW = thweinwessnene (nn.dhwtinga)

fio 50 Alansu T¥nsAnuves Agusa uay A’

N13NTIVFBUAINYNABININTIVIAUINI
Tanzwin
a’mﬁsﬁl@fmmaﬁamm’mgﬂé’aamaamws’gﬁﬁm
langninunazasiinlagldnisvinnssuiunig
NAADY % recovery laglANa1sUInTgIUlane
wiin Zn way Mn finanadudiu 1.0 1.5 2.0 me/L
dau CdwIsuanudududl 05 1 way 1.5
pg/L aslu matrix blank AlAsnzuseavag 3 i
Tnedodl % recovery filiifinnin 95% uazlaiiiu
110% 1uN15AN¥I109 Alsaleh® Fananas
MIIVADUAIUYNABINUIIYNAIAUTUTY

A5 recovery 1 95% FulU Aam15199 1

M99 1 UAAINITATINADUANLYNABIVRINIATIVInUTINaUlany

Tavigniln YSuauansazaneuIngguy A inld % recovery
(Aade + SD)

Zn (meg/L) 1 0.972+0.06 97.23
15 1.482+0.14 98.82
2 1.967+0.05 98.36

Mn (mg/L) 1 0.999+0.03 99.93
15 1.460+0.04 97.35
2 1.995+0.01 99.76

Cd (pg/L) 0.5 0.492+0.06 98.46
1 0.982+0.02 98.2
15 1.533+0.02 102.22
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NaNISANEI

anwaznguaienedng

Kan1sANINISAUFIeE1dUsL
Tuiwe Jardiadeuim aainndeys a.dles Jamin
W Snnowles uar 8.u1lng JWMIAUUNY3
Suneaumsy SaiauasUgy daustd e Sumam
WAl 2661 - AAAL WA, 2562 WUFIDE1T17
syyBaunndefy 26 #2967 LagaNNTauUs
dmeonlalu 7 nqu Ao d1aveunzd draali
Framan (@niihinamansyialagawaiv)
1lsdiuess dramlled 91ldded (@ndes)
P
Ysualaveninludnn

PNMTIRTvidsinalaventn 3 viia
Tudnusazuuunuindnudasyiadusinalane
winfiunndnafuly TaeUsinalavgwindnuinn
flana1n 26 freg1efe dnzd lnedaiads +
drudonvumnsgiuvosinuiagiingzning
11.251 +1.535 - 16.190 +1.322 mg/kg Tuvaus
7 wnanilanulutiinusesasn Aewusewing
6.202+1.301 - 20.788+2.385 mg/kg du uanleumy
Youfign Taenuszning 0.002 + 0.002 -

0.014+0.024 pg/kg F1aviouNzd Fann5197i 2

WeNasanenaIuLaazUszsian

P

nauAieg1e nudndranieadnieagniiu

U

f78819310 81LABALNIURY TINTANTAS
fUsinudangd uaziusnilanniiane 18.614
mg/ke Wag 29.750 mg/kg MNNEATNU T998IUN
Ao NauFag1ItINGDe Mietnlidndlagazny

o

denegd wazuusnitlaunnigalutindeselass 2

=

AAUFIDE191N Tariadeun@etiusunudinyd

e

mﬁﬁqmﬁa 17.194 me/kg hazdnvliaLaeniul
wuummﬁammﬁqmﬁa 23.237 mg/kg @14
Usinamandlniinulusedhetaomanuiy
Framilendndeagnuuandonsniignite 0.050
mg/kg sosaunAetnduameiusinennledi

n13 AeNULAALE 0.045 me/kg AIR5199 2

o

Watsgaarsuusuiaadelanegnin

=

wiazstnanuntuntesnuin Usuiudanyd
wulu 419nde9 > d1lsdues > drmilen >
QU > G1ameuNgd > 91anti > 41wy
1 a o W a = I3 v

drunsiseeansulsunawuendaludndnigns

anunlurdeenuin uurldutguLfendy

o d

#ined Ao 91naee > Unbstues > Tnilen >

A a >

Ju > 91IeuNEd > T1wa b > T1nay

LA

417
dwsulaneminuendieusiodsediulBinainie
mnunlumiies wuin $ramden > Tndgiu >
I1NEDI = V1A > T1INEY > T1IveNNEE >

Imlsdwas aakansilunsan 2
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A58 2 USinaudangd (Zn) wisnida (Mn) wazianilen (Cd) Ansranuludniansusziansing 9

wiada ey Zn Mn cd
9819 mg/kg mg/kg mg/kg
Jdnd
JrvieutzAdese UUNY3 13.126 6.557 0.008
SRRV LIGIERITR UUNYI 16.315 17.611 0.003
IrvieutzFasuns UWNUI 14.855 7.472 0.001
ImendEaelass UUNYI 8.068 7.354 0.008
IrvieutraUnLsTil UWNUI 11.449 7338 0.004
IrvieuNsaazuNs Feum 16.343 8.181 0.011
Yrivieuszielass Foum 13.308 7.733 0.005
LQ%AIEJ 13.352+2.932 8.892+3.875 0.006+0.003
Irualaseys UUNUI 10.837 7.095 0.007
Pruatvideum UUNYS 11.983 7.872 0.010
Y1 Anang UUNYI 10.863 6.081 0.005
Pruantiunsadssd UWNY3 12.814 10.501 0.011
e bifiwaylan W33 9.879 5.404 0.006
\de 11.276+1.138 7.391+£1.978 0.008+0.002
Jruvdesgousonidn UUNY3 12.751 7.128 0.007
ARG ELELRY) WIns 9.592 4.464 0.002
dnanfoumi Foum 9.651 5.696 0.007
UTIHAUUATAITIA Feum 12.536 7.941 0.013
Irmanteum 2 Feum 11.724 5.984 0.004
Wit 11.251+1.535 6.242+1.341 0.007+0.004
drfthena
Inlsguess 1 WUNY3 13.043 15.689 0.001
Palsdivess 2 Foum 16.940 16.084 0.004
Wit 14.991+2.755 15.886+0.278 0.002+0.002
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wiiadna uraBAY Zn Mn cd
79819 mg/kg mg/kg mg/kg

11kt

Inndestauile UUNY3 14.693 18.471 0.010

Imndeselasst Foum 16.692 20.655 0.009

dndeselass2 Foum 17.194 23.237 0.006
LQSEJ 16.193+1.322 20.788+2.385 0.008+0.002

Gruntlen

rumileadideng 1 WUWNUI 15.183 10.432 0.010

Frmiendeng 2 WIng 18.004 9.335 0.050

Yrantlernssill UWNUI 6.677 6.482 0.005

Innilengnsenil2 Jeum 16.595 11.807 0.008

drumileadideng W3S 18.614 29.750 0.012
LQ’SEJ 14.167 +4.322 11.652 + 8.267 0.015 £0.016

dnasnsszine

g 1 unsUgy 12.862 9.553 0.045

(Weunlagans)

T 2 upsUgH 14.729 7872 0.014

fadu 3 unsUgy 14572 5.755 0.015

idu 4 upsUgH 13.894 7.038 0.022
LQ’SEJ 14.015+0.849 7.555+1.591 0.014+0.024

n1sUsEiuNSSUSURE

LUANNE TA1SEKI19 0.035 + 0.007 — 0.118

+ 0.013 mg/kg BW/day @1 EDLads ve4

Wewrdarusuraaunduduves
TavgninusazytnuiAiuiad A1 estimate daily
intake ®5® EDI9gWu31 EDI 99301505 1AA WAALNEUIAITY1319 0.138 + 0.083 — 0.005 +
FanzAdanadesening 0.064 = 0.008 - 0.092 0.019 pg/kg BW/day famnsnsfi 3

+ 0.007 me/kg BW/day @uen EDI indeves
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A1579% 3 A1 EDI (estimate daily intake) 99nn15uslnad1an il dengd wwsniila uazianiiew

%Tat172 Zn Mn cd

(mg/kg BW/day) (mg/kg BW/day) (ug/kg BW/day)

P1IoNNLE 0.076 + 0.016 0.050 + 0.019 0.005 + 0.019
(0.045-0.093) (0.037 - 0.100) (0.010 - 0.060)

Pl 0.064 + 0.006 0.042 + 0.011 0.046 + 0.012
(0.056 -0.073) (0.030 - 0.059) (0.063 - 0.030)

YU INE 0.064 + 0.008 0.035 + 0.007 0.038 + 0.023
(0.054-0.072) (0.025 - 0.045) (0.015 - 0.076)

gnalsdiuess 0.085 + 0.015 0.090 + 0.001 0.010 + 0.015
(0.074-0.096) (0.089 - 0.091) (0.003- 0.025)

P1andien 0.080 + 0.027 0.066 + 0.052 0.088 + 0.108
(0.038-0.106) (0.031 - 0.169) (0.020 - 0.029)

1nNded 0.092 + 0.007 0.118 + 0.013 0.050 + 0.013
(0.083-0.098) (0.105 - 0.132) (0.035 - 0.062)

fdu 0.079 + 0.004 0.043 + 0.009 0.138 + 0.083

(0.084-0.073)

(0.032 - 0.054)

(0.081 - 0.127)

wanewe) : fuavluiadufie Adnan - AgeEn

dsduazanusena
USu1uves dangd wuannld way

LAALTEUNRTIANUIUYTIIETIUNSANBIAS T

o

fUSuauAivanvate warduiuyiniuvesdn

4

wiazada 91nn1sdun1walga1d13lunnas
1MUY LU Aa1nn18Ys Jamdndeum Lol
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waznseaneluiiUusenalne Tnglanigd1iveu

v
o o
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o819 1eNNsAasuns Baduiusiveu
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v

ugd 105 1Hudnaunl Afsuedivly fandn
wunys wazdoum egrglstnudiudazuuy
9199019 91 UgnALaT U Tegdn e
Fendn dlud Famunedednddaiuies
Ty 9 viodrumdomneddniiuien
1nUnou 9 %a%uﬁ’uﬁuﬂﬁmwﬂqmmz
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d1afinaunaty 9 a1gWugdeaziisiaign
Wieanndiediluysagladniudesienndriven
uzd Tuunnstldmnauagg minlunauiud1idun

= £

iioudsguiduutls viedumeiien visuslaa
femsnaufuiinidunin 1wy 1amennyd
daudninsussimaiisisimieluiaassnaudn
1“3’14%Lﬂu%’nmmﬂﬂismmﬁﬂmﬂudaﬂmﬁ
iesnaulveenuilanewnsdiudunenis
ownsmadendinuldlufuermsdguialy
uaznsteniftethluuzsemsluniadon
dlofinnsanuiuna dened wuennia
wazuaaidouinuwuin wanideuinuly
nsdnwiassdlunniiegiedviualdiiy
AN TFIUYDINTENTHAISITAUGY sl

waatleuludarstadnaudasesdanluiiu

vy
Sa

0.400 mg/kg' Tngn1sAinwinTeiliiAnggaiiie

q

0.050 mg/kg SLuﬁ’JEJEJN%TALMﬁEJ’NT”lL‘UEJ’JgﬁLﬁU
f19819019710 onangwIuAUluTIMIANInS
Faor9asulaintranslunguiiegieidnu
Hmeidauvasaseannuanden deusydiv
A1 EDI vasupaidloalagltonsnnmsuslng 285 o/day

FeglndiAgesiuuSutanisusiaadiagn

a

nsueunde’ dvualily 1 Tunquuszvivu
lumsuilnadngniuas 8-12 Vil lag 1 vind
il mtnuszana 55 ¢ Fulofuaudamnuiy
zdfitdmdndnanyszuna 660 o/day siaild
miﬁﬂ‘mawmmwﬁaﬁﬁnaﬁmml,mulﬂL“?jmfwﬁ?u
dazgaindluluadaussanm 2.2 - 236
o/g”2 Gemneanuindians 285 g ijaﬁ’]mm

aztdsuidudignussan 627 - 6726

FalndiAssduuintanisuilnadingnues
Uszanwulne sieiiA EDI vosuanidloudimun
IgduliiiAuA81989R0 1 ug/BW/day'® ogasls
fan luwsaruiueaiimsuslaremseiingu
$2ufme FeguslnaalsazAnaIutinanses
Usuanistuienvesarsuafivluemsiite
wanldeenisSuduiaansinaiionnainis
Tngtamzansudnau 917 Wudu
USinaesussmiidniu dutudingd
wazunsmilaivinmsinuiluadeliosoudiou
fuvGamesuisnifiinsdnulunidedus
wudevesdangdfinuluinlne uazdndglu
fUsualndifsefudarsuduudiigaiing
578919849 Graham wazamz ! fisresuingan
wiazaneiusliviinadinsdasanlunindn
sl 13.50-58.40 me/ke TneuSanasitnuluadsd
arfitnadndifesfulsnadingdsesusiinu
294 Graham WagAnuzs™* 91nM3Anwes Phattrakul
waz ang Anvinudadarslunaisunas
wnzUgnlunansysswaty mnugnlufulnd
srfvsunaudinsdfuandrsfuidndesly

grwUdnn 919908 ward1INaed AIA1519N 4

v
o

Fuseeutunisinmesiinuiitnvedned
ALNALAEIAUNISSI89IUVBY  Phattrakul kay
Az WerUSinamesdinsdaniiuilndifes
AunnuSeuisunuIgtadviadnanla
UATAITIA warfivalaniuSunadengddaunin
Frdnaiiufegnsandamindedng Sauan
TiuIunaslandnudazuvasluszmalneg

edUSunudansdlut1inanaa uTI919310
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Ysunuvesdingdluiu waznssuiunislide
Wiatiusnemnsliiudn
ogalsfnmiosandanz@iluussin
fuyuddedlduanomaiesndediifiots
nszumvhauessenelnduund wu ns
Muveneulald nsuugad wazn1sdas
GRELRV TR 5ﬂﬁgqiwmamwwéwagam
daned ﬁqﬁuﬁamilﬁ%nﬂi’u R AVEHRRIGRE

o =

Tasutumnlasuunniuly nanmelasudanegd

a '

\iu 45 meg/Tu enafuiivroaioazeng q 162
Feduidieliuslnaldviasndangd Tediuunfn
Tunsifiudansalusmsvdnlaeianzd1iiivgn
srennslienislu viedennsAuiiiorasiiiy
Uinansavaudangalilusdadnn Gannlile
@sudengdnisluaziiuinadansdavanly
wand1alide 33.75 me/ke! Traiilothusunm
dangafinuluns@nwniinduaniinunisiu
duifadeunuit Annslafudengdadeuniian
3NN15UTIaAdINdes AsUseunm 0.092 +

0.007 mg/kg BW/day d@uminuilantninasay

a

lasutlosfianfio 0.064 + 0.008 me/kg BW/day
TngUsunatdlaWisuiuamnnsuaunsienrua e

Iesusioiulutdaiengsng 4 tu wudr wndulu

o}

quellnajinAyealslasyu 13 me/day Lavine
wieA5liSu 7Tme/day’® Fuilefiansauds
wu1 mnyaratuitindndiuseuia 50 ke
aslasudansAndedivs 4.6 mo/day wioAmdy
Sovay 35.38 vasnuapInIshuwaely 1 Ju
uay $08az65.71 ANUADINTIUWANGSIY 1Ty
Faldifivaneroninudesnisieiedldfudnyd
NAUNUINUNEIBY ag19lsAniuyIuin
Tudmasiorafismedenguussrnsioiind
fosdanzdluviunadosndy wuluinidneny

1-8 UAnenisdenzdussunas 1-4 me/day’®

v ¥
v =

uenaINNTAsudInsdlulaas Joduagduniu
wanedadesulann Ysurmdindiviiae was
duiind og1915fmu FAO/WHO 1éfmun
A1E9EAYRINITTULIINdInEEane1ms i
lainasiAu 0.3 me/kg BW/day' @slunnsinunil

nunAmAIlagsluRuafuald

M13197 4 WTsuiisuUsinadingd dnsranuludnansivgnluiunuseinesiig 4

INAISANDU kATINUITEN

Uszne Wufiu a7 Zn (mg/kg) unasdaya
fn0819 189U dradden  drndes 417917
Ju Suge 2008 18.20 17.60 - 15
RRIELN 2008 25.60 23.30 - 15
a1l Deeduns 2009 23.00 26.50 19.60 15
730 AU 2008 15.10 17.10 13.90 15
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Udssind Nufiu ar Zn (mg/kg) Lma'\‘i%'aga

A9E"9 89U dradden  d1ndes 417917

2009 14.90 15.50 12.10 15

ng Wealnl 2008 18.10 20.60 16.20 15

2009 18.30 19.60 - 15

AAG 2008 9.40 9.90 - 15
Msfnwd  uAsEdssA 2019 - 12.81%*

olass 2019 - 17.19*

fwadlan 2019 9.87%x

newme * naneds anliaindiandeselass2, * vunefeiilaandruanbiuasaisse,

= yyngfainfliandruanlvineadlan

Usinauuuandafinsaanulunisinenil
fivsinareutisidledisutunsAnwves Liu
wazanz ! fisreauuiinames wueniaedsi
asranuludndiuisaneiuglud3una 38.60
+3.73 - 58.85 + 5.1 mg/kg N5 uAnd1a

=< o

wiazvilnazinsazauvesuuaniila Yuediu

Uademangusznis sulaun aneiudninugnssy

TumsmuauMsRABLUTsWUANA1T MInzUgn

TRV LSS TUANAISTY LAgNIEUIUNTS

DT |

auaiiy maamumﬂ,‘mqgwLa%uLLﬁ'ﬁwaiuUﬂqﬁuﬁ
wsnfadunisiniisndudenisasradeide
nsvan lulu uazmswransymsiulawmselus e
wywd N1591A w8 L Suwuendaunfuly
zilnanos19n1e nsueude  lan1uualiin
grelneastasusuanialisingy 2.3 me/day
drundgslnemislasu 1.8 mg/day 91nn"S
Uszidiuen ED1 Tunsdnenifnuinmnuslaadm

ndosazla¥u wusnniaade 0.118 + 0.013

[

me/kg BW/day SamnusuiiiuuSunaiilasetu
dmsudsznvuhainga 50 ke azlduuaniila
Suaz 5.9 mg FaaztAuariitinun Tuvueid
nrsntvualilun1s@nwiann Institute of

Medicine (US) Panel on Micronutrients® 71%4l

'
a

Astasukuen ety 11 me/day Tuvmea
FAO/WHO" fAinune1u1nsgIuvedwuaniai
AITtAsudaTuaYgIENIng 0.11 - 0.13 mg/kg
BW/day

v [ [

T1dusmsnanveslssvrsulng
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Usgrsulnenimisnssiaznieden Yuiu

v oA
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ABSTRACT

This research is a combined method. Objectives 1) to study the service model of Thai
traditional medical cannabis clinic in the service unit of the Department of Thai Traditional and
Alternative Medicine Ministry of Health. This is a qualitative research through interviews and
focus group discussions to collect triangular data and analyze content obtained from a study
group of 12 people. The results showed that an effective Thai traditional medical cannabis clinic
service model must be four main components: service processes/procedures, staff and
personnel, facilities and confidence in service. 2) To study the level of satisfaction and quality
of life of service recipients. This is a quantitative research satisfaction questionnaire and quality
of life assessment questionnaire were used to collect data from 300 service recipients. The data
were analyzed by SPSS program consisting of frequency, percentage, mean, standard deviation
and statistics of T-test and One-way ANOVA. The results showed that four components of service
model had the greatest effect on the satisfaction of the service recipients. And quality of life
scores of service recipients in all 4 components, physical, mental, social relationship and
environmental moderate. When comparing service recipients before and after receiving the
service, it was found that the overall quality of life, physical, mental and environmental aspects
were significantly different at the .05 level. Have overall quality of life, physically, mentally and

environmentally higher than before receiving the service.

Keywords: cannabis clinic, Department of Thai Traditional and Alternative Medicine,

quality of life, service satisfaction
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ABSTRACT

This research was done in the form of action research. The purpose of this research is to
develop a health promotion model for the elderly. The research process included participation
from the community of Bang Nok Khwaek Municipality, Bang Khonthi District, Samut Songkhram
Province. The group which was used as a model for this study was further divided into three sub
groups. The sub groups comprised of 161 elderly people, 45 people who had involvement, and
45 people who provided care to the elderly. The activities that were used to develop a health
promotion model for the elderly followed the technique of participative planning process and AIC
to analyze the data. This was done using descriptive statistics, consisting of frequency distribution,
percentage, mean, standard deviation, and analyzing qualitative data with content analysis.
The results of the research revealed that the operation process according to the health promotion
model of the elderly, including community participation, consisted of six steps. The steps are:
1) studying the basic information and analyzing the area context 2) organizing workshops and
planning meetings 3) formulating an action plan 4) implementing the plan 5) supervising and asking
for results 6) meeting to summarize the results of the operations It was found from the study that
the health promotion model of the elderly in the community consisted of three activities, namely:
1) Health promotion activities for the elderly 2) activities to transfer knowledge to the community
3) morale building activities for the elderly. The results of the assessment included the factors
of the involvement of stakeholders, the general quality of life, and the quality of life of the elderly.
Following the research operation, it was found at the level of involvement of the involved parties

was at a moderate level (Mean = 3.13, SD = 0.81). The level of knowledge of those giving care to
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the elderly after carrying out the activities was at a good level (Mean = 1.76, SD = 0.58). The results
for the overall quality of life of the elderly after carrying out the activities was also found to be
moderate (Mean = 76.30, SD = 10.18). The quality of life for the elderly after participating
in the activities was also found to be moderate (Mean = 83.60, SD = 8.99). Finally, the overall level
of satisfaction of the participants was moderate (Mean = 3.27, SD = 0.61), and for the elderly
participants was also moderate (Mean = 3.35, SD = 0.56). In summary, the main success factors
of this study were the participation and involvement of all partners in every step of the process,
and continuous work by those involved to ensure the development of a stable and sustainable

health promotion model for the elderly.

Keywords: Model development, Elderly, Elderly health promotion
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ABSTRACT

The research was action research aimed to develop a waste management system from
dental clinics by using the participation of Siridhorn College of Public Health in Ubon Ratchathani.
The study consisted of 4 phases based on Kemmis's and Mc Taggart's action research of process,
planning, action, observation, and reflection. There were two target groups of: 1) 23 participants
in the system development, and 2) 129 participants in the evaluation. Data were analyzed by using
descriptive statistics such as frequency, percentage, mean, standard deviation. The results revealed
that 1) operational aspect: the planning through a participatory process towards the finding problems
can contribute to an actual activity plan, and the success, 2) system results of (1) solid waste
separation, most of the participants could separate the solid waste correctly, accounted for 72.50%,
(2) knowledge, most of the participants gained more knowledge at a high level after the training,
accounted for 88.54%, (3) overall participation, most of the participants participated in the activity
at a high level, accounted for 52.17%, (4) solid waste management behavior, most of the target
group performed solid waste management behavior at a high level, accounted for 68.99%,
(5) satisfaction, most of the system developers were satisfied with the project at a high level,
accounted for 78.26%. In addition, (6) the success factors resulted from the participatory process
associated with all levels of the participants who were parts of the problem and willing to initiate
a common guideline such as the follow-up plan, working encouragement to achieve the goals and

to push forward a sustainable approach to managing problems in dental clinics.
Keywords: Waste management system, Dental clinics, Participation, Developing waste management

* Corresponding Author
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The Development of A Model to Prevention of Drowning Mortality
among Children Aged Under 15 Years old in Tha Tum Sub-district,
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ABSTRACT

This study was conducted in action research to develop a model for drowning
prevention among children under 15 years of age. This model could replace the traditional
model used presently, which still looks at drowning deaths using the four steps of research
methodology: planning, action, observation, and reflection. This study was undertaken from
February 2021 until May 2021. The target groups of the study included 88 parents and 912
children younger than 15 years of age. The data was collected through group discussions,
observation, and interviews. This study showed that after the project was completed, parents
and children under 15 years old were more knowledgeable about managing risky water situations.
(p-value = <.001) Children under the age of 15 had increased survival skills in the water and could
protect themselves from drowning, as shown statistically. (p-value = <.001) The success factors
in developing the model include a straightforward operating procedure and easy operation.
In addition, the significance is the participation of the local people and building strong leadership
within the community including the support from the government sector to continue operating

within the community.

Keywords: Development, Prevention, Drowning, Children under 15
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