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INSTRUCTIONS TO AUTHORS

The Bulletin of the Department of Medical Sciences welcomes different kinds of articles i.e.
original articles, laboratory findings, review articles, general articles, letters to editor, editorials and
short communications. Every article must not be accepted or published elsewhere.

Articles published in this bulletin represent the research activities or opinions of the authors.
Contributions in every article will be peer-reviewed. The authors are responsible for its content.
Authors who are not influent in English should seek help from someone proficient in English.

Type or print out the manuscripts on A4 white paper using Angsana New font, size 16. Use
double spacing throughout the paper, and on only one side of paper with left and top margins of 3.5
cm, and right and bottom margins of 2.5 cm.

The first page should carry the title of the article, the author’s name, affiliation and a
running title. The second page should carry an abstract of no more than 250 words and identify
limited to 5 key words at the bottom of the abstract. The third page and next should carry the body
of the article. The structure of original articles and laboratory findings should be in the order of:
introduction, materials and methods, results, discussion, conclusion, acknowledgements and
references.

Introduction: The introduction should provide the hypothesis or the rationale for the
study. Give only pertinent references.

Materials and Methods: Give the full technical information so that the experiments can be
repeated. The sources of all materials and apparatus must be provided.

Results: Present the results as concisely as possible in logical sequence. Avoid unnecessary
graphs and figures. All tabular data, if needed, must be accompanied by either standard deviation or
standard error.

Discussion: Provide an interpretation of the results in relation to other relevant studies. It
must not contain extensive repetition of the results sections.

Conclusion: Emphasize the new and important aspect of the study. Link the conclusions
with the goals of the study.

Each table or figure should be prepared on a separate sheet. Photographic prints must be in

black and white, shape with high contrast and not smaller than the postcard size. Drawings are



clearly prepared with black drawing ink on white paper. In the text, an appropriate space should be

provided for each table or figure as indicated below:

for Table 1. or for Figure 1.

References appeared in the text, should be cited according to “the Uniform Requirements
style” (the Vancouver Citation style). The references should be listed numerically and in the same
order that they have been cited in the text. Only the original documents should be used as
references.

List all authors up to six authors. If there are more than six authors, list the first six authors
follow by et al (et al means “and others”). Use the title of the article or book as author when no
author is given. Only the first word of journal articles or book titles (and words that normally begin
with a capital letter) are capitalized, and do not use italics or underlining.

Each reference should be in the order according to the following samples:

1. Citing a Journal Article
Examples:

Hoorfar J, Cook N, Malory B, Wagner M, Medici D, Abdulmawjood A, et al. Making internal
amplification control mandatory for diagnostic PCR. J Clin Microbiol 2003;41(12):5835-7.
Russell FD, Coppell AL, Davenport AP. In vitro enzymatic processing of radiolabelled big ET-1 in

human kidney as a food ingredient. Biochem Pharmacol 1998;55:697-701.

Coffee drinking and cancer of the pancreas [editorial]. BMJ 1981:283:628.

2. Citing a Text/Guideline

Examples:

Greenberg AE, Clescri LS, Eaton AD, editors. Standard methods for the examination of water and
wastewater. 18th ed. Washington DC: American Public Health Association; 1992. p. 9-94.

The United States Pharmacopoeia. The National Formulary. 23th ed. Rockville: United States
Pharmacopocia Convention, Inc.; 1995. p. 373-5.

Thai Pharmacopoeia. Vol. I ( Pt 2). Appendix 1.1 Reagents. Bangkok: Department of Medical
Sciences; 1993. p. 1472-5.



International Organization for Standardization. ISO/IEC Guide 25. General requirements for the
competence of calibration and testing laboratories. 3rd ed. Geneva: International Organization
for Standardization (ISO); 1990.

Stedman's medical dictionary. 26th ed. Baltimore: Williams & Wilkins; 1995. Apraxia; p. 119.

3. Chapter in the Text

Examples:

Phillip SJ, Whisnant JP. Hypertension and stroke. In : Laragh JH, Brenner BM, editors.
Hypertension : pathophysiology, diagnosis and management. 2nd ed. New York (NY): Raven
Press; 1995. p. 465-78.

Bennett GL, Horuk R. lodination of chemokines for use in receptor binding analysis. In: Horuk R,
editor. Chemokine receptors. New York (NY): Academic Press; 1997. p. 134-48. (Methods in
enzymology; vol 288).

4. Legal Material

Examples:

Airlines Equipment Amendment Act 1981 (Cwlth), s. 19(1)(a)(ii)

Public Service Regulations (Cwlth), r.83(2)(a)(ii)

Preventive Health Amendments of 1993, Pub.L. No. 103-183,107 Stat.2226 (Dec. 14, 1993)

5. Organization as Author and Publisher (Including pamphlet & Package Insert)

Examples:

Department of Medical Sciences. Guideline of method validation used in pharmaceutical
analysis. Nonthaburi: Department of Medical Sciences; 1995.

Pharmaceutical Society of Australia. Medicines and driving [pamphlet]. Pharmaceutical Society
of Australia;1998. DR-7.

Lamasil [package insert). East Hanover (NJ): Sandoz Pharmaceuticals Corp; 1993.

6. Citing Conference Papers/Conference Proceedings

Examples:

Bengtsson S, Solheim BG. Enforcement of data protection, privacy and security in medical
informatics. In: Lun KC, Degoulet P, Piemme TE, Reinhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics; 1992 Sep 6-10; Geneva,
Switzerland. Amsterdam: North-Holland; 1992. p. 1561-5.



7. Citing a Newspaper Article

Examples:

Lee G. Hospitalizations tied to ozone pollution: study estimates 50,000 admissions annually.

The Washington Post 1996 Jun 21; Sect. A:3 (col. 5).

8. Dissertation

Example:

Kaplan SJ. Post-hospital home health care : the elderly’s access and utilization [dissertation].
St. Louis, (MO) : Washington Univ.; 1995.

9. Citing Internet and Other Electronic Sources

9.1 Journal on Internet

Examples:

Morse SS. Factors in the emergence of infectious disease. Emerg Infect Dis [serial online] 1995
Jan-Mar [cited 1996 Jun 5]; 1(1):[24 screens]. Available from: URL:http://www.cdc.gov/
ncidod/EID/eid.htm

Garfinkel PE, Lin E, Goering P. Should amenorrhoea be necessary for the diagnosis of anorexia
nervosa ? BrJ Psych [serial online] 1996 [cited 1999 Aug 17]; 168(4):500-6. Available from:
URL:http://biomed.niss.ac.uk

9.2 Websites (WWW site)

Examples:

Hoffman DL. St John's Wort. [Online]. 1995 [cited 1998 Jul 16]; [4 screens]. Available from:

9.3 Web Based/Online Databases

Example:

Kirkpatrick GL. Viral infections of the respiratory tract. In: Family Medicine. 5th ed. [Online].
1998. Available from: Stat!Ref. Jackson (WY): Teton Data Systems; 2001. [cited 2001 Aug
31].

9.4 CD-ROM & Books on CD-ROM

Examples:

Clinical pharmacology 2000 [CD-ROM]. Version 2.01. [cited 2001 Aug 7]; Gainsville (FL): Gold
Standard Multimedia; 2001.



The Oxford English dictionary [book on CD-ROM]. 2nd ed. New York (NY): Oxford University
Press; 1992.

9.5 Journal on CD-Rom

Example:

Gershon ES. Antisocial behavior. Arch Gen Psychiatry [serial on CD-ROM]. 1995;52:900-901.

9.6 Other Software:

Example:

Epi Info [computer program]. Version 6. Atlanta (GA): Centers for Disease Control and

Prevention; 1994,

For further information see

URL: http//www?2.dmsc.go.th/'Web/DMSC,LIB/pages.html

URL: http//www?2.dmsc.go.th/Web/DMSC.LIB/VANCOUV.PDF

Abbreviations should be based on the U.S. National Library of Medicine in Index Medicus.
The body including tables and figures of original and review articles should not exceed 10-25
pages, and for other kinds of articles should not exceed 2-15 pages.
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tﬂasaaﬂlﬁﬂuagngmmm"lumaaﬂigmw

W2tagd Mouse Neuroblastoma

and souasalsnd  Nydl ITennmed  a@en Junsanisd @6 wemwe
%4 Q(Qw L

wazAnMITe daunad

aonidveanulns nsuinenemansmsunnd ouuGauud uuny3 11000

UNARED ﬁﬁaagulmmnamfﬂﬂiznaué’mman'u‘[wé’ﬁuaa Namanvalunmsiusandiegu (oxidation) waw
anaazlFlumsussimaziedeannasndesuimifanszuiumsidenusaraduszanla msAnwililanaaau
andunilasadUssanmasansanassemusannilaendu (EHB) uaztiie s (EHW) aeanznanthaanuiudiv
mﬂvl,a‘[mmuLﬂa‘iaanlszfﬁua‘vﬂammmluwaéﬂsvmvuwmﬁwm mouse neuroblastoma N1E-115 WuT mMIduNasIy
(co- exposure) senINasana EHB ‘wsa EHW uaz glutamate [Wunan 24 #las anadiwaunileamsmevaasad
W2Ase N1E-115 NNNGANLNA yauziansanamn 2 sialiusasmalnlasmsmevauzasanlalasauiladoan e
msdnwiifausasnalnmsaangnilnileamadiszamuasansananznanininlivhazfiendasivdd Mitogen-
activated protein kinase (MAPK) waz30 Phosphatidylinositol 3-kinase (PI3K) éfﬂﬁu nalniuuaulums aaﬂfmé
Unileawaguszanmussansananznanhsalaiifuiuise Simsdnwisaievensnadaly

Accepted for publication, 25 November 2013

msminimwmmammiu:w"nﬂ ’? -
U7 56 prfui 1 unT1AN - fnaw 2557 O



Neuroprotective Effects of Makok-nam Sadudee Rattanajarasroj et al.

NN

Nznan wIaai (Elaeocarpus hygrophylus Kurz.) W luned Elaeocarpaceae anii

s uliidurinalvg nsaunandsuneiiu wasnadudinmauas ludluluden Muluiidues aanasn
1 = 491 9/491 v o k4 A c’
Wudanssanlu watdns saenshe Wumalsivuthueaslng ssnsathinldduems® (mwi 1) arsiny
-~ & ] . = .o prg ¥ A
Tudinanail Aa ansnaunalussd (Flavonoids) Failuansusenau polyphenolic fignamendainenviane
] ) polyp
' Ao o 1 v a o . . _

ot Uszleminehaguasansusznaunguil s malluarsimuaandiady (antioxidant)® ™ nmsnuniu
550unssNANedeslumsdnm lunasanaass (in vitro) legldmadiwmizides wuhn asusenauunziia
huenlanniiluana Elaeocarpus wu cucurbitacin F fianuiiuivdawasuziumzides laun human
oral epidermoid carcinoma KB cells w82 mouse leukemia P-388 cells lagiia1 median effective dose
(ED,,) daumnansaanuuutumsimidiiaanuiuivdsmasimzidauiusasas 50 1y 0.074 uaz
0.04 lulasnsu/fiadans mumeu™ waziisenunwuil a5Usenau cucurbitacin D wag cucurbitacin F
uenlannigluanaiiilviiieenuiuivdawaduziSumziassssay laun human lung cancer,
human colon cancer, human oral epidermoid carcinoma, hormone-dependent human prostate
cancer, human telomerase reverse transcriptase-retinal pigment epithelial cells tta2 human umblilical
vein endothelial cells TagasUsznauin 2 #ile den ED,, daeni 0.5 lulasniu/Aadans® wananil
a 1 a A& v ¢ . . P v o~
fingnun msdsznevunsiianidueyiusues ellagic acid Musnldnniizluana Elaeocarpus s1un3n
v & a a & . . B a o LY [ ' v v
gugemsiadaiulavasiie Babesia gibsoni #ilumndafinulugia® uazdainuhasanadismmusa

- g £ v & ()
nnluzasigluanaifignsiueinass

AW 1 wenanih (Elaeocarpus hygrophylus Kurz.)

MzeseaNnNMsiineandety (oxidative stress) wmﬂﬁqmazﬁﬁmmmauQaszwiwqaqaﬂaﬁai:
(free radicals) 138 reactive oxygen species (ROS) fiuahs antioxidants Feadaralitiamsyansdala Lana
meluseme wu fewe Tseu uazluiu (oxidative damage) nMe oxidative stress fanutieandalosnsa
fumstalsaiignfuamudonyaalszam (Neurodegenerative disease) TngU3namaa free radical wia
ROS 110 M l¥ias antioxidant fiusinaliiiieawaivnlvwaduszamgninareviaunaiu tiemsmeves
wadUszanm wazna Linalsama 9 wu lsadaluiwes (Alzheimer’s disease), 15@3nudY (Parkinson’s
disease), Huntington’s disease, Amylotrophic lateral sclerosis waz Neuroinflammatory disorder
Wlueu ﬂaqﬂuﬂszmﬁulﬁ'%’ummnﬂﬁmmumn neurodegenerative disease 64 ) “ﬁxi Alzheimer’s disease
Wae Parkinson’s disease tissnnulasmmzlulssmanmaaiann® ™ TsadaSunaiidnarhlimsrny
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YANANDIA DENNINLENIUTHANTENUABMINNY wasmM3laFiadseiiumldaumndiovelssmng
GAGREGIION

Talasaunlasaanlad (hydrogen peroxide) tflusieadu (precursor) YBND YYD DNTIAY
(oxygen radical) ‘ﬁ'agimﬂ"lumaﬁ hydrogen peroxide AolilinmIe oxidative stress uaziia oxidative
damage enuan duualitiaUfA3en lipid peroxidation yaslasiududisainmsmeassad? daungaUn
(glutamate) L‘Id_]uﬂ’iﬂBsﬁiuﬁLﬁﬂiﬁlﬂﬂﬁUﬂ’liﬂ‘jzﬁi’u (excitatory amino acid) vaassaaUszamiiiasas
fum3nszdu (excitatory neurotransmitter) dhdaluszuudssamdiunan Tasfiunumddalu
neurotransmission, neuronal development (8¢ synaptic plasticity Nﬂuﬂﬂiﬂisﬁuﬁ’ﬁUﬂ N glutamate
(glutamate receptor)* " m3nszeu glutamate receptor nniiululagmmnz N-methyl-D-aspartic acid
(NMDA) receptor [uamgliiiamsmenauzas™ nalnzasngmualumenliiiafivdemadszanmiy
galainnuuwide NNNBNUMIIBNUD glutamate ana liiiadivdamaduszamlaloamsnssduaulyd
fifedaaiuuaaiBen’® manszdu nitric oxide synthase® wazmsads ROS nlulanouiaia”
Fatlasamaiidanaliiiamsmevagadiszam

Mitogen-activated protein kinases (MAPK) Lﬂuﬂz@:mmLaulsnﬂﬁﬁmﬁ'ﬁﬁLﬂum‘%aﬁmmuqu
msrhanuasgadlumiiinanee g laud msadadulavaswad (cell growth) mstinsIwEas
(cell proliferation) msaguanM WeeTas (differentiation) wazmsmevaunad (cell death)®®
wulwinguiihnulegtfuamuaminsalumsnaueastlstudhwnefisnwmnemelueed Toamadum
Woswawh e Tusiuthmng o sunisnsnasiily Serine e Threonine #31W1z® MAPK 34
é'mﬂuﬂfcjmaul%ﬁﬁﬁﬂﬂiw Serine/Threonine kinase msasdyanaludi MAPK laun MAPK was PISK
signaling pathway fianwiiludemsidinagsaaveunas

Lf“immﬂﬁwé'ﬂgmaﬁ'uagudw & antioxidant maastlastumsiiawendamwannmsidenyaad
Useannoulunainan free radical la u,asmiaﬁﬂﬁlﬁmnﬁmgﬂwsmﬂamigw Fuduuvasasssusznay
fiflgnaiu antioxidant® anaeansadlasiunisanmsiianwensamuiila liaemsmevaszadiszam
swmanaiidnemuisnihimiiowssiannds lUile litestuniagzaanszunumsidawaugaslszamsuia
PNz oxidative stress Fedsluiitoyavdonangiumainenmansaiuayy Gy maIdedelddnmngnd
Unileamadiszanmussansananznantn laemsusuiivnasasansananznanindawadlssammzdaaing
wazmadUszanmnzEasivh IWAamsnaEunsemean hydrogen peroxide uay glutamate luisad
UsEaminzaes mouse neuroblastoma cells uanniigisesaladntnnalnmssangnizasnsanauznanii
Tasmsinansiudammedamsaedyanadudd MAPK uaz3d PIsK lu mouse neuroblastoma cells 62

1. fadningdvayulns
Fumummdetanznamhdmiviadaiis uasanaszyriionsanmidusesdduiiieh
inldfuiagavlumsAnmidenniuiismiaunumi nanmsenassiiomavdnaynsuiswiis lasende
ONETINMNSAAEITBI® ™ WU wznennidengnumansin Elacocarpus hygrophilus Kurz.
1d Elaeocarpaceae (vl.ﬁlﬁ'ﬂﬁ’léf’saiiNW‘i‘imlﬁluﬁ'ﬂ51\15\‘1 (voucher specimen) A8 N. Chansuvanich,
v

W. Jirawattanapong and S. Ontong 3369 waztAusnen BNANsH asiiansadInenenansmsunne (DMSC)
Togiinaneaanssa lizasNNs A aainsnsuAnenemansnsuwng Aa DMSC 5173)
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2. 35MINAaag
2.1 Maessnaulng
Whawild de sy anuenileliuszwdanduasnaniu uenshuiuswdn 1 aulvu
gl 50 asenwaides uaitlumvenuuasfulilumaustlaadn
2.2 MILGITNEIIFNG
sy ulwsuiesudazduildasduliine 100 n¥u sedsudumsadalasmaninly
@MUBA 95% TIIU 3 S UUASIBE 3 U NIBN LLazﬁﬂﬂi:Lmu,tﬁ'mmﬁl@i”qmmﬂﬂmé’mLﬂ'%lm rotary
evaporator (Rotary vaccum evaporator, Biichi, Japan) Igansanasuiiolsl (EHW) wazdrulannau
(EHB) Toafusanasnsiianald (s yield, wt/wt) 1511 2.16 % uaz 4.27 % muaeu hansananlaanazae
faemuaarignsudiiendmhlildanududuiidasms lumsdnwnilldimsnmuauqummwmaail
agansanalag lfnaiianmalasunlons1Weeds TLC fingerprint
2.3 MSLAIINTAFINZLAE
maﬁﬂszm*nwaﬁyﬂqﬁiﬁlumiﬁﬂm @8 mouse neuroblastoma cells, N1E-115 (American
Type Culture Collection (ATCC), USA, Cat.No. CRL-2263) passage number 23-30 1N5a8L2IUa08
(cell suspension) 1dluealEeawadung 25 MNUBURLNGST ﬁmfaa"lﬂl,ﬁyaﬂuﬁﬂuL?:mmaé%ﬁﬂmuqu
famsuaulasanlyd gamgd 37 asrnuwaidaa meldanns CO, 5% deawnsiaeuzad (DMEM-high
glucose; Sigma-Aldrich, USA, Cat.No. D1152) ##l sodium bicarbonate 3.7 Naanin/Nadans, fetal
bovine serum 10% (FBS; Hyclone, USA) uazenujziue penicillin G sodium (100 giia/iadans) wag
streptomycin (100 lulasnsn/fia8an5) WU 5 - 7 Su waINTUdpeEadaE trypsin-EDTA 0.25%
1%1@ cell suspension u,é'aﬁwlﬂi‘]u‘[ﬂﬂﬁl%lﬂ'%mﬁu%ﬁﬂmuquqmmﬁ (Sorval RT7, USA) meansl 1,200
saudawnil aoumgil 20 ssmnuaLFea Wum 5 17 udni cell pellet aifis DMEM #iii FBS 10% uazin
v cell suspension ﬁuﬁmaumaﬁﬁﬁ%‘imﬁm hemocytometer Tags trypan blue exclusion Wazingad
Tdinzi@deadatiio (passage) Tasmsutaldnamnzidsamaslutning 75 MaEuiues tainsny
a8 Lﬂ?;auamﬁl,?iymmaénﬂ 2 - 35U waMsIzEEIeRingn dlarar 1 A3 wiadlalwadiiia
SuUszanm 80 - 90% Yaafiue
2.4. MIGIBNTATAMSUMIMAFTAUNIERNYBITAFUIZaM
THuuuasaimlwmasUssamnaduniamesny 2 wuu A Mstaldunsemamezas
wagnnenneNuduRsye hydrogen peroxide %38 glutamate
2.4.1 MSESBNTATINZEBIEIIUMIMAsaUNSIHaNYasadszamaIn hydrogen
peroxide: L?:mmiaa' N1E-115 Tu 48 well plate TogANNMNLULIDIZASBNAL 3 X 10° 1988 /M3
wudmes meldanz Co, 5% dunm 4s Hlw ndenniuasuansidssgadifuuuulaifizsy &
Usznauais DMEM-high glucose (Sigma-Aldrich, USA, Cat.No. D1152) #i#l sodium bicarbonate
3.7 fadnin/Fadans enjFue uaz N2 supplement laun sodium selenite (Na,SeO,) 30 inluluas,
human transferrin 30 lulasn3y/ 1488893, bovine insulin 10 Tulasnsus U8aan 3, progesterone 20 nlu
Tuans wow putrescin 100 lulasTuad thigadimzdssilluldlummessmdmnangld 48 $la
2.4.2 NEATINTEASINHEIIE BT UM IMaTaUM S HaNaswasUITaman glutamate:
(Beaad N1E-115 lu 48 well plate Madaudieas poly-D-lysine 100 lulasn3u/fiasans laaany
WNUUUBITAS BN 4 x 10° ad/mIuudmes meldanmie CO, 5% \flunm 24 Hlaa ey
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Lﬂﬁlﬂummitgﬂqmaﬁlﬂu DMEM-high glucose (Sigma-Aldrich, USA, Cat.No. D1152) T sodium
bicarbonate 3.7 #aan3n/Haaans, FBS 0.5% uazenudiuz uaiin dimethyl sulfoxide (DMSO) 1.5%
Tusmnsiaeasad tnziasuradaalusnauasu 96 sl Jnhwadluldlumsnesesls (wadimnziEe
N1E-115 gansawlasusmmw (differentiation) lameldansfifzsucmuazil DMSO® )
2.5 AoMINAFaU
2.5.1 MInadaunstiaszasmaglszaman hydrogen peroxide

1) MIMANNTNIUYD hydrogen peroxide fimanzandansnadausaslszam
WNELEEg

(309 a158818 hydrogen peroxide 30% (WgUWNAU 9.794 lua13) @8 Phosphate
Buffered Saline (DPBS; Sigma-Aldrich, USA) 7i# MgCl, 0.100 n5%/805 (DPBS Usznauais KC10.200
N51/803, NaCl 8.000 n34/805, KH,PO, 0.200 n54/8935 waz Na,HPO, (anhydrous) 1.150 N54/8015)
talwlaanundudng o fidaens thiwasmnedes N1E-115 (3 x 10 98d/mM51audimas) g 48
#las snidinsnsazans hydrogen peroxide NANNENT 25, 50, 100, 200, 300, 400 az 500 laulaslyas
avluadimzdsudasquudiassdafiunm 24 lus drumadnduauauliids PBS Tulsinasiniy
wasntulszidiu cell viability 1n805393062838 MTT reduction

2) MsnAdaunazatasane EHB waz EHW wasnznaninaagasilszan
wnz@salnd

arangasane EHB way EHW wmmnaﬂﬁﬂmamuaaﬁqm§ LaLLInNA 8
sterile distilled water tita 19 laanadaiiuehs q Adasms (enuinBuganeraaaMuealiiiv 0.1%) wad
NzEEs N1E-115 (3 x 10° 1588/M5NRURNGS) g 48 # s 3iein EHB via EHW flenudagu
0.5, 1, 5, 25 Waz 50 lulAsn5u/Nadans aﬂuL‘ziaa'l,wwsl,?:mu,eiaswquu,a"m,?;ﬂwimﬂunm 24 371319 uazLA
@IMUBA 2.5% LuUSnasunnu (enudnduganesasamuaalaiiv 0.1%) lunsdnguauan waaniy
Uszdiu cell viability laaas1230me35 MTT reduction

3) MINAFaUKAYEIEsane EHB waz EHW 2aiaznanindamsunaiuuas
mMsmezamaglszamiiiaan hydrogen peroxide

VN EINLEI N1E-115 (3 x 10° 598/ NBURNAT) ang 48 Tl sdinansana
EHB v3s EHW fienausuiu 0.5, 1, 5, 25 waz 50 lulasnin/iadans wianiudy hydrogen peroxide
200 luTasluans luadimnsdsudasvauuazdadaiiiunm 24 alus Snndumanagauliidumsaniod
enuntuding Wune 24 $lue Aeudn hydrogen peroxide 200 lulasluand udhwadliidsade
Hune 24 $la wosdn PBS lutGnasuhdulusadnduauan ndsantiulsadu cell viability Tog
757270628795 MTT reduction

2.5.2 MInedauNstiaszasEadlszaman glutamate

1) MsmanuENEuad glutamate fiwanzandanmsnagauagUszamnzan

azae glutamate ua glycine 14 sterile PBS (DPBS fiunenn MgClL,) UaIDAN
¢he PBS titalilganuudiusudng q figeams ihumadimnziaes N1E-115 (4 x 10° 1988/MT@UALN0T) g
96 T3 usaerauINLin glutamate Hemuuiasy 1, 10, 25, 50, 75 WAL 100 NAHLNAIS WIBNNULAN glycine
fanudugy 2 fedlumd wdrdssdadiune 24 %l wosdn PBS Tuliinesuwhduluadnguaiugu

nasnnuulszdiu cell viability loaas1a3aaeid MTT reduction
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2) Msnadaunazasasann EHB uaz EHW zasuznaninaagasUszamne
@eaUnd

TadnzEes N1E-115 (4 x 10° 88 /M5195UHHNA5) 211 96 #1119 udaEMgUAN
Wuasane EHB v EHW fienauidusu 0.5, 1, 5, 25 uar 50 lulasndu/fiaaans udrasdaiiunm 24
#la womdnamuea 2.5% lutBinasundiu (enududugameesamuaalaiiv 0.1%) luadnduaua
wsntulszdiu cell viability Iagas1a3a62e38 MTT reduction

3) MInedaunavasasana EHB waz EHW zasuznaninsansuiasuuas
mMsaszaugaslszamiitiaan glutamate

iisadnzides N1E-115 (4 x 10* cell/em?) 81 96 33139 udaznguaniduansania
EHB w30 EHW fenusugu 0.5, 1, 5, 25 uaz 50 lulasnia/iadans wianfulis glutamate 50 fiadluans
uat glycine 2 s lums uddseafluna 24 g '5ﬂﬂEjumimaaﬂﬁlﬁumsaﬁ’mﬁmwLﬁuﬁ'ué’ﬁﬂén
flunan 24 #lue foudn glutamate uay glycine udnihwagluidsdafiunm 24 $lue uaziiin PBS
TudFmnasuhiulugedngueuan wasnniulsadu cell viability Toaasaiade3d MTT reduction

4) m's*nﬂﬂa*uwawmmsﬁ'uégamww MEK inhibitor (PD 98059) %3a PISK
inhibitor (LY 294002) Giﬂﬂﬂgﬂﬂ‘i’]aﬂL%ﬂﬁﬂi%ﬁ”l?l?lﬂx‘lﬂ"liﬁﬁﬂ EHB ttaz EHW ?law::ﬂamf1
famIuaFunazmImerasgasuszamiitinnn glutamate

azang PD 98059 uay LY 204002 Tu DMSO Tvilaanudndy 50 fiaalaas thudlu
stock solutions figaumgfi 20 asmnizaiGed wazidamede DMSO wislildanudduiidasms had
iziAes N1E-115 (4 x 10" cell/em®) 87 96 #laa st 7 QGLY il

nguil 1 lunguenuau s DMSO 2.5% (anudutugahediu 0.1%) Wunm 2
Flue Wasuemsiasaraduadiv DMSO 2.5% TuuSinasuhdia

nguil 2 wor 3 LAneNs PD 98059 30 lulasTuas uaz LY 294002 40 lulaslumd
auaey Wluna 2 il Wisuemsidsusadudiines PD 98059 uaz LY 294002 Hamnsdugu
WNLAN MNEIAU

ﬂq'aﬁi' 4 fin DMSO 2.5% (anudndugareiiu 0.1%) Wunm 2 e wWaey
IMSLAENASUAIAY glutamate 50 faaluand waz glycine 2 Haaluas

nauil 5 16in DMSO 2.5 % (anasasuganeihi 0.19) dunm 2 #la wWasuawns
Berasudinesate EHB via EHW fienuduiuit 50 lulasniu/iaddns wianfuiiin glutamate
50 Naaluas uay glycine 2 Jadluans

nguil 6 iwans PD 98059 30 luTasTuand iflunan 2 s wasuamsidsazedud
Winasane EHB vwia EHW fenadadui 50 lulasniu/fiadans wiauiuiiiu glutamate 50 dadluas
uaz glycine 2 fadluas saunutdnans PD 98059 30 Lulasluans

1
T

naNN 7 HxET LY 294002 40 Wlaslyas una 2 Hala wasuamsiaeasas

9
<~

wdiinansane EHB vsa EHW fienaudusud so lulasnin/fiadans wionsudia glutamate 50 fadluas
uaz glycine 2 fadluans saunuLdnans LY 294002 40 lulasluans

wﬁqmnﬂv'uﬁwLﬁaa’lﬂtﬁyﬂmatﬂunm 24 %"a‘[m uaUsediu cell viability Tegas123ameId
MTT reduction
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3. m‘sﬂszuﬁuQmmwuazmwagjsamlmL‘ma”
3.1 M3Usztiu cell morphology
a o ' s = ' v Y ¢ a
amumsilasuulaizusn (morphology) 2auLradinIzLaes Iﬂﬂﬂmﬂiﬂﬂamﬂqﬁﬂ’iiﬂuﬁuﬂ

#INaU (inverted microscope, Axiovert 200, Zeiss, Germany)

3.2 My¥asmnuesniIalagds MTT reduction

a51I0Ea8 MTT reduction 728335 colorimetric laganuuasanIduas Mosmann (1983)°
&ail @uansazans MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenltetrazolium bromide) 10 lulA5ans
(5 Naansn/fadanslu PBS) adlumasuasudazvan (anuwndugaine 100 lulasniu/iadans) waiih
Lszfaél.wwsl,ﬁymlﬂﬂﬂuﬁauwazl,%ya aoumndl 37 svenuaded une 1 il wé’qmﬂﬁu@,ﬂmmsLﬁwﬁmaﬁﬁq
uaztin DMSO 200 lulasans asluudazvan gaarsazarsuaudazvnawlalu 96 well plate uanhluinen
ms@ﬂﬂﬁuumﬁm Multi-detection microplate reader (Synergy " HT, Biotex, USA) *?immﬂnﬂ?;u
570/620 wluuas A1 MTT reduction waaslugizasspsazilFauisuiungumuauindinunn

(AM3ganauusianguilasuasnsaayulng x 100)/@NM3QANFULTIYBINGNAIVAN

4. nw’imswﬁﬁ'agawmaﬁﬁ

Fayannamiiausluglmimas (mean) + MANNANALAFDUNINITIY (standard error, SEM)
Togewdgzasuaazdayainann 6 3ae (n = 6) Nludaszaany uazudazdiagrhaug msuSauiisu
ANNUANGNYBIMIRAENINNT 2 NgX 1% Analysis of variance (ANOVA) wazt3autiiaudayaiuanenaniy
nsdianaudsusineaam 2 nguliuaneaniuld Scheffe multiple comparisons wasnsdianuulsusiuuas
& ] ' o v . . 1 o v ] o o Y A &
49 2 NANUANGNAULY Tamhane’s T2 multiple comparisons @ p MpENT 0.05 H3aNILAUANNTBAY

95% DO NAANNUANGENDENNUHHIAYN NG

W

Iumiﬁﬂmﬁlﬁﬂimﬁummaguisamla\imaﬁ (cell viability) laen15@53970 MTT reduction
%ﬁtﬂuﬁ"dﬁ"‘gﬁ'ﬂﬂ 24 mitochondrial viability/ activity Toeaulysl mitochondrial dehydrogenase lutzas
#§330 uaz mitochondria ‘ﬁﬁ’qﬁwmagifrmmsmﬂﬁ'ﬂums MTT (3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (e53waaq) TUiflu formazan (1583i19) fildazananh wasniiu azas
formazan @s DMSO Aeuhlliammsganduuss Tasdiiisduiivsuanfemsiiiy total metabolic
activity A9 MsNIUIDILAFIFIASaM sty MTT reduction

1. mMsnadaumstiasvasdadlszaman hydrogen peroxide
1.1 MIMANMTNTUZa hydrogen peroxide fitanzandanismadauigasdszain
RVRETCLTE
wadUszan N1E-115 §uianu hydrogen peroxide fianudngu 25 - 500 lulasluand
Hlunan 24 5l udaszidiu cell viability Tog3ase3s MTT reduction wudh hydrogen peroxide 7
ANNTNLIY 25, 50, 100, 200, 300, 400 La: 500 LNlASINANS WA MTT reduction 2a9adUszamiiiy 93.39,

o @ N~ v . . ey
91.38, 61.85, 47.28, 31.81, 21.32 UaL16.19% MNMAU LFA LU hydrogen peroxide 8@ cell viability
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Wudadruloansesnuenunduyes hydrogen peroxide Iagfien IC,, (Inhibition concentration at 509%)
Fado manuENTuRaINsaduia cell viability ld3aaas 50 iy 236.38 lulasTuand (Ml 2) uazann
msdunamelanaasganssnl wuh wesUszamiiguneiiaund lasfidnwazuin/vaa/dallumniauisad
finaudegusluiumadiigaidioag waranuemues neurite duaswaslifionudaidias Waiflsudunda
muan  anuiadnddinaniiadunsauiuiumsanasas cell viability asnnuadssamdudiadiy
hydrogen peroxide fisnungu 200 lalasluars Wlunm 24 Sluehliwagmelszanadasas 50 - 60
(IC,, = 236.38 uaz IC,, = 176.18) Aatiu iRdsAadanldenudnduainanlumshliiemsunaiuues

mImezaaslszamlunsnaaasnas b

120
100 T

ﬁ y = -0.1661x + 89263
s RE=09118

60 \
. D~

O T T T T T

0 100 200 300 400 500 600

MTT reduction (% of Control)

Hydrogen peroxide concentrations (ulM)

MNA 2 warea Hydrogen peroxide 98 cell viability waqmaéﬂsxmmwmgm mouse Neuroblastoma,
N1E-115 wadlszammziaes N1E-115 g 48 #lasdniiaiu Hydrogen peroxide Hiamnaaugy
25-500 lulastumnd Wunm 24 Halue wdsnniluvssdiu cell viability @835 MTT reduction faya
nnauaaslugluasdinds + manuamawaounesu laamnasuaiudazdoymnnn 6 Mot
(n = 6) Mludaszdadu wazudazdodihand Nnnne IC,, = 236.38 lulaslua1s uae

IC,, = 176.18 lulasluans

1.2 wawasasanaNznannaaaslsamwzEalnd
wadUszan N1E-115 dudanuansana EHB Ranueusu 0.5, 1, 5, 25 uaz 50 lulasniu/
finaans lunm 24 $2las wuth MTT reduction 2avzmadlszanmiily 108.70, 102.36, 102.53, 99.32 Wa
88.50% NG Llaifisuiunguaiuan (100%) ewadUssamdniaiumsano EHW fenudusy
Wentuifunm 24 #las Wuh MTT reduction waswadUszamiilu 106.19, 100.48, 102.35, 103.32
oz 104.919% NGy Walfisufunguaugu (100%) udadliiiuh ssafauznaning 2 ssafod
anususanalaifinada cell viability 2aawadUszamunzdaan
1.3 wazasasanaxznanindamsUnilasmsuiaiunaznsmevasgasdssamiiinain
hydrogen peroxide
daldimaduszanm N1E-115 duiafumsane EHB was EHW fienudasiu 0.5, 1, 5, 25
waz 50 lulasn3a/iadans wianiu hydrogen peroxide RanuEnsu 200 lulasTuand dunm 24 las vida

MN5F5NTHANENANFATMTUNNE
U 56 atUN 1 uAIAN - HUIAN 2557




[

£y ¢ o ¥ o o ¢
f]'ﬂﬁﬂﬂ“lJEN WaaUszauaNaSENaNENaNd a@lﬂ i@]uaﬁﬂi‘if\]u (131311

Timaduseam N1E-115 dunanuasana EHB vs5a EHW fianudusudeanuiidiung 24 2alas neumsli
hydrogen peroxide fianaangu 200 lulasluas Wune 24 22la wunaudeny ds ludinsiwdsuulas
MTT reduction tiiaifigunungueiuny uaaslitiiui esaia EHB waz EHW 2aenznaninlidnse

AAMSNAR UMM IMENAANN hydrogen peroxide 16

PR s
2. Manadaumstdanadmaalszainain glutamate
2.1 MIMANNENIUDDY glutamate TiwsnNzannamInadautasszamunzaeg

NnMsgadUseam N1E-115 Amlddeuanmnuainis DMSO ndurany glutamate
AeNNIY 1 - 100 Hadluas Wunan 24 72l wazUszdiu cell viability laeiadae35 MTT reduction
WU glutamate NANNANTY 1, 10, 25, 50, 75 WL 100 Nadluas 1@ MTT reduction vousaalszdn
(Tl 88.94, 78.83, 66.27, 54.39, 44.56 WLOZ 40.24% MNUAIAU wafa LitHiuh glutamate 8 cell viability
Wudadrulasassiuanuuinduzas glutamate loadien IC,, v 68.81 Aaaluas uaz IC,, v 48.07
Hadluas (mwd 3) waznnmsdanameldnassganssad wud anuvnuiuzegadUssamanad 1wad
UszamilgusniaUnd uazanuenIwes neurite dusiuazlaifinnuaaiiion uazil cell viability anaiia
= [ 1 L2 3 1 = =y Vv o v W 1:4' v v a a 4
Waunungueugy aaliy manaaasds lUiudenldmsduiany glutamate fienudndu 50 Fadluars

& & A o Ya a ' s =
L“lJ‘L!L’Ja'l 24 %Q‘INQ L‘WE]‘Vlﬂ‘HLﬂGlW‘HGIaL‘ﬁaaﬂ‘i‘xmmW‘lzLam

120
=
o
8 100
g § y =-0.4823x + 83.185
© R® = 0.9363
Sy 80
o
N
A
o 60
e
3

40 &
i T
E 20
=

0 T T T T T

0 20 40 60 80 100 120

Glutamate concentrations (mM)

AWi 3 wawas Glutamate 619 cell viability yaaadUsTaunzLEe mouse neuroblastoma %a&
Uszamimnzides N1E-115 g 96 #laaduiadu Glutamate fianadudu 1 - 100 Hadluarsifunm
24 $las vdniuseiiy cell viability a1&35 MTT reduction ﬁaa&avgﬂmLLamiugﬂﬂmmLaﬁ'ﬂ +
mmmﬂmmﬂﬁ'aummgm Tﬂaﬁhmﬁ'ﬂﬂmueiasﬁagammﬂ 6 78819 (n = 6) Mdludaszdony uazuday
hatharhazn nnnsw @ IC,, = 68.81 Nadluans uaz IC, = 48.07 Nadluans
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2.2 HaravEITENANzNancaaslsEaNIztasIlnd

waliwadusean N1E-115 dmbitdasuamnuaime DMSO wdunanuansana EHB
a v ¥ A aa < & ' . I P
AeNNLNLY 0.5, 1, 5, 25 uaz 50 LlASNSH/Tadans Wunan 24 33lue WU cell viability veewmasdszan
(U 106.52, 103.26, 106.22, 104.92 UWAZ 102.54% MNAGU Lilatfisuniungumuan (100%) luza
Wadunanuansana EHW nansududennuililunad 24 #lae wul cell viability 2eaaauszam
(U1 104.93, 98.07, 103.12, 107.10 U8 105.99% MNAAU LilBLiBUAUNGNAIVAN (100%) wdaalriiu
Msanauznamnme 2 sanananuutuainanlilinade cell viability 2aswadussammziasslnd

o S v [ < N a
2.3 uayavasanaxNznaniidanisunilasnisuiatiuwaznisanayadtgaslszamitdaan
glutamate
walvwasdlszam N1E-115 nmldtdsuamwuaicmea DMSO anduianuasana EHB
~ v v ) a aa Y Y] ~ v v a A ¢ & &
NeNWLNLU 0.5 - 50 lalasn5u/Nadans wsaunu glutamate NaNWANIY 50 Hadluans Wuna 24 52lag
U . o é’ oz oz v W [d d‘ =1 o
NN INABINUI MTT reduction 2eNIAa8LINZLAENNAINSTUNTNU glutamate (UU 57.98% (ialfisunu
' d‘ v s g v v o ) a v v ) A aa
ngumuAN waztila limaaUszannimnziamduianuansane EHB fienadudu 0.5 - 50 lulasnsu/iadans
1% ) dl v v a a s ' o ~ v v @
WSBNAU glutamate NANNLNTY 50 Had luans wu d15ann EHB Nenadugi 1, 5, 25 uay 50 lulasnsu/
iaaans SansoLiy cell viability peiinedAenNada (p<0.05) loeiadiy 19.98, 18.34, 19.76 Lz 24.19%
o w A o ) 1 A o v o ~ v @ ¥
mMuMaU Wafisununguilesu glutamate aghadien (Mwi 4) waaalitiiuh ssaia EHB weauznani
~ v v @ A aa < 1Y P < =
fenungu 1 - 50 lulasnsu/diadans wanegnsuntlaawaddszan lagaus0aanIsUINUNSI

msmeniiean glutamate 1o

120
[
o
5 100 H
g
o *k
e 80 * * *
o
AN
~ 60 4 L
o
o
S
S 40
s
[«D]
S~
= 20 A
I
=
0 - T T T T T T
Control 0 0.5 1 5 25 50

a15ane EHB (ug/ml)
Glutamate 50 mM

it 4 womsdudaougadussammnsiss N1E-115 fumsada EHB damsunauiazmsmena
wadUszamiionniivues glutamate iwadUssammnsdess N1E-115 a1y 96 saladuiadumsao
EHB fianadadu 0.5 - 50 lulasn3u/fiadans wiowiu glutamate ienudagu 50 fadluars
24 $1lan ndsntulsaiiy cell viability @835 MTT reduction dayanneudasluginaseinds «
MmanuaMaAaaLINGsgIY Tasindsraudaziayanan 6 Mag (o = 6) Mlludassdaiu wasuday
hagharhanum

# uoneapsiiaddnmeada (p<0.05) Walflsufunguauny

* ueNaNaENNUEAYNNEDG (p<0.05) La'jlal,ﬂﬂuﬁuna:nﬁﬁ'uﬁaﬁu glutamate
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shumsduisvagadlszam N1E-115 mnldasudmuudisns DMSO fuasane EHW
fiemudugu 0.5 - 50 lulasn3u/fiadans wianiu glutamate Renudndy 50 fadlums Wuna 24 il
WU MTT reduction 28398z lasanaamsania glutamate (Fu 55.43% uaziilaliiwadUszamimne
Beduianuasane EHW fienadadu 0.5 - 50 lulasnin/fiadans wianiu glutamate fienadadu 50
fiaaTuas wuh asane EHW fiemasasu 0.5, 1, 5, 25 uaz 50 lulasn3u/dadans sansouiia cell viability
pe NN AYNNEDA (p<0.05) Toouiiadu 22.03, 25.02, 28.85, 36.48 WAL 41.85% MNAGU Lilaifoufy
ﬂa;uﬁlﬁ%’u glutamate pehafien Femseangnizasansanadiiiudasiulosassfuanudniurasansade
(dose-dependent) @@ msaanqw%(ﬂmmsaﬁ’mLﬂ'uﬁmﬁlmﬁummL?Tuﬁuwmmsaﬁ'ﬂ (mwﬁ' 5) waaale
Wiudh ssaia EHW 2asuznantnie sy 0.5 - 50 lulasndu/fiadans uaasgnsunilasmadiszam
Taganansaaamsinasuniamsmeniaan glutamate 16

danBauieuemuusslumsaangniunilosmadussanmasnsananznaninim 2 aliaRemnadaiiy
@iy wuth ansaie EHW sasuznaninugasgnalnilessadiszanmlaing uazdlumseangnilasiuiu
enuENTuratansana  lumeassiuie msduiarausedUstammnzEsaiuasaia EHB via EHW
YaenznaninfienuENty 0.5 - 50 lulasnin/fiadans naumsduiany glutamate RANNTNTY 50
fiaaluns une 24 1lus Lifiwadamsaamsumaiuniamsmeiiannisuas glutamate

120
- *
£ 100 - N
~
g *
o *
O *
o 80 H
o
X #
~ 60 A1
[
o
S
Q 40 A
=}
S
e

20 +1
i
)
2 O =1 T T T T T T

Control 0 0.5 1 5 25 50

asana EHW (ug/ml)

Glutamate 50 mM

NN 5 HaMSFNNFYaRTasUsEaMINILaE N1E-115 nuasana EHW @amsunadutasnsoayad

J d' a = d dw n'/ w v @ o
waaUszamNiianneeed glutamate waaUszaminzdes N1E-115 91 96 Hladunanuansana
EHW fianadugu 0.5 - 50 lulasnsu/ia5amn5 wsannu glutamate finnuugy 50 Jadluas Wunm
24 939 waenNUUUsEdiY cell viability 63838 MTT reduction dayannamudaslusluesaindy +
MANNANAPADUNINIEIY Tasandzrauaazdaya N 6 GradN (n = 6) NiudaszAany uazuday
AIBENINEN

# uANENBENINEAAYNNGAG (p<0.05) WaLiEUAUNGNAIUAN

* uANANBENANEHIAYNMNEAH (p<0.05) tilatiEUNUNGNNTNHENY glutamate

=
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NNKAMSNAFe LUliasdy wu esana EHB (1 - 50 lulasniu/iadans) wasansana EHW
¥ A aa £ Y s ° o s
(0.5 - 50 ulasnSu/§iadans) wangnduntlaswadUseamlutuuinassmsidonuaaaslseainan
glutamate lagnsaangniunileawaduseanmuasasanaiiiuuuy dose-dependent a3y FRRERNEEN
asana EHB uazasann EHW fanudniu 50 lulasnsu/deddns dwsuldlunmsnesssdald

2.4 Wawas MEK inhibitor (PD 98059) %38 PI3K inhibitor (LY 294002) dagnaunila
wasUszamuasasana EHB waz EHW zasuznaninaanisuiaiusazmsmezasgaslszaminie
0 glutamate

lumsnagauhnalnmsasngnsuniaswaduszamuasasana EHB waz EHW hendasiu
nszUIUMINF N uNIUID Mitogen-activated protein kinases (MAPK) %3878 phosphatidylinositol
3-kinase (PI3K) signaling pathway n3alsi Tagdiavdelidnanssudaoms 1quns MEK inhibitor
(PD 98059) %38 PI3K inhibitor (LY 294002) fluna 2 $lasnaumssuiasiniazundinniudises
fudammnezndaniumsaniasnsewieansate EHB via EHW ua glutamate luwadinz@ss funm

24 HIaN WUKAAIT

120
=
]
o 1004
=}
(@) * * o
5 80 -
AN
—
o 60 - #
.g
S5 404
el
)
S~
e 20 4
I
2 0
Control PD LY - - PD LY

EHB EHB EHB
Glutamate

mwﬁ 6 Wauay MEK inhibitor (PD 98059) a2 PI3SK inhibitor (LY 294002) daqﬁﬂnﬂmmaﬁﬂszmw
209815800 EHB 91nmsinaliunazmsmezasadiszamiitionniivany  glutamate (raduUszam
WziEes N1E-115 a1g 96 T Fusaiuansiudamw: PD 98059 (PD) fienadudu 30 lulasluand
W39 LY 294002 (LY) fiemndadu 40 lulasluand wiaduianyu glutamate fienndady 50 fadluars
WinduiaTINsE e sane EHB fienaueudy 50 lulasniu/fiadans was glutamate 50 fadlums wio
Fuilanussiudamme PD vida LY fauduiiainszuieasana EHB fianuddu so lulasniu/ iadans
uaz glutamate 50 Haalums (Hua 24 Flae wdsntiulszidiv cell viability @835 MTT reduction
Foyannauaaslugiuasdinds + meanuamairdeusnasyu Tasmasseudazdoyaunan 6 fat
(n = 6) Aifludaszaan UaTUAaETRENIThE N

# uandnasnfitedAymesda (p<0.05) Walfisufunguauay

* UANENDENNUBFIAUNNEDH (p<0.05) Lﬁmﬁauﬁ’umjuﬁﬁuﬁaﬁ’v glutamate
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msliwadUszam N1E-115 smliwasudniwars DMSO snduianu PD 98059 wia
LY 294002 Wu PD 98059 30 lalasluand waz LY 294002 40 lulasluanshifinasa MTT reduction
aisufunguenuan voisll MTT reduction aauadimzidsamdmsauiaiy glutamate 50 fadlums
iy 54.549 daiflauiungueuan meduiahauesasaio EHB 50 lulasniu/diaddns AU glutamate
50 fiaaluand wudh ssane EHB fenuwusu 50 lulasniu/fiadans snsowiia cell viability a&ned
s aMaada (p<0.05) Taatindu 25.60% Lﬁal,ﬁtmﬁ'unajuﬁlé'%'u glutamate aehiien (ialsk PD 98059
v LY 204002 foumsauiiasin vasanniulyd PD 98059 Wia LY 294002 wiansumsaniaumasansano
EHB fiu glutamate wuh asana EHB flenaududusananannsauiia cell viability aehefitasdny
YeEdd (p<0.05) TaBLNEY 29.520 Wa 22.88% NG Lﬁatﬁﬂuﬁ'mtjuﬁlﬁ%'u glutamate g19LH87
(MW 6) udgasliiiiui PD 98059 30 fadluas waz LY 294002 40 faslum$ Lifiuada cell viability
wazlifinanagnsunlaswadiszamuasansaia EHB

mslWzadUszam N1E-115 i Wdsuamueas DMSO snduianiu PD 98059 waa LY 294002
wuh PD 98059 30 laTaslums was LY 294002 40 Tulaslumsluifinade MTT reduction iaifisudunga
MUAN Baifl MTT reduction Baisadimzidsavaamsduiaiy glutamate 50 fiadluas iy 55.059%

Walfisuiunguaiuan MsduiasIngesansana EHW 50 lulasniu/fiadans U glutamate 50 fadluans

120

*
100 A * *
80 -
60 - #
40
20 A
0 A T T T T T T
LY - - PD LY

Control PD

MTT reduction (% of Control)

EHW EHW EHW
Glutamate

Mwi 7 wauns MEK inhibitor (PD 98059) ttaz PIsK inhibitor (LY 294002) daqwéﬂnﬂmwaﬁﬂssmw
P09sn3ane EHW 3nmsunaiuuazmsmenasgasiszamiitinnniivys glutamate wadlszam
WzlEe N1E-115 g 96 sl Fusaruasiudaaw: PD 98059 (PD) fienadiudu 30 lulasluand
Wap LY 294002 (LY) fensusniu 40 lulasluand viaduiany glutamate fenasuiu 50 Gaaluas
WaaduiansTeensane EHW fianndadu 50 lulasndu/fiadans uas glutamate 50 fadluas wia
Futatumsiudaanns PD vse LY Aauduiasinssniansana EHW fienadasu 5o lulasniu/fiadans
Wwaz glutamate 50 Hadluas Wunm 24 $alua wdantulszdiu cell viability 62838 MTT reduction
Foyanneuaadlugiuasainds + manuamandouinasyu asrmiwasrsiudazioyamnan 6 o
(n = 6) fiiludaszaany uazudazdnthavhaugh
# UANENBENNUBFIAUNNEDA (p<0.05) Lﬁ'atﬁauﬁ'unejumuqu

* uANENBENNNEAYNNEDA (p<0.05) BigUNUNGNNFNEENY glutamate
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Wuh ssate EHW fienududu so lulasnSu/fiadans ennsouiu cell viability aghefitosdnmesdn
(p<0.05)aeLiaa 34.79% Lﬁmﬁﬂuﬁ’umjuﬁlﬁ%’u glutamate aghadien ilaly PD 98059 w38 LY 294002
Aaumsaniasumdsnniuly PD 98059 vida LY 294002 wianfumsduiatiamasansaio EHW fu
glutamate wuhasana EHW fenugugudanansansauiia cell viability aghwiidoddymeana
(p<0.05) Toouiaiu 34.80% w30 43.48% MuTAU Lﬁal,ﬁauﬁ’uﬂa;uﬁlﬁ%’u glutamate agaLdien (MW 7)
wana i PD 98059 30 Hadaluas wae LY 294002 40 Hadluand lufinana cell viability wazlaif
uanagnsUnilaswadiszannuasansana EHW

a -
AU

mafnmil §ideldnaseunazasmsadanznanindamsnaduniamamesaagaduszam
L1289 mouse neuroblastoma N1E-115 laglduuusassseaumaduaimsidonvasadisyam 2 uuu
Aamsuaiundemamevarasiitinan hydrogen peroxide uas glutamate Famsianyaagaguszsm
wssavui@unatiiosnan oxidative stress

Az Oxidative stress TlwRamsimemasiasiinnuisdastuanuinUnfions 1 MNTEUU
Uszam 1u Alzheimer’s disease, Parkinson’s disease uas stroke Wy %’Qﬂ’smﬁﬂﬂﬂaﬁ’lﬁ(ﬂﬁumu
free radicals %58 ROS laun hydrogen peroxide, superoxide a8z hydroxyl radicals Yasnmuzas ROS
fannduluiionaazvilitiemsimedioute Tusiu uazlusiu #9 hydrogen peroxide 1l ROS nanitlsiu
athenaeedmsududamisnihliiie oxidative stress Tunasanaasa

Tumsdneinuh hydrogen peroxide ugasanuilufinaawaduszanmmziass N1E-115 1§y
dodlasasiuanuiuiuiaaaadasiunsnuiifididenud " desmnmsdudadumsado EHB via
EHW 0.5 - 50 lulasniu/fiadans iflune 24 $ilaalaifinada cell viability 2avwaguszamumnziaesng
Sudenenudiuilidlufivdawadiszanmmz@sanldlumsmeass wazilelvasete EHB wia EHW
wlanfuvdanauly hydrogen peroxide ligansaaamsinaiuniamsmeiiaan hydrogen peroxide let
waaslWidiui srsananznanihliusasgniunileawaduszamann oxidative stress RUHAININAYYB
hydrogen peroxide

dumsld glutamate Hunvusassmsidenasaguszamuazmsiin glycine wiaufu
M5 glutamate lunnmsmamﬁy'mﬁanss@'ﬂﬁ' glutamate SURUFISU (NMDA receptor) laaan @

)

manszeumsumnaduluiidusmgldtiamsmezagad’” Tumsdnmiinud glutamate donudy

Audawaduszamn N1E-115 (udadnlasassivanudududsanuiuiivdawagussamuas glutamate
flvanadasfuneniitedy 1 wasmsfnmil glutamate fien IC,, Aenadudu 5o Fadlumy Toadu
ugasanuSluRsianuEnty 25 faaluand athalsiow dmsdnwidseiuaadiifiuh glutamate Suuans
emnuduiivfienadasuswing 0.1 uaz 10 fisdluas lumaduszamunzdss N1E-115¢, hNT (human
Ntera/D1) uazigadUssammnziaes hippocampal dentate gyrus ﬁLLEIﬂ‘\]’]ﬂﬂ?JEN?IENWLé?ITJ(“) wae
femudntuszning 1 - 100 Fadlumd luwadUszammizidss cortical ﬁtmﬂmnaumwawgma“‘”
anuuananiiadunamnanenumnuiniiuandeimegedUssammzEns steznaigadUsram
Fuifafiu glutamate wasdstuturiovasgadussanmmeamildlumanasas demaizeiivoiliiosd

Uszamianuhisamsiiaiisan glutamate wWHNANY

s NIANINSNINEN NS TUINE
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Nnamsanuii leUszidiu cell viability :9nmMs@57230 MTT reduction wuih mssuianuasane
EHB via EHW vaswnznanin flunan 24 1l Lifinase cell viability 2avmadUszammiziaosnd
fitfie differentiation udn 3adanlFanudnduiinuilumsnaass laadlawadszam N1E-115 duiay
#5ana EHB 1 - 50 Wlasnsu/ada05 vise EHW 0.5 - 50 lulasnsu/0ada0n5 wsannu glutamate
Hunan 24 Hlas hanseaamsnaEuriamsmeniaan glutamate 16 Toaiis MTT reduction aiilu
¢ii% 09 mitochondrial viability /activity uaasl¥ifium ssaia EHB uaz EHW 2098znnnuaosgns
Unilaaaduszanmanniiuees glutamate Fadaldinaiimsnenuaniay

NAMsINEENsENEsaRaNznanthwiansy glutamate Wuwalwifiamsunilasmsmevas
adUsTanmInzLasiAe N iwyes glutamate Tupaefimsduiatuasatanznaninday glutamate
Tifiwasamsunilasmsmevasaguscamimnziassiitinnnfivees glutamate 1o orafiululdhgnd
Unilaawaduszanmussansatanznamhiianmsaangnslasastlumsananudiufiveas glutamate 2oz
MsduiaINmliaanmsmesaanadlszam Lwima]a]shiﬁwa@iaL‘ziaﬁﬂ‘ssmwLﬁamiaﬁﬂmnaﬂfuﬁﬁémaﬁ
WdnaumsLin glutamate 89lUMIINLHBINUINST

Tumsdnunilgisalafignih gnidnilosgadiszamuasasaia EHB woz EHW Tunuuiiaas
mstdenvearadUszaman glutamate finalnmseangnimunszuiumsasduanalyis MAPK uazii PIsK
3ol Toedinansiusamms #o MEK inhibitor (PD 98059) uay PISK inhibitor (LY294002) #aflugniiuga
mseadyanadidaaanan musau wawuh ssane EHB way EHW fenadusu 5o lulasn3u/fadans signs
Uniloamadszammzidesanniivyas glutamate S'z’;awaﬁlﬁﬁaﬁuaguﬁ'ﬂwamsmamﬂ%d aulumsanwil
fiwuh ssatenznanihunilesmsinadurazmsmeragadiszamiitinan glutamate naNaaUszam
neRsndNiat s siudaamz PD 98059 Wi LY 294002 fiaw wdimuaiemsduiainsznieansaia
EHB uaz glutamate w3anfuidnansudaamzaananiien cell viability laiuansannnguizaduszam
nziEeadiliamzmsdndasInszwieansana EHB uaz glutamate wunawuiiisnfutumadiszam
insAssdnnduiiduiatuanstudanms PD 98059 uda LY 294002 flau udenudismsdudiainszwig
fsee EHW uaz glutamate wiansudinanssudammwzdananiian cell viability liuandnanngs
wadUszamunzdseiliamnemssuianusseesate EHW uaz glutamate waz cell viability 284
14 2 nauilfiengen cell viability zasnguizasssammnsaeiiduiany glutamate ashuden uaash
ms@w'%avlailﬁumiﬁugqLa‘wws MEK inhibitor (PD 98059) %38 PI3K inhibitor (LY 294002) nau
WEMNAEMITNTETINTEINEane EHB e EHW uas glutamate lifinadagndunilasgaduszam
ya9snsane EHB via EHW msenwiia ifiui msdusainda MAPK éae MEK inhibitor #5838 PISK
e PI3K inhibitor lifinademsusasgnatnilassadiszamaasansano EHB uaz EHW ¢atiu naln
msaangnsUnilaswaduszamluwuusassmsidanyearadiszaman glutamate lathazifedasiv
79 MAPK uaz38 PIsK

NNNENUMIAONENN glutamate WU MINTzAY glutamate receptor aniuly uazae
datiiaslagmmzil NMDA receptor ihlianuduiumswnaidonmelumad (intracellular Ca® ([Ca* 1))
dnsnnau Anarlwiemsidendansuazmsmevagaguszamanniivyes glutamate K excitotoxic
pathway R138n7 glutamate neurotoxicity ¥3o excitotoxicity(“)Gﬁwﬂﬂﬂizﬁmaulﬁﬁwmwﬁﬂ‘ﬁﬁmm
fendastumsmezaagaguszamlagynliiie protein breakdown §imsa$ free radical wamsazaa
ROS fiannlulanautads uaziia lipid peroxidation®™ Wumg L L‘ziaﬁﬂ'ssamgjay,ﬁwﬁwﬁLLazmﬂ‘luﬁq@
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wannil anuiluiivees glutamate §9A07URIU oxidative pathway laaiin158519 malondialdehyde
3¢ IaMsLna lipid peroxidation naml¥iia oxidative damage wazizaaUszamama® nNuaMINAaa9
asane EHB waz EHW shansaunilasmsmeazasmasUszamumnzaesann glutamate ua bitansualnilag
& . v < o
MsmMeraaLaslssannnzdean hydrogen peroxide anadlululen nalnmseangniunileswaduszam
yssnsananznanin liihasfedesiuqaaniidusanfoturasasananznani) uaaiaaziiedanu
M3tuBININszauUi glutamate receptor Lunaliaamamezaadgiszamanmsiioiiuzas glutamate
] < < Yy s [ H = [ [ d' v v &
pgalsnen nalnnseangniuntlaawaslseamuasasananznaninlagazidaadalidunela aetiy

AISANENMILINNLANLNBUENEANING D 11

GREL

9

nsanugniUntevwagustanaasasaftanznaninluagUstaminiziass mouse
neuroblastoma N1E-115 laglfuuuiasimsidesaugaduszaminnldifiamanaduviamsmevesad
20 hydrogen peroxide #1538 glutamate Wu 17?\‘1 hydrogen peroxide wa¢ glutamate Hanuduiivdawmas
Uszann N1E-115 ogaa cell viability 2asaduszammnziasaiiudadinlaenseduanudam

Tuwuuasimsidonzaamadlszaman hydrogen peroxide WUl §5dnn EHB v3a EHW
dialiwdaunundanauls hydrogen peroxide lianansaunilasmsunaiunismamensmasUszammmns
L?:ﬂqmﬂmmlﬂuﬁwm hydrogen peroxide T6 dulunuuassmsdonzsagaguszaman glutamate
WU Wawadusyam N1E-115 duiatuasana EHB wis EHW wiaufiu glutamate {unan 24 $2la
WU §sane EHB (1 - 50 lulasnsu/iadans) waz EHW (0.5 - 50 lulasnsu/8adans) sunsaunilas
msadursemsmeraugadlsramunzdssmnenudiufiveas glutamate 16 wazmsdsansiuiammsn
MAPK %38 PI3K signaling pathway lifinadamsuaagniunilassaduszamuasansaia EHB uaz EHW
PNNNBUDN glutamate LLaﬂqdwqw'§é’Qﬂéwalﬁﬁ1Lﬁﬂaﬁaqﬁuﬁ”’mmauﬂﬁﬁmaan%m%’uwmmsaﬁmmﬂaﬂﬁﬂ
wazmssNda D Mitogen-activated protein kinase (MAPK) waz3d Phosphatidylinositol
3-kinase (PI3K)
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The Study of Neuroprotective Effects
of Makok-nam (Elaeocarpus sp.)
Extracts on Hydrogen Peroxide and
Glutamate-induced Neurotoxicity in
Mouse Neuroblastoma Cells

Sadudee Rattanajarasroj Warunee Jirawattanapong Nuchattra Chansuvanich
Yuwadee Mettametha and Sakwichai Ontong

Medicinal Plant Research Institute Department of Medical Sciences Tiwanond Road, Nonthaburi 11000
Thailand.

ABSTRACT Makok-nam contains polyphenols which are marked antioxidant and may suggest its
potential to alleviate oxidative stress-induced neurodegenerative process. The present study was to investigate
the neuroprotective activities of ethanol extracts of Makok-nam bark (EHB) and Makok-nam wood (EHW)
on hydrogen peroxide and glutamate-induced neurotoxicity in mouse neuroblastoma N1E-115 cell line
cultures. It was found that co-exposure of cultured neurons to glutamate with EHB or EHW for 24
hours may be protective against cell injury from glutamate in N1E-115 cultures, while both extracts did
not show this beneficial effect in hydrogen peroxide-induced cell death. Moreover, we also
proved that the underlying neuroprotective mechanisms of Makok-nam extracts may not involve in the
mitogen-activated protein kinase (MAPK) or phosphatidylinositol 3-kinase (PI3K) signaling pathway,
and yet, certain neuroprotection mechanisms of these extracts are still unclear and warrant further

investigation.

Key words : u::namig"l, Elaeocarpus sp., hydrogen peroxide-induced cell death, glutamate-

induced cell death, mouse neuroblastoma cells, N1E-115 cells
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NISNAIUIIDHITIAN msﬁ’uqﬂssm 24154
mmﬂu@‘i’aasiwdqmaaﬁm’iﬁ Reverse

Transcription-Polymerase Chain
Reaction (RT-PCR)

Vi) duamdu  @mden ot adlani UsuEaamdl  Ussawde adwsalsnd
disdla vty e lade  aigniivg 21n9fins  waz@dan Unudan

VNIV INENMNTNTANSITNGY NININENMATMTUNNE OUUANIUUT wuNYF 11000

unAnta m‘samLﬁah%’ammuriaiﬁﬁmmmsa“’nLauwmm‘aufwmmtazmaLﬁmmmsumnﬂif"au WY DunganLEU
Lﬁ'aqanmﬁmau w‘%amﬂmsmﬁmL%a“luﬁwlmmau,'smlmnwsﬁqm'iﬁawﬁ‘[amauﬁ'mmﬂﬁ' PNANNTAYMNN
fnanileasideildwannmsamanmsiugnssumashismeludatsdnnaceds RT-PCR Tosd3unmumns
ﬁ'uqﬂisuﬁﬁaﬂﬁqmﬁ'i% RT-PCR fiwannil snsnsaasrawulddatsanas 10 copies wia 40 ag (10°g) uaziianusimnz
(specificity) logliwuufasendunu (cross reaction) ﬁ'ub%’aﬁ’m%qgﬂ%'magimqﬁ (family) denfuliFaaeny
wannmsAnnilfauansliiiiuiis RT-PCR ’f:mm'saﬂﬂﬂ“lﬁ'mnwwmsﬁuqnswwmlﬁammuleﬁ”ﬁvﬂuﬁm'&m
Vhane, §18UAa (throat swab), d28UNTeWIuAy (buccal swab), ﬂgwaq% (semen) wazinladunas
(cerebrospinal fluid, CSF) s3u9alu cell lysate ﬁloﬁ"mﬂm‘su,ﬂnL%yah%'amqnu“lumaﬁl,wm,ﬁym Taguamsnadau
fil#n3s RT-PCR fiwannduiienusanedasfunamsusnidahismealumadinzassduiiis gold standard
$pEaz 100 J9nanla113s RT-PCR ﬁﬁwmﬁuﬁﬂisﬁw%mwﬁmu1'5aﬁﬂﬂiﬂum’amaﬁﬁmﬁ'ﬂmmmu‘mq
wasuuamsuazdssansaih luld e neimialunei (genotype) h%ammuﬁsxm@‘luﬂﬁxmﬂdﬂlﬂ
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M3nsINIfiselsnANYNMIEIs RT-PCR W BUAMEY uazani

UNU

Tsaanu (Mumps/Epidemic Parotitis) tiannmsaaialhiaany (Mumps Virus) Fuily
h3alungu Paramyxoviridae™ vnlvianaimsanauaasdanihasguazanana liideaimsunsndouuus
1 < £ -] 18 4 é’ Ya 4%’ [ = 2 o U o
wu Wunalu wisdeundiale wananil 159% vasgfiods higemamuanaiionmsidayausssniay wazdaiingny
a &'vlwﬁ'al o X vL oﬂ'L‘]IQ 9:19/(2) 0w ¢ I
vaamsane hiailuansasassddnlosinausnaramlvnanmsunala® dwsuaaumsaivaslsaaanu
Tudszmalng udhsdanmssznezaslsaayuiivialivanas Tasdasnhadauauauiuulinanas
[ v [ v = < = v ] < [ ]
danalannansithe 66.84 lull w.a. 2539 amauiu 11.17 Tull w.a. 2555 udstlsAmudslaiananse
nneanlseillivualynnuszmale Fengudsaindunguglvaifiionaunazimsliiady MMR Tu
v a A Y o = 2 g 3 ' P oA YU v o
unuuaEsNgiquiulseraslszmdlnegll 2540 sandadnagend 7 U dadlunguiesldsuiady
Wissnileasandadaliwelasuiafuianunnnenumsszinezadlsaayguiiiiagatgdatiias uananil
o o P I ﬂl v g A (3) o & Py v v @
galgaumsnimssznazadlsaannuunng iuEesn® winssnadsumaniainuaiseanlseinasang s
ansgaEn uazuammlagwunsszne lngzeslsaaagululssmasinguraedl w.a. 2547 69 2548
v oy o (4) 2 g; o 51 o % a 51 ] =y =
wugthedszana 50,000 918 wasanuunumsseua ludsenaansgawinlugidarel 2548 9
nawt 2549 wugtheannn 2,500 918 wazludll 2550 wuefthadszana 900 auludszma uawan®
iy mMatEhselsuasmsanniaRemaissljuamsiieaiudnasenseiuazwannda LU
msandadalsemeyumedsslfiamsasnsarilevasds Lihazdumsasiamainmies
(Serological diagnosis) iy MsasMaRaNIuLiia IgM 6alH3aaeYuaieds Enzyme Linked Immuno
Assay (ELISA)™ msusnidga hialuwadimzideaninsouaniahiaaemule 65% anarsuviae
(salivary swab) Mthumeluszeziom 5 Junaathe™ thgtuinineneaasaulugaulamnliizmsasaiiiads
’izﬁUTNLaqa (molecular diagnosis) ﬁﬁmmhgﬁ 17135 Nested PCR, Reverse Transcription-PCR
(RT-PCR), real-time PCR aufiamsl¥ micro array laglumswanmisasnandnmnannmadravaresiia
wiu W W ledunas Jaane wazaauaa (throat swab)®™*” Fanmnsmihlugmafinmmenugnssy
P2 v < v Y [ = v v Ju o v
tasassumssznazadlse wazitlugudayahszluazaauaulse nandsmswannaewugiadusaly
ndayadananddudlviiuiis PCR Wuismhaulanazhinuszandldmadasdfuiams
taafadalsanguuazlseausssniaudutilasnnnmsfioia hisaagy

MIBEN

Frathedensnildlumsdnmnanuesinu 7o dedn udedndinmamaiasljiams
amUudTEInenemaasas gy nsnInenemaasmsunng Usenauaie Throat swab 34 daae, hang 17
g, Buccal swab 11 62889, 350 4 faehs, tlaans 2 oehs, CSF uas Semen aeheaz 1 oghs

s

lumsnaaau Specificity 28435 RT-PCR ldenadnaiansiazeasamiuideinenmansarsnsngy
ildFumsanaiududieizduylungasisaaud uaz RT-PCR udrhiimsdadelhiavaiilasan
hiaviagninagly Family Paramyxoviridae guflu family {eriu mumps virus lagadNazgn
ihinafamsiugnssumuuaauiiasnanealiuaznfuasiugnssudnanlii -70°C aunhasldny
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Detection of Mumps virus genome RT-PCR Patcha Incomserb et al.

Mateaan SH-recombinant plasmid

@388 SH-recombinant plasmid tiie1#luns9 limitation of detection waz positive control
29935 RT-PCR loamslaauéiu (gene cloning) Busu SH anuem 674 bp 1ing vector mzgalaay
o L‘%ﬁlgﬂ pCR 8/GW/TOPO TA Cloning kit (invitrogen, USA) a2 vector ildaa pCR 8/GW/TOPO
JumpumueiiavasuEn®?

MIANATITNUGNIIN
msane RNA lagaanasswugnssudndagl QlAamp Viral RNA Mini kit (QIAGEN,
Germany) logldadn 140 pl waw lysis buffer 560 pl wanliidhiuuazinigumgivies 10 Wil 1ix
Y Y a o y a < I = [ $ v
ethanol 560 ul wanlviEnAu W@uaelu column W lUdufinN3 8,000 rpm Hunan 1 WA wasINTUUA
v . o & v HE y d' =
column M8 washing buffer UIU 2 AFLE eluted MBUINDU 30 Pl Toau column NANNEI 14,000 rpm
1 3 W7 MMINUSINUEsWUENIINNEN0 LAR8LAIDY spectrophotometer NIANNENIARY (wave length)
260 WAz 280 nm NNUUAVANINUGNIINGINGNT -70°C aunTrazihlUTdnu

11511 RT-PCR

ﬁ]umsLﬁ'uaﬁmumsﬁuﬁqﬂiimaqlﬁammﬂufchu SH gene AN 674bp lagld forward
LLee reverse primers éﬁﬁy 5’-AGTAGTGTCGATGATCTCAT-3’uaz 5’~-GCTCAAGCCTTGATCATTGA-3’
M3@388 PCR mixture 1‘5"’461‘13181 OneStep RT-PCR (QIAGEN, Germany) Gufxifll 5x buffer 10 pl,
dNTP 2 pul, Enzyme solution 2 [, RNase inhibitor 20 U, primer 0.6 UM darduuazthnauliasy
USaes 45 ul ‘wﬁqmﬂﬁy'utﬁumsﬁuﬁqﬂﬁuﬁaaaiw 5 Wl Todiusinassin 50 pl uas 19 PCR cycle il
50°C 30 ¥ NUIU 1 58U, 95°C 15 WH NUIU 1 SBULSE 40 58UBN 94°C 1 WIH, 55°C 1 W uaz 72°C
1 inimdsnntiudhg 72°C 10 107 uar 4°C, o Tosld SH-recombinant plasmid wazaswugnsufiadia

N supernatant 289115841288 Vero/hSLAM (iU positive Waz negative control MuaIHU

MIMANAUAIINUTNTIH

1% Bigdye V3.1 (Applied BioSystem; USA) laald DNA template 1-3 ng, 5x buffer 2 ul,
Bigdye 2 ul, primer 3.2 pmol Lﬁuﬁmé’u’lﬁlﬁﬂ%mmsm 20 pl 131Li'hLﬂ%‘lamﬁ'uﬁmaumsﬁuﬁqmsu
Tosfiunaudsil 95°C 5 1l 1 sou Wy 30 seUBEY 96°C 10 W, 50°C 10 Ffiuar 60°C 10 TNl
%é’qmnﬁv'miﬂﬂméﬁumsﬁuqmmﬁ'wLﬂéaq DNA sequence genetic analyzer 3130XL (Applied
BioSystem; USA) iilaldddumsugnisniidasms Suhliasasauhddumsiugnssuiladudy
aswugnssumashiamyuiidasmslagldlusunsy Blast (http://www.ncbinlm.nih.gov/BLAST)

ﬂ’lil,l,tlﬂL%Bl’)%ﬂﬂ’lﬂuNiut%agtw1stgﬂﬁ

NI NTNNTIAUTNINT 1 Wa. amwwt%wahlumaﬁ vero/hSLAM %ﬁtﬁyﬂﬂummwmﬁyﬂq (tissue
culture flask) 211 25 cm 2 678 10% FBS-DMEM il 37°C, 5% CO, {Wuna 5 u BUKANNIY
mnwuaNuAnUnfnnwendamwaeanad (Cytopathic effect) ’lﬁ'u,ﬂqdauwﬁ’ﬂﬂﬁwmsmmﬁgaﬁﬁ?auas
duiundaiulial -70°C douflu passage 1 1 (#1) win #1 Tinuda hmstnziemusunauiingan
Huadadt 2 (#2) malinudedeniflunaay (Negative)
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nsaiignidabisannulasnsdaneid Fluorescent antibody test (FAT)
M3 fixed infected cell A8 acetone WaMaAAIE monoclonal antibody @iavl,ﬁammu
g NeE Rabbit anti- Mouse Immunoglobulin uasguwamelanaasganssmivigaasamudnmasaens
v I v T P = a (14)
200 (¥ (200 x) lagmsauxaUUINNAWUNITLIDILENTIREY (apple green)

We

v

mMImlSinaamiugnisuiniasigalasis RT-PCR fasnsensianula (limitation of detection,
LOD)

1
=~

mamUSinaansnugnssuiieenigalosds RT-PCR fismsansianula lag ten- fold serial
dilution 289 SH-recombinant plasmid NANUINLAU 1 x 10° 89 0 copy W30 4 x 102 N 4 x 10 g

wuhUsnamsiugnssuivsefigafisnansonsianulads 10 copies 30 4 x 1077 g (Mwil 1)

1 2 23 24 35 46 8 L A8 29 4(

674 bp

700 bp

MW 1 fﬂ‘j'ﬂ’]ﬂ%&l’lm613WUQﬂiiNﬁﬁlaﬂﬁQQﬁ3§ RT-PCR #Wanniugsnsansiamle lagsh ten
fold-dilution 289 SH-recombinant plasmid 3710239 1 x 10° §4 0 copy W38 4 x 102894 x 10 ¥ g
Toedasii 1 uaz 10 fi8 100 bp DNA marker %891} 2 - 9 #i8 SH-recombinant plasmid U3ae1 1.0 x 105,
1.0 x 10°, 1.0 x 10*, 1.0 x 10% 1.0 x 10% 10, 1 Llaz 0 copy W38 4 x 10°%, 4 x 107"°, 4 x 10, 4 x 107",

4x10" 4x10",4x 10", 4 x 10 g MUNMAU

MIWIANNNILINE (Specificity) 28935 RT-PCR

diiiumsnasauanuwzradis RT-PCR Tashdagaialiamepuiiuenldlumading
(e imﬁgqmsﬁuﬁqniiummgm mumps RNA %ﬂé%”ummammwﬁmn Center for Disease Control
and Prevention (CDC), Atlanta wazdathadahiaanuenldnnmadinedess syhmsnagausieis
RT-PCR fiWannay wuhisimmnsaiuinnumswugnssneathiaemeguandedadalhiaagu
fusnldimadimnsides smﬁgqm‘sﬁuﬁqﬂssummgm mumps RNA uazmuaauIn (positive control) lag

Tlaiwu specific band luaiae19ifinze measles virus WasfIMIUANAU (negative control) Aauaadlunwi 2
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MW 2 MINANNIUWNEPIE RT-PCR AiWannau Tﬂﬂﬁﬂmmné’aasi’mﬁmmsau,zmL%yal's%’ammulei",
mumps RNA %ﬁl@i"%’ummammwﬁmn CDC uaznatheiifoidio measles virus 10g5e9di 1 @8 100 bp
DNA marker ‘Zia\‘rﬁl 2 -7 fa 2: DW, 3: negative control, 4: positive control, 5: ﬁ?’ﬂﬂﬁx‘lﬁﬂ’lﬂﬁﬂttﬂﬂ
L%yah%'ammul@i”, 6: mumps RNA 11053, 7: fhe9RaEe 159 measles My

msmm‘mmsﬁ'uqnssmmh%’ammué’hﬁ% RT-PCR lumagadinsia

msanamaswugnssnrashiiaaunudieds RT-PCR Anauniuludiodedensin
I 70 N Usznaumediaume (Throat swab) 34 fpgN, vhae 17 fBEN, SIBUNTENIUAY
(Buccal swab) 11 $198h9, @50 4 feehs, tadn: 2 doths, i ladunas (CSF) LLa‘zﬁ?ﬂaqﬁ (Semen)
AENBT 1 FIDEN WUNFINTOATINNUTNINUFNIINANINET 674 bp laanarneasnaNuIY 41 (59%)
meadnlasasranuly throat swab MU 20/34 (59%), ﬁgmm 8/17 (47%), buccal swab 7/11 (64%),
CSF1/1 (100%) a2 Semen 1/1 (100%) Lwihimmiamaawumiﬁuqﬂﬁmaﬂa%’ammﬂué’aathq{]aans
(0/2) éi'\m,am’lugﬂﬁ 3 uawiiioih PCR product ﬁl@i’lﬂmﬁwé’umsﬁuqmmLLazﬁwms Blast oglusunsu
(http://www.ncbi.nlm.nih.gov/BLAST) mMadumasiiin wuh PCR product “7;193( ﬁamsﬁuqnsmwm
h¥aaanaludiuees SH gene

700 bp

MNA 3 MIATAIMANINUENIINYBILTTANYNAIETE RT-PCR ludagnadensiaziinene g
#8491 1 A0 100 bp DNA marker %8971 2, 3 uaz 4 @a Nuclease-free water, negative Wag positive

control MUMAU BT 5 - 9 AL throat swab, CSF, cell lysate, buccal swab a¢ saliva muaiau
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mafSsuiisudssdnanineesds RT-PCR wazmsuanidabisaaanaluzgasmzides
nndmadnildlumsfnmnninue 70 @1ve1 @INTaaTIANUIINUGNIINYBIITFANYNGIE
38 RT-PCR 9101 41 e Zeludnnuiisinsousni@abhiaaguld 17 diegn dadlusesas 41.5
1A A o o " a & v A & v ' I o VoA & v
usdadn 24 metndalusasas 58.5 Nliainsausnidala sghelsienunndesdamnsoueniele
) o Y aa A o P P~ B o o aa
AANITNATIANUAITWUFNIINTBIITFANYNA8IE RT-PCR Iwannduzaiiammssauiiesuis
RT-PCR #inaundunuismsuenialuasinizidesnun 35 RT-PCR danwuly (sensitivity) wag
meanuzadaleilaailuau (Negtive Predictive Value) i1 100% luaazianuiimng (specificity)
wazAaNNEaia lawlaaiuuin (Positive Predictive Value) 1u5p8as 54.7 Wae 41.46 MNEIOU 1189370
i 24 91ve9 B9 RT-PCR Tiwauin wamsuendaluwasnzdss (cell isolation) Txaayu (m5199 1)
agnalsiony ({811 PCR product 289M4 24 dagalUinmaiiansiarduasnugnssnuad s Blast
s lwdrae National Center for Biotechnology Information (NCBI) (http://blast.ncbi.nlm.nih.
gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome) WU 24 @adNianuidaunu SH gene

2aehiaAnN 98 - 999 (Fayalilahinuaas)

P ° ' ° ' A o« v A g
GIFNN 1 mimmmmmmmh ANNNLNIC mmmLﬁanalmuaml,ﬂumml,azau

Cell isolation

Sensitivity = [17/(17+0)] x 100 = 100%

+ -

Specificity = [29/(29+24)] x 100 = 54.7%
+ 17 24
Positive predictive value = [17/(17+24)] x 100 = 41.5% RT-PCR

Negative predictive value = [29/(29+0)] x 100 = 100%

a 4
AU

namsdnmuaasliifiuiid RT-PCR Avanniuiliivssansamw Tasusmnamawugnssy
ﬁﬁaﬂﬁqﬂﬁﬁﬁ RT-PCR fianniuiisnansansianuldds 10 copies Wia 40 ag (10"°g) Faaandaeiui
Jin Li woraaiedildansnuli® wasliny cross reaction mndatiiidadaliiana dudubidlued
family 1ignfu 8138 RT-PCR fiwannauil fenudimnzuazanalgs

wannil Mnmsdnwnludisidinna wuhdagiliuauindaeid RT-PCR Tiwaaseiu
wamswenize Liamanulumadiinziss iz gold standard ydhaghsdailiusasas 100 uazanunan
iU ugnITNYa RNA inaspuzeshiamamuiildsuanusyanzinn CDC Ussmaanizanidm
Fenanldhuamanadaudiedd RT-PCR diianudedald saumadheds RT-PCR flaninsoasanums
wugnssumashismeguludagadinnaiinu 24 dednnngthemauillimmnsausnidelyaamams
Tuadimnziaeald PCR product Mndatdananiigninmadumswugnssundaannins blast uay
Wisuiisuiuhiaiamamuaneiugsedsmuiiasdmsandalandmua® udmuiidulIaesygunn
dathauaasliifiuiiis RT-PCR iwanntuiluanannaslinaiidatalduddsiivszansmwannnhimauen
o hialuadinsdmdssaandasfuiiininnmaasvaahuldnanulio
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aglsnauamsunndadnilaiamnsansranuaswugnssneesbhiaaeyuidudiadreily
aansauanda hialuwadmnsdeslazuiy dmuladenamsmilishniumsanaiiadelsnnanumy
v a va P < @ 1 Vv ot a v v | s @ o 1 ¥ a va Y 1
Wonlfuiinns Aemanudmedimeingndesludrnmiuinzan udnwuazhdsiasfuianmsldadns
an35™ TaahSamnuazgniandaseaaninlunmerin 6 Tunsuiienms audeszana 5 Tu wauans
211357 wamnheealasuingdu Measles-Mumps-Rubella vaccine (MMR vaccine) anfiau
AANTOATRNUANINUGNIINTRIhTTANNIINAN A lugetn (oral fluid) laludianm 1 - 3 Tuusn
YNMIUFNIIMI*"

=2 Y S R o A v ac

msAnwuaaaliiusenal anwin: wazanuaisldzasnannaasewsdis RT-PCR
a o L e S| vl ° ad & aa o v a va
ivanguiiaiianadululdnasninizmsiiindssgndlalunsasiaitadslsamagumeiasl judnns
Taganswugnssuwashiaamanuiildnnmsiausinamsiugnssuaeis RT-PCR fmansninlulglums
= =t v g 42! ¥ dl Yo od v '
dnwilunedueshiaamaguzsayailasuazaivayunudauau auaw ussnnaanlsedalilusinae

GRNL

9

38 RT-PCR itanniiuaansonnavmiinansiugnssuiiiasiiqaldi 10 copies vi3o 0ag (10° ‘a)
uazdiamnudumzlaglainy cross reaction Aulifaria Hgnimaglu family @endulamany uananil
35 RT-PCR ummmmmwumswuqﬂsimmhiammulwﬂumamq throat swab, buccal swab,
CSF, cell lysate, semen L8z saliva Tasuanmsnaaauileands RT-PCR fanuaannsasnunansusn
ol ¥amamulumadimedessasa: 100 unsliuauInde RNA naspuzashiaasyuiildsy
AMNBLATIEWIN CDC Ussmaauigawin dahwamanaseudilaizifenuindeda Senanlddh
35 RT-PCR fiwanniu fussanimmaninsoinlilszgndldlumsanaitadalsamaumaiasjians

AnenssnUszna

Az IMIAnwrarauAnainIzUIAINg NINMUANLIA wazauEINenMansNsuNNg §1msu
mafuLarddadoie asemTuIdEInen mansms gy nsuinenmanimsuImddmsumsatiuayy
Niddeeseil versuamguimuauuasilasiulsauiand auszawim (CDC) flanuayenesi RNA
positive control ¥hl¥msdnwiseiiadalamed
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Establishment of Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)
for Detection of Mumps Nucleic Acid from

Clinical Specimens

Patcha Incomserb Atchariya Lukebua Athiwat Primsirikunawut

Prasopchai Aramrungroj Phiengjai Armeencharoen Jaruwan Jai-ai

Nutthanitt Arpaphrommipath and Sirima Pattamadilok

National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000 Thailand

ABSTRACT Infection with mumps virus results in swelling of salivary glands and further
complications such as orchitis, meningitis or abortion within the first-trimester of pregnancy may
occur. We, therefore, developed an RT-PCR method for detection of mumps genetic materials in clinical
specimens. It was found that the limit of detection for our in-house RT-PCR method is 10 copies or
40 ag (107" @) and there is no cross — reactivity with measles virus, the other virus within the same family.
It was demonstrated that the developed RT-PCR method is able to detect the genetic materials of mumps
virus in saliva, throat swab, buccal swab, CSF, semen and mumps-infected cell lysate. The in-house
RT-PCR technic showed 100% correlation with the gold standard method, i.e., viral isolation. The result
from our study indicated that the developed RT-PCR method is useful for laboratory diagnosis as well

as genetic characterization of mumps virus for the outbreak investigation in Thailand.

Key words: Mumps, RT-PCR
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Strengthening Quality System of
National Pharmaceutical
Control Laboratories of Thailand
through participating in WHO
Prequalification Programme

Suratchanee Savetsila

Bureau of Drug and Narcotic, Department of Medical Sciences. Tiwanond Road, Nonthaburi 11000 Thailand.

ABSTRACT: The WHO prequalification of quality control laboratories aims to increase access to
quality control laboratories that meet recommended international standards for the analysis of medicinal
products in the Prequalification Programme HIV/AIDS, Malaria and Tuberculosis products. These products
were used principally by United Nations agencies to guide their procurement decisions. The assessment of
quality control laboratories was performed according to WHO good practices for pharmaceutical quality
control laboratories. In 2010, the Bureau of Drug and Narcotic, as national pharmaceutical control
laboratory of Thailand, participated in the program in order to strengthen the quality system. During the
first visit in 2011 for technical assistance, the WHO expert concluded that the Chemical and Physical Testing
Section as well as the Reference Standards Centre were considered to be operating at a good level while
the Biological Testing Section needed some improvements in laboratory premises prior to participating in
the prequalification procedure. As recommended by the WHO expert, the inspection of both Chemical and
Physical Testing Section and Reference Standard Center was conducted during 30 April - 2 May 2012.
All non-compliances observed during the inspection included 2 major and 9 observations with no critical
ones. It was concluded that the Bureau of Drug and Narcotic was considered to be operating at an
acceptable level of compliance with WHO Good Practice for Pharmaceutical Quality Control Laboratories.
After the corrective actions taken and planned were reviewed and approved, the Bureau of Drug and
Narcotic was included in the WHO List of Prequalified Quality Control Laboratories and was the first

national pharmaceutical control laboratory in WHO South-East Asia region in this list.

Key words: strengthen the quality system, WHO good practices for pharmaceutical quality control
laboratories, WHO List of Prequalified Laboratory
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213 fhathe (Jaea 58.0) Taviewiin 3 foths (Fazar 5.1)%° waranmsisaUsiaEa Clostridium
perfringens Tuenuaulusn sasdninguazingania Tuzadaunnaay 2549 - A9UEU 2550 NUIY 660
hathe wumstudiewda Clostridium perfringens 146 faghe Aafluiaear 22.10 NNYBYINING
awfundinsaanumataautunuwuiiyiulunayulns uannniudsumsuuiloudasdunidida
Tinelsauazlaveniniiunaeinasgiv G'Z’%qawLﬁmnnﬂszmumsmémﬁlﬂlﬁmmgm

aehslsfionu anuiealumsldonayulwsfiauiingu®® saninsnsnmmsgs fulsnsdudsali
sonunennaludaiamiszmaldenayulusinialse mudiuenuauiagiulutiBemanuiend limaunu
tipaamaieumulagtiuaindelsume wazanunugnsmansyad mswaungidaan lng
qumwWialng w.a. 2550 - 2554 gMaenansi 4 manannennauazenaulng®® fiagussadiasianndnann
mawdaenlng wazenayulnsiiiaumu Uszandmw uazanuiaaade

AUEINIEFTMIUNMET 5 aunsseeTN Jhudumaeieis drinnusssagimio Tuiud
amssnged 4 uas 5 tiladsanumwenayulns Tesmafuiagannunsasdauazime Tuiiui 8
Fa1130 laun aamsanasIn ansanas nsy3 Ussaiuasdus :19u35 uasugy maauys uasawssniys szuing
WWaugman 2550 B9 fueeu 2551 anlensimaeesusnunuiaatu matwilaudesduniduas
Tangniineuisanasgu® ™ dedhdeyaidesduliudmhenuiiferdas ihlunausulsznaumsudly
ey iu mMaUSudaanszinumsuan vsemseunsuiaiauis aasaaumstssnaniusldanuiunguslon
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P LEAN
mahanumwenayulns Nnuvandaussuasnrihe Tue NN meamIsNa TN aynIaas
= ANV o = =~ =~ o @ (4 v g Y& v
U3 UsenudAsius izy3 wesugy maauys wasgwssay3 leesinnunssageiamiaduginudegn
dN5INANLANAUEINNAFATNTUNNEN 5 FYNTENATIN ANTUNTTENINGDY QAN 2550 9
nueney 2551 loalasuamadennnayulngsin 205 619619 (19199 1)

MITNN 1 DUUMBENN LA TUNUUNINIIVIANFILAZUAIIN N

oo NNUNRBINES ndeufismie Tsanena W
e (W) (rum/Userzsn) (W9) D))
AYNTNATIN 5 24 18 47
dyNINAT 6 53 0 59
YUY 7 5 7 19
uasUgN 7 1 0 8
MeyIuY3 14 11 0 25
IWTYI 13 5 1 19
Uszaaudsaus 0 18 0 18
JWITNYT 9 0 1 10
I 61 117 27 205

m“"ﬁaaﬁauazqﬂniiﬁ

- mm‘itmwﬁmsﬂuﬂaammLmu{]aqﬂ'u . wa3panalidh, guavdanalilaandmsu TLC,
srathdau, Lﬂ%'mguqmuapmﬂ, Sprayer, TLC Tank, TLC Plate, N52Uan®4, NSIUNTY, NITILUEN

- m‘mﬁmeﬁmsﬂmﬁamﬁaﬁ;ﬁum’%ﬁ - e3pealuih, élElULW’I:’,L%a, aasiiahaneida, dausau,
$91h3a1, ejﬂsmmm%yaé'umw, w3nataeh, nae4gans3Ai, Erlenmeyer flask, Culture Media Bottle,
Test Tube, Glass and plastic Petri dish, Anaerobic jar, Inoculating loop & needle loop

- Gmﬁﬁmswﬁ'ﬂﬁﬂm"{laﬂamwﬁn : Lﬂém Atomic Absorption Spectrophotometer (AAS)

v

#ivio Perkin Elmer 'éu Analyst 600, iwspedasamaansaiinlulasnm, Autopipette, Volumetric flask

F1ININIFIU u,aa:m'imﬁ

813316337% : Dexamethasone, Prednisolone, Paracetamol, Diclofenac, Chlorpheniramine,
Diazepam, Indomethacin, Cyproheptadine, L%ﬂﬁgﬁuw%'ﬁmmgm, Az, uAALaN, GRRI

#1313 : Chloroform, Sodium Hydroxide, Ethanol, Methanol, Acetone, Cyclohexane,
Ethyl Acetate, Tetrazolium Blue, Potassium Permanganate, Platinic Chloride, Potassium Iodide,
Hydrocloric Acid, Sulfuric Acid, 81W5ta891#9, nsaluasnuagy, Matrix Modifier (PA(NO,),,
Mg(NO,),, 10% NH H, PO,)
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v
= o

5m3anie) Spraying Reagent

1. Tetrazolium blue solution 0.5 % w/v
azae Tetrazolium blue 0.5 n51 1 methanol wazUSUUIIIATAUATU 100 HADANT

2. Sodium hydroxide solution 12.0 % w/v
azen8 Sodium hydroxide 12.0 N3u Tuhnau Y5ud3nesauasu 100 T9dans

3. Acidified iodoplatinate solution
azang Platinic chloride 0.25 n$# Waz Potassium iodide 5.0 n§n luthnau Usuusanasauasu
100 §83a803 L@N hydrochloric acid 2 Nadans

4. Acidified potassium permanganate solution
92878 1.0 N33 299 Potassium permanganate luthnau USuusinasaas 0.25 M Sulfuric acid

UATU 100 NOFINS

IEMINTINIATIEA
1. m'sfﬁLﬂiwﬁmsﬂaauﬂumuwuﬂwﬁu (%4 Dexamethasone, Prednisolone, Paracetamol,
Diclofenac, Chlopheniramine, Diazepam, Indomethacin (8¢ Cyproheptadine Togwmaiia Thin-layer
chromatography”’
Fashashaenanulwsniingnnanu we wiouaga 10w 3 - 5 n3u ldlufinined WWanhnau 20
188805 (nsalduzaunaniamnyssana 50 Hadans i lUszmeuusrandeuaumas 20 1999803) MW

Wudemeasazare 12 % w/v sodium hydroxide 1hluldlunsieuan aname chloroform Uszana 40

>

a

fiadam3 wendu chloroform 1 lUssmewds shawdissmewisazasde ethanol Uszanm 0.5 fiadans
IAevimenaila Thin-layer Chromatography (TLC) lag spot ¢1age :1uau 10 lulasans eunu
3995 UBUAGN 7 1¥U Dexamethasone, Prednisolone, Diclofenac, Chlopheniramine, Diazepam,
Indomethacin wae Cyproheptadine lagldszuuamymazaia (mobile phase) peN1BdY 2 STUU MNANY
WIzaNEIIudazngs laun

- ﬂa:llﬂl,atl'iailﬁ Dexamethasone @z Prednisolone 14 chloroform : acetone (4:1) upe
cyclohexane : ethyl acetate (1 : 3) %38 ethyl acetate 100%

- ﬂ&jumuauwé'u Diazepam, mjumﬁmé’mau Diclofenac waz Indomethacin, ﬂchNEﬂLLﬁ'ﬂiﬂ
Paracetamol, ﬂE;\:NEnLLﬁILLﬁ' Chlorpheniramine waz Cyproheptadine 14 ethyl acetate : methanol :
ammonia (85 : 10 : 5) W8z methanol : ammonia (100 : 1.5) %38 chloroform : methanol (9 : 1)

A31aFaUMUNLNIDY spot laamsdassrauaedanslowe AnueInay 254 WlUNAS
Swfumssanemsinduedtne spraying reagent lagansuea ¢nawasld spraying reagent uazlin1sfad
NANNUANIS

- ﬂéNaLﬁﬂiaﬂﬁlﬁ' spraying reagent @8 0.5 % w/v tetrazolium blue MUY 12 % w/v
sodium hydroxide az1% spot &9

- NENEUBUNAY, EUAUWW 1¥ spraying reagent @@ acidified iodoplatinate 3zl¥ spot
fihmatiuaing

- mjumﬁmé’mau, unle 1% spraying reagent @@ acidified potassium permanganate
2zl spot Hndes
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2. anviensimatuidlaulavewiin (asm uaaiflen mswy) Tasmadia Atomic Absorption
Spectroscopy (AAS)"?

%ﬁﬁaas;iwmangulws U 0.5 5N ldlumzue (Vessel) dwsueiae@lingnezas Microwave
Wiunsaluniniduduinsa Supar pure 5 fiadans Tauh Vessel aailifigamgfivias Yszanas 15 il
Wi a3as Microwave Liarmatassmadiatn adasamadiodndugamnlidaguiuasauds
AUNNRVDY Meansazanaaadild Volumetric flask 2110 50 1adans UsutBnasdeinlnanndeou
(Deionized Water) tiuansazansdiathaldmawaan Nalgene mntiuhansazansdilalunagaumusne
azM uAaLiiaw Lz INY f81A309 AAS Perkin Elmer 34 Analyst 600

3. GmaﬁLﬂswﬁmsﬂuﬁjam%waqauw%ﬁ U 7 18M3 leun Total viable aerobic count, Yeast
and moulds count, Enterobacteria count, Escherichia coli, Salmonella spp., Staphylococcus aureus
az Clostridium spp. Taal#333 05 wiisnedean Thai Pharmacopoeia Volume I and II Supplement

2005

We

NnuamIBaNidsmaulnsithdmndinnusnssugedonio Taweuna uazisenau
mlvluiuiiaassogs 4 uas 5 ssuhadaugmen 2550 89 fumeu 2551 53 205 e Tosnnalieney
msdasnduenunutagiiy msﬂufﬂ”am,%yaagaum%'ﬁuaﬂawwﬁ'ﬂ wuniiceealaithunasinasgiuaunu 37
dhathe Aadludasas 18.05 sasinnudoieianee wlimudmiaiithds ldud sunsasasa 47 daths
dYNIEIAT 59 MIBEN IBYT 19 MIBEN UATUIN 8 MBEN MAIUYT 25 AIBEN LWYTUT 19 MBdEN
UszIuAsaus 18 0N uasgwssny3 10 dod N loaudasdanin wudadnliunasinasgu

14,9, 6, 1, 0, 3, 2 WD 2 MBVININNOU (WHUHA 1)

= DWUnEs m Mnunlimunasingsgu

250

200

NUIUMIDEN

150 —

100 =

o

50 =

N & 3 3 3 2 3 ¥
S r\ S NG 3 ;7 oS & &
£ '3 & g & & © o
S N < > § < o
S - S S S S
N (N > @o-
= < 5
® 3
v % .:4' [~ £y ]
WHRIONLOUNIBEN

KRN 1 INNIUMBENNRNATIRNUUNMNTBIINTG waziumag i liiunasingsyu
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HAIUUNMNULHFININVBIMBDEN WUNIEIBENTAUNAFNUNHEN TIUIU 61 GIBENT DNFIUN
vy rum/AUsenau) MY 117 Me waznn59nena MU 27 Maehe mumeu wuldenunasd
WAIFIU TN 4, 23 UAZ 10 GaEN waau  Aalusasas 6.5, 19.6 Uaz 37.0 MUAAU (LNUNAT 2)

B nuiids m Pnunldiunasiinesgu

117
120
100
o
-5 80
@ 61
S
s 60
=
S 40 | 23 27
=
“ 20 - 10
4 [ ]
) - | n T '
ADUNWER danuimhe Tsanenuna
unaantiuaBEe
WHHARAT 2 uMBENTeTIDUUNMNLTEaNTINURIBEN waziuudsgiliihunasinasgu

NNEIBENT LU ATTINAIPIUTINGDIIIY 37 a1 wumstaandueuwuiayiuannige
° o v a & v v & & a o o o ' a & v
U 27 MveN Aausaaas 73.0 savaei lawn Msvuidauzeraunsd NI 8 Mt Anusagas 21.6
d;y o o L% ] a < £ 3 419' L% 43' a o & o
msduilaulavieniinaniuiu 1 Maen dalusasas 2.7 LLazwumqnWiﬂuLﬂauTawzwunLLasmaf\gaumﬂmmu
1 et dadlusaeas 2.7 muaeu (519 2)

a

mMNd 2 MemsieTanumstueuieadunid/Taventin uazmsdasntueunuilagiu

Hamshlaimun g sgIu DU (MIBEN) HGH

m3Uaanvuenunutlagiu 27 73.0

mstudeuieyaunid 8 21.6

mstudaulanewiin 1 2.7

mstudaulaneniinuasizadunse 1 2.7
ERtY 37

dFayaifemniudatiildFuutatiu s nduie nquiegiifianadsunuasnuunau@n Snnu
52 Mt Wieenslsuenuansiuunasndn Ny 67 Mot iwensdsueuazlinnuurandn
NUIU 86 MIBEN %qmnwuhivhummeﬁmmgm U 5, 4 Uz 28 BN MNaIeU Aalusasas 9.6, 5.9
oL 32.5 MNNAU (Lquqﬁﬁ 3)
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= nunds = Pvunliiunasingssiu

100
86
80 _|
z 67
e
@ 60 _|
s 52
=
o 40
= 28
=
°G
20
5) 4
0 I ]
= = = = = =
fimanzidauenuaznsu Taisianzideuen Taisiaanzideuen
UASINER UANTIUUVEIHES wazlinsuuvasnae

o v @ [

weuadin 3 dayaiennuaiadei it unarine sy

Waduunaadea iU 205 G989 Nlasumugluuureen uwiseantdu e DU 52 198N
BA/gnNaauduIL 91 6I9EN uAlgaTUIU 36 GIBEN NN 26 @Ipee Wuh ldrun e

MNATFIU MU 8, 23, 0 Uaz 6 e Muaeu Aafluseeas 15.4, 25.3, 0 WAL 23.1 MUMGU (M1 3)

MINA 3 DnuegNldasunuunmugiuuuesen wasnamsiliiunarinesyu

U 51ﬂﬂwsﬁlﬁﬁwutﬂmﬁuwmsgwusau
sUuvuzesen  ldsy matudlou  Tavewdn  mstuday  msvsawdu  madesanlu U
(MpeN) Lﬁaqﬁuﬁﬁ (Megn)  qauniduar  ewwutagiy  suwutagiy  (Gaegn)
(MagN) Tavieviin PN 1 BN NN 1 B
(Mehe) (M1Ene) (Mehe)

RIAN 52 4 0 0 1 3 8
gufin/gnnasy 91 1 1 1 7 13 23
eualza 36 0 0 0 0 0 0
e 26 3 0 0 2 1 6
N 205 8 1 1 10 17 37

NEazBEePaINENSNATIANY NNABENldMunMINaTFIUIUIN 37 Gede laawy
msUaandueunuiagiusiin Dexamethasone; Prednisolone; Cyproheptadine; Paracetamol;
Dexamethasone a2 Prednisolone; Dexamethasone waz Paracetamol;, Dexamethasone wag
Diclofenac; Dexamethasone w8z Indomethacin; Dexamethasone (8¢ Chlorpheniramine; Dexamethasone,
Prednisolone 18z Diazepam; Dexamethasone, Prednisolone w8z Chlorpheniramine 314 6, 2, 1, 1,

o ' o @ & & a o @ a o & . .
7,2,2,1,3,1, 1 MDLN MNNOU wumsﬂumaumaﬁ;aumaLﬂumfwmmmgmﬂa Total viable aerobic
count; Yeast and moulds count L8z Enterobacteria count; Enterobacteria count; Total viable aerobic

count waz Salmonella spp. UM 3, 1, 3 uaz 1 Mo Muaeu loglinumsludowdeyduniduia
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Clostridium spp.; Staphylococcus aureus Was Escherichia coli uanmﬂu?uwumsﬂm‘ﬁau‘[amwﬂ'ﬂLﬁu
NI Aowuezh  22.7 mg/kg (ppm) I 1 FrEEa Wua 1Y 8.7 mg/kg (ppm) FINAY
miﬂmﬁam%ymﬁw%ﬁﬁﬁﬂ Total viable aerobic count 11w 1 G Taglinumaudiouuaaies
Lﬁummsﬁmmgm (mswﬁ 4)

= o a @ & & a o ¢
13NN 4 LLa(ﬂQi’]ﬂagLBHﬂ°l|'ﬂ\ji’]ﬂﬂ’]ﬁﬂWUﬂ’]iﬂaaNﬂua’]LLNu{lﬁlﬂquu LLaSﬂ’]ﬁﬂuLﬂauLﬁaﬂaumiﬂ

wazlaveniin
MmUY (Mpeng)
msvaanvuenunuilagiy - Dexamethasone 6
- Prednisolone 2
- Cyproheptadine 1
- Paracetamol 1
- Dexamethasone L8z Prednisolone 7
- Dexamethasone L8z Paracetamol 2
- Dexamethasone a2 Diclofenac 2
- Dexamethasone (8¢ Indomethacin 1
- Dexamethasone (82 Chlorpheniramine 3
- Dexamethasone, Prednisolone a8z Diazepam 1
- Dexamethasone, Prednisolone ttaz Chlorpheniramine 1
msﬂul,'ﬁaul,%yaq'éuﬂ%ﬁ - Total viable aerobic count (¥1AN7 5.0 x 10°/g or ml) 3
(PUNUNNNTFIU) Yeast and Moulds count (¥10A7 5.0 x 10°, 1.6 x 10*/g or ml)
wae Enterobacteria count (3nnn 10°, ¥aani 10°/g or ml)
- Enterobacteria count (31007 10°, Ya8n1 10°/g or ml) 1
- Total viable aerobic count 3
(5.3 x 10°, 6.2 x 10°, 2.2 x 10°/g or ml)
- Salmonella spp. 1
mstuilauTanzusin - Lead (22.7 ppm) 1
(PUDUANATFIN)
mstudlaulanzwiin uaz - Arsenic (8.7 ppm) waz Total viable aerobic count 1
Lﬁagﬁuw%ﬁ (4.7 x 10°/g or ml)
(PUNURNNATTIN)
R 37
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a J
VI

NndayaramInTIIeNzdmayulng 9 205 Mt NlaRudainnnwesssagen 4
UAE 5 MTIANUMIBENN LU ATIINATEIV U 37 Meee Aalluspeas 18.05 laatnawinassIuma
Wzl w.a. 2510 aaslinumsvaandusunuiagiy waznaeinasIuEeINIsaTINATIE
& o X A ag v
mstudlaulaveninuazi@agdunid anudsanesuenayulusing w.a. 2552 szylicail
o Taweniln : Asenic < 4 ppm, Lead <10 ppm, Cadmium < 0.3 ppm
o matudouiegdunidluingdu uazenayulwsnldmely

- Total viable aerobic count < 5.0 x 10°/g %38 ml
- Yeast and moulds count < 5.0 x 10°/g %38 ml
- Enterobacteria count < 10°/g %958 ml

- Salmonella spp. Taiwu/10 g %38 ml

- FEscherichia coli 13J"W‘U/g %39 ml

- Staphylococcus aureus Taiwu /g 38 ml

- Clostridium spp. Tdiwus10 g %38 ml

a ' vy Moy a a P o
anmannuhaamwraseayulwsgelilamnasgu Anuinnigademsvasntueiuauiagiv
v 27 et Aalluspeas 13.2 Bewumsisanduatiiasessuiin Dexamethasone Waz/%3a Prednisolone
WNNAga MUY 15 pen druluaienainanszyassngunsnmlaamsnalse wu udle uddnau uinssde
NN BNWNG WaUTHA 8% uannlEiwumsUasnduadissesdnunuenuauthyiuaiioay lunguenunhe
fa paracetamol, NGNENMNUBNLEU B diclofenac, indomethacin NGNENUBUVAU fid diazepam NGNENUAUN
= . . a L% 1 [ a <
@8 chlorpheniramine JUwuvzasenayulwsinumslasnvuenunutagiuaruluadusiiosiiia gnnasy
11U 23 FIDEN N 91 RBEN TBIRAANNMIINBUKEN laeRndnuNNaheuautlagiy wuadasasd
- v a 19 - < ' ' < d v oa Y ¢ S
uanlugnanulwsiialdifonamssnmnnmad uastnlsimudaguilnaldadasesdiluszeznainny
nalvtindunsald lagwmnwiza1ns Cushing’s Syndrome wananilgianmanumsduitlouseazayaunas
= £y o % 1 2] ] [N & a oo & & o ° v
waz/vinlavzvin S 10 dadn Jawlvaiifennzeydunid wes wazauuaiiGeluald wazwy
mstudaumsnyuazazmMganinnaeinaspulszna 2 oh Jaradennnszuviumsuaandalaiing
muaNf viaemsuudauanningiu asiuguaeidudesnnadauamnnasingdiunsununude
enayulng wazidayavesunasilaan wallasnumsvuidevveaioqduniduazlavemin mannaamilda
v a4 d A4 A = a & a A 3 & A
ANNEEDINYBTINQAY WUP AFaelase ) NlFlumsnde Jureumskas wazismsmmeayaunidluen
I A o v v P a 3 1 1 < o v Ao = v
anulns (uimbdunehmeieiinudunasinaspudiulngasilumednilifivansdouuazlaingu
UVEIHA® MUY 28 GI9ENN 0 86 Tadn Aallusaraz 32.56 AuutNeaNNUasndy guilaaasiden
v d' v a ] = v Y vo Y & 4 & v Y oo v A 4 [
enayulwsinnuunasndauaslieansdouen dayanlagldidudoyadasduliunmhenuinedaiu
Nuauauesasguilaasiuiuneunueazmsmiiumsud ladymeghadluszuudaiiias Taswmwzlym
mslasndusnadssasdrsaunutagtiudu o Tusnayulns esimswanngluuunasznalnlumsithssa
msldmadasesdadradussuy wazenlasdayadenuuaziy Wy Msdmuie MU SIUN
U vl o & [ v Y v P v 9 v Ao a a !
maweuwsanugiandy ldnguihuinade g wesenalnuazssuuihszsianiivssansmw Tuduves
guiinenamansmsunndd s aynssaany laimsmnifiumsithsslanunuiumhdayanamsnaiensi
nldeuns sanwiheveaslfudmsiedoun anadwnzimednmayulnslosganadauiiasdiu wian
MIUssndunus weunsdayalinnuunlszosusgnaiiaue
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v X F & " & L X s v .
nlaun myvudlaudagdunid msvudaulanswin uazwunimsduilaudagdunsduazlavievin S1uiu
8,1, 1 gate muaau  Aadlusaeas 3.9, 0.5, 0.5 Mmuaeu magedldllulumunamiinasgiu drulve)
Wumedheldfiteanzifiouanuazlinnuunasnde daygannmsdnmessilaninsalgiiudayaliuimieny
edae Ysznaumsudladaymlumsauanaamwenayulng wu msldauusnhuSudanszuiumsnan

VY ] LY - Y A LY v o v YooY oo P2 I

ungsznaums niemstkeunstayaiaudaiauny aasaaumslssmauiusianaiunguilon tiadly
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Survey of the Quality of Herbal
Medicines in the Public Health Regions
4 and 5

Nantana Klinsoonthorn Chompoonut Nutsatapana and Parichaya Mapradit
Regional Medical Sciences Center 5 th Samut Songkhram Amphor Muang, Samut Songkhram 75000
Thailand.

ABSTRACT Herbal medicines take an important part in today’s medical treatment. This growing
popularity results in increasing its production. Although regulations are enforced to standardize the quality
of products, however, adulteration of modern synthetic medicines is usually found since it can accelerate
the treatment outcome. Moreover, microbial and heavy metals contaminations are also detected. Therefore,
to obtain information on the prevention and resolution of such problems, Regional Medical Sciences Center 5™
Samut Songkhram in collaboration with Provincial Health Offices in Regions 4 and 5 has undergone
surveillance program. The 205 samples were collected from manufacturers and distributors during October
2007 to September 2008. Adulteration of modern medicines, heavy metals and microbial contamination were
analyzed. The results showed that 37 samples, 18.05%, were failed compared to the criteria, which 27 samples
were modern medicine adulterated, 8 samples were over-limited of microbial contaminated, 1 sample was
over-limited of heavy metal contaminated and 1 sample was over-limited in both microbial and heavy metal
contaminated. These findings indicated that the quality of herbal medicines still did not meet the criteria,
which the most prevalent problem was modern medicine adulteration. Most drug samples which were
unregistered and unknown production origin caused these problems. Related organizations should pay

more attention and solve this problem systematically and continually.

Keyword : Herbal Medicines, Contamination
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Evaluating of Medical Sciences
Knowledge and Technology
transferring to Local Government in
Surat Thani Province.

Jiraporn Phetrak Kanokwan Thepluein Daorin Sukkasem Pongtorn Thongboon
and Piyanart Leevivat

Evaluating Medical Sciences Knowledge Transfer to Local Government in Surat Thani Province

ABSTRACT Study on medical sciences knowledge transfer to Local Government in Surat Thani
province was launched by Regional Medical Sciences Center 11, Surat Thani during the year 2008
to 2011. The objective of this study was to present project’s model in the topic of project’s co-ordination,
activities’model, budget allocation and Local Government’s attention to the project. The results
showed that the project’s implementation collaborate with networking. The activities’model composed
of 1) medical sciences knowledge’s communication such as training program, providing exhibition,
demonstrating and practicing how to use test kit for consumer health products, 2) a Memorandum
of Understanding for networking operation, 3) encorage to practice and incentive by selecting the
best practice competition, to award a prize and knowledge exchange. Although the Local Government
supported budget and attended to join in this project increase yearly. However, The Department of Medical
Sciences should to 1) survey the availability of local governments to take knowledge into action, 2) have
guidelines for monitoring the agreement’s implementation 3) push medical sciences knowledge’s transferring
to the authorized office of Local Government in order to set up it as the important key success factor
for assessment as the pay. 4) have a good test kit distribution management system and easily to give

service to the customers.

keyword : Local Government, knowledge transfer.
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