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.
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( VouuIMSIIU ISO 29993 ) 2. nswiumangnsinousy
¢ 3. ToyamsdnmSouahnSuwinSuMstinausu
( e — > 4. N1sdIAS1:HADUADINISTINOUSY
asuwanistinousu y 5. naseoniuunangnstinousy
¢ 6. Voyanisaunsiinousuy
) 7. dngans
( nunouionns 7 8. msUs:Duwanistinousuy
+ 9. MsmsovdouIa:N1sUs:IlUWA
< JuvonnsSUSOUMNULANSTU ISO 29993 ) \ /

JUkARIUNURITUROUN SRINMENgRSRNB UTUIideAAT 09ALNINTZ I 1SO 29993
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nsaiiunuiauaegnglilasins “dawilinalaznalnnsiaSuasindaninuaraussousyaainsiesufinnig
MULIATZIN 1SO 29993 Tngldsumsatiuayuannaauduasuiveismans enasuinnssu (@nad.) Ssazilunaln
daglunisenseauiinanuaiunayaaInsesJuRn1TUesUTEmeAng 19uviase

finod1Arygs:uunasiSeu§ndeduvouds:ine
ilensiineusumeinemansdszunannsgIusesiuegna ISO 29993 §iGeu
wlasuuselovigean asdnsgiiuinslasuanuedy uavUsswmediynains

ANSDUTBITUAMUIIMIENIINeFEnshazinalulagluauinn

“WIAISSIINSIVANNTAS
FICUNIWRISIAL
INEIFINNASNSTIIAIIINIONAEU
MNISISEUSONOAS I

ASIVOUIA

_4‘1

b RO

L

[1] What is the ISO 29993 Learning Services Provider (LSP)? [Internet]. Shah Alam, Selangor, Malaysia: SIRIM QAS International; 2025 [cited 2025 Dec 11]. Available from: https://www.
sirim-gas.com.my/service/iso-29993-learning-services-provider-Isp/

19Na1S9193Y

[2] mmsg’]uloloﬂ[aaémmmu|ﬁ'aduiﬁarumwmsﬁnm [Buinasitin]. nsuinws: andususeduinsgiuloioale; 2568 [nfivido 25 Augngu 2568]. TATIA9N: https://www.masci.or.th/
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dssdns:

Inalind:n1lsdloa
olanlaslwssd
IASDLTOWUTIULK VD UBIINYN

u1esdU dnntia UndnerAansuquanis
an10ugnsAEnSIazIwudNgIFEansusSnis

DNA (deoxyribonucleic acid) |ﬂua'1$8:)[umnar‘ieﬁﬁryvoue‘iaﬁ%:')m
uanuruziduwoaiuesanuinagoavadwoatonalalns (polynucleotide)
||ammsUn 1 |Uuuhaamuvauan'mwusnssunnounumsm\nu
NISWHIUI N1sI9dryIAuln 1a:n1sEuwusTuguiigansoutiv
TuloSaungstin TumsAnu3desnu DNA Builuanshiusunrutios
na:lianuisnuavikulgisiosndan sn0uvzsiosdindodio
ndoInATAN9:=rMIKIsINsovRRmUMsTog HdonsiUasunlad
voJy DNA Tunisnmaadls SuntviuindouiiondrAryfidoinadn
o:nlsaivadianinsiwsda (agarose gel electrophoresis)

5U7 1 Taseadreveslauana DNA
fian: https://www.sciencedirect.com/topics/chemistry/dna-structure
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dssdns:

pynlsalaadianlnslusda (agarose gel electrophoresis) Wumadadmsuldlunisuenvuinves DNA finsldegns
uwnsvane esaniduitunsguidiladie azan uazUszvdn mﬂﬁﬂf:mﬁwé’ﬂmimimﬁauﬁ%mmsﬁﬁﬂizq
Tuauailwilh 9 DNA fUszgauanmsuandiveryneaiin Fedulumedail DNA azadoufinindaau (cathode)
Ugstauan (@node) vuaunilairlufnarsesnilsana Tasanudimeseynia DNA asiuegfiunsiedoudives
oun1adeauiliii (electrophoretic mobility) uazauslwsiild Inefinnsindouiveseyniasioauiuli
zuliunsInuUsEy wikUsuniuiusaiivedduana wazanumia ﬁaﬁuaqﬂlﬁdwmmL%waqmgmﬂ DNA 9guUs8iu
pssfvUszquaraulliingly udazuusnndudviaiivestulanauazauvin Faa1nanudusiuddananiaiunse
osunlddsaunisded

LV T e (D
1
He = 6En """""""""" (2)
. . 1
unuAaun1si (2) Tuaunsi (1) ezl v = 2(6—)E
nrn

e U fie AWIEIvEIOYN1A DNA
Le Ao M3tadeuiiveseyniasgauliii (electrophoretic mobility)
E Ao aunnlwihild (v/em)

Z fia Uszguaslaana (molecular charge)

I Aa SAdvesluana (molecular radius)
N A ANuntnvesaNsarate (solution viscosity)
T Ap A1 TAnUseunad 3.14 vise 22

7
naunsaviuladluanaifivuindn (r dendes) azedeuildisininluanadifivuelvg (r fdwwnn) wazluana
aa A o vy i o o N = & w1 Y
NUsEUIN (Z TAwn) asefeunlaiiinitluanaiivsyques (Z deves) lasfivszasiudndiulnenseiu
ualana sedumadaeznlsawadidnlaslnidadaaunsalduendudiu DNA wuad1e 9 I §in1sviauues
aeAUsznauveImAlialuanfagUn 2

JUN 2 nsvihnulazesduszneuresvadineznilsanadidninslvsda
u1: https://www.aatbio.com/catalog/gel-electrophoresis
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dssdns:

U7 3 wan153iAszit DNA daewafineznilsanadianlnslnida (A) uay nymluansrnuduiusseninsseznisafoud
299 DNA AUrUIAU993UdIu DNA (B)
1: https://www.excedr.com/resources/how-to-read-and-interpret-gel-electrophoresis

v

19819HaN153LAT129% DNA Aemadineznilsanadianiaslnsdauanidagui 3(A) Feaznuinludiedne A, B uaz C
Fudiu DNA Aflvuadieiu 5 3u 4 Fu wag 4 Fuauddu lnefdudiuves DNA Aflvuiadnaviafounldlnanda

Fudu DNA Ndvwalvg wazgannsnlugy 3(8) wansmnuduiusseninesseen1sagouilves DNA AuauInved
Fudiu DNA

)
l

Tunsldaumadai Tneiluasimdoneynilsamaiinnududusenindesas 1 89 3 lnenisavaronseznilsa
TuansazanaUnes (running buffer) Wu Tris-Borate EDTA (TBE) %50 Tris-Acetate EDTA (TAE) meldnnnusoud
gaumgdl 85 - 95°C uazudenlBushadumausifanilaefigaumginisineaseying 35 - 42 °C deuriiileliiAngos
dmduneondiegne DNA antuutieaasiy Chamber fiflanszanadimled vinsldanssegnmassenaa wazld
nszualniin dswaviliinnisiadeuiiues DNA Wutiewns uwaziiiesann DNA lifidmusssurpsssnfudesdoudqe
a13i30suagy Ethidium bromide 38 SYBR green staining Hislfaunsansiagauuay DNA nelduasdand
Taleaan (UV) 1a

- aznlsaanidlumaiaifeasusennnedneanilse

OH OH 0 Faduvetevailslulea (agarobiose) §¢i 3,6-

'8 anhydrogalactose 13esaduiivtiinianiuaning

vel 0 ﬁ%GH (galactose) %aiﬂsm%’wmqmﬁLLamﬁagﬂﬁ 4 lng
OH HO Q Auaudinisiiaaiinainiusslalasiauiasening

3 Jn luana wazansluluianavesaigesnilsaaa vinlv

eznlsanaiilassadeiifidnvauzilugngy dwalians

UM 4 Taseasramaadivedarnilsaaa < I 9
s YUIALENDE19 DNA @1usaspaaunsulule

fian: https://www.scienceofcooking.com/chemi-
cal_physical_properties _agar.htm

36 015a1SNSUINYIFNENSUSNNS



assdas:

walineznilsanadidnlasinidadioduiniesfiend
unumdAluauauen?yinga (molecular biology)
wu walulagiaeuduuus DNA walulagiuginingsy
fldnsinseuazindoudeduluinsenindaddineg o
fouldmadadlunisianuna wieldlunisseyiy

Paulalagni1siasigivuna DNA 819nsevinlaeldaules

FRIUNTE (restriction enzyme) AATUEULAINIITUIIN

v
a 1

Fudrmvesduiidaivuinnsanamauiudely Turiues
Lﬁmﬁ’mmﬁﬂﬁmmWidl{fmiaammsﬁagimaﬁuﬁauiﬂu
Flunlaenisaia Genomic DNA wniinUSunadudiavla
meawalln PCR Nou uddsianunameaiineznilsana
BianlasInsaala i

D.

€

fun: https://www.yourgenome.org/theme/
what-is-gel-electrophoresis/

wirlreynlsaadianing lnsda
fdedneltuiny lududou
wazdfunuen wafldedain
drryRavanlalisruInges
DNA whifu usilslensnsavensita
druluaas DNA 18 ety
lun1sigadduduninugnéies
9999udIU DNA Fesndudes
fin1snsavdeusiiuindae
wintiALESY 1w DNA sequencing
Hudu

fian: https://www.labortechnik.com/en/agarose-gels/genetic-quality-tested

19nNd15530

ofiym o8Insu. dianlnsiwsga: nannasiia:n1sus:gninuINGudIAs K (Electrophoresis: Principle and Application for Pharmaceutical Analysis) [puinesiin]. dndndsndsrans UKnanende
oduanuni [IV1faido 5 UNs1AW 2569]. INATNIAYIN : https://elearning.wu.ac.th/tokenpluginfile.php/b3c2bab4c1d75d9a170615443a377e4f/519965/mod_resource/content/1/
WORD%20-%20Electrophoresis.pdf

Javeed A. T., Nighat U. N., Rasy F.C.W., Sheikh M. Basic Life Science Methods A Laboratory Manual for Students and Researchers. London: Academic Press; 2022. Pages 103-106

Lee, P.Y., Costumbrado J., Hsu C. and Kim Y. H. Agarose gel electrophoresis for the separation of DNA fragments. Journal of Visualized Experiments [Internet]. 2012 [cited 2026.
Jan 5;20(62): 3923. Available from: http://doi.org/10.3791/3923
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dssdas:

a'ls_g:a'wé"\aa\ﬂaaauwa'\au'l
{uildaeAuYUY (Simulated body

fluid: SBF): aisa:angumsgaulunis
ds:1idunouauisniunisinadua:walnsved
JanoannnsnBINIW

UN&E29urlid Wusan' UndngAanssiunnynas (Uo.sn.)

UN&a9NIUAES Inousna’ Undnenransunumnas uo.un.)
lla: uUWaownmssun 1Idond’ UndnenAians (Uo.)
1nejuc’)lnS'l:rﬂns\la§'1\1ua:W:uﬁo (GIVA}
AughasUURN1SSWBIWENE (Faw.)
an1UuredUURNSSNBIIKIEIA (803.)

fanfuywdairsiudfiautfannsaainziunsegnldlnensadonit “Sanaanqud
N19%010” (bioactive materials) duu lulauaafinnaransowniginin
(bioactive glass), laasondazwilnAnuuiniuiln (sintered hydroxyapatite),
wanlasuea@eouean (B-tricalcium phosphate), uiawsiiin wila Ceravital
Afaeznilng wazuduwsfinvdn A-w Ausznoudaonasznilnduas
seamalalust (wollastonite) dv¥ammariianunsndaniefunsegnuosdsiisinls
Tnemsarinudusrnilyd (apatite layers) [1] fiusingoguinasswitnszgnuas Jan
pangrsnedanmediatu 9 nsdefivesernilnddanuisasrasslfiintuld
meldannzluresufiinng (in vitro) Wulieafunszurumsioivesezmlndd
Aintunielusnenie (in vivo) (2] Tnensutfageengysmisianmivariluansazas
$raoslosounanaunluidensyud (simulated body fluid: SBF ) figamadl 36.5°C
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assdns:

asazanedantlessunaauluenuyud (SBF) umsazmedidninslasditnineeansfauiulidanududy
vasleoaulndifssiunaraunludonuywe (15797 1) Ingiaasgu BS 1SO 23317 Implants for surgery - In vitro
evaluation for apatite-forming ability of implant materials [4] Avunlildasazarvdtaedlossunatauluidon
uywd \uanmeneaeuvdnlumsUssiiuanumusanisfedussmlnduuiinanugnaemamsuime vidliaunse
fraeeannzmndeunsdinmifanasduianienondenisilslusnnigldegannga naAntuezmlnduufa
Faoifloutluasazarsdraeslooounarauiludenuywyd (SBF) fodususdddyuesmnuansoluninieiusy
ﬁ’uﬁangn (bone - bonding ability) LLaxé‘i’ﬂamwﬁmmmLf]ui’a@aaﬂqm%‘@a%amw (bioactivity) feufiagfinw
nsganzdaniunseanludninaaes

»1sWA 1 Ms1adseuiisuanuuduredlessuluaisazarsdiaeslessunataunluionuyue (SBF) wazansavany

AJIWIVUVU (mmol)

wanaunludenvesuyud [4]

d1sa:ang91aavlooou

e : waraurluidenvesuuud
wandunluidenuuud (SBF) b

Na* 142.0 142.0
K* 5.0 5.0
Mg** 1.5 1.5
Ca** 2.5 2.5

Cr 147.8 103.0
HCO, 4.2 27.0
HPO42' 1.0 1.0
80~ 0.5 0.5

nsUszdiunisiintuernilnduuianfanudenisus
Tuasazanedraodlessunarauludonuyudmuieulyves
1195574 1SO 23317 lawldimalian Scanning Electron
Microscopy (SEM) Lﬁaﬁ’aLﬂmé’ﬂwwé’mgwufmmﬁuaqs??umzﬂau
sxwilndiineduuiiuin Seidnvusadruaonngua
(cauliflower-like morphology) [5] ﬁﬂgﬂ‘ﬁ' 1 hazmAla X-ray
diffraction (XRD) \fieButhilassairsndnveanasynilng
%ws’mgﬂﬂ 20 = 26° uay 32° a1y JCPDS 09-0432 [5]
LAnaFsgUT 2
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dssdns:

Ul 1 Mmanndesqanssmididnnseunuudeansin
(SEM) wansdnwaizdugiuinevostueznilndi
nefuuiiuisluloweniinnana/uiadinin wius
luansavangdnaeslessunatauiludenuywd (SBF)
unan 7 4

31J‘1’7i 2 WUULHUANSIABIUUSIELend (X-ray
Diffraction (XRD)) wessheghsituiisluloweniivinana/
L@ mdsusingrennalaasendornilng
fisunds 20 Uszane 26° waz 32° nduly
ansavareinaelessunataunluionuyse (SBF)
Wunan 7 u

aglsimuansazansy Srasdlosounatauiludonuysd awnsadiaesldianizesdusznou eduvsdvesnatauily
emyudiinty Tnglifidunauvedusiu nglaa Iniu sosluu uazesdusznoudunidsu q fudumseonuuy
nsnaaeulaznIsinuRadnsaInnswluasazangdraedlossunataunlufenuyud (SBF) Jadasdniiun1snie
ANUTEIRTE T ULagia1IunTedninvesan1Id1aRReana TN
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p3fALfiFosasararsdnasslossunarauluiion
UYwd (SBF) M1uunsgIu ISO 23317 dmsunisusediu
aruannsalunisifndusswilndvesfaguandiemenis
LWNE LATLLAMNNIYIAGBUATL ISO 23317 danunsa
Ul ldudunuuniswmunisnageuusziiuniiy
annsaluniaindussnilnivesanuanaienianis
WMEANLAATEIU SO 23317 Beflannudenadedlagnsd
Aun15favesan I TuriesduAni1591989unavnf
nIAMEmEnsuInTg suunsiananddgyluniswmun
wazenszauRun el jiRnsneaeuliiduluaiy
UATFINAING FreanNITRININTSasFegslunaaay
TushsUseina Wiveumadlayadeievenans
nagau aaenauatuayuusznaunisinglunisimun
nanduglin1uuInsgIuaina drlugnisiasuaing
YAAUAINITONITUUITUVDIRAAINNTTUNITUNNE by
weluladTnnvosUszimaegadsdy

19Nd1s91999

dssdns:

[1] Baino, F., & Yamaguchi, S. The use of simulated body fluid (SBF) for assessing materials bioactivity in the context of tissue engineering: review and challenges. Biomimetics. 2020;5(4);57.

[2] Mdller, L., & Mdller, F. A. Preparation of SBF with different HCO3-content and its influence on the composition of biomimetic apatites. Acta biomaterialia. 2006;2(2);181-189.

[3] Macon, A. L., Kim, T. B., Valliant, E. M., Goetschius, K., Brow, R. K., Day, D. E., ... &Jones, J. R. A unified in vitro evaluation for apatite-forming ability of bioactive glasses and their variants. Journal

of Materials Science: Materials in Medicine. 2015;26(2);115.

[4] British Standard Institution (BSI). Implants for surgery — In vitro evaluation for apatite-forming ability of implant materials. BS ISO 23317:2014. London, UK: BSI; 2014.

[5] Pantulap, U., Unalan, I., Zheng, K., & Boccaccini, A. R. Hydroxycarbonate apatite formation, cytotoxicity, and antibacterial properties of rubidium-doped mesoporous bioactive glass

nanoparticles. Journal of Porous Materials. 2024;31(2):685-696.
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wanlaunisisgusarudnermaas:

Insuatrugdnisiseus
1isovus:aunisal

UN&a99ASUN UrYag UNJBINISADUWINDSEIUNYNIS
UN&9goAs Ins:=n1a UndnenAansgaunrynis
anouwmunindnenAnans

nigissuniudnenAansvuoulitiosv:=andngnsia:nauilnduagin IAIdoIWGY
nsrinvauasyluresUURAnIsnauguvInAulUlalun1seNIuUNISNAASY
Jins1:hwa naziflvdryrniiawazntnagaidus:uu a:fouvodnnnvo
ms@uumsaauuuu|ﬁuﬁ|Gumsriwnamnmuglmnnuﬁ UINNo
n1sasus:aunisniisSousuaunisadidoufun ARdINST:A IazISuuS
21NaNIUNISNUASY

WEINERT Fio AEARSWIRNTII0NL NSTAGDI KAZMSLAIINAINDUBENS

Juszuu winluefn msBeudiuineimansdniineglunsoues
ouFuuuaziesufuRnisisidodfnsunat niweins uazam
Uaende dawalidiseusiunumdudios “g5uanud” unnnindasn
psAmNufieaules luuunveslanansswil 21 Jeduindeuse
daya nalulad wazanududauvesdymdinuuaranainnssy
wwIAan1seusWeUsvaunisel (Experiential Learning) 3slasu
AnuaulveginIarslugiusiwImedAglunisiauinisfine

E aineenansiiaenndasiuauianisvesangalysl

MIBEuRasTaUNSalsiunsEUIuM IS BusuNTaslo U URAS
n13duNe A1 wazasviounaans wedilugnisuiuldaiug
Tuaaunsallvdegeliusedvznin wiRndnaidiedsuunum

voeunngsuawg WulidwsaulunssuiumsSeus wazduasuns

—— WawinuedAny W MSARBAATIET Neuilyn waensReuiaentin

42 01581SNSUINYIFNENSUSNNS



soug soulan

T2yt walulagadviauavuinnssunisieuslaindunumddglunstundeu

nsiFeudideUszaunisal lnsanizluanunineimans deetofunisaasuas

o A )

n1sinuuRedreraiiios degrunaluladdfyidisensedunisiseus

o

WaUsEaunsal town

1. AoudfumAnsididou (Virtual Labs)
NIl URNSIalouUNILUUARIIN 13D
Virtual Laboratory d18andednnasiunsneins
Tnssadeiiugiu waranudaendy fEouaunsadigs
nsnaaaslénniiyniaan USuiudsufiuls vingn
N13MAass uardunanadnswuuisealni unaneosy
JEAUAINA WU Labster wag PhET Interactive
Simulations wansliifiudnenimaesiesufdinig
adleulunisvenglanianianisiSeus anadny
wAena waratuayuauinfisunanisfing
Tngtangluuuniiidodifndusudseana

2. Al na:s:uuiSgu§iawn:unna (Adaptive
Learning)
UJyayUsehvg (Artificial Intelligence: Al) lalan
funumlugiugszuugisaoudaasees (Intelligent
Tutoring System) ﬁam’liaamiwﬁgmmumi
Seus seiumnutnle uazngouveieunsas g
ntussuianssusazsuuinialfmnyauiu
AngAmanIzyAAa AI8E19UU Adaptive Education
Platform: syuuiiasgvingAnssunisiseus (https://
www.nectec.or.th/innovation/innovation-software/adaptive-education.html) ﬁﬁwm‘[m@uém&ﬂu‘laﬁ
Bidnuselinduaraouiimesuiand (uawe) dinnuiauinetmansiazivealuladuisd (@) Hu
unamylesudiasuis (e-learing) MlilsiduinmunasiinzinginssunsSeuivosdiSou nfoutiouusi
domilasumunagAnvifidudte finyseavsnmlunaBouiuuudnlulf
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3. Inalula@idijou?sy (Reality Technology)

wialuladiaiiouass laun Amuasauasy (Augmented Reality, AR) Aanuassiaiiou (Virtual Reality, VR), AURSIWay

(Mixed Reality, MR) uaza11a39ve1e (Extended Reality, XR) WumealuladfiidalannsSeusdi “Baneunay

Y 9

ddsladne” Tagassaninwandon 3 87 wieiutudeyaadluingeds fBeuaunsoneniunasiufduiusiv

Usngnisalimainenaansiidudeusazidumnusssy wu lassasstluana ssuvsynma viienssuumsmsi@nd

Tuge FIvenTeRunIsseusIneiaansdadnllg

M3BEuWUUANAN (Immersive Leamning) 1113d8ua

mMyUszgnd ¥31 XR Heiiisanudiladaluriond uag

wasuusgelalunisiseusvesyiSousgrelidedAny

Mvgagu ITERRIFeNInNTINNSISEUIEMSY

Jnissuiseudnwinaulatslulve Taeld AR @15e

1ASIAS 1AL NIV UVRIANATUSI9NY WU

AU S IU U AUNIITIING1VDIN NS D UL

ag1eildedrAy sauvsdanuiianelanarusegala

lumsiFeuinasume

LIAANISSBUIBUTEAUNTAINYTUINTNALULAERITARINATY avriaufiAn19d1AyveIn1sARRILINTSANY

Y

mudnenemansluanissud 21 FajaiunsasnaussausiasyinvenamsadlUldlaass vnndinsdevenaui

\Banguiiiesegiufien Ndidenndesiuusunvessemalnglunisiaunmanusuineimans alulad uae

WINNTTU DTITUMIURLULUAIUBINIARRAVNTTULALLATYFNAFIUAINS

19Na1S89dY

aouiwuntdnineimans (@wul.) NsuIng1eansusng
HunuvaAglun15enTzAUAIINEINITAVDINIAIAY
AUAINgANENSTRIURURNTININWEN15AR TATIET way
n1sufURnuegrnduszuu msimuInangns e-leaming
fuAneman e fURnsiysannsuuifansiieus
WBeuszaumsnluazwaluladnidvia Jadunalndrdgylunisvens
lonmanisiseu; andedninmuninens uazduaiunsiseu;
naeAtin SuazhlugmaainsyaansviesufiRnsiifiaaunm
funmsgu uazndonsesiumsivAsunUasessingmans
wazmaluladlusunanognsdsdu mnaulandngnsilneusy
D9 @AWW, mmm@iwazlﬁaﬂLﬁmamiﬁﬁ https://training.
dss.go.th/

insn AUTUUNU, GiSUISsu. Adaptive Education Platform IWamwasi E-learning AdS:UURAARUIA:S:UJrurNNSISELS Wiousosiu:UnitoniAgiSuunuussunna Buinasite]. Unusad: d1tnaiu
WeuudngAansiainAlulagingsIa (6ons.); 2 U.A. 2569 [INAIo 2 U.A. 2569). [FNtls9n: https://www.nstda.or.th/home/news_post/sci-update-adaptive-education-platform/
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