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Comparison of white blood cell types and cytokine levels in rabies immunoglobulinroducing

horses after rabies vaccine booster injections
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Adnfiy: 1 Baalulneyind waaiaulase

ABSTRACT: Three groups of horses with high, intermediate, and low immune response levels were stimulated with the rabies vacdne
to produce immunoglobulin G and prevent rabies. The comparison of white blood cells in the immune system, spedifically granulo-
cyte, monocyte, and lymphoid cells, as well as the measurement of cytokine levels (including IFN-QL, IL-4, IFN-Y, IL-10, and IL-17), was
done to indicate the immune response through Thl cells or celtmediated immunity, or Th2 cells or humoral immune response.
According to the study's findings, there were no significant differences in the types and numbers of white blood cell populations or the
levels of various cytokines among the three horse groups. Furthermore, due to the wide range of statistical values, the number of
monocyte-type white blood cells could not be used to predict the trend of dendritic cell responses, which influence the production

of regulatory T cells during the immune response process in horses.

Keywords: Horse, ERIG, Denditic cell
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Banlulnaydu (mmunoglobulin) Felusiui
fvmniduseriued (Antbody) luszuufieuiimes
same TeedBallnatu 3 (mmunogobulin G
¥0 IG) ihueriueausnniign Srnsdinilums
Ustfuuazmogiiudelsemae uavirylulneyaunelsn
(Rabies RG) 1y
wevRvBRRe el ST (Rables virus) Tpsulse

ﬂw@ﬁ%ﬁlﬂ immunoglobulin:
qﬁmﬂmé’amﬂmsﬁmﬁal,%a (Post-exposure)
Tunszuoumswasdsylulnayaunelsaiig-
ﬁmﬂwmmjﬂ (Equine rabies immunoglobulin G: ERIG)
voseuEmm  WRmsAanszamanmeirulostu
Tnfuaiineinidomns  ielmniimsmeuauemny
Priuiinsrelsastdussiugafivmensms
Uostilsn LLazmmiﬂﬁﬂUN%mﬂuLsuémLﬁaﬁaﬂﬁuiiﬂ
fruthin (ERG) vsmsdhusiadol uouueiiioauy
Tulnafuiandnusndunsmeuausmos ety
Uselam Humoral %98 Adaptive immune response
Tnesziummeuauewngiieafsrmnvmetade
loun Vnasmesdielsasla Bmsndeliastan
S9MeRn (njection route) i Snalrvite Saen
neuiievielnmaenioa Mot
FuiEauaniaen (Antigen presenting cell: APC)
Tneiamzanimilasn Oenditic cell: DO) yafshEu
Histocompatibility
Complex (MHC molecule) msaTEsHeM ISy

uiinBnwaetidndie  Major
vaelalslens  (Gytokine)  Tenuimaunemnemseeu
auawaaszwg’iéﬁﬁlﬂ;ﬁmﬁuaama,m
auresnTgnannsausuuniioiimuhidy
PeMIEUALBMBT IR fumBTUY (Moore
and Hanlon, 2010) msAnfruesiulsrfeihn i
ubSastamtadions wlunsaumouaegi:
5&51460@%621&15&@%@@%3%@@ 4" T lymphooyte
Tneiamne T helper type 2 (Th2) safurmsasslain
lend Fidndyloun 114, 115 uae IL-10 dmanensass
uevueRuasB ey ALl monAuanaey

&
UDNINU

win Bxracelular antigen uslunsdifihnssedy
%A Intracellular antigen %iﬂﬂizémzwgiéuﬁuiﬁ
nnsseuauessiln Cellular immune response 1o
MneUaUDa T helper type 1 (Th1) waedlnseEs
IFN-Y T atader 2 (Venkataswamy et al,, 2015)

Tumimauaummagiéuﬁu DC i
APC ﬁéﬁzyfluﬂﬁ@ﬂﬁwaﬁ%méa%qLLUaﬂUaau G
DC fMiflpanan Hematopoietic stem cell %9
wWaeuUadlamnite Lymphoid uae Myelod cell us
éauimjuéyaﬁw@ﬂmmﬂ Myeloid cell TImsguun
Snnuzes DC oonidu 4 nau PN TusesTUUL
Minwasloun Classical DCs, Plasmacytoid DC,
Langerhans cell ey Monocyte-derived DC Tt
viegluzu Monocyte Ivafisusglunsuuaon el
miéJﬂLaw'%ai?%qLLiJamJaanL%mwvm?isJuLﬁu Mac-
rophage LLﬁ’JLGUWﬁLuaLEJ’e]mﬂG] msﬁmvrmwuaa C T
asmummmmammm (Maturity) voueaaesme Tn
Srsthienedounummes DC lunsnelwiianmgl
paUeUDY (Tolerance) ﬁ%uaﬁumﬂﬁﬁiymyszﬂmm
wad wurTunmeAdEUlAlRa (mmature) Wl
i@mﬁmﬁaﬂmmL?m?muazéaa?%qLLUaﬂ-UaaungasﬁN
fusavdam  wnstheusasdanaenailel
amyiﬁ:! Hemnmauanshu (Receptor expression)
visaciiey TasmsasslllenTEnaRng
Qiéﬂﬁu (Innmunosuppressive) W50 Anti-inflame-
matory agent ﬁgﬂmﬁmﬁﬂﬁﬁm’%ﬁlu?ﬁLL’mgammg
Fhnnithensetenhlnianmelreuauemy
n

miﬁw@ﬁ%mizmw DC U Lymphogyte
szﬁjm T cell iehuéhﬁﬁuﬁﬁaiﬁtﬁmn%ﬁmauaumﬁm
mmmu Tnedl Lymphocyte oon T cell i
Borm Lymphocyte ﬂaum‘um 39 Regulatory T
cell: Treg Gm:uwmwlumﬁﬂmamaﬁuamwgm@mu
melusme aansoudladu 2 nau fe D4 Treg
cell uay CD8" Treg cell Fdmsmmen Treg cell fia 2
ﬂzjmmmmuaﬂm’azmm%m@iamﬂﬁﬂiﬂﬁL‘?ﬂm%m
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Fusugesiuarlsredn Todel Treg cell
il siseviannduly alusiuf Efector T
cell Tummhanedauantaen lviimmidemens
Prneddn unen Treg cel ﬁﬁ%ﬁ’]ﬁﬁ@ﬂﬁﬂlﬂﬁl”ﬁﬂﬁ;
Fnrmegiilaf Tnevbevieanuzues DC Sawlen
mmaﬂsumwiaa‘uaamiamLLaumuamimuﬂu W
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Fualianes T cell Fignnasauileandnanme (Ha-
segawa and Matsumoto, 2018) MINUUNTAVDY
DC podlmeliamgauiianauninfsaciaia s
e ueedlafnorfuerdviulalen Feh
aTiaURinouas Monogte  TEMSUARIAUAS
(Differentiation) lUsthuas DC Fee1 udnviidms
FerunsaladuntmmeelumaUsiuysdni
o svimRnTes DC LA Faeased
méﬂﬁiiumiﬂszéuLLasqumﬁmamummaﬁsw
Qiéﬂﬁumaqéﬂaﬂﬂa

mrrReUszneuvesden Wuanuniines
MSATEUAITEUTUDNTaNMEANYY ReUnuaER
Undvesn Tnemspsiatusindon Hemogram) wu
Smdonun Talnedu sty eendlsferu menh
weimrighumsananilome  ewnirfide
Gordseaiulihanueernnuaglasunanseyivan
T me WU eSS
(Satue et al, 2012 AuMSUsE BT EIRDS
e Alemnmsasatiusiniens (Leukogram) 1
mytuSieBenumyaiavienazeln  AsnIUs
veriammeyniRfmesnuaasile Gatue et
al, 2014) wu N3l Neutophils N AUIEN
smEmsedsluuen et Lymphooyte g
LﬂmmmﬂumsamﬂmmuLwammalﬂjai'mmalmu
msaniAd s Monooyte mmmmmmmmm
APC i1 DC 950 Macrophage uazmsil Basophil 5
aaifeTesTUnTTUIIMSSNEUY DU W

%zgﬂs‘zmémaams?iﬂm‘luﬂ%ﬁj iensaom

a ‘2 A [ ¢
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1. MazuEenth

sniflatunsAnundusnaummiiatunse
waneshlsaiuathnn (ERG) S 15 6 a1n
AeNTiNE R NUaYEAREI d0MUETIN EM-
vl msﬁzqu 56 T pavne AueNSUULTL
wapmenUsAL 2 Seneu Tresnannsnardauvanh
wavelamaonne Fesniummeaedasumssuses
sl vnaesiterumamemansTnAaEATIL-
msLﬁaﬂﬂsﬁﬁm%maawﬁmmmam% AU
@ QSMKACUC005-2015  Sanswenanmerisi
Uaaﬂuiﬁﬂwwquﬁum%umama (Rabisin®; 40 IU/m)
B 160 1U weifu Imject® Alum hudmsanu 21
Toenmstnarleprvite Gionusee $1uu 4 99 o
1.5 Ladams

MsRURenN FunoumsEanseRuDay
0) UavviSanTIrRLT) Day 3,7, 11 Uaw 14 Ju AUV
veendensUAname Uines 150 Tedansnein le
wadeneanity 2 vieen vieen?l 1 (50 Tedaes) Hu
thenUesfumsufisshvesdion EDTAcoated  tubes
Baws 1 Tedams leamss Whole blood leuko-
o/te ez Hemogram vieeaTl 2 (100 Teddes) Bl
Heparinized (Sodium heparin) 10 IU/ml delauendin
Gormmaialluieaes (Peripheral Blood Mono-
nuclear cells: PBMCs)
2. MINTIFMNIBIURUAMT
21 mimaammamyizﬂsumLﬁm%am (Complete
Blood Count, CBO) ﬁﬁa@ﬂ@i‘f@mﬁmqé’meé‘mm
oy
22 masteuhenedondileonsrnTiassmrain

uazU3nased Blood leukocyte population thiden
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1USNIRT 0.3 Tadans @UW1e1 Lysing solution Usuas 3 fadans annuuyinnsinusaalng

WA 2% Paraformaldehyde 0.3 fadans dluasiainsizmnadanassuiuvessaatdinienyn

Town Lymphoid cells, Monocytes wag Granulocytes mersedalglnfines (’E‘Uﬁ 1) (@953

AU URNIINIAINIDNYIAENT ANTUNNYAENT THIAINTUUNIINE )
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g‘dﬁ 1 uNuN MR (Dot plot) kanddnwazn13NIEABWad (Light scatter) maaﬂfcjm%a’s;l,ﬁmﬁamn 3 ¥
Granulocytes (44.3%), Monocytes (3.22%) wag Lymphoid cells (27.3%) mewniedvlalalniines

23 mweniindommulabluiedes Perpheral
Blood Mononudlear cells: PBMC)I@EJI%%EWEH Ficoll-
Hypaque uaspTimsnamedlalslen 5 ¥0n loun
L4, IL-10, I-17, INFg uaw INF-OL demsriipal Hepa-
in etesiufonudsh Sofifignmsivemudi
RN o] méau’[.aﬁumwmam 20 Yeeans
EENOI! HcoLL Hypaque 10 agens ﬁmuumvl,ﬂﬂuw
ammm V01 A& S8U 3500 rom e 20 Wil
mm‘umu Buffy  coat Fadutuveaas PBMCs Ty
e 2 ASa e Phosphate buffered saline (PBS) 1J§‘U
Vaineusaalvlarmuaiy 10° weaAadans e
onsEeaea Complete media (RPMI 1640/ 10%
Fetal bovine serum) shlueslumen (Plate) wuu 6
vigu \ne PBMCs va9 snupaEinons wuedoadu 2
vign viguusTlaas PBMCs Weeenafien viasiides
T e PBMCs 71iatens Cell stimulation cocktail

Unms 2 lailasdes shuvanluusluguadid
CO, 5% aamgdl 37°C Junan 24 laa
LﬁUﬁﬂLéj&Nmaéuqmaz 1 finddns 117l -80 °C as
aselnssUSinamedlelnlaumeds Bead
-based multiplex equine specific monoclo-
nal antibodies on a Luminex Instrument i
‘l;’e)dﬂg‘jﬁlami Animal Health Diagnostic Cen-
ter WNineNduApTiua Usemeanizoiim

3. nmInsamsEauQiinusalsaiwgivtfqe
3% Rapid Immunofluorescent Focus Inhi-
bition Test (RFFIT)

FmsiEesnmandin uasthanHauiy
IfalsafivariaTn (CVS-11) vuil 37°C w1
Flus Mnianfumaasia BHK-21 uavuumely
é}uﬁuﬁ'ﬁ CO, 5% gaumail 37°C W 21 il

P2

Lwaimmwimmsualwuaa wﬂmiﬂﬂm%aama
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90% Acetone UAztBNENFUBAT
SalAucsRmenavigeaisaty (10 amavUy-
sndSafidllusen melanaemgeaisann &+
waniendlameluunmmesipe’ seiugiieniy
melsafigiivuErmnedu UAicaans

4. mensvnAiusius i umwenasn

srrvneriUsiusauwanasnmenhen

Pierce" BCA Protein Assay Kit (?]‘1;@ Themno Scien-
tific, USA) Ineriieufiuansaeanennnsgiu (Bovine se-
rum albumin; BSA) Faemaitsmed@meiemaunls
TWlofines FmnspenEues (OD) 562 nm thanms
penEuMAeNENsATLINE T A
Tusfmemanalaglalysuns Excel

o ! lﬂg’
nenaral-

5. MYAATEVIG TSR

I%IU§LLﬂ§1J Student pair t test two sample for
means melunaumnass uasly ANOVA test sy
ﬂémmmaaa (0 <0.05)

HANNARRN
seuniiAuiusialsaugiut

vy v v

VRN TEAANmE PR Y UlsATE U

v v

wurarEmaeuavedumsargiieuiiunmetu

amnsauuseenidu 3 ngu (N30 1) o ngaBisiy
i (High) nesfisesurDieufulnunan (n-
termediate; Intrm) uaengaiisFuRRRSh (Low)
nep TEswiugRianifuguansengian (3089 319.8) Tu
Rt 11 vimsEetetu wssfugleutuasanadu
it 18 GUT 2) eendlsfiona iewranugeesniing
PoVaL AN TrlvmeyaliemausTiugs A
walﬂziﬂwummLLmﬂémaéwqiﬁaéﬁaymm?ﬁizmw

NG

A19197 1 uansAseRuniinuiuneuuazraaiaduiun 3, 7, 11 uay 14 933902835 RFFIT
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A15197 2 uansenanutvuveslalnlausinnieg anddesvaainionunl (PBMCs)

7 Day 0, 3, 7 uag 14 nasanindu

Cytokine Group Day
0 3 7 14
IFN-OL Low 26.2+12.9 13.2+12.8 17.2£19.4 14.0+£17.0
(pg/ml) High 11.0+£16.2 0.6+1.3 22.6+15.1 15.6+20.1
Intm 6.6+10.5 5.6+7.5 24.2+29.0 12.8+24.9
mean=SD
IL-4 Low 132.8+137.5 68.4+23.9 101.4+42.6 | 105.1£90.1
(ng/ml) High 80.3£79.2 53.4+18.0 120.6+62.2 | 71.8+79.5
Intm 55.8+31.8 100.0+29.7 143.3+27.2 | 67.7+£56.7
IFN-Y Low 2.0+0.5 1.3+0.8 2.0£0.5 1.3+1.2
(ng/ml) High 1.1£11 0.8+0.5 2.2+0.3 1.1£1.1
Intm 1.1£0.7 1.1+0.5 2.0+0.7 1.1£1.0
mean=SD
IL-10 Low 65.1+37.3 37.1+17.2 62.5+23.8 72.2+68.1
(ng/ml) High 44.4+53.7 22.9+9.2 80.8+59.1 38.3+40.3
Intm 25.8+19.2 38.3+23.0 57.2+36.6 22.4+27.5
IL-17 Low 116.3+49.3 64.6 £52.6 90.3+£66.6 68.1£77.0
(Uxl0Ymy | Hish | 508 +64.9 | 1244112 | 1104466.7 | 66.5+73.8
Intm 41.3 £53.0 39.3£27.7 74.4 £73.2 | 47.7+70.8
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vlmnufinstushuarlassindenunsiitiu
dsedhidamnnesngszuulnaiouden v
IﬁﬂlﬂLﬁmﬁaml,mqaﬁﬁuﬂiwﬂﬁ (Satue et al,
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YOWNTLEINTATTAUNLAZSEWDS  59971989Na
sendinidenunsidne  feuhilunisAnund
[RenvesiuUiinansindenunsrsasnasdis
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miﬁﬂmamamﬂ’ﬁﬁuaqLsuaét,ﬁmﬁamn
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Monocyte Wag Granulocyte Lﬁa@mima‘u—
auownsszdunfauiuluin fsemuieatuls
SodemanoUsinn  uaznsasslalalauves
waadindesvn laun vnaiiuiiessdy
wazuiiwananety  nanensnsranusiuiy
waawANANIAY WU 71U Lymphocyte WU
qnqms[,uﬁ’mnm 15.00 4. Monocyte Ww‘h?jﬁ
Tuaaan 09.00 . s elsAmurisiarluiina
m‘afﬁﬂmusﬂad Granulocyte (Satue et al., 2014)
ogresniudndadefifnanenisvinnures
wanidndensn  laginotguinazinn Lym-
phocyte wa Granulocyte g4 Bvaawalviinig
L4, 110 Tigstuans
(Schnabel et al, 2015) Tun1sAnwiflvsneny
56 4 Felud
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LANANATY

Tunsanwadidluanunsoled3una Mo-
nocyte iloUsziun1snevaLevaNTAaRININ
Monocyte-derived dendritic  cell Mg
\naeuENgeENIINNIELAEeR  Viaelinuden-

AARINUIEAUNIMBUAUBI BRIVl LiBe-

9nmsasiam DC wdesume  suduseds
LeuRUeRTs T RefSUUURIwaaTes  DC
Wiolviusuiuiaveiiaves  DC #ifinnsmeu
auawé’ﬂﬁ%’um'ﬁmw}u (Yamazaki and Stein-
2009)
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flaaneunluay vhlwmsAneilueded
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lelnlaudusafmuaissUuuuuagmi
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maéﬁﬁ‘imsﬁméuﬁmé Antigen  presenting
cell wu DC uaz Hetper T cell Inglu
aaLmaawmmgmmivmwmLLUaﬂUaamU
wwaaluszuuglinuiuagmeainiuossauna
densgulmAnmsassueufivedtuula  Tu
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a919TuAenARDITUMINEUAUBIVEITEUUNT-
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waz IL-10 @NanenITaTNLeURUaALaY

Extracellular antigen Tunsdifivdy Intracellu-
lar antigen ﬁ]ziﬂﬂizéuizwqﬁémﬁuiﬁﬁﬂmi
mavauesvila Cellular immune response lag
NIMBUAUDITEY T helper type 1 (Thl) wazd
n13a519 Y (Wagner et al,2010) n33ns1
metatulastufivatuuiadenefowiuns
TvdswlanUaeuwiln Extracellular antigen %
LifadonearlUnsgaunsneuauo I
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Th2 diedin Humoral immune response NMIATID
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Functional role of cGAS in immune modulation during rabies virus infection in mice
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Department of Research and Development, Queen Saovabha Memorial Institute, Thai Red Cross Society

undnge: msfaidelafafiuatatn (Rabies virus) luaueseiunans dsilauuanasesormsuasamguksweslsn Seduifusesnsnnifu
sefunazszezavesmnddlelaleiuasAlilay lunalnnismeuausswesgfiauiulasiiie (nnate immune response) wazanaiiyIvesiu
ASUERIEBNTBIEU CGAS (Cyclic GMP-AMP synthase) ?z'iaﬁwmvﬂ,umimmﬁuaﬁﬁuﬁ_ﬂiimaW"TﬂﬁaLLax%qLLUaﬂﬂaau‘lulﬂwwma%mm
maéﬁﬁmﬁ‘ﬁ”a MY IUNUIMTDY CGAS méﬂ15(?1@L%yala%aﬁwaﬁmﬂﬁaﬁmiﬁumﬁuLﬂum%gﬁmaawIﬁ‘maWﬁw‘lﬁvﬂ"ﬂaﬂalﬂmsma‘uauaa
mmuﬂmumaquaw,ﬂwuaaﬂ‘uau CGAS V3ol mnmimaaaamwjahiawwauﬁuuﬂwwﬂm (Wild type; WT) uaznywsesdu cGAS (CGAS-
/) WY CGAS-/- LLammmiﬂwmmmuUm meamwaﬂaummmammmmmﬂ Fmdiun cGAS wﬂwmmamauauawauuahia
%) uasmsauquAILTULSTRImsAndons  efnwinsuanseenvesBuiiiviemenseuiunssniaume®s RT-gPCR laglenis
uansoonuesiy B-actin Wusmsgiu wurmy cGAS/- Sinsuanaenyasiiy INOS anas BaumnamsninvyUnd uane cGAS Simnuddny
RONSUAAIBENTEY INOS UBNINT styUndiinisuanoenvestu IL-6 gina1 cGAS/- luraisiinynquauauddlufnde lufimsuansoanvied
Msuansoanvesty IL-6 lusedus Thiiundu IL-6 orslalafimsmeudusiu cGAS dunsdivesdu IL1B  waz TNF-OL Tmsuanseenty
Wy CGAS-/- ganyUnd Fananlan cGAS oafiunuwlumsnansuansesnvesBurisass dmIuBu IL-10 wumsuanseenlunyUniuas
wy CGAS-/- fiimide ganmyngueuasluvnadnaidostu Fesurglauinyaseaiu cGAS undaisanunisuanesnves IL-10 ln
wwReatumyund mavdmesdu IL-10 lunszuiumsindoderaifinaindu cGAS viisarainsaiunalndun

Aediey: Li¥afaiioun glinuf Bu ccas

ABSTRACT: Central nervous system infection by the rabies virus exhibits variability in clinical manifestations and disease severity,
which is strongly associated with the level and duration of cytokine and chemokine secretion as part of the innate immune re-
sponse. This process may also involve the expression of the cyclic GMP-AMP synthase (cGAS) gene, which plays a critical role in
detecting viral and foreign DNA within the cytoplasm of infected cells. Investigating the role of cGAS in rabies virus infection, de-
spite the virus possessing a negative-sense single-stranded RNA genome, may provide insights into whether cGAS contributes to the
immune response against rabies virus. In an experimental model using wild-type (WT) mice and cGAS-deficient (cGAS-/-) mice, it
was observed that cGAS-/- mice exhibited a delayed onset of clinical symptoms compared to WT mice; however, the infection
was more severe in the cGAS-/- group. These findings suggest that cGAS facilitates a more rapid immune response to the virus
while also modulating the severity of infection. Gene expression analysis related to inflammatory processes was performed using
RT-gPCR, with B-actin serving as the internal control. The results demonstrated reduced expression of the inducible nitric oxide
synthase (iNOS) gene in cGAS-/- mice. In contrast, WT mice showed increased iNOS expression, indicating that cGAS is essential for
iNOS induction. Furthermore, WT mice exhibited higher expression levels of interleukin-6 (IL-6) compared to cGAS-/- mice, while
uninfected control mice showed either no expression or minimal expression of IL-6. This suggests that IL-6 induction may occur
independently of cGAS. In contrast, expression levels of interleukinlB (\L—lB) and tumor necrosis factor-alpha (TNFfa) were
elevated in cGAS-/- mice relative to WT mice, implying that cGAS may play a suppressive role in regulating these pro-
inflammatory cytokines. Regarding interleukin-10 (IL-10), both infected WT and cGAS-/- mice exhibited similarly elevated expres-
sion levels compared to uninfected controls. This indicates that IL-10 expression can occur in the absence of cGAS, suggesting that

its induction may be mediated by cGAS or through alternative pathways.

Keywords: Rabies virus, Immune response, cGAS
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Iuﬁa@ﬁuiiﬂﬁwqﬁﬁuﬁﬁﬁqmLﬁuﬂiymmﬁﬁm—
aidndedan HesingmaiRndelasamssy
wirluwoueREe wenkn sudssemelne Lseiivaii
UEmsPenerumstrlaednasenmetna  1ne
awgeendath - athasitedunvenddyios
wrdemalnatefuanes  eedlsfnamudnmve
Al 1 e @ﬁm’%mm a1 uaw Non-
human primate 1 TsafsgiiuSemmmnnie
%508 (Rabies virus, RABV) ﬂﬁ]@ﬁ’umﬂﬁ%ﬂ%u
Uostilsaiaiiuiugiedaiiie  Sefpgnathiil
MUUTE IR fihLﬁuéylaqﬁmiﬁuzjﬁsumﬁmﬁaﬁamm
onmdunmesnes 10 Fu ynnathmemelu
vt iluwedimaiuiumsiedone
manifedereanmrmnielia sadiTnmsg
Tumsmsmeihiifndofvainn  Tnsanansoms e
el 3 ¥u Shufwgtame lusymsmstnetiudiog
oms nidugthnheessimsuanseonveemIn
wepnsaenunsouudladu 2 nevensvn o nau
omeTe  (Fuious form)  kawnaueNsiosL
(Dumb 38 Paralytic form) mﬂﬁzayamﬁﬁﬁwuﬁwqﬁﬁu
naue MR Tin SR AN AR Brain-
stern) onaoudn  hasTiesenuEiul (Cere-
oum) Isnalashnndiedeutunauemsnne
nsgUMhiEU RN uaeReadunalilums
SriemaunsnsznevedhSaluseueemiug
(Shuangshoti et al, 2013) FeaeverBemansy
msreuaegiauilusuuUsamaunans 1o
wwemwanseenvedlelalet Cytokine) TRUMUm
RONSEUMISNEU BUFNY, TNFOL ey 16
ou Gelimsnde hmeneneaveudnmaeu
auadlapirifmeste Seiusiurmuanily
manelsAlavnTEULMESNaUvaNsziy. Tnewums
anBereagacUsramiiouinues dodedumang
ssuUUsvaviEunay (Central  Nervous Systern;
CONS) asfimsneuaenTgRAsEE Ve

i Toll-like receptor 3 (TLR-3) sr¥uluenilolen 2
ﬁ]"ﬂl,wwéam%lﬁul@ma@ (Double strand RNA; dsRNA)
viselSafsathulussansdiaesin (Replication)
TR Fhsudmsuesduemene (Snde strand
RNA; ssRNA) g Retinoic acid-indudible gene 1-like
receptor (RG-) WushSudwidu dsrNA anulviagiay
SSRNA Ui (Conzelmann, 2015) aniAsfinms
via NP humnnigaiieneuausselasa adhuis
TUNPUIMIFBUAUBILUU Innate immune respons-
es uonont NP Hawainaaausvenviimsams
FNY, 16, CCL21 waw OBALL Tunseamuead Maao-
phage ua Glial cells lyfimswanlelalan uavlslen
Bu ey, L6, 12, TN, CCLG, CCLS, CC7
by CXCL10 (Taniguchi and Takaoka, 2002; Faber et
al, 2004; Li et al., 2008; Masatani et al, 2010; Chopy
et al, 2011) prsnandlumsnelsaves RABY uwae
nehgRsund UM wedhYauey
Srmmshnielumeanin uwidehrustus U
svevnamesvsdialame MnmsAneTmen
Wun RABV Tioauidsenansadmitninmsvilaln
endlus Blood-brain barrier la Fediusiumsnsiany
IFN-Y LAEMSUYISNHLBS Inflammatory cells L%ﬂé
CNS ﬁﬂiﬂéﬂiw’mmi Viral clearance (Roy et al,
2007; Kuang et al,, 2009; Spindler and Hsu, 2012)
mavidaeulenl cGAS (cyclic GMPAMP syn-
thase) L‘fluﬂszmumsmauaummqgiémﬁ’u”?ﬂﬂaéw
vilwaiteha Wevhllenlen GAS Sumuméndty
Tumsmsriuansiusnssmedseivaaanr il
WA BRI R TeluanmeUnpiensignssu
vedsmrgninfnegiawelutedeauarlivaou
iamiiy wnniimsssiawuansiusnssmedsahly
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?1L?juLasuaaiﬁaﬁ]xLﬁmmsmzéum'ﬁw%m Second mes-
senger Borm ayclic GMP-AMP (cGAMP) ﬁ]’lﬂﬁfu
CGAMP e 7uiUlUsHu STNG (Stimulator of
Interferon Genes) ﬁfqag}w&hmaﬂ wulewaalinisFiAn-




QSMI Bulletin 24 (2): 11 - 17 (2025) ISSN 1685 - 6341

13

aul nsduiuresaesluanaiiunisnsznu
STING Iwang STING pathways lagagnszeu
N19WER Type | interferons Ao IFN-OL W& IFN-
B ez Pro-inflammatory cytokine 5"145] %
T,maqaméﬂﬁl,ﬂuqigLwéi’wé’fzysluﬂﬁﬂizé?u
Neighboring cells Wag Immune cells U
Macrophages Wwag Dendritic cells ﬁmﬁﬁﬁ
Sramsiiuduuvedh¥andureatinnge
wazwaaluindemados  Tneriumuause
Tunsvhaneerndueldauarlusiiuneg uen
Mniue cGAS Saflumumddalunisin Au-
tophagy uag Apoptosis (Programmed cell
death) Funeaaasunssinuardudinsuns-
A5¥8v0958 (Ablasser and Chen, 2019;
Hopfner and Hornung, 2020) ﬁﬂﬂgu CGAS il
muddnlunsUssiulsaindeanla¥auns
¥iin Tnsameadiaidnsaidue wu HV
Tunsdlvedhfafivatinn  wasduldasin
sSRNA wp CGAS fionafimnuniienvesiunaiy
suuswedlsa lngunmuinainnisanUaosd
Buerewues wu  Aduweanlilnaoueie
(Mitochondrial DNA; mtDNA) wasflduLeuad
quﬂm (Host DNA) (Hiengrach et al., 2022,
Zhang et al, 2022) sadaRnanlalaleui
nolmAnmssniauuiin (Wu et al, 2023)
demnh¥afivatvuluifiesindelusas
Ussamnmtu  uwadsyngneaalalannds (i
croglia) (Ray et al, 1997) Fs@19neAdy
Femenslulnaeunievilniinsuandass M-
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tosol) LLazﬂsw?u cGAS luanunlaswia (Ma-
crophage) LLﬂiﬁmié’ﬂLaumﬂmiﬂizéﬂﬂﬂi-
inderlminnsanUSinamendohhda  uwans
ﬂizéugﬁéuﬁ’uﬁl,m p1vamalAnmshas
\waaUsza Mg (Waltl and Kalinke, 2022)
vonanimeluaalszam Wiy RNA-de-

pendent RNA polymerase (P) 984 RABV qzil
URduiusiiu Mitochondrial complex | daufy
asrUsznaudduemnslenIsvuaBiEnaToU
awalnAnanuluaugavesnsivavesdidn-
ATOULALIAINNTAN  Oxidative stress (Kiflu,
2024) vadllUsiiu Matrix (M) Tanuifeies
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(Yuan et al,, 2024) nSENYIUNUMIBY CGAS
Tun1snsznunfauiudwivlsnfndofivatiou
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wiAlulag RNA Interference (RNA) wazmsuszanaldy
RNA interference (RNAI) technology and applications
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unfggle: nszUIUMS RNA interference (RNA) tunmsmiupunsuanseanvesBundsnisaonsia (Post-transcription)
aunsonulavialuludsdinUsznngailon (Eukaryote) navuIuNTs RNAI Buainieadla3u Long double-stranded RNA
(Long dsRNA) MBI Endocytosis Pnuasinnsiaans Long dsRNA Tnanerduanedu (Short interference
RNA, siRNA) LLazswﬂémﬁULauiﬁuﬁﬁﬁwﬁwmumsﬁw?aﬁwmEJm&J mMRNA ﬁLﬂu@lamﬁuma SRNA f3nann awalnis
uansoanuesBuanamiasufimuantoonvestu unanuilleeiuievinnisvesnszuiuns RNAI uasmisthnszuiuns
RNAT lalupnumsinunsuaznisunme Weduugudmiunsiauireseslusuen

AdAY: NS¥UIUNTT RNA interference gan3lon Nsuandeanvesdy n1suseynaly RNAI

ABSTRACT: RNA interference (RNAI), which can be found in eukaryotes, is a post-transcriptional process to control
gene expression. Firstly, the cells receive long double-stranded RNA (long dsRNA) by endocytosis. Then, long dsR-
NA is cleaved to form a short interference RNA (siRNA) and incorporated with the enzyme complex to damage the
complementary mRNA, resulting in decreased or inhibited gene expression. This review article describes RNAi pro-

cesses and the applications of RNA, including agricultural and medicinal applications.

Keywords: RNA interference processes, Eukaryote, Gene expression, RNAiI applications




asiEnnn 24 atiuit 21 19 - 24 (2568)

20

unin
RNA interference (RNAI) 10unszuaums
NITINNHDAIUANNTUARIRDNVRIEY AU

sonulpvidluiiy  dnuasuywe  lawerdenis
o ‘oz ' ) . =
NIUVDIDNTLBULDAEA  d18dU  (SIRNA) - 49

(Kim
and Rossi, 2008) N5zUIUMNS RNAI WUASILSA

ANUNTOLVITURUUT N AUTUU 1LY

Tunueulusslavuindn  Caenorhabditis ele-
gans 1ABI3NRINN153A Antisense RNA uay
WUMEY RNA é’fﬂﬂémﬂumm@ﬁﬂﬁmmam
ponvestulu C. elegans fiAuANMTUAATEDN
maamaééﬁﬁ%ﬁmaqL%aéﬁuﬁuﬁj (Ger mline)
anas (Guo and Kemphues, 1995) ntiled
mMsAnEABIfUNTELILNNIST  RNA
1998 Fire
¥nsfinuIFeiientu Antisense RNA

Sowin
qunseiislud e wazany la
uay
nalnfienvesiunsuanseenvesdiuly C ele-
eans Tnenuridednane Sense mMRNA mtm
fludgny  Antisense  RNA ‘VlmL‘WW ﬂ‘UﬂﬁEﬁN
Wsiunaielwiu ¢ elegans wun C. ele-
eans ﬁmam%uﬁuwmzm (Twitching move
ments) Tuwaizdi C elesans Unfaglufinig
LﬂﬁauﬁgﬂLtfuw"fﬂﬂémLaz”Lo;ﬁ’qamagm’jwma
MRNA uaz Antisense RNA fiamenlenaiin
mi{]’mﬁ?ﬂ@;ﬁ’mﬁmﬁu dsRNA wazanedananiii
Aatuanansadudinisuanseanvesdunaiuile
(Fire et al, 1998) u,azﬁﬂﬁé,%ﬁavl,é,%’mwi’a
lua avassinenlud a.e. 2006
\dleamenszuaums RNAT anansaduds
NNTHARIDBNTBITUDLIIFUNLAIZA @Twma
#Rsfinmsuszgnalanszuaunsdenanluns
Jasulsaniensemununisuansoonuestudi

Aaund wu nisdesiulsaladaluna nisUsaiu

lsaladaluiiy  v3an15AIUANNISIRSYTRYAA

s Wueu saduunauilaesuienszuiu-
A1 RNAI WagsaUsIuNITEINTEUIUNITHINGT?

wszenaly

A52UUN1S RNA interference (finlUasain
lsenmann et al., 2023)

RNA
ﬂ'ﬁu‘U?Uﬂ’]i‘VIﬂ’JUﬂNﬂ’]iLLﬁﬂx‘i@@ﬂ‘U@ﬂﬁlu IG]EJEW]

ﬂizmumi interference  1u
ﬂ"liLLﬁﬂx‘i@E]ﬂ‘U@\‘iEJHLU']%&J']EJW'JEI@WiL@UL@ﬁ’]EJﬂ
maau (siRNA) LLazLﬂuﬂismumimﬂmuwaﬂ
fIYNIT

NszUIUNIS0easHa  (Transcription)

o

awany mRNA (MRNA cleavage) #50n13

o

fudannsuvasita (Transtation repression) U3
fudmang

AsTUInMIsRInanISuaniewled  RNA-
dependent-RNA polymerase (RdRp) %1n13
FuAszrans dsRNA @173 (Long dsRNAS)
Tnglaaneonsidueaaies  (Single-stranded
RNA, ssRNA) fuanemuuuy 91ntiane Long
dsRNA %LﬂﬁauﬁL%ﬂgimaﬂLmaaﬂwaiuL%aé (Cy-
tosol) wazkinn13iAas Long dsRNA luluwa
guaﬂaﬂmaui%ﬂj Endoribonuclease Dicer %38
Tar-RNA-binding protein (TRBP) nanendu sik-
NA Geflvunauszanas 2027 Sndlelng pew
e SIRNA 921919UfU RNA-induced silencing
complex (RISO) Tnediarufidfde TUsiu Ar
gonaute  @eiiunilumsiwnduiuans  sIRNA
wezdvsnuinduuuusne  Taeuina A-
domain @83lUsAu  Argonaute Jzvimnily
nsAaaEYes dsRNA Twnaneudy ssRNA a@au
Usel  PAZ-domain  avndumulang 3
Tuwaur#t MID-domain wdufumMenulans 5
Y99a18 sSRNA Lazusiaad PIWI-domain aw¥in
winlusnane mRNA fiduansgauiu siRNA
Fsnana antiy RISC complex 7idufU siRNA
Jzduiuane RNA e DNA ﬁLﬂugjamﬁU
SIRNA dlavhnisindudeusesuan unsaltdu

@18 DNA 2giAnn3zuIun1s DNA methylation
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%30 Chromatin modification awaluinn158ugInszuIunIs Transcription Y89a18 DNA f3-

na17 @msuaneg RNA 2guinnszuIun1svinateans mRNA #5an1s8udanssuiuniselasia (Trans

lation inhibition) Aewnilane mRNA dnandaluianisulasiadulsiu amalwnisuansesn
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gﬂﬁ 1 AS¥UINNTS RNAI (AaUasann Isenmann et al.,, 2023)

msuszandldnszuIums RNA
1. NS

domnnszuaums  RNAI Wunssuaumsii
Suweidudvny Jensnamiunszenslalums
UasttumsBnidolasa Tnsenarsly sRNA 1n 2 sUkuy
ST 1 sRNAs el umnzudulusiumes
T udumensdisduaedasa dniugs
WU 2 SRNAs T neiuiesaaaanu
TRrmafeesiunssrummhanmedhsa (Kang et
al, 2023) $heenat M RNAI dwdusnwilsn
hiSasusnend afnied Chronic HBY) Tnevhms
Fmlusngee Phase | TNHANITVAGEINUT RNA
smilsAbSasusnaud wintesdimaentouas

ansniuriltlusnee Gish et al, 2011) uonannil

MsAnY ARC-520 %ﬂLﬁuﬂﬂuﬂzju RNA interference
§mislsn Chronic HBV wuifleniiu Swumannse
Uasitilsn Chronic HBV 1 (Kadelka et al, 2021) Tl
Aa. 2018 ledimsnen Prase Il hanged Tagloen
Patisian éw¥ulsA Hereditary Transthyretin Amyloi-
dosis %qwuﬁflEn51’@ﬂénmumama’m’mmsmwa@u—
Lmsuaﬂsﬂia (Adams et al, 2018) msAnYEN
Teprasiran %ﬁLﬁuEJ’ﬂuﬂém SIRNA ﬁawmsaﬁaﬁumw
meBeuwiiluneg wun sRNA  Snamaningn
Uastlsrlaondisdndnm  (Thielmann et al,
2021)
2. MIATUNITINEAT
£1NTUNIIA 1UN15LN AT N5
nIzUILNT RNAT indszgnalalunisvasiulse
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fiannlasalune wu Wl A 2011 ledl
MsAnwINIsan  dsRNA  Afmnudmizneduy
nsl uay vp 9091258 Penaeus monodon den-
sovirus  (PmDNV) s[,ufiqum@i’ﬂ WUENTD
fudamadiusiunuvedhsalunsla (Attasart et
al,, 2011)

dsRNA fismngfudy nsl uay vp voslsa

1 Qld v v dI
nouladnwinstuenmanvinay

PmDNV Iuﬂﬂﬂa’]ﬂﬂ WU’J’]H’]@J’]ﬁﬂﬂaﬂﬂumiﬁm
2016)
o Y ¥ a = 2

muuﬂ’]ﬂ%ﬁ]’]%ﬁ‘mwﬁm dsRNA ?\NLﬁ‘lJWNLaE]ﬂ

hifdluninardila (Chimwai et al,
nildlunsveatumsinlasandlusedunisu
wnzdedle uenanlafa PmDNV uan lod
nsAnwuAsafumsiudsasasingulunsmne
AsZUIUMS RNAT Wwuiy sndieenamy Yellow
head virus (Sanitt et al.,, 2016; Chaimongkon
2020; Worawittayatada et al., 2022)
Laem-Singh virus (Saksmerprome et al,
2013) White spot syndrome virus (Chai-
mongkon et al., 2020; Jonjaroen et al., 2024)

et al,

uennilafinsiingzuiuns RNAI
Ussgnalrlumsdesiulsalufie wu lsnsada
2022; Degnan et al,
2023) spsr@mislanimmang Botrytis ciner-

(Rust) (Degnan et al,

ea (Nino-Sanchez., 2022) LLmaﬁﬁmgﬁ% (Jain et
al., 2022) Thsaludia (Nilon et al,, 2021) wagla
fAnsAnwmsiniulvlusgaunias  Fanunan

ynsavasnulsaluilaegnafiuseansain
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Development of diagnostic assays for snake respiratory virus based on the RPA/CRISPRCas12a

technique
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undage: Jagtudnaidsaudan (Exotic pet) Tnsupuiesludssnelng &msmmLﬂuamLamLLiJaﬂwlmummuamaam
Tnglaniy ﬂamwmmuaaLuaamﬂuasmlmni'n maaul,l,auammsmamm&muamammmuma fimairuasiinisu
LwnzﬁquwmwaaLwa‘i,wlmaaul,l,auammalwm Nty gmmmaLﬂuamLa&NLlfdaﬂaﬂﬂqwuqmmmmﬂmLLauamm
a%“mgjaﬁmwLﬂi@gﬁaﬂmﬂmsé’migm T,sﬂﬁmL%aiusz‘uumaLaumaiﬁmaﬂgﬁﬂwulug amalmindnmnsiulisuarsnn
NIAEE Imammmwé’nﬁamsamﬁdﬁa ﬁiﬁaﬁﬂ@?ﬁwmmaﬁﬂ Recombinase Polymerase Amplification (RPA) 2ty
CRISPR/Cas12 Lwal,wmmm”h ANUTUNE Lazanalun1snsInitade muwalmmsJLLaulmaﬂmmmmwmmﬂ Tnondy
msL‘wmmmumswusmimmaammumm wavmsaieuRadeamemailn CRISPR/Casl2 uwamosun1sassaduil
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Y -8
ausanTialafe 2.6 x 107 ng/ul

Adndey: esaes-una dndesudan lsaszuumaiumela e1siie

ABSTRACT: The pet snake business has gained popularity in Thailand, with ball pythons (Python regius) being the
most popular exotic pet due to their diverse morphology, including unique body colors, and their friendly behav-
ior. Respiratory diseases are commonly observed in both captive and wild snakes, often caused by snake viruses.
This study focuses on viruses that are frequently found in Python’s respiratory tracts. The development of an RT-
RPA/Cas12 rapid diagnostic test for respiratory viruses in snakes could benefit clinical diagnosis, research, and snake
breeding farms. This technique combines Recombinase Polymerase Amplification (RPA) and CRISPR-Cas, offering a
fast, easy-to-use, cost-effective method that enables the screening of infected snakes from healthy snakes. It was
found that the RPA reaction can be completed in just 15 minutes, and the CRISPR/Cas12 reaction can also be
completed in 15 minutes, allowing for pathogen diagnosis with the naked eye under LED light. The lowest detecta-

ble pathogen concentration is 2.6 x 10° ng/uL

Keywords: CRISPR-Cas12, Respiratory disease, RPA, Pet snake
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Effective exosome isolation from Siamese cobra venom: insights into exosome size and lysis
buffer selection for protein extraction
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unanga: WBrilela (Exosomes) TufigamansenueenequuswmomaanliasuiyguasbEimaaeuuadussiumaauaemsdoansssmn
waa eerdlshimuddbSimsmemufesiudnidlelufivine Nga kaouthia) fanumsfinunilamsuendnielesaniugnivens
Frstwiswnenouuienn uwanareutnvesdnidiameirtedinngmmunoynelusyiuuiugns wudhees P20K T
wnmdniglaneysyin 70 § 200 nm ey Tlushosns P120K Tilnnsegseyai 50 89 150 nm uenaniidie iatinadusiun
atpndnislesidusnesn P20K waz P120K wun RPA Lysis buffer snsnsaafimlusiulatBinadisnnmn CHAPS Lysis buffer #aiiu
= & Y g ama = a v ¥ . acal = o ' a
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msfnsuaslianadfbus vesdnleludlufuning
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ABSTRACT: Exosomes derived from snake venom demonstrate significant effects on venom-exposed cells, leading to alterations at
both the cellular and intercellular communication levels. However, research on exosomes in Siamese cobra venom (Ngja kaouthia)
remains limited. This study aimed to isolate exosomes from Siamese cobra venom using ultracentrifugation and to analyze their sizes
using a nanoparticle size analyzer. The results indicated that the P20K sample exhibited exosome sizes ranging from 70 to 200 nm,
which were larger than those observed in the P120K sample, which ranged from 50 to 150 nm. Furthemore, when assessing the po-
tein yield from exosomes in both the P20K and P120K samples, it was determined that RIPA Lysis buffer enabled a more effident
extraction of proteins than CHAPS Lysis buffer. These findings indicate that the use of ultracentrifugation for exosome isolation, com-
bined with RIPA Lysis buffer for protein extraction, represents an appropriate approach for subsequent investigations into the proteins

and other key biomolecules present in exosomes derived from Siamese cobra venom.

Keywords: Exosome, Snake venom, Siamese cobra, Ultracentrifugation
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