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UNAALD

Toguseasd: upufiaumsLuTHI I IZaaNgANINA (Specific membrane antigen:PSMA ) \Dulnalalusfinynausiusy
wazdmsuianwaaninlugasuzseiauannun Asfiaarnfislradiudunninssdunafitiau-225(2Ac) Autdding
fanan (EsumspausuTuasindussaniatumstishwuuugaihmesidusant dmsumssamdihouzisasiaugnrann
Tuszazunsnszany WAsFnsd axfunissenuisfmunzaulunisinaain LLafzmuqm@mmwmsmﬁﬁ%\iﬁ [?*°Ac]
AcPSMA-617 ﬁiﬁmamﬁmLLﬂzﬂﬁM%ﬁ%ﬁ@WNLﬂﬁ%ﬁﬁgjﬂ A5AISANB: NTFUATITAFITINTYSIET [22°Ac]ACPSMA-617
Buarnnsnanasaeduilng PSMA 617 lunsaaasiuntwines fu 225Ac Taalisnsidiuanuiduiiuuaaduing
PSMA-617 waz 2°Ac pgj5e#i19 111-19.5:1 Wanuspuniasarasnaufigamgd 90 asewatduatduna 30 1w
MASUSUgRTASENaNSIN&YSIE (formulation development) Tagaisazansloifsuupanasius (Sodium ascorbate)
fifianuduin 01 fiadnsusdnfiadans wansazanuinndes 0.9% LazlanIuoa (9:1) Y5u1615 10 Tadans LLaznspeaIsazany
HULUsUIe 0.22 luasautaviidusiaanils asindused [25Ac]AcCPSMA-617 ﬁlﬁﬁmﬁwmswmamﬁamuqm
ansn WLl a s susAsufenih lUEa iUty wans@nen: msdunniasndussadauim 14 ase
susnstheanlRspsazna ldupsansIndussalagnaudawyhiy 97.28+2.87 LLazﬁmmmﬁqﬂ%{wmmﬁ%”ﬁﬁ (Radiochemicall
Purity: RCP) Tngadgiviiusanas 96.88+1.30

unagy: IBAsFUATLAaTINFYSIE [°AcJACPSMA-617 tunsiaaarnluiunsuiuadigisdenann Wuande (Yield)
LLazmmmﬁqw%‘mﬁmﬁ%ﬁ (RCP) g4

ArdrAey: TalaadAudunn nssduaafiulyu-225(2°Ac), LoUALIMUNLTUIIWIZA UGN (PSMA), ANUFENS

MaAiised(Radiochemical Purity; RCP), mssamiuugaieizsefuaani (Targeted alpha therapy), Msianain
(labeling)

Abstract

Background: Specific membrane antigen (PSMA) is a highly expressed transmembrane glycoprotein in
prostate cancer cells. The radiolabeling of actinium-225 (*°Ac) with such peptide is promising as a good
radiotracer for use in targeted alpha therapy among patients with metastatic prostate cancer. In this study,
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the appropriate methods for [*°Ac]AcPSMA-617 labeling and quality control with high yield and radiochemical
purity is reported. Methods: The radiolabeling of [*°Ac]AcPSMA-617 was prepared by adding the PSMA-617
precursor in ascorbate buffer into the ??°Ac solution vail. The ratio of the PSMA-617 peptide and ??°Ac activity
was optimized to 11.0-19.5:1. The mixed solution in reaction vail was heated at 90°C for 10 min. The labelled
[*Ac]AcPSMA-617 solution was formulated by adding 0.1 mg/mL of sodium ascorbate in 0.9%NaCl and ethanol
(9:1) 10 mL, then transferred through the 0.22 um filter to the product vial. The quality control of sterile
[*°Ac]AcPSMA-617 was performed before patient administration. Results: The average radiosynthesis yield
of [Ac]AcPSMA-617 for 14 times by using the above method was 97.28%+2.87%, with the average radiochemical
purity of 96.88%+1.30%. Conclusion: The one step of [??®Ac]AcPSMA-617 radiolabeling process provides a
high yield of synthesis and radiochemical purity (RCP).

Keywords: Actinium-225(*°Ac), Prostate-Specific Membrane Antigen (PSMA), Radiochemical Purity(RCP),
Targeted alpha therapy(TAT), Labeling

uni1 (Introduction)

uziSeriangnyann Wuamanaduiinnnuzsdumanoinadududuanelunndomal waufaumuius
Fwnzdugnuinn (PSMA) Wunsudumwsulnalalsfiugiind 2 vaansanziilu 750 iln TnsluaduziSeiaugnnnn
aeiilUsfuninilgenn vnldunud PSMA sunsodusyluwaduziSanaiuldluysuneiigs PSMA-GuAuTT DOTA-
uwaz DOTAGA-chelator ldsumawamniialifnaanduialaadsuiunssanadmsunsitadoiazassnwm dmsums
asaifiadpuziSedaugnnanalagnaiiamm PSMA-Gunudauisafinaaindisialnad Audunsed wu wnaduu-68
(Ga-68) uazWapaiu-18 (F-18)IAuAasindysad®*Ga-PSMA-11 uaz®F-PSMA-1007 tDudu uazn155n1) AAuG PSMA
fusafinaaindlpiialradAuduased wWu gfidun-177 (Lu-177) uazwaniiiyu-225 (Ac-225) Togdunudfliae
PSMA-617 waz PSMA-I&T 1flusiss (514 1) SansisumansBuiily 7 Lu-PSMA-617uas 77Lu-PSMA-I&T Tumsiidiauans
WiAuhfissdnsnnanalumsshufa uansedu lnsduatiwfsaantipy’?

Oy_0
T o
______ <t
PSMA-617 . k AN
\\N k
HOOC
'\P /\/\N /lo
0 °Z(1V)
H“P: 1b)M ‘77[u(ul)
HOO COOH

PSMA-I&T

ey Mil ot

HOOhCOOH ; ‘<J

2a) M = ¥zq(v)
20) M = "TLu(ill)

gﬂ"?i 1 1As9a$19M9LATiueY PSMA-BLLAUG
fan: https://www.researchgate.net/figure/Example-structures-of-PSMA-617-and-PSMA-I-T-complexed-with-
LulLu-or-ZrZr_figl 357240422
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T1Lu-PSMA-617 \ilnansindusadfignwasnilidnsusnuusiSeriugnyunn ieenawulng PSMA-617 Taunud
ffianudimnznzastuisadiiswnuazimsgadudilatioys dmsumsshvusSesiougamnnldusiui 7Lu-PSMA-617
:ﬁmsmauauaqﬁﬂuﬁaﬁﬁzﬁuLLauﬁLau@iamgﬂwmﬂﬁdnwaz@iaﬁiamgﬂwmm (PSA level) azn1sasiainasalsanig
SsFinen(Radiologic finding) aghalsfinnu ﬁ@iﬁmuéﬂwagjﬁiﬁayﬁfﬁmauaumGiams%”ﬂmﬁ'mmimﬁﬁ%’ﬁﬁ 77| y-PSMA-617
wardawinfihsezianuanansalumsnusssnlda msuwsnszasussasuzsuinlugslunssgaiiuiedy Foedimsy
NaALNINTDUNILaRAINgY 710 5@mﬂﬁﬁ’;fﬂa@‘iﬁmﬁummw%ﬂﬁﬁﬂéayagmﬂLLaam (@) 12 uAsShwannTuRoan
anufufindalunszgaifisennszuzlunmanzanzalswasoymausavifidiaynitagniaiudi (0.04-0.06 mm)e

Hagiufimssununameniadinuazmeadinfivssananudisalumsiiinlnadduiunninssdannnsidny
pRAALBAN (a) Tumsé‘”ﬂwuﬁmaﬂ@me] Wi Dadin-213 (28Bi), waafitdauu-22502Ac) wazlstigu-223(22Ra) 1iuew
%’fﬂagmﬂé’av\h (@) anusarlisnasfissdmiuuandndulonaulas en fndvaupepzaouifivszy Wi duuanang
G‘Tﬁﬁua"mdwaiﬁﬁﬂm,l,mﬂﬁaL‘flufaaauﬁﬁﬂszﬁw%mwmﬂ‘ﬁul,l,a::mizhﬂauwé’wmLﬁﬁLﬁuﬁwgugﬁwhﬁu 100 keV/um
(Unfaziignuianzgnyais 50-100 pm TuLﬁaLﬁaﬁiau) misiwmwé“wmt,ﬁmﬁuqqﬁ ﬁﬂﬁigﬂqumsé”ﬂm“?immmfﬁ
pthawiugdansafnuaime lufugadusSeiidanldd droaadnvasmaninstitalnadduiunninseai
UaauaUNMATANIFURUNZIATUANTIABINLT

25Ac {gsunsiansenindula e nidansumsshsuuuazauihnnedisiduaani (Targeted alpha therapy,
TAT) Wipeanilasedia 9.9 uvinl#d LamLﬁmwaﬁww%”umiazamﬁs‘hLmiim,ﬁmaﬂLLazmsﬂa'aymgmﬂLLaaWW?ié’fﬂu
fUA1ISFANLEIDeE D INUSIE (2Ac azaand lWiTudia lnadiusiunn nssdfiiadosDaiivn-209(2Bi) Tauianians
ZﬁmémﬂLLaaWWEiGT’JLLazmmaENﬂ%) ﬁﬂg‘ﬂ‘ﬁ' 2 FasenalAiUsInaeAunatulussusneiiduiioeen msiasun s
[25Ac]ACPSMA-617 finadwsnnssnwnfisiuualsius Tagewizpg1adennssnwuzISerpugAnINA TuszYEA1S NS ASENY
vowzis Wt linpuaunspensshmdipasindysed "Lu-PSMA-617

AudYlanTauuATINNALANLNEE Tsane11aginsel (Fidedstlosilunsihasindused PPAcJAcPSMA-617
s dihenziSednugnrann i inouaussdonssnnfpmsndused 7Lu-PSMA-617 iafiaztiinniaidan
'Zums%”ﬂmLLafzﬁﬁﬁﬁjﬂwﬁﬁ%mﬁmamu‘ﬁu i’fﬂ%']\i@uﬂﬂﬂamsaw PAsFuATIER AN TYS9T [2°Ac]ACPSMA-617
a"mé”u?ﬁu%ms@ﬂ’mmﬂuLLaza'ﬂaaﬂZﬂJﬁqiﬂwmmaﬁuﬂ miﬁﬂmﬁ%’ﬂLﬂumsiwmﬂﬂﬂmmaﬁmmzamﬁq@ﬁm%’u
MIFUATIZASIFUALNTAIUANAUANANTIAFTSIT [ZSACJACPSMA-617 wiash Ul TuasUfAn1eaaiin

225 ¢ 221, 217 pt 213g; 213pg
10'0 d s "c:‘nv ‘3 m 5.33‘0\' 32 ms 7.10F-1-\' m m ?8‘..;3; 4.2 us
2% a a
5.0 MaV 8.4 MeV
218 keV photon * 440 keV photon * x
(11.4%) (25.9%) 2097 209pp 209g;
imagesble isolopes B. ( B- "

B imsgesble isotos 22m | -~ 33h " | stable

g‘ﬂ‘ﬁ 2 angnsaansfiuaeiilraddudunnInsITLaafityu-225
fun: https://iopscience.iop.org/article/10.1088/1361-6560/aab6a99/pdf.

Kratochwil wazAaue’® FawinlsmiansuUsesnouaian (chelatint agent)fiazsusunaniifiouloau Ac(lll) Tnyazsiag
fianuafissuazmuaumsianyssasgnld mesudunsinwajasiiaaniibuwedinues anlaslzadn (polydentate
macrocyclic) °7iﬁaiui‘Y"iafﬂLﬁu1,4,7,10,tetraazacyclododecane—1,4,7,10 tetra acetic acid (DOTA), 1,4,7,10-
tetraazacyclododecane-1,4,710-tetrapropionic acid (DOTPA),way 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetramethylene-phosphinic acid (DOTMP) 1T #5paunuduuuazlzadn i DTPA udu saufe@nmnisfinnain
25A¢ fqy PSMA-617 TaasvinugAsenserdneansazay 2°Ac Tufuiasnia 0.1 Tuans waziiing PSMA-617 Tu
Ysunaufiimunzau waslinnudon 95 asmwaidud Wuna 5 nilasliindasdunsizilulasnw (Biotage Initiator)

v oo SN

A1ANUVTENENNNSIE (RCPLSD) vasansinayseidiavindusaaz 98.80 + 0.8 :1nmMsiaTerlaalfurunsyas ITLC
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waznsadnsn 0.05 luaisidudvinazany

Davis Liazagdg fnvnmsiinaann?Ac Audnue PEPAL
4.710,13- pentaazacyclo-pentadecane-N, N', N’ N” N""-
pentaacetic acid, N,O,, ethylenediaminetetraacetic
acid, N,O,, and CHX-A"-DTPA (cyclohexyl-DTPAN,O,)
Tinandn 80%-90% wazarndayalunsAnwininuaeen
UBNAITFARRAALLEAINANTEARAIN 2°Ac AU CHX-A-DTPA
filafiusamanniige

McDevitt LazAnue® Fne1AuALEID9 25Ac Tu
AADANAADILLATUTEENTANATFAARANAAUTUANTNTIE
fuBaastduTndmunvrassiia (§un DTPA, DOTA,
DOTPA (N,0,), 1,4,8 11-tetraazcyclotetradecane-14,
8,11-tetraacetic N,O,, DOTMP (N,O,) Lazl,4,8,11-
tetraazacyclotetradecane-1,4,8,11-tetrapropionic
Acid, N,0, AMSNAFDUELANAT 6 Failifies DOTA
waz DOTMP wihilufifinnaindu 2°Ac nasannldaiy
$au 37 pvAngalfya 1unan 2 Hlulasldrnandad
3DYaT 99 LAz 78 MINAIFAU KANAITNAFDUAUANH?
199815U52n0U F9¥1n15NAanluRaDANAADY WUT
§15U5enaU 25Ac-DOTA fiafgsniwlunisfinaainuin
Asoyaz 90 nawanruly 10 Yu Muuesfiansysenay
25Ac-DOTMP (dfiafissninlunisfianain dansuunen
199 2°Ac 91AALLANE DOTMP 9819590157

Sathegec uazaguz®® lSMsduATIZALAZAISAILAY
AMNIWAILIBUDY Kratochwil wazame®® Lagyinn1sia
[5AC]ACPSMA-617 TilAgae

Thakral Lazmsug!’ ‘thsz?fﬁLﬂiﬂzﬁLLazmimuam
ABNIN [°AC]ACPSMA-617 Wialilundazeu Tawnns
HEUSINDIESEaRL PSMA 617 1U51es 50-150 lulasnsy
Auansazaty 25Ac Tagldnsdiunaneneiu Wanusau
figaunnf 90 svmaldua 25 w1 ndsarndurinla
USgnEsAsis c18 Walili 2Ac Aliiinnainennin
iuasazaisinds 0.9% Wevsulsunsuazinans
aranufiFlUnaap UL DATLANAMATH 1E9NAILAN
AaurBUTiasBaliuLAoe

Tunsdnwadl ANS B lAAATDULAZIANALANLHASE A
159N ga9 N el FeWmu13snsdeaszd Tnywmuwn
ANsBinaann 225Ac ddawn (Non-carrier added) Av
WUng PSMA-617 W asalufiuaauidion saudadaw
AEANTNAFDULA DAILANAMA NI TIAZYSIE [25AC]
ACPSMA-617 Apufiazdalsiuniiogy

TaauasrisSn1snaaay
AsessuFstasinazglnsal

avangasesiuUng PSMA 617(GMP grade,CMR,
Russia) Ysunes 1 ﬁaﬁn%’mﬁwﬁm%qwé 1 308805 feans
szanpfilalamaudandfvludusuieamgi 20 asn
ALy e

TR UNa1Tazay 25Ac (Pharmaceutical
grade,ITG GmbH,ltaly) unsalglasaansnanuiiuiu
01 Tasussyaglumiaufiouie 2 Iadans Talfiase
TaU511us9H (Dose calibrator) 91 Capintec CRC®
55tR (Capintec,inc,USA) Tagansavany 25Ac 1iuialnad
AufunnIWs9d 9 i dawa (non-carrier added) fien
LEARARLANIE (specific activity) 1nnAnd1 540 mCi/mg
LLazmmmu%qwgmﬁfaiﬂwﬂf’ﬁﬁ (radionuclidic purity)
1115888z 99 aunsas (URanarnfiudaduing 6
Plutumouifen higeenn

WS uAYi1azany B suLaaARsUE (Sodium
Ascorbate) (TCl Japan) anuLiuiu 0.1 Wwais lnyazany
\ndalifuuunannsiua 99 fadnsudiwinusans 5
{adans

wwSanasazatelg@ gudiasn(Sigma-Aldrich,
Germany) Amutiudy 0.1 Tuans Wy 4.0 Fadud
Lﬂﬁauﬁ"ﬁumimmmﬁq%gﬂwL@ﬁ%”q}?{ (Radiochemical
purity;RCP) Tagldinafiafiniateastasu1lnasiwi
(Thin layer chromatography; TLC) Tagavazlasiaifay
Biesn 147 asulwsiusans 50 faddasudilsufiies
dnunsalalasaansn(Sigma-Aldrich,Germany) azd
ATeA1BaNT (Instant thin layer chromatography
Silica gel ,ITLC SG) (Merck,USA) fugamsf

YAsAIUANLASDWINANNSDY (Heater) 1D9LA5DY
FUATIEAFITATYSST iQS-TS (ITG GmbH,ltaly) Tagld
Tsunsululnun Manual Walildaaumgifigndas
LLa:mmsaa'mcshE;m%gﬁfﬁmmﬁwa?uﬁu@aumsﬁ@
AAnFILARITIgUT 3

" Ho.mz 0.742 ml

=== 0 o mim
max

b
Ea /\

'

: = =a

y Final

Waste product

Vial Vial

5UN 3 2DUAAHANNTAIUANYMNHDUATDIINAIL
$pu(Heater)
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ASHARANNAITLAFBSIT [22°Ac]AcPSMA-617

ASHARAINEITNETSIE [25Ac]ACPSMA-617 151317
A5AANUE1TRAE N PSMA-617 Usunas 150 tuTasnsu/
150 (ulAsams AaudvinazaslgfsuloaAns Lus
(Sodium Ascorbate) AnuLiui 0.1 Twans 850 llAsans
LLéﬁﬁwm‘iLﬁmmsazmymamﬁfﬁaﬂummﬁussﬁgms 25A¢
foglusuvasansazany 01 uasnsalalasmanan wenuie
I asazaI YA IRuLaTaTaa A NTUASIF NaU A
LLéﬁﬁﬂé%qmLﬂ?@Mﬂﬂ’ﬂﬁM (Heater) fildvinnnsaaen
paungiidnsunsiinnainiu 95 aer Al ByaADULAY
5117 waz vnuFAsesaiiuna 30 wifi Waasunanh
vInfiviufAsenfildoanarnnguatnsalilianusoy
(Heater) ﬁﬁmﬁ@uﬁ@mmﬁﬁm@unm 5 979 vihang
Usugmsensben(Formulation) ansunassd [°AcJACPSMA-
617 Tumsdaiingsemedsasazaslsifvuupanasiua
(Sodium ascorbate) fflemuiiuiii 01 fadnsusaiadans
Tuansazanginnds 0.9% LazeYILea (9:1) Y3115 10
fiafans e niiunsoeansazannAlaanL A E LY
pine 0.22 lupsauassennnlanaiie (Sterile vial) ¥nA1s
WNAsAzANELA ABSAER L DY AN AN ABINTHADY
ﬁaxﬁ@?ﬁuﬁ@ﬂm

ATAIVAUANATNAISLATBTIH °Ac]ACPSMA-617
ASLNFUSIE [2°Ac]ACPSMA-617 findea5ai5ausny

v >

win9zFpehAMsAIUANABN WA LTIRE (USa TR U

e

D

9
a‘”ﬂymsﬁﬂi'mg] (Appearance) wazm1m213t1u
ATA-AN (oH)

ASLAFYNT [25Ac]ACPSMA-617 ﬁé’\umﬂzﬁfﬁ%gﬂ
mswaa‘uﬁ’mawmLﬁ'a@ﬁﬂwmzﬂﬁﬂgvmmsazam
wazA1ANNdunsa-a19 (pH)nagaulaslinisnszany
Taa1anuLdunsa-a1s (pH paper)

mwu%qw%ﬁmﬁafﬂaéﬁ’mﬁum%ﬂ?{ (Radionuclidic
purity)

ATNFHSIE [2°Ac]ACPSMA-617 fidaiasnz# 229N
ihlUmsiadmdsnuyasiudiunsafunsiudiunseddgn
199 25Ac TNssFunuanoanun IR uAT laadfuguanIw
SIFUNTUTU-221(2Fr) waz 2°Bi IngANSREAF1SATANY
WNAYSIE 2 [WlAsAesasuuuaudRMuInaEn wadihlyinm
T lfadpannuanaalaswms (gamma spectrometry)

f775747m71/1/§g;7w§§77\74ﬁ717ﬁ§ (Radiochemical purity)

NAINITHUATIEATITINTYSIF ﬂﬁmmmu%qwgﬁaw
LATISIE DA TN AYSIENE [2°Ac]ACPSMA-617 el TLC
Fovh [Alaunsnenansasauasnausa PAJACPSMA-617
A9UULNY ITLC-SG LLﬁasszaq'ZumsazmsLﬂﬁauﬁTﬂLﬁw
Fimsnanaidniiu 01 Wwans (0.IM sodium citrate pH 4.0)

saaumiaxmﬁL@ﬁauﬁfﬂﬁwﬂﬁyuqm (Solvent front)
LY ITLC-SG apnanasazaty YnlRuds wazily
mﬁwmmu%qw%wmaﬁ%’ﬁ (Radiochemical purity)
f9LA3DIIRSIE TLC scanner (Eckert&Zigler) Tagimsns
zAUIEN Retention factor (Rf) L %asazmmu%&jwé
yaafisadnnun FeAn Rf ApsRsndiuuneseasneain
nisuduiasiundsuiidaszzmegegadidavhazaiy
LBaufi (Solvent Front) wazen Rf azifiudanizdues
Asieiazyia

ANSEN®IANULET YT (Stability studies)

5N EUSIE [5ACJACPSMA-617 findn ldazfiulily
paungfivinsuaznismianuafissazinlasnisifinefia
AulaLepslasunATIWAR (Thin layer chromatography;
TLO) enaidsmsfinanithediu Tngwdsaniihueis ITLC-SG
panMAFITaraIuLAAuTiLg YR LR Aelingieiny
1 ﬁaimLﬁiafﬁtﬁ@mmamamﬁﬂﬁﬂm ¢ (Fmsedin
9.9 1) uazseddagn 2Fr (FAA39T3e 4.8 u7) udh
aunualnul#iasas TLC scanner Lﬁammmmﬁqwg
yaafisad (Radiochemical purity) 7 1, 4 wag 24 thlag

naFaUANNYaaTDLAzENSADLAR D (Sterility and
apyrogencity)

mMsnasauAnNUaDALEpasthsreaa LA sUTR
511998 3NeN Tsene1adsas Fevineluaniied
YanaLls I@EJH’]E(;]’?E]EJ'N%QF]LW’]%LT?E)Z%E)’]WI&ED?EJQLT?B
tryptic soya broth LLazauﬁqmﬁgﬁ 37 puezaldyd
Falidunan 14 Suudaiesnuiasiadulsunanded
AT G]"Wﬂ’]‘iﬂlaLﬁ@tﬁ‘ﬁla@:?uﬁﬁ@%ﬁ’mﬂ’]tﬁ@ﬁﬂﬂ’ﬁ‘ﬂﬂ@
fiapgne 25 lulasdnsasuuliym Pyrogen Plus Limulus
amebocyte Lysate Kit (Charles River) fineluiasag
PTS™cartridge reader LLﬁaﬁWﬂﬁTﬁmmﬁ”auﬁwaQﬁ
37 svmwaldvadunan 15-20 Wil 1speezhasyszna
HALAZEUA LS ENSTILE

NANISANEN
ASLASDUFISATUSIT [25Ac]AcPSMA-617
ANTHILATITAFITLATYINE 2°Ac-PSMA-617 9119
14 a5ilanldgamgiidmsumsinaain 90 aseifuna
30 wifilazdnnainspsanuiuiuyaaluing PSMA-
617 waz 225Ac Tnguy1911.0:1-19.51 Faluansuae
figeny luraesasay 96.58-99.74 uaziifAnuuigns
N1LATISIFTDYAY 95.29-99.18 LLaAAIAIAITI9 1
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15199 1 AN5FLATIZRENTINTYSIE [25Ac]AcCPSMA-617

Asad ANALLTISIH Usineuansdadin | Sasidamemadiuiu | fovaznandadild | Sopazanuusanime
(wazdnisa;MBq) (lulAsnsusa U ndan?5Ac (%yield) LATISSE
fafaasug/ml) (ug/ml: MBQq) (%Purity)

1 10.10 150 14.8 98.51 95.29
2 13.60 150 11.0 98.76 9793

3 12.84 250 195 96.88 9918
4 10.51 150 14.3 94.86 98.82
5 17.89 300 16.8 9592 96.51
6 19.70 300 15.2 99.64 96.70
I 993 150 151 97.38 95.85
8 8.76 150 171 97.26 95.06
9 11.59 150 129 99.74 97.88
10 10.81 150 139 96.58 96.75
1 20.80 300 14.4 99.52 96.21
12 12.46 150 12.0 98.96 96.39
13 22.40 300 13.4 99.10 9811
14 1113 200 18.0 88.77 95.62
Ak 14.9 97.8 96.88

A1 Lﬁmmummgm (SD) 2.33 2.87 130

ANSAUANAMATN

FTNFYSIE [PPAC]ACPSMA-617 fildazgniuimaaauasunIwaIdAsriiasgIuisusnaufiasineniuddiay

TRHLATINTHDUSUATHANITNAFDU FANFIANT1T 2

A5197 2 HANTATIIATIEH (Certificate of analysis;COA) Up9aTLAFHINE [22°Ac]ACPSMA-617

laboratory

Test Test method Acceptance criteria Sample reading (P::;l;:il)
pH pH meter 45 10 8.0 55 Pass
Appearance Visual inspection Colorless and Clear Colorless and Clear Pass
Radiochemical Purity TLC 22Ac-PSMA-617 > 95% 9952 % Pass
TLC R(Product) = 0.2-0.4 | R(Product) =022 Pass
Radiochemical Identity R.F*Ac-free)=0.8-0.9 | R.(*Ac-free)= 0.87
Well Counter Main peak Fr. 220 keV Pass
Radionuclidic Identity Fr: 218 keV + 5% Bi: 425 keV
Bi: 440 keV+ 5%
Membrane filter Integrity Bubble point > 45 psi 55 psi Pass
BET Endosafe-PTS <25 EU/mL <10.0 EU/mL Pass
Sterility Contracted individual Sterile Sterile Pass
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anweaurdLazA1AULdunTA-A1e (Appearance and pH)

'
B3 =Y o

nansAnaaUing PSMA 617 Ay 2°Ac nansiasigarined Fiuvpunarfifisnwaula i wasfisnanudun
TA-A9DYTTNING 4.5-8.5
mmu%qw§ﬂaﬁﬁafﬂaéﬁmﬁum§ﬂ§ (Radionuclidic purity)

cshfwé”wmumﬁfsfﬂa@ﬁﬁmﬁummwiﬁﬁﬁagﬂum 225Ac FuisaFLANIenaun IFA 2Fr waz 2981 TRawdsuAL

171 218+ 5.0% (207-229) keV waz 444+5.0%(421-466) keV augdy LLaméﬁ’ﬁgﬂﬁ 4

counts

Energy in keV

sUN 4 Awasnuesiuduaseddigauas Ac fialagiaialnuinaiUnlasiuas (gamma spectrometry): a)
ATWASIIHSIFLANNIYDY 2Fr 1) AIWSNNIUSIFLANN1DDY 23B]

m‘ﬁmeﬁmmmmﬁqwgmﬁLﬂﬁ%’qﬁ (Radiochemical purity)

NAIsMsIAszAleelfinaiia TLC Wunasundused [225Ac]AcPSMA-617 %Qﬂ%ﬁﬁ?@mﬁﬁ’msm@msﬁaamﬂ
Taufidn Rf ejsendng 0.2-0.4 veuzdl 25Ac filligndnaanazndsufilUfagadugn (Solvent front) upates ITLC-SG
wazdal Rf 91919 0.8-1.0 meé’ﬁgﬂﬁ 5 ANTHAAFITLATUSIE 2PAc-PSMA-617 14 @%ﬁﬁmmmﬁq%%{mﬁmﬁ%’ﬂﬁ
$pYaz 95.29-99.18 FarminariypunddsUTiszySaYazANNUSINEMNLATISsETinG R (Hesdasdidmnnnindawas 95

285

00,008

Positio/mm

gﬂﬁ 5 TAsu NLLASHYRIENS N dUSIE [25Ac]AcCPSMA-617
Toelfmafiafiuia L astasu nas Wi
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'
P

NngUezngRaues 25Ac filignAnaanuangaydefieiosniisosay 5 upmANuDIaNENaATsed Feim
wnerinsuausudmsudatiuagiasld dmsugfiesnwmsallusuan sunsaiuiuneuasyintiasndusea s
U%Ej%ﬁﬁ@ﬁﬁ@ﬁﬂﬁ'Lﬁ@ﬁuaaﬂfﬁ
3.2.4 MTANBIANNLETYTIDIATLAFYSIE (Stability studies)

AANMULEE USUDESLNETSIE [2°Ac]ACPSMA-617 Savindy 24 falusndsfingmiass 'T,@whl,a?izlmmwu%j%%

a o [

MALSIRLYINAUSDEAT 99.46 + 1.0 LaAesegUTl 6

97.19 98.07 99.46

[\

Y4 100 o———o °
1%

&

74 80

z

=
(/=)

= 60

o

qu°

o

= 40

pad

P

&
- & 20

99

&

o 0
AU

0 4 8 12 16 20 24

a1 (3 114)

519 6 ATIUUAASAIANNDIFNEMUATUBIFITINTYIIE [PPAC]ACPSMA-617 fifluedl 1, 4 wag 24 §alus

ANudasaLiatazmysiuasinelidall (Sterility and pyrogenicity) asindyssdnifianainldsunisigas
waIusiaannasinal¥aa (flasfiseduaulananduuaswuafisaludag1eienuatiasndn 10 EU/ua.wazfangig
Meruaiinnudanailis Fellanuminzaudinsufiazda idugdie

2AUs18ma (Discussion)
AudlglaansaulaznnaAuA@ lseweuiagiinsel [Fviaswainsinaain 25Ac Autdding PSMA-617

'
v sy 1 v

Wasaluiusowfon tiewann 29Ac Alduialradfusunnnsaa il (Non-carrier added) asnsadnnainld
TufumuLEY? Zaiﬁmshuﬂszmumsﬁy;wm Tagwnld 25Ac fAfidawa (Carrier added) asdpaiiuiunoulunisiise
FwIDenazmn laansamdadmeanllld asndusadfinan Fazianuusqnimeseadalidulmunarioas
WAFYFAISY Lﬁaﬁwfﬂﬁmiﬁmrﬁ‘ﬂmﬁaxﬁa?ﬁlﬁmﬁumiwzui:mmafﬁ weigadumsiuszaznariliiunsnaauntuday
FensFnwiidunsdanssilagnsianudaud 90 serwadoaudasazasnauing PSMA-617 ughvhazay
T Rsuaaaaun(Sodium ascorbate) /U 25Ac tunsalalasaandn 0.1 lwansidunal 30 ¥ teslgdnsidaiuaiy
Wutiupauduing PSMA-617 waz 225Ac agsendne 10:1-20:1 Fasunsande 2°Ac-PSMA-617 Ifaghaiizans THuande
Spuay 96.58-99.74 LLazﬁmﬂ’JﬁﬁJ‘iﬁjﬂé‘ﬂNLﬂﬁg\‘i (3982 95-99) Fedhmnlisndufitesnfidnwusinaweaduing
sefisnasipyazyh tldNamsHaR A LazAANLLEEMEMaLATisn wasmalisanamfinanihiidnwandunslisune

yadUndnunfiuandurin ¥ auiaeanldansg

v
aaa

ASFUATIZRESNTUSIE [25Ac]ACPSMA-617 Tumsanmd Sauduisfivilads Lidudounazsniss wisefiouay
gunseifililumsinainmiday Gifiseuws udvisimsmuauaamgiivasyhnmsinaainidusniladuniedidnads
NANNTNANFITLATUTIE mﬂﬁmsmuauamwgﬁmaa@mim'émfaigﬂﬁaqLLazfsimﬁ Faaz A5 UMIUDIELALE PSMA-617
fu 25A¢ 18105 Savilimansnandilasn (Low yield) (4 Lﬁmwaﬁw%mmﬁ%ﬁmiﬁﬁuﬁjﬂm Wafipnaazaenal@aInm
U%Qﬂgﬂﬂ\‘lmﬁﬂa\i [25Ac]ACPSMA-617 fingalden Santiaundnsasas 95 Falikuinariupundusngy vtk liaunsade
idugisld nmegudilylaansaus Falfimsnerhaiusouaniaspedaasie iQS-TS f’fﬂmmsaﬁﬂqmwgﬁﬁﬁmmmax
fiduiasinrgaumaiisnlutifldgndasisui Waanmsianainanmssiuegamginnmesinasmafinsliiaiag
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AU ULUUT TS uEasTe

ASLATTSIE [25AC]ACPSMA-617 findnldazdas
dumsanuauAsn Wl Duldauinriuasndysnsy
Aenflavhldnlifugthy madansiiasizs TLC gnih
antlumsmenanuusansmaaiised Wansazaneluiduy
Fimsenduiu 01 Tans |umaeanuiinazuay ITLC
waaef FuduwmafiafimnzaudnsunsniousSald
wAge sansalfuAszuudsfisawalunsuenas
°’7iau?aaaﬂmﬂmsazmymammzmmsaﬁﬂmsmuam
AMANIADE19TIALEY TABHANITATUANAMAINAITLASY
SNE [2°Ac]ACPSMA-617 ﬁmﬁmfﬁmuLﬂmﬁﬁaﬁwu@mmgm
AFYENTY

WineennsaaIuiiuee 25Ac wastiiatlaefumiy
Fuela 1 fipraifetu ensdaasindusedlagiSifigands
MAMTATVANANNNW BElsARIUAIANMTMAIANILALEI
1 MAfAnaa1nseF Ldanuausada ldnaeann
Audaiasandininds 24 $alus a15undused [25Ac]
ACPSMA-617 nﬂmsmém:ﬁmmﬂaamﬁaLLazZﬂﬁmiﬁBTﬁ
Fald wanaliiiudnduamsndusadivunsaudniude
TuAgUn

unasy (Conclusion)

AsfnaanUUTnafy 25Ac wuuiunaudualasll
WFeueaansiua (Sodium Ascorbate) Wusvhazay
uazliausoufigamgfl 90 aseiwaldya 30 ndi %
HANITRE AT RUITANLIAATISDEAL 96 wazlHAIAI1L
U%Ej'ﬂéﬂﬂqLﬂﬁé”ﬂﬁmmfjﬁayaz 95

A8AsAnm luauised e:ldlunsdunssiuay
ATUANAAWASLAFYSIE 2°Ac-PSMA-617 d1n3unns
S EYipuzsedauganun vasgudlglaansauLay
WANALALLASNA T5enwe1u1a9insel saufiennsaeann
(Ug9lsanenuIaee
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Abstract

Background and Purpose: Office syndrome is characterized by persistent pain in the same muscles. However,
herbal oils used to treat office syndrome have an undesirable gooey consistency and leave yellow stains.
This study aimed to use a cold extraction method to develop herbal oil in the form of coconut oil with extracts
of the herbs Zingiber purpureum Roscoe, Z officinale Roscoe, and Curcuma zedoaria (Christm.) Roscoe.
Methods: This single-blind randomized clinical trial included 40 participants with upper back pain. Participants
were divided equally into the intervention group who applied herbal oil twice daily on the painful areas for
1 week, and the control group who applied placebo oil. Outcome assessments included the general information,
visual analog scale (VAS) for pain, trigger point pain assessed with an algometer, cervical range of motion
(ROM), and satisfaction scores. Results: After 1 week of intervention and at 1 week after intervention cessation,
the mean VAS for pain was significantly lower in the intervention group than the control group, and was
significantly lower in the intervention group compared with baseline. The mean trigger point pain level was
significantly lower in the intervention group than the control group after the intervention. In the intervention
group, the mean lateral flexion ROMs were significantly better after 1 week of intervention compared with
baseline. The overall satisfaction with the herbal oil was moderate. Conclusions: Using the cold extraction
method created a coconut oil with herbal extracts that relieved pain but requires development to improve
the consistency and staining.
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Introduction

Office syndrome is characterized by repetitive pain in the same muscle over a long period, including
numbness in the arm or hand owing to nerve compression and pain when moving'. The pain is most common
in the upper back, followed by the lower back, and the wrists and arms, and is caused by individuals staying
in the same sitting position for a long time and having poor posture? The Division of Occupational and
Environmental Diseases, Department of Disease Control,
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Ministry of Public Health, Thailand (2016) reported
that the number of patients with musculoskeletal
disease increased from 72,486 (121.9 per 100,000
population) in 2015 to 81,226 (135.3 per 100,000
population) in 20163. Current treatments for office
syndrome include stretching, shortwave diathermy,
shockwave therapy, exercise, acupuncture, medication,
physiotherapy, and Thai massage*. Additionally,
herbal medicines used to relieve pain include Plai
(Zingiber purpureum), which is used to relieve sprains
and reduce inflammation and body aches®. Previous
research indicates that the curcuminoids in Curcuma
zedoaria have a potent analgesic effect in rats, as the
rhizome of C. zedoaria reduces inflammation by
inhibiting the activity of the enzymes COX-2 and
nitric oxide synthase®. Another recent study showed
that fresh ginger and heat-treated ginger help relieve
exercise-induced muscle inflammation by inhibiting
the production of nitric oxide, a substance that causes
inflammation’. Bunpean et al® found that massage
with Plai (Z purpureum) oil reduces pain because
it contains terpenoids that reduce muscle pain and
have an anti-inflammatory effect®. However, as the
essential substances were extracted from Z purpureum
through palm oil frying, the resulting Plai oil was sticky
and left yellow stains on clothes®. Therefore, the cold
extraction method was used to create a coconut oil
with extracts of the herbs Z purpureum, Z. officinale,
and C. zedoaria. The present study evaluated the
efficacy of this cold-extracted herbal oil in reducing
muscle pain and inflammation associated with office
syndrome and evaluated the satisfaction of the herbal
oil formula users.

Methods

Research design: This single-blind randomized
clinical trial included 40 participants with upper
back pain. The inclusion criteria were: (i) age 18-30
years; (i) pain score > 4; (iii) willingness to participate
in the study®. The exclusion criteria were: (i) pain in
the neck, shoulder, or shoulder muscles caused by
an accident or brain disorder; (ii) history of allergy
to Plai and/or coconut oil; (iii) numbness due to
nerve compression; (iv) any disease that prohibited

the study intervention, including severe asthma,

epilepsy, acute infection, and severe osteoporosis; (v)
fever above 38.5°C, high blood pressure (160/100
mmHg), fainting, palpitations, headaches, or nausea
and vomiting; (vi) pathological conditions in the neck
and shoulder that prevented the individual from
performing the study intervention, including fracture,
fracture non-union, and cancer; (vii) open wounds,
chronic wounds, contagious skin lesions, surgical
wounds within 1 month prior to the study procedure,
or inflamed veins; (viii) having received treatment
that affects shoulder pain not more than 7 days
before participating in the study or during the study
period (e.g, topical drugs, oral medicines, analgesic
injections, massage, application of compresses,
acupuncture, physical therapy); (ix) unable to
participate throughout the entire study period or
loss of contact before study completiong.

Sample size: The sample size was calculated
based on the research method of a previous study®.
The mean score for shoulder muscle pain was taken
as 5.43 + 0.94%. |t was estimated that the study
intervention would reduce the pain score by 40%,
which gives a decrease of 282 points, and the standard
deviation was estimated to be 8.46 (about three
times the reduction). With a type | error of 0.05, power
of 0.08, and two-sided a of 0.05 and b of 0.2, the
calculated sample size was 30 (calculations were made
using Open Epi, version 3, open-source calculator
--SSMean). Allowing for a dropout rate of 30%, the
sample size was increased to 30/(1 - 0.3), which was
43 participants. Therefore, 40 participants who met
the eligibility criteria were included in this study.
The participants were divided into two groups of
20 each (intervention and control) using simple
randomization. The participants were blinded to
the grouping, with the control group receiving the
intervention after the end of the study.

Ethical considerations: This study was approved
by the Human Research Ethics Committee, Walailak
University, License No. WUEC-22-081-01 The information
was kept confidential in the form of encrypted,
anonymous, or unidentifiable information linking
personal information and was destroyed at the end
of the research. This information will be used for

academic and general purposes only.
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Preparation of the herbal oil formula: The herbs were fresh herbs grown in the Thung Song District
of Nakhon Si Thammarat Province, Thailand. The herbal oil formulation for pain relief was created using the
following steps™ () Fresh Z cassumunarrhizomes were peeled, cut into small pieces (1 kg), blended with
water in a ratio of 1.1, and then filtered through a white cloth, mixed with coconut milk (5 kg mature coconut
meat), and kept for 1-2 hours to allow the Z purpureum and coconut milk to separate into layers. (/1) The
substance was refrigerated at 4°C, left for 12 hours, and then melted at 80°C for 1-2 hours and centrifuged.
(iii) After centrifugation, the three parts (oil, cream, and water) were separated by extracting only the oil part
and melting the cream at 80°C; this was repeated until all the oil was extracted. (iv) The extracted oil was
filtered until coconut oil containing Z purpureum extract was obtained. Z officinale and C. zedoaria were
extracted using the same extraction method. The herbal analgesic oil was created by mixing oil extracted
from Z purpureum (32%), Z. officinale (27%), C. zedoaria (10%), methyl salicylate (10%), eucalyptus oil (12%),
menthol (3%), camphor (3%), and borneol (3%) and was packaged in spray form. The placebo oil for the control
group consisted of 83.98% coconut oil, 16% eucalyptus oil, and 0.02% yellow food coloring packaged in spray form.

Data collection: 1) An information collection form was used to record each participant’s age, occupation,
weight, height, and hours spent sitting at work per day. 2) The satisfaction forms included five topics (gooeyness,
smell, skin absorption, hot feeling, and yellow stains) rated as a score from 1-5, with 5 indicating the highest
degree of satisfaction and 1 indicating dissatisfaction. 3) The visual analog scale (VAS) was used to indicate
the pain score from 1-10, with 1 indicating no pain, 1-3 indicating mild pain, 4—6 indicating moderate pain,
and 7-10 indicating severe pain. 4) An algometer was used to measure the level of trigger point pain using
a manual pressure gauge (Algometer model NK-200 force gauge, Wenzhou, China)™? with a probe size of 1 cm? 5)
A goniometer was used to measure the cervical range of motion (ROM) consisting of flexion, extension, left
lateral flexion, and right lateral flexion.

Procedure: Participants were assessed before the study (general information, VAS, algometer measurements,
and goniometer measurements) and after 1 week of intervention (satisfaction score, VAS, algometer measurements,
and goniometer measurements) as shown in Figure 1. Additional VAS assessments were also completed on
day 3 and at 1 week after the cessation of the intervention.

Preparation of herbal

oil formulas

Participants were selected for the trial (n=40)
Randomization
T
v v
Intervention group (n=20) Control group (n=20)
Assessed before the study and Assessed before the study and
allocated to receive herbal oil allocated to receive placebo ol
Assessed (3 day) Assessed (3 day)
Assessed after the study Assessed after the study
(1 week) (1 week)
Follow-up 1 week after the study Follow-up 1 week after the study
(2 week) (2 week)

Figure 1. Flow diagram of the study.
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Intervention: All participants underwent allergy testing prior to the experiment by applying a 1-inch strip
of herbal oil on both inner arms for 5 minutes. If an allergic reaction occurred, the participant was excluded
from the study. The intervention and control groups were given the herbal oil spray and the placebo oil spray,
respectively, and instructed to spray the oil on the painful area (by pressing the spray nozzle down twice and
rubbing in the oil) twice daily (morning and bedtime) for 1 week.

Data analysis: Information collection forms and satisfaction forms were analyzed with descriptive
statistics using the frequency distribution and means. Data from the assessments and physical examinations
were compared (before versus after intervention) with the paired t-test, and were compared between groups
with the independent t-test using Microsoft Excel 2016.

Results

Participant characteristics: The baseline characteristics are summarized in Table 1. All participants
were aged 18-26 years and had a normal body mass index (BMI). The two groups had a similar mean age
and BMI. Most participants in both groups had a daily sitting time of 4—6 hours per day at work.

Table 1. Characteristics of the participants at baseline

Participant characteristics Intervention Control group  Statistics P value
group (n=20) value
(n=20)
Age (years), mean = SD 21.60 £ 1.50 2195 +1.63 -0.705? 0.242
BMI (kg/m?), mean = SD 23.62+6.73 24.43 + 580 -0.406° 0.343
Duration of sitting at work, n (% within group) 3 (15) 3 (15) 0.000¢° 1.000
1-3 hours/day 12 (60) 11 (55) 0.320¢ 0.749
4—6 hours/day 5 (25) 3 (15) 0.790¢ 0.429
7-9 hours/day 0 (0) 3 (15) -1.801° 1928

10 or more hours/day

a = independent t-test, b = z-test for proportion difference
Participant satisfaction: The mean scores of almost all items were similar in both groups, except
that the hot feeling was significantly greater in the intervention group than the control group (p < 0.05)

(Table 2).

Table 2. Comparison of satisfaction scores between the intervention and control groups

Satisfaction scores Intervention group Control group

t Pvalue
Mean + SD (n=20) (n=20)
Gooeyness 190 + 0.55 170 +£ 0.80 0919 0.182
Smell 3.45+0.60 3.45+0.89 0.000 0.500
Skin absorption 390+ 055 3.60+0.75 1435 0.080
Feeling hot 3.05+0.22 165+ 0.49 11.637 0.000*
Yellow stains 230+0.73 195+ 0.76 1484 0.073

*Significant difference between groups (p < 0.05)
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Pain score: There were no significant differences in the mean VAS pain scores between the two groups
at baseline (intervention group = 5.45 + 1.27, control group = 5.20 + 1.10) and on day 3 (intervention group
= 3.90 £ 1.55, control group = 4.55 + 1.27). However, the mean VAS pain score was significantly lower in the
intervention group than the control group after 1 week of intervention (intervention group = 295 + 1.46, control
group = 4.25 + 1.44) and at week 2 of follow-up (intervention group = 2.15 + 1.66, control group = 4.20 + 1.19)
(Figure 2). Both the intervention and control groups had significantly lower mean VAS pain scores after 1 week

of intervention and at week 2 of follow-up compared with baseline (Figure 2).
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Figure 2. Comparisons of the mean VAS pain scores
*Significant difference between groups (p < 0.05)
#Significant difference compared with baseline (p < 0.05)

Trigger point pain: The trigger point pain did not significantly differ between groups at baseline (Table 3).
After 1 week of intervention, the level of trigger point pain was significantly greater in the intervention group
compared with the control group, and was significantly greater compared with baseline within the intervention
group (Table 3).

Table 3. Comparison of the mean trigger point pain level between and within groups

Trigger Point (kg.m/s2) Intervention group Control group t Pvalue
Mean + SD (n=20) (n=20)

Baseline 4185 +1270 4220 +£ 826 -0.103 0.459
Day 3 46.55 £16.57 42.00 £ 991 1.053 0.150
Week 1 5370 £ 17.85# 4415+ 831 2168 0.019*

*Significant difference between groups (p < 0.05)
#Significant difference compared with baseline (p < 0.05)

Cervical ROM: The mean cervical ROM across all movements did not significantly differ between groups
at baseline, on day 3 of the intervention, and after 1 week of intervention (Table 4). However, within the
intervention group, the left and right lateral flexion ROMs were significantly greater after 1 week of intervention

compared with baseline (Table 4).
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Table 4. Comparison of the mean cervical ROM in the intervention and control groups

Cervical ROM (degrees) | Intervention group Control group t Pvalue
Mean + SD (n=20) (n=20)

Flexion

Baseline 4845 +£11.41 46.00 £16.07 0.556 0.291
Day 3 40.60 £16.52 39.30 £11.60 0.288 0.388
Week 1 44.40 +£15.50 41.00 £14.75 0.r11 0.240
Extension

Baseline 88.80 + 7.50 87.00 + 8.68 0.702 0.244
Day 3 9145+ 719 89.40 £ 851 0.823 0.208
Week 1 8790 +7.82 8740 £ 915 0.186 0.427
Left lateral flexion

Baseline 39.70 £ 8.03 43.05 £ 737 -1.374 0.089
Day 3 4435+ 6.70 4125 +821 1309 0.099
Week 1 49.00 + 9.04* 4610 +£ 887 1024 0.156
Right lateral flexion

Baseline 3935+ 773 3995+ 438 -0.302 0.382
Day 3 3990 + 6.06 40.45 £ 555 -0.299 0.383
Week 1 4550 + 796* 42.00 £ 790 1395 0.086

*Significant difference compared with baseline (p < 0.05)

Discussion

In the present study, there were no significant differences in age and BMI between the intervention and
control groups. Furthermore, using the method reported by Pongvivat et al.®, we found that the two groups
had similar levels of trigger point pain at baseline. Most of the participants in both groups were in a sitting
posture at work for 4—6 hours per day, and such static posture periods are associated with upper back pain'.

A comparison of the satisfaction in both groups revealed that the control group reported less of a hot
feeling than the intervention group because there was no herbal component in the placebo; however, the
smell and skin absorption were rated as similar in both groups. The gooeyness of the oil and the creation
of yellow stains on clothes were also less satisfactory in the intervention group than the control group, which
is consistent with a previous study that reported that herbal extracts in oil are considered gooey?.

The mean VAS for pain was significantly lower in the intervention group than the control group after
1 week of intervention and at 1 week after the cessation of the intervention. This analgesic effect of the
herbal oil is consistent with previous studies that reported that herbal wraps provide significant pain relief’,
and that Plai (Z purpureum) oil relieves pain in myofascial pain syndrome'. Furthermore, the curcuminoids
in C. zedoaria have an anti-inflammatory effect by inhibiting the activity of COX-2 and nitric oxide synthase®,
and Z officinale has been shown to relieve muscle inflammation® by inhibiting the production of nitric oxide,
which causes inflammation’. Another study reported that massage with Plai (Z purpureum) oil reduces pain
due to the presence of terpenoids that reduce muscle pain and have an important anti-inflammatory effect®®.

The mean trigger point values were significantly higher in the intervention group than the control group

at 1 week after the cessation of the intervention, which is consistent with the findings of a study that reported
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that Plai oil massage is better in relieving myofascial
pain syndrome than a control intervention?.
The reduction in muscle pain might be due to the
inhibition of cyclooxygenase and lipoxygenase,
the enzymes involved in the synthesis of prostaglandin,
which reduces the inflammatory process.’®

There was a significant increase in the mean
ROMs of left and right lateral flexion after 1 week
of intervention in the intervention group compared
with baseline because the ROM in these directions
is directly related to the contractile line of the upper
back muscles. The ROM increases due to decreased
muscle pain?, which is consistent with a study that
showed that thorn apple oil massage improves the
left and right lateral flexion with reduced muscle
stiffness and pain in individuals with neck and
shoulder pain from office syndrome?. The increase
in mean cervical ROM in the control group was
consistent with a previous study in which the control
group showed an increase in the degree of neck
movement compared with baseline', possibly due
to some participants having pain but still being
able to move their necks normally.

Conclusion

Using the cold extraction method to create an
herbal formula comprising coconut oil with herbal
extracts relieved the upper back pain and increased
the lateral flexion of the cervical spine ROM of
individuals with office syndrome. However, the
participants were not satisfied with the gooey
consistency of the herbal oil and the yellow stains
it left on clothes. Therefore, further development
of the herbal formulation is needed.
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Abstract
Aspiration pneumonitis results from inadvertent dropping of water, gastric secretion or food particles
into the respiratory tract, particularly the lungs. These foreign bodies stimulate the immune system, cytokines,
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leukocytosis and white blood cell aggregation as
well as an inflammatory process, leading to intra-
alveolar tissue damage. Subsequently, the ventilation
and perfusion mismatch inevitably precedes severe
hypoxemia and acute respiratory failure. The severity
of signs and symptoms depends on the pH and
the amount of aspirated particles, particulate or
non-particulate. In anesthesia, aspiration pneumonitis
represents an adverse event of concern during the
administration of sedative or general anesthesia
since all anesthetics alter patients’ limits of self-control
and cause the digestive system to prolong gastric
emptying time. The incidence could worsen during
an emergency surgery. As a result, anesthesia
personnel’s current focus is on prevention rather
than cure, leveraging various integrated clinical
practice guidelines, such as preoperative patient
management, preoxygenation with high flow
technique, endotracheal intubation, ventilation and
consciousness stabilization. At present, the ultrasound
method helps verify the characteristics of particles
in the stomach just before anesthetic management
because it can significantly cut down on aspiration

pneumonitis incidences.
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Anesthesia; Aspiration pneumonitis; Hypoxemia;
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AvdA: Msseduanugdn; laael; wigllaaieil; ssuugidudu
Abstract
By and large, foreign bodies such as bacteria, viruses, microorganisms, parasites, chemical toxins, irritants,
allergens or cancerous cells, can stimulate the immune system by secreting both pro-inflammatory and
anti-inflammatory cytokines, which serve as messengers on themselves (autocrine), nearby cells (paracrine)
or far-away cells (endocrine). Cytokines activate the inflammatory process via leukocytosis and macrophage
aggregation, which engulf bizarre cells (phagocytosis). Then the process insidiously subsides to restore lost
vitality to full health. However, if the stimulant is severe and out of control or carries antigens such as Corona
viruses, it can lead to chronic inflammatory progression. Eventually, hypercytokinemia and a cytokine storm
attack, resulting in multiorgan failures and quick death. What is interesting is that malnutrition, stress, anxiety,
surgery, strenuous exercise or controlled ventilation can stimulate cytokines secretion whereas regional
anesthesia and administration of certain anesthetics can reduce the inflammatory process and serum
cytokine levels.
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Un#1 (Introduction)

Tsade [ udWaninsi19n1sUNN g D LauDNT
Fetu A1sszu1AUesisalain-19 (COVID-19) Tuuesii
52U TFUAN (immune system) Tus197180D9UYBE
F9A9FULUDLANINAIUANNSNA TiFinsing Hed 951
lumsadadudansandidadaromariuliduly
Froma il Fefimsuwndasisaguyinld Aipeniain
uinnssuan i nsinasioaduananinassaw 3asin
Anwduafvhanuinlainalnmeadsing) wensanw
WFBNUSANEAS (pharmacogenetics) 4as Fafianu
\RenfpafunnszuumsTnuassmesteazBunanda
AADAIUNTLAIUFIHANAN (immunization) L59@AWA
LIANNAITIN WLV DR WIZLEAN (precision medicine)
Wondousuinfualsndefivsundunidunsdaiuies
agaanaLIa (disruptive selection of organism) Tugas
svpznan 30 Tfirusn 2smsuwngdsfianusiisadusie
Wi finsvien wazaauFivaelylnazil (cytokine)
Hppann indanugiiseilglnmetdasienagadnain
naupiefifanuiisiasiuseuunfidudu Tagvinsihd
\Jue{1ina1s (messenger) mmsaaaﬂa%%ﬁuﬁum
(autocrine) n3pAULBAATNNLAYY (paracrine) #aDLLIILLE
maéﬁagiﬁwfﬂaaaﬂfﬂfﬁ (endocrine)
sTUUDHANTY

srugfiduinyasseny Wunalnamsaudiiaan
Aanusiuipupurasuaziiowdosine (Hud Wadaaun
A ouNIHE DY lunszan doaulnda wazdu Waudnaa
wanvasufiingseme wu iauuafiisy b 9aunsd
Usdn asNEMLAil 19ABANUTEAILADY E5ABNTUK
nipLwaduziSe Fudlagnasedi stuugfiduiueznauauns
Tngmsnaslelnagilvninguasy (pro-inflammatory
cytokines, PIC) azntinsinenumssntay (anti-inflammatory
cytokines, AIC)

Tapdnf su1sany PIC Tuanizywlasuinis A
WIIATANANEA A1SENAR MIpRnMAaINIBRnIHY AsAILAN
Asrpladiuasns #ipA1ssulsEuLaans1efinay
ATWBAF (refined sugar) Tupaed mMsppnfdenuUns
peeaEND LASHNNE Wi UL (cinnamon) Wasla
AM552dANNITNLAZANTUSMTENTEIUANNS TN UL TR
aznsEAUMsHAs AIC 16?2 tunwsiu Wefidsudanias

o
@ @

hgsnenny syuuiiduiuiitunaunsyinuuseeaniy

2 dufdAsy Ap

o

seULdRuAUMULI¢ad (Innate immune system)
s didudmusalumsaseduuaydnang Aoush
hgnszuaunssnay lay PIC ﬂizﬁuﬂnswﬁﬁﬁamwﬁu
(histamine) wazusan Al (bradykinin) ¥nl#wnase
\Boauunusi wipuasdaaaliidadanuusiudanu
iselunszanlfiasie neutrophil tag monocyte Fougad
wuAlAsHIe (macrophage) Asga1RaszNluASEILEAEDA
Jlanvaeantasu ssihdeunduinlagisunlalylnda
(phagocytosis) 91617 LmLﬁyg‘ﬂiﬁﬂLﬁmﬁwﬁuazmﬂuﬁqm
(apoptosis)?

Tunan@gaiu AIC 92AlAUNNALYASLUATATAIS
sauviaLiD Fasinee fimuud vhldnszsuaunssnauaaye
Lﬁﬂgjfswzﬁﬂ‘ﬁlu wsﬁ”@mszﬁumwﬁﬁiﬂwﬁu (serotonin)
Wiathulirannidonnduunrasi fnasaidanly W
\Rereusnui L‘]‘fJumiﬁluvjamwT@ysaﬂﬁﬂﬁuﬁugjﬂﬂﬁ“

SUUIRLIFIUDFUWIE (Adaptive immune system)
aziinsuthe edafianuguusauasiedisznoudfey
huupufieu (antigen, Ag) wh Elalsmn{asa (SARS-Cov-2)
AsTUIUMSSALEUAzLingsEaiEasa Tansiuads helper
T-cell 15en15ndslglnaiuil Lymphokine (Unsedu
lymphocyte i helper B-cell a1nspusinndoal#
HSINUDUA VDA (antibody, Ab) fiflanuau1sasiwig
viuaspduLaufauuy Ag-Ab complex Fedrueie
lymphocyte #fia killer T-cell dhdnaeuananushs

MAsMeSanaldsumsnseduiguusinsnesinLias
wioamauviaseselignusasenty wu Wisadusew
SnausfinBuundu (acute pancreatitis) w5olsafidl
mMsvhapszuunIAuAu (autoimmune disease) Tunseid
llaeginatsuie %gﬂmi”'ﬂ WinTunthesandalunsus
\d9m (hypercytokinemia) ausfnsduwiyylnaiyil
(cytokine storm) fin1s5iunguuee lymphocyte wag
plasma cell ihsunumsyausasa s luseny
audsyauAzaNman (multi-organ failure, MOF) giag
aflomsliige soumds Uradioud aauldanidusn udy
AzunsnauanAuBuY Feoavih iU FuTin e
imiwzmmﬁy’us]“

alaanaiifnasls

Cytokine 112100181A5AAI1 cyto=18aa + kinos
—mswdanlm Blamedduasinalaluseu (glycoprotein)
ﬁmﬂfﬂimaqa 6,000-30,000 siadiu (dalton) a519910
L%aézuizuuaﬁéuﬁuimﬂLazwmﬁaLﬁ@ﬂszmumsé’mav
slnpesivinsih idugiasAndefiufduiusiviead
TagsaU TaafiAnud WA UAISUDRRIUDLBadRAN
na1wsiin wazdndpanslunmwszaninsaiignseuadan
lWannanisusadifiaifatiagrnelnaldl dewaldiia
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MstaBpuTaaia l@pAUNIHAGNY (leukocyte migration)
yhlfuaRnnl (cell proliferation)w3puiauulas
sis1enaudnwaizlunsyinmiinfif wwizuansiefuly
(cell differentiation)

[Blaapiudaznguudazyfia Insyaudidouiie
FaUTUTN MULAYIAURSDTR IR @ LuseanLy
nauldei

@

Chemokine As¥AuszUUYAANANLAZTZANATT
Wi uTpadfiadanunn®

Colony-stimulating factors (CSF) ai*wamfumzaa
(bone marrow) TuAszUINAISHEALYAS LT ALE DA
(hematopoietic system) Taglaniz neutrophil waz
WaaLUALATHIS

Interferons (IFN) &51991A infected cell Aszduiaa
fvnshfieauds (natural killer cell, NK) 153 a5
YINAULTAAULT®

Transforming growth factors (TGF) as9andinge
\AiEis (connective tissue) naedumMsLLTYD AR
finspuiAunuassUsnadnuaelumsyinshifiawe
wLanEeniuly®

Tumor necrosis factor (TNF) aeannzadialalaswig
ASEA UATTUINATSALEY (A A Monokine d519910
monocyte Waz Lymphokine @31991a lymphocyte

Interleukins (IL) §57991A leukocyte faunBarianue
36 1iln vhmshiinsedussunfidufiuLazATIMISALEY
\S9MSIRLT YD T-lymphocyte 91

IL-1, IL-6 11 PIC AszduAsSAIaULAZANSIRLT Y
voslglaaeidnralssiia’

IL-2 grofndaipasnzisy wadainisindye i 4
PUEN SoumEs AdulEe1Fuu oudy Anuduidansi
wagilaiuinung

[L-4, 1L-10, 1L-13 i1 AIC ﬁﬂwgeia(ﬁmmsﬁmau
anduulzlamel lngawie IL-10 giwanpinistinlu
inflammatory bowel disease

ASTUINASDALEY

\diaszungfiduiuldsasnszdu UiAssassnLay
azifnturiuiinsldnmsanuauuas PIC uag AIC fdnwass
asTidAde Urn van was sau Tapdiunau deil

1. ANSYENEAIRIranaLaaa (vasodilatation) 1Tu
naanSaafuuazLusan tasiu vlRndulsBauueg
¥anaLEnARaE WauUsinendon lUiEususnndid
WY ENIW T IALRREAIWLALSDUSINAVDINTLIA

2. \waayniienanalian (endothelial cell lining)
wae ylMARsTus (loss of vascular permeability)

vpsasLarashdiilusTiu (exudate) panupnARaDAEDA
ganalFiAnomsuinuazlinlausay madunsiaibe
(pathogens) szuuiAuAugenszeu prostaglandink2
(PGE-2) mﬂmaé@aumﬁwaamﬁam Luarnseaulaldannnd
Tnas IL-1 waz TNF deviliusunes PGE-2 iiutiuann
WNTUAIRATYINNIRYDIFUDNFIU hypothalamus d9na
Wigamgiineiugsiuuaziionnsli (pyrexia)

3. mMswAdpuiivavgadifinidanuiannanniion
waASIRNTULR T ILILIYas fiAEA1 a1nlunszan
(leukocytosis) (éiuA neutrophil, lymphocyte wag
monocyte %ﬂ‘izﬁumi%ﬁﬂ Chemokine, IL-1 LLaz TNF
AIUAIAB

ANSUNSSETUIADDISALAIN-19

ugradausuay I w.e.2562 1AaN1552U10 1D
\Fal235 SAR-CoV-2 5uninlsalasalain-19 Aiinsgsu
upmanitl UssmeEnssassUsennuiy hlseumsaszany
9DINMARYNTINGEY senaliigiAanesanwlussuy
MuAumsls HaNz1A0nBLANDEINTHLSY LagyintH
adyardAeyFee Yineuduwal Ysenauduauasn
Tumsweaiunindu ﬁﬂﬁﬁ@?ﬁyﬁim%iaﬂﬂszmm 6.4 AuAU
e TuTn.a.2563 warlw.r.2564 TfFuTin 1,812,050 A
Az 5,446,652 ALAINANGY HUSTWNANY 210518971
Tuiudt 13 Femeu w.a.2564 faadfnidonsinigge
Sl 5unssEU1AUeelsaladn-19 @p 23,418 518 way
flunn i FuTingegang 312 519 Luiudl 18 Femau 25649

iflpennidalsalain-19 nszduszuunfiduiunas
Foaeiiuaenine Tasidahsaindudvigadyinnsly
eandan (pneumocyte type Il) i FurhAlumsads
surfactant denaligeandaafiuuny gudiaziiviuas
anas frhwddufidonanuseslaiuiuy iiewens
avgeanvanlivesda (low lung compliance) vinl#
Asuana sufsduliunendsnd manwubiauga
(ventilation/perfusion, V/Q mismatch) STAUANUDY
F1290anTanliLEnA LAY (arterial oxygen saturation)
aARA1AY T99195UNTIINLAANIEAN T TR NINAILD Y
IRYUWAY (acute respiratory distress syndrome, ARDS)©

wi AR uTmIul e alhsa ndurinTisuou
lymphocyte aRaT LALATYUINANTINLTULINGAIZTHITS
289590157 danalisramendslelnmeiidug Sanavuia
11 C-reactive protein (CRP), Lactate Dehydrogenase
(LDH), waz D-dimer tJudu autfinniy (glna1gidld
drhedndudasldsunsshwguangielnddnluneaivia
MEsu@nhse Wy eaWi3Rsdes (Favipiravin) d9lu
FUAIUANTENENDATITHNENTIU (RNA replication) #32
1 Remdesivir 7iffaua19n15vi191uupeaulzl RNA
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polymerase v 2 yiladvntisuaulsaanas Woausms
SauAUASAlAaIALSIYE (corticosteroids) ipnAnIS
ADUANDIUDITTUUYAANNUUAZAIUAITOALED B19xLin
Fudensnasdeniin amsndclelaaned L1, IL-2, IL-6, IFN
waz TNF 1aznisiaanudives lymphocyte, eosinophil
panAal mast cell™

mﬁ@?ﬁgﬂ’wuauzuﬂm’fﬁ (awake prone position)
Lﬁaﬂi"‘uamqaswdwﬂ%mmsﬁmiuz}ﬁamﬂmﬁuLﬁawﬁ
an1u (V/Q matching) wsaudseAudszapenismiala
duaunuaeithediy high flow nasal cannula (HFNC)
wialfiadpatapmelaniunieinnindiguseduuan
(non-invasive ventilation, NIV) ﬂ%aLﬁBéqu@ﬂ’]i
nialapan (positive end-expiratory pressure, PEEP)

pg19lsAn mimuammswmﬁtaﬁam@?m A13158
ganarawaduanidadelumaudunisle uazaisly
geaNUpn [uAzASATinzduAsHAs PIC Nszuamms
FALEY 1597155902099 neutrophil ¥inl# LA aynn
V/Q matching wazaniewsaspandiaulal

wiasanasAulEan (hemoperfusion) Wuwadia
fausardavsualyglnapilunssuadonlirua U
pg1991AL5 Iemsiidnaupedhgrusinges Wiouen
lslaaeduazasidsAuuiesiianeanld Aausindand
nduANTYE wihudssAuUsvmasmsyhnuuasssuuiila
Laznsinalisuidne @?’mmsmuaumiﬁwLLaxmsv‘hmu
1a9la Wa1senth waradmdadayfiunaunuluszring
Ms3nASTITnAIaInE DAY TRz Y12

lnlameidunisseiuanuidn

AsHF AL NAIIATIATLSS fianansansed U
52UUn TANANTNTINNY 1S9NTEUINAITIALEY LATTZUY
neuroendocrine 1##as adrenaline, noradrenaline,
cortisol, glucagon, corticotropin releasing hormone
(CRH) ttaz adrenocorticotrophic hormone (ACTH)®S1

Tupauefiensziuanusandulnajestiofnanzieson
AT TAATiUANUSFNLLUIRWIZAIM (regional
anesthesia) @11150NANTADUENDIVDITZUUNTANNY
AANSZUINNTENLED LazdSunalglameilunszuaiine
[8FnIAT5EI0ANLITA LU UATDANTANENFAY

(general anesthesia)*

Y131893Y

Sodium thiopental {JugIHNFAUNINHADALADAAN
p9ngN57 GABAA receptor WulfgafuLsas tuszuy
AfANAY §1U150aA91UIN monocyte, T-helper cells
waz NK cell annnsnaduaszyzinallun1seangnsns
IL-1, IL-6, TNF waz IL-8 LL@iﬂizﬁﬁ:umi%é"ﬁ IL-10 Failu AICT

Ketamine aaﬂﬂﬂgﬂﬁwﬂ sodium thiopental
wAnSUTUT AIC Feviilinszusunssaauseassiy
sin (U611 Propofol 11 anti-oxidant annns&s1e PGE-2
9nYad monocyte Taususkanlasl cyclo-oxygenase®
LazsDAIUAITD ALEULHULALIAY sodium thiopental
Taeana s IL-1, TNF waz IL-6 LLﬁﬂizﬁuﬂﬂiﬁgﬁ [L-10%"20

ggaauvinlpsay (volatile anesthetics)

Taevialy tgaausfinlaszmeyn azAnA1SYINIY
1995V UYRANANNNN DL e

Isoflurane SUAILANTYINIIUYBNLEALEDADII AR
F1191 FN, NK cells, IL-6, 1L-8, waz 1L-10 weliRus1uiu
L-1p 172228

Sevoflurane naN15YINNULBY lymphocyte Lhazaa
U IL-6, IL-8 o7t [L-10172425

Desflurane sunuA15vin9IUDse B lymphocyte
Lazans11In NK cell weliiuduiu IL-6 wag [L-8Y

lunsananlyd (N,O) and1uin lymphocyte waz
neutrophil?

gmgoundils

pngaunduiliariesila depolarizer waz non-
depolarizer finaspszuuniauiulusen1y Rocuronium
finasudenszuaumsaigunawad Cisatracurium an
91942% TNF-a 1ag IL-6 Succinylcholine aaa1uau
lymphocytes %°

YIANUYSEAN

Midazolam aangnilasiindusy benzodiazepine
receptor‘ﬁ' GABAA receptor complex #gaatgninu
AR (@nxiolytic) aANNIIASHA FANANATTUUTANTY
U99919MB U 12 waglL-8151720

guAanI

#1053 NSAIDs pangnidusanisyiausnsaulss
cyclo-oxygenase ann1sa31e PGE-2 aNgannszuInng
SALEULAZDINNS (TUIR DN LASSDUZ

guAIn lunguuasily

m"tumjmﬁ%ﬁuﬁ’u mu-opioid receptor U518
substantia gelatinosa vae dorsal horn Tuludunds
FeafnfunsasdayannanulanliEuns fnadud
STUUNAANAL ATTUINANTBALEY WU B-lymphocyte
ANTNAS TNF, IL-1 tag 1L-6151720
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grnuawedl (local anesthetics)

ANTHARARAITIUTZENNUDNYIYIRNIEN 92y I8an
ANLLASYA u,aza'qNaﬁiaiwugﬁémﬁuvaﬂiwmyfﬁﬁau
191D 172627

unasy (Conclusion)
Tusruugiduduuassnsmelglamepifiunuimadsy
v Iugiians TagenuaunssUIUMSSALEY LamA
i EHAMNTULS YsineuleTmanifasfiuiuagiesinga
Tunseuadnn Aadunylelaaiwil senalinisviten
ypeszuUanee Tusemeduman asrdadudas g
AUTHLTY A3N5AATEAUTEUUYTANANTINTIAIY 159
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FdANUAAeY FFUAITUINITYN LazannIsn15Tedy
mm?ﬁaﬁmmzaua"mfugﬂw LEHRW PSR
LUDIRWIZEIN §11150NANTADUAUDILBNTEUUNTANAY
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Abstract

The world population aged sixty-five and above is rising, largely with multiple accompanying ailments
owing to mental and pathophysiologic deterioration of brain and nervous, respiratory, heart and circulatory,
immune and hematologic, liver and renal structural functions, resulting in pathological weakness and
hospital admission requirement.

Anesthesia personnel take care of patients during peri-operative drug administration, which is getting
increasingly complicated since, in all likelihood, elderly patients receive simultaneous doses of medicine.
At the same time, their catabolism and excretion are slowing down, thus causing an increase in plasma
concentration and distribution, drug interaction, onset and duration of action as well as adverse events.
In addition, anesthesia personnel should consult specialists in other fields for proper planning, which
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is as crucial as preoperative visits and assessment
of patients, choice of anesthetics and anesthesia
techniques, careful observation of their emotional
disruption and postoperative cognitive dysfunction.
Achievement of these duties would allow the elderly

to get back to their normal as soon as possible.

Keywords
Elderly, Anesthesia, Anesthetics
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Abstract
Before target student assessment, tests for norm- and criterion-referenced assessment are conducted

under a table of specifications for cognitive, affective and psychomotor domains-essential steps in the
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learning process. These steps are well-validated for
construct and content validity, reliability, objectivity,
difficulty, and discrimination. Generally, achievement
scores are performed for summative evaluation,
while relative growth scores are considered formative
scores.

In practice, relative growth scores are applied
to students’ academic assessment via examination
tests of parallelism of equality more than once.Then
achievement scores are compared and correlated
with referenced, pre-test scores. Therefore, the
relative growth score is an estimated value with
greater confidence that can fairly represent students’
intention, interests, and educational improvement.
As a result, it is appropriate to apply in both theory
and practice to residency, nurse anesthetists and
medical students training programs and to those
with different maturity, knowledge and clinical

experience.

Keywords : Anesthesia, Learning process; Learning
assessment, Learning achievement score, Relative
growth score
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Abstract

In patients with dextrocardia, the cardiac apex points to the right side of the chest wall, and situs
inversus is when the internal abdominal organs are positioned on the same side as the cardiac apex.
Congenital dextrocardia with situs inversus has been rarely reported, and some patients with dextrocardia
also develop atherosclerotic coronary artery disease. We report two cases of on-pump coronary artery
bypass grafting performed in patients with dextrocardia with concomitant atherosclerotic coronary artery
disease.

The first case was a 56-year-old Thai male who was in a car accident while he experienced a transient
ischemic attack (TIA). He was admitted for treatment and underwent an investigation to identify the cause
of the TIA. Cardiac echocardiography showed abnormal myocardial contraction. Coronary angiography
showed critical three-vessel coronary artery disease. Elective on-pump coronary artery bypass grafting was
successfully performed. The second case was a 68-year-old female who presented with non-ST-elevation
myocardial infarction. Coronary angiography showed coronary artery disease with a left main lesion. Cardiac
echocardiography showed a left ventricular ejection fraction of 33%. Three-vessel coronary artery bypass
grafting was performed. The patient experienced good postoperative recovery without any complications.

We conclude that coronary artery bypass grafting in patients with dextrocardia can be successfully
performed using the on-pump coronary bypass surgery technique, and the right internal mammary artery
is an appropriate arterial conduit for the left anterior descending artery.

Keywords : coronary artery bypass grafting, dextrocardia, pleural effusion, situs inversus, surgeon standing

position
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Introduction

Dextrocardia with situs inversus, a congenital
abnormality that is linked to mutated genes causing
an autosomal recessive disorder! is more common
than levocardia with situs inversus. Pediatric patients
with this condition usually grow into adulthood
without abnormal symptoms. The incidence is
approximately 1in 10,000 for dextrocardia with
situs inversus totalis? and 1 in 31,000-37,000 for
isolated dextrocardia.? Despite surviving to adulthood,
individuals may experience ischemic heart disease
requiring intervention.* The first coronary artery
bypass surgery for dextrocardia was reported in
1980.°

It is difficult to measure whether the incidence
of coronary artery disease (CAD) among those with
dextrocardia with situs inversus is equal or different
from the general population as the number of
patients with dextrocardia is too small to compare
the incidence. Patients with adult congenital heart
disease who have undergone surgery at a young
age to fix the defects live longer but engage in fewer
daily activities. As a result, they have a greater chance
of developing CAD.® For example, those who undergo
surgery to fix aortic coarctation would be at a
significantly higher risk of getting CAD.

The common challenge for individuals with
the abovementioned two diseases is an abnormal
anatomy that makes it difficult for them to undergo
surgery. Surgeons should thoroughly plan the
surgical procedure and their preferred standing
positions before the operation is performed. As
most surgeons tend to be right-handed, they may
encounter difficulty when performing surgery in
patients with dextrocardia.

Generally, on-pump and off-pump coronary
artery bypass grafting (CABG) surgeries have similar
survival rates, stroke risks, and myocardial infarction
risks. Therefore, it is mostly up to the surgeon’s
preference to choose which CABG technique to use.”
However, for patients with dextrocardia who have
an abnormal cardiac anatomy, surgeons may need
to carefully and deliberately select surgical techniques
to perform surgery with greater precision.

Given that only a small number of patients with

dextrocardia live long enough to develop CAD and

undergo surgery to fix it, the comparative outcomes
between patients who undergo conventional
on-pump CABG and those who undergo off-pump
CABG have not been evaluated. Here, we report two
cases of on-pump CABG performed in patients with
dextrocardia with situs inversus and concomitant CAD.

Content
Case |

A 56-year-old male presented to the hospital
with a history of transient ischemic attack 12 hours
before admission. He suddenly lost control of his
car due to right-sided hemiparesis. His muscle
strength fully recovered 12 hours after the incident.
The carotid artery examination showed no significant
lesions in either carotid artery, but echocardiography
showed abnormal cardiac muscle wall motion and
magnetic resonance imaging showed an ischemic
myocardium. Coronary angiography was performed
via the right femoral artery using the standard
Judkins technique without modification other than
mirror image reversal. The left anterior descending
artery had 70% proximal luminal diameter narrowing.
There was 90% obstruction in the circumflex artery
and a 90% lesion in the midpart of the right coronary
artery. The advantages and disadvantages of CABG
were presented to the patient, who accepted the
surgical risks.

Conventional elective on-pump CABG was
performed. The right internal mammary artery was
connected to the left anterior descending artery,
while saphenous vein grafts were connected to the
intermediate branch and distal circumflex artery
in Y-graft fashion. A single saphenous vein graft
was connected to the distal right coronary artery.
The total bypass time was 90 minutes, while the
aortic cross-clamp time was 60 minutes. The patient
had good postoperative recovery. However, he had
right pleural effusion, which responded well to a
small daily dose (40 mg) of oral furosemide. At the
1-month follow up, chest X-ray showed a moderate
amount of right pleural effusion. Percutaneous
drainage was performed on the right chest wall,
and around 1500 mL serosanguinous fluid was
obtained. The patient had a good clinical appearance

at the 3-month follow-up after surgery.
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m-Circumflex

Figure 2. a. Coronary angiography image showing a significant stenotic lesion in the left anterior descending
artery and circumflex arteries. b. Stenosis of the right coronary artery.

Figure 3. a. Chest X-ray image at the third postoperative week showing massive right pleural effusion.
b. Chest X-ray image after percutaneous pleural fluid drainage.

Case Il

A 68-year-old female with comorbid diabetes mellitus, hypertension, and dyslipidemia presented with
chest pain in the epigastric area and radiating to both sides of the jaw. She had experienced intermittent
pain for 1 week, which lasted for 1-2 minutes each time, before gradually disappearing. According to radiographic
images displayed by the X-ray film, dextrocardia was identified, while the electrocardiogram showed poor
R-progression in the chest leads (V1-V6) and ST-depression in lead V1. The level of troponin T was 179 ng/L.
Echocardiography showed a left ventricular ejection fraction of 33%.
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Coronary artery angiography was performed via the right femoral artery. The left coronary system was
cannulated using a 6-Fr Judkins left 4 catheter. The right coronary artery was cannulated with a 6-Fr Judkins
right 4 catheter using counterclockwise rotation. Significant lesions were identified in the left anterior
descending artery, circumflex artery, and right coronary artery.

The patient underwent CABG to bypass three vessels using the right internal mammary artery to connect
to the left anterior descending artery, and using the saphenous vein graft to connect to the circumflex
artery and the right posterior descending artery. The total CABG procedure took around 90 minutes, while
the aortic cross-clamp time was 51 minutes. After surgery, the patient recovered well, taking 1 week for
postoperative care in the hospital before being discharged. One month after surgery at the postoperative
follow-up visit, the patient’s overall health was normal.

Figure 4. a. Chest X-ray image showing dextrocardia. b. Chest computed tomography image in the coronal
plane showing dextrocardia.

Figure 5. a. The image shows significant stenosis of the left anterior descending artery and circumflex artery.
b. The image shows significant stenosis of the right coronary artery. LAD, left anterior descending; RCA,
right coronary artery.
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Figure 6. a. The image shows the operative field during coronary artery bypass grafting. b. Illustration of

three-vessel coronary artery bypass grafting.

Table 1. Published case reports on CABG in patients with situs inversus.

No. Author Year Journal Country | Number Operation On-/Off- Conduits Surgeon’s
of pump position
cases
1 Grey et al. 1981 | Cardiovasc Dis us 3 15t case: CABG x 5 On-pump SVG Not mentioned
2nd case: CABG x 2 SVG Not mentioned
3 case: CABG x 2 SVG Not mentioned
2 Irvin et al. 1982 | Chest us 1 CABG x 3 On-pump SVG Not mentioned
3 Moreno-Cabral, 1984 | Chest us 1 CABGx3 On-pump SVG Not mentioned
Daily PO.
4 Abensur et al. 1988 | Chest Brazil 1 CABGx1 On-pump RIMA Not mentioned
5 Wong & Chong 1999 | Med J Malaysia Malaysia 1 CABG x 3 On-pump RIMA, SVG Left
6 Totaro et al. 2001 | Ital Heart J Italy 1 CABG x 3 On-pump RIMA, SVG Not mentioned
7 Tabry et al. 2001 | Heart Surg Forum us 1 CABG x 4 Off-pump RIMA, LIMA Left
(free), SVG
8 Naik et al. 2002 | Cardiovasc Surg Singapore 1 CABG x 2 On-pump RIMA, SVG Left
(Torino)
9 Erdil et al. 2002 | Asian Cardiovasc Turkey 1 CABG x 2 On-pump RIMA, SVG Left
Thorac Ann
10 | Stamou et al. 2003 | J Card Surg us 1 CABG x 2 Off-pump RIMA, SVG Both sides
11 | Bonde & Cam- 2003 | Interact Cardiovasc UK 1 CABG x 2 On-pump RIMA, SVG Left
palani Thorac Surg
12 | Chui & Sarkar 2003 | J Cardiovasc Surg UK 1 CABG x 2 On-pump RIMA, LRA Left
(Torino)
13 | Bonanomi et al. | 2004 | J Cardiovasc Surg us 1 CABG x 2 Off-pump RIMA, SVG Not mentioned
(Torino)
14 | Abdullah & 2004 | Heart Surg Forum Malaysia 1 CABG x 3 Off-pump SVG Right
Mazalan
15 | Kuwata et al. 2004 | Jpn ] Thorac Cardiovasc | Japan 1 CABG x 5 Off-pump RIMA, LIMA, | Left
Surg RRA, LRA
16 | Cobiella et al. 2005 | Rev Esp Cardiol Spain 1 CABG x 2 + AVR + On-pump RIMA, SVG Right
ascending aortic
replacement
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17 | Poncelet et al. 2006 | J Cardiovasc Surg Belgium 1 CABG x 3 On-pump RIMA, LIMA, | Both sides

(Torino) GEA
18 | Ennker et al. 2006 | Cardiovasc J S Afr Germany 1 CABG x 2 Off-pump RIMA Left
19 | Karimi et al. 2007 | J Med Iran 2 15t case: CABG x 3 On-pump RIMA, SVG Right

2nd case: CABG x 4 On-pump RIMA, SVG Right

20 | Pego-Fernandes | 2007 | Arg Bras Cardiol Portugal 1 CABG x 5 On-pump RIMA, SVG Left
etal

21 | Saadi et al. 2007 | Rev Bras Cir Cardiovasc | Brazil 1 CABG x 3 On-pump RIMA, SVG Left

22 | Chakravarthy 2008 | Ann Thorac Cardiovasc | India 2 1%t case: CABG x 2 Off-pump LIMA, LRA, Right
et al. Surg SVG

274 case: CABG x 3 Off-pump RIMA, SVG Both sides

23 | Yamashiro et al. | 2009 | Gen Thorac Cardiovasc | Japan 1 CABGx*3 Off-pump RIMA, LIMA, | Right
Surg LRA
24 | Murtuza et al. 2010 | Tex Heart Inst J UK 2 15t case: CABG x 3 On-pump RIMA, SVG Left
25 | Mujanovic et al. 2011 | Medical Archives Bosnia 1 CABGx1 Off-pump RIMA Right
and Her-
zegovina
26 | Kuthe et al. 2011 | Gen Thorac Cardiovasc | India 1 CABG x 3 + VSD On-pump SVG Right
Surg closure
27 | Dabbagh & 2011 | J Tehran Heart Cent Iran 1 CABGx3 Off-pump RIMA, SVG Left
Bolourian
28 | Xin& Hansong 2015 | J Card Surg China 2 1%t case: CABG x 2 Off-pump RIMA, SVG Left

2nd case: CABG x 3 Off-pump RIMA, SVG Left

29 | Kono et al 2016 | J Heart Valve Dis Japan 1 CABGx1, AVR On-pump SVG Left
30 | Subash et al. 2017 | Heart Views India 1 CABG x 2 Not RIMA SVG Left
mentioned
31 | Zhigalov et al. 2019 | Am J Case Rep Germany 1 CABGx2 On-pump RIMA, LIMA | Left
32 | Hussain 2021 | EC Cardiology UK 1 CABGx2 On-pump RIMA, SVG Not mentioned
33 | Chengetal. 2021 | Asian J Surg China 1 CABGx4 On-pump LIMA, SVG Not mentioned
34 | Qietal 2022 | J Cardiothorac Surg Japan 1 CABGx*3 On-pump RIMA, LIMA, | Left
SVG
35 | Takahashi & 2022 | Jpn J Cardiovasc Surg Japan 1 CABGx2 On-pump RIMA, SVG Not mentioned
Niino

AVR, aortic valve replacement; CABG, coronary artery bypass graft; GEA, gastroepiploic artery; LIMA, left
internal mammary artery; LRA, left radial artery; RIMA, right internal mammary artery; RRA, right radial artery;
SVG, saphenous vein graft; VSD, ventricular septal defect.

Conclusions

Dextrocardia was the first cardiac malposition to be described by Marco Severino in 16432 and situs
inversus totalis with mirror-image dextrocardia was described by Fabricious in 1606.°

A previous study reported percutaneous coronary intervention in a patient following non-ST elevation

myocardial infarction.’® Off-pump CABG has also been reported by many cardiac centers**3

Patients with dextrocardia with situs inversus totalis have a similar life expectancy to healthy individuals,
as well as similar risk factors for CAD. The symptoms of angina pectoris in patients with dextrocardia with
situs inversus totalis are similar to those of patients with isolated levocardia. As the cardiac autonomic
nervous system is a sympathetic trunk at the level of T1-T4/5, some patients experience right-sided chest
pain radiating to the right shoulder'* or the right mandibular region. When performing electrocardiography,
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the chest electrodes should be placed in a reversed
position rather than normal electrode placement,
as the latter results in poor R-wave progression in
the chest leads and ST-elevation or ST-depression
in line with the myocardial ischemia characteristics,
similar to that of patients with a normal cardiac
position.

The issues of particular interest in these patients
are which vascular conduits should be used to
connect to the coronary artery, the most suitable
heart—lung support technique, and the surgeon’s
standing position during the procedure. The right
internal mammary artery has been used as a graft
conduit to connect to the left anterior descending
artery in many reports (Table 1). The right internal
mammary artery is suitable for connecting to the
left anterior descending artery because the cardiac
apex points to the right side of the chest in patients
with dextrocardia. Harvesting the left internal
mammary artery using the skeletonized technique
may extend its length until it can be connected to
the left anterior descending artery. However, with
this technique, the left internal mammary artery
would be positioned under the sternum, making it
at risk of being damaged by future surgeries; for
example, if the patient requires reoperation on the
chest area through median sternotomy incision.
In the above-stated two cases, we used the right
internal mammary artery to connect to the left
anterior descending artery, and the surgical technique
was easily conducted.

The on-pump CABG was chosen in these two
cases because the team was familiar with this
technique but not with dextrocardia. Therefore,
everything was managed to have under control
except the abnormal cardiac anatomy. CABG in
patients with dextrocardia can be performed with
the surgeon standing on either side of the patient,
according to the surgeon’s preference’® The decision
was made to stand on the right side of the patient
in those two cases due to the controllable factors
except the abnormal anatomy. The procedure can
be performed without any difficulty, similar to that
for a patient with a normal anatomy.

Based on the search of MEDLINE via the PubMed
interface, 35 studies reporting 41 patients who
underwent CABG for dextrocardia between 1981
and 2022 were identified (Table 1). Of the 41 patients
who underwent CABG for dextrocardia between
1981 and 2022, the surgeon adopted the standing
position in 30 cases. Among these, the surgeon
stood on the left side in 19 cases, the right side in
8 cases, and both sides in 3 cases. In all instances,
bypass grafts were mentioned, with 33 cases using
saphenous vein grafts, 30 using right internal
mammary artery grafts, 10 using left internal mammary
artery grafts, and 4 using radial artery. Notably,
the gastroepiploic artery (GEA) was only used in one
case. In patients with situs inversus, variations in
the number of grafts were observed, ranging from
single-graft procedures (CABG x 1) to more complex
cases involving multiple grafts (CABG x 5). Surgical
techniques demonstrated adaptability, with both
on-pump and off-pump approaches utilized across
different cases, showcasing the success and
flexibility of CABG procedures in addressing the
unique anatomical challenges presented by situs

inversus.

In summary, two patients with dextrocardia
with situs inversus totalis with concomitant CAD
were reported. Both patients required surgical
treatment, which was performed with on-pump
CABG, and both patients achieved good surgical
outcomes. It can be concluded that CABG for
dextrocardia can be performed in the conventional
manner, and the surgeon can perform the operation

by standing on their preferred side of the patient.
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