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nsogUnsndduneuiiladiu (electronic nicotine
delivery systems: ENDS) [gsumnufianiiuagnonin
lagannzlunguuszsnnsenatios aann1seadoya
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fuasasanimsguyramil® gudmuaulsadinde-
ansgowNsnn (Centers of Disease Control and
Prevention: CDC) la#n1syszn1AdniNIsssu1agay
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vaping product use associated with lung injury:
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aaaﬁ'}mﬁuﬁﬁw% Ernaufiladnfivannnany msiedl
Alfifindrhazatedieiu asiinucs (additives)
wsodunivesuUaLAe3 nsUsuLdsgUnsaildatng
WAINMANY FINTINGFUANSLANAAD N LW YD
b iduifsnsoensuuainguntiln
A9 99UGON AULAZTABNRA LEH SEUMS LuHNa
nun waldl gnew LasalAFofNLDANoeodeNvT
v laanuasiuaBaninuila Jegnvinaliludstina
ANIFaLuEN
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oATalnag 1891w yrdlWiudnlenns
lunsidnymsaanlssinndesa: 73-781" lagns
Anunaniilidnie Ae nsrgayrdsIultszaziIa
3 \iiou agvlsnenu National Academy of Science,
Engineer and Medicine (NASEM) yayasgoLuann
aqU41 §esa: 80 vosliynilwinanyninam
a:lulynilninde uanvindoianaladnlidise
\isosnGailaduluymalninung fiRevsona: 3.6
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University of Epidemiology (ANU) 3vasduayy
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WenynsWiUsznauda@irinazans propylene
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wasfiladngofnansindfmimaanisandio s
ansgouevsa wonaninAastiriunssiafiansano
91nNeyy (cannabis-based product) 13w THC
Tun1nwsan Sowaz 80 voultlay EVALI 51897990
T3NS THC vidoasidenuu THC Taslinsu
unasfinngosnaasodr Buianin dank vapes®
1. #ilatin
fladwinansiafindniuasazanandnlurien-
uﬁﬁw%ﬂ LLa:Lﬂumsl,awamﬁﬁnﬂémwmaﬁmaﬁm
filafudoandososinnisnadsoiaalnlusqina
Tuanassufi 16 de Villemain IN (a.A. 1530-1604)
ISianesnguaemanssaalut a.a. 1560 law
\HodnTasswannIveILaTN1onIsuLung dladu
diuasyszneuduniduaiudamanaaranyovengy
Fo.flunduues nitrogenous organic compounds
fignseedalszan nAaldanduenguuazhluliii
gnAtwnavle Hladiunsteu nicotinic acetylcholine
receptors (nAChRs) rhifindasansdevszann
waneuila nivluiifde dopamine Buifluansde-
Uszamfnelriiinanusdniowela (pleasurable) was
sanuAfionldsusneda (rewarding)® wananniiu
asiandiaundn Aladuguignarilivasaidoanac
Wldgdlsalanaznasaidon lsnszuunodurala®
waslsAszuulssan lunynaasvfinaifusionisring
¥0UANDY TUUNMSANNEAN Yl¥IAaANAAUNE
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ARgUUHSIWAL DNz SoannIAuiligy 2.2 1™

nadesruusanlsriarnl¥iia metabolic syndrome

Inarinldssdurhanalintu (Sosa: 68) a1nnish
nsxdu cortisol BorhlArhanainduuas insulin
fuszAnSawanag Jlusiuluidenge (Seaar 119)
naufiguynilniinge dual user a:filonnaifia
metabolic syndrome fu 1.57 was 2.79 mvey
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filonmalfianisidenanssaninnioina (erectile
dysfunction) Wingw 2.24 i1 leiReuiuglaigu-
Y39 ns@nualunynaasswudn YnalWiaril
Fouradnnzianavuaznisanu luiaunisniud
A.A. 2020 usefiguymnalnin 2,000 Au wudn
fiTrwanegd (sperm count) anasiaian’®
2. @5 propylene glycol (PG) waznatgasuaIning
(vegetable glycerin: VG)
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nsalNani1sszAeLA0ala uld1 PG gniensmindn
Uasasislay FDA aenolsfionn minazanlusseufigo
serhifiAaniazhanaluidensh (hypoglycemia)
#n uarmsuandavesifialdoauaslugtengsde
A nsnuazfgeons AnNluAszey PG wuain
nnsléen lorazepam (9l PG uanet) filslunis
ussinANiIanivanatisanonlindufiiiaein
ANIAANAIANSEANNAEEATIATIN Y danans VG
l§5unssusoviniumsiivasasialuemsiag FDA
wazAAIHLENnyenFLreiufiuyuasuldoyf
10 fiadnsu wellolésumnudoussriliiia acrolein
Foillugeonariifindoonielaifiduaziinaud
liRodssaod azanalddliuaznanafiulootnesaiin
15 acrolein filuennialudzunnirosifioduld
ggU Nyenge WITILNEN wazreing AR
ansHgolfidunzdunasienruanisiy uuafiss
wasnaenIn saufvdognidlunmsndaasiaiicineg waz
9niinNasion1snsz6un1saniay (pro-inflammatory)
nsgulossmazes VG dunatdadeniodurnalald®”
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ansiszneu carbonyl Afisminlaianash Uszneu
[Uéqy formaldehyde wa: acetaldehyde Foiflu
ansfuAinuldmluluyns formaldehyde a1snsn
liAannsszaneiAosyeoifioyfia nasaansniay
Yoauan wamnmsririuden Usannipoolusiinlu VG
orarhlRifinUoauanannyiii (exogenous lipoid
pneumonia) wiiinasifurhenaweanesed (sugar
alcohol) gnasnesnanlusiuisfigenludelnsnaises-
T567 W vsTthdwn damBes wastisuswé laarm
NFTUAUNITNISIRAIINS DU ATz aINISOLAY
lasnAwwoslsaninasmiontld mstisindmfldunan
ﬁtymhﬁﬁmﬁnﬁﬁlﬂé lipoid pneumonia n1sANE
Tuszasndo wudn PG ifuansnonzidusag
3. @1sn&gu cannabinoid

#1504 cannabinoid tuaseangnisie
saUszamfnuluiysndundn Ao tetrahydro-
cannabinol (THC) waz cannabidiol (CBD) THC
\HunflsliansUssnevvesuAadnriyEiwimanssiio
wasfigianangsauanunazinanienfifaafeoriu
NsgUYNEINAN sonduinmalindadnsiAif THC
Twofia Sorinls FDA $edh THC enafiumunnlumss=una
woulsA EVALI 1§ THC fifianaidiudiugeldananndoysn
AifiArnurainrateidunania nAIafiantn
NINATRATHNISHER L1 N1SAARLAINIINUENSTH
nsHandInwug waznisusudgelunisdanively
oAsrsoRufilusn THC nulwdona: 82 youdoting
ang1lae 28 s18 (iuFefiridoinaiwsnzansi
fiuwaliufiezoonanvealdodusiaida ) dqu
CBD gnAersanliifusiionissnunlsaiosan
fignadnuniseniay fesiuisadliuanesans soiu
9INNSNITA YIVAAAINLATLA GWDINISTN asH
aNnBEuNsiesturaulsadunie lnsRansnnfioniny
Winduyes THC/CBD venymalwii®e cannaxtract
Hdrumanyos CBD 2% wa: THC 0.5% 21ngunsy
Auanensiwnuinfianuinivanavesnofitia ddcy
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gray matter \HunalBifinni1izn1srnugovanes
\Hounawav (cognitive decline) waznisthoufiaung
(performance impairment) ognofiaovde CBD 1w
asfifgnan1gndsine, lusinstssinAausnse
Iz Afiludoenanuungiriiuiioodefinni:
nadrodsefidwluldnanagng 1w Andae e-
91115 Youilde [J douWae wazenl3auw N1539Y
Tuszazanfiieafiudndaugog THC was CBD wudn
flmrndeoseninisinassansalsaia aun
N1581599N03NBNAIEASTALSIAINMAT NS LN
ANnEsetnsiasensalnddAn lnaanizotneds
lugfiongtiouuaznagosnisliians cannabinoid
Trvinenymalwin o2

4. 3e3u E acetate (VEA)

VEA inasiafisiarihsmfidialuiu THC vaping
liquids iafiasidaanondariinadadnduleiy
davhen Tae VEA uansfifinanadululddnezdv
dofinal®iAa EVALL lae CDC Buduinduashiy
fldsvdenisiinduasne Liosanavalutloaléii
1819 wazearlBiAianzunsndoululeadie
WuAN wa: CDC ldmnuadnduansfiunduriae
(chemical of concern) ungugaufifinna: EVALI
fougdidnAnuaidsalunisaveglusazanives VEA
Tundasiodrd THC vaping azguliuduen fisnaomnyos
fuAdnatnisalunisavegediutios 36 Lhow
Tundasoriiasodians n1siaisusznoufifni
(lipid-containing ingredients) nian1srinlHvinsu
ulestinaingnisidneiniariala orawduane
voslsataauanangurlEfie EVALL wasril¥ife
ANHdsrgdostuunudumala dhldgniiimela

2 gnfiszylidn

awan nsngeaniala wienisans!
Tugilae EVALT asaawy VEA Tudnedioueoin-
agrasnangoan (bronchoalveolar-lavage fluid:
BAL fluid) vo9jilae 48 ana1n 51 au Aawdnosa: 94
yourionaa ™ durin VEA Folainasgniiinluynalnin
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GranAndnerififisasnd wudnyrslWinffsasa
flanudinsiuanuealafigotulumsBaculiyms-
WA AnsAnu1d19B9a1n The National Sample
Survey (NSS) vo9iuguluans1goIdITnswuIn
sav1dnaliuarsaninuiiloniafiasgnasslionm
lunguiaguiilitaeguynininninlungugaud
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uaﬂmnﬁmwﬁuaauuaoﬁﬁiﬂﬂ
GOSAIANTUNIZLDNTIISINALT WIS FBIFANINLY
youTANHANWNS U WINTUATEYHETWH N T
Uusldinsamanugeutiuonafiunumadelunists
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foudidnyralnineragnalianymale uenislasy
ansUsznoufiiufiuyesynalwinluszazanienane
WiifinanuiEsvsiagunimeeston™ Tugaomaigey
fAtiuan Ssneougiiefidu EVALL Afedalasnniaz-
sonBanluidonsuazaufiaUndfionden 2 #1
Amsonauiiidndvnnaaiasioun (bilateral infiltrates)
AMNALNINSIENSTIYON
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CDC, FDA, 'ﬂu'aﬂmuﬁwqﬂmwsmuagua:
N109DNSINAUNUIBIIHAIHE 51T g A H a6 -
dULFINIIARHN SINAUALHWNISHUAIUNITIIUG

209 EVALI“Y wui1 Whasiinannvateifassdusings

ogfilENgY anzvevmMaguULMaluTagiuLalued
waznsiilsaveafidunnnon 1ou lsaneudia uaz
Ismlenganwizass (chronic obstructive pulmonary
disease: COPD) #asyjafinnannnisAnuiniossune-

IngnagulddnnisguyrsiWininasielsaveudiauaz
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daFulafififoyasnweungiruenlauny yaains
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1. ansileyrmnivauniala
n1sAnunlunguissufiguyniluinsui
45,000 aulugauny s1a91ueInIsNI9LGEUNele
viangagno 18w To 13uAe Uanuwe staei@sefignen
omsladu uarafuld daunisdnundnduluringeu
JsantargUszunod 2,000 ArluwAdnesHy wuin
\Aouesa: 10 ugguymsiwintagiin (ludisinan
30 Fufisiuan) Snnsssedinisguywalniioly
aﬁmLLa:ﬂaQﬁuLﬁumwL?iﬂouaommiﬁaamam”mﬂu
siaEesufouaenri® amnuidsssesoimsnasaan-
SniauRETHaESwINTUATHNE9 30 Tureuni
8ntivonisfilieniueinisnaonandniauLAnTy
anANRgo9n1slHoulnilaqiiu §19Bsanioya
WAenduTma iyl oufitnumniinade
AMNLEEY WA AIINNMTUSULATIHINYHITi gU
MA0aTIA Ussiinsguyra wamsldsunfuyraiioaos
rl#A1ssiingeonanstnutuanasnnuaslaif
AMHEATUNIIEEA wnlUninHninoufithom
TunomstiafisAlésunsduia mineral oil wazloszive
yov glycols aerosol lugrgrian 2 DTSN
vovornamelafifasniadesoifiaaiioseinnis
911 (chronic work-related wheezing) was

%) AT RATRIGWUAINNTNAUE

9 MsUHEnTan
serIveINstyraniotdunnelagu lsarnasnan-
sniauisesssozdnlugaeindin wazanssanwlon
flanavotnusiaiBalusoza1 g TbYs) ANNENRWSH
wintvanudululdtvnansznulusazaniveostloym
lumavnelalunguiaguiiquyralni esAnsasisalqy

wazadANsIananety Ussnouluéae the Forum of



International Respiratory Societies (FIRS), the
American Association for Cancer Research (AACR)
was the American Society of Clinical Oncology
(ASCO) Tounzshtiinsduliyraluin aundnasd
wanguinGaAgiuANlaeastasienfuisns
lHoehestinssivsioasisosge™ ™
2. nalnszuunueuniala

nN1sAN¥IY9Y Flouris D WasASI89IWIN
n1sguynalWHnril¥snstdau FEVI/FVC anav
\Antios (Separ 3) uazfoua: 2.3 Mifldsuyralnin
Tunnvdewn (passive e-cig. exposure) laalud
nanssnuedtivsdAuaoanssanIwlea Tunig
ageiNY NMegUYrENIHTIESAsIdIN FEVI/FVC
analisena: 7.2 uasena: 3.4 hufduniuyriioaos
welszéu serum cotinine levels TifiAnuuanensfis
Vo dAtylutvaooaniumsnl msfnuiAefuyms-
TWHwudn finswdeuudandeundusesanssnnn
Yoaeos wanassazand Wowiaadndudosdnun
HANSINUGO§ININT 8812910151y 3TN HA
TnaanzluidovzesUsunniiladufiuand1siun uas
USapdansfiientios (dose-related)®
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wdeaundvevilsiguynsasil alveolar macro
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phages riwiifiduginting (guardian residents)

U
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nsdndafiuaTuynslUgnsinsuingeosad
QRAuNAW (immune cells) uaawaztilHideLboon
fineuuiviieldsuansiafifinuussniniiund
60 ila ansiafiirantirilifaauFemeso DNA
gautgaanigiaunialannstay nguoinisUAzen
Snaulsesy (chronic inflammatory response
syndrome: CIRS) Tutlaafifomsagifiosannsduia
ATWeEgsioLiiay LaznsazaNnsnanelsILLly
luadiieyfitvess:uunoidnmela il macro-
phages taeas pro-inflammatory cytokines was
woulysl matrix metalloproteinases (MMPs) Borinli
\Reanuiderauazthanadioe msé”mauﬁmaa“iiu
{AquLNa efonanssnuAidiAtyresnsguymadens

o

AoUaNeININTANTNMelHUon
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ATWLTENSEAUNNTNEAY80ANTNTEEHANTENLAL
W interleukin-17A was interleukin-8 ns:uawnnsi
931§ neutrophils (wadifiadeaunfivmeifitlosiu
nwgnswm'mL’%@Immmuaﬂéwﬂml@m:@”\aoﬁﬂmu
SAHAUYTHANAN) trgn1vduniels werildaw
anunsnlunisdediunisioidelunioiduniala
Hs=AnSnwanavey saNNUNSaAadYDY respiratory
burst (RB) (\funszuaumsthanzidolsaddtyiuneu
wivey phagocyte) wazAnuaunsafianadlunis
phagocytic capabilities Huaaan15119IHY0Y
RANAWHsTUUMOGRmala*

Ross C wazAnd: [GArN1SANEINAYDINIS
guynsluindenitsneuanesnTduiugossienie
Wudyns T lyarafianuLdssdenisialie
nuuafisy Tagyndlninfaduls:andninyes
mMsTivuyess UL RANAWAAEFos Tl neutrophils
3 Us:n1s Ao (1) AMNUNNSevBeINISIAADUT
wo9 neutrophils [Ulnffiasfegaveting (chemo-
attractant) Waduduizesq laalilisawensy (che-
motaxis) (2) nsufiwidelsa (phagocytic activity)
anay war (3) FudonisiFaugulaseasioidnle
s29un (neutrophil extracellular trap: NET) vinl#
AITHNATNNS0Y0Y neutrophils anagroludiu
nsiAdendi Andm (engulf) waznisdedudunse
Aieadeviuuuafide ArHAaanudassonis

57)ug',q,a =

fatgoanuuafiie®” duundeiinndnduiecs
ns3dELRNENdInsunisiinleaegisasauagquilv
nansznuluszyzgiyasynsiwiidonisdniay

Jovvaa

IsAUoAdNIaUSULISVOINUKS Wil
(EVALI)

MsAAesriensiEaeduag 53 sefisudu
wioifieafiouiulsm EVALI tdg Wisconsin uas Illinois
WU finzdumanevsruumoidumeladolineins
Aalu 90 Fundoarnnisliyunaluin wunisdadi

yavasiuvanannaiwane MRI laglinwunistaige
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wazlifinangINYsaNNGB YN ANINAIYEY
sruunoLiuriale 9an1sueg EVALI Usznaudae
wielalidn Bunton lo wazlowuiden a1n1s
lumoiduenms 1w aauld eFew Uaties sauiu
o el 1gn THuazanusinliauny (malaise)?
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Understanding the Components in E-Liquid Linked to Electronic
Cigarettes Vaping Product Use-Associated Lung Injury (EVALI)
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Abstract

The increased popularity of electronic cigarettes (E-cig) has drawn attention to the potential
health risks associated with their use. The aim of this review is to explore the components present in
e-liquids, their potential impact on the pulmonary system and Electronic cigarettes Vaping product
use-Associated Lung Injury (EVALI). E-cig works by heating the liquid, typically containing propylene
glycol, flavorings, solvents, vitamin E acetate, and nicotine, which is converted into an aerosol and
inhaled into the lungs, (a process commonly known as vaping). Despite the absence of tobacco
content, the apperance of e-cigarettes to common objects like pens or USB flash drives makes them easily
portable. The use of E-cig has rapidly increased in the recent years and is widely used by non-smokers,
including youth and young adults. Additionally, E-cig devices can contain cannabis-based products
such as tetrahydrocannabinol (THC), the psychoactive element in cannabis (marijuana), and
vitamin E acetate, which are potentially associated with the emerging disease known as
EVALI outbreak. This review consolidates diverse research and cross-sectional studies focused on
e-liquid components and their implications for pulmonary health. By analyzing these findings
comprehensively, the objective is to offer insights into EVALI disease and clarify the potential risks

and consequences associated with E-cig use.

Keywords: electronic cigarettes; propylene glycol; vitamin E acetate; nicotine; tetrahydrocannabinol
(THC); EVALI
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