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t asip adtdk mpiomfad r omat @Wdwg riiduarin @gaans i s of paramou
assessndebdpggmpoperti es aadf.eooMaisrsiixat edi taser
sorption/ionization mass assp eacftiraobneek nrdy s emasgiitn

i magi ng pwovdiadieist wddi ti onal means of accurately

met abddliisttes ibut itamsuddowexeél ,0nlgientihthateimgnd £ X

physi ochemical environment odr gweskjeaad et iamat il weav
MALDI i mdgdngg and its metabolites quite challl
Met hddis:t his study, camr éatriadassyglya fsdgraimeshdd i d at i v e
MAL DImagoifngt et rrawmldtrii mlee i mrgans of rats ,includin
andear fffheea s iabnidl irt eb ft ehtke v B t gpupaendt iMtSdnteit vhe d e
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| i dgtoedr ent i chalb mhit-gagndligimy-NMST M&n al, y saihgb

t wo mesthhoombsd g nicfoircraenitat i on

Re

di
de
Co

al

sulThe: qguantitative MALDhreigmwa giefrge eppetch d d c imey
n s iatnildv inte Rir s-a ye csp dott ie mpaoir e r p dbutoefonsetirmndri ne

ffergawse r eavfetaelredi ntravenoudsheaMori emowsdrr,ati o

met hpdtagabeadl i t e was detected in |iver tissues.
ncluShensworé&nti |l lustrates timatgp g@aindé $ atainv e
ternatoifveaecmaams ehy pddblegmaaff its metabolite

¢ scoanpl ement ar LGN MEr adi ttii essasenwh olinedyenat e

torad(wWBAQaummy i t athemi splati of or mati on obtaine
rrunderstanding of pharmacokinetitecsaniSPkK)ht ph
xicities of tetrandrine in organs, and possi

ducenduvuoeceged organ toxicity.
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| NTRODUCTI ON

Accur at el tyi seguegediifgjter,iclowmtcieotn r mpiuo me camul ati on

el i mofatdounug andi bhias gmet alb orlcdl It eevsacnat B btgi esnsbuineasl

foar detail ed uwWmdgr pthanmdiacp kofneti cs (PK) and ph
wel I hmesc hamfismmg &attspahi al iPKf carnadeaelkiBan abl e, we
can answer the questisansumwll atteeds dloecwh evred ydr
pat hol ogi c a#dr uegxspsrueesss, e wthsec e alyl end umdesssiureabl e
specifi.tarpgbondes significant ceonnpalmegme nt ar y i
undersbomeodi vgt yofanddmweg me twhbeorl id edr ug binds to
region ofFoan exrmagMpdmpi cin cames poffettrusdbteer cuhesis
accumul ate in.Imecomti&stc,asmaxi fl oxacin cannot
concordant with its failure tfddNseherttbmd ¢heyr ap

spatial distribution of dselgdamédmmebpbabohniet @&/ iPI

studies, the mostgpabiatnauiame fa h at yasveesrdaogfeo rdr u g

concentration within tisedetsoim®mas$s g8l cho mentat
Ho we yvier -MMS pati al information is sac[rd,fi%Jed dul
Who-bedy autoradiiosgra@reyi siteBgd)aoradc hatphsep antaipa |

di straofoudaitwgrsi buted to its high[ 4HomseiWBA,i ty and
technisguenabl e to distingui sh bparaaurste drndg ftrh
radi oalcabievieehgyounds can be theect eld.looffamrya e o mab
occiun hrmet abporloicdedsdi t i tomsaylnltyl érsai dsi o al cat bi et eel gy
compoucidfsf ii sadmes usmnd gqui t ¢ Sex®égnsi ve

The advemased iMBagi ng techniques prnovsiidteus an
monitohleogal i zaadri wgd arf s met abolites across ti

spectrometry i magi roge e(nNMSMi)df edt rdpaeturswel dofig ty $ dhaatsi a |

di stribtormation of endogenous chemical compor
humeami maml arntssues, as wel I[-2d9 Amocnrgo bmuallt ispalnep ||
techni quaessi Inadd ilxaser desorption/ionization (

popul ar MS | modal i mpstwhicompmademnsiesgd her om s |
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met abolites to malcirgmat iealul a essppdrewdt ieabmmds , thh rgdiu g h
measurement -Tndaypynéxpesute #¥i me reqal24led i n ac

Currently, application of MAL DI MS | in drug
i nt eantsteent i bhp hfarromaciend u stal y. Drug compound a
concentration measured in plasma often cannot
For example, if a drug accumul ates heterogeneo
i n smallgiodmlsa he t i sspueas mahec oonrcgeannt r at i on rati o
bl ood contaminati on. Thmi si Wi sop e @thaet ytoommrd e 0 ® 1y
efficacy and me[chxm]mihem ed foar ned) e qautacnitgs at teadt ii aveet i on ¢
t hepatdiatri bution of dirsugcse dJomadrrdyrgu gd evaen cwipdnetneg s
property optdi mkempoomd®f drug

MAL DI i magit sigsaukpee rd povre nttoi potniacl a | i maging techni
itabdealeeunpar al lienlfeodr ncahteinmbinc aadnd spatially resol\

i ts mbtswdqaugret i t aMAlhl uMS ngmaowyntheucangass i on

suppression, signal variations and n/i&Z@&@&nic mat
Recentilcy, vanamea in MALDI i maging of drug <co
guantitative MALDI i magi ng $ blkdsiesiaocdnvsa ntta gmisni rk

exammlaeay strategies have been dbaeedmtpietdatfiovre

capabil LDy bmawdmigoby nMdSImad ame@ah[okay ] di fferent

cal i brnoautt[i2nle,s 23] gued nt iatsat[ivx, sDOI |t war e
Tetrandbisbemnsylaiad k@auion al ierfBa e plhteaidathdo a

Moor. Pharmacol ogical and cliniciahclksadidngs hayv
si | i[cxdsliasmtridi ac Hy2paehrdt «caanpthie t i[ V2i6t] Wi tMS / LIMGS

met hod, t he tRK rmamdifrii thees vaemfdage concebeeation i
investmhifgearedari ous routes of admini stration, v

di scovery of opti mal doxHpweavde r,outtree o p atdimad Ini &i
tetrandrine i nenbi ameae acltas an Brtleywbissteudi uneesaht eerd .
i ndi t Ataeetdr ardriithe met abol ites may cauaegstilight
orgausipudsmona&lhelpadancdOf enbEBThes efnorper,esent

wor k, a quanMbitmdagiveeg MAetbhod was devel oped, e\
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spati al lgwameddlav@ednandrine distribBotiomei fni mei

ti me, spati al di stribution pavtetrceormmp raenhde ndy nvaermiy
studined at l ung, l'iver, ki drsepeat, h esnpi lcead n i annfdo r hmaa
obtained here can i mprove our wunderstanding of
organs, and possibly direct fur tthoerr edputciemidzr autgi

i nduced oyrgan toxicit

MATERI ALS ANDDBET

Materials

Tetraneomuirne wad98 %btmrometMUSEcBhol ogy (Chengdu,
Fangchi nddumigspalmidnteye>ped £o¢ f a vemd Yuanye Bi otech (S
China) grdBeC acetoni twer e pmufrdcdhmestbdhdarncokl ( Dar mst
Germany) . D ewaosn i pzréegp aw a€@Mewlaltier puri fication sys
Billerica, MA , USA) .-diThhyed r MAXxLyDbl e nngaotn i waeasiod2 , (5D H B
4hydroxycinnamvempacictdaé €HAAydam cShi g nsa . Louis, N
Ani mal study and sample coll ection

Mal eve&k d SPprafjey rats were purchased from Qi
(Li cense: BORHKHa Rjoilmg , Chi na) and kept in an e
br eedi ng room f or & teed peaarsitmeanntenaiveek pbef mert s w
ouitn accortdhac&uiwdehines for Ani mal Experi ment
University (Nanjing, China), andhappiogséedthbhyibD
After 12 h ofadnmisniisntger edafisnaweaaecesnidushhdy dose of
tetr andrliomoey,, | i vergnhkiadne wamsp leesé hect ed at 0,
120 and 24.0w.anminniadttleat h ohepar i nwase di morheodoida tseal nyg
centrat ugefddr0 dntdisen per nat awas of r gioa meecrl edan t ub
The owgraessurgi ¢alwlag he isoshédt tseadl d en e§ 0 ah@ s toir le d
use.

Sammplrepar at i-M$S)/ MO ranaC ysi s

Pl asvma prbokbkewdnlgam@or atudi y 6{s0p ce cdiipoiet ar eagent
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acetonitril emldodat mi(®odntigenrénlawa gs t aadoddedldd ) a s ma .

The vials were voehexatflufegdoB0 miOn miand The sup:¢e
was i njoe-ll8 ey st em for analfyosriMB CMB gaawa t sgasmpsl e s
processddbddmpmeeaccur ately weighed amdalhomogeni
solutiveMuglng, an aut omadtld 6o fb otmio gy eazte snmoxgeedh at e
witheLbPOeci pitation reagenmllat St & hsdutbrsielqgeu ecnotnt a
proeseswer@&eoncordance with plasma sampl es.
Sample prepar aMBiomadiomg MALDI

Mul t1pmhet tsiedck al weeret bbatei nNeCd sy mmi crlLoeti ocnae,

Ger many) ,moaunndt etidmabvinid m @OIXFodd)eat ed gPraiserasiro ces.
coating, the tissue sections were placed in a
tempemrambBuiel t e laescstirsitce dfi immltd ¢ X utgoowaesmagemous | y
deposit matgdxt[iGa2ilBr it ecksfu,e6 MO'@MEHB mat ri x sol ut i
containiaglgyl MODe pgesint ®ed t i ss ae f 4 ®avt mlahrt. h etf 1
automatic sprayer pawamst édodH oatfhl a3 | MPa;oat i r
heated t,d@@@&reactiuprreoc at i n0g. InEd; t ihoing hs pveceldt age bet w
spreayedl|l e ané kWi stbaedteeeen t he sprayl2needl e a
c m.

LCMS/ MS analysi s

LCGMS/ MSx per i meméersf omemeed wusing an Agilent 6460
connected tlo26sber iAegsi | BEHPLC system (Agilent Tec
Analyteswere separatesnan Agi | egmto | XDy C 4. 6 mam)fr dO®®d enan, 1.
by a guarmmidaléu,mem(8Agi |l ent-CRat iUfMebiXIDB phase
A was water cont aiViW)janmgdih@ s &% Bf oviaemi @lce ¢ folho W rri d tee
the mobile phasSEhevagr Odidevad po@gu dtoed dlo \Es : 0.0
mi n, 10-% Bin20%G®B®H,;, Mmi n-10%0HB. The injeadtion vol
The mass swoaesc torpoemegpteesd t iamedheor|l modeospray ioni .
source parameters were as #@I0ldows :ngdrgyisndg | gavs
mi'n sheath gasACempencvhugitald LBn0etb ul i zer pressur

capillary voltage, 3. 5wakV.peQifirom mefld & gt ieo n an
7
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monitoring (MRM) mode miviaZh ot .Bf8olri otne tt rrremmkri it ri €0 nas|
6 13t o .3f902r 1| S, T & od d dagiieway yyt wds ed/etf or both pare
and | S. Data col wWeceéi oowmidivdlalg spid uoncteesrs i Wogr kst at i o
(Agilent Technologi es, USA) .

MALDI MS i maging

MAL DI MS i maging was performed using an Ul traf
Daltonics, USA) wit ¥WALGo ifitrdetgd e &S am) .i pialsal [INals e r
seth e/l 6frcaot pri nt semtdingmateran MdDD spectromet
performed using DHB matrix ions and a Peptide
Ti ssue weaget iacvmd pasidti ve refl ecrt romoti onf imoaead avt
Hz and i malglelbh oeoiOtdim laaser step shaktyzeM&l udlian @
fl exAnalamsd sf I3ex magi ng 4 Aldd{({ Brakeaetut gtad t mas s s
measur ement and tandem MS avaapgrsfearnm®@fa 4Tetr and
sol BrFioXiri er transform i d9CRyycnactsr srperce s oman @e
wi ahdual MAL DI (aBwrdu keeSrl , sadlEiotnei awsearl gy g iemlg Dat a
Anal ysis #&00 @Br MAdmD) . i magnienyg soefc3tRi®ainnsetyeipy ki d
throughout the half tissuelaomhluynei sweTlke sdbfj &c
sections were importedeiston$Sa@aienls8pbfBwamen SCGeIST
to reconstruct btehaveemi dihrmalsercdli @atnisons
Quantitative ansg ocff aMAISDI cM$I| acdhat s

Data was exmpmamMLdd oinefhrex| magi nylSaERdadenpoviedO
[ 22Fjor stangamer ztuirvre anthhigrutaenndittayy ibant a f or ea
intdReO#ds exported to Excel USumwofidewerSi Reade
O5DafYhaeéat agufacrt i t atwawe rimmd gizregl t o ItShiga xiedgnal fr
byi Xslee Suppor t-Henagk | Mdrom@tiattziiacgrti iomg|l anal yses we
usiGrgPallPri S5m0 (San Diego, CA, USA) .

RESULTS AND DI SCUSSI ON

Optimi zparamebéers fMALPULaMSIitati ve
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Si ntchee c htohhreaer @kutchaMAWMIIImagi ng experiment, fre
matrices i nacnl@HAICIAngwveDH¥B eval uawietihendetcempiaoedc
tetrandr i bé atsipsoftgeesdh dBnrg Silre t he protonated ion o
am/&23wacbseirvmethass s peecatirtah whkbB . ldorove@®Ha A DHB
matri x produced higher signal Addt,@iondiatayi ponr t
and saddwaet i ons orfardeeltgedeintdhr i mcet. hw &meaetrreifooese, DHI
wasel efcdredantalrgazti ntgi ss Mer secoemo gmbde positi on of
MALDihatomixo t i siseuses esndrifoedldhe igih tylhéa DI t WMISHordat a
exampubel,i mmté @mmearncd a | aut omatic <Epar@Mers such
Spr &ywere widely used Itm telviena whaordpepnayd arsaétlsr ¢ exdr o n i
automatic sprayer sybBomammgemsoappamnedr ¢predsaci e
DHB matri x.

To achieve reliable guamnhienttaetrinvael Mtdand aMIl (
i ncorporated inotohmpemastartiex ss@lnatli vrari ati on r es
sur face amwa preaetddares! yt e [ihI,er&chigomdaalki sel ame
were coas$ Sdhardedluaet et o t heir simil®&s sthowat umes
Figé&Reprotonat edr ée mtnjsero fadatedtedd HIB ws it chwi ng
the similar tiwaetirzandmoinh prad dlemma®EGPwaes excl uded
becausghbt ewiftelhe detteecttriamhadmaftnley | at e d mmet abol it
609[ 35TIheredauri wvabki nseedstbertdegtnadn daddti onal ly,
consi tbebahaegpossible interferencemap/e aakfsf earto steh ef
det ecteit o mnafr.iin&@ndwedsdgdcSt t ed oanrftldi veet p&kseece

were obgecoewiat hbael gtniks Fu g8 ¢

Val i dation of quantitative MALDI MS |

To further investigate the correctiomMSability
i magliinmear r egrwass ipemonmsatieydsdasr d curbeasegdgener at
nor mal i zatOi.dn shatnldad .d sol utwii ¢ ms comcteat randmoinse
from 5 ¢tldwe0€® wmoltaanekd ti ssue sections, and the

walsomoge nseporussyheyd he ti.ssue sections
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The stanwwasdgehevatedr andrine by plotting a
mass spectra in defined ROI as a function of
ti ssue FsigajrAeedonsh ¢wmg diama bl eobdbr mali zed data yi
the rl owearrrel ati shR®d&f4Afa)G7 demhter eas ot hel atiighre
coef fswecriosbntai ned ®assad n b Rad Boa t9)PMelanwhi | e
t hheoweirmi t of quantification (LLOQspw@inednvest:
di f fteiredfies LLB@gwdsn | unagndnigesiune,l i ver, kidney,
and heart gtSraesiad s )e( Shdtabdbgeeael Namteirees a(l$/ above
with acceptabl e pFuectnogieon r adifd t dadsssenu riraecayu il v s
obtained byaMANMI MMEs performed to vtahe dat e t
developaerdt i t at iIMSei mMAL DY Tneet hallsol ut e concentr
tetrandrine in each tissue were calcul ated by
MALDI (MSgume dINMISC MS exp(Er g mee & Sp g .Atss hvoeidmy
Figaretbecendfrat etomandr MAleDMSHt aciomadk byt ed stron
the average concentrations-MBEhMSl,i fiwvetknta cogam
coef foifcdRe BOAAEO0. 0L 6d R=ONgF,ZB@E0. 0T H R=E0vSRB1
anmE0. 0B80 kRFONO®QA®O. 0D6OB s pR=Dem daip® . 0D 6 2
heart . Ad tited mpenhad hl gye ndorfi nteetirna ti ssues al so sho
with the results obtained by two nredshwldtss Th
suggest edbaddmadr maHe zla3 isom eing tatbd i ¢heoprli oreil yg t he
changes of muéti phgwmmiée MALDI MS |

I n previous settudaile.s,mehhtuinbbnieedy t hat pr emi xi ng
to the underestimation of[ 3tdhé naouuvawoakoubheof
results obtained -M8/ MALDE &bt s awer & Ccompar ed i
ti ssues. FAsgusiheoived liinver and heart, measured cor
and-MSCMS did hatdgglieweace. However, in lung
concentrations measuavedar btyh avwAMBYVoM®#ES I bCwalv@r el vy
tetrandrine concentrations in kidney measured
MS/ MS. The -mitaedlaaplpmpoa&ch can therefore not <co

originated frorm tthe shietse ramgle nieoint ysuoppr essi ons.
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correction approach for obtaining accurate qua
Figurethe amount of tetrandrine obtained by MAI

conceninadi 6herent oMEamMS.obtained by LC

Spatempdi ait riofuttiedm alndrfiermdé nitn ssues
The dedmattileempbonBbdbr mati on on tetrahdsi motdibetemi |
r e p oprrt eevdi coounspl ayn épdh atroma ¢ #lIKo g@gindalP.Dnst hdsewor k, a
val i dated quaMSiimagiing nvwAtLIDdd was asppdtiiead t o
tempaodiratri betiandoine and its met aboldedrets. i n | |
LunTetr andreienseé chrast he treat ment of pul monary
[ 24]as[thénhad pul monarly3. hlylTpherrted mgiegn moni t oring it
dynamic changes fiin slhudrugftteedmd miersi svferr eet omndr i ne
l uesgcti dbosnogeweartee sc pht atbetbtfyavAtLiDUE L ila@d
MS M&n ais. Tylsied e rotf i dtnhuegws e r i fiine dsdlywr at e mass and t atl
measur egmmh&x3. 31tlt6e i wasf on @AGA H:aNtOerdH lwi t h
O.pPppm mass actberiadegnt angdg of coefiamedi by wasar gl
fragmend m/peeE2kialn d 1388ld5t ai ned on dsoescetdiywlnusng t i
MALDI -FC1 DR MSHiMS8 K e
As shéwig AQamdi g 88,4 o0 vlieurnagl ttiiswsesnucee nd uravt e o(nT CC)
showsi mitlr@ansd me abd wiOGAAf tieravdmi ni st dhw@igom api dl vy
t r anfsrf d&rbel oiondt ®h g S,s ureessan@xii Mm@ m c o nlgapind & amiimn (
Subseqguessbuygy and plasma concentrations rapidl]l
Figureond®8i)stent w[ 3.8 ps bgdwvoEu ss tommittreiimg t i ssue
c onttahirneser ebgaisoiagsi cal region, cehitg&fOVvemgaloh, and
tetrandrineocanispobamedi aat ri buthioiomad ens ,t htrheee irretgd o
of tetrandrine ion are highest i n tthder bgasal re
in this area compared toFtbm tpstpcadtEpeod abentr
di stributi on, tetaedmidr 3 seeelV mmaabebonal emMdbwati o
wasbseirvled apical and centr al region p-articul a

points. On en pfoosrs i tbhsap atteereyd aor dayl n abnei ca t ctthr@ nbgueteecda n
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lung hletner da i @s f § ec ke rbd soroaJ il dda s a | region of | u
hi gher | evels of perfusion due to the gravity
region displ ay[ 3%ee rpebfdbaoroga,e f | osvi o e i eatr @amdwvies
t dbasraelg.i omddi ti onal |l yobddrev edd udginrwiadseo ImMpwsge d t o
surroundingndet gi@ataidemg ni samabitomel i ved rb utntye t et r .
ai rwanyscontrast to iTwecarn féeiditesmtdenri g éesd & mitd wonhi.on o
tetrandrine in |l ungMS/iMS$ uaemrsal ywsei sprdiffofr emaalg eLnCa t
par ttshleoh g {(Fii gsuu)easn 8 CMAL DI i mandhk ingg& et SAMP | es

col |l €@ emi o r afgtmée mi stration were seshegpfloerd as r e
val i dlasisoe. sesmt it bnm ckiE&s)ecwas Fagushboadd itnhe
segment welr ea nedx t2r aMSt/eMIS faonrarl y&p esRteiswdMSs/ MSf L C
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