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3mbs306ds  Yglsdgoms  aodmofgoml  bgoB®m3gbool s  sy@sbymmEo@mbols
3O MZgM(30090s, ‘dgbodsdobo d39@bsgnmdbobisls Lodo@ms 9030306 900L
@Bobyeo  JmboFm@obyo. sbggg owygboaos, @M 0b@Pgds oML 3goEgools
@oligo dgmeg mosmdols sbGoglomby@mo Lodygomgdgdols asdmygbgdolsl ©gdgbiools
30 gdol IJmbg bobobdyen 35i3096¢gddo [131, 135, 157].

Lbgs 3900359963 g0msb 9@m0g@m Jdgogds

dgmeg  momdbdol  sbGoglodmby®o  Igeogedgb@dgdo  Log@mbogon  doomgds
(960Ooy® bgmgyan Lolgdoby dmddgo Lbgs 3093505 gdmsb gohmsw. mgodanols
Q9Mm3dgbBgool  0byJBm@gdol  asdmygbgdolisl  dmbogrmebgemos  Jgg@osdobols

Jodgblols  bOs, bo@mm  gg@dgbd  Godmddmd  P450 3A  obdododmegdols
2odmyggbgools ‘dgdmbggggsdo 30935M5@0ls 3e00®9bbols e g0o. ‘dglodanms
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25d@0gMgl 56@03039M@3 96boyamo Lodysagdgdols g539]@0. germbs3obls dgydenos
oo 3mdmenols s dom-I 0630doBmAgdol 396 @om o dmJdgrgdol aodeogdgds
[6, 160].

5®0309@3s  5bBogLoJmby@ds  Lodgoemgdgdds dgbsdarms  bgasgangbs dmobpobmb
bodgm@ogymo s glodm@@mdygmo  3@g3o@o@gool  godmgangbols  dobbom
hoBo®gdyer  dodols  sboaobby, 3O  opgdomo  Ygogaol  godmgan gboo.
dmbo3gdgdol dobgogom  039bmyg@dgbH g dgmmon do@edo IgBombols  sb
AM0303@YM0  5bGHowgddglob@gdol aodmgagbols dobboom ho@o®gdym  33a0 93940
©oxg0Jlods 3Gy sgdomo dgogao 353096@9d o, MM gdoi WYdYErmdobgb
J39®0s306L [74, 179].
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24 o@s6%53060l, GoL3gHoEmbol, Jggd0s3060L s gEmbs30bol @sbslosmygds
M 5bbs3060

M@ 5bbodobo Fo®dmopagbls 00960396bm©osbg30bols bofo®d SR 0309@
obdoglomby®d  Lodygoangdol.  Jodog@o  ©slbobgengds oMol 2-dgmogen-4-(4-
d900¢0303905b0b-1-0e0)-10H-m0gbm  [2,3-b] [L5] 396bm@osbgdobo.  dmengsaeaa@o
QBo@adygms o@ol Ci7H20N4S, @Gmdgemo dggbodsdgds dmaggagemy@  dobols 312.44.
M@sbbs30bol LEAYOJA YO0 gm@dygas dmEgdgemos Lydombdy 1. mesbbsdobo
@0l ggomgano 3@obRsydo bogmogdgds, Gmdgemmoi oblbgds wodam@dgmsbdo,
Jerm@mym®ddo, 53g@™bdo, b-3Om3sbmenTdo, 2-dgmsbmado s o53gB®boG®oe Jo,
do0ge  oblbgds  dgmobmendo s  gmebmando, 3GodBogumse 0@  oblbgds
FTyoedo[63].

/
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byg@omo I: m@sbbsdobols LHOYIBIGS

B393R e0ds  gmddsbosd Eli Lilly and Company meosbbsdobo  dgodydegs 1996
Tyl o dmobpobs  dgeog0dgb@ol  Losgmosgm  Jlgando  aodggds  Logod@dm
Eosbobgangdomn  bodd@gls,  @mdgmoiz  gobgymgboano  ogm  dobmgg@gbools
bodgy@bognme. 2011 {ganl 3@g3s@o@o gobws gg9bg@ogaro. 2008 Fgaols boddgJlols
20403960 dgowygbs 2.2 dogos®E m@s®l 5d3-do s 4.7 Jognosde wm@s®l
Jbmgoml dob'd@sdom [61]. m@sbbsdoboli dgdig9em0 3Mg3o@o@gdo LoJo®mgganmls
RoMdo(3930 9 d5bodbg  Foddmygbogros d@sgsemo  Logo®dm  Labgenrfmwgdom:
@9Jbg3o (Abdi Ibrahim, m¢@Jgmo), ma@b3o (GM Pharmaceuticals Ltd, ULsJo®ggeom),
Egolanza® EGIS Pharmaceuticals, ¢)by®9m0), m@sbgesobo (GlaxoSmithKline), mbs3gdlo
(Pharmathen S.A , Lodg®dbgmo), xoddo 32 3Mg3o@s@ 0l mgbmdomn (Ly®smo 2, 3)[11].
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byg@omo 2: m@sbbodobol Godang@gdo

TR,
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l ?_!-__ZAF I=———— ]

i B TAkse 8ty - 1 . ‘\ e
- ] AR
; ' n !na Jilyer Diﬂr_ s 5
4' ‘ s S ' Egolanza. 5=
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]-' | 10 mg- l |3I:||Illki mmﬂ“ne
" Dispersables '||£ P
7 |

byy@omo 3: meEsbbsdobols §odaols gm®dgdo

o=

dnJdgrgdol 3gdo60b30

@sbbodobl  sbolosmgdl  dmger  @opy  @9393GMO e LobEgdaby  Rodmm
QoMo gmmaog@o  dmdggds,  do@ogro  sgoby@mdon  gzogdodwgds  dgdwgy
93930™M9dL: LgOm@mbobols SHT2anc, SHTs (Ki=4, 11 ©s 5 nM, dglodsdolow), SHT;
(Ki=57 nM), 39lgoGobols Mis (K=73, 96, 132, 32, s 48 nM, dgliodsdolo), wmesdobols
Di4 (Ki=11-31 nM), 3oL@sdobol Hi (Ki=7 nM) ©s o1 s@@gbgdyyemo G9393GmG 9ol
(Ki=19 nM). meosbbedobo byglRow 9go8dodwgds GABAA, BZD ©s B-so®gbgdagan
09393690l (K>10 pM). ©mysdobols s SHT2-0l ao®es ULbgs @g393Gmagdols
5bBoambobdo  Aoblobeg®ogl m@sbbodobols yomyggye mgMsdogem s 239G ©OM
999J690L.  m@sbbs3obols dogd HI JoLHsdobydo @g3Eg3@m®gool  sbEsambobdo
30653003 9dl 30g3oMs@0l dJowgdols 3gMomwdo woxolo®gdye Lgosiosl [10].

BoM3>30 30690485

dbomg®adooll @AOML 3gOHm@smy@a dogdolol Mm@sbbadobo jodasw dgofmggds
s dodbodognyy@o  3mbigbBMsEos doom{ggs Wmbol dowgdowsb ssbarmgdomn 6
Lbosmdo. sbobosmgdl L,3003ge0 aogeol” g539]Bo ©o ©mbol wssbarmgdon 40%
39 odmemobegds LoliEgdy®d Lobbaol dodmizggsdo dmbggo®sdwg. masbbsdobols
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Jnogo®  gHoom@y®d  aboll Fo@mdmoagbl  30®sdo®o ez g@mbobiEos @
30O™JOm3 P450-00 (CYP) @ogebygs  (byg@osmo 4). CYP2D6-00 ©ogobags bogengdow
dbodgbgermgobo  dg@odmmy@o  abss,  Gowaob  masbbsdobols  jamodgblo 5@
d300©gds obgm LydogdBgodo, Gmdgmmmsi o@gbodbgdsm Imzgdymo gg@ddgb@ol
bogangdmds [53, 85].

bogggoo oG  obegbl  aogegbols  m@sbbodobols  gFmgol  Lobds®gbg  ob
JoEg@mdsby.  me@sbbedobol wwgdo  gOmxghoo  dowgdolsl  Fmbslfm@ygao
30639b(@s30s  doow(ggs 1 3go@dsdo, @o3  @osbammgdom  m@OxgO  odo@mdgol
JOOX g0 mbol Jowgdolol ogoJbo@mgdyam 3mb3gbd®siost. [139, 182].
M@sbbodobo oo bofoggds m@asbobddo,  gobsfoggbol  dmEyamdbs
dgoygbl  @oosbgomgdom 1000 @0/ 93%  ¢9353ToMgds  3asbdol  (30e0gdl,
JoMomoEsE  sadydobl o sengge-dgogs  a@ogm3@m@gobl  7-1100  ba/dan
306396@®s30ol dgdmbgggsdo [103].

f”ﬁl&a RI-.«CHS
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b-0qbd ﬂQbE‘bo.}oEn Gluc
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N-pgbdgmogn-2-3s@demJlo
by@omo 4: mensbbs30bol dgHodmaobdol Lgds
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56036y gds s mboMgds

O@sbbodobo  bohggbgbdos  Jobmg@gbool,  3o@ggero  Godol  dodm@s@ye
SYo@mdsbmob ©sg3og3doMgdyemo 3(gogg dobosgogy@o ob dg@gyeo g30bmegdols
063 gbboydo I3@bogmdolsmgol s 3o@ggemo Godol bodm@s@yeo Sdgromdols
‘dgdobodbhybgdgamo  mg®sdoolbomgol.  Dobmg@gbools  ob  3oMggawo  Godols
d03mEs@yao sdemognmdol dJmbg 3gos@@oyen 353096 gddo 3Mg3sGsB0 doowgds
dbogrme  bOgmo  ospbmb@ogydo  dgaslgdol  dgdwgy s dmbosgmbgano
@oliggdol  gomgoaolobgdom. 3odggemo  Godol  dodm@sdya  ST@rogmdslionsb
©o353dodmgdyeo  dobosgomy@o  ob  Igdggmo  gdombgdol  dgy@bogrmdobsl
©sdoBgbdomo  Ladyoamgdols  Lobom  doowgds  gog3®ms@mseb  ob  @omoydols
30935057 gomob gOmoE. MmEsbba30bo 2odmoygbgds dobma@gbosbmsb b Jo®ggao
G030l dodmas@yga Joboslmob wsg3sgdo®gdyero danog@o dgmmgol, w©gddgboyao
930bmegdols  Lodgyg@dbogme,  sbggg  MgbolHgbymo  ©g3dgbools  @OML.
M@s5bbodobol 3gHm@smy@o mbs s@ol 25-5 dy egdo ghoxg® ©osgepgdols
Lod{gogols dobggom [162].

3396R0m0 959900

M@obbod0bom  d3@bogrmdsls  93ogdodegds  dgdwgao  3390omo 989 gdo:
003009 Lbgggs, ogomobos, 3MLEYOs@yg@o  303mFHgbbos, Jogrosbmdbs, swgeggds,
Fobol 353 gds. slggg godmgangbogros 3ansbdsTo 3GmensJBobols 3mbi3gbd®siools
aodmbo@ygao  do@gds, Gmdgmoi  9dgdgl  dgdmbgggedo  mepsbbsdobols dmblbols
25M93g oA Ybpgds bm@dsl. Jgloderms gobgoms®gl ool LoddGomy, godbbmdbs.
09g300m50 gerobrgds Lod3GmIme d0dobs®g wgodeols BEASbLsJobsbgdols do@gds,
9gOm gy d9dmbgggedo e yzmbol @mbol bAws 56 gmbobmygoaos [8, 121, 193]

A JLogmemyos

e sbbodobols 25dmYg96gd0bsls ©og0Jlo® gdyeos 3039Ga o 39dools,
390M530mbol s AoMEsgomgdol  dgdmbggzgdo. mEsbbodobols  gOMYK gAS©o
embs 10 3y @emJlogcos 12 Fensdwg dogdggdologol, bogoem 25 3 dmbodpgddo 12
Feools  bgdmo.  Jowogos  aodsigomgbol  @Gobjo  bobpsbdyam  353096@90do
©093gbi30sbmsb 5353 d0M gdoeo ALoJmbon, OmIe 9d0(3 d39Oboenmdgb
M@ 5bbo30bom. 3gnegdm JmbGOmemomgdso ggangggool dobgogom 17 xg9@ dg@o
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040 2oMs3gomgool  godBgdo 353096390 To,  OmImgdoz  d3@bogrmdobgb
M@sbbo30bom gomg 3asi3gdbm Xy do [167, 55].

5>d3-L dmFodgergdols Jmboigdms gomgbyeo LolbEgdol dobgwgom (National Poison
Data System) 2010 {geoli ogoJbodgdygaos meebbodobom  godesigomgdols 445
3oJBo [34]. 33e0g3900lL dobggom, GmIgamoi ho@omgdymo ogm 533-b glog@ombem
bodgydbognm  3@sJ@ogol obLGoGy@ol dogd (Institute for Safe Medication Practices,
USA) 8 (anol gobdoganmdbdodo woxgodbodws 4110 LgHhombymo yg9G0omo 953930
s> 1001 bLoggwogrol dgdmbgggs, Gmdgeoi  a0dmfggyemo  ogm  mbogbodobols
25dmygbgdols dgogaowe [162, 165].

@ol3g@opmbo

@0l3g@ombo  [omdmowygbl  d96bmJlsbmeols  bofomd  bogmog@gdsl.  Jodoydo
obobgangds  s@ols 3-[2-[4-(6-gHm@ - 1,2-656%0bmJlsbeman-3-0a0)303g@000b-1-0¢0]
9goo]-2-dgmoa-6,7,8,9-3 9B @ sdodm-4H-3o@oom[1,2-a] 30003000b-4-tb0. dolo
doran g 39 9@0 ROOIYESS C23H27FN4O2, dergn 9390 9@0 dobso 410.48.
LEAOYJB YOm0 gmadgmms Inigdgmos N5 Lydomnbg. Goldg@ombo s@ol mgm@o
390l gbgbogro, 3GsJBoggmse gblbowos Fysendo, oblibgds dgmo gbJanm@owdo,
dgmsbmendo, 0.1 N Jaom@§gogdswdgegsdo [64].

@0l3g@ombols  dgdggeo  3Gg3s@o@o  3ocggmop  dgdydoggdyemo ofbs Janssen
Pharmaceutica -1 dog®. 533- Logggools s 3900353963 gd0l sdobolid@sEosd 1994
Vool @oodgaolbddods dobmg@gbool, beoam  dmygosbgdom  go  dodmes@yyao
dobool bodgyg@bogome [191].

N—g

Lby@osmo 5: Gol3dgBoembol LEA®YJBadgeo gom@dyams
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Aol3g@oembo  LoJo@mggermdo  offo@dmgds  LgosdmgJlbols (GM  Pharmaceuticals)
Lobgaofmwgdom.  osbggg  bods@mggaom@o  @ggobBdodgdygammos  Lbgowolbgs
3900453963900 Moldg@ombol  Jgi3ggembdom, dsm  Fm@ol  o@ol:  @oldmenylo
(Lek, ULarmggbos), APO-Gol3g@oembo  (Apotex,  gobows), @M@ g3@-Gm@s
(Biofarma, m®Jgm0), Log@mm xsddo 25 3mboios, Lydsmo 6, 7 [11].

Frory

Eil:nlux*

byg@omo 7: @oldg@opmbols {odgmols gm@dgdo

dmJdgegdol 39J560%30

ob3gMombl  bbgs doMomspo  s@odogdo  Lodygogdgdobogeb  goblibgoggdom
3oohbos domomo sx30by®mds (Ki 0.12-7.3nM) SHT2, D2, a1 @ 02 s©0@9bg@agemo @
Hi dob@odoby®o  M93930magdol  dods®@m.  3Mg3s@s@l  sbobosmgdls  “danog@o
‘d9353000905” s gbsdsdobow  gRG®m dgBos gdlEMs30@sdoyemo  Lod3Bmdgdols
35b30m5Mgdol  sendommds  dowomo  mbgool  dowgdolols  goeg  Lbgo
Lodygogdgdol dgdmbgggsdo, @mgemnsz sbobosmgdom “LylBo dggogdodgds”.

30350530l mg@sdoymo dngdgogds dobma@gbools @AMl doow{ggs ©mRsdobols 2
Bo3oL (D2) o LgdOmEmbobols 2 Godol  (SHT2) ®9393@m@gd0L  sb@ogmbobdom.
30bogyg®o  989JBo  gobdodmdgdygmos  @oldg@ombols s  dobo  dmogsdo
dgBodmeo@ol, 9-dopdmJbodolidg@ombols  3m3ddobo®gdymo  3mbi3gbd@AsSE0gd0m.
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@0l3gMoEmbl goohbos bmdog@o sxobydmds (Ki 47-253nM) Lgdm@mbobols SHTic,
SHTip o SHT1a 69393@mA b0l dods®m. ogo bybEo sgobydmdom (Ki 620-800nM)
9353d00©gds  ©mxsdobols D1 @9393@megdl s dognm3g@omaols  dodsGm
da®™dbmdosdg  dggogdoMgools  saomgdl.  o@  obobosmgdl  sgoby®mds M
Joeobgdagemo b P1 ws P2 SO bgdygmo Mgi3g3Gmagools dods@m [15, 83].

BoM3530 30690485

dglergo

@0l3g@ombo godgow dgofmggds. 3gOm@smy@sw dowmgdols dgdpgy, Sdlmaadyao
d0mdgofggoemds  dgoeagbl  70%-L (CV=25%). blbodol  ob  @odang@ols
390m@omydo  dJowgdol  Igdogy  3eobdsTdo  @obdg@opmbols  Lodgogom
doJLodogrg@o  3mbi3gbdMsEos  goJlodwgds 1 LosmTdo. 9-3odmJlodolig@owmbo
doJLodogry@  3mbi3gbdMoEosl  s@(g3l  wosbgrmgdomn 3 Lsswdo  danogdo
dgBodmeobdols dJmbg 30Mgddo o 17 Losmdo Lyb@o dgHosdomaobdol dJmby
30095do.  @ol3gMombol  Fmboslfmaygmo 3mbi3gbd®s@os  doowfggs 1 ©egdo
denog@o  dgHoodmeobdols dJmby 30M9ddo s  sskbanmgdom 5 wgdo  Lylb@o
dgBodmaobdol  IJmbg  3009dTo.  9-3odmJLoGoldg@owmbols  Fmbolfm@ygao
306396 s305 doow(ggs 5-6 mgdo (dewog@o dgGoomeobdol djmby 30Mgddo).
1533900 o6 sbEgbl o3 gbols Moldg@owmbols dgfmgols Lohds®gbyg [170, 171].
Sobs[oangdos

@0l3g@ombo LY@sxsm bofoemagds, aobsfoamgdols dmEyammds dgoagbls 1-2e0/ 3.
3enobdodo  @olidg@opmbo  ¢3o3dodegds  Goasl s al-dgogs  aa0gm3GMmEgobl.
@0l3g@ombols dg3o3dodgds 3asbdol oagdbmsb dgoagbli 90%-U, beoam dobo
dJmsgo®o  dgBoomo@ol  9-dodmJlo®oldg@oombols dgdmbgggsdo  go 77%-L [82,
192]

39553900 bdo

@0l3gMmombo  sJBogdow dgBodbmemobegds ®godedo. dmsgs® dg@odmeny® absl
Fomdmowagbl  @oldg@ombol  9-3o@amJlo@oldg@opmbse  dop®mJbognobszos
19®dgbdo CYP2D6 dgdggmdom. dgm@gbodolbmgobo dg@sdmany@o abs s@ols N-
gbogo zo@modgds  (by@omo 8). dJmogo®  dg@odmmo@l  9-dodmJbodolsdg®ombls
2oohbos @ol3g@mombols Jbaoglbo Bo@dsgmemaoyg@o dmJdgwgds.

@0L39Mm0mbl  sbalosmgdl 3035053 gomsb  gHmoghmJdgogdol  m@o  Fodo.
3omggao,  CYP2D6  obdodo@medgdo  bgaols  gdaosb  @oldg@opmbols  9-
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do®mJbodoldgMombs®  ao@Esddbol.  dgm@yg,  ¢9@mdgbGol  FoobpyEomgdgen
LYo gd9bmsb (dop: 3oMd535bg30b0, 29bo@mobo, ®0gsd30(30b0 ©S
B9bmdoMdo@Gomo) gams @obdgdombols godmygbgdolols dglodanms  s@obodbmls
@0l3g@ombols s 9-3odmJLoGol3dgBombol  3mddoboMgdymo  3ensbIyg@o
30639b(M o300l dgdiomgds. slggg Goldg@ombds dglodgnms dgogg@bml Lbgs
30935M5@gbol Ig@odmerobdo, GmIagdoi dg@odbmmobogdosh CYP2D6-om [97, 153,
172].

S9mym9as

@ol3gMombo s dobo JgBodmmoBgdo godmoygmyosh oo ©s dgosMgdbom
bogengdo JmEyemdom Qgzoe0gb00. Mol3gMmombols babgge®-aodmygmaols 3g@omwo
>0l 3bm (CV=30%) darog®o dg@odmeobdols 3Jmby 30®gddo s 20Lm (CV=40%)
bygbdo  dgHodmeobdol  Jmby  30®gddo.  9-3o@mJLodoldgdowmbols  bobgge®-
2odmymazol  3g@omwo  dgoeagbl  wosbgrmgbom 21 Losml  (CV=20%) darog®o
dgBodmeobdol 3Jmby 3009630 s 30 Losol (CV=25%) ULybEo IgBsdemaobdols
dJmbg 3009630 [93, 159].
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mbodgds

@ol3g@ombo ofs@dmgds 0.5 dp, 1 dp, 2 g, 3 T o 4 3y Fodegdgdol, sbiggyg
390m@s@y®o  byldgbbool, 3060l @@9do blbswo FodegBgdol s boba®daog
doddgoo  Loobgdaom  Lodgogmgdol  Loboo.  goboby@danoggdygemo  3mddgogdols
Fodgools RGO ‘dgpygds ®ol3g®oembols ‘d99(33900 3@ 0dg@ a0
dogMma@sbya gdolisgsb, dmIganoi 0bgdiools Fob oblbgds Fyamosh asdblibgan gddo.
3900353963 0L boobgzom gm@dsl o3l goJlo®gdymo wmbgdo 25 dp, 375 I ©s
50 3p.  obgdaool  dgygebol  dgdwgy  dog@ma@sbymgdo  @olidg@ombols
aodmmogolynagdsl  0fygogh  3-4 3300590 ©o  gmbigbd®oEos  bo@hybrgds
asbgrmgdbomn 4 33060,

M93mdgbegd o Eoy®o wmbgdo: InbOoamgdo 2 dy - 16 I, Inbodgdo 0.5 dgy-
6 dy. mo@3dgol ob mgodarol d( 3539 93do@olmdolol dmb@oegddo godmoygbgds
dobodosgyy@o  Lofyolbo mbs 0.5 dy wgdo méExgd. L5 3y-by (wegdo mOxgH)
bgdmn mbol gob@es dgbsdangdgemos gOm 3go®osbo 0bdgdgoon [9, 75].

339HR0m0 959900

3060396 g3ergagddo yzgasby Yoo (25% ©o MO dgHo ForGy desxgdml
‘dg3mbgggodo)  aodmgaobs  35@306Lmbobdols  Jbyogbo  dmgangbgdo,  s3omobos
(Amyliggb@mds  dydogo  dJmd@omdolsggh  LY@sxgom),  ©olEmbos,  gobgogro,
Lbgoo@os,  mogddylbgggs, swmgmggds, Ibgoggemdols  ©sdobpgs,  yyeolidggs,
0go0bgds,  g30a5LHO Yo  Bogogro, olgmdgmaGo gydol 5@gdo, ©olidgalos,
RO@O5M0, k5Mdo bgdFyg056mds, godbbmds, oMol Lodd@ogrg, dopol s Fmbols
Jmdo@Bgds, o@eogmds,  asdmbaoys®o,  bgos  Lolybmdo abgdol  0bggdiogdo,
bobmgodobpoBo s  bobs-bo@bol  Fgogogno. Lbgs  s@odoyg®  sbGoxglbodmbydo
Lbodygoamgdgdol  dbgoglow,  @ob3g@ombloi  sboboomgdl  Jodgdaaoggdools,
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3M639b63®0Mgds. Jgmmwo sxdbgdymos Lo®dizool ob ombigmomo 3Gm3gLgdols
o8 gbom  Lodobby bogmog®gdol gobofoamgdsbyg dgo® Lm@dgb@ls o mbggoe
dmd®og Robols dm@ols [215].
935b5L3bgamo 20 Faools  aobdogaomdsdo,  Losbosgnobm  bodydol  dmdbowgdolisls
dgodgabygdo  gdbHesdzos  pobrs  yggmsby  989dH G0 Fgoogo  Loggergso
bogmog®gdols Lf@sxgo ©s dobsbdods@mygmo  obmegnodgdobomgol. dgo@xsby@o
9JbBMsJz0s PbOYbggymal  mgolmdMog-Momegbmd®ogo sbsgobol gB9]@Y®o©
hoBo@gdols o  JOMmIs@my@sxgodgbol s3s@o@yols boba@derog  gJl3anys@oiosb.
obggg  Loobg-Lombyg  gJlEGsJEosbmseb  Ygoodgdomn  dgo@gsbydo  gJbBMs30
aodmo®bggs  @ogo  930@sFglmdom,  OMym@oEss  Roboms  LOYmo  oymeys,
9B 960l 00y JmEgmmds, bgmgdaog®mds, gJbddglygamds, Lobsgnobm
bodydol Izomg JoEyammods.
dgo035b@0  gJlA@sji3os doGomspe 989G NM0s sMssJHMEs©o s bogangdow
Somaaswo  mbggoo  Lasbsgobm bogmogdgdgdols s goblbogn  Jymds®gmdsdo
dgmezo dgo®o Losbogobem bogmog®gdols obmeno@gdobsmgols [196, 210, 216].
>0hgg396 dgdgyo Lobol Igo@Bobyd gJbEGSJ309dL:
> 09390bagao - ©0ogydbgdygmos  3o@odygmo  do@®oigol  (Losbsgobm
60d9dol) s sES3M@sG @0 dgodo Fobol YOm0y mJdgogdsby.
> boGdsgra@o - ©ondbgdyemos 3m@s®ymo dosB@oEol s sMa3men @0
Jooxzoo®gdygmmo dgo@o gobols YOmog@m Jdgogdsby.
> 00bigaromo —  ©5589dbgdbymos bogmog@mgdols  (Logganggo ™dogd@o) o
SLMMdbBOL odybB o xa1Rgool g gdBdOmbEsGodn® Jobowymmdsby.
> 88bm@dodgdowo — Loggerggo bogmogdgdgdols s  5@0dm©00(3009d9e00
dgo® 3sbol gAHmogHmJdgogdsby [42, 150].

dgom35b @0 9JiE®sjzos  doGomspe  Ygygds  bymo  g@odobspsb, obogogm
Lby@smo 18.
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I g@ose
60890l s8o@gds

V gde3e
gegodob dowgds

byg@omo 18: dgodgrobydo gdlddsdizool gBedgoo

d9om935byd0  gJbAGsJE00bomgols  asdmoygbgds

bbgowslbibgs

Ho3oL  Lm@dgb@o

(350BH®0xgd0), Gmam@ois >®ol  C-18, LC-8, ENVI-8, LC-4, LC-Ph, HisepTM, LC-CN,
LC-Diol, LC-NH2, LC-SAX, LC-SCX @s Ubgo. bLeo@dgbdo Fobslifodo dg@mbggs bogds
0dols dobggom, o9 @G> Bodol Lasbsgmobm bogmogdgds ool gJbE®Msyomgdols

md0gd@o [190].
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26 JOm3s@m3sLL3gd@Mmdgdegmo sbsgobol Igmmwgdols 3603gbgemds
Jo30g@-GmJLogmmmyonge 9Ju3g@HEobsTo

Jodoyg@-@mJLogmenmyoydo  gJu3g@Eobols doGomswo dobobos dgo3sdgbBgools sb
dmd(sdgamgano  bogmog@mgdgdol  o@OLgdbmdol  godmgmgbs s 83 bogmogdgdols
GomEgbmddogo  goblobmgds  Lbgowolbgs  dom@mpoyn®  mdogdBgodo  ©s
Lo obdo@omgdganby.  sbognobols  dgbsbOygmgdamo  aodmoygbgds  Lbgowslibgs
LgM0boby dgmmEgdo, Jopo@od dgogagdol obosslGy®gdmse ©s oM bmd®ogo
aoblobeg@ols  doogro  Lobpmmdolbomgol  go@ome  s@ols  2sdmygbgdyano
doLl3gJBOmmdgp@os [7, 54].

dIoLl3gJBOmdgB®os  L3gJdGomy®o  dgmmpos,  G®Imomnsi3  dgbsdargdganos
aodmbs3gmggo bogmog®gdol  dmagiymol ©s dobo  gOogdgb@gool  Isly@o
@oibgol s dmengggeol  Jodoyg@o  LEA@YJB®ol  goblobmgds. dob-L3gJB® by
dJomgdyeo 3030 sbobogl dmerosbo dmanggyeols s dobo  FOsadgbEgdol  ob
00690l dobisl. oblidgB@mdgB@os dgbodargdganos godmygbgdygemo ogml Gmama 3
2obom 393900m, obggg Loobyd  ob  25by@  JOmdsGmadogoslmsb  @obrpgddo.
doLl3gdBOmIgB@ools  obgdygs  Lobsdo@merm  Joygdog®  9Jl3g@Bobsdo  ogm
M930@ 930900  bodoxo, OMIgandsz  aosk®s  dg360, od @oMado  wobsbyyao
30Mdegdgdo s sdmzobgdo [14, 41].

30bs0sb  Lobodo@menem  Jodogdo  gJl3g@@obol  dgdmbgggedo  Loggerggo
0609JBgdol  Fo@dmoagbls  Gmye  3md3agJly@  ds@@oisl,  dbodgbgermgsbos
Lo 3ge0g30 603009@M9d960L 989JBWM0 ©ogmes, @olmgobsi godmoygbgds Lomby®o
ob  25bydo  JOmAsGma®oggos.  JOMIsBAmaMoggo@gdol Ml oymas  guydbgds
bogmog®gdols ‘dgsmgdom blboomdsls deddog S dgo® 3obso.
JOmdsBAma@o009d0l @AMl dgbadgrms a5dmygbgdyeno ogml Lbgswslibgs @odol
©909JO™D0,  Jopa@sd  IoLL3gBOmagdHom  ©gA9JB0M oSl aoshbos  Fswogno
13g(30809OMds s Ly gdxoydmds. 3ob Y@ JOmdsGma®ogos Isllidgd@@magB®oomn
(GC/MS) Fo®dmoagbls ods@slBy@gdgao sbognoboli ¢30@s@gl dgmmel, beoam
bombydo  JOmds@ma®sgos  doll3dgd®mdgd@oomn  (LC/MS)  asblsggmdgdom
d60dgbgarmgobos  Loggemggo  bogmog@gdols  @omegbmddogo  goblsbmg@olomgol.
Lolbodotmenm  gJl3g@Gobol  ©s  jawobogy®  @odbm@s@mmogddo  aobydo
JOmds@ma@sgos doblidgddOmdgd@os Lodo®Eogol, Lobyl@ol, da@dbmdgemdols ©s
960390 bogmdol  godm  Fo@dmoagbls  @odo@sliBydgdgmo  ggangggools “emJ@mls
LEoboo®dEL” [52, 152].
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bbgowolibgs G030l 56MM5GHMA09ddo 3oby®o JOmsAma@sggos
doLl3gJBOmIgBegao  (GC/MS) dgmmpols  2s3mygbgdbol  Gsdmgbodg  dobgbo
5Olgdmdl, @mam@oE o®ol g gdBOmbyamo ombobsios (EI), @mdgmoi odgnggs
LEAO YA 9O 0bgm®dscosl  boggengg bogmogdgdsby. osbggg os@OLgdmdl dogdol
39600l IJmbg  L3gd@@omydo  dodgmommyggs,  Gmdmol  Lodgomgdomss
‘dglodargdgemos  boggerggo  bogmog®gdgdol  0©gbGogogsgos.  mygdzs GC/MS-ols
2odmygbgds 309D SO Y00 S 0 9OIMED b0 YO0 Lo ggen 930 dobogools
sboa@obolomgols go@ 3399 oo dgboagogmos, sliggg Loko®dms ©g@ogs@obsios
603y dols o@magdol bo@olbol asb@ol dobboo [27].

oo by®o JOmdsBmadogos doLl3gJBO™IgB@os (LC/MS) ‘dglodan gdgemos
2odmg3049bmm  OMymO3  ©sdsEsb@®gdgmmo  sbognobolomgol, obgg  bsgganggo
bogmog®gdols GomEgbmddogo 2oblsbwg@olomgols. Nol Mol Loko®m
©gM03530bs305, @o3  83oMEF0g9dL  bodydol  JmIbopgdsl.  Loggarggo  dobogns
dgodemgds  Imoogegl  bbgsslbbgs  bogmogdgdgdol  3memedge s JBoyc
dgBodmmo@gdl. sbggg dglodangdgemos  Losbosgnobm mdogddol gogobgs dgbobgols
dobboo s dobs Jgdwamdo godmygbgds sbogrobolismgol, Go@ bogergdo dobowmgdos
2obyy@o  JOHmdsGma®oggos doblidgBOmdgB@oolbomgol. Lomby@o JOmIs@my@dsgols
Lbodgomgdomn  dgbodangdganos  d@sgogro  obgmo  bsg@mols  sbogrobo, @mIgems
gbFogens 39 bpgds aoby®o JOmds@madsgol dgdggmdom [195, 217].
Lolodotmem  Gmlbogmmmaog@o sbognobols @@mL wsdssligydgdgemo dgmmwols
Lboboom  @g3m39begdgemos Il 13gdB®mdgdmool (MS) godmygbgds, @owysb MS
2obLobegdogl  @mam@i Jmeggygeg@d  dobsl,  osbggg odaogges  Loggerggo
bogmog®gdols LAOYJBgOge  0bgm@dsigoslt.  dsbl3gdd®mdgdmools  Jmsgodo
30063030 oMol Lbgoslbgs  ombobsizool  Fygo@mlb  bodgogngdom  ombgdols
(omdmdbs,  swbodbyao  ombgdoll  ogg@gbzo®gds  dobol s dgbRol
0oboggo®mdols  dglsdsdobo o  domo  Lodmgnmm  ©g@gBodgds.  bmgswsw
doLl3g9JBMmMmIgB®osdo sOLgdmdL 0ombobsizools m@o @odo, “dgrog@o” s “Gdogro”
0060bo0s. “danog®o” omboboiool dgdmbgggsdo  Fo®dmodbgds 0mbobodgdyao
do@gggegdo, OmImmgdoi  doAgzombo  oMoob  RMogdgbGoioolowdo,  boaom
“@o0g0”  0mbobsizool WAML  jo d3odEgds gl dowdgzomgds.  gengd@B@mbyao
00b0bsigos  (“deog@0”  0mboboos),  doGomopse  godmoygbgds  GC/MS-ols
‘dg3:mbggzodo. g gJBOmbyamo ombobsiool (EI) wdml {s®dmdbogo ©sdgb@ygao
BM533963 900 0dgngg0ob LAOYJA YO Y 06gMOISE0sL, AoEash dom xodygdo dobs
sdobobosmgdganos Lofgolbo Losbsgobm dmengsyaobmgol. Jodoyg@o ombobsios
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(CD), “@dogn0”  ombobsEool  dgommeo  ROm  989]dgOe  goblsbrog@sgls
dogogsgeools Iobols [28, 46, 87, 175].

LC/MS-do yggersbg bdodow godmoygbgds gangdd@dmbgdols aox@gggom ombobsoios
(ESI), @mdgaoloi  gfmwgdosm  “@dogno”  ombobszools  dgmmeo.  gengdBembgdols
2580393000 0mbobozool dgdmbgggsdo Lombol goxddgzgges bpgds Fodo@s@yeo
dognosb,  Gmdganlsi  sdgb@ymo  ggmgdols  bogowol  Fo@dmlsJdbgen s
doglmegds doogno dodgs. Jodoy@o omboboiool dgdmbgggsdo Lombyg gsoganols
2o3bggdoya  dogndo, mOnJmwgds s [o@dmdbols  dmagigmgdl  aoby®
Joamdodgmdsdo,  Gmdgmms  ombobsizos  bpgds  gangdd@mbgdom.  @mEgLss
aobobogn gdo 09 ON Q0@ dols 0mbobsools 25dmygbgdses Lodo®m
2omgomolifobgdymo ¥bs oyml Gmym@ 3 Lodobby bogmogdgdols dmangsgaeg@o
dobs,  olggg  dobo  Smgs@mds. gangdB®mbgdol  gox®dggzom  ombobsiools
30dmyggbgods  dobobdgfmbogos  Igoodgdomn oo Mmoo  dJmengsgegools
BOo33dgbBo300bmgol,  bomeoem  Joydoy@o  0mbobsEos  doGomsps  aodmoygbgds
d30Mg dobols 3mans@yao dma gz gdol ombobsiEoobasmgol. 0mbobsiool ML
‘dgbodangdgemos Fo®Imodbol wo@gdbomsw o6 gogmgomsw sdygb@ygemo 0mbgdo[88,
94, 122, 214].

30bsosb  Lombydo  JOmIsGm@ogos  dobl3Jd®Omdgdmool  ©OmML  aodmoygbgds
“Goog0”  ombobosizos  sLlL3gdAH®o  LAbpsd@Ymew  dgopgds  dbm@me
30mFMboMgdygamo  Jnegzgeg®o  0mbologsb [M+H]". bgodgdds x®spdgb®oiosd
Jgbodanms  aodmofgoml  dg@dbmbdganmdols  sggomgds  dmengiayg@o  ombols
[M+H]"-0ls d9dzo@gdom. sbiggg s@dmbhbes, ®md ghmo s 0aogg dodgol 300mdgddo
RQMo3dgbGoiEool  bodolbo  dgbsdanms (330 gdo@o  ogml  dmd®sgo  gobols
Lbgoslbgs Lg@ogdobomgol. dgbsdodobo 9bws aobbm®dzogmogl @@sad9bGs3E00lL
dodg0l gmbA®mero dmddsgo Bobol LgMogdol (3gemogmgdols dgdmbgggsdo [107, 222].
obggg BGo2dgbB>300L 0bpyEoMgds ‘dglodengdgemos Aobpgdy®
doLl3gdB@mdgB@ools (MS/MS) gJb3g@0dgb@gdol dgdmbggggddo, Gmdgols ooy
‘dglod@ goemdsls Fo@mdmowygbli 0blE®9dgbdo Loddogo 3gs@dydmenom [156, 221].
2odmygbgdyamo  bylRo  3mFgbgosgols  Jobgogom  3g3o@MY3mengdls  Ao0gmosh
dboeme ol ombgdo, @MIgmmnsi  ofgm  dobol s  IPbBol  L3gEogoszydo
nobogo®mds  (M/z).  1bsddogo  ggo@y3maon  Isll3dgdd®mdgdeol  MS/MS
9JU390039bFgo0l  hoGodgdolsl 3oMggmo  ggo@y3mamol godmygbgds Lgsbo®gdols
0990330, 53 odanggs obs/IgbBol 13930504900 mobosgs@omdols dmby ombgdols
250090l Lodyoagdols. dgmdg 33o@dydmeo 2s3m0ygbgds Gmym® i3 gmeoboydo
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PO, bows 0mbgdo gxobgdosh s@ymboli 5b sbm@Eol Jmergznagdl s 0dangdosb
‘dgoeggen  ombgdow. Iglodg  jgo®ydmero  jo  asdmoygbgds dobols o dybEols
13930803900  mobsgodomdols  3Jmbg  dgogngumo  ombgbol  @oagbols s
©909JB0Ogdolbomgols [209, 213].

oLl3gJBOmIgH®L  boddoy  Jgo@ydmeon  aoohbos  dmbsigdgdols  ©sdydoggdols
Lbgoalbgs  @ggodo, @mam@oi  os®ol (1) 30meygd®d (dgoggyao)  ombgdols
Lgobodgds, (2) 3M9390Lbma  (LoFyobo) o0mbgdols  Lgsbodgds, (3) bgod@osmeydo
bofogngdol @ogomagol s (4) IGsgomxgdoo @godiool dmboGm@obao (MRM).
30mY]d ombgdols  Lisbomgdolsls 3oMggemo  ggo@3m@o  goJbodgdygmos  ©s
5GoMgol Ibmeme dobol s Igb@ol L3gEoxos9®o Mmobosgs@omdols IJmbg 0mbgdls
(309390LmeA  [[obsdm@mbdgoo] ombgdo), Tgdpgy ombgdo  dgmdg 335G Y3 do
5Oamboll b sbm@ol  Jmgrgsyagdols gogangbom  aoboEosh  @obmEosaosl s
dmgoeml  dgbedy  ggo®ydmendo  brgds LOymo  Lgobo®gds 3OmMEY]E ombgdols
BMo33d96Bgo0l  ©gPAgJBodgools  dobbom.  3OmEYd®  ombgdol  Lgobodgdols
Lodygoemgdon 9539]d 0o 3obolobwg®gds bsg@mol LE®yJBu®ol ROsad9bGs30s.
309390bmdo  (Fobsdm@dgroo)  ombgdols  Lgobodgds  3o@ggan 3350 93mendo
d0dobo®gmdl bLOgmo Lgobodgdol @ggodom, bmanm dgbsdyg 3gse@yg3mendo s@ols
goJbodgoygmo. 369390bmao (Fobosdm®dgwo) 0mbgdols bisbodgdom dgbsdargbganos
Jbaoglbo LEA®YJB9agdols 3Jmby bogtmgdol godmgegbs, @mdggdoi (omdmJdbosb
00gbB G oI bH g  BAoxdgb@gol.  bgo@@omydo  bofomgdols s oMygols
0990930, Omam®E  30Mggmo, sSbggg dgbedyg  ggo@P3mado  begds  LEyao
bgobodgds. bgo@d@samado bofoggdol @ogompygols Jgmmwo godmoygbgds Ibaoglo
LAO 9B gmgdol  3Jmbg  bog@mgdols  godmbsgammgbsw, @mdmgdoi  Fo®dmJdbosb
096G 9O bgod@omy® RMoydgbdgol [198, 208].

dAogogx g@owo  @godiool  dmbo@dm@obyols  (MRM)  @gg0dols  godmygbgdobsls
30M39em0 ©s dgbsdy ggod3mao BodloMgdyamos s 5GoMgol Fbmenme dsbobs
s dgbBol (M/z) b3gEox0gdo  mobsgodomdol dJmby ombgdl. 3md3egJlydo
do@®ogool  dgdmbgggsdo  MRM  @ggoddo  m3g@o®gdolols  dgbodangdganos
do@B®o0©sb 063 gm%x9M9bi00l aodm@ozbgo, [ONTES 0dgn 3o domaogno
da@dbmdgammdols  dgmmeol  dgdydoggdol  dgbodangdermdsls.  MRM  sliggg
999J6@M0s  obgmo  bsghmgdols  dgdmbgggedo, Gmdgmms  @oEagbs @MY@
JOmds@ma@sxgo@gdom, Joa®sd 3G e lm@o s 3OmMEY]H  0mbgdols BESEbsJE0s
sMol 9bogogy@o, Omdgeno(3 NoI 30630930 bogmog®gdolmgols
sdobsbosmgdgano [177, 188].
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2.7 3gmdg msmdols 56G0goboJmbgdo LoBgsmygdgdol obmmo@mgdols
©s 0g0obmdMog - AsmEgbmdMogo asblsbmgdols Ignmpgdo
Jo80g@-§odlogmemmzond sbsgobTo

bopoghmo  gmeg  momdol  obBogloJmbydo  Lodgoggdol  m@sbbsdobols
@ol3g@ombol,  JggBosdobols s  JEmbadoboll  mgolmd@og-Gomwgbmd®ogo
Sbosaoboll JgmmEgdby, Gmama 3 3Mg3s@s@gddo sbggg dom@maoy®@  dsbognsdo
ddogogmo  Jggybol dgibogdo  Iygdomdl.  3ganggol  Logobl (omdmswagbl  bgdmm
dm (3999900 30935M5@gbols 030bmdM03-MomEgbmd®0go 3oblobwg@olomgols
sbogrobol dglodsdobo 3o@mmdgdols dg@bhgge.

JO535@R9O™M3560s 305 0MYA>BOYYE0 dmbs39dg9d0 ob@BoglLodmbydo
Lodygoemgdgdol sbogobols gobosy®-Jodoy@o dgmmegdols gbobgd. dglodsdolow
aobgoboansgm  Lbgowolbgs  33a0gggol, @mdgams  osbosgoboli  Logydgganby
Jgbodangdgemos  mesbbs3obol, @oldg@ombol, Jgg@osdobol, s genmbsdobols
sbhogro, mEA0x0bo@ @0 1gobmdM03-Momgbmd®ogo  sbogoboll s obmaodgdols
M3G0dog M0 30MHmbgdols dgdydoggds.

@0l3gMmombols Lolbgols 3ansbdsdo goblsbrog@olomngol 04gbgdgb domsmgngddg®
Looby®d  JOmds@ma@ogosl d9dege  300mdgddo:  Lgg®o Nucleosil-C8(150x4 39),
e @s00lggo (UV)wgogddodgdom 280 63 Lopg@dol @oenemsbyg, dmddsgo osbe:
bo@®oydol @odo®OmBmlbgsdol d9xngao — 539Bmbod®ogro (5545), pH 6.0,dmd@sg0
Bobol @obgdol Lobjodg 1.5 den/For. s@dmbsohgbo dobodydos 5 ba/dan [70].

Lobbenols 3ensbdsdo Gol3gMombols 3oblbab@g@olomgols dnsobgo @
0565595 @gd0  049bgobgb Lomby®  JOMmdsFmy@dogosl/Fsbwgdy®o  dsb-b3gJd®m-
9B ®oom, Ygdpgy 30Mmdgddo: bggBo Alltima-Cl18 (2.1x100 33), dmd@ogo gobs dosb-
$390297585-539H™boH@ogwo (40:60) [90].

5T o@dogm3godo  mesbbadobols  2oblolabmg®ols  dobbom  deigdygaos
1bg9JBOMBMEAMIgHG0s  YeoB@s00LBgH  Ydobdo, oo gngdHy®o  Lomby®o
JOmds@ma@dsggos [204].

Lobbendo  mEsbbodobols  obpogo@ygsmg®do  goblobwg@olbomgol  boarbgbol o
0565595 @gd0b d0g® godm@gbgdyeo ogm LC-MS/MS dgmmwo, bggdo Zorbax Extend
Cl18, dmddsgo  @gobs  53gB™boG®oo-3gmsbmeo-sdmboydol  JodmJlowo.
Sbos@oboll wem 15 Fymo. [147].

J393 03060l Bo®ds 303069305900 Bohggbgdemgdols aoblobwg®olisl @sogobrg@mol o
0565535 @930L og@  asdmygbgdygao oym LC-MS/MS dgomweo Lm@dgbdo CI8,
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dmd®o30 Bobs odmboyyd RmA@Is@ol by9gxg®ol, 53gB™mboF@omol s dgmsbmaols
boMgg0, 0bm3@sG @0 dmfmogdom [168].

bo@mgdo @5  m3b33gHHYS0  Me0sbbs30bol,  @oldg@ombols s  Jgg@osdobols
JONEAOMYo  aoblobwg@obomgols  a3m035bmgb  Fowomgngdd @  Lombyd
JOmds@ma@oggosl dgdogyo  3o®mdgdom: Lggdo - Luna C18, dmddsgo ¢obs -
5dmboygdol 5i39HoB0 20 ddmen (pH 6.7£0.5) o >3Eg@mbo@®ogoo (50 : 50), dmd@sgo
Bobol wobgbdol Lohdotg - 1.0 dan/For, 5o ©g@gddmeo 28063 Log@ddol Gogmsby.
Sbogmoboll  dgogagdo  ogm  LYm@bsbmgsbo  35-65  d3pa/den  3mbgb@@siools
GoGamgdTo (m@sbbodobolmgols R?>0.992, Golidg@oombols R?>0.991) [104].

M@ 5bbo30b0l, ol3gMombol, janmbs30bol s domo doMomswo gGodbmeo@dgdols
5530560l OB To  goblobrog@olmgol  @w@obmglbyslb s  mobssgdemmgdols doge
‘dgd9doggdyeo  oym LC-MS/MS dgmmwpo, dGs@ol  oagdols ©sangdgs  bgdmws
@95396@0m:  ZnSO4 TH20  0.05%  blbos®o  539H™mbo@@ogo/dgmsbmando  (40:60).
JOmds@ma@sgoygmo sgmegs bpgdmws bgg®bg - BEH C18, dmd@sgo ggobols a@e-
©009b@ o Jofmwgdom. dmd®sgo gobs A (2 Jdmeo/@  sdmboydol s3gBs@0, 0.1%
d0obdggemdgogs 5%-006 539@™boR®o@ o), Jmd@sgo Bobs B (2 ddmen/a@o sdmboydols
5390>00, 0.1%  doobdkggedgogs 95 %-00b  53gB™MboR@ogdo).  ©g@gBocdgds
bgdmes Loddogo 3go@m3mmon @obpgdy@o dsb-L3gBOmmIgR®on. sbosgobol bob-
a®dgogmds — 5 {ygmo [203].

ghobol s mobsghm@gdol  dog®  ssdosbol  3@wsbdedo  m@sbbs3obols
MomEgbmdmogo 2oblobwg@olomgols ‘dgdydoggdygero 04 Looby®o
JOmdoBma®o5305-d5L139]BOMIgBO Yo dgmmeo (LC-ID/MS). 3gnsbdols bodydgdols
9B Osa009d0Lomgols 3odmoygbgdmos B9OH-0gmog dgomogools 90 9co.
JOmds@ma@sgoygmo oygmads bpgdbmws gg®bg XBridge Shield RP 18 (10099 x 2.199,
35933, Waters). dmd@sgo gobo-539Bmbo@@omo ©s sdmboydols dygg@o (pH 8.0),
Jofmegds 0bmyg@s@ymo, bogools Lohfomgbg 04 da/Fm. ombobsigos doow(gmws
OJd0M0 90 9JHOMAoRM 39300 (ESIY). Lgobo®gods 30d@obomgmdos
dDogoex 9B Mgodiool dmbo@m@obyon (MRM) [224].

>5dosbols Lolbendo m@sbbsdobols 3oblbob@g@olomgols bsobs s @3
nobogo@dmdgools dogd dgdydoggdyemo ogm Loobyg®o JOmdsGma®sgoygeo dgmmoo
UV ©909dB0o®gdom. dows LRsbps@Bol Loboom as3mygbgdyao ogm  genmbsdobo.
Lo 3geng30 bogmogdgdols obm@o@gds dom@maoyg®o mbdogd@owsb begdmws Lomnbg-
Lombyg gdbAGsJE00m, yodmoygbgdmws m@ysbye asdblbgmms Lol@gds b-39JLobo-
0bmsdognol L3o@Eo (90:10). m@asbygmo gobol gJbBMsdEos bgdmws gmbigs@yg®o
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d9939600 0.1 Jmeoo/ao, pH 22. JOmIs@madsgodgdobsmgols s3mygbgdygeo oym
‘930 300mdgbdo: LEsEombos@yammo sbs Water Spherisorb S5 C6 (250mm X 4.6 mm
ID), dmd@sgo gobs  [yosmo-s39Hmbo@@ogro 5545 (00093men/an  93@sblyaagmb
dgogol bo@d@oydols do@oenol s 0.006dmen/cn  m@gydosbo joaoygdol gemligs@ol
‘3993398000 pH 2.7), 35boli wobgdols LobhJomg 1.0dgn/For. ©gBgddo®gds bpgdmws
254 63 Lopa®dol @Fommsabg. Logomod®m 3mb3gb@®siogdobmgol godmoygbgdmeos
Lbosbogrobem  blLbsdgdo 50 - 500  bp/den  3mbgbR@sEooll  go@yegddo,
JOmdsBma@sgodmgdols OO 04™m 6 Fo. dg0mo 20dmM094gbgdmws
BoMd53m30bgH0g®o dohggbgdbangdols ggamggolomgols [173].

>5dosbols  F@s@do s (390 g ML3oboay®  Lombgdo  m@sbbsdobols s N-
©0dgmogn M sbbodobols goblsbmg@obomgol ombgalbembol ws msbssgdm@mgdol Ig@
hoBods 3gaggs Lombyd JOmds@madogoygema/Gobogdygdo dslldgd@®mdgdegao
(LC-MS/MS)  3gonmwols ‘dgd9doggdolomgol.  d@s@ol  ob  (39090O™ML3obsay®o
Loobols 6039 dgdosb  mesbbsdobols ©s  ©gldgmogmesbbsdobols obmaodmgds
dJobos  BgaG-dgmomdgmoml  gmg@om, bogmn  dops  LEsbps®Eol  Lobom
2odm0ygbgdmes  masobbodobo-D3. Loggerggo  bogmog®gdols  @omwgbmddogo
2oblob@g@olmgols aodmoygbgdbmes LC-MS/MS  dgonmeo. ombobsios doow{gmes
05095000 920 9JBO M55 Jg930m (ESI"). Lgobo®gds dodobo®gmdos
dDogoex 9@o©0 MgoJ30900lL Jmbo@mmobaom (MRM). ULsgo@moddm LEsbosd@gao
blbos®gdols 3mbi3gb@@sios 25-100 by/den. [102].

@y dgaereg@mol ©s  m3bsgsBmmydol Bog®  dgdydoggdageo ogm Ao Lomby®
JOmds@ma@sgoygmo Gobpgdydo dsllidgd@®mmdgd@yeo(LC-MS/MS) dgmmwo, gHomo
@ol3g@ombols s  dobo  ofBoydo  dgGodmeodol  9-dodmJloGoldg@oombols
(3o@03gMombo) gbsb@omdgagbol MomEgbmdmogo asoblsbrg@olomngol swsdosbols
3eobdsdo o dgmeg - SEsdosbol Jo®To. 3asbdol o ool bodydosb
0bmaodgdolomgols aodmoyggbgdbmws dgo@xzsbydo  gJliG®sgzos dgdgymo  Godol
beo®dgbR by Lo®dgb@ols hodgpbgs bogdmws  Fymol, ddo@dgegs  dgmobmenols
Lob@gdom, beoam gaoy@gdobsmgol aodmoygbgdbms dgmobmerol s sdmboydols
dop@mbopo  bodggo, osm@mnJamgds  SbmEom  65°C  {9d3g@o@g@daby.  ganygs@ol
2odblbgeno asdmoygbgdmes 200 djen 3g3@obol, gmsbmerols s 0.1 M sdmboydols
5390>00L bomggom.  woymags bpgomes Lomby®o  JOmIsGmydsgol  Jodoy®
Lgg®bg (5033 X 4.633, 10 339 bofogrszgdol bmds), Imddsgo gobs - JgJlobo,
0bm3AOMm3sbemanols S gonsbeenols bodggo 2M5©09bF @0 do{mwgdom,
©909JB0gdobomgol godmoygbgdmes GHobpgdyg®o Iob-3gBHMagHHos WoEHbomo
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90 9JBOMAs5MJg930m.  Logogod@m  blbodgdols  3mbigb@®scos  ogm  3ensbdols
‘dgombgggodo  20-1006p/3gr  godgewgddo,  bmanem  dos@obomgol  10-20006p/dgw
QoM gddo [136].

5530560l dos@oesb s Lobbenol  d@s@owsb  Lombg-Lombg  gJLE@sJEoom
0bm@o@gdygmo germbsdobol s dJobo dmsgo®o IgBsdmaodgdols be@ gerembsdobols
> gembs30b-N-mJbools  sbognobols  dobbom  ogBm@gdols  (gmigemBo o
25b535m@y30) dog®  FgImmsgsbgdyamo ogm Lombydo JOmIs@mydsgoygao dsl-
13gJ®mIgdO o (LC-MS/MS) 3dgmmeo. Lombg-Lombg gJlEesdzos Gomogdmws
AYBg  300md96T0,  odblbgaols  Lobom  203m0ygbgomws  gmogs39HSB0-
sgmgobomgol godmoygbgdmes SynergiPolar RP Lgg®o, dmd@ogo ggobs 1 ddmano
5dmbogdols gm@dos@ol s dgmsbmenols bo®ggo, dofmwgds — g@oogb@yao, dows
LEobpo®@o d4-germbodobo.  ©gRgdBodgdobomgol  gsdmoygbgdmes QTrap 2000
Aobpgdy@o  dsb-L3gJAHOmIgBMo, ombobsEos  sgdomo  gen 9@ MM SB® J3930m,
b3obodgds IMsgomy g@omo Mgod0gdol dmbo@m@obyomn (MRM) [219].

JoOsmal s msbogBm@gdol  dog@d  Infmwgdymos  sesdosbol  3gnsbdsdo
3mbs30bol s be@gambedobols  gPoOmg@o  asbbobmg®obomngol  2oby®
JOmds@ma@dsgoygmo dslldgd@®mdgdegeo (GC/MS) dgmmeo. bodygdol dmdbowgds
dmooges  Loggmggo  dobsgnol  dgo@ggobyd  gJbB@sJizosl  Bond-Elut  Certify
3o0BMoxol  25dmygbgdom ©s gdamd gMogo@oboiosl TFAA-L Lodygsmgboom.
32mbs3060l s beo®gembo30bol oblsbmg@obosmgol dows LEsbps@Bol Labom
2odm0ygbgdmws  genmbo3obo-d8.  Lsgo@mod®m  bodydgdo Fbopwgdmes  bsgganggo
3e0mba30b0l  3mbbR@szoom  3-6006y/dan-ols s bm@gambadobols 5-6006y/dan-ols
RO g6do.  sbogmobolomgol  2s3moygbgdomws  gobydo  JOmds@mydsgo Hewlett
Packard 5890 wg@gddmeo HP 5970 MSD, ULggdo HP-5SMS (30 3 x 025 49),
S003oBoMgdgemo Jgeoydo, s0Mols obgdols Lobds®g 10 den/Fo. jeombsdobols s
ber® germbasobols 0 gobemd®ogo 5 omE9bmdMogo 3obLobeg@olomgols
doLl3gJBOmgp®do  ombobozos  doo{gms  gergBOmbyamo  ws@BYdom  (EI),
bgobodgds Jodwobo®gmdws 0mbgdols Lgagdizoyg®o Jmbo@maobyom (SIM) [206].
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msgo III

3322930L ©obs0bo, mdog@gdo, dsbogmgdo ©s Jgmmegdo

3.1 3geggol obsobo

Lombg-lomby gLEoHedzool
m3godzgra@o Jofmdgdols Ggdqdaggde

l

Lgsobabyo
Befigmpogger ©=
Laggenggo mdogiegdols glioJogmm3mem
Baobaae bagmoge gdgdhy

Fgetnabdo 1qleHegool
mdgodagoyto Jommdgdol Bgdxdeggds

|

k.

~
mmbo La8obby bogmogigdols gHopdneo

sbegoboli pabyd® JHeds@oytegoymo —
3:bld3g e ds@ ey ea dgmemals Bgdvdeggds

-~
mmbo LsBobby bogmogigdol gdHopdmyemo

sbagraholi Lombyé JHmds@oytegoyeo —
Gebwgdgdo 3:lldgde@mmdgg@geroe

| |

awadosboli Betwo

Lag2bafamgdgeno

Jgmompols BgdnBaggds

(Betigro, Lolbero, dgnahads)

‘ B89 Beggdpene gomeael 2dmmdazoe ‘

a9 Baggdgero dgmmeols dmmdszos

l

degaERagn
20280260l ool
sbagrobo

dognegoaa@o  Lombygda ‘
swednsbali Bommaols s
3ensbdol sbagootho
atigeEnogno
speedosboli Lolibgools
sbagnaho

Lopeblo@gatigdengdol
2bagonbo

fEamagns ‘

Lefatilmm sdatafyfatby
Batifnbo jmbFedabezoal
32blizbogis

byg@omo

19: 330930l ©obsobo
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32 3geggol md0gd@gdo oo Boboagdo

33520306 ™@d0gdHgdo
invitro dmege®o 60d9dgdol Inbodbowgdmaw asdmoygbgdbmwas:

> 20MEo3gmomo o 3mabogo sesdosbols Lolbgeno
> ssdosbols 3gnobds
> 200O©o33momo s 3m3bogo sesdosbol do@eo

Lo obdo@omgdagdbbyg  Lodobby bogmog®gdgdols  sbogrobolomgol  o3moygbgdmee:

Booe 9B goolgob aobmogobygu gdyamo daoliBg®o ©s gaosmbo;
sl Rmsggdols Lobyxo Lofs@dmm s35@o@YMowsb;

33 g35do 253myggbgdygao ogm Ygdwgao dsbsangdo:
bodobby  bogmog®gdgdols  Losbognobe  in vitro  dmpgeeyg@o  bodydgdols

Jobodbogdamow  godmoygbgdbmes SIGMA-ALDRICH -0l go@ogmpom  dgdgbogno
990030 H389696L bHbraOHS0:
> omsbbsdobo (EP)  93@m30l go®@dogmidgol @9539696L LEsbs@@o(Jodoydo
bogmogmgdols bmdgmo 132539-06-1, jo@semaols bmdg@mo Y0001370);
> @ob3gdopmbo (EP) g30m30L go®dsgmidgol @990gbl LEobwsd@o (Jodoydo
bogmogmgdols bemdgmo 106266-06-2, 3o@ommyols bmdgdmo R1000600)
> J3g®oo30bol gydo@s@o (EP) 930m30l g3o®dogm3dgol @9a396gbl  LEsbps®@o
(JoBoy@o bogmog®gdols bmdg@o 111974-72-2. 3o@oemgol bmdgdo Y0001657);
3eomba30bo  (EP) 930m30L  go@dsgm3dgol @gxng@gbl LEsbpsd@o (Jodoyg®o
bogmog@gdols bemdgmo 5786-21-0, go@ogmyol bmdgdo C2460000.

3093505 gbo:
Lbgsdgdbo (Goldg@opmbo) 13y N0 @odangBo derolGg@do (3Fo®Imgdgeno: ,,GM

Pharmaceuticals’’, boJo®mggaom.)

M@ bs30  (meEsbbodobo) 103y N0 Fodangdo danolRg®ddo (IFo@dmgdgaro: ,,GM
Pharmaceuticals’’, LoJo®mggaom.)

Sbogg3@Bobo  (germbodobo) 100dy Nl Fsderg@do deoliBg@do (AFs@Imgdgemo: ,,
ARPIMED”’, liv3b00.)

J39®0o30b0  gyds@s@ols  Bodemg@dgdo 1003y  N100  Bodemgdo  gansimbdo
(IF>@dmgdgano: ,, Apotex’’, 3obows.)

2odmoygbgdmes dgdwgao 9Jl3g@modgb@gdolmgols:
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http://www.sigmaaldrich.com/catalog/search?term=111974-72-2&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=UA&focus=product

L. LoBobby bogmogmgdgdol gobydmo JOmds@ma@dsgoygao dobldgddOmdgddgeno
dgmmeols dgdydoggdolsls in vitro dmwgeoy@o 6odydgdols Jmbsdbowgdans.

2. Lopobdo@omgdmgdbyg Lodobby bogmog@mgdgdols sbognobobsmgols.

3. Lofo@dmm 3@mEglido a0dmygbgdym ©obowas@mgdby sJBoyg®o bogmog®gdols
bomdhgbo 30b@>30bs5300L 3obLob@g@olisls Lo gmb@®menm blbsmols
o bodbowgdans.

OO35b7mo as3blbgargdo s BgoJ@oggdo
» Jdgmobmano — Scharlab, gli3sbgmo
gomsbmeno — Scharlab, glidsbgmo
N-3gJbsbo — Rotth, g9@dsbos
539B™bo@Goao - Merck, g 9@dsbos
doobdgganddsogs — Rotth, ag®dsobos

YV V V VYV V

3,3".5,5'-Tetramethylbenzidine (TMB) Liquid Substrate System for ELISA - SIGMA-
ALDRICH, 599
> 5dmboydol do®mJbowo — Scharlab, gli3sbgmo

3dblbgamms Loligdgdo:

e sbbasobols, @ol3g®oembols, J39B 0530601 ©o 3mba30bols
JOmds@ma@dsgodgdolomngols dmd@og Bobow godmoygbgdbmws dgdwgao asdblibganms
Lol gdgdo:

> 0.1% doobdggandgogols Fyablbodo (B blbo®o) : 0.1% doobdggandgogsls
539B™MboGGoaols bliboto (A blbs®o) - 60:40

boombg — Looby gdJugosjaoolomgol gsdmoygbgdmes Tgdpgao  god3blbgemms
Lol gdgdo:
0bm@o@gdolomgols  m3Bodognyg@o  30@Mmdgdols  Igdhggol  dobboo  yodmgoygbgm
253blibgmms Lbgswslbgs LoliGgdgdo:

» 393@0bo - woerm®dgmsbo  (90:10)

> g00@s539BoB0 — 393E0bo — odem®dgmsbo — 0bm3G®3sbmeno (60:20:15:5)

> Jeooamgm®do — 39Jlsbo — N dygmobmeno (40:40:20)

> 39dbobo — gmoensigBodo (80:20)

> Jeoo@ongm@do — dgmoms3gdodo — dgmsbmeno (60:30:10)
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9950535b@0 gJuB®sJioobsmgol gsdmoyggbgdmas:
bm@bdgb@ol 3mbogEodgds

> 39msbmeno

> gombobodmgdygmo (ymo

> 100 33meno gelgsgyo dgxg@o (pH 6.0)
bodydol Fobolfs®o ©sdydaggdolbomngols

> 4 den ©gombobodgdygmo (yseno

» 100 3dmgno gobgsdol d9ggao (pH 6.0).
bo@ogb@ol hodgibgobsmgols

> gombobomgdygmo (ymo

> 100 ddmen0dds®dgogs

> 39msbmeno
geogs@ol dowgdolomgol

> JgmomgbJem@owo (CH2CL) /obmd@mdoaol  b3o®@o (IPA) /

sdmboydols

dop®mJbowo (NH4OH), 78202 mobogsdomdom.

33 3ge0ggol dgmmwgdo

Lolbgools, 3gnsbdol, dodwols gdm{dgos bo®gm@ogygeo s glodm@am3gemo
603009®gdgdol  5OLYdIMdsbg  Fo@dmgodws  039bmyg®dgb@ o dgmmpom,
Sbogrobs@maols  Lodygsagdom, Human Reader Plus, Human Combiwash,
290dsbos.

039bmg9®dgb@ o sbogrobolismgols godmoygbgdmes dgdwgao dobogrgdo:
S>bBobbgyaomn dmggbogo 3ensbTdg@o.

39039630 (60300gMgdsbmsb  3mboygodgdyemo $9@IgbEol  dgdggemdom)
RobRsGY@o d3yx9®0, bodol dOsG0 o Jmblg®gsbdo.

Tween-20 256%sg909ao ©gombobo®gdyamo Fymon 1 : 10 mobogs@omdom.
LbygdbE@s@o (3,3,5.5-Fg@®Msdgmomdgbbowobls (TMB)),

bEM3-blbo®o - 1 N gmao®dgsgs.

Lbombg-Loobg 9JbE@sJ30obomgol, Losbsgobm mdbdogddgdols LHsbsdE o
>  bogganggo  blbo®gdol  dmbsdbopgdmsw  gOmggsdmgsbo  Lombggdol
Jobowgdo, a0dmoyggbgdbmws GmEma o dgddggo Stuart®Rotator SB3 - Bibby
Scientific Ltd., (3090 m00bgdygao Lodgym).
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Lombg-Looby gJuBGsJ300L ©@OML Goboms osgmgobomgol godmoygbgdmeos
3960®0xgas Hettich® MICRO 200 - Andreas Hettich GmbH & Co.KG (29®35600).
6039 dgdoll  PeEOsdygMomo  sdydeggds  Jodwobo@gmdms Y BMSdy M0
565bobobg MRC Ultrasonic - MRC Itd. (oli@sgeno) .

Lolbgool,  JoGol, 3awsbdol  0b  goddm  bodydgdowsb  bsigganggo
b0gmog@gdgdol  obmodgds  bpgdbmps  Igo®gsbydo  gJlGGsJizool
dgmmeom, aodmoygbgdbmws LoliGgds Gilson GX-271 ASPEC, »99. dgo®3sbydo
9JbB®sJ300l godB0xgdo - Supelclean LC-18 SPE 5003y(SIGMA-ALDRICH);
Loobogrobe bodydgdols, 2odblbgems Lol gdgdol, dgo®m55by@o
9J6B®sJcolsl  JmIbowgdolol  godmoygbgdbmes  ©gdobgdogmobo®gdyeno
Fyoo, dmdgeroi doowgdmes dogrodm@ol s3s@o@ols Lsdygogmgdom.
Losbogrobem b0odydol 3mbigb@d®omgdolbsmgols 3oggbgdwom sbm@Eol bsgowols
doFygmdoemdsls.

399396090 blbodgdol  dmbodbopgdmaw, gJliE®ogomgdol  3GmME YOl
OMb godmoygbgdmws pH dg@@o.

d0mEMy0y@o  mdogdBgool, LEobpsd®@ymo  ©s  Losbosgnobm  bodydgdols
‘dglobobow, LEsdomy@mdol dgbsbfsgmmsm goygbgdbwom 3mddsbos Thermo-Ls
dog® (o®dmgdya doz0g50b.

Losbognob bodydgdols pologom@E®om goygbgdbwom Goa@®@l bmdom 045939
Losbogmobem mdogdddo Lsggarggo bogmog@gdbol @omegbmd®ogo gsoblsbrgms
(omdmgds  Lomby®o  JOmIs@my@sgo - Fobwgdydo  dsbldgddOmdg@don
(LC-MS/MS) - AGILENT  TECHNOLOGIES 1290  Infinity =~ AGILENT
TECHNOLOGIES  6460Triple quad LC/MS/MS. Ugg®o - Zorbax  Eclipse
C18(100x2.1mm, 18 pm), §obolggpo - UHPLC GUARD Zorbax  Eclipse
C18(5%2.1mm,1.8pm).ombobsios doom{gmes @o@gbdomo gengd@@amasx® Jgggom
(ESI"). Lgobomgds 303pobs@gmdos dMsgomx g@omo Mgodizool dmbodmmobyols
®gg0ddo (MRM).

Loobogrobm 0609J@do Lo 3gaggo bogmog@mgdgdols 0ngobmddogols
Ssbsgnobolomgols 25dm0y9bgdmes 3oba®0 JOmds@ma@sgos
doLl3gJBOmIgBHO o ©gdgddodgdom (GC-MS), s3s@s@o - Agilent 7000A
Quadrupole GC-MS. o0mbobsios d0dobodgmdes ©ogbomo  gangd@®mbyeno
03379ebols  @ggodom (EIY). ULgobomgds dodpobstgmdes xsdgco  ombydo
bogowom (TIC).
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msgo IV

dogdgmo dgrgagodo s dsmo asbbogngs

4.1 dom@maoyg®o mdogdGgdol Lgdobobyo bsdzm@ozgmo ©s gloJm@@m3nmo
603000390980l 5@ALgoMdsbY 39@g0mMagbnmo 039bmggH8gbGImo sbsgobols
(ELISA) 3gnm@on

94139003963 960 in vitro dmpgenols dmbodbopgdmaem asdmoygbgdmws Lbgsmslbgs
dom@maoy@o  mdogd@gdo, oEsdosbols  Lobbeno, TDodwo, dasobds.  dmgdyao
Losbognobem do@@oigdo bodydgdols d3mdbowgdsdwg 9bws dgdm§dwgl bo® gm@o g
s> QLom@®m3ge  bogmog®gdgdobyg ©o Asdmodogbml domo sOLgdMds, Goms
aogegbs 0@  odmboml  gJl3g@m0dghHol  Iggagobyg.  Losbosgobm  mdogdBgools
‘393§ dgool  gobgbwom 0d9bmgng@mdgb@gemmo  sbogobol dgmmeom (ELISA)dgwgp
bodgmBogye  ©s  glodm@dOmdga  b0gmogmgdgdby:  BgB@sdodmsbsdobmano,
3035060, dgBowmbo, 53893 sdobgdo, dg@edxggdodobgdo, ®m3os@gdo, by3dgbm@gobo,
396bME05bg306940, doMS0FAYMGHJO0 ©S BHP0(E0ZE YO0 SbF0wg3M gLob@gdo.

ELISA  395®-535byd0  0d9bmobogobols dgmmeos, @mdgaoi  dgdydoggdygeos
bodgm@ogya  Lodygoagdoms  os@dmbohgbo. sbognobo  LEymegds  3asbdg@ by,
Amdeools 3L3gmdy3 0dmdogobo®gdygmos SbBolbgyagdo, OMIgemns3
obolosmgdbm  Jo@omo  5x0by@mds  boggawgy bo®gm@ogygee  ©s  glom@@m3yga
bodgomgdgdmsb. gx®gool RLggddg 3oz @oado 9bos Jmbogl LESbsOEOL
©> bodydols gHobs, bmam dgdogy gds@gos gbbodo (Rg@Igbdygmo 3mboyasdo).
boobggdoom  3g@omedo  sbGolbgymmsb b6dol  sbsdys@goems®  dodobs@gmdls
30639096305 ba®gmBogls s ¢g@dgb@ye 3mboyas@l dm@ol. Ggibgol g@o3by
bpgds  dgygogdodgdbgamo  bofomo  ImdmEgds o Igdegy  9Ho3bg  9doBgos
LygdbBGs@o 3960l FomdmlsJdbger . 96%03-LydbEASEOL @godiools
dglohgtgdgmse  3OmEgldo  9bos  dJmbpgl  LEM3-bLbsMol  wsds@gds.  gg@ols
0b6®gblogmds  60odyddo  bodgm@ogymo  ©@o  gloJoGOm3ymo  Lodygomgdgdols
9993390 mbols  9393@M3mAEoYos,  dgbodsdols ol bodydgdo, @mIagdo
99035896 bo@g3mB0ggE  b0gmogdgdsl, sboslbosmgdmn  YR®m  bogergdo  gg@ols
0b@gblogmdes.

sbognobols  3Bm(3gP G

039960953903 gbB o sbogmobols wsofygdedpyg gsdBoggdo s bodydgdo wogsymgbgm
mmnsbols Gg9d3g@s@y@aoby 60 Fm-ol gobdogammdsdo. 3gnsbdgBol Lad-Lodo gx®gwols
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ALggabg dmgomoglgon 20 dgaw  PodymRzomo JobR@mao (0 by/de), ©s©gdbomo
3MbBOM@o0 3mbigb@@sioom 10, 25,50 ba/der s 20 g Losbogrobm bodydo.
LEoboo®@gdolbs s  b0dyxdgbol o@sbol  dgdwgy, mommgye  gx@gel
©599m3bgdbamog  ogods@gm 100 dge  96%odo.  gbbodol  @ods@gdol  Igdwgy,
3eoobdgBo  dggeobgodogm  Lobyxm@Mgggmoby o ogogmgbgem 30 Fo-ols
3obdoganmdsdo mmsbols Ggdd3g@do@ycsby.

0637905300L 3m3gbol sbOYmgdbol dgdwgy 3esbdg@o aogdgcbgm b3gEosmy®o
blbo@on  o530™mIsB@o  goddggbol  Lodgoggdom. mommgygmo g ®geols
3o093bgobmgols yodmgoygbgm goddgibo blbs®o 300 Iz megbmdom.

sboaobol dgdgy gBo3bg gmgge gx ol ogsds@Ggo 100-100 dze bydbLE®s@Go ©s
dg3obg0dogm. LydbB@as@msb @gojiool ©ogogmgbgm 45 Fo-ol  gobdsgenmdsdo.
095d300L 97y39B0Losmgols sgsds@dgem 100-100 dzen LEm3 blbs®o (Lydsmo 20).

059000 % G
Lo gmb@@maom %
60393900 N

Losbsgnobm
603 dgd0

N—

byy@omo 20: 039bmygg@dgb@yeo sbogrobol dgwgygdo

3303900 Lodigmogol 360dgbgarmdgdols goblobwg@s dmgobwobgm 450 63-bg, G0l
g gaos3 ©ogsa0bgm, MmI yggams Losbsgrobm bodydol m3Gogyg®o Lodgg@ogols
db0dgbgeomds ogm dgBo gow®g ©ogdomo  3mbG®maol  m3Gogy®o  Lodzg®ogy,
G553 090009dl Losbsa@obm  domgmaoyg® mdogddgddo bsdobby bodgmEozyao
> gloJmG®mM3ygmmo 60gmogMgdgdbol sO>OLYdMdsDby.

Lowobo@@sEom bsdamddo dmzgdygeo gmggeo gdb3g@odgb@ol ws(ygdsdwyg bgdmm
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Jomomgdygemo  3OmMEIEYGs  asdmgoygbgm  yggmrs  domemyoyg@o  mbogddol
AabBodgdolsmgols.

YgLododobo @ogoyobgm, Gm3 9Jl3gM0dgRgodo aodmygbgdyaro in vitro dmwgenols
Jobodbogdano do@o, 3eobds o Lobobgro agodenggos godymazom @gsdiosl
3999 bodgmGogam ©d BLodo@omsge b0gmogHgd9dby:
A9AO 30O M gobobobmano,  jmgsobo, 3 Howmbo, s3ggEsdobgdo, IgBodxgdedobgdo,
3053960, 693M9bm@R0bo, 3g6bm@osbg30bgd0, doMboGMs@gdo s FM0(303&0 M0
5bBH0wg3® glsb@gdo.
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42 50580560 Fo®H©0©s6 MEs6B53060L, Goldg@mombol, Jgg@os3060l s
32mbs3060L Lombg - Looby gJuE@sJ3ool ®3Godseydo 3o@mdgdols Jg@bggs

9Jb39®0396E0L 3obsbo

S0mEMy0YM0 md0gBgdosb GmJloymo bogmog®gdgdols obmmodmgdsby aogemgbsls
obegbli Lbgowolbgs gjo@mdgdo, Gmym@oEss m@ysbye asdblibgmms mgolgdgdo,
>@0ls pH-ol 3b0dgbganmds, 9JlE@sdEool wO®m ©s xg@omds.

dogdygmol  gdb3g@0dgb@dols Jobobls Fo@mImowygbos  dommmaoy®o  mdogd@owsb
(doO©0) m@sbbadobol, @ol3g@ombol, Jgg@0s30bol s germbsdobol Lomby —
bomby  9JbA@o3ooby  3mddgwo  goJBm@gdols  Igbfogans o obmenodgdols
3G 0dog @0 300HmMbgdols oy gbs.

Idbogs s IgnmEydo

9JU3900396F0bmgols  godmygbgdyemo  ogm  Lodobby  bogmogdgdgdols  Ggngm9bls
bEobpom@gdo, 0Oy5bgo 2odblbgan gdols bbgowolibgs 3oM05(300 o
0nobogo@Emds. in vitro bodydgbol Jmdbowgdsdpg  dodo  Igdm{dgdymo  oym
bodgm@ogye s glom@dOm3yga bogmog®gdgdby (obogngm Jggmsego 4.2).
boggerggo  bogmog@gdol obmaodgdols ™m3@Godogyg®o  3o@mdgbol  obowygbow
aodmgoygbgm  hggbl  dog®  9JL3g@0dgbBgool  Logydggenbg  dgdydoggdyeno
0bmero®gdol JoMmdgdo.

9JL39®03368&0

33930l dobboo  Jmgedbowgmn  Logganggo  bogmog@gdgdol 100 dp/deo
306396(@>300L  LEbs@G Yo  blbodo  dgmobmando. domgdbymo  blbosmgdol
BoOdo  2obboggbom  dmgedbowgm  Losbogrobm  bodydgdo  3mbigb@@sioom 50
ba/dgn.  Loobo@obm  blbodols  m3Godsmydo  aowsbsfoggdolamgols  goygbgdwom
YB3 90000 565bobsl 5 Tymol gobdsgermdsTo.

60d9dol dmIbogdols gdpgy 0bmeo@dgdbobmgol yodmygbgdyemo ogm Lombg-Lomby
9JbBOoJz0s.  0bmeodgdsl  gobwgbom hggbl dogd  dgdydoggdyeo  dgmmwols
dobgogom mmsbol G9d3gas@y®dsby, Lbogoslbgs m@asbyao asdblbgangdom, pH-
ol, gJLAGSJ300L X gOsEmbol s  boby@denogmdol  Amol  asblbgsggoye
300 mdgddo.

(395008900950l dgdgy MGAsbygmo 2odblbganols B9bols go@magdbwom 50°C
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G99390589Msbg,  SbmBol  bsgool  godmygbgdom. domgdbyan  dd@s@o  bsAnls
gblbowoo 200 dger  Imd@og  Gobodo o  gobpgbwon  JOMIsEmMy®sgdo
0bg9dBodgds 5 dgen o germdon.

335G5@ A0 258MAIgdS

330930l @AMl goygbgowom  Loobyd  JOmIsAma@enl - Fobpgdy@o
IoLl3gJBMmmIgB®omn  (LC-MS/MS), Jomds@m@dsgodgdbol  ©s  ©969]B00go0l
300940 oboangm msogo 4.7.

0bm@o@gdol ba®obbol dg3oligdsls  gobpgbwoon  Losbsgrobm  60dydgbols 3040l
RoONMgdol  IgBodwgbon  Lodobby bogmog@gdgdol  LEsbs@FYmo  blbs®ols
30406 BoMmmdgomab,  gJbBAsJ300l  bad@olbbols  dohggbgdgero  asdmgmgogmgm

ROOIYE0m:

9JLE®sJ3zool bodobbo (%) = (Rsm) / (Rst) »¢100%

Lo

Rsm - Loosbogrobm 60dgdols JOmds@my@dsdsby Lodobby bogmogdgdols 3040l
RO Mb0;

Rst - b@obpas®@yamo blbo@gdol JOmds@ma®sdsby Lodobby bogmog®gdols 3030l
ROOMMEYS0;

991093900
domemyoydo  ®o0gdBol s Losbosgrobm  bogmogdgdols  goboyyd-Jodogdo

0golgdgdols dobgogom obmwodgdosmgol dggocdhogon  godblbgamms  Lbgowslibgs
Lol gdgdo, oboggm Jggmsgo 34.

dg@bggao  asdblbgeoms  LolEgdgdom  dmgsbobgom  Lodobby  bogmog®gdgdols
0bmeo®gds s@ol Lbgowslbgs pH — ol 306mbgddo.

N8 3b@ogndo dmigdygaos bsggarggo bogmog®gdgools obmao®gdol bo@obbo (%)
500l bbgowslbbgs pH — ol o godblibgaoms Lol gdgdols 30@mdgddo.
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ab®ogro 8: meEnbbs30bol, @ol3g@ombol, J3gB0s3060l s germbsdobols
0bm@o@gdol bodolbols dmbs39dgdo

Eobobgengds obmmodgdob LobFgds
3938560 9D0@5(3905G0 Jmerdmgeaddo 3gdusbo Jmedmgeddo
RoJam@dgmnsbo 393@ 60 39Jusbo 9005398500 | dg0momsi33d5H0
9:10 ©oJem@dgmsbo dgmebmgo 80:20 3gmabegmo
0bem3G@3sbmmo 40:40:20 60:30:10
60:20:15:5
obmmodgdols bséobbo, %
pH 2.0
@ sbbe30bo 3 9 3 8 5
@oli3gMombo 5 11 2 4 2
Jaa®oss3obo 7 2 4 3 4
3 badobo 2 3 7 4 3
obewodgdols bs@obbo, %
pH 6.0
@ sbbs30bo 14 27 17 6 14
@olidgMopmbo 12 29 9 12 19
Jaa®os30bo 17 31 12 19 22
smbadobo 11 28 14 21 11
obmmodgdols bséobbo, %
pH 9.0
M@ sbbe30bo 67 85 53 51 77
@olidgMopmbo 63 81 79 58 56
Jaa®oss3obo 56 84 59 60 48
3smbadobo 61 80 68 55 52

obggg 9db3g®0dob@oli Igegaoe wogsaobgm gJbBMsJ300l Mm3Godsmy®o O™ ©s

N gOsmds  (3b®ogro  N9-10).

0bmgro®gdobomgol  03moygbgdbmws

2odblbganms

LobRgds gmogsigdodo — dg3@ebo — wodam®mdgmsbo - 0bm3G®3sbmero (60:20:15:5),

bogm s@ols pH oym 9.0.
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gb®ogro  9: mebbs3obol,  @ol3g@ombol,  J3gdosdobol @  gembsdobols
0bm@o@gdol  ba@olbol  dmbszgdgdo @m0l Lbgoplbgs

0b@ g gogdo
obm@omgool ba@molbo, %
SLsbgangds
9JbAO>E00l AM 9JLAHsE00l O™ 9JLAsE00l O™
3 (o 5 (o 10 o

@ sbbs30bo 56 85 85
@ob3gMombo 80 81 81
Jza®ossobo 78 84 85

e ba3obo 74 80 80

gbdogoo  10:  meEobbodobol,  @oldg@ombol,  Jgg@osdobols s  gerembsdobols
0bmgo®gdol bo®obbol dmbszgdgdo bbgowlbgs N JO>mdols

‘dgdmbgggedo
obmmodgdol bodobbo, %
sbsbgemgds
9ONX JH>©0 0OK JH>©0 Lodx g@oo

@ sbbs3obo 72 85 84
@0b3gMombo 63 81 82

Jaadossobo 80 84 84
3mbodobo 59 80 81

Fo®dma gbogr  3bGogngddo dmigdyamo dgegagdol dobgogom ©sgsaobgm, G™I
50530560 o oEsb m@bbsdobol, @olidg@ombol, Jgg@os30bols s germbsdobols

0bm@o@gdolomgols Mm3G0dogy@ 30Mmbgdl [omdmaowagbls:

2odblbgems  Lob@gds:  gmogsigdodo —  dg3@sbo -  woJem@dgmsbo -
0bm3Om3sbmano (60:20:15:5)

®993905G @Yo Ggg0do: mmsbol Bgddgas@ds

pH-ol 360dgbgenmds: 9.00

9JLHBsJ300l K gHomds: 2

boby@denogmds: 5-5 Fo
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43 5©530560L Lolbmowsh ©s 3@obIoEsb MEs6bs3060l, Gol3g@Mmowmbols,
J396053060L s Jambs30b0ol ys®xsby@o gJlE@sEool ®3@odseado
30M™dgd0L Fg@hggs

9Jb39®0396E0L 3obsbo

domEmy0ndo  Mdogd@owsb (Lobbao, 3@obds) mEobbsdobol, ®@oldgMowmbol,
J3gBos30bols s gepmbs3obol  Fgodgosbydo  gJlE@sgzool  m3Gods@ydo
30039501 oy gbs.

by gnmo ©s dsbsangdo

9JL39M03gbBolmgols  gsdmygbgdyemo  ogm  bsdobby  bogmog®mgdgdols  @9n9m96L
bEobpom@gdo, 0Oy5bgo 2odblbgangdols bbgowolibgs 3oM05(300 o
05bogo@EMmds. 34o@mRsbyY@o gJlR@si0olbomgol aodmoygbgdbmws Lm@dgb@o - C 18.
Lolbeools in vitro 60393930l dmdbogdsdpg d9dm{dgdygemo ogm bodgm@Bogyger ©s
BLoJo@HOm3ge bogmoghgdgdby (obogge Jggmago 4.2).

9JL39®03368&0

Losboemobe blbo®gdols dmdbowgds:

bogganggo  bogmog@gdgdols  do@omswo  blbs@dl  godbopgdmom  dgmsbmendo
30639bd@s300m 10 dy/dan.  dmigdgeo  blbs@ol  Lobbando s  3e0obdodo
2obboggdom  bpgdmws  m@sbbsdobols, @ol3g@ombol,  Jgg@osdobols @
32mba3060L Losbsgrobm bodydgools dmdbopgds 3mbigbd®sioom 50 by/dan.

9950535190 gJuEB®sd300l 3™l Tg®dhggs
3enobdol s Lolbeools 6039 dgdosb m@sbbsdobol, ®oldg@oombols, JggBosdobols
> geoembadoboll 0bm@odgdolbomgols godmygbgdage ogm goglmbols sg3@mds@yo
Lol gds GX-271 ASPEC.
domemyoy@o  mbdogd@Bol s Losbsgnobm  bogmogdgdgdols  goboyy@-Jodogdo
0golgdgdols dobgogom obmaodgdosmgols dggedbogm dgo@xsbydo gJlG@siEool
M@0 25blbgoggdygeo 3oMmds:
300055 Nel
> Leo@dgbBol Lsdydom doymds®gmdsdo dmygebs (3mbogEomgds)
- bodgibgs 1 x 3 dan dgmsbm@on s godOmds
- bodgibgs 1 x 3 dam wgombobo®gdyemo Fymon ©s god@mds
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- bodgsbgs 1 x 1 deo 100 ddmgro geolbgsdyg®o dyxg@om (pH 6.0) ©s
2o dOMbS
» 60dygdol Fobolifomo ©@odydoggds o bLm@dgb@ by dgygebs
- 1 3g» 60dydo
- 4 dgo gombobo®gdyeo Fysemo
- 2 deo 100 39 gmbgysdyao dygugao (pH 6.0)
> Lem@dgbBol hodgibgs
- hodgibgs 3 g gombobodgdygeo Fymom, 2od@mds
- hodgisbgs 1 den 100 ddmgno ddo@Bgogom, aod@MbS
- hodgibgs 3 g dgmobmegom, 2odOMdS
> gaoggoBol dowgds
- dgmoggbJanm@oo (CH2CL) 0bm3dmdogols L3o@Eo (IPA)  sdmboydols
dop@mJbowo (NH4OH), 78202 mobogs@domdom.
30000 Ne2
> Lom@dgbBol Lsdydom doymdsdgmdsdo dmygebs (3mbpgEomgds)
- hodgisbgs 1 x 3 dgmoangbJam@dowo (CH2Cl2) /0bm3dmdomols Ldo®@Eo
(IPA) / 5dmbogdol JopdmJlowo (NH4OH), 78202 msbosgs®omdon ©s
20 dOMbS
- bodgibgs 1 x 3 dan dgmsbm@on s godOmds
- hodgisbgs 1 x 1 dgo 100 3dmewo gelgs@yg®o dyxzg@on (pH 6.0)
> 60d9dol Fobolifomo ©@odydoggds o bLm@dgb@d by dgygebs
4 dgo bodydo
1 dgn @gombobo@gdymo {ysao
2 deo 100 dImgoo Robgs@y®o dyxg®o (pH 6.0).
> Leo@dgbBol hodgibgs
hodgibgs 1 dgo 100 ddmeno ddo@Bgogom, godOmds
hodgibgs 3 dan dgmsbmaom, aodOMdS

> gaogoBol dowgds
domgdymo ganygs@ol dga@mggds s dgmgge

9Jbd®sJ300l O™ G
> Leo@dgbBol Lodydom dpymds®gmdsdo dmygebs (3mbegEocgds)

bo@bdgb@ol gmbwozo®gds dmgsbeobgm Nel s N2 Jodmdbdgddo domomgdyano
blbo®gdom. ao35dOgm s@o9dgHal 76.2 3dgFy. Lg. [bggoby.
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» 60d9dol Foboliomo ©@odydoggds o bLm@bdgb@ by dgygebs
60dydl  oyds@dgo Nl s N2 Jo®Omdgddo  domomgdymmo  blbodgdo
9939960900/ Ig35bx 00900 LEAogs@FAol  @mFsGMAD) s  ga@@odygdom
5b5boboby dmdmagbyco LGB 9Ob dobowgdo. dmgobobgm
(960®0ggp009ds 10 Fyomol gobdoganmdsdo, 5000 d@/Fo ©s dmgodmagm
bogngdo. dowgdyano bodydgdol pH gbps ogml 6.0£0.5. pH-ol @gyymocgds
dmgobwobgm 100 ddmao ghmeydosbo bo@®oydol gmbigs@om.
30m3geYdol  sleymgdol  dgdpgy  Losbognobe  bodydo  ggo@obgm
bm@bdgb@ by.

> Leom@dgbBol hodgibgs
bo@dgb@ols  hodzgbgs  dmgobpobgmn  @odmgbody g@ods  Nel s N2
300mb96do  Jomomgdygmo  msbdodgz®mbom.  yggems  g@odol  dgdwgy
35d0Md00 5 Fymols gobdogmmmdsdo s@oydgdgl 254 3d37y. Lg. §bggoby.

> 9eo(ol Fga®mggds
90 g06gds dogobpgbomn Nel s N2 300md96do  domgdyeno
05db03©yg@mdom.

> 9eo(ol Fga®emggds
Nel oo N2 30@mdgdol  dglododoloe  dgadmggdagao  gaogs@obmgol
2odblbgans  a5dmgoggbgm  sbomosw  dmdbopgdymmo  bodggo. 40 dan
0bM3OM3sbmenls  ogydodgn 4 Jao  3mbi3gbB®odmgdygmo  sdmboyydol
dopdmlbowo, dgudogmn s ogyds@gom 156 dg»  Igmomgbderm@oo s
aobdgm®gdom dgg®ogo.

> 30039rg00b  ©Eabtgadol  Igdrgy  dowgdgmo  gargeGo  Sgam@Jargm
5Go9390 gL 40°C Bgd3g@o@dg@oby sbm@ol bsgowols Jg99 3d@om bsTmsdwy.

» Losbognobom bodydols 3mdboswgds — Jowgdyano dd@ogmo bsdmo gogblgbom
bodggom,  Gmdgmoi  dgogoges 200 Igeo  539H™MbBGo@ol @
©g0mbobodgdyam  (yoenl I3 mobosgodomdom.  Jodgsw  dggu®ogo/
d9gobx@@0gom 30 Fodol gobdoganmdsdo s dmgsbeobgm  JOmds@my@sgdo
0bgd3o®gds 5 dga-ol mEgbmdom.

335053 1OYm0 258MMIds

330930l @AMl goygbgowom  Lomby®d  JOmdsAmadenl - Fobpgdy@o
IoLl3gJBMmmIgB®omn  (LC-MS/MS), Jomds@m@dsgomgdbol  ©s  ©969]B00gool
300mdgd0 obogngm Jagmogo 4.7.
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39800900
Lodobby b0gm0gMgdgdol obmaomgbols bo@olbols dggsligds dJmgsboobgm Lolibanols

©>  3aobdol  Losbosgnobm  bodydgdol 3030l go@mmdgdols  dgns@gdom
M@sbbsdobol,  @oldg@ombol, Jgg@o0o30bol ©s  germbsdobol  LEsbos®Eyao
blbo®gdols 3040l BoOmMdgdmsb,  gJlHGsJEool  bodolbols  dshggbgdgano

2odMgmgeEgm Ge@dyeom:

9JbE®sJ3gool bs®obbo (%) = (Rsm) / (Rst) x100%

Lo@ags:

Rsm - Loobogrobm 6039dols JOmds@my@sdsby Lodobby bogmogdgdols 300l
QOO MS0;

Rst - b@obpas®@yamo blbo@gdol JOmds@ma®sdsby Lodobby bogmog®gdols 3030l
RoONMEYS0;

gbdogro  11:  m@bbsdobol, @ol3dgopmbol, JggBosdobol  ©s  geombedobols
Lobbosb ©s 3amsbdowsb obmerodgdols  bodolbol dmbozgdgdo

Lolbgosb 0bmaodgdol badolbo, %

Robobgemgds 9JbE®5J300L 30G@ds Nel 3JLE®sJ300L 30G@dS Ne2
@sbbsdobo 92 78
®ob3gHombo 94 45

Ja9B 053060 91 76
JEmbadobo 93 69

35b3oEsb  0begmodgdol badolbo, %

Roboby oo 9JLEB5J300L 306Mds Nel 9JLEB5J300L 300Mds Ne2
@ sbbodobo 91 71
®ob3gHombo 93 62

J39® 053060 92 53

3 mbs3obo 94 67
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Jmgdygmo  gdb3g®odgbddo  aodmgoygbge  IYodBsbydo  gJbE@s ool m@o
2oblbgoggdgeo  3o@mds. dmgobwobgm  Lsdobby bogmog@gdgdol Lobberowsb s
3enobdoob  gJlE®sdzos o dowgdya  bodydgddo  Loggmrggo  bogmog®gdols
030bmdM0g3-MomEgbmd@dogo  aoblabmgds,  @obmgolsi  goygbgdwom  Lomby®
JOmdsBma@onli-@obogdyco doLl3gdBOmIgB@oom. domgdyao ‘d90929000
2odmgmgomgm bbgsslbbgs 0bmenodgdol 30@mmdgddo gJlR®sjiools bad@olbo.
gbdogdo  JmEgdymo  gogagdol dobgogom  ogoa0bym, M3 domermaoy@o
Lombggdoesb (Lobbeno, 3e0obds) Mm@ bbodobol, @ol3gMmombol, Jgg®ossdobol s
3mba3060l  Mm3Godsay@o  obmeodgdobomgol  dgdydogdgygeros  Igo@mRsby@o
9J6B®sJz00l 3oOmdgdo. Fo@mdmeagboeno dgmmeon dglsdergdgamos mmbo Lodobby
bogmog®mgdol  m@o  Lbgoslbgs  dom@maoyg®o  doG@oEoesb  gOmo@myeo,
doJLodogry@o 0bmanodgds.
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44 doommmaog0 030g]Hgdd0 Mmsbbs3060l, Gob3gBombol, Jgg@os30bol ws
32mb53060l mgolmd®ogo sbogmobols dsbl3g]GH™IgEHYmo 356539B @ gdols
Ygobhggo
Inzgdgeo  bosolg@@saom  653Omdol Fobobl  Fo@domeagbos  mesbbsdobols,
®0b3g@ombol, J3g®0o30bol s genmbo3obol domemaog®o ©s SASbOME M@0
Fomdmdmdols  mdogd@gddo  Jodoy@-GmJlogmammyoydo  sbognobols  dgmmegdols
bLOygaygmegs s sbogno 9gem  9539]d00 Jgnmegdols dgdydeggds, dgbodsdolow
mnbogg Lodobby bogmog®gdols 0g0bmd@0g-GomEgbemddogo sbognobols

®3E0do@ @0 300mdgdols dgmbggolomgols hogo@omgm  dgdwgyo gJl3gmodgbdgdo:

> bomemyog®  Lombggddo  ma@sbbodobol, @oldg@owmbol, Jgg@os3obols s
Jermbo3obols 3Om9d 00bgdols 9JL39M03dg63 0 Lomby®
JOomds@mg@ogogmo -  Bsbegdymo  Aobl3gddOmIgd@ymo  (LC-MS/MS)
dgmem@om 256Lobrg@molsls M3 0dogg@o 3O0boy@o 969@000
©oboeygbog.

> domgmyoyg®  Lombggddo MRM  gJl3gmodgb@o  Lodobby  bogmogdgdgdols
Looby®  JOmds@madogogmo —  @Gobegdgdo  dobbdgdmmdgdmygemo  (LC-
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Aobrgdgdo  AsLlL3gd®mmIgd@yao  (LC-MS/MS)  dgmmeol  m3@odsgnygdo
300mdgo0l Jglombggoro.

> 5530060l 3ansbdodo  mensbbadobol,  @olidg@mombols,  Jgg@osdobols s
3ermba3060l  0bpogoe@y@o  sbogrobo  Lomby®  JOmds@mydogoymo —
Aobrgdg@o  AsblL3gdd®mdgd@yao  (LC-MS/MS) dgmmweol  m3@Godsgnyg@o
300mdgools glombggoro.
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Aobogdyg@o  Asbl3gdd®mdgd@yao  (LC-MS/MS) dgmmweol  m3@Godsgnyg@o
300mdgo0ls dglombggoro.
Jowgdyamo  Yggagool  Logydggebg  Fgg0dgdeggm  memsbbsdobols,
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45 5©530560L F50©To ©s Lbgomolbgs Logsbds@omgdmgddo mesbbsdobols,
@ol3g@oEmbol, Jgg@ood0bol s ambs3060l gANEEGMYmo mngolmddogo
Sbogobol 2oby® JOmds@mp@sgonmo — sllagd@®Omdg@dgmo (GC-MS)

dgmmpol dgdydoggods

9Jb39®0396E0L 3obsbo

Jodoyg@-@GemJlogmamyoydo sbogobolsls Lo 3geggo bogmog®gdgdols
00gbB0g0z5300bsmgols  bdodo  aodmoygbgds  goby@  JOmIsmy@sgoymo  —
doLl3gJBOmIgBOgamo  Jgmmeo, @mdgaoi  [o@dmowa bl  L3gEoxoy, domsao
da@dbmdgamdols gJlsdgl Igmmel. gobydo JOmds@mydsgol Lodygomgdom bpgds
bodggol  @oymazs  3md3mbgbRgoo,  bmanm  obl3gJBOmIgdHom  symgogo
303306963 930l ©9@9]B0Mgds. s@bodbyeo dgmmeom  GmJboydo bogmogmgdgdols
0009b@G05035300 odmo®hgge domaogno bobommdom, (OGRS
JOms@AmIsLl3gB@ogydo dgmmegdols jmddobodmgdom dglodengdgaos bsggerggo
bogmog@gdolmgol  sdsbobosmgdgemo  L3gaogoydo  IsLl3gdmgdol  dgoo@gds
d0dgrommggzols dmbo39990msb. sbggg sbogrobols ‘dge g0 doggdyen
JOmdos@ma@sdoby  bogmoghgdol  dggog9dol @m0l dobgogom  dgbsdargdganos
‘dgbodsdolo slggbol aogzgmgds [22].

dm 39990 9JU39M0356@ 01 dobobls Fomdmopagbos ‘doddo o
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I. do®do Lodobby bogmogdgdgdols sbsgmobolbomgol — doGomswo blbsmgdols
Jo@do gobboggdom Jmgodbowgm Losbogrobm bodydgdo 3mbi3gbd®sioom
100 bg/dgm.

2. bogobdo@omgdbangdols  (s@odo®go@gdygemo  BodegBgoo) sbogobobsmgols -
JoMomso  blbo®o  aobgoboggm  dgmobmaom, @®I  doagzgom  Losbogobem
blibomo, Ao ‘dgo3og0s mnbogg Lo ggem 93 bogmog@gdols
306396@®s300m 10 ba/dan.

bodydgools  Jmdbowgdolols  ™m3Godoemy@o  Aswsbsfogmgbdobomgols  goygbgdwom
Y BAb2JH00 5d5bobsl 5 Fyomol aobdogermdsdo.
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aogblgboo 100 dge gmo@si3gdoR0m, godasw dggu®ogmn 30 Fodol aobdsganmdsdo
> dmgobeobgom JOmdsGma®sndo 0bgJiodgds 1 3ga-ol mwgbmdom.

335G5@ A0 25BMAIGdS
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3000C 100 C/§o

bggéo MS-5, 30 8 X 250 939

HO6bRgG@s0bol @9939@a@n@s: 3000C

0bggdBodgool InEyemds: 1 djen
ombobizos: 70 g3
S5003o@oMgdgeog ganoydo

5000l ©obgdols LohJsmg 1 dgo/Fo.
©909Jd0Mgds: TIC —m/z 45 — 750 Da

vV V V V V VYV V

dJogdygmo  GC-MS  Jamds@mg@sdgdo ©o Il b3gd@®o  Imzgdymos  Ne21-25
bg@omby.

x10 6 +EI BPC Scan olnz-risp-quetdig-liq-urine1.D

254
244
234
22
214

194
184
174
164 1543
15
144
134
12

11 3embodnbo

. Anb37Mnombn
mobba3nbo 3380030k

0.9
08+
0.7

06

051 033 Py
04

03

02+ 116530

0.1

5 65 1 ™5 1 185 19 @5 N M5 oA 25 2 25 B N5 4 U5 B B5 B %5
Counts vs. Acquisition Time (min)

Lyg@smo 21: Loggergg 6039ddo mesbbsdobol, @olidg@ombol, JggBosdobols ws
30bs3060L GC-MS  JHmds@ma@sds

73



Ao ®
6§

H
4
3
2
1

0

1+EI BPC Scan Ris-Olan-Cloz-Azal-TIC2D

mmobbe3nbin

3mmbodnbn

333809360

"20.%0

a0t
5
4
3
2
1

0
s

+EI EIC(210.0) Scan Ris-Olan-Cloz-Azal-TIC2D

+EIEIC{242.0) Scan Ris-Olan-Cloz-Azal-TIC2D
15323

miz 242

E me ot

+EIEIC{243.0) Scan Ris-Olan-Cloz-Azal-TIC2D

)

miz 243 ’

Counts vs. Acquision Time (i)

16 198 % W2144 16 15 15 12 14155 158 1 162 164 166 168 17 172 74 176 78 15 182 184 186 188 1 182 194 196 198 20 22 M4 N6 A8 2 2A2 204 26206 B 22 B4 16

Lbyg@omo 22: Logobdo@o®gdgendo mesbbodobol, J3g®osdobol s germbsdobols GC-

x10
2.

24

1.
1.
1.
1.

14
08

06
o] U
024

04

x10
1.

04

x10

24

1.

1.
.44

1
1

0.1
0.

044
024

byg@omo 23: Logobds@omgdgenodo J3gdos30bol s @olidg@ombols GC-MS

.24

6 +EI BPC Scan olnz-risp-quet-ia-fig-urine1.D

o
o
4
2

MS JOmds@ma@sds

4333093060

Mob3jAnembo

6 |+E1 EIC(210.0) Scan olnz-risp-quet-liq-ig-urine1.D
6

*20.332

3328093060 ‘1
|
|

L N/L
WJMWNH ) AMLN/ U SR AN A

5 +EI EIC(410.0) Scan olnz-risp-quet-liq-ig-urine1.D

8
64

14
8
6

04

o
Ny o A el W

185 16 15 17 175 18 185 1 195 20 205
Counts vs. Acauisition Time (rin)

JOmdsBma@sds

. '/'/‘Jﬂ
.j“ Anb3gAnembo
[

\ i W, |
\ Wl .
iy = \gsd

hinpf

2 25 2 25 25 285 24 245

74



242

1004
229
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4.7 50580560 LolbmBo m@sbbs30bol, Gol3g@opmbol, Jgg@osdobol ©s
32mb53060L Mgolmd@og - HomEgbmdMogo Sbsgrobols Lombyd

Jo@ds@madsgogmo - Gobpgdgdo sLL3ge®Omdgdegmo (LC-MS/MS) dgnmwols
99+9Doggds

9Jb39®0396E0L 3obsbo
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25dmy969d9emo  0gm mensbbs30bol, Moldgdombol, J3g®os30bol s gembadobols
LB obos®@gdo. dom@maoy® ®bogd@l Fo@mdmopagbos s©sdosbols Lolbeno.

335M5@ DOm0 258MMIds

330930l @AMl goygbgowom  Loobyd  JOmdsAma@enl - Fobpgdy@o
IoLl3gJBmmdgB®omn (LC-MS-MS) - AGILENT TECHNOLOGIES 1290 Infinity
AGILENT TECHNOLOGIES  6460Triple quad LC/MS, ULgg®o - Zorbax Eclipse,
LbEoEombs®dygmo gobs - CI8 (100x2.1mm, 1.8pum). bgerlofym sa@gmgg sekg®goemo
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gb®ogro 12: Imd@sgo Bobol a@oogbdygeo dofmegdols 3oGmdgdo
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4°C 39939053 9®obg dgdamdo sbsagobgdolsmgol.

0bogro@gdol 3G 00 d95GR5 bay@mo g JbE G006 §odmyg6930m
Lolbaools  6039dgdosb  mEsbbo30boll  obmeodgdolbomgols  godmygbgdye  ogm
30 bembols GX-271 ASPEC LolL@gds god@G®oxom Supelclean LC-18 SPE 5003y,

9JbB®sJz00l 3OME PGS

» b0dydol Fobolifomo ©odydoggds
13gn  60d9AL  oyydo@gom 43@  gombobo®gdyeo (ysgmo ©s 2den 10033
Robys@ol d9xz960 (pH 6.0).
9939960900/ Ig35bx 00900 LEAogs@FAol  @mFsGMAD) s  ga@@odyg®om
5b5bobobg dmImp gbyg@o LG YJB ol Joboswgdsw.
dmgobwoby  396¢®0xgga0Mgds 10 Fymol asbdsganmdsdo, 500 d@/fo  ©s
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sgsMgagomgon pH dgbsdsdoloe 100 ddmeno  gOngydosbo  bs@@oygdols
RO bRsEom.
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> Lobododmenem  9Jl3g@Bobols  GmJlogmemyms  sbm@osigools (SOFT) o
039030l Lolbododmam 9Jl3g@Bobols bodgibogdhm szsgdool (AAFS) dogd
939 doggdymo  aooensobo  (SOFT/AAFS  2006) ULobsd®mam  Jodogdo
9JL390B0bols 05dMASGHM@0gdolmgols. goeos(300l 3oModg@BMgbdols
‘dg@bggolsl aolomgomolfobgdganos 0d sbsgobols dgmmwol ©sbodbyagds,
@md@ol  gogroEs3osi  sMol  woygadoano,  dogogomobomgols  dgodangds
aobgobogme  sbogrobol  dgmmo  aobiygmgbogmos mgobmd@ogo oy
GomEgbmd@ogo  sbogmobolomgol,  dgogyedghGgool  jmbGGmeols 0y
Lolodotmerm Jodoygdo gJl3g@Eobobomgols [134, 187, 205].
dogdygmo  H9303dgbes30960lL Logydganby aobbm®Eogmes swsdosbols Lolibendo
M@sbbs30bol, @olidgMmombol, J3gdoo30bol ©s genmbs3obol mgolbmdmogo s
MomEgbmdMogo 3obLobegmols Lomby®o JOmdsFmg@ogoygamo - dols
139JHO™IgHO Yo (LC-MS/MS) dgmmpols gognoszos.

5bogrobol dgmmEol gogoEsos hogo@o®gm Jgdwgy doMomsw 35Modg@d®goby:
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L Lfmebsbmgbgds (Linearity)
bgangdog®mds (Selectivity)
Lol m®g (Acurrency)

oo

Lobylpg (Precision)

>dmbshgbo dobodydo (LOQ)
25bLslsbwg®ogo dobodydo (LOD)
9JLHBsJ300l badolbo (Recovery)
do@®oiol gg9J@o (Matrix Effect)

e

bEodoga@mds (Stability)

LY mobsbemgbgds

LYmabobmgbgds  ay@olbdmdl  @Gompgbmd®ogo  sbognobols  gogagdol  ©s
306396@®s30ol  LYm@bobmgeb  ©sdmgoegdygmgdsl.  dowgdygmo  dgogagools
LYmabobmgbgds  dgbsdanms  Foddowagbogro  ogml  adsxogol  Loboo o
Lomobowom  LEs@olb@ogydo dgmmpom, @gadglols {@xgol dobgogomn womaobegl
395300l 3mgxn03096E0 R2, Omdgeoi o6 Ybos ogmlb 0995 by bogengdo.
LY mabobmgbgdols  opagbolomgols  gbs  dJmbegl  s@obogargd 5 Lbgowslbgs
30639635300l bodydols M5mEgbmdM0g0 3oblbobeg@ols ‘dg©ga900L
LEo@obEogy®o sdydeggds [29].

LPm®Obsbmgbgdol  obowygboe  sbogroboli 3@m@Egoyg®ol  OML  3sdmygbgdyao
04 boggenggo bogmog®gdgdols dgdwgao  3mbigbd®siool Lsgsmod@em blbs@gdo
10, 15, 20, 30, 50 s 100 bp/3an. sbognrobol gogasw dowgdygeo 3030l GoBmmdols
©> 30b3gbG®o30ol sdmjogdbyagds Imgdygeos Nel3-16 3b@oando. dmbszgdgdo
053539 dog90  LAsAoLGog®m0 LTm@dbsbmgsbo @ga®gbols dgmmeom, sdmgoygbgom
Graph Pad Prism 30mpa@sdgmo  qb@ybggeygmes o @ogoaobpm  jm@gasiool
309803096¢0.  Jmbsi39dgdol  wosliGydgds  dmgsbobge  Microdost  Excel-ols
dmbogdms LESEAOLE039YM0 odydoggdol 3Gma®sdom. dgogase ©ogoyobgm, G®I
Foddma gbogno  sbognobol  dgmmeol  300Md9ddo  mensbbadobols  gm@gersiools
30980309630 R2=0.9991, ®ob3gMoembols R2=0.9980, J39®0s30b0ls R2=0.9989,
3mbodobols R?=0.9986, dmboigdgdo  dglododolbmdsBos  owagboam  bem@dgdmsb.
(omdmeagbogno  Logogmod@m  a@s03gdols  obogrobol  dobgogom  dgygodanos

109



o35L33bom MM, dgmmeds shggbs LFm@Obsbmgbgds 10-100by/den  30mb39b@@S3000L
QoM 930, Logomod®m adsxoz0 obogngomn Lydomo 62-65.

gbogro  NeI3:  m@sbbodobol 3030l godmmdol o 3mbigbd@siools

©05dM 30 gdem gds
56530601 O@56B53060L Lsgsmoddm blibs@gdols 3ogols
Lsgomoddm blbs®gdols RoONMdgdol Lsgoemm 360Tdgbgeremds (n=6)
Ne 363396@@s300
63/3%2
1 10 309521
2 15 641751
3
20 908518
4 30 1346099
5
50 2417018
6
100 5231139
6000000 ‘ —— [ — —
i ‘ I ‘
i y=54191x-223165 »
5000000 i R? = 0.9991 i
| .
= 4000000 {
< [
s \
S |
Z 3000000 }
2 |
= 2000000 }
1
1000000 ‘
0 - | ‘
0 20 40 60 80 100 120
306G6HB>Go>

byy@omo 62: m@sbbodobol bsgogoddm y@og030
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gbGogmo  Neld: @ob3g@ombols 300l go@omdol  ©s  3mbigbd®siEools

©530 30RO YE G
@oli3g@opmbols Gol3g@oEmbols Lsgomoddm blibs®mgdols
bogogmod@m bLbs®gdol 30306 BsHN@BGd0L boTgsgre 360Tgbgarmds
Ne 3mb(39b@M>30s (n=6)
be/dem
1 10 176510
2
15 427842
3
20 555861
4 30 796990
5
50 1565306
6
100 3367828
4000000 : :
3500000 | |
| y=35142x-169435 | 3
; R2 = 0.998 ; /
3000000 _ '
£ 2500000
g
£
% 2000000 - —
E 1500000 -
1000000 - |
500000 i |
0 ] | |
0 20 40 60 80 100 120
30b396H@>30s

Ly@smo 63: Gol3g@oEmbols Logomodbdm a®sgozo
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gb®ogno  Nel5: J39B 030601 30300l ROAOMMd0ls S 30b39bB®s300l

©530 30RO YE G
3390053060k 33900530600
Logogmaddm blbs@gdols bogogmod®m 151560(4);]6015 30301 goBMmdgdols
Ne 3063396@@s30s LoFgomem 3603g6g@mds (n=6)
by/dg
1 10 326580
2
15 740128
3
20 1000165
4 30 1601320
5
50 2856477
6
100 5644000
6000000 - |
, y = 58604x- 169532 p
: R?=0.9989
5000000 +——— ——— —
4000000
% 3000000
) 2000000
1000000
0
0 20 40 60 80 100 120
30bGbGGsGo>

byg@omo 64: J39B 053060 Logomoddm a@sa030
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gbdogro  Nel6:  geoembodobols 300l gGo@wmmdols s 3mbEgbH®oiools
©5dM 30 gdym gdo
32mbs3060ls 3@ bs30bols
Logogmaddm blbsmgdol Logomod@m blbs®gdol 300l go®Mmmdgdol
N 306396 @530 Lo dygogmm 360Tgbgemds (n=6)
bg/ g
1 10 357139
2 15 822334
3
20 1122469
4 30 1794799
5
50 3173802
6
100 6223809
7000000 ‘
[ \
i y = 64568 - 172255
6000000 R2=0.9986 /0
5000000 | - — —
£
£ 4000000
€
"Z. 3000000 b
2000000
1000000 i
0 ! -
0 20 40 60 80 100 120
3b3abEBG0>

byg@omo 65: gerembodobol Lsgomod@m ag@sgogo
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Lolfmog o> Lobyl@y

Sbogmoboll  dgmmeol  LobylEg a0dmbs@ogh  gOmo  ©s  opogg  306Omdgddo
ho@o®gdygeo, Lg®ogeo sbogobol dgogagdol msbbggo@ol bo®olbl. LobylLdg
25dmobs@gds  goMosizool  3mggnoiogbdom (CV %), @mdgmoi gbps ogml <15%,
2obLalobwg®o dobodydols dgdmbgggsdo <20%.

Lol{mag  o@ol  sbognobol dgogygdol Losbanmgols ba®olbo bmdobsgny@ o6
o gboa, kq9dds@o@ dohggbgdgemasb. sboemoboli dgmmol Lolfm@ols dgxsligds
bgds  dobodyd  Lodo  Lobgowolbgs  3mbi3gb@d@siools  bydydol  bymxgdewo
3oblobwg@om.  Lobfm@ol  oboswagbos  sbogoboll Ygwgaoe  dowgdyao
dmbs39dgd0  9bps  Yggoo®mm  bmdobsgny®  3mbigbG®oioslt. gowob®s
bedobogryg@o  3mbigbBMsEoowsb 9bws ogml £15% - ol, bogm goblsbsbwgdo
dobodydol dgdmbgggodo £20% - oli Bodaagddo [106].

LobylGol s  Lolfm@ol @opagbols  dobbom  dmgsdbopgm 3 Lbgswslbibgs
3M6396@®s300l Losbsgrobm 6odydo (10, 25, 50.0 by/den) Lolbeondo gobboggdoo.
Jogdgmo  35@M0dgB®gool  oboagbo  dmgobpobgm  mommgywmo  bodydols
bymx g@oe goblobwg@s (n=5) bsdo ol 3g@omodo.

goeosz00l gdbdg®modgb@ol dgogagoo dmEgdygeos Ne 17-24 3b@ogndo.

gbogro 17 m@sbbodoboll ol aobdsgmrmdsdo s wEgmsdm@obo
5mEgbmbdM0g0 goblobwg@ol Lobylg (n=5)

C n bp/9g | Psmgomo 3mb(3gb@@s30s ba/dw | LoBgomeo |  SD | CV%
©EO0L a56d53a0md5T0
10 9.71 93 10.8 10.7 9.1 9.92 0.70 7.1
25 23.19 23.98 269 25.7 225 24.55 1.62 6.6
50 462 5174 529 46.1 53.1 50.01 3.18 64
EEInsIndobo

10 9.1 9.06 109 10.78 9.05 9.82 0.87 8.8
25 23.19 2298 26.8 26.7 229 24.60 1.83 74
50 452 5274 52.8 46.1 5329 50.02 3.59 72

Cn— o@sbbs30bols bmdobsgoydo 3mb3gbG®oiG0s;
CV % — 3oG0s300L 309803096@0;
SD — b@obps@@ygmo aosb®s
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gb®ogno 18: @olidg@omboll ol gobdsgermdsdo s mgmsdm@olo

omEgbmdMogo aoblobwg®ol Lobylpg (n=5)

C n by/de I Esmgmomo 3mb3g6@®>305 by/de I b goemem I SD I CV%
el 356d53mmds>To
10 925 941 10.95 10.7 9.11 9.88 0.78 79
25 22.52 23.52 26.8 2591 2245 2424 179 74
50 522 459 536 46 53.7 50.28 3.58 7.1
0> I0Bobo

10 8.7 9.06 109 10.95 9.05 9.73 098 10.1
25 22.8 2298 278 277 22.8 24.82 240 9.7
50 45.15 452 5493 46.15 549 4927 4.63 94

Cn—- @ob3g@opmbols bmdobsgny®o 30mbi9b@@MS(300;
CV % — go®os300l 30gg50309630;
SD — b@obps@@ygmo aosb®ds

gbdogoo 19: J3gBos30bol @@ol aobdsgenmdbdsdo @
3oblobwg@ol LobylLg (n=5)

OEINs>dm@olo omEybmddogo

Cn 6p/9e | omgmomo Jmb3g6@®HSE0s b/ | LoBgomeo | sD | CV%
ol 356353 Mds5T0
10.00 9.73 922 10.85 10.85 925 998 0.73 73
25.00 23.15 24.00 26.90 2591 2245 2448 167 6.8
50.00 5220 45.90 53.60 46.00 53.70 50.28 3.58 7.1
s I0@Hobo

10.00 890 9.00 10.95 10.95 9.05 9.77 0.96 9.8
25.00 23.00 22.55 26.80 2795 22.50 24.56 233 95
50.00 46.25 45.90 54.90 45.00 54.80 4937 449 9.1

Cn— 393053060l bmdobsgry@o 30b3gbB®s0s;
CV % — go®os300L 309803096@0;
SD — L@obps@@ygemo aoob®o
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gb®ogno 20: geombs30bol ol gobdogemdsdo s Egmsdm@olo Gomegbmd®ogo
2obLobwg@ols Lobybdg (n=5)

C n bp/9en I smgmomo 30b3g6@®s305 by/dem I Lo>Fygoe I SD I CV%
0l 356053@mMdsT0
10.00 940 9.50 10.65 10.60 9.30 9.89 0.60 6.1
25.00 24.15 23.10 2682 25.80 23.30 24.63 145 59
50.00 52.30 4790 5325 46.96 53.80 50.84 284 56
O g0 sInGobo
10.00 8.89 9.10 10.65 10.89 9.15 9.74 0.85 88
25.00 23.18 2301 2692 26.88 22.19 2444 2.04 83
50.00 46.30 46.10 54.84 46.89 53.60 4955 3.85 78

Cn— geombs30bol bmdobosgoydo 3mb3gbd®sios;
CV % — goG0s5300L 30950309630;
SD — L@obps@@ygeo aoob®o

gb®ogno  21: mEsbbsdoboll ol aobdogermdsdo s Egmsdm@obo
5mEgbmbdM0g0 goblobwg@ol Lolfmag (n=5)

smgmomo 30b3gbd®sios % bmdobsma@ansb Lo goeom
C n by/de g6 3300 % SD
oL 356d53mMd5T0
10.00 91.80 91.50 92.90 92.90 92.60 92.34 0.58
25.00 95.80 96.10 93.90 98.10 97.50 96.28 146
50.00 9940 99.60 102.99 102.80 99.80 100.92 1.62
©Pmg0sIndolio
10.00 89.50 88.60 88.30 89.90 91.20 89.50 1.03
25.00 90.50 91.30 91.10 92.50 93.80 91.84 118
50.00 92.80 91.10 91.10 92.50 92.10 9192 0.71

Cn— J39B 053060l bmdobsgrydo 3mb3gbB®sos;
SD — L@obps@@geo aoob®o
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gbGogno  22:  @ol3g®opmbol ol gobdogermdsTo s Egmsdm@obio
omEgbmdMogo aoblobwg®ols Lolfmmyg (n=5)

EOMgEomo 3mb3gb@BSE0s % bmBobsma@dmsb Lodgome
C n by/de Vgo® 9300 % SD
Eols a56dsganmdsdo
10.00 92.50 93.60 92.10 94.50 95.80 93.70 135
25.00 95.30 9540 94.90 98.50 97.50 96.32 142
50.00 102.50 102.50 102.80 102.80 102.70 102.66 0.14
O g0nsIoGobo
10.00 89.70 9130 90.20 92.90 90.80 90.98 1.10
25.00 92.80 94.20 94.10 95.00 96.50 94.52 122
50.00 98.90 102.70 100.90 94.50 99.60 99.32 2.74

Cn—- @ob3dg@ombols bemdobsgry®o 3mb3gb@®sios;
SD — b@obps@@ygmo aosb®ds

gbdogro 23: J39@053060L ol gobdoganmdsdo s wgmsdm@olo Gosmwgbmddogo
2oblobwg®ols Lolfmayg (n=5)

omgmomo Jmbi3gbd®sizos % bmdobsgn@nsh b5 go@em
C n by/de Y06 9300 % SD
ol 356853@mdsBo
10.00 92.00 91.10 93.70 91.80 93.90 92.50 1.10
25.00 96.73 97.17 93.50 96.50 95.90 95.96 1.30
50.00 103.50 99.80 9822 102.30 102.90 10134 2.01
OIS Im@obo
10.00 88.10 89.95 88.70 90.65 91.03 89.69 112
25.00 92.74 91.02 90.21 94.10 99.32 9348 322
50.00 98.96 100.01 99.95 98.73 99.80 99.49 0.54

Cn— J39B053060L bemdobsgryg@o 3mb3gbd®sios;
SD — L@obps@@geo aoob®o
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gbGogno 24: 3a0mbo30bol ol Aobdoganmdsdo s EgmsTm@obo Gomegbmd®ogo
2obLobwg@ols Lob{mag (n=5)

bsFgome osmgmomo 3mbigbGHsGes % Los3oemem
C n by/de 603065 9Bnsb Vgs6 gdom % SD
ol a5b3sgemmosdo
10.00 92.30 92.70 92.98 91.02 91.80 92.16 0.69
25.00 95.80 97.39 98.50 97.19 98.14 97.40 0.93
50.00 99.27 98.35 101.87 100.90 102.64 100.61 1.59
EgnsInGolo
10.00 8823 89.34 89.14 90.25 90.22 89.44 0.75
25.00 90.45 90.64 91.77 90.31 91.01 90.84 0.52
50.00 93.66 94.01 95.23 95.56 93.64 94.42 0.81

Cn— geombs30bol bmdobogoydo 3mb3gbB®sios;
SD — bEobpsd@gmo aopob®s

LobylBol s Lobfmdol Tdgxsbgds dmgobobgm LEsbps@@ymo go@sob®ols ©s
bodgo@m smgeomo 3mb3gbR®siEool odomdbon.

gb®oedo  IJmzgdyeo  dgogagool dobgwgom, dgmmwol  Lobyleg Jgoagbos:
M@s5bbo30bo - ol gobdogermdsdo CV % 6.4% - 7.1%, pwgnsdmaolo CV % 7.2%
- 8.8%; @olidg@ombo - ol gobdsgamdsdo CV % 7.1% - 7.9%, wo@gmsdmdolo
CV % 9.4%-10.1%; JggBosdobo - @eol gobdoganmdsdo CV % 7.2% - 7.3%,
gnsdodolo CV % 9.9% - 9.1%; gaombsdobo - ol aobdsgemdsdo CV % 5.6% -
6.1%, pEgmnsdm@olbo CV % 7.8% - 8.8%.

ol 25bdoganmdsdo  Lolfmeg masbbsdobolngols ogm 9234% - 10092% o
Egmsdn@olbo Lolfmeag ogm 89.50% - 9192%; ol gsb3sgemdsdo Lob{m@y
@0l3gMombolmgols ogm 93.70% - 102.66% ©s mgmsdm@olbo Lol{meg ogm 90.98%
- 9932%. ol gobdogermdsdo Lobfmeyg Jgg@ossobolmgol ogm 92.50% - 101,34%
> Egmsdm@olo Lolfmeg ogm 89.69% - 99.49%. eols aobdsganmdsdo Lol{m@g
ermbadobolmgols ogm 92.16% - 100.61% s Egmsdm@olo Lolfmdg oym 8944% -
94.42%.

dogdygmmo  dgogaomn @sbYMgds,  @md  sbogrobol  dgmmwpo  LOymow
5335940 gdl oy gboen dmmbmgbgdl.
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s@dmlbohgbo 306039do (LOD) o Gompgbmddogore gsbLslsbog@dsgo
30603430 (LOQ)

o>dmbohgbo  dobodydo  o@ol  boggangyg b0odyddo  s@Lgdyamo  bogmogdgdols ol
dobodogny@o HomEgbmds, AmImol sedmbgbsi dglodangdgaros by lsFyml dog@,
bogem  GomEgbmddogo  aoblobsbmg@sgo  dobodydo  o@ol  Loggangg  bodyddo
>0 Lgoymo  bogmogdgbols ol dobodogry@o  @omgbmds, Mol  2sbbabmg®s
‘dglodargdgemos oeggboaro Lobfm@om ©s LobylEm. dmigdymo 3s@sdgG®om
bolosmegds sbognobols dgmmeo, Gmdgeoi gobggmgbogos Lssbsgnobm mdogdd do
d3009 O5m©gbmdols bogmogMgdgdol smdmlshgbsw.
sOLgomol  s@dmbsohgbo ©s 2oblolabrmg@sgo dobodydol  owagbol Lbgowslibgs
doamds, GmIgeo odmgogdygeos dgmnmeol Lobgmdsbyg [80].
o>mdmbohgbo  80b0dgdol  olowagbow  dgbadargdganos  godmgoygbmo  dgdwgeo
dgmmgdo:
> 2oblobobwgdo  ©s  swdmhgbo  3060dydol  godmmgens  bpgds  3bmdogno
306396@®s300l boydol sbogobom. waobwgds Loggawggo bogmogdgdoli ol
dobodogny@o  @opgbmds,  Gmdgols  sdmbgbs s Gomgbmddogo
3oblobwg@s Lo®@{dybms dmgdyao dgonmeols 30GmbgdTo.
> Lopabogroll @ bdoy@ols  mobogs®mds - asdmoygbgds 0d  sbognobols
dgmmwols dgdmbgggsdo, Gmdgeroi ogangbl Lodobobm bdoy@l. Logbsaols
>  bdoyg@ols  mobogs@omdom  smdmbshgbo  d0bodydol  owygbs  brgds
Esboo,  3bmbdogno  3mbi3gbd@siEol  bodydol  sbogrobolols  domgdyaro
Lbogbogrol  dgodgdoon  bygoms  bodydol  Logbosgrmsb.  Loabsgnols o
bdoy@ol mobogo®@@mds s@ols 2oblolobwg®o dobodydol dgdmbgggsdo 10:1,
bogoem s@dmbshgbo dobodydol dgdmbgggsdo 3:1 msbsgo®omdbon [81].
> 2oblobobwgdo s omdmlobgbo  80b0dydol oy gbs,  ©@ogydbgdyemos
bgaro(ymbg dJowgdyemo Logbsgol s Logsod®em IGyool LEsbos® @
3osb®obyg, Mmdgeoi godmomgmgds dgdogao Rm@Igaom:

2oblobobwg®o dobodydo
L 10 X &
S
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>@dmbshgbo dobodydo
3.3x4

bogoe:
d - bganboFymbg dowgdyemo Lopbogols LEsbos®@Gymo gosb®s
S - Logogod@m dogool wob®ommmdol gynbol dbodgbgermds

hodmmgeroao  dgmmegdoesb  @obsagbo  godmgoygbgm  dgmmeo,  Gmdgeros
©ogydbgdygmos  3ogol  (bgeobs(ymlb  Logbogro) w©o  Logogoddm  ddOyools
ob®oamdol 3gmbol wsdmowgdygegdsby.

bganlofgml  Loabogoli  LHsbps@@ygemo  aoob@ols  godmsbao®odgdol  dobbom
dmgobwobgmn  bygms Lobbgols 20 x9@s@o  JOmIsBma@dogodmgds ©s domgdymo
99093900056 godmgmgomgm  LEAsbs@@mo  gosb@®s 3. Lsgoodbdm  dGywols
sb®ogmdol  3ygmboll db0dgbganmdols aodmbismngmgarse  asdmgoygbge  Microsoft
Excel-ol  30ma®sds,  @ob@ogmmdols  gygmby  ©ogoeaobgm  gdglo  Lbgswslbgs
3063963 ®s3000 bodydols Logo@oddm  a®sxgogzol  dobgogom.  domgdyao
993900 JmEgdgmos Ne25 3b@oando.

gbGogno 25: Lsgganggo bogmog®gdgdols aoblslbobrmg@o s s@dmbshgbo  dobodydols
dodmmgaol dggygdo

bogmogdgdols N* sedmbshgbo 356LsLbEg@o
Esbobgamgds dobodydo bp/dem dobodydo bp/dem
(')Qos%o.}oﬁo 6 3.02 9.12
@ol3gHoembo 6 2.45 7.43
J39®053060 6 2.87 8.70
J0eb3060 6 2.12 6.31

N* - ho@odgdyeo sbogmobols @om©gbmds
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gbGogndo dmigdgmo gogagdols msbobdow [o@mdmwagboano sbogrobol dgmmwom
Jgbodengdgemos  Loggergg  ®dogdddo  dzodg  @omegbmdol  mensbbsiobol,
@0l3g@ombol, JggBosdobol, janmbosobols s@dmbgbs (2.12-3.02 bp/den gs®aagbddo)
> M5mE bmd®M0g0 goblobwg@ds (6.31-9.12 ba/dan go@myegbddo).

Jogdyge 300mdgddo slggg ogoyobgm Logbogmols s bdoy@ol mobogs®mds,
Omdgeoi 0gm goblobsbwg®do d0bodydol dgdmbgggsdo <10:1, bogm smdmbshgbo
dobodydol dgdmbgggsdo - <3:1. dggagdo dmEgdgeos JOmds@ma@sdgdols Lsbom,
byg@omo 66-69.
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4ES1 MRM Frage135.0V CID@™ (411.0-> 110.) MIX-LONG-GRAD-HRMOO2
102 Noise PeakToPeak) = 0.60; SNR (8950min) = 411.4

34 1h
28
26
244
224
24
184
16
144
124

+ESI MRM Frag=135.0V CID@™ (411.0 -> 163.0) MIX-LONG-GRAD-MRMO002.
x10 2 Noise (PeakToPeak) = 0.40; SNR (8.959min) = 221.5

1

£ MRM Frag=135.0V CD@™ (411.0-> 191.0) MXLONG-GRAD-RMOO02
1103 Noise PeakToPeak) = 3.48; SNR (8969mi) = 458.5

1
2754
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175+
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125
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*8p59
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Counts vs. Acquisition Time (min)

Lbyg@omo 66: @olidgdombols MRM  JOmds@ma@sds (S/N)
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56
54
52

ESI MRM Frag=135.0 CID@"* (384.0 -> 208.0) MIX-LONG-GRAD-MRM0002.d
x10 1 |Noise (PeakToPeak) = 0.34; SNR (9.6201 311

1 9.620

+ES| MRM Frag=135.0V CID@"* (384.0 -> 221.0) MIX-LONG-GRAD-MRM0002.d

x10 3 Noise (PeakToPeak) = 1.08; SNR (9.623min) = 1065.9
2

ifi 9.623

+ES| MRM Frag=135.0V CID@"* (384.0 -> 236.0) MIX-LONG-GRAD-MRM0002.d

x10 1 Noise (PeakToPeak) = 0.26; SNR (9.625min) = 29.2
56

i 9605

+ES| MRM Frag=135.0V CID@"* (384.0 -> 253.0) MIX-LONG-GRAD-MRM0002.d

x10 2 Noise (PeakToPeak) = 0.80; SNR (9.628min) = 897.7

1 98

11.087

+ES| MRM Frag=135.0V CID@"* (384.0 -> 279.0) MIX-LONG-GRAD-MRM0002.d

x10 2 Noise (PeakToPeak) = 0.68; SNR (9.629min) = 229.7

2 1h
175
15
125 f
s |
0.75
0.5 — - —
05 0 o5 1 15 2 25 3 35 4 45 § 6 65 7 715 8 85 9 95 10 105 11 115
Counts vs. Acquisition Time (min)
+ESI MRM Frag=135.0V CID@** (327.0 -> 192.0) MIX-LONG-GRAD-MRM0002.d
x103  Noise (PeakToPeak) = 3.16; SNR (9.149min) = 710.8
2]
154
1
054
+ESI MRM Frag=135.0V CID@** (327.0 -> 227.0) MIX-LONG-GRAD-MRM0002.d
%102 |Noise (PeakToPeak) = 0.50; SNR (9.149min) = 112.9
1 9449
1
09
08
0.7
06
054
+ESI MRM Frag=135.0V CID@** (327.0 -> 243.0) MIX-LONG-GRAD-MRM0002.d
%107 Noise (PeakToPeak) = 0.26; SNR (9.149min) = 27.5
1 *9.449
54
524
5]
+ESI MRM Frag=135.0V CID@** (327.0 -> 256.0) MIX-LONG-GRAD-MRM0002.d
x107 Noise (PeakToPeak) = 0.32; SNR (9.203min) = 6.7
5.05- 5 +9.803
5]
4954
494
485
+ESI MRM Frag=135.0V CID@** (327.0 -> 270.0) MIX-LONG-GRAD-MRM0002.d
x103  Noise (PeakToPeak) = 1.38; SNR (9.203min) = 719.6
14 1 *903
08
06
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05 o0 o5 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 S 95 10 105 11 115

Counts vs. Acquisition Time (min)

by@omo 68: janmbodobols MRM Jemds@my@sds (S/N)
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+ES| MRM Frag=135.0V CID@"* (3130 -> 198.0) MIX-LONG-GRAD-MRMO002.d
1102 |Noise (PeakToPezk) = 152 SNR (7.598min) = 1128
22
7598
2
18
18
14
12
1
08
08
+ES| MRM Frag=135.0V CID@"* (3130 -> 213.0) MIX-LONG-GRAD-MRMO002.d
101 Noise (PeakToPeak) = 0.58; SR (7.602min) = 363
42
63 ‘I
|
66 I
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[ |
62 |
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|
58 L |
| |
56 P
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|
52 “' “
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o '\
——— A——— _
+ES| MRM Frag=135.0V CID@"* (3130 -> 256.0) MIX-LONG-GRAD-MRMO002.d
1102 Noise (PeakToPezk) = 080; SNR (7.601min) = 749
.
s ]
1
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Counts vs. Acquisition Time (min)

byg@omo 69: mesbbsdoboll MRM Jémds@dma®sds (S/N)

Lgegdog@mds

by gd3ogeOmds s@ol sbogobol dgmmeol dglodengdermds Jmsbwobml bsgganggo
bogmog®gdols ©0089M9bz0Mgds do@@ozodo >0 lgdyeo 9bma gby@o
60gm0g@Mgdgdolopob s  Losbognobm  60dyddo  s@Lgdymmo  Lbgs  Logo®syome
0obdbangdo  3mI3mbgb@gdologeb. gl dgodargds ogml  @odaol s Lobmgbols
3000JB 900, dobodgzgdo, do@Mois s slyg Vgdwgy.
obogmobol  dgmmeol  bgawgdaoyg®mds  dgbsdsdobs  ayeolbdmdl  d9dwge
39292900:
» mgobmddogo  sbogrobo - 9gbAYbgganygmal  Loggarggo  bogmogdgdols
00gbB0g0go3E0sL.  gbos  oEsLEYOgl  Fhodme  ©s3o3d0Mgdyao
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LEAO YA 9O bsghmgdl dm@ol Lodobby bogmogmgdol o0pgb@ogogsiools
‘dglodan gognmds.

> B9LRo  dobsdgggdby,  PbOYbggymxnl  ggges  s@lgdyeo  dobocggols
‘399339800l o gbsl.

> @omEgbmd@ogo sbogmobo - 9bws ool YAl AMI sbsgobols Jgmmeols
25dmygbgdoliol dgogagddbg aogagbsl o@ dmobpgbl  ®mdogd®do s@OLgdbyao
dobomgggdo, dgdogligdemgdo ob Lbgs 3m3d3mbgb@gdo [87, 134].

Lgen9dEog®Omdol  slowagbs  Imgodbogm  Losbsgobm  Lobbanol 6-6  60dydo.
bosbogmobem  mdogd@gdol gomo  Lgdos o6 dgogogos  bodobby bogmogdmgdgdl,
boam dgmdg bgdos go — dgoEsges mmbogg bsdobby bogmog@gdsl. dmgsboobgm
9JbpMsJz0s s JOmAsGma®ogodgds  obsgrobol  dgmmedo  Jomomgdyaro
300mdgdom (Jggmogo 4.7). dgwgagdo dmigdgemos Ne 26 (3bdogndo.

gb®ogno 26: Lsdobby bogmogtgdgdol s Lyxgms bodydol Jomds@mymsdomgools

gegogdo
Lsggemggo mdogd@o sbsgnobols 39453900L @O/ fo
B50©gbmdS
56%53060 6 75
Gol3dg@opmbo 6 89
d3aBos3obo 6 9.6
mbs3060 6 9.1
0m@my0®o mdogd@ol
69 mgsbo 60dyTo 6 0

JOmsBma@sdgdols sbogrobom @ogoyobgm, Gmd Jgmmeo Lgegdiog®os, Gopasb
9bmagby®ds  bogmog®gdgdds  o®  dmobpobgl  aogmgbs mesbbadobols,
@0l3g@ombol, J3gdoo30bol, genmbsdobols 9303900l  ©@OMDY s  byarmgsbo
Lolbgools bodydol  JOMIsGema@sdsby o@  omobodbgds  Logganggo  bogmogdgdols
3039%0. (by®osmo 70-73).
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x10 2 4ESI MRM Frag=135.0v CID@™ (3130 -> 198.0) MIX-LONG-GRAD-MRMOO02.d
9! ',

\
15 H.
[

x10 1 4ESI MRM Frag=135.0v CID@™ (3130 -> 213.0) MIX-LONG-GRAD-MRMOO02.d
1 1891

x10 2 [HESI MRM Frag=135.0 CID@™ (313.0 -> 256.0) MIX-LONG-GRAD-MRMOO02.d
[ 1591

byg@omo 70: m@sbbodoboll MRM JOmds@my@sds

x10 2 +ES| MRM Frag=135.0 CID@" (411.0 -> 110.0) MIX-LONG-GRAD-MRM0002.

3 8450
2

2
15

i
05

x10 2 4ESI MRM Frag=135.0v CID@" (411.0 -> 163.0) MX-LONG-GRAD-MRMOO02.d

x10 3 4ESI MRM Frag=135.0v CID@" (4110 -> 191.0) MX-LONG-GRAD-MRMOO02.d
34t *8?59

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 & 85 9 95 0 105 1 5 £ ©5 © €5 % U5 B 55 b 45 1 115
Counts vs. Acquisition Time (min)

Lbyg@osmo 71: Gobdg@oomboll MRM  J@mds@ma@sds
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+ESI MRM Frag=135.0 CID@" (384.0 -» 221.0) MIX-LONG-GRAD-MRMO002.d
1

+ESI MRM Frag=135.0 CID@" (384.0 -> 253.0) MIX-LONG-GRAD-MRMO002.d
1

961

+ES] MRM Frag=135.0 CID@" (384.0 -> 279.0) MIX-LONG-GRAD-MRMO002.d
1

961

05 1 15 2 25 3 35 4 45 5 55 6

15

8

T
85

9 95 10 05 1 15 © 25 B N5 # U5 B 165 © 165 11 15

Lby@omo 72: J39@oo3060l MRM  J&mds@mpa@sds

+ESI MRM Frag=135.0v CID@"* (327.0 -> 192.0) MIX-LONG-GRAD-MRMOQ02.d
I

+ESI MRM Frag=135.0v CID@"* (327.0 -> 227.0) MIX-LONG-GRAD-MRMOQ02.

1

+ESI MRM Frag=135.0v CID@" (327.0 - 270.0) MIX-LONG-GRAD-MRMOQ02.d

0149 1

8

85

95 10 10511 15 © 125 5 15 % W5 B b5 b 165 1 115

Counts vs. Acquisition Time (min)

by@omo 73: geoembsdoboll MRM  J@mds@ma@sds
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101 +ESI MRM Frag=135.0v CID@" (327.0 > 256.0) BLANC-3--GRAD-MRM0010.d
i
A~

. L A A AT A AN A A e ————————— T
x10 2 [¥ESI MRM Frag=135.0v CID@" (327.0 -> 270.0) BLANC-3--GRAD-MRM0010.d

i

x10 1 +ESI MRM Frag=135.0v CID@" (384.0 -> 208.0) BLANC-3-GRAD-MRM0010.d
554 t

A NS e
x10 2 +ESI MRM Frag=135.0v CID@" (384.0 -> 221.0) BLANC-3-GRAD-MRM0010.d

1
254

x10 1 +ESIMRM Frag=135.0v CID@" (384.0 -> 236.0) BLANC-3-GRAD-MRM0010.4
]

Lo o~ VN A A — T | —
%102 +ESI MRM Frag=135.0v CID@"* (384.0 -> 253.0) BLANC-3-GRAD-MRM0010.d
1

%102 +ESI MRM Frag=135.0v CID@"* (384.0 -> 279.0) BLANC-3-GRAD-MRM0010.d
14 1

054
X102 +ESI MR Frag=135.0V CID@" (411.0 > 110.0) BLANC-3-GRAD-MRMO010.
5 1t

X102 4281 NRM Frag=135.0V CID@™ (4110 > 163.0) BLANC-3-GRAD-HRHOOI0 8
2 "

X103 4ESI MRM Frag=135.0V CID@ (411.0 > 1910) BLANC-3-GRAD-WRNO010.d
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byg@omo 73: byenmgobo Lolbenols bodydols MRM Jomds@my@sds

3JLEBsJ3ool bs@olbo

963 ®sJzool  bsd@olbbo  [o@Imoagbls 0bmaodmgdol  9839JB@O™dsl  dmiEgdygeo
obogroboll  dgmmol  Jo®mdgddo.  gJlE®sJzool  badolbbo  asbolsbrgmgds
902009090 s 5MogJlHGsp0Mgd o bodydgdol Sbogobolsl domgdyaro
Loabognols dgs®gdom.
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Jogdyge 3005dgBMbg db0dgbgermgob aogmgbsl osbogbl 0bmero®gdol dgmmeols
999JOPOMds. 5@ sMol  Logoenwgdyeem Gmd sbsgnobol dgmmeol gJlE®sdiEool
bo@olbbo  ogml  100%. obm@odgdols  bodolbo  gbps  dgdm(dogl  Lod
306396AMs300bg (odogno, Lodgognm, omsmo) o@ogdlB®sa0®Mgdyen 60y dmsb
Ygodgdom, Gmdgaoi dggbsdedgds  100%  gJbB@sJ3ool bodolbl [87, 79].
9JbB®sJzool  ba@olbbol  @oygbols  dobbom  Bmgedbopgm  mensbbadobols,
@0li3g@ombol, Jgg@os30boli s Janmbo30bol bsdo Lbgswslbgs 3mbi3gb@@siools
LEoboo®d@ygamo blbs®o, Gmdmols gJlE@siool boadolbo dgglodsdgomes 100%.
obggg meobba30bol, @oldg@ombol, JggBosdoboli s germbodobols Losbsgnobem
bodydgdo (10, 25, 50 bg/dan), Losbognobem Lolbendo gobboggdom. Lssbsgnobm
bodydgdo  gJLHOspomgds  dmgobobgm  sbognobols  dgmmedo  Jomomgdyaro
dgom3obydo  9JLiE@sjiool  30Mmmdgdol  Yglsdsdobse.  domgdygao  dgogygdo
dogdgaos 3b®ogndo 27.

9J6B®sJz00l badolbo godmgmgsmgm dgdpgao Go@Igaom:

PAgy X 100

A7cdsqz000 Ba@Golbbo % =
PA

gbdogno 27: gJbEGsdicool badolbol 360dgbgenmds

bogmagtgdols N* C** PAsT*** PAsmksss 9JLE®sJzo0b
Esbobgagds bg/dgm bs@obbo %
6 10 308952 281500 oLl
0525653060 6 25 986325 912656 925
6 50 2436370 2232640 916
6 10 175997 164832 93.7
Golbdgdogebo 6 25 602453 565995 939
6 50 1497820 1412294 943
6 10 335680 305524 910
JaaBos30bo 6 25 1123540 1025654 913
6 50 2765486 2535214 917
6 10 358808 332970 92238
32ebs3060 6 25 1468700 1366040 930
6 50 3235470 3033840 938
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N* - Loobogobm bodygdgdol Gomogbmds

C** - Loobogrobm blbodols 3mbigb@@sios

PAst*** - @obpo@@ygemo blbo®gdol JOHmds@dma®sdgdbby bogmogdgdols 3030l
RO M0

PAsm**#* - gJlig@opodgdygemo  bodydgdol JOmds@my@msdgdby bogmogdgdol 3030l
ROANME0

Foddmpagbogro  3b@oaol Ibgegom  ©sgoaobgm, ®®md  dmEgdymo  sbasgobols
dgmmeols 300mdgddo gJlAGsJ300l bodolbbo s3dsgmgomgdl oagbogn bm®dgdl,

Omdgeoi  gbos  ogml  >80%, Jglosddobo  yggews dowgdyao  dgogao  IgBos
oy 9boem bo®Mdsby.

I5@®oiol 98960

do@B@ool 989JB0 sl sbogobol dgogagdby 30M©s30M0 b 0M0do ogengbs,
Omdgeno(3 ‘dglodanms aodmo{goml b0dyddo >0 Lgdyeds bbgowsolibgs

bogmog®gdgdds.
doB®o3ol 989JB0b osagbs sy gdgemos dsllidgdB®magdOgmo ©gdgdodgools
dg3mbggzodo.  Lombydo  JOmdsGmydsgo - Bobpgdy®o  dsLl3gd@@mdgd®omn

(omdmowagbl dowsgno dadbmdganmdol s3s@o@l, dgbsdsdobow dobodgbgermgsbos
F90g890dg  9bpmygby®do  bogmogdgdgdol gogangbol gsdm@oibgs. gbomygby®ds
3033mbgbRgdds  dgbodanms  gogangbs  dmobobmb  Losbs@obm  bogmog®mgdgdols
0bobo305b.

90 9JBOMA55M J3930m0 0mbobszo0l AL ds@@oiol 989JdL 0fg93L ds@G@oiol
3M33mbgbRgdol  (s®ssJOmeoswo  blboMgdo) ©o  Lasbsgmobm  bogmogdgdols
dogg3gmgdl  Bo@ol  jobgg@gbhumo  9OmogtnJdgegds  ggmol  byredodby
dobggo@olol.  ds@@oizol  g89]dol  obswygbo  dmfmwgdygmos  Lbogoslibgs
dgommwo, doo  dm@ol  begds  LobEgdodo  Losbsgmobm  bodydol s Igdwgy
bogganggo  bogmog@dgdol  bygomgobo  gJbB@sgomgdgamo  bodydol  dgygebe.
bgdobogdo  0bgBgOBgmgbEos,  Gmdgmoi  gagodegds  LggHowsb  dgladgrms
2obgoboanmo 0mbobszosby bgdmJdgwgds.

obggg dod®oiol  9539JBol  walsagbs®  domenmyoy®o  mbdog@ol  Logomoddm
30595030 9bps  dggos®mmn  Lyxms dos@@oiol  sbogmoboli dgogasm  dowgdya
Lo gog0d®m 3M5930390L.
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obggg dgdmmagsbgdbyaos bodydgdol bogdgdol FgbEomgdols dgmmeo.

bog®gddo  Fo@dmwagboanos Ubgoplbgs @odol bodydgdo, 1 - bygms blbs@o,
amdgeroi Indbogdbygmos  Ind@ogo  @obolygeb, 2 - dom@mgoyg®o  mbdogd@ob
byggoms  bodydoesb dowgdgamo  9JbE@sJHo, GmIganlsi  bsggemggo  bogmogmgds

©35¢ 9090 >J3b glihodioob dgdegp.
sdbm@odg®o doB@oizol g89]Bol woagbs begds 3040l Godmmdols dgosmgdom,

@mdgaoi Jowgdagmos m@o Lbgswslbgs Godols bodydowsb:

L bygos LEsbps®@ol bodydo

2. bodydo @mIgaoloi  bsdobby bogmogdgds ©sds@gdygmo o3l gJbE@sJ3ools
EREHS

sdbm@odyg®o do@@oizol g89JHo0 yodmomgegds Go@Igaom:

B X 100

ME % =
0 A

booe:

A -bygos bodyddo LEsbps®@ol 3og0l Bo®mmdo

B -Loobosgobm 60dyddo LEsbpo®@ol 30g0l go@mmdo, Gmdgendoi LEsbos®E0
©>35G g0 g0 gbHOsJzool Jgdegy.

0y domgdyge  dgogagddo  ds@@moiol  g8gddo 100%-bg  dgHos gL ogmomgdl

0mbgools 353 gdoby,  bmenm oy 100%-bg  bogengdos  dogmomgdl  ombgdols

‘d993060905bg.

RoOEMmdomo  do@®ozol  9539dHol  360dgbgermds  Yglodegdgmos o 0bogl

@odmEgbodg Lg@ools bodydgdol Is@@oiol g89]BolL dohggbgdaols oblsbmg@om

> 3oMm05300lL 3mgn0i3096@ 0L (CV%) wowygbom.

do@®oizols 9939J60 bgyogegbs sbogrobols  Igegagdby oM doohbggo

db0dgbgermgbo 85%-115% Qomgegddo ©s goMosiool 3mga0i3096@0  9bos ogmls

<15%.

doB®030lL 9839JHolL 30M0dsG®0l gogrosioobsl Yomymagomo dgogyo Joygmomygdl,

@md  Jglo@gmgmos  obmaodgbol  dgommo b JOmIsGmy@ogodgdol s

0mbobsiools 3o0dmdgdo [81, 187].
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doB@oizol  9989Jdol  wobswygbo
boggergg  bogmog®gdsl o

dmgobobgm gL @sg009ds

Jomomgdoygao 3oamdgdom (Jggmego 4.7).

dJogdagm  gJLEGsJAL  ogods@dgom  Loggenggo  bogmogdgds, @md  doggzgmm 6
Losbogmobe  blbodo  gmbigb@@sgoom 10, 25, 50 bp/dan. sbggg dmgsdbowgm
b oglo 306396 s300L blbodo 3odblbgendo - 5390 ™MbA® oo/
©gombobo®gdyamo Fymmoon (1:3).

60d9dgdol  JmIbopgdols dgdogy  Imgobeobgm  JOMmIsGmadegodgds.  domgdygao
Vggagd0 JmEgdyamos Ne28-31 3b@oando.

gbdogro  28:  sdlmao@ydo  Is@@ozol  gg89d@ol  dmbsgdgdo  m@sbbedobols

2oblob@g@olisols (n=5)

53009, Lolbgoo

Omdgeno3

o0 dgozogws
>bognobols  dgmmedo

bssbogmobm bLbsGol sdbmemogyg@o ds§@oiol 3505300l 3mggno30gbdo %
306396@®s@E0s 63/ 983J80 % (CV)
10.00 97.60 100
2500 97.30 080
50.00 98.20 090
gbogo  29: Sdbmgo@ydo  dosG@oiol  98gJdol  dmbsigdgdo  Moldg@oombols

2oblob@g@oliols (n=5)

bosbsgmobe blibs@ols sdbmmogagdo dsg@oiol go@os300b 3mgg03096@0 %
30b(3gb@@>30> by/de 183d60_% (V)
10.00 92.98 120
25.00 94.40 110
50.00 94.76 040
gbdogno  30:  Sobmgo@ygdo  do@®ocol  ggg9ddol  Bmbsigdgdo  JggBosd0bo

2oblLobmg@olisl (n=5)

bssbosgmobm blbsGols

sdbmenogyg@o dsG@oiol

go®os3ool 3mgxo3096@0 %

306396 @G0 bp/de 983360 _% (V)
10.00 9336 220
25.00 9357 060
50.00 94.00 070
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gbGogro 3l

SdLmeo@g®o

do@@ogol  g89d@ob

2oblobwg®oliols (n=5)

dmbozgdgdo

Losbsgobem blbs@ol

sdbmaro@ydo Is@@oiol

35@05300L gmgxno3ogbdo %

gmb3gbH®o30> ba/dg 989460 _% (CV)
10.00 93.80 260
2500 94.08 040
50.00 95.00 050

3mbasobols

domgdaeo dgogagdol dobgogom do@®oigol gxgdBo 0gm 92%-97% ol godaagddo

(go®05i300L  3mgn03096@0 CV < 15%) &s3 dogmomgdl, ®md  3dmEgdyero

5bogrobol dgmmeol 30MmmMbgddo o@ aodmgmobes ds@d@oiol g89]@o.

LEodomy@emds

LEodo@ag@mds @0l Losbs@obm bogmogdgdols ds@@oiodo Jodogdo dpadsmdbols
‘dgbo@hybgds 2oblobwgdyan 30Hmdgddo s MmOl 0bGgdgogdo. LEsb0 YO MbS

db0d3bgemgsbo 303306963 0o, 2obLs 3gme gdbom Lolodos@menm Jodoydo

9JU390F0bol WAML, AmEILbsE >AOLYEML domemaoyg®o ™mdogd@ol bsba®daogo

dgbobgol  Lododmgds. dglfogogsd  gbps  9b@ybgganygml  0dol  o@ygbs 0y
@5dEgboe  LEsbogrg@os  Losbsgobm  bodydo  dolo  smgdolisl, dgbsbgobols

(2094obye  Jpamds®gmdsdo my dgbobgol domomgdyen  Bgd3gas@g®sbyg), obggg
db0dgbgermgobos LGsbogg@Mbol oEagbs (303@y®o aogobgols dgdmbgggsdo [134,
200].

LEodo@g@mdols wswygbols Jobbom hogs@omgom 9Jli3g@m0dgb@o.

boggerggo bodygdgools dmdbowgds:

LEoboo®@ygamo blbs®ol Imbsdbowgdmsw asdblibgmsm asdmgoygbgm dgmsbemeano
>  m@sbbsdobol, ®ol3g@owmbols,

J39B 003060k,  geombadobols  LEsbos®Egdo.

dmgodbogm  blboto 3mbi3gbd@dsiEoom 1 dp/dew s dggyudogon Yo @B@sdyg@om
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CHEMICAL-TOXICOLOGICAL ANALYSIS OF SOME ANTIPSYCHOTIC DRUGS OF
SECOND GENERATION

Actuality of the Research
Shizophrenia is a severe mental disorder affecting more than 21 million people worldwide.

Schizophrenia is characterized by distortions in thinking, perception, emotions, language, sense of
self and behaviour. Common experiences include hearing voices and delusions. Worldwide,
schizophrenia is associated with considerable disability and may affect educational and
occupational performance [178].

Since 1950 the "typical" (first generation) antipsychotic drugs have been used for treatment of
schizophrenia, and since 1990 the "atypical'(second generation) antipsychotics have been
introduced in medical practice to be equally effective for treatment of psychosis [26, 128].

In recent years, the use of second generation antipsychotic drugs for both medical and non-medical
purposes have been sharply increased. In the case, when during the treatment with one of the
antipsychotic drugs inadequate result is expressed, for the purpose of effective management of
schizophrenia, acute phase and related psychosis, as well as long-term, maintenance treatment and
relapse prevention, doctors often resort to antipsychotic polypharmacy, among which an important
place hold in the second generation antipsychotics - risperidone, olanzapine, and quetiapine and
clozapine [13, 46, 69, 117, 118].

The use of the combination of these drugs may be the cause of acute poisoning, sudden cardiac
attack and lethal outcome, as the medications of this group are characterized by serious side
effects. The cases of criminal poisoning with antipsychotic drugs also increased, in which several
antipsychotic medications or combinations with other psychoactive agents are used simultaneously
[16, 163].

Use of the medications with non-medical purposes is a major problem in the recent years. The
attention should be paid to the administration of antipsychotic drugs with the purpose of so-called
“pharmacy drug addiction”, which is an important social problem. Reasoning from their
pharmacological actions, it is possible to use them with other agents for the purpose of narcotic
intoxication, which provoke the development of substance abuse. In such cases, the risk of acute
poisoning and death is also high [23, 55].

Consequently, development of high sensitivity, specific express methods of analysis is very
important for clinical laboratory analysis, selection of adequate treatment methods in medical
institutions, increase of effectiveness of detoxification measures, in order to ensure safe
pharmacotherapy, performing the effective forensic-medical examination, which is a topical issue

and has important scientific and practical value.
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At the same time, the analysis of literature data showed that there are no systematic, complex
studies with respect of chemical-toxicological analysis of risperidone, olanzapine, quetiapine and
clozapine. The available methods of isolation and analysis methods require to be improved, as they
do not provide simultaneous isolation of several target substances and qualitative-quantitative
analysis, determination of small amounts of examined substances and express analysis, which
significantly condition the effectiveness of the treatment, selection of detoxification methods and
performing the operational and comprehensive forensic-chemical examination.

In addition, the studies do not focus on development of methods for isolation and qualitative-
quantitative determination of risperidone, olanzapine, quetiapine and clozapine for analyzing of a
object-carriers. In many cases, performing of non-targeted analysis is required for expertise of
material evidences. Therefore, the complex approach is necessary for forensic-chemical
examination of biological and non-biological origin objects.

With considering the aforementioned, unification and improvement of existing methods of
chemical-toxicological analysis of some second-generation antipsychotic drugs: risperidone,
olanzapine, quetiapine and clozapine, development and validation of a new, complex, more
efficient methods is important, with the purpose of determining them in biological fluids (urine,

blood, plasma) and other objects, which is an actual problem in modern toxicology.

Goal of the study
The goal of the study was to improve and develop new the more effective methods , of chemical-

toxicological analysis of some second-generation antipsychotic drugs - olanzapine, risperidone,

quetiapine and clozapine in objects of biological and non biological origine.

Objectives of the study
The following objectives were set for achievement of the goal:

» Develope optimal conditions for liquid-liquid extraction risperidone, olanzapine, quetiapine
and clozapine from the biological material.

» Selection of optimal conditions for solid-phase extraction of target substances from
biological objects.

» Development of methods of quantitative analysis of chromate-mass spectrometry in the
gaseous and liquid phases (GC-MS, LC-MS/MS)

» Validation of developed methods of analysis.

» Practical testing of validated method in postmortem fluids, in evidence material for
forensic exprertise and on object-carrier and industrial devices for determination of residual

contamination of the target substances.
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Scientific novelty of the study
» Were examined the factors, affecting the quality of extraction in simultaneous isolation of

olanzapine, risperidone, and quetiapine and clozapine from the study matrix, on the basis of
which the optimal conditions for liquid-liquid and solid-phase extraction were suggested,
which will ensure the isolation of all the four of target substances from three different
complex biological matrix.

» Based on the experiments were suggested the optimal, original, validated conditions for
qualitative and quantitative analysis of olanzapine, risperidone, quetiapine and clozapine by
the liquid chromatography tandem mass-spectrometry method, which provide simultaneous
object-carriers (empty blister, vial, smear).

» Based on experiments were suggested the optimal conditions for qualitative and
quantitative analysis of risperidone, olanzapine, quetiapine and clozapine in biological
material by chromate-mass spectrometry method in the gaseous and liquid phases for both
individual substances and their combinations. The suggested conditions are distinguished
from the data, provided in the references, by their higher sensitivity, selectiveness and

expressivity.

Practical importance of the study

» Based on experimental studies were suggested the optimal conditions of liquid-liquid
extraction for olanzapine, risperidone, quetiapine and clozapine individual and
simultaneous isolation in various biological matrix, which will provide the possibility of
the target substance isolation by 80-85%.

» Based on the studies were determined the optimal conditions for solid-phase extraction of
risperidone, olanzapine, and quetiapine and clozapine optimal conditions, which will
provide the possibility of the target substance isolation by 91-94%.

» Was suggested the conditions for scientifically proven, validated express analysis of
olanzapine, risperidone, quetiapine and clozapine, which may be used for:

1. For the forensic examination of postmorten materials.
2. Chemical-toxicological analysis, diagnosis of acute and chronic toxicity in living persons.
3. Monitoring of the therapeutic dose in patients.
4. For the forensic examination of the evidance material.
5. For testing equipment for pharmaceutical production for determination of residual
contamination of the target substances.
The methods, developed as a result of the study, can be used in the chemical-toxicological

analysis for comprehensive teaching of modern methods to students.
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Conclusions
1. Have been studied Factors affecting isolation quality of Olanzapine, Risperidone, Quetiapine
and Clozapine from urine. Optimal conditions (Solvents system: FEthylacetate-heptane-
dichlormethane-isopropanol  60:20:15:5, pH-9.00, double extraction, duration 5 minutes) of
liquid-liquid extraction (LLE) have been established which provides fast, cost effective and
simultaneous extraction (in the range of 80-85%) of the four target substances.
2. Optimal conditions (sorbent conditioning, sample processing, sorbent cleaning, extraction) of
solid-phase extraction from biological samples (blood, plasma) for Olanzapine, Risperidone,
Quetiapine and Clozapine have been developed which guarantees maximum extraction (91-94%)
of the four target substances.
3. GC-MS method has been developed for simultaneous determination of Olanzapine,
Risperidone, Quetiapine and Clozapine both in biological samples and evidace materials.
Developed method was approved for determination of Clozapine in postmortem urine.
4. LC-MS/MS method has been developed for qualitative and quantitative determination of
Olanzapine, Risperidone, Quetiapine and Clozapine in human blood. Method was validate on
following parameters: Linearity (Calibration concentration 10-100 ng/ml, Coefficient of
corelation — Olanzapine R?>=0.9991, Risperidone R?>=0.9980, Quetiapine R?=0.9989, Clozapine
R?=0.9986), Selectivity, LOQ (6.31 ng/ml - 9.12 ng/ml), LOD (2.12 ng/ml - 3.02 ng/ml),
Acurrency and Precision (90%-99), Recovery. Analysi time is short (10 minutes) and no Matrix
effect was observed.
5. The developed liquid chromatography tandem mass spectrometry method has been approve to
be effective for simultaneous and individual chemical-toxicological analysis of Olanzapine,
Risperidone, Quetiapine and Clozapine in biological samples (plasma, urine) and postmortem
blood samples.
6. The developed liquid chromatography tandem mass spectrometry method has been approved
for qualitative and quantitative analysis of Olanzapine, Risperidone, Quetiapine and Clozapine in
different evidace materials (blisper, vial, nonlabeled tablets), as well as for determination of
residual contamination on equipment used in manufacturing process of pharmaceutical product.
7. Stability parameters of target substances in samples are theoretically proven, studied and
established: at room temperature-48 hours, at 4°C - 196 hours, at 15°C and during cyclic
freezing- 90 days.
8. The scheme of chemical-toxicological analysis of Olanzapine, Risperidone, Quetiapine and

Clozapine are theoretically proven and provided on the basis of experimental studies.
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PE3IOME

HAMMYHOJIOTHYECKHI JUCTPECC IIPH YE-
PEITHO-MO3I'OBOI TPABME B COYETAHHH C
CAXAPHBIM JUABETOM (9KCITEPHMEHTAJIb-
HOE UCCJIEJIOBAHHE)

Kopna M.M., Mepenxnii B.H., Mepenast H.B.

Tepnononvckuii 2ocyoapcmeenulii MeOUyUHCKUIl yHUgep-
cumem um. H L. Top6ayesckozo, Yrpauna

Hccenenosan MMMYHHBIM CTAaTyC KPBIC IIOCIE 3KCIIEPH-
MEHTATBHON Y€PENHO-MO3T0BOH TPABMBI B COUETAHUH
CO CTPENTO30TOHH-UHAYITHPOBAHHBIM CaXapHBIM AHA-
octom. [Toka3zaHo, ITO Y KPBIC C HHAYIHPOBAHHEIM AHA-
0eTOM U MOAETHPOBAHHOI YEPEIMHO-MO3TOBOH TPaBMOil
oTMEUaeTCs 001e€ ITyOOKOE IIOBPEXKACHNE HUMMYHHOMH
CHCTEMBI, COCTOSHHE KOTOPOH 0 MCXOOHOTO YPOBHS
HE BOCCTAHOBMJIOCHL AXe criycTH 14 aHell nocne Tpas-
MBI, KoHneHTpanns mpoBOCMANTHTENLHBIX MUTOKHHOB
YBEJINIHIACK, B TO BpeMsI KaK B T€UCHHE HCCISTyeMOTO
MepHO/1a KOTHIECTBO TPOTHBOBOCIATHTENbHBIX IIHTOKN-
HOB CHI)KAJIOCh, YBEINTIHBASA PHUCK PA3BUTUS CHHAPOMA
CHCTEMHOT'0 BOCIIQIMTEIFHOTO OTBETA U ITOTHOPTaHHOI
HenocTarouHocTH. [lokasarenu (pakTopos, OTBETCTBEH-
HBIX 3d TYMOPATBHBIH M KIETOYHO-OMOCPEI0BAHHBII
HMMYHHTET OBUTH CYIIECTBEHHO HIYKE HA MPOTSIKCHUH
BCCTO MCCICIOBAHUSA, YTO MPCHpacronaraio gadopa-
TOPHBIX JKUBOTHBIX C YCPEIHO-MO3rOBOM TPaBMOM Ha
(oHe caxapHOTO nMadeTa K HH()EKINU B CPABHECHHH C
TPaBMHPOBAHHBEIMH HOPMOTJIMKEMHIECKUMH KPBICAMH.
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DEVELOPMENT OF LC-MS/MS METHOD FOR DETERMINATION
OF THE OLANZAPINE IN HUMAN PLASMA

tSivsivadze K., 2Jokhadze M., *Tushurashvili P., '"Murtazashvili T., ‘Imnadze N.

ITbhilisi State Medical University, Department of Pharmaceutical and Toxicological Chemistry;
’Levan Samkharauli National Forensics Bureau, Thilisi, Georgia

Schizophrenia is a debilitating mental illness that impairs
mental and social functioning which affects one percent of
the population all over the world. For effective pharmaco-
logic treatment of schizophrenia is used pharmaceutical
products from group Second-generation Antipsychotics,
the same ,,atypical antipsychotic, which member are olan-
zapine and quetiapine, closapine, risperidone and other
drug products|2].

1R

Olanzapine (OLZ) is an atypical antipsychotic that be-
longs to the thienobenzodiazepine class, chemically is
2-methyl - 4 - (4-methyl-1-piperazinyl) - 10H-thieno
[2,3-b] [1,5] benzodiazepine. The molecular formula is
C,H,N,S, which corresponds to a molecular weight of
312.44. Structural formula of OLZ is on Fig. 1. OLZ is
ayellow crystalline solid, which is practically insoluble
in water [2].
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Fig. 1. Structure of Olanzapine

OLZ was developed and marketed by the pharmaceutical com-
pany Eli Lilly and Company, with the brand name Zyprexa;
Lilly introduces OLZ for the treatment of schizophrenia in
1996. The drug went generic in 201 1. Sales of Zyprexa in 2008
were $2.2B in the US, and $4.7B worldwide [1].

The mechanism of action of OLZ, as with other drugs hav-
ing efficacy in schizophrenia, is unknown. However, it has
been proposed that this drug’s efficacy in schizophrenia is
mediated through a combination of dopamine and serolonin
type 2 (SHT,) antagonism. The mechanism of action of
OLZ in the treatment of acute manic or mixed episodes
associated with bipolar I disorder is unknown.

OLZ binds with high affinity to the following recep-
tors: serotonin SHT,, ., SHT,(K=4, 11, and 5 nM,
respectively), dopamine D, (Ki=11-31 nM), histamine
H, (Ki=7 nM), and adrenergic o, receptors (K=19 nM).
OLZ is an antagonist with moderate affinity binding for
serotonin SHT, (Ki=57 nM) and muscarinic M, ; (K=73,
96, 132, 32, and 48 nM, respectively). OLZ binds weakly
to GABA ,, BZD, and B-adrencrgic reeeptors (K>10 pM).
Antagonism at receptors other than dopamine and SHT,
may explain some of the other therapeutic and side effects
of OLZ. OLZ’s anlagonism of muscarinic M, . recep-
tors may explain its anticholinergic-like effects. OLZ’s
antagonism of histamine HI receptors may explain the
somnolence observed with this drug. OLZ’s antagonism
of adrenergic al receptors may cxplain the orthostatic
hypotension observed with this drug. Oral Administra-
tion, Monotherapy — OLZ is well absorbed and reaches
peak concenlrations in approximaltely 6 hours following
an oral dose. It is eliminated extensively by first pass
metabolism, with approximately 40% of the dose me-
tabolized before reaching the systemic circulation. Food
does not affect the rate or extent of OLZ absorption. OLZ
displays linear kinetics over the clinical dosing range.
Its half-life ranges from 21 to 54 hours (5th to 95th per-
centile; mean of 30 hr), and apparent plasma clearance
ranges from 12 to 47 L/hr (5th to 95th percentile; mean
of 25 L/hr). Administration of OLZ once daily leads to
steady-state concentrations in about 1 week that are ap-
proximately twice the concentrations after single doses.
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Plasma concentrations, half-life, and clearance o[ OLZ
may vary between individuals on the basis of smoking
status, gender, and age.

OLZ is cxtensively distributed throughout the body, with a
volume of distribution of approximately 1000 L. It is 93%
bound to plasma proteins over the concentration range of
7 (o 1100 ng/mL, binding primarily to albumin and o-acid
glycoprotein. Metabolism and Elimination — Following
a single oral dose of labeled OLZ, 7% of the dose of OLZ
was recovered in the urine as unchanged drug, indicating
that OLZ is highly metabolized. Approximately 57% and
30% of the dosc was recovered in the urinc and fecces,
respectively. In the plasma, OLZ accounted for only 12%
of the AUC for total radioactivity, indicating significant
exposure (o metabolites. Afler multiple dosing, the major
circulating metabolites were the 10-N-glucuronide, present
at steady state at 44% of the concentration of OLZ, and
4’-N-desmethyl OLZ, present at steady state at 31% of the
concentration of OLZ. Both metabolites lack pharmacologi-
cal activity at the concentrations obscrved.

Direct glucuronidation and cytochrome P450 (CYP) medi-
aled oxidation are the primary metabolic pathways for OLZ.
In vitro studies suggest that CYPs 1A2 and 2D6, and the
flavin-containing monooxygenase system are involved in OLZ
oxidation. CYP2D6 mediated oxidation appears to be a minor
mctabolic pathway in vivo, becausc the clearance of OLZ is
not reduced in subjects who are deficient in this enzyme. OLZ
is indicated for the treatment of schizophrenia, acute treatment
of manic or mixed episodes associated with bipolar I disorder
and maintenance treatment of bipolar I disorder. Medication
therapy for pediatric patients with schizophrenia or bipolar [
disorder should be undertaken only after a thorough diagnostic
evaluation and with careful consideration of the potential risks.
Adjunct to valproatc or lithium in the trcatment of manic or
mixed episodes associated with bipolar T disorder. Treatment
of acute agitation associated with schizophrenia and bipolar
I mania. Treatment of depressive episodes associated with
bipolar 1 disorder. Treatment of treatment resistant depres-
sion. OLZ orally dosage is 2.5 — Smg once daily, depend on
progress of disease [5].

Toxicity - adverse reactions associated with OLZ therapy
include dizziness, akathisia, postural hypotension, somnolence
and agitation. Overdosage with 300 mg of the drug in an adult
massed only drowsiness and slurred speech. A 2.5 year old
child who ingested 15 mg of OLZ approximately 10 hours
carlier was observed to be hypersalivating, drowsy, irritable,
hostile and had constricted pupils; his serum OLZ concen-
tration was 11 ug/L at that time and his symptoms resolved
over the next 14 hours . A 55 year old woman survived the
ingestion of over 100 mg of the drug, but remained comatose
for 5 days; her initial serum OLZ level exceeded 250 ug/L.A
43 year old man who intentionally ingested as much as 600
mg of OLZ was found to I have postmortem blood and urine
OLZ concentrations of 1238 and 6987 ng/L, respectively | 8].
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Several analytical methods for the determination of OLZ
in biological matrices have been published. In these
reports, the use of gas chromatography coupled to nitro-
gen- phosphorus detection (GC-NPD) has been described
[3]. However, in most reports high-performance liquid
chromatography has been used in conjugation with UV,
fluorescence, or electrochemical detection with use of
derivatization step to increase fluorescence capacity|[8].
Recently, liquid chromatography-mass spectrometry
(LC-MS) has proven to be a powerful tool for determin-
ing drug concentrations in biological matrices and several
LC-tandem MS methods for the determination of OLZ
in plasma, serum, or brain tissues have previously been
published [3.,9,10]. OLZ has been measured in biological
specimens by high performance liquid chromatography.
A single oral dose of olanzapine (7 mg/kg) was given to
overnight fasted rats (n = 6). Plasma samples containing
the drug were extracted by liquid-liquid extraction using
a combination of dichloromethane: n-hexane (80:20). A
reverse phase chromatographic column C18 hypersil-BDS
was uscd for chromatographic scparation with a mobilc
phase consisting of 50 mM phosphate buffer pH 5.5, ace-
tonitrile and methanol (50:30:20, v/v/v), low rate of 1.2
ml/min. Olanzapine was measured using ultraviolet (UV)
dctection at 214 nm. [4].

Although chromatographic methods offer high degree of
specificity, yet, sample clean up, sample pre treatment and
the instrumental limitations preclude their usc in routine
analysis. The above mentioned methods are having some
advantages and some disadvantages in terms ol sensilivity,
sample preparation either time consuming and/or require
complex pretreatment or long run time, sample volume,
instrumental advantages, and extraction techquines. The
main goal ol our work was to develop and validate HPLC-
MS/MS method for determination of OLZ in plasma and
to use the method. It was therefore necessary to develop a
simple and selective analytical method, with a low sample
volume [or extraction and a shor( run time (or quantification
of OLZ in plasma.

The study aim was to develop validated a selective, repro-
ducible and sensitive LC-MS/MS method for quality and
quantity determination of OLZ in human plasma using
risperidone as IS.

Material and methods. OLZ European Pharmacopoeia
(EP) Reference Standard (CAS number 132539-06-1,
cataloguc numbcer Y0001370) and the internal standard
(IS) risperidone European Pharmacopoeia (EP) Refer-
ence Standard (CAS number 106266-06-2, catalogue
number R10000600) was obtained from SIGMA-AL-
DRICH. Organic solvents of HPLC grade from Fluka
and Merck (Germany). Methanol of analytical- reagent
grades were purchased from Merck. Water passed
through a Millipore system was used for sample dilution
and in the mobile phases.

120

MEJHIJHHCKHE HOBOCTH I'PY3HH
LSISHDIZILA( LSFIROGO6) LOSLEII60)

Blank human plasma was kindly supplied by Blood Insti-
tute, Georgia and kept on -20°C. All samples were negative
for substances of abuse like THC, cocaine, methadone, am-
phetamines, methamphetamines, opiates, buprenorphine,
benzodiazepines, barbiturates and tricyclic antidepressants
with ELISA.

Preparation of stock and working standard solution
Stock solutions of OLZ having concentration 1mg/mL
and IS (risperidone) having concentration Img/mL were
prepared in methanol. Stock solutions were stored at -20
°C. Working standard solution of OLZ was diluted with
methanol. All standard solutions were stored at -20 °C.
Calibration standards with concentration 5, 10, 15, 20,
30, and 50 ng/mL, were prepared by spiking the working
standard solutions of OLZ into human plasma. Dilutions
were used to prepare three levels of Quality Control sample
(QCs), 50, 500, and 900 ng/mL in human plasma. QCs
were stored at -20°C. To prevent degradation of OLZ all
samples including extracted standards were protected from
light under the cntirc samplc preparation by wrapping the
samples in foil.

Prepare of the plasma in vitro samples

The plasma samples were weighted prior to analysis as a
standard procedure in the laboratory. 10puL of OLZ is added
to 10uL of IS and 190 pL of blank plasma and were stored
at -20 °C temperature.

Solid phase extraction
Was used The Gilson GX-271 ASPEC Solid phase ex(raction
system with the cartridge Supelclean LC-18 SPE 500 mg.

Fxtraction procedure

Sample pretreatment - o 1mL ol sample preparation add
4mL DI water and 2mL of 100mM phosphate buffer (pH
6.0).Mix/vortex on Stuart rotator and ultrasonic bath
for homogenization. Centrifuge for 10 minutes at 5000
rpm and discard pellel. Received samples pH should be
6.0£0.5.Adjust pH accordingly with 100mM monobasic
sodium phosphate.

Tube Conditioning - Rinse with 1 x 3mL Methanol and
aspirate. Rinse with 1 x 3mL DI water and aspirate. Rinse
with 1 x ImL 100mM phosphate buffer (pH 6.0) andaspi-
rate. To prevent packing bed from drying should be as
pirated at <3 inches Hg.

Loading of the sample - Load at 1mL/minute.

Tube Wash - Rinse with 1 x 3mL DI water and as pirate.
Rinse with 1 x ImL 100mM acetic acid and aspirate. Rinse
with 1 x 3mL Methanol and as pirate. Dry tube during 5
minutes at > 10 inches Hg.

Elution - Elute 1 x 3mL with the mixture methylene chloride

(CH,Cl,) / Isopropyl alcohol (IPA)/ Ammonium hydroxide
(NH,OH) with proportion 78:20:2 . Collect eluate at 1-2mL/
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minute. Elution solvent should be prepared fresh daily. To
40mL of isopropanol, add 4mL of concentrated ammonium
hydroxide mix and add 156mL of methylene chloride and
mix. Evaporalte (o dryness at <40°C.

Preparing for Analysis - evaporate reconstitute with 200uL
acetonitrile/DI water (1:3). Mix/vortex vigorously for 30
seconds and Inject 10 pL into chromatograph.

Apparatus

The LC system was consisted AGILENT TECHNOLO-
GIES 1290 Infinity AGILENT TECHNOLOGIES 6460
Triple quad LC-MS/MS. Separation was performed by
isocratic elution on Zorbax Eclipse plus C18 (100°4.5
mm, 3.8 um) column, equipped with pre-column: UHPLC
GUARD Zorbax Eclipsc plus C18 (5x2.1 mm, 3.8 pm); col-
umn temperature was - 35°C. lonization was performed by
using electrospray in the positive mode (ESI+). Acquisition
was made in multiple reactions monitoring (MRM) mode.

The mobile phases consisting of 0.1 % water solution of
formic acid HCOOH (H20):0.1 % acetonitrile solution of
formic acid HCOOH (CH3CN) - 70 : 30 (v/v).The tlow rate
was 0.4 mL/min, and the column temperature was 35°C.
Duration of analysis was 5 minutes.

The stability of the ionization and the intensity of the
responses of precursor and fragment ions were optimized
by continuous infusion of a standard solution through the
syringe pump into a T-picce mixing it with mobilc phasc
(0.4 mL/min). The optimized MRM transitions for OLZ
were m/z 313 ® 256, m/z 313 ® 213 and m/z 313 —198aslor
the quantitative and quality determination, respectively. The
optimized cone voltage was 35 V, and the collision energy
was 42, 49 and 56eV for transitions. For risperidone the

MRM transition was m/z 411—191with a cone voltage of
30 V and a collision cnergy of 33¢V. The other main pa-
rameters were capillary voltage 1.0 kV, source temperature
120°C, desolvalion temperature 300°C.

Method validation

The method was validated for specificity, linearity, lower
limit of quantification (LLOQ), accuracy, matrix effect,
recovery and stability.

The method specificity was evaluated by screening one
batch of blank human plasma prior to the main validation
batch. This batch was spiked with known concentration
of OLZ at 10ng/mL, extracted and analyzed along with a
calibration curve.

The linearity for OLZ was evaluated over the range of
5-50 ng/mL.

QCs at three concentration levels (50, 500, and 900 ng/mL)
were analyzed to evaluate intra and interassay precision
and accuracy of the method. Precision was expressed as
RSDY% for replicate measurements and accuracy (%) by the
percentage of deviation between nominal and calculated
concentrations.

The matrix effect was assessed by comparing the peak areas
of analytes from the standards spiked after extraction and
the pure QCs at the same concentration levels. The recovery
was asscsscd by comparing the standards spiked before
and after extraction at three concentration levels (50, 500,
and 900 ng/mL).

Results and their discussion. Received mass spectrum
and LC-MS/MS chromatograms are given on Figs. 2-4.

x10 4 [*ESIMRM Frag=100.0V CID@"* (313.0 -> 198.0) Olanzapine-multi MRM - €130-20-0.008.d
d £1.191
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«10 4 +ESIMRM Frag=100 0V CID@"" (313.0 -> 213 0) Olanzapine-muli MRV - ¢180-20-0.008.d
1 + 1212
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Fig. 2. OLZ transition m/z 313 ® 256, m/z 313 ® 213, m/z 313 ® 198
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Method validation

The method was validated according (o the recommenda-
tion for the bioanalytical method validation by FDA (2001).

Mass spectrometry.

To obtain optimum sensitivity and selectivity, ESI tech-
niquc opcrated in the positive ion modc was uscd for the
LC-MS/MS multiple reaction monitoring (MRM) analysis.
protonated form of analyte and IS [M + H] + ions was the
parent ion in the Q, spectrum and was used as the precur-
sor ion to obtain Q, product ion spectra. The product ion
mass spectrum of positively charged ion of OLZ shows the
formation of characteristic product ions at m/z 256, 213and
198.Thec most sensitive mass transition was monitorcd from
m/z313 ® 256(Fig. 2).

Specificity:

Blank plasma was tested for endogenous interferences. The
OLZ retention time region was free from interferences. The
back-calculated values spiked at concentrations of 5, 100,
and 400 ng/mL for OLZ, the RSD was lcss than 15% and
the accuracy was 80%-120%, respectively, indicating no
significant batch-to-batch variation.

Linearity and LLOQ:

Linear regression analysis for OLZ was performed by us-
ing internal standard method. A linear calibration curves
showed a R? valuc of 0.9971 for OLZ (Fig. 4). Bascd on
the standard data presented here, it was concluded that the
calibration curves used in this method were accurate for
the determination of OLZ. The assay is linear in the range
5-50ng/mL for OLZ The LLOQ was 0.15ng/mL for OLZ.
Though LLOQ is adequately low for OLZ quantification,
the sensitivity is achicved using a limited samplc volume
of 500 puL plasma.

Accuracy and precision:
A summary of the individual QC data is obtained in the
three runs for the validation. The inter-batch precision RSD
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of the assay was no more than 3% at four concentration
levels of the QC samples, the RSD for intra-batch precision
was less than 3%. The inter- and intra-batch accuracy of the
assay ranged from 85% to 115%. The assay for OLZ was
accurale and precise between runs and within individual
run for each level.

60000 —¥-=93817x - 13474
- R*=10.9971
£ 40000 - —
=
s /’
g 20000 -
[-» /

0

0 20 40 60
C,ng/mL

Fig. 4. Calibration standards curves for OLZ

Recovery, matrix effect and stability:

Relative recoveries were estimated from mean values of
five replicates at high and low QC level. Recoveries of
107% (7 ng/ml) and 85% (70 ng/ml) were found in plasma
and 75% (1.5 ng/ml) and 81% (15 ng/ml), respectively.

No matrix ellects were observed when drug-[ree reference
samples, plasma were injected during constant infusion
of OLZ.

Previous studies have shown that OLZ is stable in human
plasma samples, without any added preservatives, for at
Icast 12 months at-20 °C. In the present study samples were
stored at -20°C before analysis and no severe degradation
has been observed in samples that have been re-analysed.

Conclusion. Was developed and validated a selective,
reproducible and sensitive LC-MS/MS method for qual-
ity and quantity determination of OLZ in human plasma
using risperidone as IS. To the best of knowledge, the
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cost-effectiveness, simplicity of the assay using Solid phase
extraction. From the results of the validation parameters,
we can conclude that the developed method can be useful
for determination of OLZ of forensic investigation of the
inloxication or postmor(em cases.
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Chemical toxicological laboratory, Tbilisi, Georgia for
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SUMMARY

DEVELOPMENT OF LC-MS/MS METHOD FOR
DETERMINATION OF THE OLANZAPINE IN HU-
MAN PLASMA

Sivsivadze K., 2Jokhadze M., *Tushurashvili P.,
"Murtazashvili T., ‘Tmnadzc N.

1Tbilisi State Medical University, Department of Pharma-
ceutical and Toxicological Chemistry, >Levan Samkharauli
National Forensics Bureau, Tbilisi, Georgia

The study aim was to develop a validated selective, repro-
ducible and sensitive Liquid Chromatography — Tandem
Mass Spectrometry (LC-MS/MS) method for qualitative
and quantitative determination of olanzapin (OLZ ) in hu-
man plasma. For isolation was used solid phase extraction
with the Gilson GX-271 ASPEC Solid phase extraction
system, cartridge Supelclcan LC-18 SPE 500mg. Elution
solvent contained 40mL of isopropanol, 4mL of concen-
trated ammonium hydroxide and 156mL of freshly pre-
pared methylene chloride.

Samples containing OLZ and IS were chromatographed
on AGILENT TECHNOLOGIES 1290 Infinity AGILENT
TECHNOLOGIES 6460 Triple quad LC-MS/MS system.
Separation was performed by isocratic elution on Zorbax
Eclipse plus C18 (100°4.5 mm, 3.8 pm) column, equipped
with pre-column: UHPLC GUARD Zorbax Eclipsc plus
C18 (5x2.1 mm, 3.8 um); column temperature was 35°C.
The mobile phases consisted of 0.1 % water solution of
formic acid HCOOH (H20):0.1 % acetonitrile solution of
formic acid HCOOH (CH3CN) in 70 :30 (v/v) proportion.
The flow rate was 0.4 mL/min.

Determination was performed on a triple-quadrupole mass
spectrometer employing electrospray ionization technique
(ESI+), operating in multiple reaction monitoring (MRM)
and positive ion modc. Total chromatographic run time
was 5 min. The optimized MRM transitions for OLZ were
m/z 313 ® 256, m/z 313 —213 and m/z 313—198 as the
quantitative and confirmative traces, respectively. Method
was validated on following parameters: specificity, linear-
ity, LLOQ, accuracy and precision, recovery, matrix ef-
fect and stability.

The method was subsequently applied to in vitro plasma
samples for determination of OLZ. The obtained data al-
lows the opportunity for forensic investigation of the in-

toxication in postmortem cases.

Keywords: LC-MS/MS, solid phase extraction, method
validation.
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PE3IOME

PABPABOTKA JKHJIKOCTHOI'O XPOMATO-
MACC-CIIEKTPOMETPUYECKOI'O METOJA
(LC/MS/MS) OIIPEJEJIEHUA OJIAH3AIIMHA B
IIJTABME YEJIOBEKA

1CuscusBauze K.I, 2Ixoxanze M.C.,
Tymypamsuiu ILP, 'Myprasamsmm T.K.,
"Mvuagse H.E.

"Toumiccxuii 20cyoapcmeeHHblii MeOUYUHCKUT YHUBEPCU-
mem, oenapmamennm QapmayeemuyecKoll i1 moKCUKono-
euyeckoti xumuu,; *Hayuonaunoe oopo Cyodebnoit oxe-
nepmusvl um. Jlesana Camxapaynu, Tounucu, I pysus

Lenbto uccaenoBaHust  siBU1ach  pazpaboTka  BOC-
OPOU3BOAVMOIO  BATHMIMPOBAHHOTO,  CCIACKIHOHHO-
ro, YyBCTBHTEIBHOIO METOJA JKMAKOCTHOM XpOMAaro-
macc-cnexrpomerpud (LC/MS/MS) ans onpeaenenust
OJIAaH3AMMHA B MIA3MC YCIO0BCKA.

JIst M30AMpOBAHMSL MOITAMHOM HKCTPAKUMEH HCnoJib-
3oBamack cucrema Gilson GX-271 ASPEC, xaprpumx
Supelclean LC-18 SPE 500 mr. PactBOpuTENs M 35IF0-
vposanus coaepxan 40 Mma n3onponaHona, 4 M KOHLEH-
TPUPOBAHHOIO THAPOKCHAA AMMOHMSA U 156 Ma MCTHIICH
xnopuzaa. Jna xpovarorpa(upoBaHus 00pa3LoB, Coaep-
KAIIVX ONAH3ATTHH W BHYTPEHHHI CTAHIAPT, HCTTOTB30Ba-
JIM SKHOKOCTHBIH XpoMaTorpad) - B TAHACMC CO CIICKTOMC-
poM (LC-MS-MS) - AGILENT TECHNOLOGIES 1290
Infinity AGILENT TECHNOLOGIES 6460 Triple quad
LC/MS. Pa3acicHIC MPOUCXOIMIIO B CIICTYFOMICH KOJIOHKC
- Zorbax Eclipse, crammonapras ¢aza - C18(100°4.5mm,
3.8upm). TTpubop Takxke OCHAIIEH MepeaHel KOTOHKOH
- UHPLC GUARD Zorbax Eclipse, craunonapnas (asa
- CI8(5%2.1mm,3.8um). Temmeparypa KONOHKH ObLIa
35°C. B kauecTBe MOABHIKHOHN (ha3bl ObIA BEIOpAHA CiTe-
nyromas cucrema: 0.1% BOAHBIH PacTBOP MypaBBHHOM
kuc1otsl HCOOH (H20): anetorutpun 0.1% mypasbu-
Hoit xucnotel HCOOH (CH3CN) B npomopunu 70:30
(v/v). TIpomoOmKHUTENTPHOCTh TECTUPOBAHUA COCTABIIATA
5 MHHYT B H30KPAaTHOM PEKHME CO CKOPOCTBEO TECUCHHS
noaBmkHON (pasel 0.4mn/MuH. OnpeaeneHie TpPOUCXoIH-
JI0 IIPY MCIONB30BAHAN MACC-CIHEKTPOMETPA C TPOHHBIM
KBAIPOITYJIEM, HOHH3ALHUS TOCTHTATaCh TTOIOKHTEIBHBIM
anexTpopacmeierneM (ESI+), ckarnpoBanwe mpoTeKano
¢ MOHHTOPHMHIOM MHOTOKpaTHbIX peakuuii (MRM). Bpe-
MsI XpoMarorpadun cocTasuio 6 MuHYT. ONTHMATBEHBIC
MRM mnepexonsl oman3anuaa - m/z 313 ® 256, m/z 313
—213 u m/z 313 —198, maroT BO3MOXKHOCTE MPOBECTH
KAK KaueCTBEHHbIH, TAK M KOJIMYECTBEHHbIH aHANH3 yKa-
3aHHBIX BEIIECTB. Bannmauus MeTona OCyIecTBICHa 1O
CIEOyIOMINM ITapaMeTPaM: CHEIH()HIHOCTE, THHEHHOCTB,
0GHAPYKHBACMBII MHHIMYM, TOYHOCTB, BOCCTAHABIHBA-
€MOCTh, MATPHYHBIHN 3(D(EKT U CTAOMIBHOCTS.
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Pa3paborannsni MeTox OBIT C YCIIEXOM HCIOIB30BAH B
in vitro o0pa3Uax MIa3Mbl JUTS MOATBEPKIACHUS HATTHIHS
omaH3anvHA. [IOTYYICHHBIC TAHHBIC JAKOT BO3MOXKHOCTB
WCIOTb30BATh METOA NPH MPOBEACHUM CYACOHOH Xumu-
YECKOH 3KCTIEPTH3BI B CTYTASIX OTPABIICHHIA.

®gboyydy

5005305601 3e5bdsTo Mm@ sbbsdobols sbognobols
bomby@  JOmds@mp®sgoyamo — dob-b3gd@Hmdy-
BOyeo (LC/MS/MS) dgmmwols ‘dgdygdaggds

'3 Logbogody, 2. sembody, 23. o) dys dgoano,
'm. dgdmsbodgoeo, 'b. 0dbsdy

'mdognolol Lobgendfogm bsdgwoiobm  9bogyd-
Lo@gB0, BoOds39gdImo o Amdbogmmmyoy®o
Jodools g3s@mEHodgb@o; 29'\“(‘]8"6 Lodbo@aganols Lob.
bolboadosdmanm  gdb3g@Gobol  gamgbyao  doyde,
mdoaolio, bads@mggmom

999 doggdgenos  dwsdosbol 3ensbdsdo  munsb-
ba30bols mgolimd@og-tHsmwgbmddogo asblsbogdols
gomooMmgdymo, bgmwggog®o, d@dbmdosmy,
5obdgm@gdowo, Lomby® JOmds@my@ogoyero
— 3sb-U3gdBHomdgB o gmo (LC/MS/MS) dgmmwo.
0be@odgdobsmngol aodmoygbgdmes Igs@ysby®o
4dbeGsdios. 0bmemodgds bwgomws Gilson GX-
271 ASPEC 3g501935b9@0  9JLacsjcool Loliggdom,
$o0HGoxo0 Supelclean LC-18 SPE 500mg. godblibgeno
geogo@gdobomgol dgoiogws 40 dan 0bm3dem3o-
bogols, 4 dao  3mb3gbB@oMmgdye  sdmboydol Jo-
A®Jloel ©s 156 dan Jgmom gbjanm@owl.

JOmds@omgmsgomgdolbsmgols goggbgdwom Lomby®
Joms@Bogaeogl — ob-b3g]HOmmigd@msb @sob-
©09ddo (LC-MS-MS) - AGILENT TECHNOLOGIES
1290 Infinity AGILENT TECHNOLOGIES 6460 Triple
quad LC/MS. wsgmgs brgdmwps bgghby - Zorbax
Eclipse, Lgo@aombs@ygmo ¢obs -C18(100x3.8 mm,
38 um). bgenls(ym sedndgommo ogm Fobsligg@om
- UHPLC GUARD Zorbax Eclipse. UL@ogombo@gmo
aobs - CL8(5x2.Imm,3.8pum). igg@Aol Ggd3g@sdyn®s
35°C. dmddog gobor dg@bggemo 0fbs Lolidgds: 0.1%
40064590 dgogol Fgoblbsdo HCOOH (H20)-0.1 %
d0obdgge0dgegs s3gBmbo@®oeno HCOOH (CH3CN)
=70 : 30 (v/V). sbagmobols boby@danogomds 5 (o
®gg0d0 0bm @Gy, Jnd@sgo gobol @obgdols
LobhJothg 04 o/ For. aoblobmgds bpgdmes Lsddsyo
38o0Mm3m@ol dsl-l3gB®mmdgB@by, ombobsios
ooV gmes  gegdd@mpenddsggom (ESIY), bgobo-
965 dodobs®gmdps ddsgsmy g@spo Mgsdizogdols
dmbo@m@obyom (MRM). Jamds@gmpy@ogodgdols
A 5 {o. omsbbadobols m3@odsaado MRM gs-
©oligamgdo os®ol m/z 313 ® 256, m/z 313 =213 o m/z
313 =198, ho3 dgbadgngdgenls bpols dmgsboobmm
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SKCINHEPUMEHTAJIBHAA MOJEJb OTAAJTEHHBIX
PE3VIIBTATOB OKCIIO3ULINU CBUHIIA

Harapana I' K., Baramenmm T.U., Aaapoankamsniau I T,
I'ypamBuiau T.T., ForemBuan K. 1., ABamumBuim M.I.

T6unucckuii 2ocyoapcemeennulil yHueepcumem um. H. Jreagaxuwiunu, denapmamenn namonouu;
1lenmp 6uomeouyunsl um. Fl. bepumaueunu, nabopamopus sKcnepuMeHmaivHou Hegpoaozuu, I py3ust

Ipodunakruka BpeIHOTO BIHSHUS CBHHIIA, CBS3aHHOIO
¢ npo()ecCHOHANbHbIMM (DAKTOPAMM H 3arpsi3HEHUEM
OKPY3KarOLIEH CPeabl, ABJIAETCH AKTYyalbHOU NpoOaeMOit
MCIAHULUMHBI.

Hecmotps Ha ToKa3aHHYO ONIACHOCTH IKCIIO3HIMH CBUHLIA
HA OPTaHM3M YEIIOBEKA, OH IO CEif ACHb UMEET IIMPOKOC
MPUMCHECHHUE B TIPOM3BOACTBE. JJ0OBIMa ¥ HCTIONB30BAHUE
CBHHIIA — OJHOTO U3 MOITHCHIINX (D)AKTOPOB 3arPsA3HEHIS
OKpPYZKAIOMIEH CPenbl — YXOIST KOPHAMHU B CAMBIH paHHUH
MICPHO] CTAHOBIICHHUA 4e10BeuecTBA. Cllydan mpoM3BOZI-
CTBCHHOTO OTPABJICHHA CBHUHIIOM OBUTH M3BCCTHBI [S11(§
Tannmeny (131-201 rr), HO MX MOOPOOHOE OMMCAHKE MO-
SIBUJIOCH TOpa3zo mo3anee [8,18].

CBHHEN IPEeACTaBIICT CO00I MATKHIU, OIEKIO-CEPOro
uBeta Metat. COeIMHEHNS CBHHLA TPYIHO PACTBOPHMBIE,
OITHAKO, TTOCKONBKY CBHHEI 00,1a1aeT JOCTATOYHO BEICO-
KAM HOHHBIM mOTeHUHAmoM (7,4 eXUWHUWIBI), B KHCIOMI
CpCIC OH YaCTHYHO COXPAHSICT HOHHOC cocTosHuC [7]. B
TIPUPOAC CBHHCIH MIPCACTABICH cMcChIo 204,206,207 u 208
CTaOMIBHBIX H30TONOB, B KOTOPOIf BCCTAA NMPHCYTCTBYCT
TAKKE PATUOAKTUBHBIN u30TOm P10 [4].

CBI/]I-IE]_[ TOPUMECHACTCA OJIA 3AIMUATHI 3JICKTPUICCKUX Ka-
Oereit, TPH H3TOTOBIEHHH CBHHILIOBOTO CypHKa W APYTHX
Kkpacureneif [16], ero oprannveckoe COeANHEHNHE — TeTpa-
srunceuren Pb(C,H,), mo6asmsteTcs B OEH3WH [T TOBEI-
ICHUS OKTAHOBOTO umcna [7]. 25-75% concpaamerocs B
AHTHAECTOHATOPE CBUHLA (80 MI/)T) BMECTE C BEIXJIOTHBIMH
ra3aMH BBIOPACBIBACTCS B OKPYIKAOIIYIO cpeay. Kornen-
Tpamysi CBHHLA B aTMOC()EPE TOPOIOB C MHTCHCHBHBIM
IBUAKEHHUEM, Hampumep, B Jloc-Anxkenece, B 80-¢ romsl

© GMN

MPOLLTOTO CTOJETHSI COCTABISLIA 5 MKI/CM?, H 3TOT IO-
Kasarelib ©KeroaHo Bo3pactan Ha 5% [3]. bnarosaps pas-
pabotanHoii u nposeacHHoH CILIA u aApyrumMH pa3BUTbIMH
CTPAHAMM IKO.10rHUECKOU NOJINTHKE, PACCEMBAHME CBUHLA
B OKPY’KarOLICH CPee 3HAYHTEIFHO CHU3MIOCh. OHAKO,
HECMOTPs Ha JOCTUTHYTBIC PE3YJIBIATHI, CBUHEL II0 CCH
JICHB OCTAETCsA Han00:1e€ PaCIIPOCTPAHEHHBIM IKOIOTHIEC-
kuM simoM B CLULA u Ha 6ombIeid yact 3eMHOTO mapa | 12].
[To maruemM BO3, BO MHOTHX CTpaHAX PUCK IKCIIO3UIIHU
CBUHIIA TAK K€ BBICOK, KAK B IMPOILIBIC ACCATHIICTHA. I'no-
DaH3aLUs — MOKHALIMOHAIBHOC TIEPEMEIIICHHE KAUTAA,
BO3POCIINI TOBAPOOOOPOT M MEPEMEIICHHE OOIBIIOTO
YHCNIA JFOACH HA OOTBILINE PACCTOSHUA, MOMHMO IIOJIO-
JKUTCIIBHBIX PE3YIIBTATOB, CO3JACT TAKIKEC MPECAMOCHIIKN
HUMITOpTA 3KOJOTHYECKOH omacHocTH [15].

HoHBI CBUHIA MPOHUKAIOT B OPraHU3M IPU JBIXaHUH, B
BUJC B3BCILCHHBIX B BO3AYXC adpO30JEii, MPU HCIONB30-
BAHUU 3arPs3HEHHON NUTHEBOM BOABI M ITPOAYKTOB MUTA-
Hus [10,17]. KymynupoBaHHBIH B ICMO-OpraHax (KOCTHAA
TKaHb, KOCTHBIN MO3T, TAPCHXUMATO3HBIC OPTaHbI) CBUHCL]
JONTOC BpcMs ocTactcs B opranusmc [13,9], unorga Ha
MPOTSHKEHUU BCEH JKU3HH, U SBISIETCA MOCTOSHHBIM HCTOY-
HUKOM HHTOKCHKANWu [8,5]. /10 IOCTIKEHUA KPUTHIECKOM
KOHIIGHTPAIIMH U IIPH OTCYTCTBHH 0IaTONPHATCTBYOIIHX
YCITOBHH OH KJIMHHYECKH HE MPOABIACT CBOM AKTHBHBIE
cBoiicTBa. OIHAKO, KaK TOTEKO, TI0 KAKHM-TTHOO0 TIPHIHHAM,
B OpPraHu3Me IPOUCXOAUT HAPYIICHHE KHCIOTHO-IIENI0Y-
HOTO 0anaHca Wiy, TCM 00JIce, IPH Pa3BUTHH BCAYIICH K
AUIA03Y XPOHUYECKOH THIIOKCH Y, HOHBI CBUHIIA B ITOJTHOM
Mepe TIPOSIBIITIOT CBOU arpeCcCcUBHBIE CBOHCTBA. OHU BBI-
XOISIT B KPOBb M O0OCTPSIOT MMEIOLIYIOCA XPOHNIECKYIO
MHTOKCHKAIWIO [2].
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OUOIOrMUECcKOe BO3IeCTRIE Ha MHK‘pO(])J]O])y KHUIIIEYHWKa B TE-
YCHMC JUIMTCIBHOI'O IICpUOJa BPCMCHHU B CPABHCHUU C BHCITHAM
N3IIYUCHHACM.
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DEVELOPMENT OF THE GC-MS/MS METHOD FOR QUALITATIVE
AND QUANTITATIVE DETERMINATION OF CLOZAPINE IN HUMAN BLOOD

ISivsivadze K., 2Jokhadze M., *Tushurashvili P., 'Murtazashvili T., 'Imnadze N.

'Thilisi State Medical University, Department of Pharmaceutical and Toxicological Chemistry,
2Levan Samkharauli National Forensics Bureau, Thilisi, Georgia

Clozapine is an atypical antipsychotic medication, sold under
the dillerent brand name. Pharmaceutical products, conlains
Clozapine are available in tablets of 25 mg, 50 mg and 100 mg
for oral administration, in Georgia are registered under following
brand names: Leponex, Clozapine, Zopin, Azaleptine. Clozapine
1s indicaled [or the treatment of severely 11l patients with schizo-
phrenia who fail to respond adequately to standard antipsychotic
treatment and for reducing the risk of recurrent suicidal behavior
1n patients with schizophrenia or schizoalleclive disorder who are
judged to be at chronic risk for re-experiencing suicidal behavior,
based on history and recent clinical state |§].

Clozapine s a tricyclic dibenzodiazepine derivative, chemically
is 8-Chloro-11-(4-methylpiperazin-1-yl)-5H-dibenzo[b,e] [1,4]
diazepine, the structural formula is on Figure 1. The molecular
formula is C, H ,CIN, which corresponds to a molecular weight
M 326.8, yellow, crystalline powder, practically insoluble in
water, freely soluble in methylene chloride, soluble in ethanol

(906 per cent), it dissolves in dilute acetic acid [3].
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Fig. 1. Structural formula of Clozapine

Mechanism of Action: the mechanism of action of clozapine is
unknown. However, it has been proposed that the therapeutic
efficacy of clozapine in schizophremia is mediated through an-
tagonism of the dopamine type 2 (D,) and the serotonin type 2A
(5-HT,,) receptors. Clozapine tablets also act as an antagonist at
adrenergic, cholinergic, histaminergic and other dopaminergic
and serotonergic receptors.
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Pharmacodynamics: Clozapine demonstrated binding affinity to
the following receptors: histamine H1 (K, 1.1 nM), adrenergic
o, (K, 1.6 nM), serotonin 5-HT (K, 4 nM), serotonin 5-HT,
(K, 5.4 nM), muscarinic M, (K,6.2 nM), serotonin 5-HT, (K, 6.3
nM), serotonin 5-HT,. (K, 9.4 nM), dopamine D, (K; 24 nM),
adrenergic a,, (K, 90 nM), serotonin 5-11T, (K195 nM), serotonin
5-HT,, (K, 120 nM), dopamine D, (K, 160 nM), dopamine D, (K,
270 nM), dopamine D, (K, 454 nM), and dopamine D, (K, 555
nM). Clozapine causes little or no prolactin elevation. Clinical
clectroencephalogram (EEG) studies demonstrated that clozap-
ine increases delta and theta activity and slows dominant alpha
frequencics. Enhanced synchronization oceurs.

Pharmacokinetics: Absorption - In humans, clozapine tablets (25
mg and 100 mg) arc cqually bioavailablc rclative to a clozapine
solution. Following oral administration of clozapine tablets 100
mg twice daily, the average steady-state peak plasma concentra-
tion was 319 ng/ml. (range: 102 to 771 ng/ml.), occurring at the
average of 2.5 hours (range: 1 to 6 hours) after dosing. I he average
minimum concentration at steady state was 122 ng/mL (range: 41
to 343 ng/ml.), after 100 mg twice daily dosing. Food does not
appear to affect the systemic bioavailability of clozapine tablets.
Thus, clozapine tablets may be administered with or without food.

Distribution - Clozapine 1s approximately 97% bound to serum
proteins. Metabolism and Excrelion - Clozapine 1s almost com-
pletely metabolized prior to excretion, and only trace amounts
of unchanged drug are detected in the urine and feces. CLZ 1s
a substrale [or many cytochrome P450 1sozymes, in particular
CYP1A2, CYP2D6, and CYP3A4. Approximately S0% of the
administered dose 1s excreted in the urine and 30% in the feces.
The demethylated, hydroxylated, and N-oxide derivatives are
components in both urine and feces. Pharmacological testing
has shown the desmethyl metabolite (norclozapine) to have only
limited activity, while the hydroxylated and N-oxide derivatives
were inactive. The mean elimination half-life of clozapine after
a single 75 mg dosc was & hours (range: 4 to12 hours), comparcd
to a mean elimination half-life of 12 hours (range: 4 to 66 hours),
after achieving steady state with 100 mg twice daily dosing. A
comparison of single-dosc and multiple-dosc administration of
clozapine demonstrated that the elimination halt-life increased
significantly after multiple dosing relative to that after single-dose
administration, suggesting the possibility of concentration-depen-
dent pharmacokinetics. However, at steady state, approximately
dose-proportional changes with respect to AUC (area under the
curve), peak, and minimum clozapine plasma concentrations were
observed after administration 0£37.5, 75, and 150 mg twice daily.

Indications and usage: Clozapine are indicated for the treatment
of severely 1ll patients with schizophrenia who fail to respond
adequalely to standard antipsychotic treatment. Because of the
risks of severe neutropenia and of seizure associated with its use,
clozapine tablets should be used only in patients who have failed
Lo respond adequalely Lo standard antipsychotic treatment. Reduc-
tion in the Risk of Recurrent Suicidal Behavior in Schizophrenia
or Schizoaffective Disorder. Suicidal behavior refers to actions by
a patient that put him/herself at risk for death. The effectiveness
of clozapine in reducing the risk of recurrent suicidal behavior
was demonstrated over a two-year lreatment period.

Dosage and administration: required laboratory testing prior to
initiation and during therapy prior to initiating treatment with

clozapine, a baseline the absolute neutrophil count (ANC), must
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be obtained. The baseline ANC must be at least 1500/uL for the
general population, and at least 1000/uL for patients with docu-
mented Benign Ethnic Neutropenia (BEN). Dosing Information:
The starting dose 1s 12.5 mg once daily or twice daily. The total
daily dose can be increased in increments of 25 mg to 50 mg
per day, if well-tolerated, to achieve a target dose of 300 mg to
450 mg per day (administered in divided doses) by the end of 2
weeks. Subsequently, the dose can be increased once weekly or
twice weekly, in increments of up to 100 mg. The maximum dose
is 900 mg per day. Over dosage Experience: the most commonly
reported signs and symptoms associated with clozapine overdose
arc: scdation, delirium, coma, tachycardia, hypotension, respira-
tory depression or failure. Fatal overdoses have been reported
with clozapine, generally at doses above 2500 mg. There have
also been reports of patients recovering from overdoses well in
excess of 4 g [7].

Toxicity - The most scrious cardiac complications causcd by
clozapine, such as cardiomyopathy, myocarditis and pericarditis,
are characterized by shortness of breath, heart palpitations/pains
and thoracic pain. In most cases, electrocardiographic changes,
pericardial effusion, and nonspecific signs of mflammation are
observed. However, only a few cases of pericarditis and pericardial
effusion induced by clozapine, even when used at low dosage, are
reported in the literature. Was reported 65 cases of myocarditis, 52
cases of cardiomyopathy and only six cases ol pericarditis occur-
ring during clozapine treatment. The dose used is a poor predictor
of clinical response, and there 1s little correlation between dose
and plasma level, due o mdividual differences in metabolism,
pharmacokinetic differences, gender, age, drug interactions and
the smoking of tobacco products [1].

Caser reports toxicity: in literature review was discussed several
cases, among them is the deaths of two patients with treatment-
refractory schizophrenia treated with clozapine. A 29-year-old
male had received gradually increasing doses of clozapine over
two years duc to ongoing trcatment resistance. Plasma clozapine
levels in the three months prior to his death ranged from 750 to
1200 pg/L. His final clozapine level taken 3 days before he died
was 1180 pg/I.. His post-mortem clozapine level was 2800 pg/T..
In the second case, a 56-year-old female had been treated with
clozapine for 6 years, including a consistent 500 mg daily dose for
the 4 years preceding her death. Her CI.7 levels varied between
290 and 1370 pg/L over her 6 years of CLZ treatment, although
there were no levels greater than 1000 pg/L in the 2 years preced-
ing her death. Her final clozapine level, taken 1 month before she
died, was 770 pg/L. Her post-mortem clozapine level was in the
range consistent with toxicity [9].

Although there 1s no simple relationship among clozapine levels,
therapeutic ellicacy, and toxicity, was compared 3 non-overlap-
ping ranges and found: “medium” range (200 to 300 ng/mL) is a
good initial target; low range (50 to 150 ng/mL) 1s not as effective
as medium or high levels; high range (350 to 450 ng/mL) can be
tried if clinical response is insufficient, although the high range
was no more effective than the medium range. Over high levels
(1e >1,000 ng/ml combmed clozapine and norclozapine levels)
have no proven benefit and increase seizure risk [4].

In this scenario, therapeutic drug monitoring (TDM) of psycho-
tropic drugs is essential: it can help to enhance the therapeutic
response, design optimal dosing regimens, avoid the build-up of
excessively high and potentially toxic drug concentrations and
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monitor patient’s adherence to treatment. Also important clozapine
determination for forensic purpose.

Over the last years, researchers have developed several methods
to determine clozapine in biological fluids.

For quantilication of clozapine and norclozapine in the sera ol
schizophrenic patients, treated with clozapine was developed
ultra-performance liquid chromatography tandem mass spec-
trometry (UPLC-MS-MS) for simultaneous determination of
clozapine and its major metabolite norclozapine in human serum.
The compounds were extracted from serum by a single step pro-
tein precipitation and analyzed using a UPLC-triple-quadrupole
detection (TQD) system. Separation of compounds was achieved
on a BEH C18 (50 mm x 2.1 mm, 1.7 pm) analytical column
using methanol and water (both containing 0.2% ammonium
hydroxide) as the mobile phase at a flow rate of 0.40 mL/min. The
compounds were ionized in the electrospray ionization ion source
ofthe TQD and were detected in the multiple reaction monitoring
(MRM) modc. The MRM transitions m/z 327 — 270 and m/z 313
— 192 for clozapine and norclozapine, respectively, were used
for the quantification ions. Clozapine transition 327 — 192 and
norclozapine lransition 313 — 270 were used as conlirmation
1ons. Method was applied for TDM [6].

Was described development of high-performance liquid chroma-
tography coupled to tandem mass spectrometry (LC-MS-MS) to
determinc antipsychotics (olanzapine, quetiapine, clozapine and
etc.) along with antidepressants, anticonvulsants and anxiolytics
(diazepam and clonazepam) in plasma samples obtained from
schizophrenic patients. The samples were prepared by protein
precipitation. The target drugs were separated on an X Select
SCH C18 column (100 mm % 2.1 mm % 2.5 pm) within 8.0 min
by means of gradient elution. The drugs were then detected on
a quadrupole tandem mass spectrometer equipped with an elec-
trospray ionization source, operating in the multiple reactions
monitoring mode and in the positive ionization mode [2].

An ultra-performance liquid chromatography—tandem mass spec-
trometry method was developed and validated for the quantifica-
tion of 25 common pharmaceuticals in whole blood. The selected
pharmaceuticals represent the most frequently detected drugs in
forensic laboratory, among them was antipsychotic clozapine.
Whole blood samples were extracted with butyl acetate after ad-
justing pH with 2M NaOH. The target analytes were scparated on
a100 x 2.1 mmACQUITY BEH 1.7 pm C18 column by a formic
acid/acetonitrile gradient elution using a Waters ACQUITY Ultra-
Perlormance Liquid Chromatography system. Quantification was
performed on a Waters tandem quadrupole ACQUITY 1'QD using
multiple reaction monitoring in positive mode. The analytes were
eluted within 11 min. The limit of quantification (LOQ) ranged
from 0.002 to 0.01 mg/kg depending on the analyte [5].

High quality cxact analytical data arc ncecssary in clinical and
forensic toxicology, because unreliable data could lead to wrong or
[atal treatment ol the patient or to unjustilied legal consequences
for the defendant in court.

Theretore, sensitive and reliable analytical methods are required
to for the detection and quantification of clozapine at these low
concentration levels in biological matrices.

The aim of this study was to optimize workflow, minimize costs
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and develop a simple, fast, sensitive validated GC-MS/MS method
for detection and quantification of clozapine in blood based on
solid phase extraction.

Material and methods. Clozapine (CI.7)) Furopean Pharmaco-
poeia (EP) Relerence Standard (CAS number 5786-21-0, cata-
logue number C2460000) was obtained [rom SIGMA-ALDRICH.
Organic solvents of HPLC grade trom Fluka and Merck (Ger-
many). Methanol of analytical- reagent grades were purchased
from Merck. Water passed through a Millipore system was used
for sample dilution and in the mobile phases.

Blank human plasma was kindly supplied by Blood Institute,
Georgia and kept on -20°C. All samples were negative for sub-
stances ol abuse like THC, cocaine, methadone, amphelamines,
methamphetamines, opiates, buprenorphine, benzodiazepines,
barbiturates and tricyclic antidepressants with ELISA.

Preparation of stock and working standard solution

For preparing of the working standard solutions, stock standard
solutions (200 pg/mL! in methanol) were diluted in an appropri-
ate volume of methanol. The calibration standards and quality
control samples (QCs) were prepared by spiking the blank human
blood samples with known concentrations of working standard
solutions. The concentrations of the calibration standards range
was 5, 50, 250, 750, 1000, 1500ng/mL for. Dilutions were used
for preparing three levels of QCs, 50, 500, and 900 ng/mL in hu-
man blood. Stock standard solution QCs were stored at -20°C.
Working standard solutions were stored at +5°C for one month. To
prevent degradation of all samples including extracted standards
were protected from light under the entire sample preparation by
wrapping the samples in foil.

Prepare of the blood sample

The blood samples were weighted prior to analysis as a standard
procedure in the laboratory. 20uL of QCs were added to 190 pL.
of human blood and was stored at -20 °C tempcrature.

Solid phase extraction
Was used The Gilson GX-271 ASPEC Solid phase extraction
system with the cartridge Supelclean LC-18 SPE 500 mg.

Extraction procedure

Sample pretreatment - to 1mL of sample preparation add 4mL
DI water and 2mL of 100mM phosphate buffer (pH 6.0). Mix/
vortex on Stuart rotator and ultrasonic bath for homogeniza-
tion. Centrifuge for 10 minutes at 5000 rpm and discard pellet.
Received samples pH should be 6.0+0.5. Adjust pH accordingly
with 100mM monobasic sodium phosphate.

Tube Conditioning - Rinse with | x 3mL Methanol and aspirate.
Rinse with 1 x 3mL DI water and aspirate. Rinse with 1 x ImL
100mM phosphate buffer (pH 6.0) and aspirate. To prevent pack-
ing bed from drying should be as pirated at <3 inches Hg.

Loading of the sample - Load at ImL/minute.

Tube Wash - Rinse with 1 x 3mL DI water and as pirate. Rinse
with 1 x ImL 100mM acetic acid and aspirate. Rinse with 1 x
3mL Methanol and as pirate. Dry tube during 5 minutes at > 10
inches Hg.

Elution - Elute 1 x 3mL with the mixture methylene chloride

1m
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(CH,C1,)/ Isopropyl alcohol (IPA) / Ammonium hydroxide (NH,OH)
with proportion 78:20:2. Collect eluate at 1-2mL/minute. Llution
solvent should be prepared [resh daily. To 40mL o[ isopropanol, add
4mL of concentrated ammonium hydroxide mix and add 156mL of
methylene chloride and mix. Lvaporate to dryness at <40°C.

Preparing for Analysis - evaporate reconstitute with 100pL ethyl
acetate. Mix/vortex vigorously for 30 seconds and Inject 10 pL
mto chromatograph.

Apparatus GC-MS/MS Analysis

Analysis was carried out on a gas chromatograph Agilent 7000A
Quadrupole GC-MS/MS (Agilent,USA) equipped with Gerstel
automatic Sampler. GC run conditions - was used the capillary
colum HP-5MS, 30m x 0.25mm I.D., coated with a 0.25pm film.
Tonization was performed in the positive mode (EI+). Acquisi-
tion was made in total ion current (TIC) and multiple reactions
monitoring (MRM) mode.

The GC conditions were as follows: the column temperature was
programmed from 50°C to 305°C with an mcrease of 10°C/min;

MEJUITHHCKHUE HOBOCTH I'PV3HH
LSIIHOFIL M LSTIKLKOGN6(M LOS bR I60)

the injection port and the transfer line temperature were 310°C;
helium was used as carrier gas at flow rate of 1.0mL/min; split
ratio was 5:1. MS conditions - the mass analyzer operated by
electron impact (70eV) in TIC and MRM. Quadrupole tempera-
ture 150°C. Quantitative analysis was carried out recording ions
m/z 326 [ 256, m/z 32601 243 and m/z 3261 192 [or clozapine.

Results and their discussion. Received GC-MS chromatograms
and mass spectrum are given on Figs. 2,3.

Method validation

Analytical validation of this method was based on current inter-
national EMA (European Medicines Agency) and FDA (Food and
Drug Administration) guidelines.

Mass spectrometry: to obtain optimum sensitivity and selectivity,
ESI technique operated in the positive ion mode was used for the
GC-MS total ion current (TIC) and multiple reaction monitoring
(MRM) analysis. For CLZ the most sensitive mass transition
was monitored from ions m/z 326001 256, m/z 32600 243 and m/z
3260 192.
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Fig. 2. GC-MS chromatogram of clozapine in blood sample
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Fig. 3. Mass spectrum of clozapine in blood sample

112

182



GEORGIAN MEDICAL NEWS
No 3 (264) 2017

NIST database

- =

o

=
X @ @ W W W W W I 8 M X 2 I I 3 3 I 4 40 W & AN W M 0 W W a0

" R L

Blood sample

TR ¥ =

Fig. 4. Comparison of the mass spectrums of clozapine between database (NIST) and in blood sample

Table. Method validation parameters and results

: : Accuracy (bias %) Precision (RSD %) Recovery (%)
Selectivity L“};“z;‘ty Lop | LLOQ
Low High Low High Low High
Nointerference |- gq74 -17 03 4 songimr | 3308 94 97
signals mL

Sclectivity was proven by analysis of six sources of blank human
blood, processed with one zero sample (blank matrix with internal
standard), verifying the absence of signal interferences.

Linearity was selected by analyzing 6 concentration levels, from
5 ng/ml to 1500ng/mL (5, 50, 250, 750, 1000, 1500ng/mL) and
each level was evaluated in triplicate according to a linear model.
Based on the data it was concluded that the calibration curves
used in this method were accurate for the determination of CLZ.

Accuracy and precision were estimated from the analysis of
quality control (QC) samples at low (close to lower limit of
quantification (LLOQ) and high concentration (1500ng/mL.), in
six replicates for cach level. The acceptance criterion for accu-
racy (statistical bias) was within =15% of nominal value (£20%
closc to LLOQ), for precision was within =15% relative standard
deviation (RSD) (20% close to LLOQ).

The LOD (Limit of Detection) was determined by analysis of
spiked samples with decreasing level of concentration of the
analyle.

For LOD a value of signal-to-noise ratio equal to or greater than
three was chosen. The LLOQ was determined by analysis of forti-
fied samples with decreasing level of concentration of the analyte.
For LLOQ a value of signal-to-noise ratio equal to or greater than
ten was chosen. Recovery was calculated by analyzing extracted
spiked samples at high and low concentration in relationship with
the curve calibration, compared with the control samples.

Validation Results.

The method was validated by investigating the following param-
eters: selectivity, linearity, accuracy, precision, identification of
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LOD and LLOQ and recovery. The results are shown in Table.

Conclusion.

A simple, rapid, selective, sensitive analytical method was devel-
oped and validated for the determination of clozapine in human
blood, using a solid-phase extraction and quantification by gas
chromatography-mass spectrometry (GC-MS/MS).

From the results of the validation parameters given in this paper,
we can conclude that the developed method can be useful for
determination of clozapine: 1) for forensic investigations such as
postmortem cases, violence cases and intoxication, 2) for TDM
ot schizophrenic patients, for the schizophrenia effective treat-
ment, to improve therapeutic efficacy and minimize drug toxicity.
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SUMMARY

DEVELOPMENT OF THE GC-MS/MS METHOD FOR QUALITATIVE
AND QUANTITATIVE DETERMINATION OF CLOZAPINE IN HUMAN BLOOD

ISivsivadze K., 2Jokhadze M., *Tushurashvili P.,
Murtazashvili T., Imnadze N.

{Thilisi State Medical University, Department of Pharmaceutical and Toxicological Chemistry,
’Levan Samkharauli National Iorensics Bureau, Thilisi, Georgia

A simple, rapid, selective, sensilive gas chromatography-mass
spectrometry (GC-MS/MS) method was developed and validated
for the determination of clozapine in human blood. For isolation
was used solid phase extraction. The calibration standards range
was 5-1500ng/mL.

Analysis was carried out on a gas chromatograph Agilent 7000A
Quadrupole GC-MS/MS. GC run conditions - capillary column
HP-5MS, 30m x 0.25mm, coated with a 0.25um film, column
temperature from 50°C to 305°C with an increase of 10°C/min;
the injection port and the transfer line temperature were 310°C;
carrier gas - helium at flow rate of 1.0 mL/min; Tonization was
performed in the positive mode (EI+). Acquisition was madc in
TIC and MRM mode, electron impact 70Ev. Quantitative analysis

was carried oul by recording ions m/z 32600 256, m/z 326[1 243
and m/z 32600 192 for clozapine.

The method was validated by investigating the following param-
eters: selectivity, linearity, accuracy, precision, identification of
LOD and LLOQ and recovery.

Method, given i this paper can be useful for determina-
tion of clozapine in forensic investigations and for TDM of
schizophrenic patients to improve therapeutic etlicacy during
clozapine treatment.

Keywords: GC-MS/MS, Solid Phasc Extraction, Mcthod vali-
dation.

PE3IOME

PABPABOTKA IT'A30BOI'O XPOMATO-MACC-CIIEKTPOMETPUYECKOI'O (GC-MS/MS) METOJA AHAJIU3A
JJI1 KAUECTBEHHOI'O H KOJIMYECTBEHHOT'O ONPEJIEJTEHH A KJIO3AIIMHA B KPOBHU YEJIOBEKA

ICuscuBanze K.I',, 2Lxoxanze M.C., *Tymypamsuiau [L.P, 'Myprasamsman T.K., 'Umuansze H.E.

Tounuccxuii cocydapemeennuvlii MeOuyuHCK Tl YHUGEpCUmen, Oenapmamerm GapmMayesmuiecroii u moKCURONOSUECKOT XUMUU,
’Hayuonanenoe 6iopo cydebroii skenepmuser um. JI. Cavxapayau, 16unucu, 1 pyzus

Pa3paGoTaH U BaImIUPOBAH OBICTPEIH, NPOCTOM, CCICKTHR-
HEIH, TyBCTBUTEINIEHBIM METOZ Ta30BOil XpoMaTorpauu-Mace-
crnexrpomerpuu (GC-MS/MS) st onpe/ielieHus KI03alnHa
B KPOBH "esoBeka. /Il H30IMpOBaHNsA HCIOIB30BaHA TBEPHO-
tasHas dkcTpaknms. J(Mama3oH KalIuOpPOBOYHBIX CTaHIAPTOB
cocTaBui 5-1500 r/mi.

AHaTH3 MPOBOIMMIICA Ta30BEIM Xpomatorpadom Agilent 7000A
Quadrupole GC-MS/MS. Pabouue yclaoBHs: KalWUISpHas KO-
norka HP-5MS, 30m x 0,25MM, IoKpRITas 06omoukoif .25 MkM,
temiepatypa komorku 50°C-305°C, xoropast yBenuuuBazach
Ha 10°C B MUHYTY, TEeMUEPATYPA MEXKEKIOPA M LICPELdIuUKa
310°C, ra30BBIi HOCHTENE - TeJIHH, CKOPOCTE MOoToKa 1.0 M/
MUH. VOHH3a1us 0CTUraIach B MOMOKHTEIbHBIM peskuMe (EI
+). CKaHNPORAHNC TIPOTCKAIIO C MOIHOTO HOHHOTO TTOTOKA W C
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MOHHUTOPUHI'OM MHOTOpa30BEIX peaknuil (MRM), 1IcKTpOHHBIH
yaap 705B. J[115 KJI03anHHa KOJU'IECTBEHHBIN aHAJIN3 IPOBEIeH
TIOCPEICTBOM PETUCTPAIMY UOHOB m/z 32601 256, m/z 32601 243
and m/z 3261 192.

Mertoz BaIMAMPOBAIl MO CIIEAYIONMM TapaMeTpaM: CEJIEeKTHB-
HOCTB, HOBTOPSI€MOCTb, IMHEHHOCTh, TOYHOCTE, IPAaBUILHOCTD,
mpenen KonudecTBeHHOro onpenenenusa (LLOQ), mpenen o6Ha-
pyxenus (LOD).

Me'[o;:[, ONWCaHHBIN B HpCZ[CTaBJICHHOfI CTaTbeC, MOXCT OBITH
MCLOJB30BAH JJIs OLIPEACIICHUS KIIO3d11MHA B KDOBU YCJIOBCKA
14 CyZ[e6HO-M€Z[I/II_II/IHCKHX OKCIEPTHU3 U KOHTPOJIA TEpaIeCB-
THYECKOH O3Bl Yy IIallU€HTOB € mn30(1)pelmeﬁ, JICYHUBIIUXCA
KIIO3aITHHOM.
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INFLUENCE OF OZONE THERAPY ON ORAL TISSUE IN MODELING
OF CHRONIC RECURRENT APHTHOUS STOMATITIS

Kovach L., Kravchenko L., Khotimska Yu., *Nazaryan R., *Gargin V.

State Establishment "Dnipropetrovsk Medical Academy", *Kharkiv National Medical University, Ukraine

The diagnosis and management of the patient with recurrent oral
ulceration requires a systematic approach based on the princi-
ples of taking an adequate history, clinical examination, inves-
tigations as appropriate, institution of management and, finally,
review to allow for any necessary modifications of that manage-
ment [12,16] and creation of new method of treatment. Chronic
recurrent aphthous stomatitis (CRAS) belongs to the group of
chronic, inflammatory, ulcerative diseases of the oral mucosa.
Up to now, the etiopathogenesis of this condition remains un-
clear; it is, however, considered to be multifactorial [12,14,15].

For today, CRAS is one of the most common types of the inflam-
matory process in the oral mucosa, with a prevalence of 2% to
10% in Caucasian populations. To treat them properly, physi-
cians should know their clinical appearance and course, condi-
tioning factors, underlying causes, and diffcrential diagnosis [1].

The underlying etiology is not clear, although a number of fac-
tors are known to predispose to the occurrence of oral aphthae,
including genetic factors, food allergies, local trauma, endocrine
disorders, stress, anxiety, smoking cessation, certain chemical
products, microbial agents [4,16].

© GMN

Till now many aspects of chronic recurrent aphthous stomatitis
are unexplored and there is a necessity for further experimental
investigation to clarify the pathogenesis of this disease for the
creation of primary prevention and pathogenetically based treat-
ment of patients with CRAS including their clinical manifesta-
tions in the oral cavity [5,9,14].

Various treatment options have been used for healing of the
oral tissue in CRAS and other disorders. A range of mouthwash
options are used because of the anti-inflammatory, anesthetic,
analgesic, antipyretic, and antimicrobial properties. In addi-
tion, systemically administered pharmacological agents, such as
pentoxifylline, thalidomide, and simvastatin, have been shown
to correlate with the development and severity of all the com-
plications reported |3]. Clinical trials have reported that these
drugs reduce the frequency and scverity of major complications.
Despite these treatment options, there is still a need for other
cost-effective modalities to prevent disorders of oral cavity [3].

Medical ozone is described as three atom molecules of oxygen
known as O3 and ozone therapy has been proven safe to use

in medical treatment because of antimicrobial, disinfectant, and
healing properties [7]. In addition, small doses of ozone can ac-
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1K SIVSIVADZE, °M. JOKHADZE, °P. TUSHURASHVILI, ‘T. MURTAZASHVILI, 'N. IMNADZE
DEVELOPMENT LC-MS/MS METHODE FOR QUALITATIVE AND
QUANTITATIVEDETERMINATION OF THE RISPERIDONE IN HUMAN URINE
ITbilisi State Medical University, Department of Pharmaceutical and Toxicological Chemistry;
2. Samkharauli National Forensics Bureau, Tbilisi, Georgia

SUMMARY

Was developed rapid, selective and effective Liquid Chromatography — Tandem Mass Spectrometry
(L.C-MS/MS) method for determinationof risperidone in human urine, quetiapine fumarate was used as
internal standard.For isolation was used solid phase extraction with the cartridge Supelclean LC-18 SPE
500mg. In vitro urine samples were chromatographed on AGILENT TECHNOLOGIES 1290 Infinity
AGILENT TECHNOLOGIES 6460 Triple quad LC-MS/MS system. Separation was performed by
isocratic elution on Zorbax Eclipse plus C18 (100x4.5 mm, 3.8 pm) column. Determination was performed
on a triple-quadrupole masspectrometer employing electrospray ionization technique (ESI’) operating in
multiple reaction monitoring (MRM) mode. The optimized MRM transitions for risperidone were m/z
410— 191, m/z410— 163 and m/z 410— 110. Calibration curve show a linear relationship in the range
0f 0.5 to 100 ng/ml.
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SEIZURES AND EPILEPTIFORM EEG-DISCHARGES IN CHILDREN WITH FOETAL
EXPOSURE OF ANTIEPILEPTIC DRUGS
Thilisi State Medical University; Institute of Neurology and Neuropsychology;

Caucasus International University, Tbilisi, Georgia

SUMMARY

It is well known that foetal AEDs exposure is associated with an increased risk of congenital
malformations, cognitive impairment and autistic spectrum disorders.

The aim of the current study was to assess the effects of foetal AEDs exposure on the seizures and
epileptiform EEG discharges in children.

A prospective cohort group of children aged 3-6 years (MD - 4.5 years) with fetal exposure to
AEDs from mothers with epilepsy (Case-group) was formed. Age matched individuals without fetal AEDs
exposure from healthy women were enrolled as a control group. In all of the 96 children from case (n=47)
and control (n=49) groups standard EEG and neurological/epileptological examinations were performed.

. Specific epileptiform EEG-discharges and nonspecific EEG abnormalities were observed in21%
of children from case group (10/47); in one child (2%) of control group specific epileptiform EEG discharges
(spike and wave discharges), without clinical seizures (1/49) were revealed. Epilepsy was diagnosed in
three children (6%) from case group: two of them were siblings with foetal VPA exposure and focal
epilepsies were diagnosed in the both of them. In the remaining one child of the mother with reflex epilepsy
and foetal VPA-exposure, reflex epilepsy was diagnosed.

Epileptiform EEG discharges are tenfold and the seizures are three times as often found in children
with fetal AEDs exposure from mothers with epilepsy than in their healthy peers from healthy mothers.
These effects may be due to epilepsy itself or foetal AEDs exposure may play some role that needs further
research.
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Ivanishvili T., Tatanashvili D., Shapatava K., Abuladze T.,
Makhashvili D.

THE ROLE OF ULTRASONOGRAPHY
DIAGNOSIS OF ACUTE
APPENDICITIS

TSMU, DEPARTMENT OF SURGERY; DIAGNOSTIC
CENTRE ,INTERCLINIK ,,

Nowadays acute appendicitis is an actual moot point
of surgery. Every year 10% of population get sick of this
pathology. In case of delay in treatment the quantity is
0,2-0,3 %.

Since 2010 there has been made 7890 appendectomy
in Georgia (mortality 0,01 ).The desired result, in our
opinion, successes in acute appendicitis diagnostics — as
ultrasonography necessarily engaging, which is quicker,
limited research, low price method of treatment.

Ultrasound examination result means the next visit to
CT and MRI researches.

Imnadze N., Sivsivadze K., Murtazashvili T.,
Jokhadze M., Tushurashvili P.

DETERMINATION OF SOME
ANTIPSYCHOTIC DRUGSIN HUMAN
PLASMA BY LIQUID CHROMATOGRAPHY
- TANDEM MASS SPECTROMETRY (LC/
MS/MS)

"TSMU, DEPARTMENT OF PHARMACEUTICALAND
TOXICOLOGICAL CHEMISTRY; ‘LEVAN SAMKHARAULI
NATIONAL FORENSICS BUREAU

INTRODUCTION - Development of the rapid, sensi-
tive and selective methods of determination of various sub-
jects of intoxication is the main goal of the Toxicological
chemistryand Forensic medicine.

Olanzapine and Risperidoneare an antipsychotic drugs
used to treatschizophrenia and related disorders (Fig. | a
andb). They have a lower incidence oftreatment-emergent ex-
trapyramidal symptoms and greater decreasesin total psy-
chopathology relative to haloperidol and amore favorable
safety profile [1]. In similar to the world experience, these
two products are having a high frequency prescription, amon-
gantipsychotics in Georgia. Not singular the cases when the
products are prescribed simultaneously and patient use it

without respective precaution [2,3]and outcome of such ad-
ministration could be toxic [4].

Several analytical methods for the determination of olan-
zapine and risperidone in human fluids are published [5,6].
In these reports, the use of gas chromatography coupled to
nitrogenphosphorus detection (GC-NPD) has been described
[7].However, in most reports high-performance liquid chro-
matography (HPLC) has been used in conjugation with UV,
fluorescence,or electrochemical detection with use of deriva-
tization step to increase fluorescence capacity [8-10]. Re-
cently, liquid chromatography—mass spectrometry (LC-MS)
has proven to be a powerful tool for determining drug con-
centrations in biological matrices and several LC—tandem
MS methods for the determi-nation of olanzapine and ris-
peridone in plasma, serum, cerebrospinal fluids, blood or
brain tissues have previously been published [11-14].The
objective of the present study was to developthe selective
and sensitive method of analysis on simultaneous determi-
nation of olanzapine and risperidone in human plasma. The
presented assay is the modified version of an LC-MS-MS
assay used to determine olanzapine in whole blood [15]. As
internal standard was applied the quetiapine (IS).

EXPERIMENTAL - Chemicals and materials - Chemi-
cals and materials (suppliers) were as follows:standards of
olanzapine, risperidone and quetiapine (IS) were purchased
bySIGMA-ALRICH. HPLC grade solvents:acetonitrile and
formic acid from MERCK, deionised water for LC/MS/MS
was received on HYJD-III-D.Solid-phase extraction car-
tridges - Bond EIut°LRC cartridges from VARIAN Inc.

Blank human plasma was provided by Blood Institute,
Georgia and kept on -20°C. All samples werenegative for
substances of abuse like THCA, benzoylecgonine, metha-
done, amphetamines including MDMA, opiates, and benzo-
diazepines with immunoassays and for buprenorphine
andnorbupre-norphine with ELISA(HumaLyzer 3000).

LC/MS/MS conditions -TheLC system was AGILENT
TECHNOLOGIES 1290 Infinity AGILENT TECHNOLO-
GIES 6460Triple quad LC/
MS.Separationwasperformedbyisocratic elutiononZorbax
Eclipse plus C18 (100°2.1 mm, 1.8pm) column, equipped
with pre-column: UHPLC GUARD ZorbaxEclipse plus C18
(5°2.1 mm, 1.8pm), withamobilephaseconsistingof0.1 % wa-
ter solution of formic acid (H,0):0.1 % acetonitrile solution
of formic acid =60 : 40 (v/v). lonization and detection of
analyte and IS was performed on an AGILENT TECHNOL-
OGIES 6460 triple quadru polemass spectrometer equipped-
with Turbo lonsprays operating in the positiv eion
mode.Quantitation was performed using eleciro spray ion-
ization technique (ESI*) operating in multiplereaction mon-
itoring (MRM) of the protonated precurs or to production-
transitionsat m/z 313 ® 256, m/z 313 ® 157 andm/z 313 ®
84forOLZA411®206, 411191 and 411®110 for RIPas the
quantitative andconfirmative traces, respectively(Fig. 2). To-
tal chromato-graphic run time was 6 min.

Standard curves - An OLZ and RIP stocksolution(1.0
mg/mL) inmethanolwasdiluted with methanoltoproducean-
intermediatestock solution (500ng/mL). This was further
diluted to prepare standard and (independently) QC
solutions.AnlSstocksolution (100 mg/mL) wasalsoprepared-
inmethanolanddilutedtogiveanISworkingsolution (10.0ng/
mL).Allsolutions were storedat4°C whennotinuse.OLZ and
RIP calibration standards (CS-1 to CS-10, 0.10, 0.15, 0.20,
0.50, 1.50, 3.00, 10.0, 25.0, 40.0 and 50.0 ng/
mL)(n=>5).Allsampleswerestoredat -20°C pendinganalysis.

Extraction procedure

Invitroblood sample extraction was carried out by solid-
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phase extraction with following steps procedure:

- Homogenization of 190 ml Plasma+10 ml
methanol+50ml (50ng/mL) QC solution and IS;

- Homogenization with phosphate buffer (100mM)
to pH 6;

- Centrifugation 10 min with 2000 rpm;

- Supernatant transfer to conditioned cleanup SPE tube;

- Cartragewash: 3 mL DI Water/ 1% acetic acid/MeOH;

- Elute : ethyl acetate: acetonitrile: ammonia (78:20:2
VIv);

- Evaporation of eluate under a gentle stream of ni-
trogen < 40°C;

- Injection of 5 mL of reconstituted in 100 mL sam-
ples were injected in LC/MS/MS.

RESULTS AND DISCUSSION- LC-MS/MS method of
determination of olanzapineand risperidone in human plas-
ma simultaneously is successfully developed. The Represen-
tative chromatograms of the study subjects and IS are shown
on Figure 3. Thedescribed condition causes good resolution,
without extensive peaks tailing, with retention time —0.717
min (OLZ) 0.783 min (RIP) and 0.88 Imin (IS) respectively.

A 10-point linear calibration curveshowed a R’ value of
0.9971 for OLZ and 0.9958 for RIP (Fig.3).The assay is lin-
ear in the range 0.15-40.0 ng/mL for OLZ and 0.20-50.0 ng/
mL for RIP. Lowerlimit of quantitation and limit of detec-
tion are 0.10 and 0.015 ng/mL for OLZ and 0.20 and 0.025ng/
mL for RIP.

CONCLUSION - Developed a selective and sensitive
method for the simultaneous determination of
olanzapine(OLZ) and risperidon (RIP) in human plasma,
based on liquid chromatography — tandem massspectrome-
try (LC-MS/MS).The method was subsequently applied to
in vitro plasma samples. The developedmethod gives the
opportunity of rapid and simultaneous determination of olan-
zapine and risperidonof forensic investigation of the intoxi-
cation or postmortem cases.
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ROLE OF PHYSICAL EXERCISE IN
PREVENTION OF DISEASES: NEW
PROSPECTS

TSMU, DIVISION OF MEDICAL REHABILITATION AND
SPORTS MEDICINE, DEPARTMENT OF CLINICAL SCIENCES

Considering world economical crisis, use of low-cos:
preventive interventions, such as physical activity becomes
necessary. Inclusion if physical activity in everyday lifestyle
decreases pharmaceutical and overall costs of public health
care system.

During recent years, number of scientific works has de-
scribed potential of regular physical exercise in prevention
of several types of malignant tumors, along with cardiovas-
cular and metabolic disorders, which have been traditional-
ly viewed as targets for physical activity programs. For ex-
ample, physical exercise can have a preventive role in de-
velopment of breast cancer, by means of influencing its hor-
monal and metabolic mechanisms, as well as in develop-
ment of colon cancer. Physical exercise decreases insulin
resistance, which supposedly is a connecting link in patho-
genesis of many malignant tumors, including endometrial
cancer. According to newest investigations, preventive ef-
fect of physical exercise concerns aute-immune diseases as
well, such as diabetes type 1.

Therefore, national governments should pay great atten-
tion to development of physical activity programs, as an
important method of diseases treatment and prevention.
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THE REVIEW OF THE CHEMICAL-
TOXICOLOGICAL METHODS OF
ANALYSIS OF SOME ANTIPSYCHOTIC
DRUGS OF SECOND GENERATION

ATSMU, DEPARTMENT OF PHARMACEUTICAL AND
TOXICOLOGICAL CHEMISTRY; *TSMU, DEPARTMENT OF
PHARMACOGNGSY AND BOTANICS

Recent years pharmaceutical market has been enriched
with numbers of new antipsychotic drugs. In the list of such
agents are risperidon, olanzapine and clozapine. The num-
ber of its medical and nonmedical utilization significantly
increased, respectively raised the quantity of intoxications
caused by the antipsychotic drugs. Many scientists of vari-
ous countries are working to elaborate the methods of qual-
itative and quantitative analysis for determination of risperi-
don, olanzapine and clozapine in drugs or in biological ma-
terial. The main subject of the research is individual and si-
multaneous determination of above-mentioned agents and
validation of these methods. The bibliography shows vari-
ety of these methods— specral, electrochemical and chro-

matographic.

Antipsychotic polypharmacy is weli established in schizo-
phrenia therapy. Due to importance of this subject it is es-
sential to deep study of the bibliographic data. Development
and amelioration of the chemical-pharmaceutical methods
of analysis of above-mentioned agents are still open for sci-
entific discussions.

The present review serves to elaborate the respective
background to establish the new, sensitive and reproductive
methods of analysis in the narcological - toxicological prac-
tice of Georgia.

Simonia G., Andronikashvili L., Pantsulaia L, Kantaria N.,
Basishvili N,

CARDIOTONIC STEROIDS IN SALT-
SENSITIVE ARTERIAL HYPERTENSION
IN GEORGIA

TSMU, DEPARTMENT OF INTERNAL MEDICINE; UNESCO
CHAIR “HEALTHY LIVING”

Introduction

It has been known that salt-sensitive hypertension is
multifactorial cardiovascular dysfunction being a strong pre-
dictor for cardiovascular mortality. Salt-sensitivity has been
noted in 25-50% of normotensive subjects and in 40-75% of
hypertensive patients. Up to now the exact mechanism of
salt-sensitivity and salt-sensitive hypertension remains un-
clear. Among humoral factors determining sali-sensitivity
so called endogenous cardiotonic steroids that inhibit Na,K-
ATPase — endogenous ouabain (EO) and marinobufagenin
(MBG) have been considered. A. Bagrov and collaborators
consider that blood pressure could be increased due to influ-
ence of cardiotonic steroids (endogenous ouabain and
marinobfagenin) on Na,K-ATPAse that inhibits proximal
tubular reabsorption of sodium (2).

A number of studies have shown that circulating levels
of EG in humans are modulated by dietary salt and chronic
volume status. EO is related to vascular function and likely
has an impact on the development of heart and renal failure.
It has been considered that effects of EO involve sodium
pump/sodium-calcium exchange system. (4). MBG is a ste-
roid compound that belongs to bufadienolide cardiac ino-
tropic factors. MBG appears to be involved in the develop-
ment of volume-dependent, salt-sensitive arterial hyperten-
sion (3, 5).

Based on aforementioned, the overall goal of our study
was to elucidate the role of EO and MBG in the develop-
ment of salt-sénsitivity and salt-sensitive hypertension in
Georgian patients.

The objectives of the study were: (a) Typing of normo-
tensive and hypertensive subjects by salt-sensitivity test, and
(b) Detection of circulating levels of EO and MBG in salt-
resistant and salt-sensitive normotensive subjects during low
and high salt diet;

Methods.

The study enrolled a total of 72 ethnically Georgian mid-
dle-aged (38-62 year old, 42 females and 30 males) subjects
—22 normotensives and 50 hypertensives of stage I essential
hypertension (JNC VII) were examined. Anthropometry,
blood pressure menitoring, and 24 hr urinary sodium excre-
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