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Analytical and preparative separation of enantiomers is considered as the most difficult
problem in separation science for many years due to identical properties of enantiomers in achiral
environment. However, in chiral environment their properties are different. Only since 1980s
chiral columns for high-performance liquid chromatographic (HPLC) separation of enantiomers
became commercially available. Among all chiral stationary phases (CSP) available today for
HPLC separation of enantiomers, polysaccharide-based chiral columns are most widely used.
Polysaccharide-based CSPs are commonly prepared by physical coating of polysaccharide
derivative onto the surface of silica. This is a fast method that does not require pre-activation of
silica or polysaccharide derivative. As for covalently immobilized CSPs, the main mechanism of
immobilization is a covalent attachment of polysaccharide chain onto silica or crosslinking of
polysaccharide chains. The advantage of this method is that immobilized chiral stationary phases

are stable and compatible with various mobile phase composition.

The major goal of the present thesis was to evaluate CSP obtained by photochemical
immobilization of cellulose tris(3-chloro-5-methylphenylcarbamate) on silica and its comparison
with adsorbent prepared by coating cellulose tris(3-chloro-5-methylphenylcarbamate) on silica
for separation of enantiomers in HPLC. We also compared separation of enantiomers in different
mobile phases, such as methanol, acetonitrile and mixtures of n-hexane and propan-2-ol with
various ratios. In addition, in the present work the effect of temperature on HPLC separation of
ketoprofen and zaltoprofen enantiomers was studied. In the case of both studied compounds, both,

the adsorption and the separation were favored by enthalpic term and disfavored by entropy.

Since the number of illicit drugs grows steadily, and most of them are chiral compounds,
the role of enantioselective analysis in forensic toxicology becomes increasingly important.
Enantioselective high-performance liquid chromatography-tandem mass spectrometry (HPLC-
MS/MS) meets current requirements in this field more or less adequately and has the potential to

assist in determination of cause of death. As our experience shows there are some technical issues



the scientists have to consider in order to correctly perform enantioselective HPLC-MS/MS

experiment and to interpret experimental results adequately.

In the experiment mentioned above, the enantiomers of chiral substances were separated
on coated and covalently immobilized cellulose tris(3-chloro-5-methylphenylcarbamate) in
HPLC and detected with serially connected UV-VIS and MS/MS detectors. We studied the effect
of separation selectivity and sample concentration on the difference between the value of peak
areas of both enantiomers. It was found that the difference between the value of peak areas of
both enantiomers in the racemate increases with increasing separation selectivity and decreases

with sample dilution.
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babofyml  3mbGGMmobmgol,  dmbs3gdgdool  dowgdolbomzol s dmbs3gdgdols
©599353900Lm30U. JOMA5GHMYOOR0WO QYm0 BoGo®mqs MmmSbols
3993965315y o 3mdM30 BoBOL 653500l IMEMMdOMO LoBJs6g ogm 1d¢/fo.
MOEGHM008x89IO0  ©IAIJHMMO  FMdomdl 254 BT  GHowmol Loy®dgbg. 33930l
096306530316 bsfjordo JOMmo@MYGMs530I0 oYmRgo0 Bodstms 10-75°C-by.

LyOsoo 10. Agilent 1200 bgGool Fo09gR399EwIOO LOPLMOO JOHMTSEMYMIRO

33



536M9m39, JOMISGHMYOIBO0  33¢093900LM30L  godmygbgdmwo ogm Agilent
Technologies §o03mgdol 1220 LyMHool  JowswgxlgdBOo Lombmemo JOMIsEMYMR0,
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390mygbgdoom 100  JoMsmemo bogzmogMgds  ©@sogm  BAoLYIEs©, bomerm 47
Bofomd@mog 3mdMog BB 39dLobo/0bm3MHMIsbmeol 4s8myggbgdolsl.
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Lofobssdgam bsdmegdgd0s. d930LHozergm 39GM3MHMABIBOL s BowGHM3MmMABOL
9656¢0m3gHgd0l oymBol mgMIMobsdolzm®mo 356539BHMY00. BsoBgdo Bodscms
bbgoolbgs (398396Me@wea®y  39dusbo/0Bm3MHM356me0-90/10+0.1%FA (v/v) 8md&sgo
39Bobl @5 LBoEr03539wDbBg  3m35¢gbBHMMHS©  08Md0WOHYIMWwO  JoMowr o
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K1=2.33
K2 = 2.56
Rs =2.57
o=1.10

396m36Omggbo (RS)+(S+) 10°C

300™36m53960 (RS)+(S+) 75°C

K1=2.50
K2 =2.66

o O I Rs =1.51

g a =1.06

Bogr@m3mHmgzgbo (RS}+(S+) 10°C

Bog@m3memggbo (RS)+(S+) 75°C

65b.6. 39@M3MMGBI60L (5, 1) O BoEBHM3OMBI6OL (3, ©) 9656GH0MIGOHIOOL oYMRBS
Lbgosbbgs (9d396M9@1IMHgdBY dmdMeg BB 39JLsbo/0bm3HM3sbm0-90/10+0.1%FA-

b (V/V) Q05 LoE0 3599w Hg 3035¢09bG¥65 03MB00HGdIo JoMsmMo bgwgd@ ™ol

56



399mygbgdoom. 10°C-sb 75°C-0g 39G)™M36MMmxBIbol ©s bosg@EHm3mmazgbols yzgwms
BoG9690M@0 JoM5EmM0 5b5¢r0Bo 0bowgo sbstro 2-Jo.

50b5603b65305, MM 3H9ga39MoG OOl BOHOLLL RO 5438 9bsbEHoMIgeMgdol
309069, BogMoad 56 dmbEs 9656EH0MTgMHgdOL gEmocMmgdol ool 33E0Egds.

©3994Mx30L BogdGHMMOL boB WM MOHO MYsMHOMTOL SOLMEMENG 3H9d39Es@EweOol
390601690 BLOEOPIHY  WHTMZOYIMWIOIOL  MOROI0WD 2450M335¢g»
9656@&0m8969d0l sgmxzol 3Mmglol gbmaw3dools s 9bEMmm3ool 3603369cmdgdo:

Ino
% 0.09

0.08 -

y=89.53x-0.221

0.07
R?=0.991

y=143.1x-0.390

0.06 - R?=0.995
0.05 /
0.04 -

0.03
0.02
0.01

29 30 31 32 33 34 35  1/Tx10*

Inol y=37.72x- 0.072

0.06 - R?=0.993
y=97.00x-0.263

0.05 - R2=0.984

0.04 /

0.03 -
0.02

0.01 -

30 31 32 33 34 35 1/Tx10*

Bob.7.  ©oymxzol  RodBHmEol  BsGmMommo  mysMmomdol  ©IMI0IOIGdS
BBMWNBHMOHO  3Hgd39Mmsd¢Mol  J906mbgdme LooI)Bg 39BM3OMAIboL  (5) ©d
BoEM3MMzIboL (B) Togoomby.
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Ink -

y=1117.x-3.020

0.9 A
R?=0.991

0.8 o

0.7 A

\(\‘6?\

0.6 y=1016.x-2.757

R?=0.989
0.5 o
0.4 -

0.3

0.2
29 30 31 32 33 34 35 1/Tx10*

P} y=1041.x-2.701
R?=0.994

N
y=990.0x- 2.581
R2=0.995

-4
30 31 32 33 34 35 1/Tx10

Bob.8. 093939008  RBJBHMMOL  BOGMMI@MmHO  WMmAIMOMIOL  ITMIOIONIEGDS

BLMEMEMMHo 39390 MEMol  99d6mbgdme Loogby 39BHM3OMAI6OL  (5) o
BoGM3MM5BIboL (B) Togowomby.

d9-7 Bobobbg dm399M 4605530390D9 IYHbMdom 3513360m, HMI GMmAMEO;
390M3MMmxzgbol,  sB939  DowEHM3OMBI6ol  Fgdmbzgzedo  oymasl  9bmordos
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SLEOBE05HY 06RMO o305l 396 3009dm. d9-8 bsbsHBY ImExIo 46953039006 30
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3939090 133365, GMI  GMAMOE  39AHM3IMMBIOOL,  sbg3g  BoEHM3OMTBgbOL
3900b393580 5ELMOBE0L (55939 YMGBIL) GBMOEI305 53MBEHMMdL [109].

090H3M0653039H0 3560539BHMIO0L NI 39GM3MMTBIbOL dsgomomn by (283-
313 K):

AsrAH® 1 +AS,RASO
R T R

Ina = —

y = 89.53x — 0.221

DOROL gobEMmegdol msbobdoco:

y=kx+1
3649
_, _L o AspsH® A8
y=mae o X=5 = R TR
5096,
R = 1.9872036 — %
o mol X K
cal
A pAH® = —(89.53 x 1.9872036 ) ~ —177.91——
' mol
Lo oS0 = —(0.221 X 1.9872036 ) ~ —0.44 — -~
SR B ' ) T U ol x K

303900L 39 06gd0ol ¢gd3gesd Mol 3mgbo:

o AspdH’
iso — AS’RASO

—-177.91

iso ™ °_0.44 |
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tiso = Tiso — 273.15 = 404.34 — 273.15 = 131.19 °C

0930653032960 356539G MO0l M3 39GM3MMBI6oL Togswombyg (318-333 K):

b _AsgAH’ 1+A5,RAS°
na= R T R

y = 143.1x — 0.390

DOROL g9bEMEgdol msbsbdoco:

y=kx+1
56v9:
_, _1 o AspdH® Aspds®
y=ma o X=5 = R’ “ TR
5qQ0b,
R = 1.9872036 —
o mol X K
cal
Ag pAH® = —(143.1 x 1.9872036 ) ~ —284.37 ——
’ mol
o o450 = —(0.390 X 1.9872036) ~ —0.78 — %
SR - ' ' T mol X K

303900 3m9mo6m9dol 3$9d3gMHo@ Mol 3mabs:

_ AgpdH®
iso — AS’RASO

—284.37

Tiso = —0—78] ~ 364.58 K

tiso = Tiso — 273.15 = 364.58 — 273.15 = 91.43 °C
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0903065903900 356589EGHMIOOL IMZWS B GHM3OMRGBoL dosgowomby (283-308
K):

by _AspAH° 1+AS,RA50
na= R T R

y =37.72x — 0.072

POR0L 2ob@MmE9gdol msbsbdoco:

y=kx+1
56v9:
=1 — 1 k = AS,RAHO [ = AS,RASO
y = ina, X = T = R ==
5090,
R = 1.9872036 —
- mol X K
cal
AspAH® = —(37.72 x 19872036 ) ~ —74.96 —
, mol
A nAS° = —(0.072 x 1.9872036 ) ~ —0.14 cal
e . T mol x K

303900L 309 0Mgd0ol 3gd396Mmsd Mol 3mgbo:

_ AgRAHY
iso — AS,RASO

—74.96

Tiso = _0—14] ~ 535.43 K

61



tiso = Tiso — 273.15 = 535.43 — 273.15 = 262.28 °C

090H3M065303296H0 356539GHMJO0L IMZEs BOWEHMIOMAI6oL o swomnby (313-323
K):

AspAHO 1 +A5,RAS°
R T R

Ina = —

y =97.00x — 0.263

DOROL 29bEMEgdol msbobdoco:

y=kx+1
56v9:
_ _L o AepdH® Aspas”
y=mae,  X=5 = R TR
5qQ0b,
R =1.9872036 cal
o mol X K
cal
ASRAHO = —(97.00 X 1.9872036 ) ~ —192.76 —
' mol
o o450 = —(0.263 X 1.9872036) ~ —0.52 — %
SR B ' ' T molx K

303900l 3mg06qdol (H9d3gemo@ ol 3mabs:

_ AgpdH®
iso — AS‘RASO

—-192.76

Tiso = _0—52] ~ 370.69 K
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AHs

cal/mol

-2086.76

AHs

cal/mol

-2280.32

tiso

AHr

cal/mol

-2379.28

AHr

cal/mol

-2504.47

AS°
+In
A ¢

cal/mol

-5.70

AS°

+Ing

cal/mol

-6.18

AS°
+1In

cal/mol

-6.53

AS?
R

cal/mol

-6.83

AAHsRr

cal/mol

-177.91

(283-

313 K)

-284.37

(318-
333 K)

AAHsr

cal/mol

-74.96

(283-

308 K)

-192.76

(313-
323 K)

= Tiso —273.15=370.69 — 273.15 = 97.54 °C

AASrs

cal/mol

-0.44

(283-

313 K)

-0.78

(318-
333 K)

AASrs

cal/mol

-0.14

(283-

308 K)

-0.52

(313-
323 K)

Tiso, K

404

(283-

313 K)

365

(318-
333 K)

Tiso, K

535

(283-

308 K)

370

(313-
323 K)
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gb®oo 1. 393m3OHmBIbol  (5) ©s DoGHM3OMBI6oL  (0) »gMIm©obsdozmemo
3565993M900.

bge9d3Ho3mdol BobgE300 QoFMMZWO MYMIMPObIT03MNE 356539EHMIOL 543l
mM0  bbgoolbgs 3609369mds:  @©sdseo  (H9339Mo@GMgdol MMl s  Fowswro
$993965@1MH5d0L EOMU. dse 3gddgmo@meBy gbmaow3ow®mo Fg36ol 3bodzbgwmds
56MHOL F5MoO.

AgrAH® 1 AggAS°

+
R T R
RMOIMNol Jobgzom, MmEs IYgmeBl A9bs30MHMdGOL gbmowdommo 9360,

ha=-

H993965GH1MH0L gobBMom gomsw3dom®mo {9300l Mogbgzomo 360d369wmds Bgwr-bgws

9306MYds O MPSE 29M339M0 MHMOL 899009, 3903390 GHJd3gMo@MsHY dolo
P3owo ©symensdo MGHMmEIds 96GHMM30wmw (g30L, 93 3H9JI3gMsGHMEL 9hHm©9ds
0DMgbsbEH0MLYgdEH0MGO 3H9a39M0EHES S TMOM3gds 390 JA0 BMEOIMWOm.

_ AgpAH 0
% Ag pAS°

50 MM bgds 9bmsw309)MH-9bGHMHM30E0 3m339bLs30s, Ina = 0, a = 1, MHob

bgagdGHogzmds 1-0b GHME0s IYMGBS 56 Imbgds.

9656&0m39M9d0L ©ogmxzs bgds, OmEILsg om0 mogolwgseo 9bgdogdol
bb35M35 9OYMBOM0s. M930LwYRso 9bgM0oL »sMymaomo d60dzbgwmds G9odwgds
3963060Mmd90Mmo  0ogml  gbmor3ools 9306093000 /b 9GbGH®M300L  FOBOOm.
9m399@ 565e0Bd0o, 153009306039o® JoMIE30GmO (9360 bgwl MHYmdL oymEsl,
boem 96¢OH™M3000, 3060400, 9MYMB0ms© dmddggdl slBy, 96wy 3MMmEgLl ogdll
9bs30M©mo  3mbGHOMmo. mM0zg d9gdmbgzgzsdo  MmamOE  gbmowdowm®mo, slgg9
96@GM™30mwo 9300  MOHYMB00s, 530GHMI  IYgmxol  3OHMmEgbo  J0dE0bsMgmdl
9605309960 3:mbGHOMOo.
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47. gbs6EomIghgdol 303900l  BsMMMOIPOL  TmEMol  sblbgzsggdsby @s3306039ds
b9egdGH03mdsLmB 30dsMNGdsT0o oL-13gdBHOMIYEHE0 IAIIBAMMOL gsdmyggbgdolsls
3939986090, M MHMgLbsE BodMAol 30m6396EGE300 FoMe0s, 9B6EH0MIGM9dL
396Lb353900  godmdsbowo 033060393 LOMEo ©Ibol JOHmBsGma®msdsdo (TIC),
35306 M35 339¢gd50 FOEolL LoYMAOL W EHMI00LFIHTS boyerds YEYJEH™OMDs
(VWD) 53965, ™3 06039 96563 0mdgeols g3o®ommdo gmmdsbgmol Gmeos. 33¢0g30L
doBsbo 0ym 339003005 9900930: MO0 9656EHOMIGMHOL A9BLBLZ390I0 BIOPMBYIO
(TIC)-80 dbmErmE 259mbszeol dgdmbggzgddo doowgds v gl EIMI0PYIOs
5930l ByEgdE0OHMdIBY, 503M0gMHd9gd0L 3bEIBEHME05DY 96 Lbgs God@Em™mgdby.
99b3960096¢0L Fotyergddo dgzoLfsgzergm 100-0g JoGoerHo Bogmogmgdol
9656GH0mIgMHgd0L  ogmBs  LOEPO3eRIWDBY Iggbo o 3Mm35¢9bEHIMS©
09Mmd00HBGdM GBI bBs G®0L(3-Jm®-5-89000 396000 3560dT5E0L)
b593md3z9W B FMIDsGIME 13939dDY TP IRIIBHIOO LOMHYYOO JOHMTSEMAMGOSTO.
5330603905 9000bsMgMds  9BT0dY3trmws Rsbmmeo UV-VIS s MS/MS

©IAIIOMOIO00.

SI TIC Scan Frag=175.0V Pencor~~~ta 4
08 ! ) &Peals. TIC Scan - Penconazole .d
| TIC Peak / VHRRTVH Area V4 Height V&
o% N 1 4521 95853708279 1563306603
04 | 2 4814 93172490799 14801131927
024
01
x105 VWD1- AWa nm Penconaz:

6 /i Peaks: VWD1 - A:Wavelength=220 nm - Pt
5
° Peak VHRRT VHArea Vi Height VT
A VWD = e ¥ arieg
3 » 1 4428 58797 11492
2 2 4728 58643
1 /\
o 7—// o

02 04 06 08 1 1 14 16 18 2 28 32

Q. ion Time )

Bsb.9.1.  3963mbsBmol  9bsbEGH0MIgMHgdol  ©igmxys  LBoEr03939WbBg  sxkgbowo

BN bs  HOOL(3-Jrm-5-09000 53960 350050530)-I  49dmygbgdom, dmdIGms30
030 Igmobmero/figsero - 97/3  (BmE3Mmdomo  MbsRIMEOMdOm),  MHMIGLSE3
59539000 5936 5 80EP0dMEo 58Mmbodol 539GSEO.
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Lg9gdBHogmds 1.19-08 GHmEos, bmwm 9bsbEGH0MIGMYdOL 3039001 BIMNMOYOL

G0l goblbgogqds ®oaqdsddo (TIC) -2.8%. 3963mbsBmerols dmeg3Mem@o  dobos

284.23/dmqro.

x102 |+ESITIC Scan Frags175.0V Butertanol 4

T APuls:oTICSan-Bmlhnol.d

Peak VHRRTVH Area T+ Height ¥V

TIC , 1| 432 265748353655 3363966682

04

03 Sii 2 5258 289765879742 31853531742
02

01

]
x104 VWO - AWavelength=220 nm Bitertanol d

25 e [ Peaks: VWD1 - A:Wavelength=220 nm - |

4 5176

1.75: i

15. VWD Peak Y RT V4 Area V4 Height V&
12? » 1 4236 3821.02 76052
075 2 5176 323946 60053

0s 1 15 2 25 3 35 1

45 & 55 & 65 7 75 & @8 9 95 10 105 11 115 12 125 13 135 1s 145 15 185 16
pense (%) vs. Acquisition Time (min)

65b.9.2.  30@IOGBMOl  9bsbEHOMIGMGO0L  ©oymes  LoEr039gDy  oBgbowro

3G9 Dbs  HOOL(3-Jrm-5-09000¢ 53960 35M050530)-U  49dmygbgdom, dmdIGms30

RO 539GMboG®owo/fysewo - 97/3 (AmEmwmdomo mobsxzsMmEMdom), OHMIgEbsg

0535390100 5936 5 J0EP0dMo 58MmboTol 539GSGO.

bgagdBHogmds 1.71-08 GHmos, bmwm 9bsbEHomdgmgdol 303900l FBoMI0IMdJOL

dmMob  goblibgogzgds Mozgds@do (TIC) —-8.3%. 30 gOEBMEol dmg3MwGo  dsbos

337.4155p/0mo.

x102 [+ESITIC Scan Frags175.0V Zopicione 4
i1

I

: i \0 . sam s10¢ [ Peaks: + TIC Scan - Zopicione.d
(1} @ AR
o8 OB Peask / VBRTVH Area V4 Height V4T
0 O N 1 6377 617016149097 440192167.25
05 \
04 M TIC 2 9104 816186451139 42310452925
03 )
02 \““N'
01 \

1]

x104 VWD1 - AWavelength=220 nm Zopicione d
225

175

A;Peaks: VWD1 - A:Wavelength=220 nm -

Peak Y RT V4 Area V4 Height V4

125
3 1 6292 651907 91045

2 VWD
2 2 9012 648189 616.62
025
0

o5 1 15 2 25 3 35 1 45 5§ s5 & 65 7 75 & €5 3§ 95 10 105 11 W5 12 125 13 135 14 5 15 185 16 165 17 115

Response (%) vs. Acquisition Time (min)
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65b.9.3. 3m3030mbob 96563 0mBgMgdol sgmRs Lo 359w BY IRIBOEIO (39D
G®0L(3-Jem-5-0900wx3960 356MHBd5T5E0)-U 253my9gbgdom, dmd®30 930Po:
539GMboGMowo/figscwo - 97/3  (BmEMemdomo  09bsBIMEMdOm),  MHMIGELss

53539000 59J3L 5 0EP0dME0 5dMmboAol 5:393)9FO.

bgengd@Bogmds 1.81-0b GHmos, bmwm 9bsbEHomdgMgdol 303900l BsGIIMBYOL
ol aoblbgoggds Gsggdsddo (TIC) -24.4%. EM303Wwmboll dmerg3Memeo  dolss
388.819/dmero.

X102 |+ESI TIC Scan Frag=175.0V 2-(3-methylbenzylsulfinyl) benzamide 278 d . &Peaks: + TIC Scan - 2-(3-methylbenzylsulfinyl) ben

| P’\ Peak YHRRTVH Area Y8 Height V4
| ~3928

1

1

~5 O\/@ » 1 3928 68143386153 4962119564
07 Il - a1
0 S 2 12617 1715660101.04 40697412.79
e TIC

M 12617
b _0
02 ,,J-\\_‘_‘
01

— i B
NH, N S ;

04 VIWD1 - AWavelengihe220 nm 2-(3-methylbenzylsulfiny) benzamide 278.d &Pealu: VWD - A:Wavelength =220 nm -
5 3889 . 9
3 Peak Y+ RT V4 Area V4 Height V4

25 » 1 3849 336098 318

VWD 2 12519 344486 10122

1 *12519

e

0s 1 15 % 25 3 35 4 45 5 55 & €5 J 75 § g5 & g5 10 165 11 115 12 125 13 135 14 M5 15 185 16 165
Response (%) vs. Acquisition Time (min)

65b.9.4.  2-(3-09m0-396%Bowlmwaobow) 396%Bsdool  9bsbEHOMIgMHgdol  ogmg3s
LOE03539bBY ORBIHOO (39D BHOOL(3-JEM®-5-09000wRGBOW 35MBTSE0)-U
3odmyggbgdom,  BmdMogo  @Fobo:  Jgmsbmero/fyoswo - 97/3  (BmEmErmdomo
0565835MEMd0m), HMIYELSE o3IO 5J3L 5 F0Er0dME0 58Mmbomdols 539GSGO.

LgegdBHogmds 10.36-0b EGHmeos, bowm 9bsbEH0MmIgMHgdol 303900l BoMICIMdJOL
dmMolb  49blbgeggds  Goggdsddo (TIC) —60.3%. 2-(3 -09000¢-396%0wlmwaobon)
0965300l I3 mEo Aobss 273 @/dmeno.

50bo60dBs30s, ®MI  ImEgdmer  Jgdmbgzgzgddo  gbsbEHomadgmadol 303900l
R9OMMOJOL JmMob 2oblb393905 Goigda@do (TIC)-8o LgwrgdEozmdol BOHILMID ghmo
0B 9ds.
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4.8. 2356%33900L g33em9b6s 9656EH0MIgMHgdoL 303900l BsGNMBdYOL FmGOL 2sblibgzsggdsby

%102 | +ESI TIC Scan Frag=175.0V Praziquantel 406.d
; /iy Peaks: + TIC Scan - Praziquantel 406.d

-8.103
s e} 11.387
0 NJH Peak ' VHRTVH Area W4 Height V4~
07
0s § VNT/C TIC » 1 8103| 497414900675 1772044817
b I 2 11387 738828158513 16839982995
o & (o]
03
02
01
8022

x104 WD - AWavelength=220 nm Praziquantel 406 d
2
18 /i Peaks: VWD1 - A:Wavelength=220 nm - f
16
14 Peak V8 RT V4 Area V4 Height V8
12 VW D 2 ¥
1 » 1 8022 522171 345.15
08
05 2 11292 532067 21128
04
02
02
0s 1 15 2 25 3 s 4 45 5 85 1] 65 r 75 8 85 g 95 10 105 n 1ns 12 25
Response (%) vs. Acquisition Time (min}

65b.10.1.  13p/de  3M5B0dMobBHgeol  9bsbEHOMIgMgdol  ogmxs  Lowrogsygubg
09Md00HBYdIMwo o7t (AU N oD G®0L(3-Jerm®-5-0900000 53960 3500505¢)0)-b
3odmyggbgdom,  BdmdMogo  @obo:  Jgmsbmero/fyswo - 97/3  (BmEmErmdomo
0565835MmEMd0m), HMIYELSE ©F53HJO0 5J3L 5 F0Er0dME0 58Mmbomdols 539GSGO.

bgengd@Bogmds 1.64-0b GHmoos, bmwm 9bsbEHomdgMgdol 303900l BsGICIMBYOL
G0l 9oblbgsg90s Mogds®do (TIC) —32.8%. 365H031956@ 9ol dmerg3mm®o dobos
312.41193/dmo.

APeaks: + TIC Scan - Praziquantel 102265 396, 316

164
8107
5 /U\ 1 1342
f“ N TIC Peak YRRTVH Area Y+ Height V41
o] N N 1 8107 184089009748 903072505
. o] 2 11342 233739307967 7444811285

01
o
105 VD1 - Alvavelenghe220 nm Praziquantel 10x0f 359, 2164
8005 [} Peaks: VWD1 - A:Wavelength=220 nm - F
35
3] Peak V8 RT ¥+ Area 7+ Height V&
25 VWD Nz » 1 8005 57188 3684
= /\ 2 11251 57319 2256
0 [\
05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 & g5 § 95 10 105 1 1S5 12 125 13 135 124 145 15 185 16 165 17 175 18
Response (%) vs. Acquisition Time (min)

65b6.10.2.  0.18y/d¢  36M5B0dmsbEGHgwol  9bsbEHomIgmgdol  oygmBs  Lowogsyguwbg
09Md00HBYdIMwo 0Tt (AU N N A®0oL(3-Jarm-5-0900000 53960 3500505¢)0)-U
3odmygbgdom,  BmdMogo  @obo:  Fgmsbmeo/fyswo - 97/3  (BmEmEmdomo
565835MHOMOOM), OMIGELsE ©F53HJd90 5J3L 5 o 0dmeEno 5IMBoMAOL 5:39E9G0.
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LggdBHogmds 1.64-0L BHMEos, bmwm 9bsbEGH0MIGMYdOL 3039001 BIMNMOYOL
dmMob 45633905 Mo39ds@Hdo (TIC) —21.2%.

x102 | +ESI TIC Scan Frage175 0V Praziquantel Tmg-mi. 100jer garz, 3164 3 |
: APeaks: + TIC Scan - Praziquantel 1mg-ml, 100jer

/ \ Peak ’ YHBRT Y+ Area Y- Height V4
\ » 1 8224 149868873.78 7140698.79

o
\/\—z
>/
{

=\

/

O
=
&)

/ \\ 2 11575 16408309825 5109954.72

&Peaks: VWD1 - A:Wavelength=220 nm - |

Peak V4 RT ¥+ Area ¥ 4 Height V=
| VWD [
/ l » ! 1 8161 5166 244

\ 2 11504 51.77 161
\ 2161
) ' ) \ ~ 11504

65b6.10.3. 0.018y/3¢  36M5H03v996FGHIol  9bsbEGHOoMIgMdOlL  iymBs Lo gsygEwby
00Md00HBgdMwo 3G9 A®0oL(3-JarmE-5-090000 53960 3500505¢)0) -1
399mygbgdom,  BmdMogo  @obo:  Fgmsbmwo/fyswo - 97/3  (BmEmmdomo
565835MOMBOM), MHMIGELsE ©F5EHJOO 5J3L 5 oo IMo 53Mmbodol 539GIGO.

Lg9gdBHogmds 1.64-0L BHMEos, bmwm 9bsbEGH0MIGMYdOL 3039001 BIMMMOYOL
dmMob 456Lbg03905 Mo39d5@do (TIC) —8.7%.

50bsb0dbs300,  ®MI  dmEgdMer 990mbgzg3gddo  bodMTol  gobBsgzgdolsl
96563 0mIgHgdol 3039001 BoMOMBYOL  FmMol  goblibgeggds  Moggds@do (TIC)-do

9306 ©9ds.

49. mob 3m33mbgbBosbo  Bobgzol  igm®ys  Fsmewgngdddo  Lombwyydo
JOH@I5EMyM3x8305-031-139dGHMMIBHMOOL gsdmygbgdom

mmb  3m03mb9gb30sbo B30l iloymBos 993009995390  0DBMIOOEGH0MWO,
9656@0bgadBoMo  dgmmEo  FopswgngdBHe LoobME  JOMISEGHMAMGosS - dl-
139dEHO™IYGHM0530. g 9O 15FYHEIGOIL 43593l IZYMD O MrOMPYbMIMOZ50
3963L5BM3OM®  EgJuBHO™- (DXM) ©s @g3m- dgomeOxnsbo (LVM) ©s dsoo
039M353MWMP0MS© 9JGH0MM0 39EHdMW03HJd0, IJLEGHOMORBO O WI3MOHRBMEO
5Q0530560L Lobberol 60dv3gddo.
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Mbs 5006086, HMA Igom®OR6oL 9bsbEH0MIGM9gdoL BLodmEHOM3Mwo 9i39dE0
5 WYRSWNOO BEASIGHMLO FbLBZ3539dM0s, sdoGH™A Lslomabwme 3603369cmg5605
dolbo 9bsbEHoMIgMgdol sgmxs. IJuEHOMIJOMOBBO sGOL MBsgOMbM 3019350530,
OMIgbsg 094969096 B39 900l LfobssdIM® (VIO MDHYO0M), JoLO o0
©Mbom doegds 30 0(i393L  3oc30653090L. M3 T9gbgds  gz3mIgMORbL, ol
dmmx306%g deogMo Bs3mE 03290 Bodwmogdss.

9Jb3960dgbGdo  Losbsewobm  bodMIL  FoMBmoa)bl  dgdgao  bstggo:
©93m3900mOR60, ©aJuEGHOMIGOMORB0, ©IJLEHOMORBO s WI3MORBM - ds.
50L603b65305, OMA 93mIGMORBBO O IJLEHOMIJPMORBO G106 9bsbEHOMIgM9d0;
©9JLEGHOMORBO S WI3MOHRBME - d3 3o om0 T9EHsdMWOEHJd0. WI3mOHRBBME - d3
39803049690 5050090GHIM0M9d90 Wg3mOHBIBMEOlL bo33ws.

x101
8 LEHOMgoMGOF60 NS
17 LGN ©93mAgmmeRsbo I L0db0 g = \ L ,;1\
15 | l / /[ Y
75 N (T~
7 AL \ %
675 | Lj—/\ h [ \
65 ~ (|
625 y Y
6 = ¢
575 |
55 — ©9JbGHOMOER6o / l g
5% - = =
5 ) i
4 “ - ;f~;~:~ .0 N !

05 1 5 2 25 3 35 4 45 5 55 6 65 7 75 8 8 9 95 10 05 1 15 12 125
Counts vs. Acquisition Time (min)

Bob.11.1.  @93mIg0nmOHBsBoL,  ©gJuEHOMIGNMOBBOL,  IJLEHOMORBOL s
w93mORsbme-ds-ol 25 6y/d  3mbzgbGHMogool ddmbg bstrg3zol  9bsbEGH0MIgMmgdol
©ogmRs  BoEro3s9Hg  00MdOODYOMO 39 mbs  BHOOL(3-Jwm®-5-
99000053960 356Md5353H0)-b O FMmIM3 GV  v3xBH™bOGHOWOL  gsdmygbgdom,
I9gbsE 353930 543L 0.1% ogmowsdobo (v/v); Bsgowol bobdstrg 1 dgn/foo.

©93m390mORBBoL s IJBEGHOMIJOMORBOL  9bsbEHO0MTGMgd0  bsfocrmdMog
0Y4mMxgd. 93O RDME - ds -b 3o LygONME 396 3H9PIZM. 50b0TEMW LggEH DY LabwyOz9gwo
©YMGS 56 259Mm3w0bEs, ML 2sdm3 50bodbme 9di39MH0d9xbdo, gmdolgero oymBols
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dolboMgdo@, @ddm3z094gbgo 10 Ubgsolibgs JoMowmo L3930 ©s Mo Lbgsslibgs

dmdM530 Fobo.
Jo®sgmeo ©ymxol 99093900 ©594mx30L 99093900
LggBo 390056medo + 0.1% 539&™bo@mowdo + 0.1%

©0900¢53060, (V/v)

©0900g53060, (V/v)

960 390MORBBOL, dgmy

Lux Cellulose-1 93m390MOR60 ©s ©5530JL0MES bs6g30L Mmmbogy
©9JLEGHOMIGOMORB0 56 | 3033MbY6EHOL Mmool
©5094™, ©IJLEGHOMORBO | BIOLYMEXPO IYMGBS

Q5 93MmOHbMEo
Bsfomd®mog sogm

Lux Cellulose-2 ©93m390MOR60 ©s 56 560l JgLogerowo
©9JLEGHOMIGOMORBO 5O
5094, ©9JLEGHOMOR6O

Q5 93MmOHbMEo
Bofomd®mog sogm
Lux Cellulose-3 23doLY IO IOYM ©93m3900MORBo @
OMPMO3 ©9JLEGHOMIGOMORH60 I0YM,
93m390MOR60 ©s 959659 ©9JLAHOMOBBOL o
©9JbEGHO™IgOMORS60, ©93MmOHRBMEOL OIYMGS 56
3309039 ©9JLEHOMORBO | 90dRbg3s
Qo5 93m©OHa3bmo
Lux Cellulose-4 90MHS OO 3030, 56 ©H0YM 563 930G MORBHO

©5 ©9JLEGHOMIJOMORB0 S 63

30 39@90ME0@ 900l

30 39@90ME0@ 900l 393H90M03Hq00
Lux i-Cellulose-5 | 20 ool 256053c0mdsd0 | oyma3s 56 d90dhbggs (dogomgom
M (39600 3030 56 9600 2360960 3030)
NGRS
Experimental 90Ms OO 3030, Bsformd®mog sogm
column-1* 9600 d90MOR6OL, dgmOg | WgzmIgmm©3sbo

©9JLEGHOMIGOMOR60, saMgm39
3b9053m ©IJLEHOMORBL
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Lux Amylose-1 dmbs mmbogg ©93m3900mORbo @
9656@0magMol ©9JbEGHOMIgOMOR60

Bsfowmd®m030 igmxzs | 3dobgmws soym. 15 fmomob
39685303590 56 dmbs 53

960 9@ 90MEoE0b

©90IIO0OYdS
Lux i-Amylose-1 dmbs mmbogg ©93m3900mORBbo @
9656@0magMol ©94bEGHOMIgOMOR60

Bsfowmd®m030 igmxzs | 3mdobgrms @soym. 20 ool
39685303580 56 dmbs sO3
960 9@ 90MEoE0b

©IAIIHOOYIOS

Lux Amylose-2 90Ms OO 3030, Bsfowmdmog sogm MMM
960 dg0MOR6oL, dgmeg | WgzmIgmm©3sbo

30 39@50ME0@ 900l ©9JLEGHOMIGOMOR60, saMgm39
©9JLEGHOMOR6O
©93MmOHR6MEo (25609600 303900
do3009m)

Lux i-Amylose-3 03doLY IO I0YM 03d0oLYIENO© I0YM MMM
©93m3900mOxR60 ©s ©93m3900mORBBo @
©9JbEGOMIgOMORS60, ©9JLEGHOMIGOMOR60, saMgm39
00mddol 53mdolge® | 9JLEHOMORBO s
©5094™ ©9JLBEGHOMOR60 s | WgzMOHBBMEo
©93MmOHR6Mo (09350M@03H9dobm3z0L 2560960
303900 3030000m)

*

Experimental column-1 = 00m00@obgdMmwo 39 wmbs  GHOoL(3-Jwm®-5-
99000539600 3560d5353)0).

3bO0wo 2. wg3mdgmmOHRs60L, ©9JuEHOMIJNMORBOL, IJLEHOMORBOL s
©93mORB0me - d3-ob 25 by/de 3mb3gbEGMsEo0l ddmbg botrgzol gbsbEHomdgMadols

oymgzz0l 999a900.

doe0sb 39630 89w0ga0 3030090 Wl 0dMdOEOHYOMEo SFogrmbs 3 13gEHOL

259myqbgdolsls, Lo 23doLYIES© QO0Y™ 930 dgmOHR60 Qo

72



©9JLEGHOMIgOMOR60,  MomMddol  BMIoLbgMO®  s0Ym  IJLEHOMORBO @

@33(*1(7)(3.36(*1@0
x10 3 |+ES! TIC MRM Frag=135.0v CID@"* (** -> **) Narevi iSp-108 Smkm 0030.d
425 ©9JuGHO®IgomOERs60
4 93mIgom®hgsbo :
375 N f
35 [ H
3% ( | {1
3 M \
27 ‘ (1
25 - [
s ©93mOHR6m —d; | Jr I‘ \
2 b -1 -
175 diboﬁmﬁgoﬁo_ ‘ \ | | “‘
15 AVR \J Vo
125 f U\ / \
Hh———— =l . S e e ) = T B S BEE Sl 250 e e B
075
05
0%
0 - - L L v — -
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6 62 64 66 68 7 72 74 1¢

Counts vs. Acquisition Time (min)

Bob.11.2.  @93m3g0mOHBsBoL,  ©gJuEHOMIGNMOBBOL,  ©IJLEHOMORBOL @
wq3mORsbme-ds-ol 25 6gy/de  3mbzgbGHMogool ddmbg bstgzol  9bsbEGH0MIgMmgdol
©9YMRS 5dow MBS BHMOL(3-JEMm®-5-09000WRIB0E35MBT5BH0)-U S FMIMS3 FoBI
995b6Meols 359mygbgdom, GMIgElsg ©sGgdwo 593b 0.1% ogmowsdobo (v/v);
6535000L LoBJsMg 1 A /fo.

159939009 89 Ja0 30300900 L (39D 3 39EOL odmygbgdolsls, Losg
965600396500l 53w9doligryero sgmgs Joomfiazs 6 Hmomdo, Hmam®E dgmm®mxysbobl, sB939
dolo d9@90ME0EHd0LM30L.

104 |¥ES! MRM Frag=135 0V CID@*" (2610000 -> 133.1952) Nerevi Cell3 MRM 0022.d
1 o @gaabymangibo ©39b&HO@IgnmOEs6o
’ N \
09 | —
08 J Lo Jer
07 (o) A
06 2 \
05
04 ©9JbGHOMOR60
03
" J
o A /oo
: A Ab y |9
01
010203040506070809 1 111213141516171819 2 212223242526272829 3 313233343536373839 4 414243444546474849 5 515253545556575859

Response vs. Acquisition Time (min)

Bob.11.3.  @93mIgmmOHBsBoL,  ©gJuEHOMIGNMORBBOL,  IJLEHOMORBOL s
93mORsbmen-ds-ol 25 69/ 3mbzgbGH®ogool ddmbg bstgzol  9bsbEGH0MmIgMmgd0L
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©YMBS (39D GHOM0L(4-09000¢d96DMG0)-U s IMIMZ Robo Fgoobmerols
290my9gb9000, Mgl 93O 593l 0.1% 0gmoErsdobo (v/v); Bsgsol Lobds
1 8 /fon.

9L 89MEO godm3094gbgom Lo3zowol d98yma s09gdo Lobbeols 6odmdgdols
3oLsbs0Bgds [110].

N ©9JbGHOMAgomMRsbo  gzmdgmm®gsbo  JuGHOMOEs6o ©936Hx56m@wo
(6/3) (6e/3c) (6/3) (6e/3c)

1 180 245 <LOD <LOD
2 360 88 141 210

3 200 64 75 154

4 152 <LOD <LOD <LOD
S 1060 <LOD <LOD <LOD
6 332 104 <LOD <LOD
7 176 <LOD <LOD <LOD
8 64 <LOD <LOD <LOD
9 144 190 75 324

10 224 76 50 241

11 910 288 275 592

12 72 <LOD <LOD <LOD
13 128 <LOD <LOD <LOD
14 144 <LOD <LOD <LOD
15 244 <LOD <LOD <LOD
16 132 <LOD <LOD <LOD
17 112 <LOD <LOD <LOD

3b®owo 3. 103300wol Fgdymd sEgdMEo Lobbeol 60dMdgdol MomybmdMogo
5650 Bol 999a900.

50 3596500B9d0 603dosb ©9JLEBHOMIGOMOR60 50dMBbs 17 60dmddo. 53
17 B600Mdosb 7 BodMddo  ©9JuBHO™MIGOMORBBMD  ghms  90Im3z56069m
w93mdgmOxsbo. bmo bodmddo 3o s0dmBbs OMAMOE, W93zmdgomOxsbo @

©9JLEGHOMIGOMOR60, 51939 ©IJLAHOMOBBO S WI3MORIBMEO. 50b0dbMwo dgommmoo
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9900¢9ds  2odmyggbgdme  0dbsl,  GMmam®E  LobsdsOmem,  oby  3wobolzme

A™MgL03MMYPOVIH WIOMOSEHMO090T0 M)EH0bMwo sBsewoBgdolmzol.

5)

x102

45{!

4
35
3
25
2
15
1
05
0

+ES| MRM Frag=135.0V CID@" (261.0000 -> 157.0996) N0 6321 MRM 0052.d Smooth

©9JbBHE@IYoaORHo
J\w
\

3m6OHR6men —d; ©yfbHeneRb -d; | ]
149 47

916 3 I |

A f

i i A
R i i N “ 4 _,j \ - ,._,——"/\L_'—_\H_"'_"_"‘—F‘_f"‘—“—'*-"_"'ﬂ)—”‘
—— | e T T R T

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6 62 64 66 68 7 72 74
Counts vs. Acquisition Time (min)

+ESI MRM Frag=135.0V CID@"" (2724000 -> 171.099) N4 7318 MAM 0064.d Smocth
@gamﬁ)cgaﬁmq\l —d;
’\ @ggmdgon®gsbo

|

©)JsyBres6 —ds

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6 62 64 66 68 7 72
Counts vs. Acquisition Time (min)

Bob.11.4. bLozzowolb dgdamdo Lobberol 60dwdgdol JOHMIsEMyMgd0, MMIIdO3

3903930 9) bMEMmE ©9JLEHOMIGOMOGBL, 0) EIJLEHOMIIOMORBL, 93MTYMOGBL,

©9JLEGHOMORBL s 93MORBMEL.  565¢0Bgd0  BoBeMgdmwos  Lux Cellulose 3

JoGscm®o  139GOL o TMIMYZ GBoBo  FJBMWOl  gsdmyqbgdom, GMIgarLss

535390900 5943L 0.1% ogomowsdobo (v/v); bagzool Lobdstg 1 den/fo.
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5. sls336900

1.

©59000s,  MHMI  LoEr03sgdg  3m35gbBHMIMS©O  0FMOOEODBYdMEDs
Jo6sHds BYgdBHMGDs Qo9MO30bs M30MSEHJuMdS Lo 3sgDg sxggbown
JoM5MMH0 B9 gdBH MO G9sMgdom. BMAOLYIS© WI0YM GBIBEHOMTYMGdOL
©OEO  19dgBHgumds 8mdMmsg RBO©  39JLsb0/0BMIOMIBMEol  bstg3zoL s
LOE03oagDg  3M35¢IBGHWMMI©  0IMBOODYOME  JoMswmo LY gdEH™mEOOL
303065300l 306HMdYdT0.

99LFo30E05 9bsbEHOMIgMHYdOL ogmzol 3MM3L0 Lbgsalbgs (9d3gModIMobY
5 2OFMMZWOos 9b6EH0MIgMHYOOL SELMOIEF00L s IYMBOL 3OHMELYdOL
0903065303 MM0 356539 BHMgd0.  s0dmBbs,  Mmd Bo@GoMmgdmem
99639600963 9ddo  gbms3om®mo  {jgzdo  bgwl  Yfygmdl  ogmesl, bmerm
96@¢®Mm30mwo,  30600Jom,  POYMBoms©  dmddggdl  dsbby.  Fggaqdo
doMmomgdL, MHMI  OHMMOE  oYmxoL, s19g3)  SELMOMDFOWO  IBM39LO
9605309960 3:mbEGHMME00 3080bsMIGMBL.

50396005, HMI LEWWO Yool JOHMToEMYMsdo gbsbEH0MTYMYdOL 303900l
R9OMMOJOL FmMob goblibgo39ds M3935¢d0 LYEgdBH03MmdOL HBOEILML gPHmo©
0D, bergrm 650dMIols 2o6Bo3905Lm9b 9O I30MHYdS.

09035390905 ©gJLEHOMIGNMORBOL,  Y3MIJNMORBOL S  Fomo
039M353MWMA0NMS©  SJHOMOO  FYBHIOMWOBHJIoL,  ©IJLEGHOMORBOL o
©93MmOHR6MEoL 9656 0bgegdEHomeo 3505¢9539J GO0 Looby®o
JOMIGHMYM80s  GobgdMo  Asl-dgdGHO™IgGHOoolL  bsgroBol  Fgommo,
MMI90og BsdoEgdsl 03935 IZYMM O MM YBMIM0350 A9B3LIBMZOM™ gy
5030009690980 50530560l Lolberols 60dwxdgddo.

99099853900 sbogro  9gmEom 30639000 ©935830JLOMJD O
(oM 9bMdM0350 3963L5BE3Mgm ©9JbGHOMIGOMOTR6056 LQION)
93m3900mORB0 Bozzowol 99damd 093 bolbrol 60dwxdqddo. sy,
gL FgOMORBIBOL 50dMbgbhs bgdms, Yym3z9em30l 3509 MdEHIL, H™a gl
0Y4® ©9JbEGHOMIGNMOR6O.
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