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ABSTRACT

By means of the extraction of 12 diuretics from the horse plasma, liquid-liquid
extraction and solid-phase extraction methods were compared each other. Also, the
best conditions to separate and detect those diuretics were variously studied for
GC/MS analysis. The derivatization reactions were performed so that the all
diuretics was converted into methyl and silyl derivatives by methylation and
silylation. Based on the methylation, the 9 diuretics such as acetazolamide,
ethacrynic acid, dichlorophenamide, furosemide, chlorthalidone, bumetanide, hydro-
chlorothiazide, triamterene and bendroflumethiazide, showed good results to be
separated and detected by GC/MS analysis. However, the silylation was founded
to be better results for 3 diuretics such as bumetanide, ethacrynic acid and
furosemide. For the identification of all methylated diuretics, the fragmentation
pattern was investigated by means of mass spectra of deuterated methyl (methly-
D3) isotopes, and it was very helpful to.interpret the mass spectra. The extraction
recoveries were in the range of 286 ~ 89492 for the liquid-liquid extraction
method with tert-buthyl methyl ether at pH 5, and 45.0 ~ 89.7 9% for the solid
phase extraction method using Sep-Pak Cig cartridge.

The application of those analytical methods to horse plasma sample was tested
to check whether they could be applicable for doping test of race horses. From
the study on the application test, the furosemide was detected until 10 hours after
administration of diuretic by oral dosing, and 3 hours after administration of
diuretic by intra venous. While the hydrochlorothiazide and acetazolamide were
detected until 24 hours after administration of diuretic by oral dosing. So, the
analytical methods selected in this study looks to be applied in the doping test for

diuretics in horse plasma.
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Figure 1. Chemical structures of 12 diuretics

selected in this study.



1. Al € 7]7]

1.1 A<

o] A ¥ =542 acetazolamide, amiloride, bendroflumethiazide, benzthiazide,
bumetanide, chlorthalidone, dichlorphenamide, ethacrynic acid, furosemide, hydro-
chlorothiazide, spironolactone, triamterene® GC/MS 4] A R EEFZA=Z A3
ketoptofen< Sigmarl2] EFA|2HEP grade) S AFE3FAT & FEIA 0 AFE3 A

+ MerckAte] HPLC 5H Al9FS AM&319 3, f=A3F HFgo AF83F N-

12
rlo
td

=
=

methyl-N-trimethylsilly-trifluoroacetamide (MSTFA), methyliodide, methyliodide-Ds

o

Aeke Sigmattel EFAHE o gttt Ed uAY FHo] ol§H Sep-Pak

Cartridge™ WatersA} Al &S AF&-3F3

1.2 717

12%9] olwA HEEE EF Gas Chromatograph (Hewlett-Packard, Model 6890)
/Mass Selective Detector (Hewlett-Packard, Model 5792)9} autosampler (HP 6890
series) S Alg3te] 43}, data system< HP Vectra pentium PC % HP G1701
BA MS chemstation Z 2133 ©]-&3%

FAF oA E EElsty] Hste] AME T AAFFE oA o FEe o
A &2 7] (Vision, Model 6000CFN)¢} shaker& ©]-&3 1, ZAGFZ= WHAA AT
£ vacuum manifold (Milipore, Model DOP104-AA)E o] &3}le] ZAo] Fow F

o

%L heating block (Pierce, Model Reacti-Vap)S A& 3}

i

upd

s

oo WE 1000 pg/mL FE9 A& M(stock solution)S ZF A8k

L, BRA] AFe T2 3Asto] AREsgith o o o]kl



F+=549 34 gulE acetazolamide, benzthiazide® 7% acetoned AF&3} a1
amiloride, bendroflumethiazide, bumetanide, chlorthalidone, dichlorophenamide, etha-
crynic acid, furosemide, hydrochlorothiazide®] 7-$-°lli= methanol<, spironolactone
& chlorform&, 183 triamtened]+ formic acidE® AF&3tgt & WREFEEAS

ketoprofen< 500 yg/mL =% methanol &7l =] A}-&3F

EE olmA Awee GC/MSE ARgstel 2439w, £8#2 DB-1 (25m x
180 m x 0.11 gm), =¥H71 A= Hes AF&stdth GC w8+ 71+
RaL, e He 25 80 TollA 300 T7HA 10 C/min®] £=2 ZsAlZl § 300 T
o A 10&E7F FAetd Tt o] Wl Als FYF9 2%+ 280 C, AE7]19 &%+ 300 T
2 FAEF D, SuA9 F£S 09 mL/min, Al 85X splitless mode ZANA F9

k. = zZF AEE AHHEA doleE= HP GI701BA MS chemstation =213

7] &Ee Ags

4. 2 7 d9 & 43

F57 280 kg 320kge] AAMEF 257 (AT 2Fd 124 2 5M)E AAHstY] 1A=
= ok o] g A~ 104 (400 mg, furosemide)S A7 Folslar, #3343y wFE C
50 mL (400 mg, caffeine)E& AW FALR Fostint. 2232 109 A3 Fof 5ok
2 ~FAF 40 mL(400 mg, furosemide) @t 3 C 50 mL (400 mg, caffeine) & 7 ™ FA}k
2 Foent. = 32 10¥ 43 Fol fFegde] telamAA 104 (250 mg,
hydrochlorothiazide)& 747 FoJ3ka, WF C 50mL(400 mg, caffeine)E& ™ FALZ
Folstidth, oAl 4xk® 109743 § fFEAtelyn =9 tojotut2A 104 (2500 mg,
acetazolamide, 4 7F°])3} W C 50 mL (400 mg, caffeine, A MFAHS T35 o
W, ek o 2 109 A & Adnr 259 wF C 50 mL(400 mg, caffeine)& 4™
AbZ Folstdnt olgldk AFutRRE do Alge of= Fol A, 10, 20, 30, 404,
aEa 1, 2, 3, 4, 6, 10, 24, 48, 72, 96, 120 Alte] Ao w MFetal, AHE Pl
A5+ lithium heparin®.2 *g|sle] YA F2s & A4S Fglste] &4 d7HA

-20 Coll A WY& Hastid



5. olmAl %9 FEA 3}

5.1 Methylation =3}

10ppm T=° EFENS ZA o] 15mL test tubeo] 30uL 713k & 60 C

9] heating blockol| A AA4AE Eo] Yo &ulE FTAIZ b5 FEASE g A<
methyliode 30 pL¢} acetone 200ul, 18] potassium carbonate 100 mgS 3 7}sh
o] 60 CollA 3A17F WFSAIATE methyl-D; FEA3 IA  trideuterated methyl

iodideE AF&3te] L PO E WA
5.2 Silylation F=A3

10ppm TE9 EFENS ZA o] 15mL test tubeo] 30uL 713k & 60 C
9] heating blockol| A AA4AE Eo] Yo &ulE FTAIZ b5 FE=A3E g A<
MSTFA (N-methyl-N-trimethylsilly-trifluoroacetamide) 50 uLS % 7}&ke] 60 Coll A

3087k Whg A AT
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6. @FAA olxAg FZ

o] Aol A olxAl= N FEH(iquid-liquid extraction)¥ LA FEHOR FZ
ato] Ao wlustlal, Y FE HHS thed vk WA ds dARETE & AF
d &% 3mLE 15mL test tubedll 7}atal, WF-ETEZ < ketoprofens 15uL 3 7}s}
t}. of7]e] pHE %4317 98k 0.1g9 phosphate buffer (pH5 ; KH.PO,, pH7 ; 1:1
KIL,PO, / KsPO,, pHY ; KoHPO,, pH 11 ; 3:1 KoHPO,/ K3sPO41)E Y3l anhydrous sudium
sulfate 50mgS #7138k th. thA] tert-buthyl methyl(TBM) ether 5mLE 7}5}e] 10&
EQF F=3kaL, 2500 rpmeoll A 5 FF dAEE e F AFA(TBM etherd)s 60 C
heating blockoll ] A AE Hojyo] A Z )

LAY FE2H

o] ool A 1A F%E W (solid-phase extraction)ol] 2|3 o]xAle] FEAL o}

I} 7t} WA Sep—pak Cig cartridge Z 92 vacuum manifoldol] ¢ 23} methanol 5

mL(23])), 74 5mL(23))2 ZAH<E conditioningdt ©S, 3mLe H Alg9t i
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3mL Horse plasma

Adding ISTD(100 ppm ketoprofen, 15 pL)

pH adjustment by phosphate buffer
(0.1g KHoPOy for pH 5, 0.1 g KH,POy/KsPO4(1:1) for pH 7
0.1g KoHPO, for pH 9, 0.1 ¢ KeHPOy/KsPO4(3:1) for pH 11)

Adding 50 mg anhydrous sodium sulfate
Adding 5mL diethyl ether
Shaking for 10 min & centrifuging

Extract

Evaporating '& Drying in heating block

Derivatization

1) For methylation, 30 uL methyl iodide, 200 uL acetone and
100 mg potassuium carbonate added, and reacted at 60 C
for 3hrs

2) For silylation, 50 uL MSTFA and 50 uL ethyl acetate
added, and reacted at 60 C for 30 min

Diuertic Derivatives

GC/MS Analysis

Scheme 1. The extraction procedure of diuretics from horse plasma
by liquid-liquid extraction method.



3mL Horse plasma

Elution through Cig Sep-pak cartridge column

1) Column conditioning with 5 mL methanol and distilled water
2) Adding 3mL horse plasma and ISTD(ketoprofen, 15 uL)

3) Cleaning with bmL distilled water and 1 mL n-hexane

4) Elution with 2 mL diethyl ether and 2 mL methanol

Effluent

Evaporating & Drying in heating block

Derivatization

1) For methylation, 30 uLL. methyl iodide, 200 uL acetone and
100 mg potassuium carbonate added, and reacted at 60 C
for 3 hrs

2) For silylation, 50 uL. MSTFA and 50 uL. ethyl acetate
added, and reacted at 60 C for 30 min

Diuertic Derivatives

GC/MS Analysis

Scheme 2. The extraction procedure of diuretics from horse plasma
by solid-phase extraction method.



L o=A9 fFE=A3t E GC/MS £4

A kEol A HEE #EE=Ho] =i, carboxyl, amide, aminosulfonyl % ¢
o] P 239 s3tEsol7] wited GColA 2HA0 E40] offHn. o] & 3)
Astz] S WHoRr FRAS WRio] @Wol offHa vk B Aol A= methyl
< AT FEASE Aok

S 2+ methyliode, trideuterated methyliodide, N-methyl-N-trimethylsillytrifluoro-

F2A3 9 silyl FEAZ e E ZF olwA A

™
i

acetamide (MSTFA)E A}&38t3 1, thy olxA] AEES methyl =4 2 silyl &
EAE A T GC/MSE o] &3te] EA59t) o] w trideuterated methyl iodide

2 methyl-D3 =4 w0 o] &3}

At o3 F=AE HkgS AXH GC/MS XS $33 A acetazolamide,

ethacrynic acid, dichlorophenamide, furosemide, chlorthalidone, bumetanide, hydro-
chlorothiazide, triamterene, bendroflumethiazide:= methyl =4 X Ej2 %45 3A4 &
g, AZo] 7}s3 o amiloride, benzthiazide, spironolactones 2ol o] & %-o]
9}1\9}\ oo o] 1 g}ﬁu ,/] methylation /\]'EHE xlak/\;ﬂlze% oy §Lo OH B 733/}
triamterene®] 4%+ 6709 methyl”]7} 235 131, dichlorphenamide, chlorthalidone,
hydrochlorothiazide, bendroflumethiazide= 47§, bumetanide, furosemide, acetazol-
amidei= 37, 18] 3L ethacrynic acid= 1719 methyl”7]7} Z&H A0S & & Ak

HkH o] bumetanide, ethacrynic acid, furosemide 3 Al %2 methyl =33} o] H

3 silyl FEAS gHoR AN g5 T8, AF°] 75593, ©] 5 bumetanide,
furosemide= 2709l trimethylsilyl (TMS)”7} A& 311, ethacrynic acid®] 4%+ 1709

TMS717F 2855 gl & AUtk oy s HPo s 9% ojuAd ] f%=
A AL AAL, GC/MSE 413k total ion chromatogram2 Figure 29} Figure
3ol ettt = o]5 9F ¢ ofwAld wiel AT AHAEHS Ao, methyl %
methyl-Ds 54 3tgt=59 54 Aol ¥ EYS Table 19, 1]l silyl

A B3HeEe 54 A@ole AHEAL Table 20 S5 84t



Abundance

TIC: DIU-CH3.D
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Figure 2. Total ion chromatogram of methylated diuretics derivatives (with
each 100 ng injection volume). (A) Acetazolamide, (B) Ethacrynic acid, (C)
Dichlorphen- amide, (D) Furosemide, (E) Chlorthalidone, (F) Bumetanide,
(G) Hydrochlorthiazide, (H) Triamterne, (I) Bendroflumethiazide.
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Abundance

TIC: DIU-TMS.D
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Figure 3. Total ion chromatogram of trimethylsilylated diuretics derivatives

(with each 100 ng injection volume). (A) Ethacrynic acid, (B) Furosemide,
(C) Bumetanide.
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Table 1. Characterization of mass ions for methyl and methyl-Ds; derivatives

of diuretics.

Characterisitic Ions Molecular
Methylated Compound RT (m/2) Weight
Acetazolamid CH:
COMPOTIICE op, 1489 249, 43, 83, 108, 264 264
: 258, 43, 86, 114, 273 273
Ethe . d CH3
acrynic ac D 1628 261, 263, 243, 245, 316, 318 316
3
CH 264, 266, 243, 245, 319, 321 319
Dichlorphenamide P 1823 44, 108, 144, 253, 255, 360, 362 360
CDs 50, 114, 144, 260, 262, 372, 374 372
Furosemide CHs 20.68 81, 53, 96, 381, 383 372
CDs 81, 53, 96, 381, 383 381
Chlorthalidone CH; 21.46 176, 255, 257, 287, 289, 363, 365 394
CDs 182, 258, 260, 294, 296, 372, 374 406
Bumetanide CH, 2177 254, 318, 363, 406 406
CDs 257, 321, 372, 415 415
Hydrochlorthiazide ¢y, 2289 310, 218, 220, 288, 290, 312, 353, 357 353
e 319, 221,-223, 300, 302, 321, 365, 367 365
Tri ’ 2306y 571306051 279,12945: 1307 3225337 337
riamterene CHs
: 355, 289, 307, 323, 337, 354 355
CDs
Bendroflumethiazide 2107 386, 42, 91, 278 4
CH3 398, 45, 91, 284 489
CD3
Table 2. Characterization of mass ions for silyl derivatives of diuretics.
Trimethylsilylated RT Characteristic Ions Molecular
Compound (m/z) Weight
Ethacrynic acid 16.89 375, 339, 319, 243, 73 375
Furosemide 20.85 493, 465, 303, 73 474
Bumetanide 22.19 508, 493, 465, 303, 73 508

_13_



ouAl HEANGES AF=AEY

ZF 12719 o]=xAl 5 methylation F%A3F 1S AZ acetazolamide, ethacrynic
acid, dichlorophenamide, furosemide, chlorthalidone, bumetanide, hydrochlorothiazide,
bendroflumethiazide, triamterene2] 9% W&l GC/MS #42 S35t 183l o]
S 717te] Aw ~HEHS Figure 4 ~ Figure 129] YEllon, ZF A ~dE
o #&E AFRE v 2ol gofstlth 3k methyl #=A3t WRiel Bl&) silyl
EAg e m FR gag #e8, AF° 7Fsd W bumetanide, ethacrynic acid,

furosemide Al A& A% 2~ EHE Figure 139 e AT

o

1) Acetazolamide

Acetazolamide methylation F=A4¢] AZFAAEHDS WA 3709 methyl7| 9 23
gt acetazolamide®] m/z 249 ©]&2 Aol m/z 264914 methyl }t]Zo] "ol
A AR EA7] WEel methyl-Di(CD3)9F A3 4%+ m/z 258(+9)°] HEba
m/z 108 o] &L H o] 2o A sulfonamide %o]o] Wojxax A H, CDs:o} Ag
3 A9t m/z 114(+6) o) ¥ =a7b YEbdth m/z 43€ CH3CO' o] &0]7] wlitdf
CD3¢} 23gh 2HERAAE m/z 430] YELHT

rfo

2) Ethacrynic acid

Ethacrynic acid methylation 5= 9] Ex}o] €& m/z 316014 el 9, YCl
of 71Q1% 94 ¥A(m/z 318)7F vl A =AA vehdar vk ® tE 54 o2
EAME oy s FHPLd 7Idgk +2 oo dA HEER YEeha vy ES
m/z 261 ©°]& EAFo]lZel A butenyl 2 ZH(-57)o] "ol AAGE o] o]l
m/z 261, 263 o]<-°] Yty Ao® Kol Cl a7 AgEol dss & +F Atk
3t trideuterated methyl iodideE AF-83Fo] methylationA] 2l fF=A38l5 =2 2

AEHS HH CDset 233 455 m/z 264, 266 ol=°] YEFITE m/z 2432 &

vz CHyCO.CHz7} WolA AAE AS & + L, CDsof A3k 4
o4 Y77l wiel A3 m/z 243 o] o] vEhdha, Cl T a Wl 245 o] &
o] WEhdTh

[~
g,
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3) Dichlorphenamide

470 9] methyl, methyl-D37]17} 239 dichlorphenamide= m/z 3603 m/z 362 ##}
o] &5 zt=t}. CH3NCHz(-CH3-N=CHy) 717} "o A i, sulfonyl(-SO2)7}F Bl m/z
253028 At T99A TCl Wil 255 o] &S AT CDs9F AFI A9
CDsNCD2717F "o A a1, sulfonyl7| 7} ®ol A m/z 260, 262 o] =& A gttt Base ©]
2 m/z 44% dimethylamine %] ((CHs)}N+)olal, CDs¢} A3 49+ m/z 50
ok EAko] 2ol A sulfonamide(O2S=N(CH3)2) Feolo] "olx m/z 108
Fal CDs9F 4338 4$-5 m/z 114 o2& FA S

o
rlo
o
oft
o,
o

°
rlo
o

A

3

o}
Olr

4) Furosemide

3709 methyl, methyl-D3¢} =38 furosemide= #AFo]-& m/z 372, 3819 <F
& 9ag vebdch 994 Cl MRl m/z374, 383 o] &e] 2FE A #
o, 2 o2 m/z 81 CHsO ool <& AAPET m/z 53 ©]&2 carbonyl
CO7F HojH A CiHs ololl <9l&l AA¥ L, m/z 962 benzene ¥ Z/NZel 23|
R R A=

5) Chlorthalidone

Chlorthalidone®] 79 #=lo]<2 m/z 393, 406 ©] < TAE A &kth methoxy
2l CH:0 - 7F "ol AA m/z 363 ol dAstal, T4 CD:st 23
A9+ m/z 372 ol&S A3t} sulfonamide T ZH(SON(CHs)y - )0 E o] 2 A
m/z 255 (CDs¢} A3et 49+ m/z 258 AA) ol°] A=, CHsNCHol Eof~]
1 Hydrogen rearrangemento] &3] m/z 351°] WA %1, o] o]0 SO.7} Ho]A
m/z 2875 FA3STh m/z 1762 WAl @ 5H A4 "ojx AFE 1, CDsot At
St A= m/z 1828 A3k

6) Bumetanide

370 2] methyl7] ¢} 233 bumetanider Aol <-(M") m/z 4060] 23 E 7oA
& ¥ag 4 EAol2 A propyl #ttZe] WEH ol m/z 363(CDs¢t A 73t
A$-E m/z 372)0]0] AAF a1, (CHy)NH7F ®olA m/z 318°0]&S& A gt} o]

N
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ol ol A SOsE @o1A m/z 2540] &) FgHTh Bl &olA SON(CHz)ol Wi
3 m/z 2980] AAE I, CD:sF A%e A4S m/z 301 ol eS FAet

7) Hydrochlorothiazide

Hydrochlorothiazide® #A}o]-& m/z 353(CD3} A3 9+ m/z 367)°] ~HE
Holl A F8 9aE FA4%. CH:NCH: & ZRolA m/z o5 AL, w4
2 YCL WEel m/z 312 ol2g E@Frh CDyot AFF A CDINCHE 2ol A
m/z 319 o] =& At m/z 2832 [M-1]+o] A SO,E ¢o] FA=HAY. =3t
CDsst A% FelelAe m/z 3007 &894 “Cl Mol m/z 302 ] &2 FA ek

ot
ol

8) Bendroflumethiazide

Bendorflumethiazide® mass ~FE @A Ezlo]L0o] o ¥ aE FASE hyd-
rochlorthiazide®} §AF38 F+Z2E ztx A|vE Exlo]9 m/z 477(5 U4 CDs¢}
A A5 m/z 489)> TS Stk benzyl gejZo] HolA m/z 386 oS
Aatal, YA CDset A2Fs 4% mizs 3980128 P4 3th benzyl Fol
m/z 918 ¥A3I3, m/z 278 o2 m/z 386°] =4 (CH3):NSO, #}t]jZo] Holx
A A o] olth CDs¢t Ade oA m/z 2840]5 T3 gTh
9) Triamterene

6702 methyl”] 7} A3 triamterenes m/z 337 ©]-=3 [M-1]+°]& m/z 336 °]<&
S FAsta, CDset 2§38 4 m/zis 3550128 A3} HAo]&o A methyl 2t
o]l "olA m/z 322, m/z 307, 12]al m/z 292 o2& FASL, CDyot 2%dd A

T 22 o2 ¥aE P
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Figure 4. Mass spectra of acetazolamide derivative.
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Figure 5. Mass spectra of ethacrynic acid derivative.
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Figure 6. Mass spectra of dichlorphenamide derivative.
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Figure 7. Mass spectra of furosemide derivative.
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Figure 8. Mass spectra of chlorthalidone derivative.

_21_



+o

COOCH; s

—CgH7?
(H3C)o,NO,S NH(CH,)3CH3
OCgHs
M+ 406
CD3 415
_CH30.
[ ]
—(CH3)2N
375
362 CD3 381
_302
COOCHj3
298
CD3 301
NH(CH;)3CH3
OCgHs5
Abundance Abundance
Scan 1387 (21.761 min): DIU-CH3.D
406
220000 850000
800000
363
200000 254 750000
180000 I3 700000
650000
160000 600000
140000; 44 550000
500000
120000 318 450000
100000 400000
350000
80000 300000
7
60000 196 - 250000
200000
40000 139 168 150000
2 100000
20000 | 115 | | 282
WLzl o
oML LU LU 0

40 60 80 100120140160180200220240260280300320340360380400

miz-> miz—>

Figure 9. Mass spectra of bumetanide derivative.
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Figure 10. Mass spectra of hydrochlorothiazide derivative.
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Figure 11. Mass spectra of triamterene derivative.
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Figure 12. Mass spectra of bendroflumethiazide derivative.
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Figure 13. Mass spectra of trimethylsilylated diuretics.
(A) Ethacrynic acid-TMS, (B) Furosemide-2TMS, (C) Bumetanide-2TMS.
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At o R olnA FEAY FEF W+ A FEHW(liquid-liquid extraction,
LLE)¥} 144 FZW9(solid-phase extraction, SPE)o] F& o]|&¥ 1 ¢t} 2 AF
A= oleld F 7HA FEWS sAlol A&t FEH WE &S H s
o A FE2ES AT FF BHEE Boio] ¥
UElU = tert-buthylmethyl ether® AF&3tl. &= AN FZoAE Sep-pak Cis
FFE ) A ¢ diethyl ether @ methanol &S A83st] FEst9ct. 34
g% 3mLol 7 ol=A % 05pg/mLE spikedtil, o= 7|9 WHo R FE3HY
o, BT 33 wkE(n=3)ste] At Aot} o5 F /A WHES A& &
4 AW}E Table 46 vlaLstvh. Aol A K wpel o] FEHwHo| g 3]
& AN FEHo] 286 ~894%%] WHE e, nAY FERA A= 45.0 ~
89.7%¢] Wel® HlwA £ 3FE&S HEUAT dAd o 4 FEHETE L
A FEHe =2 ]SS e, A FEHAAE pHel wet tha o] Ao
£ 29t =, bumetanide, bendroflumethiazide, furosemide, hydrochlorothiazide,
dichlorphenamide, ethacrynic acid 5-& pH 59 AH4 =AM & 3485 ®Hel v
W U A] chlorthalidone, acetazolamide, triamterene®] ¢|=Al+ 238 pH 79 x=3
ANA o 2 IFES UEMAL, pH 730 oA FE= Zo] nurgA s o=
ZALE A AR triamterene T W ROl A vaAd vre 3]4ES Holil 9]
of Eoll 2 &l=E Yer] HEd ser F4H

=4, o]g|3k Yol& o] A

o o
o}

A
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Table 3. The results of recovery test for 9 diuretics. (The diuretics were
extracted from 3 mL plasma spiked with each 0.5 ug/mL by liquid-liquid extraction

and solid-phase extraction methods)

LLE (%)

SPE (%)
Drug pH 5 pH 7 pH 9 pH 11

Ave RSD Ave RSD Ave RSD Ave RSD Ave RSD

Acetazolamide 66.1 27 592 134 644 82 475 74 175 6.7
Ethacrynic acid 656 63 622 85 531 11.1 425 11.1 - -
Dichlorphenamide 853 9.7 728 73 706 109 733 56 444 93
Furosemide 686 86 844 112 703 34 181 65 - -
Chlorthalidone 783 98 619 105 639 101 611 29 322 73

Bumetanide 714 58 878 6.7 89 81 417 99 - -

o 64.2. 92 815 ,94 725 114 642 92 - -
Hydrochlorothiazide

Triamterene 450 118 286 82 403 88 431 41 439 81

Bendroflumethiazide 89.7 66 8.6 34 832 53 894 40 683 120

4 AF @A) ¢85 U

w Aol d FAd olmA RS wel, 4F PUS WA AFvh] g

Aol FedA oRE HARY Adtel 3§ AP HASAL olF Ad 2 T

Aol 339 olmAlst AL AH Folste] olMst FUAF PP FH3
Ao

4= A F HAE A=ES vt Al

N
=
>
N
N
ol
o)
[
[\
>
2
o1
Y
Fl?

280 kg3 320kge] AAviolH, A8 AP ellA 7wt A BRielMet 2ol 13
2 gEekEe] #Aad 104S A Foldtn - *
stlth 2242 109 A Fof shxoFFel SAnFAke Wy CE AYFALR Fod)
ATk B 3R 109 Ao Foll FRFY volandgE A Folsta, wEC
AW FALE Folshglith vAl 432 10973 F FAtolyr =9 thojout A it

WECE Folstlon, Ao R 109 43 F Advt 2 Fol wF CeE AUFAR



Tt oy st AFulEEEH Y A5E oFE Fo A, 10, 20, 30, 40 &, 18]
1, 2, 3, 4, 6, 10, 24, 48, 72, 96, 120 A|7+e] tA o2 FHAL. AMHE YA &=
lithium heparin® 2 A glsle] ¢4 &2t & S e ste] GC/MSE #4311,

T ARRRE S8 h54E gAs.

’

S8 Ao AFE3 A FE S furosemide, hydrochlorothiazide, acetazolamide
3 Foln, AARMAE FE Fo F AFule] FoA HEHE =4 wet AAS)
oF

Atk ek 2 AAS vl ofm Fof § Hiao Tz AdHe= 1dA AR}
0

oo N
ol
ol
pac
M
ek
o
K3
2
1o
off
b
N
[
&
O
8
—
N

bration curve) S ZHAd& it o]#13F W o2 furosemide, hydrochlorothiazide, ace-
tazolamide®] A 7HA] Aol wial] 48k, GC/MSe 24 =034 544 2345

f.¢oFsto] Table 4] 453k th

Table 4. GC/MS conditions and regression results of standard calibration curve

for quantitative analysis of diuretics.

N
) ) Retention Ton Y(10)=mX Concentration
Diuretics .
Time Mass m 2 (ug/mL)
Furosemide 20.68 372 0.583 0.992 0.1, 05, 1, 5, 10

Hydrochlorothiazide — 22.89 353 0.259 0.981 0.1, 0.5, 1, 5, 10

Acetazolamide 14.89 249 1.089 0.987 0.1, 0.5, 1, 5, 10
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4.2 AFvl 9 F9 furosemide AZE

Figure 149} Figure 15914 R v}l o] furosemide

o,

ol SiE FEopEol

2t 2 24 104 (400 mg) S A TFFoI8hal, T caffeine A Ho] &

Ll

H g wEC

mL(400 mg)S A FAReE AlFnke] Ao A furosemides 7HA|ol o}
1083 302 A7 A golA Hx HEH] 30 ~ 502l AL A geA FH
= 05 pg/mLe YERHSAAL, HaL 10A7hA &5 A

Ho

55

1
SIS
o o

T shokEe] A AFAF 40 mL(400 mg)E 4 WFAFskaL, Wl E C 50 mL(400 mg)
& AWFAE FAH A5 AT BAAA furosemidet Fol F 10BN AP
B

V79 pg/mL, 88 pg/mLe] FEE YEHNLAL, 3A7AA] HEH

[e]

AUFAG A ATFoING GFNA £ FEE noFAW TF FAA )
)

ol Fo] & 3A]zte] AystH oA furosemide
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Figure 14. Excretion profile of furosemide(oral dosing) in horse plasma.
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Figure 15. Excretion profile of furosemide(intra venous) in horse plasma.
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4.3 7AFa} 9 ZF9] hydrochlorothiazide A&

HydrochlorothiazideE &3 fgtds)el thola=xd4 104 (250 mg)S 7475
3} 1L, caffeines -3 M C 50 mLMA00 mg)E AHAFAel o] T3 A-$ AFnte
Ao A= Fol T 107olA APs ddolA Hx 7+7} 05 pg/mL, 0.6 pg/mLE
Bhllar, ol F 3070 Mt ARA Hi w% 0.7 pg/mLe 09 pg/mLE HERY

3L 24X kA A EFH A Figure 169 2 3ol A2 ¥ hydrochlorthiazide =
of 3 wE At ddow FoEo] AFHA e wel F Fk W3} glo] A
3] 7ATS 4 4+ drh FaE Stevenson So] A Z}E HWH 125mgo
hydrochlorthiazide® A#Fo] & w D FolM= A 3AAA HAE0] He=

Aoz A P
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Figure 16. Excretion profile of hydrochlorothiazide(oral dosing) in horse plasma.

4.4 BAFvt @9 F 9 acetazolamide HE

AcetazolamideE &3t f3hAtelyn = tholol i 104 (2500 mg)S 74715
shal, W EC 50 mL (400mg, caffeine)E& AW FIs A AFule] dAdox= F
T 30l AFT AlmlA FHzo 47 0.3 pg/mL, 05pg/mlLe] FEE HEHAS
W, 2A 7 Foll AEE A molA H F= 49 pe/mLet 58 ug/mLE WERNL AL, 24
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N7 A AEE Ak Figure 17). ©] ¥ acetazolamide® hydrochlorthiazideol] *] 3}
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Figure 17. Excretion profile of acetazolamide(oral dosing) in horse plasma.
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Caffeine®] HAM = vhgdol & Fol & Hae] vz ddds 1494 AR7)
A& vg dn] A3 F Fr HE 0~ 10uy/mL=E 23R, W EFFE2
A4 ATAGS AxsA. FEUHE 84 3mLE pH 92 43 £ 9 @1
chlorform @ methanol®] F&&1 6 mLE o|&3ste] FE3h 5 &9 A ¢
AR 2 S8 BAHS AR F methanaol 100uLel] 314 3ke] 2 uLE GC/MSel| =+
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sto] HAFAE A
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Table 5. GC/MS conditions and regression results of standard calibration curve

for quantitative analysis of caffeine.

N
] ) Retention Ton Y(10)=mX Concentration
Diuretics )
Time Mass m 2 (#g/mL)
Caffeine 12.4 194 0.583 0.992 0.1, 05, 1, 5, 10

5.2 A Fvt @ X5 9 caffeine HE

A Gk 250 wF C 50 mL (400 mg, caffeine)& AWFALSE A9 A3 E Al F oA
1032 ol caffeine #H %% 4.6 pg/mLe 3.7 ug/mLE YERN L OH 72417744 3
FHAT. T omA YT ol EHE FAMSHZ] f&] wF C 50 mL (400 mg,
caffeine) & AMFAsL 21412~ 104 (400 mg, furosemide)S 74 F5o 3k -5 719
AL AAY Am 102NA HFE 46 pg/mLet 39 pg/mLE YERHSA L, 724717}
A AEHAJoH, caffeines &5 T3 Ag-eh & ZpolE oA Foirh

T3k wF C 50mL (400 mg, caffeine)S AW FAMst 242~ F=AF 40 mL (400 mg,
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Figure 18. Excretion profile of caffeine(intra venous) in horse(A) plasma.
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Figure 19. Excretion profile of caffeine(intra venous) in horse(B) plasma.
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