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Determination of two pancreatic stimulants in equine urine
using ionic ligquid-based deep eutectic solvent-assisted
liquid-liquid microextraction and ultra-high performance
liquid chromatography-tandem mass spectrometry

CHEN Qian, MA Zhichao, LI Yaonan'
(Wuhan Business University, Hubei Provincial Engineering Research Center of Racing Horse Detection and

Application Transformation, Wuhan 430056, China)

Abstract: Acetohexamide (AH) and chlorpropamide (CP) can stimulate pancreatic secretion of
insulin and regulate water-salt balance, which may indirectly lead to an increase in adrenaline and
potentially enhance the athletic performance of horses. For the protection of horse welfare and the
consideration of fair competition, AH and CP were listed as pancreatic stimulants by the Federation
Equestre Internationale (FEI). A method for the detection of pancreatic stimulants in equestrian
sports needs to be established. Before analyzing these drugs from biological samples such as urine,
it is necessary to perform pre-treatment to separate and concentrate the target analytes. However,
there are several disadvantages to using traditional pre-treatment methods, including toxicity and
inefficiency. A rapid and environmentally friendly pre-treatment method utilizing ionic liquid-based
deep eutectic solvent vortex-assisted liquid-liquid microextraction (IL-DES-VALLME) was developed.
Coupled with ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC-
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MS/MS), the approach enabled efficient extraction and sensitive quantification of AH and CP from
equine urine. N-Butyl-N-methylmorpholinium bis ( ( triftuoromethyl) sulfonyl ) imide (EMMPNTF,) was
chosen as the hydrogen bond acceptor (HBA), combined with pentafluorophenol (PFP) acting as
the hydrogen bond donor (HBD). A molar ratio of 1:4 (HBA/HBD) was identified as the optimum
composition of IL-DES. Differential scanning calorimetry (DSC) was utilized to measure the melting
point of the synthesized IL-DES. Fourier-transform infrared (FT-IR) spectra and proton nuclear
magnetic resonance ('"H NMR) spectra were employed to characterize the structure of the IL-DES
and investigate the hydrogen bonding interactions between its components. Under the optimum
conditions, only 100 pL of IL-DES, 1 mL of equine urine, and 6 min were required. An external
standard calibration method was utilized for quantification, and a linear relationship was achieved
with a mass concentration range of 0.2-20 000 ng/mL for AH and 0.5-20 000 ng/mL for CP. The
coefficients of determination (7*) were all greater than 0.999. The limits of detection (LOD) of the
method based on a signal-to-noise ratio of 3 were 0.1 ng/mL for AH and 0.2 ng/mL for CP. The limits
of quantification (LOQ) of the method based on a signal-to-noise ratio of 10 were 0.2 ng/mL for AH
and 0.5 ng/mL for CP. The absolute values of matrix effects were all less than 20% (-8.9% for AH,
-11.2% for CP). Method accuracy, assessed through recovery studies at multiple concentrations
across the linear range, yielded values between 90.2% and 110.4%. Precision, expressed as relative
standard deviation (RSD), was excellent, with intra-day RSDs<6.6% and inter-day RSDs<5.8%. The
RSDs for robustness were less than 5.7%, and the average carry-over ratios were in the range of
11.4%-17.3%, indicating good method robustness and acceptable carry-over levels for the quantitation
of AH and CP in equine urine. The greenness was assessed by the AGREEprep metric (score: 0.63).
Compared with traditional extraction methods, the IL-DES-VALLME method has the advantages of
rapidity, simplicity, efficiency, low toxicity, and low cost. Additionally, the application of the
proposed approach to real equine urine samples proved its practicability. These advantages make
the method very appealing for doping control in equestrian sports.

Keywords: ionic liquid (IL); deep eutectic solvent (DES) ; liquid-liquid microextraction; ultra-
high performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) ; equine

urine; acetohexamide; chlorpropamide

fit 1% C Ik (acetohexamide, AH) Fl & fif 77 Ik
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B 4 4 (International Equestrian Federation,
FED) ¥ AH Fil CP 1y g B 24 4 77 510 A bR 5 Bk
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Fig.1 Chemical structures of (a) acetohexamide (AH)
and (b) chlorpropamide (CP)

D4y SR Ty v 32 DA DR W A AR )
AT oM. #RE B AT, £ X AH A CP AR 4 Hr
B 3VUNG RIS OE W ivall Dy N L CiE A i
& /7 ¥ (isotopic dilution analysis, IDA)' %k J& 3|
DA 1% e AR A% 0 1 o T 3k AL R H B £ 3
7% (MEKC)" A 3575 (GC)™ UM (03 - 3%
7 (GC-MS)"" | B AR 3% 7 (HPLC)'™ F AR
(63 - I 25 3 8% % (LC-ESI-MS) ', Chua %]
HPLC A i 28 K2 I 5 il R i B CP SR 1
Y ZEWURE 5, T GC-MS HEAT IR IE , K6 IR o 3.5
ng/mL. Z4071, bk A FE AR )R o 1 0 40 B
SRR IEC e A bR O R VA A
S PLY R AT B AR W 50 A Ak B AR B9 WO A
B R ] A5 R, 3k 26 i b B ik HL A REPE K (B ]
o L2 HOBOR AR Y Ta) 80, DA G ok 1 AF R — ol & €2 7
AR A A6 HOR >F e i L A [ R

B 7 WA (ionic liquid, IL) , JR #% & “ 0] % it
MWrw L T HAREA SR, B AEE L
PRV R E MR R R E M R AL RE Y
1R B R R R T R 2 R T OO AR R TE Ay
B DY R AR LA R 2 R R
Jo Ab BRSO 3 45 % 7 (deep eutectic solvent,
DES) ">/ % 451 3ok 5 #FF % IV F o 35 4F 5k , DES fE R —
P T 8 F AR A BT B il R sk (A s A5 2] T
it —2 kR R A TL A 2l e v RE T B2 B
S A AR TG 2R A R A R =Y. DES
i H i A A7 fK (hydrogen bond acceptor, HBA)
5 4 4t it f& (hydrogen bond donor, HBD) iE & T

AL #F IL R 8% IL 1F o HBA 4 0 DES #E K N 5
T A AR A 7 500 (IL-DES ), 3 8 45 &5 5505 i
2 SR (CO,.80, NH )3k H > HEeEE T
BN AR ALY AR A T T A0 R B
it IL-DES It 5 19 3 25 W B g . PR, A SCR
14 Fh B 7 W & 5 H 9K 7E B (pentafluorophenol,
PFP) ¥ it & WA 7] 9 IL-DES, £ B i e A 3 47 %
WAL, B & T 43 B 4R B R v AHL Fi CP
V18 8 A BRG], 285 5 R v 2SSOV AH 0 3 - — D AR A
Tk (UHPLC-MS/MS) , #% 3% 1 5 0 2 B 2% A, IR #R 0
T IL-DES WZE ML, JF & MG T 5 R FEF
I R R % 1 390 18 A I v o

1 SEWES

1.1 SR GkF 5w

TSQ Altis Plus i & 20 (35 - = 5 DU AT 5
% {¥ (Thermo Fisher Scientific, 3% [# ) ; TGA/DSC
3+ [ 4 4 H7 A% (Mettler-Toledo, 35 [ ) ; Nicolet
iS10 i 5L it 722 48 21 A W 0O 3% {X (Thermo Fisher
Scientific, 3¢ [ ) ; Bruker AVANCE [l HD 600 £ fif
LR )Y 8 AY (Bruker, {2 [# ) ; # 4l 7K { (Millipore,
K E);5427R 5 3 2 E 0 ML (Eppendorf, 18
[f);Cubis® I MCE2.7S-2CCN-F # fif &t K- (0.1
wg, Sartorius, f# [¥ ) ; PB-30L pH i} (Sartorius, f
[{) ; ROCKER 2D digital i3 jie 1 %) # (IKA , {8 [ )

JBR iR 2% iy 7 bR M i AH (o0 AT 46 (CP (43 #r4ki)
W [ 2% [ Sigma-Aldrich 2% &) ; N-T 5t B 3 15 bk 3¢
= 9 F R I T e (N -butyl-N-methylmorpholinium
bis ( (trifluoromethyl) sulfonyl) imide, EMMPNTF,,
AT e ) W A b RHE AL A R 2 E] S PFP (40 47
4l ) .44 7K (ammonia solution, NH,OH, i 2% 4§ ) Ity
B b BT A A R R A R w5 YRR (for-
mic acid, FA, 7 #% 21 ) . H i (methanol, MeOH,, Jit
45 ) | Z 1% (acetonitrile, ACN, & 3 4l ) I [ £ =
Thermo Fisher Scientific 2 &)
1.2 FREA KA F

e 0 o JBL T o i R 2 Ay AR E i 10.0 mg 3% fif
T 10 mL 26 FEE b B il i 1 mg/mL By FRAR Ak £ 1
0, o0 AH BB % 45 % 0.1 mL A1 CP i
it & W 2 mL, IR A T 10 mL 4l s eb e ol i TR
& b o i % 7 W (AH: 10 pg/mL, CP:200 wg/mL),
TRAFAE-80 CYKAE L . J3 My, I BLTC ) et - 7K 7
W (19 AR L) B 1R 5 A 1 At 45 o WA B 22 P 75
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W BE R S R E TR IR, T 4 CokAs s IR A7
#H .
1.3 IL-DES #y#|#&

A S B R BB MRG0 B ik & A IL-DES
(DES 14). 15, % PFP 78 % IR T4 vp T4 24
h, 2R 578 10 mL B B B B P L B AR 2192 1 g
EMMPNTF, il 3.681 2 g PFP,Jf-7£ 70 C T fin#4 30
min, FEE (22 C) FCE K, &K1 4 4 mL
75 B AR (T 24T 29 50 IRFEHL) .

14 EWSR

FH 10 wL H R 1 mL i As 5 JR 7 FE 5 (AH
10 ng/mL, CP:200 ng/mL) ) pH #75 £ 5.00+0.01,
FH G T 99 245 4% 100 pL 9 DES 14 %8 B P 13
SRR P, B IE 2 min IR S WO W H G FLR, B
J& LA 12 000 r/min %% 3 5 0> 4 min, # A H b 00
Y1 DES 14 /5 VLR F & .0 8K, 28 0.22 pm
Je e B ik 0k 5 e # = 3E /N P, T T UHPLC-
MS/MS £l .

1.5 UHPLC-MS/MS %

UHPLC 4 % Hypersil GOLD % C , {4345 (100
mmx2.1 mm,3 pm,Thermo Fisher Scientific, 3¢ );
TLBAH A JZ 0.1% R KW, B 24l R, BR
PE B A2 40 F : 0~2 min, 5%B; 2~6 min, 5%B~
95%B; 6~8 min, 95%B; 8~8.1 min, 95%B~5%B; 8.1~
10 min,5%B. PEFEE 10 wL.

JE A WIS B TR, E B PR SRR
I W %5 3 (selected reaction monitoring, SRM) ;
Pt 0.3 mL/min; H 3 500 V; & 7 1% i 45 1R
350 C; Z L ER I BE 400 °C, 15 B4 i [E] 150 ms.

1.6 SRHEMRUE

26 a2 e 1) B= e 40 B 25 B 4 i ofe (L o 4
45:2023025) , BEPE—IL 12~14 % TP 51
N AT PR B R AR SR A . B 7:00 45 B
M AR AH F 5 500 mg.CP J #| 200 mg, iF % Kk &
OK WA B OE R 24 05 P OCHE PR A A BH P PR TR
FEAS . DN 10 DB iz I AH G 285 9 0 {5 5 & |- R 48
2 HRWEEA, EER T RS 30 min, & J5 7E
12 000 r/min F B0 10 min DL E R 40, B E W )k
HEe WGt sIE S  EER NP 24 h, £ K
25 UE JE BT 0.22 pm K FREBE kA g SR AE
-80 C AR o 3 i, AL 315 9 25 11 IR
T il B TR A5 s M A A A RS R 2 T R VAR E A
P PR WA i

2 #ZR5TR

2.1 RGNS EGMRL

i A F AR E TSQ Altis Tune 3.1 {54k i
15, BB I 1 T n AR 5 K/ Nk P B T
XF,AH J m/z 324.9/199.4,CP } m/z 276.8/110.9.,

Ry A €8 3% 2% 1k B R A, DA £ 3 06 T A 4 A
XU Sl A R R DA B U R AT A . R Sk i sh Al
W A HLAE Rl AT Ak, 25 S R TR A RO
SN S, HUOM ACH v B R & B AT AL AR IR
i FH 2K L 0.05% 2 /K %5 W . 0.1% HY R 7K 5 R
0.2% H R /K 5 W 5 WP 1 A4 A Sk i 8 A E AT B
VB (IR 1.5 35) , 78 0.1% FF R /K ¥ 8 - Y 5 3 2 A
T P BT 10 0 1T RS B O o B S X R R
AL B R IR AR R & 20.25.30.35.40.45 C, 4%
JEF T, Bl R IR TR W AR A BT Y U TR R e
WO 3 25 5, % 08 B A R R e e R LR AE )
15, BB 30 CHE Ry fe AR AR iR . B Ja %o O ol ik A7 410
b, G 45 b6 R R B0 T O AR AR UK i A 0.1
mL/min ¥ & % 1.0 mL/min, 4 %3 i1 0.1 mL/min,
Bt @ AN 0.3 mL/min FF4G , 5 43 4 04 06 1 AR
MR 3k ek, PRt i A3 3T 3 4 0.3 mL/min,

F1 AHF CPHIR B R L T
Table 1 Retention times and MS data of AH and CP

P Product; RF
recursor roducts CEs/V

(m/z) (m/z) lens/V
AH 6.92 324.9 199.4", 243.8 17.76, 23.98 53
CP 6.83 276.8 110.9%, 175.1 31.33, 17.59 41

Analyte t,/min

* Quantitative ion. CEs: collision energies; RF: radio fre-
quency.

2.2 EEREGH®RK
2.2.1 IL-DES # 2 f #%

RS ) P Ak LA AE BT 0 %6 (ER) Sk 48 A iF
it  ER iAW),

ER=V.P /V,P,%x100% (1)
Hoh P JE % IL-DES # HUs R4 40§ 9 14 W i £
P, J2& A BURGT A 40 7 4 00 1 1T AR, V, & IL-DES K
RFL, V, SRR S R E . AH A1 CP Ay I JE 4%
S 52 7E 10 ng/mL 1 200 ng/mL, I JREE 5 AR TR
SETE 1 mL,

Sy ifil £ IL-DES, ¥E F 14 s B0 B 1 44 ok
f£>5 HBA, [f % PFP 1E 4 HBD, W # 19 %) Jit i) &t
Z LB E AT 1:2, % 82 A1 = T /Y [ ROk 3
Wk 2 iR, 4 HBA iy DU T 356 S A0 s 7 il 12 4%

o
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Table 2 Components, molar ratios and states at room temperature of 14 ionic liquid-based deep eutectic solvents (IL-

DES)
DES HBA HBD  Molar ratio Sfffpa;;?f;z
DES 1 tetrabutylphosphonium hexafluorophosphate (B4PPF6) PFP 1:2 solid
DES 2 tetrabutylphosphonium bis( (trifluoromethyl)sulfonyl)imide (B,PNTF,) PFP 1:2 solid
DES 3 N-butyl-pyridinium hexafluorophosphate (BpyPF,) PFP 1:2 solid
DES 4 N-butyl-pyridinium bis( (trifluoromethyl)sulfonyl)imide (BpyNTF,) PFP 1:2 liquid
DES 5 tetrabutylammonium hexafluorophosphate (N4444PF6) PFP 1:2 solid
DES 6 tetrabutylammonium bis( (trifluoromethyl)sulfonyl)imide (N,,, NTF,) PFP 1:2 solid
DES 7 N-butyl-N-methylpyrrolidinium hexafluorophosphate (PP14PF6) PFP 1:2 liquid
DES 8 N-butyl-N-methylpyrrolidinium bis( (trifluoromethyl)sulfonyl)imide (PP ,NTF,) PFP 1:2 liquid
DES 9 N-butyl-N-methylpiperidinium hexafluorophosphate (P ,PF,) PFP 1:2 liquid
DES 10 N-butyl-N-methylpiperidinium bis( (trifluoromethyl)sulfonyl)imide (P, NTF,) PFP 1:2 liquid
DES 11 1-butyl-3-methylimidazolium hexafluorophosphate (BMIMPF6) PFP 1:2 liquid
DES 12 1-butyl-3-methylimidazolium bis( (trifluoromethyl)sulfonyl)imide (BMIMNTF,) PFP 1:2 liquid
DES 13 N-butyl-N-methylmorpholinium hexafluorophosphate (EMMPPF()) PFP 1:2 solid
DES 14 N-butyl-N-methylmorpholinium bis( (trifluoromethyl)sulfonyl)imide (EMMPNTF,) PFP 1:2 liquid
DES: deep eutectic solvent; HBA: hydrogen bond acceptor; HBD: hydrogen bond donor; PFP: pentafluorophenol.
(B,PPF,) . 10 T 2t B ® = %0 W 6% Bt W B 100 e
(B,PNTF,) . N-T J& it b 7 L % 2 4 (BpyPF,) . I =3
TS B RR £ (N, PF,) PO T 4 = 97 1 B 2B e 7
B e 6 (N, NTE) N-T T SRS % 0] i =l E
(EMMPPF,)if , i #l % ) IL-DES #6530 F 06 2 SlZEl s ElE
25 BT TR SRR IS A 8 B IL- 40 = = Sl7=
DES 7t % il T WA, AR S i %6 19 8 Fh " = = =l7=
IL-DES ¥ i 17 % 1 HBA 9% 16 . i 1l % 9 8 Fi = = — -
IL-DES M in#r 5 JRAE & rh 2 B0 AH F1 CP Y fig ” - = =lZ=10

W& 2 ff 7~ ,DES 7.DES 9 .DES 10 fl DES 14 %}
AH [ % BOR B4 F 5 = KO-, Hovh DES 14 % CP
() AE R e, L, 6 % DES 14 11 S 5] i %8 B
Tl 53 A7 0 09 g5 A R R o PR A B T U IR
EMMPNTF, 7E g 2 B, H 28 O3RN 2 30%, 322 i
F 5 PFP 454 i e i) DES 14, #F—3F 1 & A%
IL-DES Ry %4k,
2.2.2 IL-DES ¥ HBA 5 HBD # 4 i th & = b

%} DES 14 # HBA 5 HBD ¥ i ()& 2 H it
T4k . [ % EMMPNTE, (4 & KR8, 3 i PFP 1Y
i R Z ) T LR 1011521
3.1:4.1:5.1:6.1:7 F1 1:8,4% 8 1.5 45 (0 37 shAH A
JE 25 A G 0 X 43 B W 0 28 R AT B A, Al 3a
B, P FR 43 BT ) B A8 AR R — B0, W B R 2
11 AR AR 124, 22 R N T, W B Y i 2
Mo1:4 ARz 108, ZEBORSE BRI B T A28, ik

Y 4 0y 9 NN AN \) A& S
O T P o o E o
©

E2 8% IL-DES #1 EMMPNTF,t 5 /R i AH#1 CP E R EH &
M (n=3)
Fig. 2 Effect of eight IL-DES and EMMPNTF, on the ex-
traction recoveries of AH and CP from equine
urine (n=3)

EMMPNTF, 5 PFP (iAW i & Z o 1:4,
2.2.3 IL-DES A &

¥ # IL-DES ] # & 10.20.,40., 60,80, 100,
120,150,200 wL, K ¥k % 2 XF 75 A 2 A 9 10 25 B RE
J1. W 3b Fias, Y4 IL-DES &A% F 40 pL B,
WAL T AR K 5 Y IL-DES H i 7£ 40~120
pL AR AR ZEOROE 22 FFE L AE 100 L ik
) i 85 22 N R Y IL-DES M & KT 120 pL
A, 2 e A A R BT RE S MR T IR BE A HORCR L M
WA T 4% i 4%0% , i IL-DES i i 4E &4 100 pL.
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80 [ 80 - [
s I 80 -
260 [ 60 - L
% » - 60 -
S 40 [ 40 [
A I 40 -
20 [ 20 - 20 -_
0 1 | 1 1 1 ! 1 L 0 1 L 1 L 1 n 1 L ] 0 I | 1 1 1 1 1 1 1 ] 1 1
L1122 13 14 15 16 17 18 0 40 120 160 200 1 23 456 7 8 91011
Molar ratio of HBA to HBD IL-DES volume / pL pH
120 120
L d —a— AH 100 L ¢© —a— AH i —a— AH
100 L —e—CP I —e—CP| 100} ——CP
J 80 ke
é wl Mﬁﬁ:‘ I 80 |-
2 .
g 60 [ 60 60 L
[=] L
S
& 40 | 40 - 40 |-
20 | 20 - 20 L
0 1 n 1 n 1 n 1 1 | 0 | 1 . I 1 N | L 0 1 1 1 1 1 1

0 20 40 60 80 100
P(NaCl) / (g/L)

(=1

1

Vortex time / min

1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
Centrifugal time / min

3 4

w

E3 (a)HBASHBD#RAEZ k. (b)IL-DES E.(c)pH.(d)NaClJRE K E . (e) iR #E it 18 0 (£) B0 AT 1B XF 5 jR 7 AH 0 CP ZEBUZ

IR0 (n=3)

Fig.3 Effect of (a) molar ratio of HBA to HBD, (b) IL-DES volume, (c) pH, (d) concentration of NaCl, (e) vortex time
and (f) centrifugal time on the extraction recoveries of AH and CP from equine urine (n=3)

224 IR EE pH (A

F 52 2 W, o 45 4 pH Sk 35 o A 4 18 5 IR
FE G B vk o AR T AT R 3 AR L
F, AT ARAT Y A R . AR TR
pH 7F 1.00~11.00 N IL-DES 1 # BC% , W&l 3¢ iF
75,24 pH 4 1.00 F1 11.00 B, 25 BURAL , w5 Fh 2 7
L RV S AW e (O ) & O 5| A BN R O
IL-DES (1) 5 F1 5, 2 BH i iR P4 00 i i P A o B 358 %
IL-DES # BURE /1 A M i 5 24 pH 7E 2.00~10.00
0 TR P, A8 R AR X 85 e AR AR /DS AR R A 4k 1R AR
b Fa SR E |, 24 pH=5.00 i, 2 UK IK B 5 8, K
fei& pH M 5.00,
225 BT®E

b % 5B 7ok B Xt IL-DES 28U AH Al CP 11y
S, 2 T 8 Ff NaCl Jit & ¥R B T 2K BUCR B B 1
o B ARt SR . [/ 3d W, NaCl (% % in xf 1L-
DES A BURZ P 14, FLFE % NaCl V& B 1 7t =
A WOR B AR 2128 0 A5 T AEAE B 3h 23 0
D FE R RN PR AR 2 18] 11 %% B 2% 5, ;X AN F) - IL-DES
O3 2 BOHE DL AT B e A Ak B AR O
7 NaCl,

2.2.6 % jiE B [E] A0 B L B JE]

MUK 25 LR e 1A R 0,0.5.1.,2.3 4.5 min A
(R 2 O3 LA S 7 b 20 A 0 1 P I ) fl I 3e
AT, T TE AE 4 B 2K L, WA BE 2 min B P AR A3 ATT
A WAL 2 4y 8 0 T | S il B ) 3 R A HCRL % 1%
%, 3% 2 B ok i e B[] 3 K 25 i 38 IL-DES 5 H
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Fig. 4 Differential scanning calorimetry (DSC) curve of
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Table 3 Linear ranges, regression equations, LODs and LOQs of AH and CP (n=3)
Analyte Linear range/(ng/mL) Regression equation Point number®  LOD/(ng/mL) LOQ/(ng/mL) 7’
AH 0.2-20000 y=37.12x+994.9 16 0.1 0.2 0.9999
CP 0.5-20000 y=1005.7x+43854.5 15 0.2 0.5 0.9995

a. number of concentration points used for the calibration curves. y: peak area of the analyte; x: mass concentration of the ana-
Iyte, ng/mL; LOD: limit of detection; LOQ: limit of quantification; 7*: coefficient of determination.
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Table 4 Recoveries, intra-day and inter-day RSDs of AH
and CP at different levels from equine urine

Added/ Intra-day (n=5) Inter-day (n=3)
Analyte

(ng/mL) Recovery/% RSD/% Recovery/% RSD/%

AH 0.2 96.1 1.6 93.0 5.5

0.5 97.2 3.1 97.1 0.7

1 97.6 4.6 99.0 6.6

10 95.7 4.9 98.5 2.7

100 97.4 2.9 97.7 3.3

1000 97.0 1.2 96.8 1.8

10000 107.4 3.7 106.4 2.1

20000 108.4 5.2 103.7 2.6

CP 0.5 97.1 4.9 103.4 1.2

1 101.1 5.8 105.1 3.5

10 104.3 2.4 105.1 3.2

100 90.4 0.8 90.2 1.0

1000 105.4 1.9 106.1 2.4

10000 110.4 1.6 109.7 2.1

20000 90.6 0.6 104.8 1.4
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Table 5 Comparison of the proposed method with other methods for the determination of AH and CP in body fluids

Extraction Extraction Extraction Detection Linear range/ LOD/
Analyte Sample * rractie N ! 8 Recovery/% RSD/% Ref.
method solvent time/min technique (ng/mL) (ng/mL)
CP human LPE N-hexane — GC 20000- 104-114 2.5-53 — [7]
plasma (5mL) 100000
AH human SPE methylene — MEKC — — — 50 [8]
CP urine chloride
(15 mL)
AH human LPE N-hexane — GC 5000-40000 plasma: 81-115  plasma: — [9]
plasma (5mL) urine: 30-35 3.0-11.5
and urine:
urine 8.0-16.0
CP human LLE chloro- 12 GC — 94-100 — — [10]
plasma form
(5mL)
CP  human LLE ethyl >6 GC-MS  4000-44000 — — — [11]
plasma acetate
(6 mL)
CP human LLE toluene >17 HPLC 2.5-300 78 <2.7 0.5 [12]
serum (1 mL)
CP human SPE ENVI-18 >2 LC-ESI-MS 25-400 96.5 8.2 2-3 [13]
serum cartridge
CP horse LLE dichloro- 35 HPLC 0-300000 >95 1.2-3.6 3.5 [14]
plasma methane
(16 mL)
AH equine IL-DES- DES 14 6 UHPLC- 0.2-20000 93.0-108.4 0.7-6.6 0.1 this
CP urine VALLME (0.1 mL) MS/MS 0.5-20000 90.4-110.4 0.8-5.8 0.2 work

LPE: liquid phase extraction; SPE: solid phase extraction; LLE: liquid-liquid extraction; IL-DES-VALLME: ionic liquid-based deep

eutectic solvent vortex-assisted liquid-liquid microextraction;

MEKC: micellar electrokinetic chromatography; GC-MS: gas

chromatography-mass spectrometry; LC-ESI-MS: liquid chromatography-electrospray ionization-mass spectrometry; UHPLC-MS/MS:
ultra-high performance liquid chromatography-tandem mass spectrometry. —: no data.
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Fig.7 Greenness profile of the developed method
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Fig.8 Chromatograms of CP and AH from a positive
equine urine sample
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