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[ ZE] BISRBAMEELZ(HPLO)MEAZ T F KT REATRAANNT XX ELE F R
(BHA) 5 T HZHL H K (BHT) & &, KA &KM€ %, €544 Agilent Zorbax SB - C18
(250 x4.6 mm,5 pm) ,FEAH A L fE - BB - K (47:21:32) ,RA AT K F N 1% K EE B,
AL B N T, L MR VR AT K K K 285 nm; i A 0.9 ml/ming A IE K 30 C; A E N
20 wL; K Fl S AR HH BHA BHT & &, ZE LGS &G T, S A% K, A EH & % BHA BHT
gl & 6 F 46 ; BHA, BHT & 4 1l IR 4 %1 % 0. 08 wg/mL #2 0. 19 pg/mL, & & & 4 4] %
0.31 pwg/mLAr0.77 pg/mL, 2 A& 5.13 ~ 15.39 pg/mL 5 2.56 ~ 7.66 pg/mL 3 H } & x %
BT FIERE D H A 98.5% F199.9% (n=9), FTEIWHFEEEGIT CREMR EHEF.
REEF TRTEFTERZ REAANFHEANNASEN
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Determination of Antioxidant in Compound Fipronil Spot — On Solutions by HPLC
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Abstract: To establish an HPLC method for the content determination of 3 — ter — butyl — 4 - hydroxyanisole
(BHA) and 2,6 — di — tert — butyl — 4 — methylphenol ( BHT) in compound fipronil spot — on solutions, the
analysis was performed on an Agilent Zorbax SB — C18 column (250 x 4.6 mm, 5 wm). The gradient mobile
phase was using acetonitrile — methanol — water (47:21:32), and 1% acetic acid was added to water before
mixing as mobile phase A, acetonitrile as mobile phase B. The detection wavelength was 285 nm, the flow rate
was 0.9 mL/min, the column temperature was 30 C, and the injection volume was 20 L. Under the

proposed chromatographic conditions, the diluent and the negative samples didn’ t interfere with the
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determination of BHA and BHT. The limit of dection of BHA and BHT were 0. 08 pg/mL and 0. 19 pwg/mL

respectively, and the limit of quantification of BHA and BHT were 0. 31 pg/ml and 0. 77 pg/mL

respectively. The linear relationship was good in the ranges of 5.13 ~15.39 wg/mL for BHA and 2.56 ~
7.66 pwg/mL for BHT. The average recoveries of BHA and BHT were 98.5% and 99.9% respectively. The

method is simple and accurate with high specificity, which can be used to determine the content of BHA and

BHT in compound fipronil spot — on solutions.

Key words: compound fipronil spot — on solutions; BHA; BHT; antioxidant; content determination
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W SCERY Y RGE , B O AR IR B R A SR )T
AR K At o e Rk 28 Rk e K 5 P BRI b Bk R
B, B AT $ AR 8 30 d MR, RO AETR
B e A h AR Je B Al b T7 TR Es AU T Bk
FRELHI Ak (BHA ) 1 T B L 2R (BHT) it
R, AT R R e i B AL A B R
V& % Je ik 7] e 4 S B4 5 I T 1 A A A G
ARSI bR E , SClR TPt BHA  BHT 97 1€ A 1R
ZARES T AR B AR R B e i R AR
FA B AR DA A OCHRIE . A E T,
H BHA , BHT %% Jin & F 32K (43518 0. 02% |
0.01% ,v/w) , R SCER A EER TR, 4l
Tl 30 BT, AR B 9 400 A N7 v SO AH 3 75 (HPLC)
WisE 52 75 ATk % Je %7 BHA F BHT By i,

1 #R5FHZE

1.1 A

1.1.1  M%E  Alliance 2695 I = 50 i AH (3% 1L
(BCAT 2998 % PDA Al #5 F Empower 3 T-AEu, 38
[ Waters A H]) ; AB135 — S B H1, 20 M7 K- (Fig 1

MEFFFC R 20 F]) .
1.1.2 Xz T HEBREHORN A (TP EE S

2y K 5 BF 5T B, i 5-: 190065 - 201602, 1 .
99.9% ) 3BT H Xof 3 i [T 4 ik X R ( Dr. Ehren-
storfer GmbH , L5 : G129943 | % 5:99. 4% ) ; B 7k
R Je R (% PH e 2 R A E] A
1.34 mL/% it 5. 20180401 , 20180402, 20180403 ) ;

H ( Thermo Fisher /A 7], HPLC 4%) ; Z fifi ( Thermo
Fisher 22 F],HPLC 2% ) ; VK& R ( R HE T Bk 25 MRk 2
I Ay sl s KRRk

1.2 % %

1.2.1 &ig5&m Ok Agilent Zorbax SB - C18
(250 x 4.6 mm,5 pm) ;WBIAH A LN - HEE - K
(47:21:32) IR G RITEKFNINA 1% KBS ; i 5 AH
B O s R LML BE BRI (O min, 100% A;7 min,
100% A;7.1 min,40% A;20 min,40% A;20.1 min,
15% A;25 min,15% A;25.1 min, 100% A ;30 min,
100% A) , 3% :0. 9 mL/min; FEif .30 °C; K K
285 nm; AT 20 pL.

1.2.2 BRI 4 BHA XIS £ W 09 4
B BHA Xif BR it i 5 R R, o P Pt e 1A
AL 0. 1 mg/mL BV, #5750, R4S . BHT I JEf
28 T80 1 4« B0 BHT o BE G Bt RS 4 Bk, i
PP 75 i - Bt A 0. 05 mg/ L ROV, 4540, B
3. BHA BHT X f& & % W00 i & F % &
BHA \BHT X B i IF 4 W45 2 mL, 7301 & 20 mlL &
SR 0 FE R R 20, #E 4T, R4S, BHA RN
BHT V8 5% JESH 1 W 1) 4% - 4 %% B2 B BHA | BHT
Xif HE Sl A 45 Y 4% 2 mL, B W] — 20 mL 2, i
BER B R 2B 3550 B0 BV PEAE s M i i 45
Fie 52 7 AR Tk 2 Je i R0 4k J5 Fe i A i BHA  BHT £
FIIPERE & L2 1.0 g WEEMRE , & 20 mL &,
IR B A AR R R 2N B RS S i
WA O Dy AR IR P AL 1.0 g, K FR
E B 20 mL SRR o S A TR R R A B R
5], B4,

1.2.3  FEME 1.2, 1 T @ik &0F, 2 ks
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WA (A 1. 2.2 TR BHA X B8 05 15
BHT X & S 7 . BHA 1 BHT I8 &%} B8 5 18 B
PERES AT RS T 20 pl P AR gAY,
ISR X s A T X

1.2.4 &M RIS REC 1. 2.2 T BHA,
BHT Xf & 546 % 1.0.2.0.2.0.3.0.3.0 mL, 4
SE [F— 20 .25 20,25 20 mL H B EE A R
FZNEE 475,19 8] — RN ) BHA BHT 1R &
Xif HR AV o 43 DRG B 20 WL, MR IR R 3]
Y BE MR U AR €835 A8, 10 SR a3 e, DA VROV
JE(C,mg/mL) MM AR, ST (A) AL AR, 22
HbRAEM 2, R R

1.2.5 #amE5xEm S5 1.2.2TF
BHA BHT Xif JE 5l ¥ V&, o HY B3 20 7 B8 I i A
20 wL, IEME I S/N =3 Bysk BEVE ARG I IR | DL A
MhE S/N =10 PR BEVE R =R

1.2.6 #AMHEHE H1.2.2 W F BHA F1 BHT
TR X8 HE I W, G 5 O 20 L 1 ACTROR €8 3%
A, B HERE 6 &, i SRl AR, AR 0 v AR X
PrUfEd2E (RSD) o

1.2.7 EAM M 1.2.2 5 F i & et i
VW, 23 A 6 1 KR IR 20 ol 1 A VRORE £
TEAX, 10 53 3 [ #e A vk LAV THT AR5 BHA
BHT &4, 3115 RSD,

1.2.8 WwEAAFEE B0 ARTEAFERH
W S TR AR b S S R GE  F5 IR 1.2.2 TR
JrEE BT 6 M VAV, RS B 20 L T
AW AR TEAYL 1 5% 35 1, # S ik LA g i R T
% BHA BHT &4, 1145 RSD,

1.2.9 ZRAAEME  HHR 12,2 TR U5 ikl 4
BHA BHT X i it 75 v A i i W, 43901 7 0.2
4.6.8.10,12 24 h #EFE 0 5% 615 5] 1158 FL 04 1
FLURSD,

1.2.10 eafeplc & W 7 AETR Y JE iR ) (it
+5:20180401)0.5 g, FE#HFRE, B 20 mL &I,
AT 9 4,3 A4, 43 B %A BHA (BHT Xf
WA 4 %5 W ( BHA: 0. 05 mg/mL, BHT: 0. 025
mg/mL)1.0.2.0.3.0 mL, F H P B¢ 2 20 i | 4%

ARG EL 20 pL 3 A AE @R, 0 sk K,
THE %

L2011 @A MR EE HC1. 2.2 TR X B IA TR
AV S VAR, 38 S HE I (25,3035 °C) (sl
AHEEBI( £1% ) 37# (0.8.0.9 1.0 mL/min) DA K&
T FH ) — i RELAN () 2805 1) € 35 A AN T) R 1 £
HEFE (Agilent Zorbax SB — C18 4 (250 x 4. 6 mm,
5 wm) , J# %15 . USCLO79103 , USCL083984 ; Waters
SunFire C18 J¥ %1 5 01753614013846; Kromasil
100 -5 - C18 415 E168478 ) % %X % BHA  BHT
B I E A5

1.2.12 #eemld  BURS =4 #% 1.2.2 BT J7
03 S 8 A3 A T VR B X R L, 43 i 2 i
20 pL i AWRAH AL, 10 sk A% 1R #2 A ik
HERES H BHA BHT 15+,

2 HR5H

2.1 HREM SR EZOESTT S A%
TR A B S AR AN T R0 U

2.2 &M DIEWMREE (C,mg/mL) Rk AL bR, U
AL (A) MARAR , il bR £, IRk A e
ZE W] BHA 7E5. 13 ~ 15.39 pg/mlL WL HEA
LMRARY, WA A y = 21755x + 3853.5,
RN 0.9996, BHT 1E 2. 56 ~ 7.66 pg/mLi
JETERRI N 0 R AT, IHE 5 # Sk y = 8620. 6w +
2531, FHICHRECH 0.9990,

2.3 BIMREEER LMWL S/N =3 HkE
Vi hy K BRI 45 BHA . BHT A9 K6 I BR 4 51 4
0.08 wg/mLF10.19 wg/mL; LIEME L S/N =10 ()
WeBE AR R E B, A5 BHA BHT (15E 2 FR 23 51 4
0.31 pg/mL F10.77 pg/mL,

2.4 BERBEE XTHEREREE I 0 R 1 A5
EIAATAE IR THA 6 YC#EFE BHA (BHT {3 B B[R] 1Y
RSD 535120 0. 1% 0. 1% , W i FLHY RSD 435 Ky
0.3% ,0.8% , =W FEAE 2 B RAT

2.5 AW XTELMERK IR EEE T
B F MR LA T ARS8 BHA (BHT & 2,6 (R
FELEE BHA & RSD 4 0.4% ,BHT &4 RSD N
1.0% R ik HEEERYF
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A - Z5 LA

B - BHA BHT RN BFAW  C - BIMFERER D - s

A - Diluent B — Reference substance of BHA and BHT C — Negative control D — Test sample
1 HPLC &ifE
Fig1 The Chromatograms of HPLC

2.6 FEUEEE XS BRI 0 SR Y A5
FISEAT AR B, 25 5 2 A 12 YRl 45 5 BHA & i
RSD 40.6% ,BHT 55 RSD M 1.4% , W ik
[F]A 2% B R4

2.7 HWRAREME XSV E 24 h, BHA |
BHT W& AR RSD 43510 1.0% 0. 7% , ik 5 % 1
JiE 24 h, BHA BHT W16 #1 RSD 43514 0. 5%
1. 0% , F WX IR Sl i B B2 (B3 i i MR AE 24 h AR
FETERAT

2.8 AR E  XINEE DSCR R D S A
T P AT A B #e AP bR T BHA  BHT &% 4t
TR IR 45 5% BHA SE 3 B R K 98. 5%
RSD }1.8% ,BHT V-3 [a1 it 4 99. 9% , RSD
N 2. 8% , Uk BH U7 VL ME A E R4, 45 R W&
1 ~&2,

2.9 WAME KA ILE 3 GRSk
At AR IR | B AR L A A N A A X
BHA \BHT B & 12 5 520 3455/ AN [R5
FEXT BHA (BHT 9 5% 5 52 W 288/, i FHAS ] i
IS AT, X5 BHT B9 & & 52 I 42 K, BHT 1§ 5 A

R AR BT R A B B A3 B | 2 AR BT s | 3 BOH:
TR 2ZE K, L FE AR iR T Agilent Zorbax
SB - CI18(4.6 mm x250 mm,5 wm) {8354 17
7E

2.10 FERME  HRIMRETHE AR T BHA |
BHT & it M 25 R % 4

&1 BHA MEEERINELER (n=9)
Tab 1 The result of sample recovery rate of BHA (n =9)

A AR S Mg BE RSD
/g /ug BE/ pg /% /% /%
95.10 51.29 145.35 97.97
95.82 51.29 146.01 97.86
94.70 51.29 144.31 96.72
93.98 102.58 196.96  100.39
94.74 102.58 198.72  101.36 98.5 1.8
96.67 102.58 199.48  100.22
96.79 153.87 246. 54 97.32
96.91 153.87 245.27 96.42
95.16 153.87 246.15 98.13
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2 BHT MEMKHRXEER (n=9)
Tab 2 The result of sample recovery rate of BHT (n =9)

Ny JA s Ml E RSD
/g /g BE/ g /% /% /%
48.27 25.55 73.68 99.45
48.63 25.55 75.42 104.85
48.06 25.55 73.60 99.96
47.70 51.10 99.71 101.78
48.09 51.10 100.78  103.11 99.9 2.8
49.06 51.10 98.99 97.71
49.12 76.65 123.26 96.73
49.18 76.65 124.27 97.96
48.30 76.65 123.37 97.94
=3 WAMKKER
Tab 3 The result of durability test
i H e A
25 0.198 0.097
ki C 30 0.200 0.099
35 0.199 0.099
0.8 0.200 0.103
(mr(ﬁiii 1) 0.9 0.200 0.099
1.0 0.200 0.098
-1% 0.198 0.100
(’ﬁﬁgzﬂ B JE A 0.200 0.099
+1% 0.200 0.096
Zorbax SB-C18 H: -1 0.200 0.099
Zorbax SB - C18 #£ -2 0.197 0.098
uhi:Tis
SunFire C18 0.205 0.090
Kromasil 100 -5 C18 1  0.201 0.080

Fa4 EFFELTREBFAMEBFNNVELER
Tab 2 Determination Results of BHA and BHT in

Compound Fipronil Spot — On Solutions

tS  BHA &/(mg-mL™') BHT &#/(mg-mL™")

20180401 0.198 0.101
20180402 0.190 0.102
20180403 0.192 0.103

3 WitE&R
3.1 Rl kK eyEFE R PDA KU F, K
BHA BHT X B iy A AE 190 ~ 400 nm 75 [l N AT
SHMA  Empower 3 Bds ARG 4347, VAN 11
SISO T T 10 S5 A 0 1Y 3 AR K I AL D
K, 4R R BHA S R K 290. 3 nm, BHT
R KK 277, 2 nm, BFSE R IR, P K% 5E
280 nm B, BHT W A2 A W ) 45 A7 — 2% Jot e, Z2 0
B B SR R RE S I L oy B, O TR P 22
257 B & B BHT Bt 3T 2% 5 e K W e i < 7
266.5 ~277.2 nm B4 I K5 2k 285 nm =,
Zel T HE A B WO, WO AR I K E R
285 nm,
3.2 s AtHEY mTEFIEERSEHNT
BHA BHT 1 %5 il & L6 AL AR (43 %1 2 0. 02% |
0.01% ,v/w) , A 50K BT AR A & o, b i
VL) T T B e v AR TR P R | R AR A X e S
A AR SR Y e L A A% 2 A T, ABIF 9 kR
PWAMUA S BHA BHT U5 #H5€ H9 SCik™ '), &
SRALRE K AE i AT ARSI (A DO T2
i BT ARSI, o & A 5 AR TR % Je i 7 o
BHA  BHT Al J7 ¥ AH G /) SCilk , AR 56 2438 T 3¢
MR EE - KRG O - KRG W - B -
KRG HBE - LR - KRG O - SR - KFR
gL LG - SR - KRR FELZRIMIMR G, 45
R BAE DL b3k 26 6 3% 2% T, Al €5 335 0 %
BHA BHT W55 5 T4, J5 S 18 2011 4F3F 17
M2 2 Or AR IR P SR i (R A " B bR
ARYTOGERM NG - FEE - 1% BERR W &
%5 75 % BHA BHT W20 40 X 4 4, T3/,
FEUL SR b XTI S AH L A R W AR 7 32647 A I
FIPEAL , TR B B3 T AN [ 3 3 10 55 M e 3 3k o]
0.9 mL/min, 73 B ACRAHXT 84, Zead Z
BZRM 1,201 WUF (45 25/ BHA | BHT g ALK
U, 55 AH QB W 2 18] g B R R 4F, DR, B & E
120 VIR 3% S A S e R A A i 4518
SR SCHRFTARAE 1) 7 AT, AN T A
A TGRS AR SO ST R T ARIR P e
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TR AR & B J5 ¥, 7E BHA BHT AH[A] £
PARTTRIAL , BAPEAE Sl K28 R R4 TG (i 0 s 3
BHA BHT FKEIER AT 3% 0. 08 pg/mL F10. 19 pg/mlL;
ERPRATIA 0.31 pg/mlL F10.77 pe/ml, 3687 fr 2 57
(75 1 L SRR S BORE A [l o3 R e
S8 U T £l ST O TR R B L G, RE
ARSI R D7 AR % e R TR B AR I i

SEZ 3Rk

[1] Dryden M W, Payne P A, Vicki S, et al. Efficacy of
dinotefuran — pyriproxyfen, dinotefuran — pyriproxyfen — per-
methrin and fipronil - (S) - methoprene topical spot — on formu-
lations to control flea populations in naturally infested pets and
private residences in Tampa, FL[J]. Veterinary Parasitology,
2011, 182(2 -4): 281 —286.

[2] Everett W R, Gross S J, Tanner P A, et al. Immediate and
residual speed of kill of FRONTLINE® PLUS (fipronil + (S) -
methoprene ) against Rdl — homozygous fleas on dogs assessed at
twelve, eighteen, and twenty four hours post — treatment and
following subsequent weekly infestations[ J]. Journal of Applied
Research in Veterinary Medicine, 2011, 9(2) . 120 - 123.

[3] Beugnet F, Doyle V, Murray M, et al. Comparative efficacy on
dogs of a single topical treatment with the pioneer fipronil/(S) —
methoprene and an oral treatment with spinosad against Ctenoceph-
alides felis[ J]. Parasite, 2011, 18(4) ; 325 -331.

[4] Brianti E, Pennisi M G, Brucato G, et al. Efficacy of the fipronil
10% + (S) — methoprene 9% combination against Rhipicepha-
lus sanguineus in naturally infested dogs: Speed of kill, persistent
efficacy on immature and adult stages and effect of water[ J].
Veterinary Parasitology, 2010, 170(1 -2) . 96 —103.

(5] ERUE, MRS, T A WSROI GBS E )5 B i %
ZEPETEWT 2 Pt R [T]. PEZLE, 2019, 28(22):
25 -217.

Wang C M, Wu W C, Wang M. Determination of tert — butyl
hydroxyanisole, 2, 6 — di — tert — butyl paracresol and tert — butyl
hydroquinone in sesame oil by high performance liquid chromatog-

raphy[ J]. China Pharmaceuticals, 2019, 28(22) ; 25 -27.

(6]

(7]

[8]

[10]

(1]

[12]

2 @, NEEE, L B, 5SROI AR E A
H TBHQ .BHA | BHT % 1 [ J]. Z @Al B 2%, 2017, 45
(18): 89 -90.

XuY, Liu X Y, Wu Y, et al. Determination of TBHQ, BHA,
BHT in Edible Vegetable Oil by High Liquid Performance Chro-
matography[ J]. Journal of Anhui Agricultural Sciences, 2017,
45(18): 89 -90.

PetaFs, RE M, ARIAE. HPLC 3L RIBHUAE 3 Fhb4 5 245 FH 98
BHiE 5 UG SR LT ]. T EBEZ R, 2019, 16(25) -
27 -31.

Rao Y C, Xiong W, Zhu B J, et al. Simultaneous determination
of 5 kinds of antioxidants in 3 kinds of medicinal plastic bottles by
HPLC[J]. China Medical Herald, 2019, 16(25) . 27 -31.
SKAHE, TUIHE, XS0, 4. HPLC 522 2 A1 55 R M IR i
VAR (], b B AN A 252, 2020, 37 (5):
1862 - 1866.

Zhang DM, Yu M Y, Liu W K, e al. Study of 11 Antioxidants
in Tobramycin Eye Drops by HPLC [ J]. Chinese Journal of
Modern Applied Pharmacy, 2020, 37(5) : 1862 - 1866.

W, MR, T B SR S RORAH (ke K i I L 5t
WP EIPEGH BHTJ]. 4 H 252, 2015, 25(5) : 338 - 346.
Xu H, Ye Y B, Fang M, et al. Determination of Antioxidant
BHT in Fat Emulsion Injection by HPLC[ J]. Pharmacy Today,
2015, 25(5) : 338 -346.

HRLEIE , TEFRAR. 8 RO (3 R 2 R T BT 2
SRR 2, 6 - AT XTI AR TN B[], b
SAEHTHRE, 2019, 28(3) : 88 —91.

Hao Y Y, Wang J R. Determination of tert — butyl hydroxyani-
sole, 2, 6 —di — tert — butyl paracresol and tert — butyl hydroqui-
none in sesame oil by high performance liquid chromatography
[J]. Chemical Analysis and Meterage, 2019, 28(3): 88 -91.
NY/T 1602 - 2008, AE 473 HBUT 36 32 36 1 77 it ( BHA) 2,
6 — ZRUT HExT H S (BHT) A4S T 36k % — 8 (TBHQ) il
T RAORAR @R S].

NY/T 1602 - 2008, Determination of butylated hydroxyanisole,
butylated hydroxytoluene and tertiary butylhydroquinone content

in vegetable oil - High performance liquid chromatography[ S].

B2 bl ox. PR N RILHN [ 25 3 2020 AEAR A8 S].



.64 -

rp 2 2k 2022 4F 8 H 4B 56 B4 8 1

Chinese Journal of Veterinary Drug

[13]

[14]

590 -591.

Chinese Pharmacopoeia Commission. Pharmacopoeia of the
Peoples Republic of China (2020 edition, volume IV) [ S7].
590 -591.

AL, 2GR, TV R RSO (BRI E AR b T T IR 3
PORCT 5k -4 - RILEAEES 2, 6 - BT SN B Y A
[J]. PdbZh2p24aE, 2012, 27(5) : 420 -422.

Zhang H, Li J, Wang X T. Determination of butylated
hydroxyanisole and butylated hydroxytoluene in Simvastatin cap-
sules by UPLC[J]. Northwest Pharmaceutical Journal, 2012, 27
(5): 420 -422.

JAEE, Wisrs, X, 5. HPLC 36 5E 4k % D3 K
FPPUER TR IR SR [T]. PR R R R,

2021, 30(8) : 26 —29.

[15]

[16]

Zhou H H, Hu L X, Liu J J, et al. Determination of antioxidant
in vitamin D3 soft capsules by HPLC The content of dibutyl
hydroxytoluene [ J ]. Chinese Journal of Ethnomedicine and
Ethnopharmacy , 2021, 30(8) ; 26 - 29.

BT IR 5 Al T AT TR B R I D A [T ]
2021, 46(2) : 139 —142.

Zhao D J. Simultaneous detection of five synthetic antioxidants in
edible oil[ J]. China Oils and Fats, 2021, 46(2) ; 139 — 142.
LiL, Liu R L, Hu X J, et al. Establishment of rapid detection
method for fat — soluble antioxidants BHA and BHT[ C]. 2nd

international conference on frontiers of biological sciences and en-

gineering ( FSBE 2019). 2020.

(% 8. &KEE)



