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Abstract: Due to the harmful effects of estrogens and their prevalence in animal foods, accu-

rate analysis of estrogen levels in animal foods is imperative in order to effectively assess food
safety risks and ensure consumer safety. Therefore, a rapid and accurate method based on
PRiME HLB solid phase extraction ( SPE) cartridge purification and ultra-performance liquid
chromatography-tandem mass spectrometry ( UPLC-MS/MS) was developed to determine nine
estrogen residues in bullfrogs. The nine estrogens included estriol (E3), 178-estradiol (8-E),
17a-estradiol ( a-E), 17a-ethinylestradiol ( EE2), estrone ( EI), diethylstilbestrol ( DES),
dienestrol (DE), hexestrol (HEX), and dienestrol diacetate (DD). This study optimized the
mobile phase system, extraction solvent, and SPE cartridges. Because estrogens present weak
alkalinity, adding a small amount of alkaline substance to the mobile phase benefits estrogen
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ionization into the ionic state, eliminates the peak trailing phenomenon, and enhances the sig-
nal response of estrogens to improve sensitivity. Estrogens have one or more hydroxyl groups in
their chemical structures. According to the principle of similar solubility, polar solvents are
chosen as extraction solvents. Based on the complex matrix composition of meat samples, SPE
is required for purification to reduce matrix effects. The liquid chromatographic conditions were
optimized, and the 0. 5 mmol/L ammonium fluoride aqueous solution-acetonitrile system as mo-
bile phases showed better sensitivity than the ammonium acetate aqueous solution-acetonitrile
system and the ammonia-acetonitrile system for the nine estrogens. When acetonitrile was used
as the extraction solvent, the extraction rates of all nine estrogens exceeded those of methanol
and ethyl acetate and increased by 15% —40%. By focusing on the matrix purification effect of
four different SPE cartridges, the results showed that the matrix purification ability of the
PRiME HLB cartridge outperformed that of the HLB, C,,, and Silica SPE cartridges. After puri-
fication by the PRiIME HLB cartridge, the recoveries of all compounds were in the range of 70%
-125%, and the DD recovery was increased from 47% to 74%, whereas the HEX recovery was
reduced from 180% to 123%. Therefore, the PRIME HLB SPE cartridge was selected as the
cleanup material for this experiment. Finally, the sample was extracted using acetonitrile, puri-
fied by PRiME HLB SPE cartridge, and separated on a Waters Acquity UPLC BEH C,, column
(100 mmx2. 1 mm, 1.7 wm) with a mobile phase of 0. 5 mmol/L ammonium fluoride aqueous
acetonitrile solution at a flow rate of 0. 3 mL/min. The detection was conducted in positive and
negative ion switching mode ( ESI'/ESI") and multiple reaction monitoring (MRM) scanning,
and it was quantified using a matrix-matched external standard method. Under the optimal ex-
perimental conditions, the linear ranges were 0.5-100.0 wg/L for E3, B-E, o-E, EI, DE,
HEX, and DD, and 1. 0-100. 0 pg/L for EE2 and DES. The nine estrogens showed good lineari-
ty in all linear ranges, with correlation coefficients of 0. 995 3-0. 999 4. The limits of detection
were 0. 17-0. 33 pg/kg, and the limits of quantification were 0. 5-1. 0 pg/kg. The recoveries of
the nine estrogens spiked at the three spiked levels of low (2.0 pg/kg), medium ( 10.0
ng/kg) , and high (80.0 pg/kg) were 107. 4% -125. 3%, 67. 0% —123. 3%, and 65. 1% —128. 2%,
respectively. The relative standard deviations were 1. 9% —17. 6%. The method established in this
study was applied to detect nine estrogen residues in 50 commercially available bullfrog sam-
ples, and the results showed that HEX, EI, and DES were detected in few samples. The meth-
od is simple, rapid, sensitive, and reproducible, and can be used for the simultaneous, rapid
and accurate determination of large quantities of samples.

Key words: solid phase extraction ( SPE) ; ultra-performance liquid chromatography-tandem
mass spectrometry ( UPLC-MS/MS) ; estrogen; bullfrog
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HEX) . 2 XU M 3 ( dienestrol diacetate, DD)
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~12.0 min, 3% B,
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55, Al A 4 HEX DES 1 DE ¥ &4 ¥/~ i} 4%
J T BE S FMERR R A — A Rk, R 0.5
mmol/L FALE K - LG AR FR 9 R 1 R
B (VMG ST B4 m T — D Em 9, 46
(L HEX ) UWLIE 1, 20.0 pg/L # HEX bR
WAE 10 mmol/L Z MR %% /K -2 R & 0. 1%
(v/v) EKIEW-CHERZR A 0. 5 mmol/L Ak K
- CIERRAE R T , B &I R

*1 IMERUEVHRESH
Table 1 MS/MS parameters of the nine target compounds

Compound tg/min  Precursor ion (m/z) Product ion (m/z)  Declustering potential’V  Collision energy/eV
Estriol (E3) 3.37 287.3 171.1" -100 -47
145.2 -100 -44
17B-Estradiol (B-E) 4.49 271.4 145.2* -60 -65
183.1 -80 =54
17a-Estradiol (a-E) 4.71 271.4 145.2" -60 =53
183.1 -80 =54
17a-Ethynylestradiol ( EE2) 4.78 295.2 145.2* -80 -50
159.2 -80 =35
Estrone (EI) 4.93 269.4 145.4* -60 -41
159.2 -80 -41
Diethylstilbestrol ( DES) 5.09 267.1 237.3* -100 -28
222.2 -100 -33
Dienestrol (DE) 5.23 265.2 93.0* -80 -31
171.1 -80 =25
Hexestrol (HEX) 5.23 269.5 119.1* -80 -41
133.9 -80 -16
Dienestrol diacetate (DD) 7.23 351.0 237.2* 60 30
173.2 60 36

* Quantitative ion.
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Fig. 1 MRM chromatograms of hexestrol in

different mobile phase systems
a. 10 mmol/L ammonium acetate solution-acetonitrile; b.
0.1% (v/v) aqueous ammonia solution-acetonitrile; c. 0.5
mmol/L ammonium fluoride solution-acetonitrile.
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Fig. 2 Comparison of extraction efficiencies
with different solvents (n=3)
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ARE1.0mL, T 0.22 wm RVUFH LK€K, UPLC-
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Tl 2% A s [T R 5 SR LA 3 FNIE] 4

I 3 FIE 4 AT, R 2 e A Ab B ) 25 de Rt &
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Fig. 3 Comparison of purification performance
with different SPE columns (n=3)
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Fig. 4 Ratios of spiked recoveries of the nine estrogens
purification with different SPE columns

T2 A B BR A T 557, A3 A P AMOME 9 3% e Ak
MEE, 4 HLB BB L5, DD 1 [ )i 3 mg
A, DES By IR T R T 35% , {H 2 o Ath 34
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DD ) 5 J5 00 il 8007, L JH bl 93 2 1% [l ol 238, e
A R TRVRR BE I B, (A5 TSR AR 70% ~ 125% 22 1]
LS Y & e AR5, 2 PRIME HLB #:4+b5 ,
BRSPS w0 T [ (R I Ak &
Wi LRI LE 70% ~ 125% 2 1], H DD 1 [ 3%
M 47% BB T 74% , A6 R0HGE T HIE TN IO,

[F]i5F, DES f9 [71 i 3 M 180% [EAR 2] T 123% , 4 5L
R T HLEL s A Ny, UL, AR 5256 % % PRIME
HLB [ A A BCRAE R At K
24 ERVMER

ME = ( B 5TV AL TRV 25 H AR 40 7 e 1T FR
B TAER R T 4 B AR AT AR /B o TAE
Bh 2 HAsP g A, ME (15 1 54390 6 R 3 i
B AR AN AP IR, 4 | ME | /N 20%
if, F R EGFERON , 24 | ME | & 20% ~50% A, 3
IRNHEESEFSON 24 | ME | KT 50% i, R om 5
JRARANE A5 FARES AR U, AR AT 453 10 pg/L 1Y
LTV HC TAER R, H4 JH 5 [W) v B i Am v T AR W
4347 UPLC-MS/MS #1158 3% s i, &5
TR 77 8% AL BRI 55 5L Tk, 35k
5L HIZON . DES H1 DD & B 9 KL B &,
Hr DES f ME 7 63. 9% , 3¢ Bl 1 5 35 5 19 % &%
N, DD ) ME }—67. 4% , 3 PR H 35 58 S5 30 461 5500
£ PRIME HLB [# 41 25 BUH 0 5, 158 13 A0 25 B
JE BTN (UL 5) 45 R KRBT, DES 1) ME
39.8%, DD Y ME }j-25. 7% , Hism IR i A 1 W
T (HIR SR A T A SE AN, P AR S 56 R
FETVCECARE £, DAREAR L Bl %t H Rk &
AT

80

{ 3 PRiME HLB purification
60 1 = without purification
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Fig. 5 Matrix effects of the nine estrogens in bullfrogs
before and after purification
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IbR 7 30 %E 9 FfME SR A 05 i A R (S/N =

3)40.17~0.33 pg/kg, L E IR (S/N=10) K

0.5~1.0 pg/kg(WLF 2), FREWE N 10 pg/L 1Y
9 Fh Btk &4 MRM K WL 6,

x2 IMULSWHEANFT R BXRY AHR EER MZEYENEZE (n=6)

Table 2 Linear equations, correlation coefficients (R), LODs, LOQs, spiked recoveries and RSDs (n=6)

of the nine compounds

LOD/ LOQ/ Linear

Recoveries and RSDs at three spiked levels/%

Compound Linear equation R (ng/kg) (ng/ke) range/(pg/L) 2.0 ng/kg 10.0 pg/kg 80.0 ng/kg

Rec. RSD Rec. RSD Rec. RSD

E3 y=24464x-14627 0.9993 0.17 0.5 0.5-100.0 110.5 4.9 86.6 5.8 83.8 4.8
B-E y=189292-7817  0.9994 0.17 0.5 0.5-100.0 107.4 5.1 85.3 3.6 84.4 8.9
a-E ¥=293302-14970 0.9988 0.17 0.5 0.5-100.0 110.6 5.4 85.0 6.2 85.4 6.7
EE2 y=158892-6086  0.9988 0.33 1.0 1.0-100.0 108.7 7.0 85.0 5.4 87.7 7.7
EI y=32545x-15341 0.9992 0.17 0.5 0.5-100.0 112.4 4.9 89.4 1.9 89.0 8.7
DES y=18623x-21510 0.9953 0.33 1.0 1.0-100.0 125.3 10.5 123.3 6.4 128.2 8.6
DE y=975092-59171 0.9977 0.17 0.5 0.5-100.0 123.1 2.8 105.5 6.5 107.0 5.3
HEX Yy=431552-21568 0.9987 0.17 0.5 0.5-100.0 115.2 4.9 86.8 6.9 87.7 7.9
DD Yy=96643x-50141 0.9987 0.17 0.5 0.5-100.0 117.1 11.3 67.0 5.9 65.1 17.6

y: peak area; x: mass concentration, png/L; Rec.: recovery.
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Fig. 6 MRM chromatogram of the nine compounds
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