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Determination of illegal additive diprophylline in feed by ultra performance
liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for determining the illegal additive diprophylline in feed by ultra
performance liquid chromatography-tandem mass spectrometry. Methods The samples were extracted with 0.2%
formic acid aqueous solution, purified by a mixed cation solid phase extraction column, and quantified by external
standard method after the matrix was matched with the standard solution. Gradient elution was performed using
methanol (A) and 0.2% formic acid aqueous solution (containing 5 mmol/L ammonium acetate) (B) as the mobile
phases, and the quantitative and qualitative ions of diprophylline were monitored by multiple reactions monitoring on
the mass spectrum. Results The method completed the separation and analysis of the target compound in 6.5 min.
The recoveries of diprophylline were 80.0%—-102% at low, medium and high levels with relative standard deviation
less than 9%(n=5) and the limit of quantitation of 0.05 mg/kg. Conclusion The proposed method is fast, accurate
and sensitive, which is suitable for detecting diprophylline residues in feed samples.
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R Z —, FEIGIR EFEZ TR AR S E N O
PEPERENG . MRS AR . BEEREI A N s AR
A LI P05 R ) 5 D A i LA 28 380 7 i 1k Mg S, R T
RES AR RO, R, R R — Utk A
R, R R R, B AR, S5 Y
Wy ) RO G ot e B8 ok, ¥ T g AR 00 IR
TR T RIE USSR, )t R 2 B
MEnk . Shikah . RIR. sk OERE, ERERH
K . BRBK, TEE PRI . D BRERIE . AR, AR
FEFEA 128 mg/kg it fa O U™ BSR4 K IR
ARG, 2 R P8 BE AR R fifi L IE 04
IREZEHL, TE G E B A
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A CrPRHES IR Al H S ) v, DR RS b B AR 7 rh Ak ok
TN o 76 2013 451 2018 4200 1148 FF e iy (k-2 24 i
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B Ry i 7 X 24 P R T AR B 2 A FE R A v A F A
B, ZHN GUE L HAETR P RAR D SORE A . Fe i
P AHFTRES 194 S5 Z5R, A 2020467 A 1 Hile, k4
PR A5 1A 7 S A AR R Y R IRl (25 25 BR A1)
AT AR B AR ) S, 2SR T R R
SETRAREME A, 1 RURDRL R A R
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1.1 ES5MH

LC-MS/MS-6495 i = SR AR (1% - 8 156 J5T 335 1 (35 1=
R AT, SQP HF KV (b3 3§ 2 Rl i A A );
N-EVAP 112 Z AL (ZEE Organomation 2 r); CF16RN
BEDHL(H A H LA DD,

IR NS ARAE (A =99.7%, B2 K E
F5EBE)

NE B FIR . LREE (B35 4l, £ HE Sigma AF);
MCX AR FIEAHAE B . HLB [EIAHAEBUE3 mL,
60 mg, 3E[E Waters A H]); Cg FIAHZERFE( mL, 200mg,
KM Agilent 24 7]); 0.22 pm K RIEMECRHH A |); 52

il

328 7K 9 Milli-Q #EaliK .
1.2 XWFFE
1.2.1 BB

FRUERG &R RS HFRIL 50 mg A 32 PN 25 Blbr e
W T 50 mL AEHA, FH 25% W BRI TR IR E A, IR
HWRIE 1.0 mg/mL MFRERE R, 2~8 °CIR-AT -

25% R 250 mL KRR 2 1 L, 1RA).

0.2%H RV 2 mL R IIAKFRBEZE 1L, R4,

CTRERBE YA (200 mmol/L): 3.1 g LIRERIN KI5t
FHFFEE 200 mL, 1A,

0.2%H FRIK VW (7 5 mmol/L ZR%%): #HL 1 mL B
R, 12.5 mL ZBER%ZEPIAER (200 mmol/L), JI/KERE
500 mL, JR%].

1.2.2 #onara

OFRFEFIRFE &

HECH R AR, RO E 48 E 200 g, KR
Jaid 0.42 mm FLARMIAHTTE, RS, A B ISP, #,
#H.

@fH

BCA e Wedn e et sk Rl e skl SPAT 2 IREEE .
FREGEE 2 g, KEHHZ 0.0001 g, BT 50 mL &.08%, N
A 200 mL 0.2% F R W, #2451, ¥&% 20 min, LA
8000 r/min &.0> 5 min, FEEEIHHAE N & B .

ISR BUR AR AT 2 s FRBGAAE 1 g, K
122 0.0001 g, & F 50 mL B.LEH, JIA 10.0 mL 0.2%H
TRIEW, %4), %% 20 min, LA 8000 r/min 25.0> 5 min,
B WA A TR

@k

BeA e Hednial Rl s R RN FERE: K R A 2L AR
YA 3 mL HEE . 3 mL K6 {k . #ERESER 5.0 mL #& Wt
K, 3 mLkibkk, 0T, FRA 3 mL FEEEVERR, WCsEvEmt
W, F 50 CHAMET, HEHMA 1.00 mL 0.2%F RRIEWE
fi#, WHEIRA], i 0.22 pm JEAE,

BN TR A AR BUGE B A W 0.22 wm JERT
2
1.2.3 RABEHE- R E M4

(DBAR S A1

2 HE/E ZORBAX Eclipse Plus-Cpg 4, 3%41 (2.1 mmx
50 mm, 1.8 pm), A HEE(A)-0.2% H B2 /K 35 W (&
5 mmol/L Z8%%), Wiik: 0.3 mL/min, #FREARL: 2 L, #*
M 30 °C. VAHCIERE VENIFET: 0~0.5 min, 85% B;
0.5~2.5 min, 85%~5% B; 2.5~3.2 min, 5%~2% B; 3.2~4.2 min,
2% B; 4.2~4.21 min, 2%~85% B; 4.21~6.50 min, 85% B.

Q)G &

BFUR: WSS H S ESI(H); B HIE: 4kV; ik
o AR, 20 psi; TS A, 14 L/min, 18 200 °C; filf
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2.1 FRiERMHMHK

W R TN AR BB VA VR T BT VR B 0.5 pg/mL,
R LR TERE, BN WA (00 5 0 % P W i a4 12, 76
IE SRR BT 2, G+ Bk,
TR TFAENEEE T, L6 R SRS 245 1 G600 1
TNHET G A, S EERGR . e R . TR
N 2 AT IE N E T R m s, IR
HLFE AR BB, R NSO i S e 2 R 3% 1.
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TR A A, S 3k BB ST A 24 1 FL
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10.0 mg/kg, 25T 0.2%F BEH B . 0.2%H iR 2,
i, 0.2%F K . 0.1%F ER/K . 1.0% FF BR KV W AE A 7
PETIRE, IRBURZ 022 pm SIS, FALIE, &

LI, G5 MLER 2. g5 R T, 0.2% H IR /K I MO A
i R B [ ST Rt g, L AS 87 P 42 kR e A i 1) R
WL CIEFEA AR, JRBUA RSO IR, BAMCHE, Hit
2 FER R R KA AR IO o 28 X6 AN ) R F) F R K T TR
YA THR USRI g, St B R 20450 0.2% H R KA
B S A PR IO

(2) B2 HL s i) N4 B (AR A £ Ak

TERFUNECR 0.2% H ERK R BE S HR ORI, B8 T
FEIURHEI 43S0 10, 20, 30, 40 min B 7 8 By [ A5 1,
SERULIE 1, SCIRE5 A, B PRI (R3S TRl
RAEWTHE, FAE 20 min B & RIICR AT 85%L4 F, 2
S EL NS RTE: D) B3 = oail by & S A Ee X (R
T LK AR S B ] %2 24 20 min.

FERESRARIUE] ) 20 min BYTEALT, %2 T HRBUR
WA 10, 20, 30, 40 mL [y iR EIBCRIEN, 45
UL 2. AT 10 mL B, AR IR E S, HERMRE
i R Y O R, WROK PR ESR, B0 R IR D,
AFIF WG AL o SEBUAFLN 30 F1 40 mL i, EAR TR
R, (RS R T AR BOR IR 9% . DR A RO e A PR AR I
WARELR 20 mL, 76 FDCR I BRI BT, R
WL TR, Iy BB .

®1 —EAFHAYRESH

Table 1 Mass parameters of diprophylline residues

e BEF (m2) TET (m2) ¥ B I [] /ms FE TRV R RE/eV
255.0 123.9* 250 380 34
TRNATR
255.0 180.9 250 380 22
TE: W ERE T
#2 SHREUREIWELLE
Table 2 Comparison of recovery rates of various solutions
PEIBOR 4 PR 0.2% R H i 0.2%H R LNE IR 0.2%H BRI I 0.1%H R VA WL 1.0% H1 R VA W
Bl /% 46.0 37.8 73.4 63.2 62.3
100 100
90 | 90
80 | 80
s 70 - 70
iw‘ = 60
¥ 50 gso
F 40 & 40
30 | 30
20 | 20
10 | 10
0 * + * +* 0 o o < g
10 20 30 40 10 20 30 40
FRIBUS 8] /min RBUAF/mL

P RIS A A

Fig.l Determination of extraction time

B2 BRIBOR AR B 2

Fig.2 Determination of extraction liquid volume
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H I 3~5 FRAEETE IR AT LIE 1, 5 (7 B s e 7
2 min, Cig HEXAE ML ORI 2, 15 BRI A1 24
B sk 2, BTy m @ik, HLB A
MCX X Sl AL ROR BEF, Bf8 ) HLB A4 AL i A

x10!
6.5
6.0
5.5
5.0
45
4.0

s BN R A 72%, T B MCX RE ¥k A6 i 1] i R 1k 51
85.5% 0 MCX #1454k (A [ 55 0 1l Wi 2 BH i A0 T LA 2
R AL RE, BT DL 5 MCX FEAE Al A o %0 [ A1
AL TROHE B A JUEE A A 0 400 A PR SR BOGR HR Al b IE H A,
25 5 HL 7 R 43 TR D 0 W8 B v Al A JEURE, T B O
o % R Ao v A A R B R R, S VR B TRORE 1 4

MIECEL b bk ok, TSR EAE H i SERCA AR, B
WATRHA S A AR N SERME T MCX FE AL 523620
RIFIFEHAL, ZOFR SRS MCX AL Tt fe &9 6
FALESIE A —E, HIEH] MCX bR Rk, fe 2
B 60 mg/3 mL BUAR BEAT S50, FXTHAMUE . VR PRt
AL E -

Wi WA /%

x10?
1.4

1.2
1.0
0.8
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Fig.3 Characteristic ion chromatogram of the purification effect with C;3 column
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Fig.4 Characteristic ion chromatogram of the purification effect with HLB column
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T S 0 35 0 A TR, R IR R T R R A
R A BUR SR, DL 3 2 bt bs, ¥o0s:
A5 30 T B DR L 2 BB VR S M, SRR A
bR S IR R A TR BUR 24 s il 3 0 5, 3 2 Ik
0.22 pm UEMEEHE . &l 6 7S VRS TR A Rk s
Wl R 0.05 mg/kg —FRNATHR A FRAE 28 T g &, %
R JT LRI B GAT, Rl i 0 0 T4, AN 52 mi e
FEE
23 ZMSEE. KERFAMEZMR

YRR Tk JOE S AR A VA, T 0.2% YRR /K Vs WA
FERUHR B R 10.0 pg/mL AR HE 1 RIE o HRUAS 2870 28 1A,

IS4
2

FERE S AT AR FRAS B 45 (1 S T R, FEGE BOZ PR, A
25 AR T AR R, WOl e 5.0, 25.0. 50.0.
100.0, 200.0. 500.0 ng/mL J&J5R VT FECARHE RN, I
BUEL . DARRIN P AU AR R, W B AR R, 2B
HERNZR, 45K FRIYITE 5.0~500.0 ng/mL ¥k B 5 Bl R 28
PEXZRAE, BTN Y=164.943X-262.790, AHX:Z%L
r2=0.9998.

VN INGE AR A T A PR S b, PR IUgfEAb 7R
Je PHEVBORE 23 - R B T SRS I, AR R I 4 5 18 . SIN>3
1 SIN>10 23518 2 5 e tH FR (limit of detection, LOD) AN
0.01 mg/kg Fl5E £ FR (limit of quantity, LOQ)>% 0.05 mg/kg.

2
gy 2.05
= 1242.00 1
3.0
2.5
2.0
1.5
1.0 2.74 3.88
S 05 36.20 2191
a
2 10 2.05
= 104 3806.15 1
0.8
0.6
3.08
0.4 ot - 1678.36 . 49 100
02 44530 1493 J\ 87.8600mA 47374
0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 45 5.0 5.5
PRI ] /min
5 MCX AEGFLRIOCR IRHIE B 7 (i
Fig.5 Characteristic ion chromatogram of the purification effect with MCX column
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Fig.6 Characteristic ion chromatogram of blank pig premix spiked with 0.05 mg/kg diprophylline
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TEHUZS (U LA I RHE 0.05, 1.0, 5.0 #110.0 mg/kg
AT JEATIAR BICSE LG BEBCES A8 W 4 TR R 2 11 1R
AR RN TR FI7E 0.05. 0.5, 5.0 1 50.0 mg/kg 7KFEF
HEAT IR B SE g, SEHCES A TR EHE 0.05, 0.5,
10.0 1 100.0 mg/kg AP FHFATIAR SRS . BN a0
WREEHI R 5 APATRER, A S MK, WIS
W% 3, G5 RFRM, SEFRAR SR I IR R AT, SN RAE
80.0%~102.0%, AHXTHRIEN 223 /NF 10.00% 48 J7 Bk R
JEFIRG 2 B R AT, AF A3 s T s hl e 2ok ), E
TR h PR N AR R A

R3 ZhRERPZRERARE MR EWEE

Table 3 Recovery of diprophylline from actual samples

Fed IgRRIE PR R RRE DR
/(mg/kg) /% /%
0.05 84.2 4.73
1.0 93.0 1.80
IAREN
5.0 97.2 2.53
10.0 102.0 0.70
0.05 88.2 3.04
. 0.5 84.7 2.64
e i A
5.0 90.7 4.36
50.0 85.3 2.21
0.05 93.4 6.05
o 0.5 87.4 5.27
A= RR RN FE R
5.0 83.7 9.51
50.0 85.5 6.32
0.05 80.0 8.04
‘ 0.5 83.1 2.95
TS A TR A R
10.0 81.6 2.66
100 83.4 3.13

25 SERHSMNE
FHA DR A7 315 R B 15 IR 30 4334
HIRESR N 10 G FRETTRON, 45830 AR -

3 & 1

ST 3 R AL i T A T i R 46, AR B9 T
TR0 | o RORS B L R R 2
0 5 7 32, R SR AR O K R, BN T A AL
BRI AR 0592, RRAR TR A, BB R E A

H, 5 TR, W T Ork RS EAGE Y. A T5IAm
ST TN T A AMEDRE R R ARSI i A L X
PRI IRDRL S B bt B 2 e R B2

SE

[1] JAMES WA, DUANGCHIT P, JOHN H. Preparation and characterization
of potential prodrugs of dyphylline [J]. J Pharm Sci, 1985, 74(2): 184-187.

[2] 205, FEE, SN, 46 VT REREIRG RPN ARIIA T PR 251k
i 5 2 T T S0 R PR AE S (0], BRAC 25 S I PR, 2020, 35(6):
1171-1175.

LI F, CHENG YF, WU CM, et al. Clinical study on salbutamol combined
with diprophylline in treatment of acute exacerbation of chronic
obstructive pulmonary disease [J]. Drugs Clint, 2020, 35(6): 1171-1175.

[3] B3, XUBRHE, 3B, & WURZHF ORI & RN AR & 418
PEZRE R GV RVERRORT]. P EEEZG 34, 2019, 16(31): 148-151.
HUANG Y, LIU QJ, GONG ZL. Effect of jinbei tankeqing particles
combined with diprophylline in the treatment of elderly patients with acute
exacerbation of chronic bronchitis [J]. China Med Her, 2019, 16(31):
148-151.

[4] XS, FEBEL, TAM, % RTINS S A UL E I e
Wb IL-8. ICAM-1 KIKIIAT]. WA/RIEEE R4, 2018, 52(2):
129-131.

LIU HP, GUO LQ, WANG DW, et al. Influences of diprophylline
pretreatment on IL-8 and ICAM-1 in lung lavage fluid before general
anesthesia [J]. J Harbin Med Univ, 2018, 52(2): 129-131.

[51 sHidh, SRZL, XNEERE, 45, R ARBR Il FEA S A R T ARl G 3
VERIBBIZET]. B2 BT, 2018, 15(5): 49-52.

LU J, GUO H, LIU HP, et al. Protective effect of diprophylline
pretreatment on lung during bronchial anesthesia [J]. Med Innov China,
2018, 15(5): 49-52.

[6] HEFHLL, FRRK, TR, 45 SHINRRIES LIRS T ER AR A T

HECOIERESE 1 BII]. P E BT RGHE, 2013, 8(20): 87-88.
KANG DH, PING XQ, WANG TJ, et al. Cefoperazone sodium and
sulbactam  sodium  injection  combined  with  diprophylline
injection-induced sudden cardiac death, one cases of drug [J]. National
Med Front China, 2013, 8(20): 87-88.
(7] WIRRYE. REAZ e RERR A RPN AR TR YT B S A R
RBFFEI]. BUARZGH S5 A, 2018, 33(2): 295-298.
HU FY. Clinical study on guben kechuan capsules combined with
diprophylline tablets in treatment of remission stage of bronchial asthma
[J]. Drugs Clinic, 2018, 33(2): 295-298.
[8] fulE, 3KIR, JAIBX. 286 {4l ML ASHAR L LM AE T[], E 250,
2009, 12(3): 350-352.
HE J, ZHANG J, ZHOU Q. Blood concentration monitoring and analysis
of theophylline in 286 cases [J]. China Pharm, 2009, 12(3): 350-352.
[9] MREEYE, ViHlg. ARG R R = FRme 2], ki, 2018,
30(7): 249-250.
LIN BY, XU HY. Three theophylline drugs commonly used in clinic [J].
Strait Pharm J, 2018, 30(7): 249-250.
[10] SIMONS KIJ, SIMONS FE. Urinary excretion of dyphylline in humans [J].
J Pharm Sci, 2010, 68(10): 1327-1329.
[11] ZEOE, #45. “RNIEREEERELE 27 HIH0). HEZEH,
2003, 17(6): 388.



5554 AN, S R AR (- P IR T DU S e P AR R A I P e 1823

JIANG YG, LI J. Analysis of 27 cases of gallbladder changes caused by [17] %38, TCL B HPLC P 1m0 v 9 FpE R dsm sty

dyphylline [J]. Chin Pharm Affair, 2003, 17(6): 388. SEERIFAR[T]. WoRfE B2y, 2018, 14(1): 31-34.
[12] HAe AR ILAN E A A T4 194 S([S). TANG J. Rapid screenings of 9 illegally added chemicals in asthma drug

Announcement No. 194 of the ministry of agriculture and rural areas of by TCL and HPLC [J]. Asia-Pac Tradit Med, 2018, 14(1): 31-34.

the People's Republic of China [S]. [18] JHEK. HPLC i —Fm48mh dh F 2509 & & [J]. #E 255, 2008,
[13] EZRZMZLG 2 dhie NRILFIEZG L 2010 Ry FHM]. dext: $ 19(7): 542-543.

] [ 2584 H Rk, 2010. ZHOU Y. Determination of diprophylline in diprophylline tablets by

National Pharmacopoeia Committee. Pharmacopoeia of the People’s HPLC [J]. China Pharm, 2008, 19(7): 542-543.

Republic of China 2010 Edition (part two) [M]. Beijing: China Medical [19] GB/T 27404—2008 =562 Gt 42 hlAITE £ M FLALAGNIS].

Science and Technology Publishing House, 2010. GB/T 27404—2008 Laboratory for quality control standard-Physical and
[14] BEATE, 4RZAE, 5798, 4 HPLC-PDA BEGI 17 Ffri g thalpevsim chemical testing of food [S].

R, RIS, RS2, 2014, 48(12): 32-38. (A% 4k RBEE)

BAN FG, ZOU SH, WU NP, et al. Determination of aminophylline and
diprophylline in 17 kinds of veterinary drugs by HPLC-PDA [J]. Chin J
Vet Drug, 2014, 48(12): 32-38.

[15] MARKUS W, BRIGITTE E, FERENC F. Simultaneous determination of 1EZEN
diprophylline, proxyphylline and theophylline serum by reversed-phase
high-performance liquid chromatography [J]. J Chromatogr B: Biomed Sci

5= =z 23
Ao 1955, 276, 341345, BIE, ML, BRERE, TERR

AEAEANRETRRERE.

[16] N.Paterson. High-performance liquid chromatographic method for the E-mail: 65121892@qq.com

determination of diprophylline in human serum [J]. J Chromatogr B:

Biomed Sci Appl, 1982, 232(2), 450-455.

RY ARY HY AKY ARy Y Y ARY ARY HY AY HY Y Y Y AR HRY HRY AY Y ARy Y oY oY ARY Y A HY) Y Y oY Y AR ARY AY AY Y Y oY oY Y ARY HRY Y oY) Y Y )

“RmRESIER” FRIERESE

WO LT ACE Iz b, AT BRA T sk i, PREFEORGS 2 M TR dh i
TR S R AT PR AT G R LA £ T e A R 0 M O F BT SE  E A

BT, ATIREIRR T B AREE SR L M, B Ry B EAE BRI R, TS
ORH . WE, K™=, BRHSFEREH T, BR; QBGEMBTRER, EHEN; QRMEY
AR ] 05 S WA BRI e, THRI7E 2021 4F 6 H i,

YT IBAEZ SR B, AT 340 E R P, Rk T AR R KR B BESIR FFBiEEN
AL R E R, DA TR S B A AR TR ). 2k SEIRE . AF5EieScdyn], 57E 2021
44 H 19 HEjE o W sE E-mail #6868, A PR AN BRI e & 2 .

IR RS 5 A S
BT XGE L), B ARSI
I3k : www.chinafoodj.com

E-mail: jfoodsq@126.com
(BT A REAMNFIR) SN



