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-SRI D, BT 530022)

B E: BM &M e SO 6% - 8 BT E I (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)ill & £ i ARSI 2 Fpogr B A A hr AR AR AU I & St e ke sk FEAh
DA R S R FHR IR, 46 Atlantis® T3 3 35FE(150 mmx2.1 mm, 3 pm)5355, Lh0.1% (V: V) H MR /K V& - FR A
RURSIAE, SRR . TR IE & AT, R £ 0 i (multiple reaction monitoring, MRM)#5 K,
FEUCHCHR L AP bR A E i SRR A U AU bk | PR R 2 Ik AEAE 1~50 ng/mL Y0 il P55 0 I AR A IR
UFIIZIESC R, MR K r ¥97E 0.999 DL b o MY SR HORS R PR O 2 25 PR A AR E ARG HE BRI/NT 3 pg/ke,
BIRY/NT 10 pg/kg, 7EPFTEE 4 M3 T 1. 2. 10 ng/mL 3 NKFEFHI0ARENSCER Sy 66.1%~117.4%, FAX}
PR 22 AR 10% (n=6). L& IZEMER . ATEE, TR A RO PO U PR R A as fz AR
I RE T
XEE: RO LA TR, IO SRk, AR AN, B SR (- A R B

Determination of tetrahydro-f-carboline and N-cyclohexyl nortadalafil in
food with ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 2 kinds of new illegal tadalafil additives in
food by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The
compound was extracted by methanol ultrasonic wave method. The extract was separated on an Atlantis® T3 column
(150 mmx2.1 mm, 3 pm). After separation, gradient elution was carried out with 0.1% (7:V) formic acid aqueous
solution methanol as the mobile phase and the samples were determined with electrospray ionization source under
positive ion mode and multiple reaction monitoring (MRM) mode. External standard of the blank matrix-matched
calibration curves was used for quantification. Results Tetrahydro-f-carboline and N-cyclohexyl nortadalafil had

good linearity with the peak area in the range of 1-50 ng/mL, with the correlative coefficients over 0.999. The limits
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of detection of tetrahydro-f-carboline and N-cyclohexyl nortadalafil were all less than 3 pg/kg, and the limits of

quantitation were all less than 10 pg/kg. In 4 kinds of substrates such as cookies, the recoveries were 66.1%-117.4%

at the spiked levels of 1, 2, 10 ng/mL, with the relative standard deviations lower than 10% (n=6). Conclusion This

method is accurate and reliable, which is suitable for the determination of tetrahydro-f-carboline and N-cyclohexyl

nortadalafil illegally added into food.

KEY WORDS: N-cyclohexyl nortadalafil; tetrahydro-f-carboline; illegally added; ultra performance liquid

chromatography-tandem mass spectrometry
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VT AR R BR G T 22 B B AR A £ P B R U
P22 TR R AU AR IS I i Ak 2 s i O <X
BER, FEAWE, K BERARS S LT, B
NIRRT 7 B R BB P, TR E LA A L il b i
I SR LMY AE & AL B, MRS TR Rs h
AN AT A R AT o B AR R PR I
WP RELR MY UL EFEEBER BB S
(phosphodiesterase-5, PDE-5)#Iil 7 3=, anpysbAgE . fi
SRR ARHOIRAE, LR AN A A AT A T
HARAE . kB AE AR HARAE Y A I IR iR T Btk #hie
REBERS AL T 25, sl AT A e dkAs, JF HAR%
FEBE A B WP s G R G MR A R R i ik 2y
Wit 51 0 | LT L SR LA SR RN, T
TR GIR AN B . S B DL OE AR IR AT
AR ER 2 Ry s, RN H, W E
AHE BT 3K A Y By & sl @ &, o
WL it Y Sy 2 7 e 7 B i SR A R At

[ NANE T & 2B 7 Al & AR fa 2 PR R
KW R, FEERW A 2553 06O B 2 (ultraviolet
spectroscopy, UV)!'2 | T2 {4331 (thin layer chromatography,
TLOM ., Al 433 (high performance liquid chromato
graphy, HPLC!' | A AH €5 31 - B3 B 3 3% 75 (gas  chromato
graphy-tandem mass spectrometry, GC-MS/MS)!'*! | 8 =%k
A8 6 15 - 58 e T 3% 72 (ultra performance liquid chromato
graphy-tandem mass spectrometry, UPLC-MS/MS)7-1¢181 =
AR AH £ 3 - B B S5 40 P BT 7 (high performance  liquid
chromatography-tandem high resolution mass spectroscope,
HPLC-HRMS)!" 21145 Hih LC-MS/MS ¥ HA 7 2 B
BRI, JRAI X el S N 25 W i R R 5 I RS )
HIBEIE T H . PDE-5 IR M a5 his e S 2, 5 Tiff
TSN, BT &R PDE-s KR A e &L a |,
2018 AEE KT TS 90 FIRESALA WA R 56 7
7% BJS 201805 (£ HARAEIPBAGIIE ) , B T sk
TR 35 - B B | R S AR A3 - R B v 43 B
2 Bk TEEEATET, AR s
IRy RES NIV ERY Rt/ PRt EalBve S (VBorEy i s e g ol i

W ASTE IR THR ARSI B 22 P, AT sl A 22 20 g
BT AR Wy Z A G B B B A I ST B, W AR
FEFEIL)E TARM B XAER AR . B i 1
SERARSCE M ARSI Y BT, RO AT S TR
IR B P T o AT EAAS I H AR A OCER T S 2
JEOR R R BT 2 FRTEAD SER R T3 7k BIS 201805 A5 Il 2
AN IR RN R O3 25 R ks AR ORI A
Hembk o B ) 35k 25 B Ak B2 4E (N-cyclohexyl nortadalafil, k2%
% 6-(1,3-benzodioxol-5-yl)-2-cyclohexyl-2,3,6,7,12,12 ahex
ahy dropyrazino [1',2":1,6] pyrido [3,4-b] indole-1,4-dione,
L5 1(a)FR), g Bk REAET AR Y, I AMY
A U R IE DT, N RIS R 5T o I
2 PO & Wk (tetrahydro-B-carboline, fb 2% 4% : (1R,3R)-methyl
1-(ben zo[d] [1,3] dioxol-5-yl)-2,3,4,9-tetrahydro-1H-pyrido
[3,4-b] indole-3-carboxylate, fb2~Z5IANIE] 1b Frs) Mtk
Rl A T AR, 55 SR AR U SO BIVAT 45
M IRBrAR, [ A M FE A T G S R At s i
A B HAT A= A A BRSO, Stk AR B e A 3
BT, ABFFEESL T UPLC-MS/MS 552 2R i dl L i
HiX 2 BT, A ARSI P A R | PR
I Atbs Al 5 P i AT iR I R 22 ol i — 258
LI CE IR AR ISR, A 3TE
BALARATHy, DREE RO AN bl 2 R ROR S

(@ p () . Vs
0 \
Q S
B

BT BRI R kAR () . WP SR (b) A5 4 2
Fig.l Structural formulas of N-cyclohexyl nortadalafil (a) and
tetrahydro-f-carboline (b)
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TE K FHAY [T B W5 25 BS T~ U (electrospray ionization, ESI), 3%
EIRFE0T 22 Al ], Sorvall ST 40R i 3 ¥ Uk B9 .0 L (36 [
Thermo Fisher Scientific 2\ F]); KS-9986 [ F i 75 i i it £
(T U RERLAE A B A AT B ), ML802 7 43 Bt - [
B 1 mg, MEFEE-FCAR 2 E PR S (M)A RRA A
Milli-Q 4l /K #% (35 E %5 A 7)o
1.2 MR5iRF

PRI (500 mL/JfH) . 4105 (0.5 g/h) . R EE(0.2 o/
ki), BETG8 gt

A bk B (Ll 100.0%) 5= DU A ok
R (LIFE: 98.8%)(IE K TLC PharmaChem 2A]); H
B, R akal, 3&EER AR, S K Milli-Q 46
KA 2 R Al K (FELFH A 18.2 MQ-em).,
1.3 PR RECH
1.3.1 AFftfdm

439K B BRI O 3 25 B Ak hral, K U &R ok
ERFRER AR E Y I B, FH FP RS AR R, T o BT R
9 1 mg/mL BIARIERE AR, T—-20 °CIRAT
1.3.2 #Ffwh RIER

o3 BIHERA W E R BRERE 2, R AR R, O R
GUBRAE AR e B 4300 1.2.5.8.10.50 ng/mL),
Wi BT o TR SR 4 P 2 i B e, ot A [ o 2 R B 179
FEFRR A R TR
1.4 #SEAETRE

AR A PR S, MERAREURE S 1.000 ¢RI =
0.001 g), T 50 mL B0 H, MARE 50 mL, ZHFRE,
PRAR L, BRI 20 min, FFERHIEEE, ERE, L
PN TR, $547, 5000 r/min 2.0 5 min, B EI#L 0.22 pm
VEIE, MUERUEW EALAEI, AR AT S B 022 pm
PEREL IR, HREHEW EHLARI

FREUZS (RS &, SRR R A 30, 7528 (3
PRI
1.5 X% H
1.5.1 #4845t

{384 Atlantis® T3 (150 mm=2.1 mm, 3 pm); FENH:
AN 0.1% (V:V)HERKER, B AHEE #id: 300 uL/min;
FEIR: 35 °C; PEAMATR: 2 uL; BEBERALF: 0~2.0 min,
10% B; 2.0~10.0 min, 10%~100% B; 10.0~12.0 min, 100% B;

12.0~12.2 min, 100%~10% B; 12.2~14.0 min, 10% B; -
152 Jkdtt

B (electrospray ionization, ESI+); Wil £
SO W (multiple reaction monitoring, MRM), RffES: &
i He; BAIEHIE: 3.5 kV; & FHURE: 150 °C; B
NI 500 °C; B FHITAE: 1000 L/Hr; HEfLEK
AL 150 L/HT GEPERS TR B8 10 R Al B 2
B 1.

2 HFR55H

2.1 #HRECEGENRK

H AN 2 2R AR AR 2 B i B RS A, T
ML R, WA RANRE S &M T A IUAN, B L
JRE RIS, R IR, B S A
. SEEEET WEL. 50% (V)R EKIERM NG 3 Fhik
FAE VT XS B AR S (B AR B PR O R L P gk
Prdl 962 mg/g, M= PUZFRMK 0.06 mg/g)FHIEFTIIARAE Sh
(F BRI B R 100 mg/kg) B IREURUR, 459 2R,
50% FF S 7K VA VBN B 1 AR it R 5 S A i ) 4 B3 R A
2, JUHX R B BHME R A R I A B, MR AT P
FIE A, $EECRARWTIE . R NG i 48 BUSCR A 24,
B Z NGNS, 25 R ER sh AR W e A ML, B
1P S 56 E 1 P AR 1 IR AR TR ) o X4 S R B 3 iR
BT E & P BRI AR, TR 50% HY B2 K I 57 Y
TR, AT AL ARE: o 25 B850 0
22 BIERHFHMRKL

FH LA 2 2 BB P 8 A BILT sh A, RS 20
HIA TR A, SN, (AT E MR I E 2, T
TLIE SR O B IR LA 2 o BT 2, VERRRE AR, Ik
WA AT 50 11 FH e AT ML o AR S0 558 T LA 4 Rk A
R 0.1% (V:HEBKER . 5 mmol/L FRREI/KIE |
10 mmol/L R E /K VEW A 0.1% (V:V) H BR /K VA WL (&
5 mmol/L ZERE)XT BFRbGn o3 B RCR | TR A 13 i)
SO ZERL IR, AR H ARG S P05 AR AS
KK BFEEWHIRAIE B FREACREE, R
BEsdesF1b; W R . Z IR BARAEMISIRIERY, (HNH]
TIMHH] & F 8O . %558, B FAEARDIE S5
ST ARSI v ATV, R B RCR, RRE T
TR 0.1% H R KA K AH

F1 IRREERW, FEREEZRMRENIENRESH

Table 1 Mass spectrometry parameters of tetrahydro-f-carboline and N-cyclohexyl nortadalafil

L&Y £k FEB T (m/2) F T (m/z) HEFLHL R/ V Tli e /eV £ 83 Bsf 1] /min
1 R Ut ESLNYIN 351.1 250.1,264.1° 10,10 15,17 8.12
2 PR BE & P bk Hr R 4582 308.0, 336.2° 30,30 28,15 9.57

T NERE T
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493 %% Atlantis® T3 3% FE (150 mmx2.1 mm,
3 um). Eclipse Plus Cig (150 mmx=3.0 mm, 1.8 um). SB-Ci3
(150 mm x 2.1 mm, 3.5 um) 3 Ff C, g M ER: AY (0 384 A9 43 55
HOR, 5REHW], HARMEGYTE 3 Fh Cio bl BIREIE W Hi I,
L s BEARE . TR O R AR R R A A R O
FLEREM, Atlantis® T3 & iiHE F T8 B Ak b &
Yy, AHON O HTAERS, WEIRIRhT, HAESEBLYS 100%/KAHHE
2%, WOR AR AR P 2 g — BRI g
AR ER O FE 2 s b AR ) MRM & F i @i &, ]
LA WETE [X 43 B R4

60 ¢ (a) ESI+
L S0t
= 40t
{fﬂzq( 30 |
=20 |
g 10 |
0 I 1 1 l 1 1 |
0 2 4 6 8 10 12 14
6 1 (b) A B3 if [8]/min
o ESI+
o
Bl
0 bthoee : : : .
0 2 4 6 8 10 12 14
L83 B[] /min
L2 BRSO R e (a) R O 0k 25 B Ak R IR (b)Y

MRM £
Fig.2 MRM chromatograms of tetrahydro-f-carboline (a) and
N-cyclohexyl nortadalafil (b) in a positive sample

23 FUBFMHHRK

PR 3 25 A fth R B AR R R O R T fhak hidE
B e I D PRl 5 4 2L TR SR R AR IR s 1 I BT 5
T VAR | N O A S R 7 D R TR R A Q7 i3
500 ng/mL) A5 SL EHEERE, SR ESI+FI ESIE 3
B, DA AR SRR, LR AR R
O3 & H kP AR S B R e AT AR R T, RAIE
B FRRAT BB A B R B 5 T DY SRR L 97 B T

R AT L, (FURIE B S R i
ST A SRR AIE B AR BE— 2R A
MRM 2 J B g A 40 00 % B A L L 8 1 IR
JEHA R L . BER i . HEAL R WO HEAL
J | SERE UGS BT T, LA E RRAE B T 25 1F
LA, P EART T E 0 3. LI
JEE b f el FLAEZR AR TE DAY X 8 1 DA A 0 8 0

100 - (a)
80 |
R 6o | 2020 550,1264.1
20 | ‘ ’
0
100 150 200 250 300 350
100 - p) T H(miz)
80 |
ﬂ-‘im L 1351 308.0 336.1
440
2 | ‘
0 1 1 1 1 1
100 150 200 250 300 350
AT e (miz)
B3 = U SR bk () RN O 56 25 At ik i 3E (b)Y 22 31 5 07 Wl

B
Fig.3 Mass spectrums of tetrahydro-f-carboline (a) and
N-cyclohexyl nortadalafil (b) in MRM mode

24 ERMNFZLMEXFR

FEFURW (matrix effect, ME)J&TEIR 40t ad 72 o % ik
FELEMRE S AR BAR A TR0 S, 5 52 ma kI 45 2R 1
WERPE . SCIR VR H UL A MBI R (R (A | RS | 4
FBFTRELEXG, FEAMENLER 1~50 ng/mL Y, LIS
S BT RL(Y) INALER, BB (X, ng/mL) s AR bRVELL
PRI, B2 11 o DG il 2 R FE s 550 T ) o 2 ) 2
St HARRZ HRISN MEPY, 24 ME {HZ T80T 100%I5,
FHIARTEAEIL RN B0, ME > 100%F}, 1776 25 4458
YEM; ME < 100%5, fA7E TR, 45583 2 s,

Fz2 2MULESYMEAATE. BXRY. ERYE. RHRRESR
Table 2 Regression equations, correlation coefficients, matrix effects, limits of detection and limits of quantitation for 2 kinds
of compounds

LA\ el =N

LA 4 F ORI LT i 2 Fo PR 25 FUE RN , ME R SRR

1% Mug/ke)  Apglkg)

250 Y=644843X+68503.1 0.9998 95.0 0.05 0.18

. . i fz 4t Y=556602X-158533 0.9997 82.0 0.10 0.32
M DU IR Y=679111X+34744.4  0.9998 ]

g Y=443305X-28170.7 0.9997 65.3 0.08 0.25

P Y=644093X-284767 0.9991 94.8 0.25 0.90

i) Y=44991.6X +834.074  0.9992 99.8 0.50 1.80

BN R i T s 2 Y=33353X-17130.9 0.9993 74.0 2.25 7.20
. Y=45070X+7219.03 0.9995 i

AR s Y=17640.8X+7401.82 0.9994 39.1 1.20 4.00

bt Y=41314.3X-6471.31 0.9998 91.7 0.80 2.75
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H 2 AU, I O A R AE 4 FR L ST Y ME {E R
65.3%~95.0%, ML IEE R s fidEAE 4 FILFiF ) ME
{5 39.1%~99.8%, —HFE 4 KL A L AU 22 K
(P<0.05), JUHZAWE v BA SRR BT GI/E R . s
Wy AT AERERIE TR, DR e 25 1 8 Jo i Y . il s
WEM I W . FE TR 1~50 ng/mL JEH N, K& BACH]
VERC AT ZR 2t 56 R B RAT, HSCRE » BIKT 0.999,
25 HWHRAMEEMR

25 IR IR AT I — 2 BEROFRETR I, FEAE b ) 2 il
B HERE, F 3 AAEMR LA IR, L 105 (EME Lo e
R, PATIE 3 W, BOFAME, 45RER 2. R 2 AT,
AR, P A Rk A RS 0.05~0.25 pg/kg,
FERFRA 0.18~0.90 pg/kg; FRCHEEZ kP AERRE HBR
0.50~2.25 pg/kg, EEMEN 1.80~7.20 pgkg, FMET BIS
201805 HrJHHAth 90 FFARAESEHyET A i BR A E R
26 EIRERSHEEE

A3 AREL 1.000 g 25 FIREAL T 50 mL R HZEE.O
B, AR 3 KR 2 Fiib & AR HE IR A 50,
100. 500 ng), HAHRE S FEIES4, REERZE 50mL,
FACEPATIGE 6 WK, T2 8] e 58 FURF X A o i 22
(relative standard deviation, RSD), Z5ER L% 3,

B 3 AU, WSO S RO AE 4 Ff5R BT v Y RIS Ry

81.9%~117.4%, RSD "N 0.6%~4.6%; 3= Ffhikhidk
B B 66.1%~115.8%, RSD 9 0.5%~3.7%, flbx[EII
ZAIE 60%~120%36 F P, RSD /NTF 10%, 7520k %5 Bk

Ph 20 ng/mL IR EARMEM &KW T 0. 1. 7. 15 d #4T
W, AAERBH 2 MAFEAGEATIE 3 R, 4R% 4
FT7R o

SEALI R, BN 7 5t K P 2R 1 A U e 3 5 R
19.4872~21.1670 pg/mL, RSD N 2.6%; XA E K & Ik
FF AR BLAE R S 19.3446~21.3492 pg/mL,
RSD J7 3.0%, 15 d W EAYERTE . BEIIZ T 6T
B 2 BT AT IR B B AR E PR R, HERR S, &
I LF
2.7 SRR

X 9 20 HEEFRA PR S E M S Y IR )
R 5 SR MBS IR A BB SR AR T E, P4 T
M 3, BOPHME, PRSI AR BN . 4E05 F o)
EOB . T RREE. ol BER . RLEE. TE M
VIRKH BARY, (25 HERFRME e 2 #tucas sm= g
A FRIR(ZT 0.5 mg/g); 1 HEYASHH 91 mg/g ML= PU S RRRE, 1
LKA 962 mg/g 1 K22 Ak HidE AN 0.06 mg/g =
PUERRME, ASRKIES R 2w, WETIBS A E A
A D SR IR DR o A I 3 Y 7 A b ik R R L

&3 IR SR FIR S 2 B AR R A T E R (1=6)

Table 3 Average recoveries of tetrahydro-f-carboline and N-cyclohexyl nortadalafil (n=6)

P PR AEE e R R P
[I 7]’\‘7 N0
I\
feamas  my  PHEK FHIK FH I FH K
g RSD/% RSD/% RSD/% RSD/%
/% HR/% HR/% R/%
1 81.9 4.6 103.6 3.8 109.7 1.8 117.4 0.6
=W ESAGR YN 2 92.9 1.1 95.6 1.6 100.9 1.0 112.8 1.4
10 104.5 1.1 95.7 3.1 100.6 1.8 97.3 3.7
1 87.3 2.1 115.8 1.5 66.1 3.0 111.9 3.2
B NeE SR
. 2 97.7 0.7 110.9 0.6 70.3 2.0 104.5 2.7
bk
10 106.1 0.5 105.0 1.0 88.1 1.2 98.7 3.7
F 4 IR M EHEMANIE S E LB AR P EEZE (n=3)
Table 4 Intermediate precisions of tetrahydro-f-carboline and N-cyclohexyl nortadalafil (n=3)
A al/d
G2 N SEHME/ % RSD/%
0 1 7 15
) 1 19.7225 20.0118 19.4872 21.1670
M= PO & R I/ (pg/mL) 20.18691 2.6
2 20.4427 20.4477 20.0094 20.2070
. X R 1 20.8883 20.0982 19.9446 20.5644
R 3 25 B fih ik dr Ak 2034525 3.0
/(ng/mL) 2 20.1167 20.4560 19.3446 21.3492
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FALHFIFR O L 2 YA K7 AR B ISR Hh P BE A (R E T
FPU R, X5 A5 AR AT O o I SR B A G H
R PR R kR AR B AT A MR AG , RER H ARAE
BUR, ERT LG PR I U AR S, A B T X —
W) 2 ARSI T 5 160, SR RH O B A A I AT 5 4T T 5%
T TR, P PN T B s O B 2 2 At ik
FARG AR, 5 AR5 25 kR AR R ZE R AR L, B2
PRFNRE B 5 1A B2 BLb, AN 2 Jos il s s i B £ b
24 ity OO AR R R RS R VR B, T R B R 4
Bk o

3 HFit5iTie

ABIFEHE ST TR R OB T - A3 I 3 D 5 R Ak
W R PET AR . PR 2 R RLE
IEUS I~ R —3 3 2 At A T AR AR 2 Y SRS
W7k DAF R, [ARRE bR T R 5 0k, R
B 1 2 MR M . SEPEMT IR LY Atlantis®T3 A48 T4
BIROR, PR BE-0.1%(V: V)RR K WA A At 20 A £ B
T OB RCR AR ENE o SRS ST PiE il Ao A AT
RS A TR AE A R SE SR, A MRM A G =
TRHIERS FRESEE . TR N ML w k. ATNAL R
PR R AT, AR IR A A IR R A (PR ) AR
I ER O 25 F A B AU P Uy T I 2 of
TIAL 2 ) A A0 T 24 BRI EE BROPE, X A M B el e A 3
TCIE TN, 6 2003 S AR SRS DU R UE 5 VR DA, A%k
W RAE A AP AN . AT VRIS A T SEAD 1A OG A
SRS 23 1, BRI A 7 Dy 16 i A S IR R )
T, ARG AG I B AR 54T B A A LA, DL
PRATE S AR LA AR B R AR PRI
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