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(semicarbazide, SEM)IRI e 53k AEMT 66.7% M BLEREEN 5, ZERMRIRIL KR, 2-H FEFE B AT
A, W pH 2 7.3~7.4 5, MR BRI 49T R UPLC-MS/MS REMAGIN, o [z 2 PIARTEIES 1
o ZESR SEM 1E 0.25~20.00 pg/kg JEHENARMICR RAT, MOCRECKT 0,999, LA, kot 58, ke,
ARARANGE 6 LAYy A BR R 0.25 pg/kg (SIN=3), TERFRM 0.50 pe/kg (SIN=10), JHBR AT 246 1 BR Ky
0.5 ng/kg, ERFRA 1.0 pg/kg, HXFREMZEAKT 5.20%. SF5E9H SEM &, WUAHSREAE, JIAH SEM
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Quantitative determination of semicarbazide content in different tissues of
Macrobrachium nipponense based on ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) method for the determination of different forms of semicarbazide (SEM) in different tissue parts of
Macrobrachium nipponense. Methods After washing with 66.7% methanol solution, the samples underwent
hydrochloric acid acidification and hydrolysis, followed by overnight derivatization of 2-nitrobenzaldehyde. After
adjusting the pH value to 7.3-7.4, it was extracted with ethyl acetate. The analyte was qualitatively detected using

UPLC-MS/MS and quantitatively determined using stable isotope internal standard method. Results The SEM
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exhibited a good linear relationship within the range of 0.25-20.00 pg/kg, with a correlation coefficient exceeding

0.999. For 6 tissues (muscle, head shell, back shell, head foot chest, eye handle, and gills), the limit of detection was

0.25 pg/kg (S/N=3) and the limit of quantitation was 0.50 pg/kg (S/N=10). The limit of detection and limit of

quantitation for liver and pancreas was 0.5 pg/kg and 1.0 pg/kg, respectively, with relative standard deviations not

more than 5.20%. The shrimp shell possessed the highest SEM content, while the muscle exhibited the lowest

content. SEM in muscle primarily existed in the free form, whereas SEM in the shrimp shell predominantly existed in

the bound form. Conclusion This method has high sensitivity and good reproducibility, and can be used for

quantitative determination of SEM in different tissues of Macrobrachium nipponense. There are significant

differences in the morphology and content of SEM in different tissues of Macrobrachium nipponense.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; Macrobrachium nipponense;

semicarbazide
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24 LR (semicarbazide, SEM)J&— B e/ N+
G, AR Rk IR PE AR AR R N AR B I EE AR A, —
L A A A S 1 I G b ) R A A Y T
1995 AEgHLE R 2GR I E B W ], 2003 4E A7k
7 it R RE R I 2K 24 4 R A QI R BREY, e [l Al 3
WF 2002 4R KR TS PIAS T 24 R LA Ak S i o)
HRORILE O R P A A R AE A b s b A5 1R R

H 7 ¥ #F (Macrobrachium nipponense) 3 #15 $F &l yif
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SEM bRl (45 99.70%). SEM-HCI-'*C-'°N,
(46 98.9%)(fE[E Dr.Ehrestorfer 2 F]); 2-ff Fe4 H %
(2-nitrobenzaldehyde, 2-NBA)(4#74li, 32[E Sigma 23 H));
IECki(taigal, 32 Thermo Fisher Scientific A F]); 2R
He(Enkal, XEROEAH]);, WRR(EIELE, 12E CNW A H);
PR A (ot at, il oA RHA R A R, WeEh
BR(Lgpati, KR AT, HlE. LB OTR(AREA,
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£[E MERCK A#l); “HIEFM(ES, b RELRHE
A PR FD); 15 mL 3R 20 B0 (358 Corning /A #l).
12 UFES5EE

ACQUITY H-CIASS # =0 A gL BB Waters
Xevo TQ B (3£ [E Waters 23 Fl); VM-800 Z & igimiE &
PR BN RSN ), ZHWY-110X50 BUEIRARH (-
VR I AT A i i A R w)); T8 ey L (P ] IKA
2y Hl); SIGMA 3-18K =y # B Lo ML (F8 [ Sigma 23 H]);
N-EVAP111 &MY (3£[E Organomation Associates 2\ T));
Milli-Q Advantage A10 #E2li7K{X (3£ E Millipore 22 1))
1.3 WAL
1.3.1 BB, E&M+

{8 5% 4 Waters ACQUITY UPLC BEH C,q fa it
(50 mmx2.1 mm, 1.7 um); #:if: 40°C; J#: 0.40 mL/min;
PR 5.0 pL; WAIAKAH A: 5 mmol/L Z R &K%
W(E 0.1%HIR); WA A B: N, BEVEBRRY
4 0 min (80% A)—2.5 min (20% A)—3.0 min (20% A)—3.2 min
(80% A)—4.0 min (80% A).,

SRS HE5E B - (electrospray ionization, ESI),
22 J o7 Wi il (multiple reaction monitoring, MRM)1F & 15,
BHEHE: 0.8 kV; BFIREE: 150°C; FLEHISmm: A
1000 L/h; BUAFISHRIE: 500°C; LR F/50 Lih;
SRR WS 0.15 mL/min, HAFESELE 1

#F 1 SEM {5 MRM &%
Table1 MRM parameters of SEM

oy EMETX EEETX #ELBE R
(m/z) (m/z) vV /eV
209>166 24 11
SEM 209>166
209>192 24 13
SEM}I}CI' 211.8>168 211.8>168 25 11
C-"N,

1.3.2 A ou R 4E 2o &

H A TR R A F Wi ILAETE 375 Y, AR 250 T iz [l
IR, PR ILA, Skse. . KRR, PR
J . HRAR R BT 7 AN, Fahsi S AR S5 402,
—20°CE R TT
133 Haam

HRAEARIZH LU, FRBGE A (0.5~2.0 g) T 50 mL
BLAEH, A 50 pL SEM AR TAEZ (100 ng/mL), i
JiE 50's, FMIA 5 mL FHEVE (0.2 mol/L)FI 150 uL 2-NBA
(50 mmol/L), WIE 50 s J5, B TIEE/KBIRG e
37°CilEEIR 16 ho

BB OE BRI E =R, IAGE & K,HPO, IR
(1.0 mol/L), V45 pH & 7.0~7.5, iMA 8 mL ZIRZBE, e
P& 100 s, 8000 r/min E.0> 5 min J5 I FIERFEHZE 10 mL

BB, B EERT 40°0CF AT, A 2.0 mL 5%
FH BV, 2 mL 1F O GE iR eI 1 v i 5% B 47, 8000 r/min 25
O 5min, FEFRGT 0.22 um JEHE, FE0 .
1.3.4  #70f TAF o &304k

43 BIFEEL SEM FRifE TAER W 1 (10 ng/mL) 25, 50,
100, 200 puL 1 SEM 45 T/E# & 2 (100 ng/mL) 50, 100,
200 pL F 74~ 50 mL B0, BRASINEESL M 1.3.3 2
BREAE, Ky 2 B0 1300, Bl ph 28 1 o e v S AR
Y2 025, 0.50, 1.00, 2.00, 5.00, 10.00. 20.00 ng/mL, P
PR s W B 5.0 ng/mL .

14 EIEALE

SIS HT R Waters 1) Masslynx # {4, Prfite
WSEIGYIRA 3 PATREBE T, KilZs R HEFRR
A 40 BT SR A b ik, A X [RTISCR (%) 32 B4 3 (D 115
PLP<0.05 Fn HA B ETEER.

AEGE ] g 28 = S S5 v [l A5 2 B 420 55 1) 06 1T
R/ oA o e ] A5 380 P 49 S5 g e T L)/ O A & [
SV B (10 Al T PR I 0 e R A A i ] A ik

A S0 I P bR B o ) U TR ) < 100% (1)
2 HR55H

2.1 FEEHamK

I 1 mL ) SEM #RdE TAER(200 pg/L)F1 1 mL Y SEM
PR LR (200 pg/L), #4208 1.3.3 B BAb B E AT 2 mL
FERDI T o WRHL 250 pL #f ik T RS &, LAmahiE
S, EoeE MS BT ke SEM fifAE Yl SEM 4
VAT R, T TFIRS L, TR TE MS/MS
BT AT F & F RaiEae b, B 1 hAEEFLEE R
24 V 4T, REEAEN 11 eV I, SEM fii2E ¥R 8 T Fn
FEFEF AN
22 HRALIEAERNL
22.1 #% SEM s Eeghik

BT SEM 7 H AV MRA AR I 25 A8 RIS 5 A Wl
TEZS, HWFSE SEM 12 H AR MR Y 1 20 A0 48 5, o5 A
PHAEAS SEM 5. B TS SEM 5 TUEMi, AI7E
TRURRE S AT BT R A B N TPk A . AR R A TR
B, EPGRIEF T, ARSI T PR LB
SR, &R BR, YRR RERERRTRE, vk
2y 15.3%19 SEM, £ FEBIR IS, SEM M S ifi
%y 32.6%, AT UL EEEA LA B iR SEM 1)
Bl IR I R R VA ). LR, AT He AR
TIATHE 5 min AR 5 min AR TEE 720, 48 66.7% F i
WG, PR TG 5 RSO R, T R 2
53.7%0 SEM, ABFEESIREE 5 min BFE 0. BJA,
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£, T5%HEKEROTE =) 90% H EKIER () 2 01)
B 100% H BRI TR (O 48 FONE R TRPEIA T, Rk s 77
HEH 5 mL, FipET5 R 2000 r/min #RBHE 5 min, FREREL
A3 T2 KR 3 IR HLRTIGRZS R IR 20 WU AR 28
FR TIPS, 5 R eI 8 RE R 2IVE B2 SEM BRI,
Hoh F Z IR RE s, FTURZY 53.7%0 SEM. il
A 2 RIPE, R R RSO ey, 25,
BEMEUENLZ 61.9%(1) SEM, i 3 kipk, E—. Jr

2000
l”j( 127)/( |:|3Yj’\
SR ARZGRBSEMIBIER e,
1500+
. g a
%mm- b
b
23} a
500
0
FHE— FHEZ HE= FEN  FERL
WIS

TE: AR FREOR AR A B2 R, P<0.05, T
HEL IR HARIF LN AR TER 2 e, B M
R TE S R E ) SEM I T FR(1601+59)
B2 ARG R NUARE ST 455 SEM (17 1 (n=3)
Fig.2 Concentration of bound SEM in muscles after different
prewash programs (n=3)

Z M R IR F, RZYREVEIR 62.3%11) SEM.,
LRE RS AR, ARUFIEIN R TITE Z(66.7% F K
WO TE 2 VOB %, gt . 20 . W AR e &
SEM {fli
2.2.2  pH * Ko 2 B4 %R

pH X SEM il gys2 iR K, 75 SEM B4 I i 78
t, GEALIR X pH AT, —ROKfER, AT
HFF SEM EMAZEGYKM, ZRREDGIR, pH K
7.0~7.5 BT R F 2R R I ZE T S I AL 214 SEM
FREE N, — N 5 mL $572(0.2~0.5 mol/L). i FHF5Er
A LT RBER CaCOs, Al RESXT IR A BIMNITRE, W

KSR . T RRERSEH SEM R R i e AR R R

W, LAHASTBARAERSE R BT 45 8 20 SEM PHM:A &,
R EIN 0, 1. 2. 3. 4. 5. 6. 7 mL #:2(0.5 mol/L),
L% N () R VAS i XA I 25 SR s, 255 WL 3. A
B 3 Al LE S, M4ERE2(0.5 mol/L)FS &N 4 mL if, B
AT LRSS SEM K A 538,

PLHZASTRAF LA R EE Bl 4 8 41 SEM BHYEFE S,
FE & 58 K R A AR FR, kB AS [FHR LS K,HPO,
(1.0 mol/L)REAE /K figt =4 pH, #E1 ML SEM il 1k
PR AEAEE pH, 7EARLFR 783 5/44-1-2006 F1 GB
31656.13—2021 W, f5fE pH N 7.0~7.5, 1£ GB/T 20752—
2006 CFEA . AP0 AR L REHEARK ™ bl SRR i AR
BRI E WO (- R TR ), el pH A
7.4, WE 4 AT LIFH, 24 pH 7F 7.28~7.38 Z[i], AT #E
BUSCR T dt
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Fig.3 Effects of hydrochloric acid on the hydrolysis process (n=3)
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Fig.4 Effects of pH on the extraction process (N=3)
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o R T WFGE R EXT SEM R A9 52 0, ASHIF 58 K K I 2k
Bk 5 A B, Bl mkr . fidetb o R, Ak,
EL, HhfrAfbo e, Ay 4 B Brk &
e, BT ik R ROk T A0 FE S IR AR 0L U ik,
BOLFRR EANER 2 PR, Hrh AA2BRAREDE, E4HE
FXF RRZH R . S R INAR S IR S5 R LK 5, SE
AT ARG 4 DR EL, RS X S 5 Y IR 2R
R K.

F2 EXTRE
Table 2 Light avoidance process
ik L7
A Y

B

C

D
E(XHE4)

TE: Y FORAR#E, N

N

zZ Z Z < =
Z Z < < =

Hlz z 2z z

NS i) 8

5000 ns

. — .
= ! ns '
4000 - s
w I 1 ]
= I
£ 3000F
=
Ed
o 20001
2
A 1000}

0
A B C D E
5

TE: ns FoRAMAHAT &2 5%, P>0.05,
&5 HEEXS SEM 5 i 50 (n=3)
Fig.5 Effects of avoiding light on SEM measurement (n=3)

it — 25 G IE X SRR WS, AWES0R: SEM i
HEih B R ER TOLh o BB R R SEM AR #s i
FNEEFT Y, YEEIE AR, SEM EFETI R T LT
AbAE—FREGCER S L R IA DF R PEAE —HE 15 mL 2.0
B, EPA 100 pL SEM (100 pg/L)bRfEiE#E, KL
THOEN, AR FEADE I 5460 SEM. Z55R 1A 6
7R, 24 SEM S 5% TOUIT — Bl 5, g FRAE 3 5E
TR BT, SRR 90 min B, WETEBUAFIEAL, 2
AR KWETARAT 15%. DLW SEM 18 FDG IR T 2 i Bl xE
VI . FEJEHR 90 min LUJS, SEM Mk BE AT B e R B i) 34
TSN B, T BE S R G — L8 L R ]I AR
TPET SEM. ARISERE, — LU T il A B
Ferh, PR RO 2 I # . SEM, JEIEARIE
st UL BT LR R R WA R R R, BRI R 2SRk,
(ELRATI N 1238 S Y LR IR

4000 ¢
e HR 2 *

jutg o o

& 3000} .

Kt

= sk sk

—

= 2000 f .

< etk e sokk

= I

2 1000 H H oy R H
0 m
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RS ] /min

TE: SRR, *FoR B AT 225, *** P<0.001, T [Al,
K6 JEHARTE X SEM ARifi bl B 52 (n=3)
Fig.6 Effects of light duration on SEM standards (n=3)
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BIAH R A R R, T e SO U T R L B (MF)YE S 2
2 MF>1 i, FROHE TR, ME<I B, R, @
W MF 7 0.8~1.2 JuFIEY, tAHILTE T, W L2,
ATFFELAZS T 0 RS BT T SEM A SE AL
PPAh, 2345 MF {575 0.88+0.09 (n=5)=2], 18] SEM 7&
LR PR S . A, SEM TE LT N T S L TG
TRz, 463%F B K 67.2%+7.7% (n=5), HIt, 7&
SEM (A6, %38 >R FH N FRIEL 20,
225 HBBENERBRGH A

A 783 S0 4-1-2006 F1 GB 31656.13—2021 7,
24 SEM SERUKFERTAALIG, TFEEM 37°CR =R, &
JE FRRATHWE pH HiEAT O R CERZETN, AT UL IR R 25
W ZETURR . T B S R ARG B, ASBFFE IR T R
TREEREE T MZEBCEEE, AR E T 6 4R, R 0.7,
14, 21, 28, 37°C, Wh{RAESSERATA LSS, FSY pH, Ml
ZIRZWEAERL, BNk B TR IE LA S B 0 S5 A BRI AR AT LAY 6
SIS IR T EAT, T B Vs VR S 5 S TR T B B A I
o 5RE 7 iR, RS s E R ASEANR T SEM
HEEL, B EARBORBEYE R ATE 20~30°CZ 0], 5 ERIEIE,
TASHIFR I K SE B AE IR B 25°CTF 14T

4000

a a
& 3000 o il \
= b
ég* c o c .
2 T
By 2000 +
N
=
8a]
@ 1000 +
0
0 7 14 21 28 37
ATAb TR/ ,C

7 PREZIR T SEM A& BRI (n=3)
Fig.7 Effects of environmental temperature on
SEM detection (n=3)

22.6 HTAEFBAETHHA

TE SEM Wi Ak B b, fi7AEH] 2-NBA (50 mmol/L)
FIVRINEH o 150 pL, HhF HABERRFELZH SEM 1)
SRERE KR, FATHL SEM VR EE T LIAEIECE ne/ke,
HEFEHIE 150 pL fATA51(50 mmol/L)M IR &7 2
%, LA A F5 00 AR S SE 0, T dsin SEM AR, Bl
500 pg/kg MIBAMERE S, HIKERN 2-NBA (50 mmol/L) 25, 50,
100, 150, 200, 250 300 pL, #£5h FALRTIAFRBERL 200 pg/L,
TR 8 s . #4514 300 uL AT A= 1G4 Jg ot IR,
MATAERIGIIEA 150 uL B, SEM @0 3R I+ e,
MK 200 pL f5, SEM AN R 30 B mi(E, dkSRasimn e

F i AR TE B B 25 5 o R AT AR A ol R SR i i
A, PR RO IAS B R R AR, XSRS A B
BOME AT S, ALK 2-NBA il 100 mmol/L, %t
100 pL, R HLIE I — B AR I A EE

_ 150000 ¢
B ns DS
= 120000 } L
Ry *
=
-
S 90000 |
=
é 60000 | ok
sdkokok

Z 30000 | ’—'—‘ H
[ 7] dkksk

o LT

20 50 100 150 200 250 XfHEZH

50 mmol/L 2-NBA 7SI /L

e 5XTHRZH(300 pL A AE RIS ) AR LE, *Fm 2] B 2 R,
*P<0.05; ns FoRAEAG I EVEZE R, P>0.05,
5 8  2-NBA W4 SEM il i 5% 1 (n=3)
Fig.8 Effects of 2-NBA additionon SEM detection (n=3)

23 FHEHERMTN

W HAEER S RIUA  Skoe, Foe. e AR
ARAPIRIEE 74~ 22, o3 5 iEA T S SEM AT 25 SEMI I i, 1
N EINDTAT, GERRY]: 78 H AR IR S 4514
AU RERY (L SEM, 4% 2H ZURE it At N AE X AR 1 D 22 (relative
standard deviations, RSDs)7£0.15%~5.20% 2 [a], HL[AJRSDs
1£0.57%~7.25%2Z [, HR4f H AVE IR 25 4 2L P 1 SEMARIE &
i, DUIAR sy 0 =X, EAT SR A, BNk BE KPSy
1.00~150.00 pg/kg, SEMIPFIAETES3.4%~112.5% 2 [A], H
WA T5.20%, BAREE R ILR3MFRL, DL EPRA R«
WY, ATy ILRUERREE | RS BRI E IV RAT, £F6 HAYE
IR 412U L SEMAF 25 SEMAM T EE3K

#*3 HAEABIFFAEI4ALA G E SEM fMFREIYZE K RSDs (n=3)

Table 3 Recoveries and RSDs of the total SEM content in
different tissues of Macrobrachium nipponense (n=3)

ML MR/ AR R/(ug/kg)  FIHEIKLEE/%  RSDs/%

2.00 95.7 3.12
WU 2.00 5.00 96.9 2.17
10.00 102.4 0.45

50.00 912 3.20

S 2.00 100.00 92.8 2.19
150.00 96.6 2.30

50.00 104.0 1.18

G 2.00 100.00 929 0.66
150.00 932 1.04

20.00 100.5 430

KM 2.00 50.00 102.1 1.91
100.00 107.3 2.00
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Fig.9 Extracted ion chromatograms of SEM standard working solution (5.0 pg/L)
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