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Applications of in situ derivatization in liquid chromatography
and liquid chromatography-mass spectrometry

DU Yuangi, XIAO Xiaohua* , LI Gongke "
(School of Chemistry, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Derivatization is an effective method to analyze substances, in which the analyte is
converted into a more suitable form for analysis. As one of the most used pre-column derivat-
ization methods, in situ derivatization can simultaneously extract and derivatize the analyte in a
sample matrix, resulting in good efficiency, sensitivity, and selectivity of the analytical method.
Recently, in situ derivatization combined with sample pretreatment techniques has been widely
used in biological, drug, food, environmental, and cosmetic samples for the analysis of trace
amines, aldehydes and ketones, alcohols, phenols, carboxylic acids, and thiols. This review
summarizes the reaction types and representative derivatization reagents of in situ derivatiza-
tion. The applications of in situ derivatization in liquid chromatography (LC) and liquid chroma-
tography-mass spectrometry (LC-MS) analysis are examined. Furthermore, the long-term pros-
pects and potential applications of in situ derivatization are discussed.

Key words: in situ derivatization; liquid chromatography (LC) ; liquid chromatography-mass
spectrometry (LC-MS) ; review
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IR R AT AR AR — Mo AR A S A
A AR S R A T AR AN ), AT A
O N FEBRTAT A Ak ( pre-extraction derivatization) |
ZEHUG fiTH: 4k ( post-extraction derivatization ) i
fifiitE AL (in situ derivatization) '

FE EARAAL TR 2T H bR AT f A 3, Ry
AR IE AT AT UG TEAE BT A BRT B ST
FEF A A A AR N 2 A T b 2, 20 R BT B
B MRmREAL, M ERTAER A TIAR
Yyl s B R /NP A (H A] B 4 Y SO A
PR, [R5 B AN 2R 1 25, 30 T IR 58 | 43
FARAE L, AH L HT AP AT AR 2 AT AT AR Ak
AR A A R N R 22 |, B g A F T 45, R
T RN A ON )™, ABAERERTATAE A, T
WA ICHTAT A AR 2 A U AT A Ak, 3495 BOGTAE
(R 45 A DL KA HL R T A J5 o 1 A ol i Ak
PRI

JEASE AT A A 2 BRI AR Al R AR i i v
[0 AT, PRCRE I T 0038 e A RO & 1 20
Dk R R FRE S R, TR AT A Ak AT A
55 EARAR B AR T2 BB AR I s/ D 4R
BB AE , e o i A PR ) B v % BB
PRI TT 10 R o ST A A SN — R AE KA 3T i
17, AT AT /N J—F SCH At e ARSI P A 2 40
TRA BT WA AE AN Bl T sl BR A AL 7 1)
AT, M0 AT A=A ) — RO T TR B, b 1 4
YE B 5 @55 otk 12 R K &2 S2 38 B 3k
FELRAL' | H AT &SR AT A AL B AR i 28 3k 1
SCERE /LD 2013 4F, Ferreira 252 2538 T 5 AT A
WHEARTE A OIS 5B b By . 2016 4, Bagh-
dady %5 H ST BT A R AR RS 5R LC-MS
AW A R DT R . N SR AT AR
MIZEIR AR ILARGE , AR SO T IR AR SO
RUFIARR AT A, 2738 1 3 48 R I i i A= Ak 4z
ARAE LC F1 LC-MS 3B i i FH ik Je .
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JEASE AT AR A B T 2 5 o B R AR S 0 Bk e
FORE St FEA KL | Ao A i P B 5 R
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Y. 3 1 3028 7 IR AT A Al S 07 28 B R H R
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ot S A S N — B P 26 PF R AT, T RE R v

B e ™ i e LR AR, R R ikl Ik
A AT AL RN 22 8 T R N, i )
AR AT AR LC-UV 5 LC-FLD Y& 7%
RO s AR AL 2 0 s AR B A B, i3 5 LC-
MS RN R AR — M &, Ik S R )
PERT AT LA RS B2 By ek R IR 2
J RN 5 TR TR 2SS AT AR AT 1) & Ja AR X
U A FREA A W EOR RIS T 55— 2 T 0,
BB A AL SN T B B WK A AT
AR A ) B - B A ik AT LA
AT DK W b 0 i DA 5 P i R 1

REBEAL SN2 HLA 4305 T 5 ik e AR )
JNE, BRI e K st 22, R D, (|
G55 B -2 B ( dispersive liquid-liquid mi-
croextraction, DLLME) 285K | vl DAfEAT A= 9 0 2
VU B L 3 R P, DT 28 i e MR 22 I [ R, 4
J& FL N FHYE

P AL R AEA P FH ) C NLO P E( S
B A 1B AR ISR IR I (4 SR, TS
MR MF AL GO R Ak, DA e & 6,
Al S I T F AL A W RS E ) X i
ARREYR T A EEE XL,

Fo FR R N L N TR 28 5 A AR A A
I AT A AbaatR) 22 2] AR IR S 48R
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e YRS S R HTIA R A E R E o NI &
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SATAEAL TV, A0 OPA LR AT A AL K6 42 B g % |
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A RN T3 o S TR 28 T R R 2
TR PAT A ARSI A B At 5 B B A R )
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Table 1 (Continued)

Refer-

Type of

Reaction

Analyte

Example

Reagent

ence

aldehydes, ketones [51-53]

reagent

0,N

02N

hydrazine 2,4-dinitro-phenyl hydrazine

Hydrazone

R\

[54,55]

carboxylic acids

NO,

N—NH

/C:

T

N02 —>

O+ H,NHN

C=

R\
H/

(DNPH)

formation

3-nitrophenylhydrazine (3-NPH)
2-nitrophenylhydrazine (2-NPH)
hydroxylamine hydrochloride

(HAHC)

DNPH

—
Nl
s}

[

aldehydes

amide

—
~
Te}

[

aldehydes

4-( 2-( trimethylammonio ) ethoxy ) -
benzenaminium halide (4-APC) ,

isotope
labeling
reagent

d4-4-(2-(trimethylammonio )

ethoxy) benzenaminium halide

(4-APC-d,)

[58]

neuro-chemicals

methanol (MeOH)

Neutralization neutrali-

HO

zation

—
=N
v

[

endogenous

4-( dimethylamino ) phenylboronic

acid (4-DMAPBA)

reagents

brassino steroids

HO

2 REFTENBRAREREGIEMNRERE-
B BX A 43 #r o B R

JERIAT AR R B 250 AR R
A S ST Iz R . AR SRR AT
RS ARSI 5 2, T DA 5 38 A A A Ak a5 ok
TR R T s AL i T4 Bkl Ak &4
JEASEATT A A AR AR RV 2 BB T A 2 B4 i A 47
AREEE AT USRS AR A WA e M, 46 15 40 st
Ji) s e A 0 2R S
21 EYERSH

A= PR A A5 Pl VA VRN 2 21 i 3R ot 3
HcH WL R IRE R S e s R IR A A 2%
L S BRI W RIS RS s Ak
GO TR DT B T A HUE sk
K, [l 58 T LC-MS Fae t , HA B4 i i 4y
BIROR AR,
211 EEMEY

e ) S5 TG 28 AR S 7, 2R V- VT 4 B
ol [ AR A B DA A A A 43 BT e 288 245 40 e 3
PRI AW TF-BL . SRR S NIEIRYT 3
AR IE 4 0% 9o R ] 7 2 T8 BRs 1) 259, Jing
SIS P B S ( Dns-C1) Ji 57 437 A2 Ak 3 A b 25 2F
YERARTIAE RS &, @ Sr T A PR s h R 6 4
I 2 0 2 ) o ARV - O I v, A AR
F I AT A AL AR B & e T AR A T R
PEE T T T RUE E w# RN 0.3 ng/mL,
T T AL U OPA AE R AT £E 145 4, Pourg-
hobadi %5 JF & T A M3 FE 5 v RSB0 25 9
TS ST 018 R 0 - 58 AR D i . 7 3-%i
FERRAEAET , 8L, OPA FIER 2, — s o He o B ok
AT A Ak A R A AR BOEE R, TR A 94, 5% ~
98. 7%, IEEAMNA 24 RS M L EL
R R, Shamsipur 457 3 T & R 52 T R
AT AR B IR AR B AR HEAT T AR b
H LSS V2R N 2R | 2 I AN 2 R AE Y I i 51
PR AR AR R W 4 LC-MS A, A€ R4 A i 3
FERTLATE 5 min 52 AL, & 4 B 1 A RNISCR 43
140~ 155 F1 93. 8% ~ 106% , 77 12 PR3 7] B v
[ENCE V€ 3 T

B R A A A AR TR R 4 e T R A A A
MR . 1, 2-48 31-3, 4- A M wk-9- 2, 3 S R
(BCEOC) /& You %" & A& B B we e AT A=Ak
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A, TR C AR LR | BB B A A
€. Zhao %1% BCEOC [ T [R) i 43 28 4k K B
s A R y- = T R & TR S i A
S-FRELNS e 2 1R, ST T R AR L HPLC-FLD J7
B, BT RWUE &, K RS 0,398 ~ 1,258
nmol,
212 #EEMEY

FRSAL A P A A Ak S st ) 0, 7 e LR
FUBLAAIL, 0 1 9 v 35 28 A 25 4 = R DU
Maas 250 % FJ 1,2-= W1 5L mf mk-4-5% Bt 4K
( DMISC) £iTAE A A L35 H 1) JRR IR 51 S PR M, 4 JHL 5
fk> DMISC 77 4= ¥ )5 #47 LC-MS/MS 43 #r, 5L
FL BRI 2 0 o3, 4 v T R D 2R B A s BR K
0.95 ng/mL, Xu %7254 T Bk | [ R AE HORT
DMISC fii A AbH AR 76 10 min 4 58 A5 A4 Ak, 371
JH LC-MS/MS #1474 Ybn & ¥ 1-52 3 28 1Y W I 43
Bro JEFkne B R A7 A4 1k, Zang 260 JF & T Al i)
RO A ¥ BE 8 28 S A NI TH S
LC-MS/MS Jri, i A= i e B R e i) A A el 35
FEFR ATy D BT, W T B AR R i
BN 1.0~2.5 ng/dL, & AN H TR IR R
AR IERCR AR A B AR TR RS R B2 W
IRV ESIENEN
213 HBBmENLSY

iR 25 9 o A A AR AR A D 35 A 2 UL, 4-[ 2-(N,
N-T O RF I O IR | -7-(2-F L A
F#)-2,1,3-7K Jf % — ¢ ( DAABD-AE ) J& Santa
VI R B AT AR AT AR B R
SRR AT R AR PR B 7 B 5 B IR AL
DAABD-AE {5 2 107 F - 1 2% H R e o 2 A
FR AN N R S K BE IR TR 19 LC-MS/MS 43
#r, FIF DAABD-AE X Ifil 3% i) 43 B 0 R A7 7K it 42
HUORIAT A= Ak, LLA2 W 1% — % 15 R0 3k 4804k 0 il 1k
i,
2.1.4 BEENEY

TR S RV 2 110 405 A Ak B N J T i A B g, HoA:
D S EARAERSE A, TSI R AR A2 A
(B A AE O AL, B0 e AR IC ) BRI 1, Lin
AU LT Fey0,/8i0,/ % (B LN B #R-co-2. —
P SN s R TR ) e 361 AH A6 UM B, S T AR
Hh I PN U O T R B T 19 G 1 A A - AN AT A -
HPLC-UV % J7k, fiiAE4Lik 7] DNPH W7 #1
BRI , 76 9 min P35 55 O 1 BE I 1) A6 BURI AT

A K BR 43  1.7 nmol/L Al 2.5 nmol/L, %
D71 © B IO FH T 7 i e N R it s S8 PR N
TRPER BB . Wu 2502 Sl T KRR LR B
Z B/ WU BE #y/ 5 R W% ( PD/DAS/CHI) #48}, Jf:
[ 5 7 5 VU 6L &0 B R P BE I, 454 DNPH fiT
AEFIEE DY [ AR GLAE B, T & T G i A AR i 38 H 1 7
P F9aa A2 Wy b 5 0 © AT 2- 7T ) 10 v S0 AH (2 1%
J5¥E . TR 11 min PSSR E FIE 4 HA
L ST S D S W DA A El A N
215 sEMEY

SEAAYATE, 5 Ak, BH PO TS
fE58 2, AT E AT e i, 4 s kil R 55 | ik
MR R AR E T
TSRS MR L B 4 BTG, Takahashi 45
TF % T KGN I 3 v S A B (— Tl I /A 3R 4 1
7)) AR ) LC-MS/MS 7, [ A A BT A
TR 25 AR08 T IR P S AR =4, B 1k T R A
o ) A I B A R I A e B A 0.5 ~ 250
ng/ml, £k FLAS . Mompelat %! £ 57 S} Hi 5 5
JILPRL O A 0 2 Sk 76 8 1k () LC-MIS T %, 7E il
IR A A R [ AR 6 R 17 5 48, J ik ik 4
PR S R BR R 30. 3 pg/kg,
22 RmaH

TIRIEARE 2R FE TR B 2 ST
PR, BRSO A m AR B S e e R
BARME R TRAAT A Ak AR 5 AL B AR (G 25
A, BETRT LR S i 25 R AT 20 B 338 I A48 BURCR , 14
SR T ARSI 5 AR B AT A 4

W — 2 BT A s v S B SR T
B, KREBE R P EA AW, E2h
Tl 4 R R M A Y FE T S SE R B R v 2 A
Hod EEA S AR R Y, 454 Dns-Cl
JEEATT A AR R e 25 2T 24 R B AR B, Saaid 25 A
FH HPLC-UV il 735 1 35 75k 386 4 i v 9 € e
Jig P e 2E e | T e RN A e © R AR M, 10T v
] oL, AU H A HLIE D B TR 47 ~456,
Fu 25110 g A e 45 BORT 2K F i S R 2B qk, J ST T
R £ PA] F A W i 14 e AR R £ - = R DO A AT
Wi, 1% 10 min B AT 3RS 19 A W e
ey K R IAE] pg/mL K, 455 O IR B
AP BEEAT AL, Jia 250 T kT INAE R T
ZLV ORIP FTPEIE 4 FfriPgRS ok i A= W e 1Y) HPLC-
UV J5 ik, %7 ek A 48 AR, 4 B N
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0.005~0.01 pg/mL,
TP EER S E SRR T2 —,

Kwanyuen %> {ifi F 2K 53 8 URR Bk ( PITC ) £7 4 1k
RIERR, IR T I E KGR IR & &Y HPLC-UV
Jiik, 5 AT A e, BA A AR A 34
B, KA AR B a5 P99 A SR PITC fit
AR E B R 17 R EERR AN 7 R AP i
GASETR AN W e ) 21 75 B 43301 4 2. 0 ~ 500 mg/L
F10.5~125 mg/L, 2L R HEfhM
o T

o B BE TR 1 e X b e 2 40 S A R I 3 o —
T, BT AE AR AR 5 - B 2565 PT A Tk
I, Chang 25™7) 45 OPA JEU i AE Ak R A HiL
FARGE A, HFIE o A SR & i 4 7% Mg S5
i C1~C8 H & IR 7 W Ar e 16 & 1, IR FH I e
4 Bh M- T A B ( vortex-assisted  liquid-liquid
microextraction, VALLME) & /749, K H R A
0.09~0. 31 nmol,
2.3 HYHW

25153 HT e K2 R 2 AR 24 T R
AN 2GR A AR 25 4 T A R R
RS AT ARSI AT R B R A iR E
PRI FALRICR Pe AR R B =, v LA i A
MR M, Jalalizadeh %51 SR H 2, 4- Zfif 3L UK
(FDNB) fiT A= A6 00 5 A AR R AR & v b R 26 4
W, 25 AR 0.2 wg/mL, H 9-50 F iR 2 P i
(FMOC-CI) £ %, R % %, Lacroix %' %
FH 4-— FR 18 U 28 -4' -5 Bk 54 ( DABS-C) i 4E 1k
FIRE , AT EYTE IE s S5 550 5 71k, flif
SR R, W e T R R AR, = R R
0.25~0. 80 ng/mL, Michail &5 ] 5 Mk — 1
JHERB A TR0 2 A8 kAT A Ak I FH T 2 AR 259
g H S RA R ms] R 95 o K H BR 4 ol 0,08
pg/mL 1 0. 03 pg/mL,
2.4 IRESH

JE A AT A AR AR 5 RO AR B vk 3 [ AR A
IS G, e R XK AR S RS A S BRI 1Y) R
AL, AmASI fr) AR R 7K AT Gy vy Ml A
R L, Wang %00 JF & T E 2K A kK
FTEAYAAE & v 9 R 2 B s 10 W AA e ) HPLC-FLD
Tk, EEALWAELE T, NDA 175 4= AL i A e ,
[FIER A VALLME J5 ik & A ARk 7=, T IR
40 R H DLLME £i74: 165 HPLC-FLD 254, 5231

TR KEE D 4 R 28 N W T i e .
P R A SRR A R BUE R, 20 5 min BB 5T AR
BAFESMALE, & HRMKZE 0.01 ~0.04
nmol/L, #HLt OPA ¥ % 7 ILFOLAT A Y AR E |
SRR, HE LR, HERTF R 2~70, Yu
GBI ST I YA 7K o R R A 1 R e R L 3 Al
B Hy ) LC-MS J5 ¥k, %7 ks N-H JE-N-=
LR EBE = 90 £ It I (MSTFA ) i1 AE AL [ AH 25 1
g4 ISR 78. 6% ~ 101. 2% , A %5 BE i 3 k
1, A S W I PR B AR A R e A R R B
2.5 LB aH

ettt R BAR A AEE bT5 fhZ — S A
A R R R M, At i 1 &8 S Pk ) R 56 3 1k
A A I EE 4 @ L B 6 75 | B W 7] e €0 500 R 3=
SN NARHERE LA A fE E Y TR AT AR R AR
FEARA S AT BT RS I | | LA B o A IR P4k HE AT
AW RS E PR VR T, © 0 T Akt it o i B
F ZS Y BRI T AR ORI Dsn-Cl 5 A
AT L 2 R & T R A P R R
LR HPLC-UV J7 ik, it A= Ak 2 BURT v 45 v]
FE 10 min P58, ik b | (i SR 20 AR Mir-
alles %57 5% I 7% F G AT AR AL 2R S 2R —
fist SR, 2l B 2 FR O H IR AE 5 Akt
B JE5 301, I 25 G 3 e 4l By - YA 1 A€ B ( vortex-
assisted liquid-liquid semimicroextraction,
VALLSME) , JF & T #0015 #1577 i) HPLC-UV Jr
. RH VALLSME #2 & T fiT A= 4k 7= i e o
Xof s il fot R R X, B HFRED gy
AR i F R S RS A R R A - A S I 2 -
HPLC & s, F M 2,4- 3%k ( DNPH) Z
IV VR - T P 02 A A Aot it 1) 4 BB, P
itk 2 min J5 37 B G0 e AR I, BEL BT AT A= 2
INF, A A5 RE B Y R 07 B 1) SIS 7 R 700 - ffe R s Y A i
IR 7 A T 77 S ST I E2 1 S e i R
50 png/g.
2.6 Hfuyodr

Xof Bl S5 ) A2 11 T 2 i 8 28 Ry B Ak 27 45
SRR B BT LRI IR 3k B BT B R
Mo FHATAEREAT 1T P a0 5 ik
FEB T ] JE 2 10 min, HARX 4 FH R A
fbZAdi | Marfey i 5 5 e b & 90 b & A Ohi,
Marfey %71 O 9 FH 00 R | IR A5 5 2R
25 Ak A W0 i X e R 4, Shu 281 I H



- 586 - 1,

i 536 %

Marfey fiTAEACF A, ST T I 3k B i o R BRE R
PRI %) o e A4 28 B 1% A 14 19 LC-MS/MS J5 i
V2T IR N T B RO B S R (A, £V LR 80
~18 000 pg/mg, HHICPEA-, mT 1 FH T HY 28 D9 e FH
P BRI . Nakanishi 26 F¥ & 7 05 R
259 3,4-30 B A L 2 R Al B e AR =
X B SRR Y LC-MS/MS J5 k. %5 s fa B R A
T 2B, A A=A R 30 min J5 AT 3R RE 43 AT
X 25 2 R FHHETM HPLC RS Se kit i = 8
Fh MR IER 1Y D, L-#4 BB 0 B i, 45 2 L R
A9 FDAA DK I il 7= 4 22 18] 35 Wl 45 3045 3%
I3E .

ARSCREE T I AT A A B S RS PEAT AR
WG] ZR3R T IRAEAT 2R AL RO AR O 3 AR (&
-SRI 23 B b B R R A S — Y
RERTAT A= AT 12 JRURE AT A A n] A ol 256 S v ]
SERI T B BORIAT AR AL, HAT s R BRI e 4
PEEFRDE A, ATAFR, RO AT AR AR 45 45 R AL BLE R
Iz TR (RERRSE BRIk ORIR ISR LS
/Ry T A A Y/ REZTE N = ST N N AT g e
GUSA T Z R

SRS AT A A B vp, O 1 AT AR Al 36
e KA, 75 Rl A AT AR AR Rl P R
PEPEFE B0 T AT A i e, AR A A SRz 1Y
PR A AT AR A BER AT A AR RE LA R e EE
AN G RS 8 28 P 4 2 - ], I 5o B AR 4 )
A R PRI EE T, Ah, Al
A A G RE -5 7K S 0L s 0 i, 5 E0PE A it A HH B
BRI w8 AT A AR A 5 A AL 7 WA AR
TE  WHTIN T AL R T iR SR AT
A A ESRAT AR AR RE R K IR P AR e A A, AT Tl
SRR BRI 2 &, 20 s iR AT A Ak
PEYIRSENE 48 T T AT AL BRI 1], E U AT AR
TS AHRES & SR B AT B AT HLIE R B 1
FeA LR R I de /M, BE 2= A8 A HLIR ) A5
JeoNEE, BB BL O A 7R LR AL AT AE LB AR (1 R
ST AELR [ S AR T (E XA A AR e AR
AR BER TR R R R BET 2
SH SO R S A RE e ) B AT AR A 1R A o L
AR PR A AL B R 7Y 45 & ML AT AR
T7 LS A AT R T B R T 1]
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