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Abstract: Liquid chromatography/mass spectrometry (LC-MS") has been essential to a large number of
quantitative analytical applications in drug research, and especially in the drug PK/PD research, due to its high
sensitivity and high specificity. But following the appearance of drugs with high activity and low dosage and
the especial structural compounds, a number of limitations of LC-MS" have been noted.  Derivatization changes
the structure of drugs and therefore changes their physical and chemical properties, resulting in high ionization
efficiency, low matrix effect and low disturbance by inorganic salts and endogenous compounds in LC-MS'. In
this article, recent progress in the research of the chemical derivatization strategy with LC-MS" is reviewed on
breakthrough of some LC-MS" limitations, in particular focusing on the applications involving some drugs in
bi o-matrices.

Key words: chemical derivatization; LC-MS"; functional group; sensitivity enhancement

WA OIS - R (LC-MS") B A = 2 i
R, R IR A 2 AR T O R R
HWORHIER, {8 2 Bl 5 e 3G AR ) 24 W R Ry ik

Wk H 190: 2011-01-13.

ESICHIT P BN Tl R S o N e (R SOl
AR KT %I H (20092X09301-002); 76 4 % W)
JiH (2009ZX09304-004); “[H 5% # A HT 24 7 B4 K
LI I H (20092X09103-130).

*JE & Tel: 86-10-66930632, Fax: 86-10-88270688,
E-mail: zqzhang55@yahoo.com

SRR IAL S B, B0BBC I ( 32 21 R
il N FH AT AR A K 245 e A D 38 45 UK AR
O ACASL U PR 4, DT 52 v 24 s Y SR ABRE R
ke AU EERE T AT AR A AIBURIER T B N
TR RO 250 58 A I SR B0 B v T (1 fp T
BEE

1 YRR EREARMITEN

11 BegE YRS A e b 2 ek aE N I AT
HEACIBUTOR I B AR 05 W R R 2 ) 1 2 A



+ 638 * Zj27 2% 4R Acta Pharmaceutica Sinica 2011, 46 (6): 637- 641

TR = R B IR R AR ], R A B T I I A
29 {E LC-MS AR By gAil, JUILAE A B AL
HEBEN A LC-MS, Sl I B 5 2 AR Ak 3 R
TR RISk . DRI, B REAT AR AL AT LC-M ST B 1)
Jivk, EHWIZE R E (ES) R, B
P AR E 2 R s N AT H B SR, e
Ff th 4% . I Meesters 25N [ B 5-7- — LB LR
TER-3-RIBIE S B A WAE AT AT, TR
LA (S B, R Z PEYE Dy 22~197
ng-L b F LI FT A AR B- (UL 2 3E) R
1% (MDMAES) fig A7 244 e JIH [i] e R 2 S0 AEL [i] 7 1)
R R AP, N AT E AR BAR TT LU 5 oul A
I B AT A 1 g rp e PR IA #) 0.12 mmol-L 7t 7
RAEMEEE (APCl) BT, SIANESRE TR
F (R, ) R ER TR Y. Gao M
IR AT AE AT M < s, i AR K Rt g R i
PRSI BR 23 591 % 0.27 pgrmL 2 A1 1.1 ugrg e I ZE
W I, 8 RS T R R R I & I T
TR e I EE . Ak, ARG TR 45 AR
Rt i APCI A I B k. 12.5% LR T
12.5% — H L e (v A R AEAT AR AR, b e FR gt
AR VR SERT AR ) o T AT M 2 R R A PR R T 11
Ry IBR 4% 4 25 A1 10 pgmL B, i Bk T
AR, RNV AR A

12 BERE  MERIL, B iLmis e o n.
FE Ty 32 3 0 AT A A0 BB IR FAE 0 R, S P PH A 5 5
MikiER %2 . BT ER 1 AU, ES
BN T B TR . Gong S8 P A
e N3G R =S Wi Ry, ke
FIfE 10 pgmL™*~4 ngmL™ P, RS KA.
Licea-Perez VA1 Liu 28153 51 5 Fi] F st IR S 0 o 1fi 2
e ERE, sE RN 0.01 ngmL . i8N ]
HE R AT AE AR, Q1 1-(2, 4- R HE-5- R ) -4-
FEEIREE (PPZ) 1% % -4-(4- F L -1-R ) -3- il FE oK
HIRER (APZ), B AT nT LU 35 4 iy 52 0 ) Al R
J, H Mg, sgal,

1.3 FEWANEE  mREE SRR S R —, BT
LA RS R AT AR A IR TE SR 22, fiT AR AR AR S R 8
% o AFEATAEAIR 2 2 8 T ORI 2O . R AMIT
AR A B R, O Y TR O R LR
& e VTR FH RS W0 R AR R AR D o AR, 2
N LC-MS (4 JHi e (DNSH)!M, 2-fiffJ-1-
FELIERE (HMP). 2, 4- —HSE2E 0 (DNPH)M AT 3-
LA (NPH)M S AT 45 R i S 5 AT U

SR, nILAE BAR 2 Eik b NS i B L, $em
o R A% . Higashi ZMI0F 98 R B, 24 HMP 744K,
S v 375 1) I S 2 I T LAIK F) 25 pg-mL Tt (B
5 100 pL). Uran 208 H] NPH fiTA:46ilse Bc-iy
Pl £, A5E A 4.5~4 500 pmol-L ™t Al-Dirbashi
AR DNSH 052 b A K035 B o4 6 (0o B, R
()& 100 uL, €& PR A 5nmol-L .
14 8B EWHFUTRRILAIE ES IEE TR
A TREK, ERE TR T AL B, K
Ub, BRI T DUIE R A7 A AR i L AR R A
FRIEAT AT H R Ak SN, I g R R AT
Al AL R 2,384k . Chen 2051 i A R0 IR
FIAH, O LA SRS A 2 . SRR K )
B, S A 200 pl A I, sEEBEh 20 ng-mL .
Zhang 51O 5 e IR AT AR AR I = L R T A I R
TR ARAR, SRR S P T AR . R AT 2
LG REM T, — 210 KRR AR 2 A0 mT LA
P2 50 1. S 4b, A AR AL IR A, 0 Cheng 251
W 4 R G AR IR AR R AT A, 7
S OGRS, A7 A A RIS I 0 A S A I
% (valproic acid, VPA) FIHARE =4 2-143k-4-1%
I (2-propyl-4-pentenoic acid, 4-ene VPA), 45 %
] VPA ()5 5B 4 200 ng-mL ™2, 1] 4-ene VPA f{5&
F 20 ngmL ™, 3 R R I K
2 MERMBREAMMLTEN
LA, B2 RS 254 S50 HR g
RIE, MEFNLEIREFOABIRN, X P20 B0t
I G RREAE R 6 AR AL S B i 2 L B
{EL i FH R I P e A e e 0 e IS L TR
WY A o e R R B 3 05 © B AE
EHINEZ =S Wy AL EA 8 | g N EC =S
SUNHES 22, HAE. RS 25808, RNikE
AR, 5 B v AR ARE 1A sy AT R Y s RO
@ B BRI HINT 7 R EOK, I X A
T 2y (¥ oA R BR A, X v o T R K 2 A
MR, @ K2 H0E IR S B i (K
By, T BT S A BRI 2, A 2 i
PR 22, R A 5 o 1) R ST AR N, 51t e iy
T IR R A% RS B 25
2.1 1EE WA R TR R OEE, R
T € RS DL LB T, T AT ARG AE
B AL B 5k, GC-MS” A6 LB (W s R AT A 4
AR mRE e IRE AL, — BRSO B 2 ) 4
P s R A T I 2 i . (R, IRZ B2



4 WA T

AT ENF AT LC-MS AW Rl 25 i

RGN SR R TR T - 639 -

AN i, E AR B ILA A N O A, PR
T GC-MS"HARMIN . U4k, bt LC-MS {1k
Ji&, LC-MS" T4 58 B T 8RR 22 R S 2k il « AR
E*}g%%%ﬁ‘%’ﬁsz%%‘Eﬁ%@ 7E LC-MS" ik
PLAZ B [M+1]7, 3l U RE AR B [M—H] Rk 4 )& n &
Br, T H R BUE G, IR LC-MS i il
Bl 28 2 )7 AR ) 5 o B 0 SCHRR TE SR AR 2D, T
HZ & LUEMER £, 1 Liv 25098 H LC-ESI-M S Hf
AR B RA G, I et 3 FhE
o WFRURIL, NHATAE R AR 2 5, A
LG PR BB SIS 2 ) I R R KR e, AR R
TR Z W RO AT g A iR PR
TEIE JR SR 43 5 ) A8 R BH 251 m DL 2 35 1
P& o TR AS I R AR, I L e AT A AR
Girard’s ik T (GT). GT i@ ib AL J5URE b (1K) 5k i
N, FERE 53 - i 5] N AU S5 1 B e AR R S Bl 2
I RS . Jang P2 i GT A1 2B A r P e 3
FRAK 1) N-2R4 )5 7 MALDI-TOF-MSHll %, 5%
EPI/@MIJ% (CHO) 114t Jf 25 v {2k R v 5 7 A
N-SEBE 22 52, 45 RAIEW] CHO-1 A1 CHO-II Hhie i 12
1o N-SRBl A 03 75 5, 3l 22.5% 1 5.2%. Gouw
2B Naven 5124 il ik GT ATAE LIRS BE 1K)
ME WFFCIE LR BE /F MALDI-TOF-MS 1 ESI J5i
W F I R AT B E R . Gouw 5B RIS R
Bl 7 I R S i K H & = (GTMA) &
ARV, TR T g I NBUR R, TR
B> 7 4F MALDI-TOF-MS [ 2t 5 Al
22 BRZE X TIRELGWRUE, AN BRI
FoAR g BE MHGE AR 2 . — 25807 ER /N
RE BENS T AR T I LI /N IRZE 25, nT LA
KH LC-MS" HH0 e - (R IR 2590 o T 45 24
FIRCECEDRI 2, RN S RIRIE, BEH
SE BRI AT IZK o W AT AYE, SRR
o SR 20 (R U M LA AR e . 0 Li Mg
WFEER AT AR, R (H?&@&I}m
fTZEWD) BRI R A $E . Berna SN A 1-
-2, 4TS5 L-IN IR E (Marfey’s i 5))
55 24 G BRIV NG I R LEAT AR AL O, T 43 8 0 o i
M5E T K U2 Z0Z BT v 22 S8R - S f 4« AX
i 25 pb [IFE, BEATIISE 10~7 500 ng-mL ()
27 BT SRR . Kawasaki 2627 [ 1-96-2, 4-—
BHFE AR EE-5-L - s IR IBEIE (L-FDLA) S5 A ALt
SERME M TEIR (e, P45 A0 FH 56 Bl s
FOTE AR, REL, RERSFIRINE 6 FhEJERR .

BRI, BRI TR 2 25 10 () Ak Py o R o
S AR A S TR AT AR RO, H T A AR E T
A AT FH I e R IR 28 2 it = Do M
3 BHUINSFHILTEN

A HL/N 23 1 ARSI 2 43 A A HR R — Ko A
FEE © HX PR, AR R,
@ mz {EAKT 200 i, LC-MS Kl i1y 5 K,
@ EWFES D HT, NN TR XX
Sl B, W] LR AT A 7k, BRI 4 T,
Y RIS AT A - Barry Z5PSHGE T 7 AN 2,
WA RTAT A, B ILER RN AN . P RE R
R 1, #2551 LC-MS A I R A o Xu 2529 i itk
e A AT AT, T SEI T 4-DMAP A3k o
KA 4> 8, FEAE LR b 5g B T HeA% R AR P 2
AREN 12T Xu ROV G R-9- 77 ik F i 7 A4k
IhZEH (N PR, o T AR,
B T RN AR TR, LC-ESI-MS A&,

NI A RAS I R 4 30 ng-mL ™.

4 TREMHYBITEMN

— UK B AW RE S R AR e M 2, A
I LC-MS" iz 2 I 4 TR Sy 2 40 (1 28 i v e 00
(1) 25 AN BE S W 25 ) (0 AR A 1) S5 B A o X 17 20
N, B AT m A AR, AT DR R IX )

A WRREER W) ARGE, FEEDIRE S R R
SRR S K 2 e A B AR, 45 o3 B dd AR K

@Xﬁ 035 M R R AR T v R IR N,

S RIIAL S WA A BN IR R AT R, IR AR RS
DL E B A R i e 5N — AN A B Ak . Jemel
23 S 56 T IR R AR E N, e BT R
21 LC-MS® & 4 i1 Matsuura 25N 7 A4
W TR 2t AT R T AR 2. 75 ESI IE
BPEEUT, T oI T ESR i IR, ATk
W) [M+H] "5 5 Bl /8 ESI A 7RG, |
TRARRHE S R R B, AT AR [M—H] §%’Hj
oo J14b, NG A Al S AT AN E (R B
e R vHERA I S O b B A R R ), EXJI[LI:JA\ﬁﬁi
RIAR A E FUANAT A A0 LA B R A R e
Zhao 5B XHEK R LS (p-BPB) fTAEE R
FEXEA), 1 0.2 mL NI, & REDOHE S A S fATE
b, LC-ESI-MS* Rl s fRA 25 pgl . &7k
HUAER 7 B b, R0 W R v, A AT I )
KRR o

M, 5 LC-MS" B E AR A A1) 4R,
MTZ# KB LC-MS BRI IFE “OrRe LR, 1R



+ 640 * Zj27 2% 4R Acta Pharmaceutica Sinica 2011, 46 (6): 637- 641

2 2P LC-MS I E AR AT g BRI JEHAE R 2%
PR, HE T IR AR R AT
KK, A LC-MS Ul 5E AN e A MR b 250)
(o B BT AR LC-MS BRI ik, BdE 2y
LA ey AR TR G S /B I K A 2 S AR
B 24 AR T RS I T [ 3 5 AT O, B
IB BB R R ABURE  BRAR A ot 9 LAt 2% 5 T30
MBS H . (22, fTEH LC-MS ER
I T BB GU I (e AN, [ A A L 28
(SEl, HIEARA LC-MS & & AT AE AR TR 5
ARG S BARA R  AHR S T AT AR T IR A
fifth— L2 LC-MS B P iAo P22 L (il DR B 22
2% JHCT 0 KRS 0 SR ABOPSE AN i 55 i i, O S B
LC-MS" (¥ Ji& I 328 3 Bl 341 56 3 AL K o

Refer ences

[1] Meesters RIW, Duiskenb M, Jihnigen H, et a. Sensitive
determination of monoterpene alcohols in urine by HPLC-FLD

combined with ESI-MS detection after online-solid phase

extraction of the monoterpene-coumarincarbamate derivates [J].

J Chromatogr B, 2008, 875: 444-450.

[2]  Johnson DW, Brink HJ, Jakobs C. A rapid screening proce-
dure for cholesterol and dehydrocholesterol by electrospray
ionization tandem mass spectrometry [J]. JLipid Res, 2001,
42:1699-1705.

[3] Higashi T, Shimada K. Derivatization of neutral steroids to
enhance their detection characteristics in liquid chromatography-
mass spectrometry [J]. Anal Bioanal Chem, 2004, 378: 875—
882.

[4] Gao SM, Wilson DM, Edinboro LE, et al. Improvement

of sensitivity for the determination of propylene glycol

in rat plasma and lung tissue using HPLC/tandem ms and

derivatization with benzoyl chloride [J].

Relat Technol, 2003, 26: 3413-3431.

[5] Li YN, Tattam B, Brown KF, et a. Quantification of epimeric

J Lig Chromatogr

budesonide and fluticasone propionate in human plasma by
liquid chromatography-atmospheric pressure chemical ionization
tandem mass spectrometry [J].
Appl, 2001, 761: 177-185.

[6] Gong Y, Yip SC, Thamarai SK, et al.

J Chromatogr B: Biomed Sci

Trace analysis of
icariin in human serum with dansyl chloride derivatization
after oral administration of Epimedium decoction by liquid
chromatography tandem mass spectrometry [J]. J Chroma-
togr B, 2007, 860: 166—172.

[7] Licea-Perez H, Wang S, Bowen CL, et al. A semi-automated

(8]

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

96-well plate method for the simultaneous determination of
oral contraceptives concentrationsin human plasma using ultra
performance liquid chromatography coupled with tandem mass
J Chromatogr B, 2007, 852: 69-76.

Liu XF, Ding CG, Ge QH, et al. Simultaneous determination

spectrometry [J].

of gestodene, etonogestrel and ethinylestradiol in plasma by
LC-MS/MS following derivatization [J]. Acta Pharm Sin (2}
2274), 2010, 45:; 87-92.

Nishio T, Higashi T, Funaishi A, et al. Development and
application of electrospray-active derivatization reagents for
hydroxysteroids [J]. J Pharm Biomed Anal, 2007, 44: 786—
795.

Visser SAG, Smulders CIGM, Gladdines WWFT, etal. High-
performance liquid chromatography of the neuroactive steroids
aphaxal one and pregnanolone in plasma using dansyl hydrazine
as fluorescent label: application to a pharmacokinetic-
pharmacodynamic study in rats [J]. J Chromatogr B, 2000,
745: 357-363.

Chi Y, Feng Y, Wen S, et a. Determination of carbonyl
compounds in the atmosphere by DNPH derivatization and
LC-ESI-MS/MS detection[J]. Talanta, 2007, 72; 539-545.
Uran S, Landmark KE, Hjellum G, et al. Quantification of
3C pyruvate and **C lactate in dog blood by reversed-phase
liquid chromatography-electrospray ionization mass spectrometry
after derivatization with 3-nitrophenylhydrazine [J]. Pharm
Biomed Anal, 2007, 44: 947-954.
Higashi T, Shibayama Y, Shimada K. Determination of
salivary dehydroepiandrosterone using liquid chromatography-
tandem mass spectrometry combined with charged derivatization
[J. JChromatogr B, 2007, 846: 195-201.

Al-Dirbashi OY, Rashed MS, Brink HJT, etal. Determination
of succinylacetone in dried blood spots and liquid urine
as a dansylhydrazone by liquid chromatography tandem mass
spectrometry [J]. J Chromatogr B, 2006, 831: 274-280.

Chen X, Zhong D, Han Y, et a. Determination of carbocys-
teine in human plasma by liquid chromatography/tandem mass
spectrometry employing precolumn derivatization [J].
Commun Mass Spectrom , 2003, 17: 192-196.

Zhang Y, Chen X, Li X, et al.

Rapid

Development of a liquid
chromatographic-tandem mass spectrometric method with
precolumn derivatization for the determination of dencichine
inrat plasma[J]. Ana Chim Acta, 2006, 566: 200—206.
Cheng H, Liu Z, Blum W, et al. Quantification of valproic
acid and its metabolite 2-propyl-4-pentencic acid in human
plasmausing HPLC-MS/MS [J].  J Chromatogr B, 2007, 850:
206—212.

Kakita H, Kamishima H, Komiya K, e al. Simultaneous



4= IWAE:

T ERTENEARAR & LC-MS LEE WA P 250 58 A R U IR St T - 641 *

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

analysis of monosaccharides and oligosaccharides by high-
performance liquid chromatography with postcolumn fluores-
cence derivatization [J]. JChromatogr A, 2002, 961: 77-82.
Liu S, Cui M, Liu Z, et d. Structural analysis of saponins
from medicinal herbs using electrospray ionization tandem
mass spectrometry [J].
133-141.

Ninonuevo MR, Ward RE, LoCascio RG, et al. Methods for

J Am Soc Mass Spectrom, 2004, 15:

the quantitation of human milkoligosaccharides in bacterial
fermentation by mass spectrometry [J]. Ana Biochem, 2007,
361: 15-23.

Kameyama A, Kaneda Y, Yamanaka H, et al. Detection of
oligosaccharides labeled with cyanine dyes using matrix-
assisted laser desorption/ionization mass spectrometry [J].
Anal Chem, 2004, 76: 4537-4542.
Jang KS, Kim YG, Gil GC, et a. Mass spectrometric
quantification of neutral and sialylated N-glycans from a
recombinant therapeutic glycoprotein produced in the two
Chinese hamster ovary cell lines [J. Ana Biochem, 2009,
386: 228-236.

Gouw JW, Burgers PC, Trikoupis MA, et a. Derivatization
of small oligosaccharides prior to analysis by matrix-assisted
laser desorption/ionization using glycidyltrimethylammonium
chloride and Girards reagent T [J].
Spectrom, 2002, 16: 905-912.

Naven TJP, Harvey DJ.

Rapid Commun Mass

Cationic derivatization of oligosac-
charides with Girard’s T reagent for improved performance in
matrix-assisted laser desorption/ionization and electrospray
mass spectrometry [J]. Rapid Commun Mass Spectrom, 1996,
10: 829-834.

Li J, Bi KS, Chen XH. Determination of tiopronin in human
plasma by HPLC-MS with pre-column derivatization [J].
Chin JNew Drugs Clin Rem (' [E#7 25 5 Il K 24 &), 2006, 25:
421-423.

Berna MJ, Ackermann BL. Quantification of serine enanti-
omers in rat brain microdialysate using Marfey’s reagent and
LC/MS/MS[J]. JChromatogr B, 2007, 846: 359-363.

Kawasaki Y, Nozawa Y, Harad K, et al. Elution behavior

[28]

[29]

[30]

[31]

(32

[33]

[34]

of diaminopimelic acid and related diamino acids using the
advanced Marfey’s method [J]. J Chromatogr A, 2007, 1160:
246-253.

Barry SJ, Carr RM, Lane SJ, et .  Use of S-pentafluorophenyl
tris (2, 4, 6-trimethoxyphenyl) phosphonium acetate bromide
and (4-hydrazino-4-oxobutyl) [tris (2, 4, 6-trimethoxyphenyl)
phosphonium bromide for the derivatization of alcohols, alde-
hydes and ketones for detection by liquid chromatography/
electrospray mass spectrometry [J].
Spectrom, 2003, 17: 484—497.

Xu LL, Xiao LL, Ruan JX. Determination of 4-dimethyl-

Rapid Commun Mass

aminophenol in rat blood by LC-MS and its application in
Bull Acad Mil Med Sci (% %%}
2t B Til), 2008, 32: 162-164.

Xu F, Zhang Z, Jiao H, et al. Quantification of fudosteine in

pharmacokinetics [J].

human plasma by high-performance liquid chromatography-
e ectrospray ionization mass spectrometry employing precolumn
derivatization with 9-fluorenylmethyl chloroformate [J]. J
Mass Spectrom, 2006, 41: 685-692.

Jemal M, Hawthorne DJ. Quantitative determination of
BMS-186716, a thiol compound, in rat plasma by high-
performance liquid chromatography-positive ion electrospray
mass spectrometry after hydrolysis of the methyl acrylate
adduct by the native esterases [J].
Sci Appl, 1997, 698: 123-132.
Jemal M, Hawthorne DJ.

J Chromatogr B: Biomed

High performance liquid chroma-
tography/ionspray mass spectrometry of N-ethylmaleimide and
acrylic acid ester derivatives for bioanalysis of thiol compounds
[J]. Rapid Commun Mass Spectrom, 1994, 8: 854—-857.

Matsuura K, Takashina H. Effects of functional groups
of acrylic acid derivatives as derivatization reagents for
thiol compounds on molecular ion responses in electrospray
ionization-mass spectrometry [J].

33: 1199-1208.

J Mass Spectrom, 1998,

Zhao LM, Hu LG, Jiang Y, et al. Determination of captopril
in human plasma by liquid chromatography-tandem mass
spectrometry [J].  Chin J Anal Chem (Z#7{L2%), 2006, 34:
1599-1602.



