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1,2-  -3,4- -9- (BCEOC, )220 (Signa
); ( M erk ), ( ),
W istar ( , 180 220 g,
): Milli-Q
22
221 , 6 mol/L HCI , 6 mol/L NeOH
, pH 2 0 0 01 mol/L
(50 mol/L) 32 6 mg BCEOC, 10 mL,
Q 01 mol/L, (1 0x10° mol/L)
222 2mL 160U L , 300 L (pH 9 0),15p L
,60u L , 40 10 min, 10u L 30%
pH5 7 :
C“:C“:O—CILCI H i (‘H~CII.O—|C?—HN—I(!,—"—OH
| H:N—(}I;—C—OH & }|{ + HCI
Bol’;;?tl;\(;ﬁer
223 HypersiiBDSCy (4 6 mm x200 mm, 54 m, )
A: 30% ( 30 mmol/L , pH 3 7); B: 50% ; C. 95%
1 0 mL /min, 0L, 30 333 M
390 M 1
(ESI source) Q 24MPa, 9L /min, 350
3500 v'**!
1
Table 1 Gradient elution progran
Time(min) A (%) B (%) C (%) Tine(min) A (%) B (%) C (%)
0 70 30 0 40 0 80 20
15 55 45 0 50 0 20 80
20 2 % 0 55 0 5 %
28 2 % 2 57 0 0 100
283 2 88 10 65 0 0 100
30 2 83 15
2214 24 , )
10 m/min, 20 min/d A ( ) B ( )
C ( 12h )3 ( 8 ) 10 m/min B C
( : : : :
: : : : : );B
; C 12 h ;A
225 , 10 min,
(3000 r/min, 15 min), 200M L 5mL
, 5% HCIO,, 30 s 10 min,
, 18000 r/min 5min, ,  20% NaOH pH 8, -80
226

20
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Fig 1 Effect of pH of buffer(A) and excess reagent(B) on amino acid derivatization yields
Arg (arginine) ; Glu (glutamic acid); Thr (threonine) ; Val (valine) ;
Tyr (tyrosine)
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Fig 2 Chramatogran of 20 anino acid derivatives
(chromatographic conditions as described in experimental section) ; Arg ( arginine) ; A9 (
agartic acid) ; Ser ( serine) ; Glu ( glutamic acid) ; Thr ( threonine) ; Gly ( glycine) ; Ala (
alanine) ; GABA ( 4-amino-butyric acid); Pro ( proline) ; Met ( methionine) ; Val (
valine) ; Phe ( (-phenylalanine) ; Tip ( tryptophan) ; lle ( io-leucine) ; Leu ( nori eucine) ;
(Cy9, ( cydtine) ; His ( histidine) ; Om ( orithine) ; Lys ( lysine) ; Tyr ( tyrosine) ;
BDC-OH (1,2- -3,4- -9- 1, 2-benz-3, 4-dihydrocarbazole-9-ethanol) ; (BCEOC), ( -(1,2- -3,4-
-9- ) bis-(1, 2-benzo-3, 4-dihydrocarbazole-9-ethyl) carbonate)
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Fig 3 MS chramatogran of representative tyrosine derivative
(negative ionmode) ; A: (molecular ionM S) ; B: MSMS)
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’ 4 ( )

87.86% 104 7%, Fig 4 MS cleavage mode of tyrosine derivative (negative ion mode)
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2
Table2 Linear regression equations, correlation coefficients, detection Imits M'S and reproducibility for retention tme and
peak area (n =6) of anino acid derivatives

. o RD RD
Amino acid Y=A xX +B Correlation ~_Detection limits (fmol) MS Retention time Peak area
ooefficients BCEOC AQC" [M+H]* RD (%) RD (%)
Arg Y =28 07X +3 85 Q0 9997 12 119 464 Q0 009 132
A9 Y =17 15X +Q 47 Q 9999 27 311 423 Q0 012 147
Ser Y =25 30X +3 89 Q 9995 17 237 395 Q0 010 128
Glu Y=24 03X -3 77 Q0 9997 20 315 437 0 011 132
Thr Y =24 86X +3 86 Q0 9999 13 162 409 Q0 006 118
Gly Y=27. 09X +4 75 Q0 9999 93 293 365 Q 005 129
Ala Y =26 01X +3 94 Q 9999 10 155 379 Q0 004 111
GABA Y=25 48X +1 51 Q0 9999 12 # 393 Q 005 120
Pro Y=2577X+3 14 Q0 9999 13 278 405 Q 004 104
M et Y =25 95X +2 48 Q 9999 13 74 439 Q 007 148
Val Y =28 04X +9 39 Q 9999 14 57 407 Q0 006 102
Try Y =25 90X +9 28 0 9999 92 # 494 Q0 004 0 86
Phe Y =27. 01X +9 45 Q 9999 8 3 38 455 Q 007 Q0 96
lle Y =26 68X +4 84 Q 9999 19 47 421 Q 005 1 08
Leu Y =24 90X +5 46 Q 9999 10 48 421 Q0 006 107
(Cy9 , Y =19 66X - 6 20 Q0 9998 19 794 ND Q 045 229
His Y =3 60X +1 63 Q0 9998 178 188 734 Q0 018 151
om Y =32 79X +4 08 Q 9999 77 # 711 0 013 132
Lys Y=34 91X +6 24 0 9998 63 112 723" " Q0 009 154
Tyr Y =15 40X +2 16 09999 16 93 758" " 0009 143
(note) : X: (injected anount (pmol) ); Y: (pesk area)  *. [15] (datawas fram literature[ 15]); * *.
(detected with negative ionmode) ; # (detection limitswere not reported in correponding literature) ;
ND. (undetected)
37
371 )
5, 2
3 3, 4
3 (X %S, n=8, mMol/mL)
Table 3 Contentsof anino acids in rat serum at different states (X £S, n=8, nmol/mL) )
12 h 12 h
Amino ’ At exercising 12 h After Amino ’ At exercising 12 h After
acid Quiet exhaust exercising exhaust acid Quiet exhaust exercising exhaust
Arg 229 2+8 5 281 3+8 5" 230.8+10 6 Val 323 9+6 5 371 2+12 8" 334 6+9 6
Ap 184 5+6 6 2233+10 7" 189 3+11 4 Tp 109 8+0 3 186 7+7. 2" 118 2+7. 0
Ser 540 5+9 7 608 3+12 2 549 3+14 8 Phe 117. 6 £5 8 166. 3+7. 6" 125 2+4 5
Glu 281 6+10 3 346.8+10 3° 290 5+8 8 lle 157.8+3 5 180 8 +10 3" 149 0+3 9
Thr 474 4+11 3 539 +£13 476 4+7. 6 Leu 306 0+9 5 352 2+10 8" 314 4+8 8
Gly 749 17 8 8325+12 6 740 £13 (Cy9 » 75 1+4 2 86 7+4 6 796+13 0
Ala 822 +13 905 +£11 831+14 His 877 15 978 3+8 4 881 +15
GABA 101 1+5 2 182 5+10 5" 115 9+7. 8 Oom 89 2+6 9 102 £11 86 7+6 6
Pro 582 +14 664 5+7 6 590 3+8 7 Lys 213 3+8 6 266 7+10 9" 221 7+7.5
M et 133 5+8 4 150 7+8 4 136. 3+6 6 Tyr 132 4+6. 7 188 6+6 3" 140 4 +4 4
L (campared with the control) P <Q 05; * * (compared with the control) P <Q 01
372 3 4 - (1) 20
, : 12 h

, , (2)
, (P <0 05) :Arg Lys, Glu
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4 Gly
Table 4 Ratio of correponding anino acids in rat serum at
different states

BDC-OH

Ala

12 h Ser
. . At exercising 12 h After
Ratio Quiet exhaust exercising exhaust AT
Glu/GABA 279+038 1900 34° 2 51%0 35 & BCEOC),
BCAA/AAA®® 2103016 167+028° 2 07+032 __ MG Ll
* P <0 05 * *.BCAA Leu lle Val 3 0 10 60
, AAA  Phe Tyr Tip3 (* cam-
pared with the control P <0 05, * * BCAA is the smmation of three
branched-chain amino acids Leu, lle, Val, AAA isthe summation of three
aramatic amino acids Phe, Tyr, Tip) Fig 5 Chromatogran of anino acid derivatives of W istar
A, GABA, val lle M=
2 (peaks as in Fig 2)
Leu, Phe Tyr (P<
Q 01) Tip ( ), : , Tip : Tp
; T 5- (5-HT) ,
, Blomstrand (el ; ; D Ser
Thr Gly Ala Pro Met (Cys, His Om (3) ,
Glu A 9, GABA (P<a05)( 3), Gu A9
GABA , Glu/GABA (P<Q 05 ( 4),GABA
: , QLU /GABA ,
[17] (4)
Val lle Leu, Phe Tyr Tip (P<Q 05 ( 3),
, BCAA /AAA (P<Q05) ( 4),
Phe Tyr T , 5- (5-HT) ,
[18]
References
1 AgquiloA, Castano E, Tauler P J Nutr Biochem., 2000, 11: 81 86
2 ShuPY, ChouSH, LinCH. J Chranatogr B Analyt Technol Bianed LifeSci , 2003, 88: 93 101
3 Kano T, NagakiM, Takahashi T, Ohnishi H, Saitoh K, KimuraK, Muto Y. Gastroenterol JPN, 1991, 26(3): 344 349
4 W ang Zhonghui ( ), Wang Huimin( ), Wang Yueguo ( ), LiLi( ). J Mod Lab Med (

), 2005, 20(2): 16 18

5 Dobasi Y, Santa T, Nakagomi K, mai K Analyst, 2002, 127: 54 59

6 Nojiri S, Kanata K, NishijmaM. J Pham. Bianed Anal , 1998, 16: 1357 1362

7 BauzaT, Blais A, Daumass F, CabanisJ C J Chranatogr A, 1995, 707: 373 379

8 Cohen SA, DeantbnisKM. J Chranatogr A, 1994, 661: 25 34

9 Molnar Perl | J Chranatogr A, 1994, 661. 43 50

10 Yu Hong( ), Mou Shifen ( ). ChineeJ Anal Chen. ( ), 2005, 33(3): 398 404

11 Shi Yunwei ( ), Ming Yongfei ( ), Wang Caiping( ), Zhao Xian'en( ), Zhang Rui( ),
You Jirmao ( ). ChineeJ Anal Chean. ( ), 2006, 34(4): 503 507

12 YouJM, MingY F, Shi YW, Zhao X E, Suwo Y R Talanta, 2005, 68: 448 458

13 Smonetta F, SangW C, Gregory G, Dolnikowvski, Jacob S Anal Chem. , 2002, 74: 4526 4531

14 W ang Xiaolan( ). Organic Chamistry ( ). Third Edition ( ), Beijing( ): Higher Education
Press( ),1997: 112 113

15 Cohen SA, MichaudD P Anal Biochen. , 1993, 211(2): 279 287

16 Blamstrand E Acta Physiol Scand, 1988, 133: 115 121



944 35

17 Zhong Xingming( ), Yao Hongen ( ). Chinese Journal of Sports M edicine ( ), 2000,
19(4): 404 405

18 Zhang Xiaoju( ), Han Huiwan ( ), Yao Hongen ( ). Journal of Beijing Teachers College of Physical
Education ( ), 1998, 10(4): 25 29

Pre-column Der ivatization High PerformancelL iquid Chramatography
Tandem M ass Spectrametr ic D eterm nation of Trace L evel of
Am no Acids n Rat Serum

1

Zheo Xian-En"*, You JinMa0"?, L iu Hong-Zhen®, Suwo You-Rui’

! (Northwest Plateau Institute of B iology, Chinese Acadany of Sciences Xining 810001)
2 (College of Chenistry Science Qufu Nomal U niversity, Qufu 273165)
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* (Graduate School of the Chinese Acadeny of Sciences B eijing 100039)

Abstract A smple and snsitivemethod to deteminate trace cevel anino acids based on the derivatization of
20 anino acidswith 1, 2-benm-3, 4-dihydrocarbamle-9-ethyl chlorofomate(BCEOC) as derivatization reagent
on a reversed phase Hypersil BDS Cys column (4 6 mm x200 mm, 54 m) with a gradient elution followved by
high perfomance liquid chramatography via fluorescence detection at 390 rm ( excitation wavelength 333 rm)
and tandan mass ectrametric identification has been developed Optimum derivatization, giving the corre-
gonding stable fluorescent derivatives, was obtained by reacting of amino acidswith BCEOC at 40  for
10 min in borate buffer(pH 9 0) with 4 times excess of molar reagent The linear range of 20 amino acids
were 51 6 fmol 105 6 pmol, all correlation coefficients >Q 9995, detection limitswere 6 3 - 177. 6 fmol
(at signal o noise 3 1, S/N = 3 1). The identification of anino acid derivativeswas carried out by post-
column tandem mass pectrometry with electrogpray ionization (ESI) surce, and theM S/M S cleavage mode of
representative tyrosine derivative was analyzed Under all the above optimum experimental conditions the
contents of 20 amino acids in the serum of 3 groups (A: quiet, B: at exercising exhaust, C: 12 h after exerci-
sing exhaust) were detemined It is indicated that the contentsof 20 amino acids in group B were obviously
higher than those in group A, and the contentsof anino acidsof group C and group A were aimost the same
The established method exhibits high sensitivity and excellent reproducibility, and provides a nev technology
for the detemination of anino acids in rat srum.

Keywords Rat srum, amino acids pre-column derivatization, high perfomance liquid chromatogrgphy

tandem mass gectranetry, fluorescence detection
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