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Abstract: We utilized a multi-step derivatization gas chromatography-mass spectrometry method for the deter-
mination of common amino acid enantiomers, combined with deuterated hydrochloric acid hydrolysis, to identify
nine trace D-amino acids in thymalfasin. We optimized the conditions for multi-step derivatization, the volume of
reagent for redissolving samples, and the conditions for chromatography and mass spectrometry with isopropanol
and trifluoroacetic anhydride as derivatization reagents, and validated the procedure, including sensitivity, linear
range, precision, accuracy and recovery. Sixteen pairs of D/L-amino acids and glycine derivatives were separated
within 29 min, with the limit of quantification as low as 0.09-2.79 umol-L"". Nine amino acid derivatives of thymal-
fasin showed a good linear relationship within the concentration range examined (+*>0.992 3). The precision results
showed that RSD values were less than 10.90%. Accuracy test results of a reference substance ranged from 76.69%
to 128.18%. Average recoveries of spiked samples ranged from 70.41% to 125.39%. For the nine D-amino acids
assayed, D-Asp and D-Glu content in six batches of thymalfasin were highest, ranging 0.41%-0.49% and 0.25%—
0.33%, respectively, with others less than 0.25%. The method is sensitive, efficient and reliable, available for
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seventeen common amino acids and their enantiomers, and works well with simultaneous determination of nine

trace D-amino acids in thymalfasin, providing a reference for the comprehensive control of racemic peptide

impurities in this synthetic polypeptide drug.
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Figure 1 Mechanism of two-step derivatization of amino acids

by isopropanol and trifluoroacetic anhydride
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Table 1 Information of reference amino acids

Compound Lot Content
Glycine CDBD2562 100.0%
L-Isoleucine BCBD5312V 100.0%
L-Alanine BCBN6412V 100.0%
L-Serine BCBS0964V 100.0%
L-Valine BCBX9525 100.0%
L-Glutamate BCBT9726 100.0%
L-Leucine BCBV1129 100.0%
L-Arginine BCBT7444 100.0%
L-Histidine BCBS6622V 100.0%
L-Aspartate BCBN3442V 99.8%
L-Methionine BCBQ3447V 100.0%
L-Threonine BCBMo6171V 100.0%
L-Proline BCBP4505V 100.0%
L-Tyrosine BCBP3212V 99.8%
L-Tryptophan 1400132V 100.0%
L-Phenylalanine BCBV5213 100.0%
L-Cysteine 20181107 99.1%
L-Lysine hydrochloride SLBV3250 99.9%
D-Isoleucine C10078800 100.4%
D-Alanine SLBN6572V 100.0%
D-Serine SLBV0162 100.0%
D-Valine MKBX8389V 100.0%
D-Glutamate WXBB1225V 100.0%
D-Leucine C1615043 99.219%
D-Arginine SLBG5802V 100.0%
D-Histidine SLBP9924V 100.0%
D-Aspartate WXBB6018V 99.4%
D-Methionine SLBT8189 100.0%
D-Threonine BCBC9133V 100.0%
D-Proline 10701PHV 99.0%
D-Tyrosine WXBB3084V 100.0%
D-Tryptophan MKCG3209 99.5%
D-Phenylalanine SLBV7131 100.0%
D-Cysteine BCBT8508 =299%
D-Lysine L1510059 99.315%
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Table 2 The MS parameters of amino acids for quantification and confirmation

Derivative Retention time Relative Molecular ion Quantification Other important Adaptability
/min retention time peak (m/z) ion (m/z) ions (m/z) RSD/%

D,L-Ala 2.72-3.192 0.23-0.28 227 140 69/141/168 0.31
D,L-Val 3.684-4.227 0.32-0.36 255 168 55/153 1.32
D,L-Thr (bis-acylated) 4.021-4.750 0.35-0.41 353 153 69/152/266 1.74
Gly 4.505 0.39 213 126 69/154 0.79
D,L-1le 4.863-6.338 0.42-0.55 269 182 69/153/171 1.59
D,L-Pro 6.570-6.743 0.57-0.58 253 166 69/96 3.81
D,L-Leu 6.955-9.326 0.60-0.80 269 140 69/153/182 3.45
D,L-Ser (bis-acylated) 7.15-8.446 0.62-0.73 339 139 69/110/138 5.36
Methyl dodecanoate 11.590 1.00 - 74 55/87/143

D,L-Cys (bis-acylated) 12.694-13.224 1.10-1.14 355 140 69/154/268 2.14
D,L-Asp (bis-esterified) 12.779-13.069 1.10-1.13 313 186 141/214/228 0.75
D,L-Met 14.182-14.927 1.22-1.29 287 171 61/75/153/213 1.52
D,L-Phe 15.348-15.889 1.32-1.37 303 190 148/91/216 3.43
D,L-Glu (bis-esterified) 15.590-16.099 1.35-1.39 327 154 182/200/228 3.01
D,L-Tyr (bis-acylated) 18.216-18.559 1.57-1.60 415 205 69/262/304 391
D,L-Lys (bis-acylated) 21.201-21.620 1.83-1.87 380 180 67/126/294 1.05
D,L-Trp (bis-acylated) 23.360-23.819 2.02-2.06 438 285 69/131/228 1.59
D,L-His (tri-acylated) 24.556-24.925 2.12-2.15 490 306 57/206/393 6.97
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Figure 2 TIC of amino acids derivatives. 1: D-Alanine; 2: L-Ala-
nine; 3: D-Valine; 4: D-Threonine; 5: L-Valine; 6: Glycine; 7: L-
Threonine; 8: D-Isoleucine; 9: L-Isoleucine; 10: D-Proline; 11: L-
Proline; 12: D-Leucine; 13: D-Serine; 14: L-Serine; 15: L-Leucine;
16: Methyl dodecanoate (internal standard); 17: D-Cysteine; 18: D-
Aspartic; 19: L-Aspartic; 20: L-Cysteine; 21: D-Methionine; 22: L-
Methionine; 23: D-Phenylalanine; 24: D-Glutamate; 25: L-Phenyl-
alanine; 26: L-Glutamate; 27: D-Tyrosin; 28: L-Tyrosin; 29: D-Ly-
sine; 30: L-Lysine; 31: D-Tryptophan; 32: L-Tryptophan; 33: D-
Histidine; 34: L-Histidine
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Table 3 Regression data, limit of quantification (LOQ) and limit of detection (LOD) of nine amino acids derivatives in thymalfasin. Y

Peak response; X: Concentration of compound (umol-L™")

Compound Regression equation r Linear range/pumol-L"! LOQ/umol-L"! LOD/umol-L"!
Lys Y=7x10°X- 192 174 0.997 9 0.06-4 732.07 0.09 0.05
Ser Y=2x10°X- 607 427 0.996 2 0.72-22 395.09 0.70 0.21
Thr Y=2x10°X- 399 160 0.9950 0.61-18 964.07 0.63 0.32
Ile Y =2x10%X - 48 099 0.995 6 0.94-18 731.42 0.92 0.27
Asp Y=2x10°X- 181929 0.998 9 0.27-17 039.48 0.27 0.10
Glu Y=4x10%x- 11 588 0.997 5 0.27-16 872.83 0.51 0.15
Ala Y=2x10°X - 1x10° 0.992 3 2.77-55 359.75 2.79 1.40
Val Y=1x10°X - 251 578 0.997 1 1.86-18 629.96 2.11 0.63
Leu Y=1x10°X - 133 302 0.998 0 0.27-17 038.96 0.54 0.16
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64 IISE BERSD /N T 10.43%, FHIIT VLIRS 25 5 BT
3.4 CEMMEFMEREIWER RS ST IR g R
W, %2 LIRS 2 1) 3 R ZE N 76.69% ~128.18%,
HL R R B R SIS 45 R I RSD (n = 3) ¥/ T
10.42%. Hr Ala.Ile. Val.Leu. Thr 1 Glu i& /i () D-
RAFEFR I E JE N 0.50%~2.00%; Ser id [ ) D-Z %
% VA £ 56 TR A 1.00%~2.00%; 1] Asp Al Lys T & &
PR AR, AT L T v A DN ) D- 2 J2E TR VR FE AR 42 0.25%,
25 Ui B K 2 3 D-ZE BB TE 0.50%~2.00% ¥R B 7 11
(AR AT o IR (TS S 56 25 SRR B, i B v B i ) 24
W9 Filt D-Z IR I IbR ISR R 70.41%~125.39%,
RSD fE 2.15%~10.91% < [8], Ui B 1% J7 ¥ 1E 0.50% ~
1.00% ¥4 52 706 ] 3 I 3 PR A P IR 4F o
4 HHENUE

For I 6 LA R ) 52 110 i Jig v 5 D R 24, D-Asp Al
D-Glu & 4R, 43518 0.41%~0.49% F10.25%~0.33%,
HoAth D-Z2 LR e SLAE LUAE 3 /N T 0.25%, S5 R WK 4.

Table 4 Contents of D-Asp and D-Glu in thymalfasin. Contents

of other D-amino acids were low than 0.25%

Content /%

No. D-Asp D-Glu
1 0.41 0.33
2 0.44 0.27
3 0.49 0.26
4 0.44 0.26
5 0.47 0.25
6 0.43 0.29

it

RS T 2 BT A GC-MS VR E i R 92 37
H9 R D-E IR S B TE, BE RS © ATk
Ak SR A v LA AR = R s, W K 4 4 AT R T, 7
29 min P 16 X} D/L-Z R Gly LB L4y 3 @ &
SR W AR G P8 22 17 Fo; B AT T i
DA R S e, L M RS R R [ i R A
RAF, AH L HPLC V%, 1251570 75 & O e ik 2% 5 et i
i, B DR Jz R 2 o e B S TRk A

2T AR DL AR A AL T R SR R o b
BN R . ASSZUG DL 1T R SR AT A P25 W A
SRR VARR WS PO 2 IR X S A A 0] AT
750 R R I i R g 7 B T 8 kAT IE 52 1 i SE 56 %
8213 BRI AR AT A B o MR LA T
(Rl 25 (1) f FE KA 56 4 5 T 5 v 20 & AR TR, gk —
I 2 A AT IR TR % Tk iR A R, B
AR ZF MRS (P<0.05) & 2 5L R AT A R 1 G St R
I T B AT, T A Bl R RS R A T AL B AT [ B
Wi PR B A UF N AESRBE R & (P>0.05), XHATA bR s

AN, DRI AR A S B SR AR 2 A E T 17 PR
FEERAT AL o 38 I X 0 AR 2% AR L4k, 7E 29 min
P SEEILT % G RE RT BRAAR (1)E R 0 8 O T SEL R 4R
TEAE K R R 7 2 D-F IR X 4y, ARSI R T
MR K ET EB2E TEWREE -k L H I
AT RN R T 17 B FE IR 1 B B T RN
6 Ji v A SRV AR R AT AR AL, X S A I T
HEATERE L B PR RS 25 B B I A In s (0] Wi R 2%
RS IR T BT VE MR T 5.

A5 F B B 6T ) iR T AR 9 A D B
R ) e PE AN 2, RIS 57 i D B R R R
SEBA -, P D-Asp I D-Glu & &5 . BR
ChP2015 1 %1 t % WL [D-Ser'- i) i 125381 2% 52 45 14,
1 S 56 25 5 3% B IR I 92 3 D ) 24 340 W R AR AE S oA
D-ZHRB W IR 24 5T . %45 RITR, | FeEAST
R BT PA b D-Z BEFRAFAE I SR R, 1 — 0 B 5
FERIR 25 4l T 5 A R T2 R &K .

& DTBK: MR L RANRIAR A B 0L T 7 AR B, T 1R
HZ 5 TR, s ALY A B 7R 3 B
HBES TS0, MEILA R B T ARG RIFEIT T
WL

FERSE: AL HLIE TN 2 T AT 2 R
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