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VYRR (AA)S TR AR E 71k . ILTEFESHEER AVLIE S, R ACQUITY Poroshell 120 SB-C,, & iEAE
(2.1 mmx100 mm, 2.7 um), PAFFEE-5 mmol- L™ LIRE/KEE RN TRANAHBEATAREDENE, W% GSH. DL-Gln,
GAFIAA; SRH ACQUITY UPLC BEH Amide {24 (2. 1 mmx150 mm, 1.7 pm), PLZJF-5 mmol- L HI K
AT AN TR RGN, IU5E LPC(0-16 : 0) . FURER A HBESE 8 FIR(ESD , IEFE A, WhREE =,
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Abstract: A detection method for 5 endogenous metabolites in serum from cyclophosphamide-in-
duced immunosuppressed rats was established using ultra high performance liquid chromatography—
tandem mass spectrometry (UPLC—-MS/MS). After protein precipitation, the samples of serum were
separated on an ACQUITY Poroshell 120 SB-C (2. 1 mmx100 mm, 2.7 wm) column with metha-
nol-5 mmol-L™" ammonium acetate aqueous solution as the mobile phase by gradient elution for the
detection of glutathione, DL-glutamine, glutamic acid, and arachidonic acid; then an ACQUITY
UPLC BEH Amide(2. 1 mmx150 mm, 1.7 wm) column with acetonitrile—5 mmol L™ ammonium for-
mate aqueous solution as the mobile phase by gradient elution for the detection of LPC (0-16 : 0).
The electrospray ionization (ESI) mass spectrometer was operated in positive and negative ion mode
and an internal standard method was used for quantification. The 5 metabolites had a good linear rela-
tionship within the corresponding mass concentration range (r>0.995) , with detection limits of
0. 043-0. 178 ng'mL™" and quantification limits of 0. 145-0. 592 ng-mL™". The method is simple,
fast and sensitive, and it is suitable for the detection of endogenous metabolites in rats’serum sam-

ples, and to provide experimental basis for the mechanism research of immunosuppressive drugs.
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L, BB (CTX)R—RVETTRATEY, BT ESUNEZY, IR EERHER . AN, £
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ExionL.C AC B E i A (0 7% (AB SCIEX 24 %] ) . SCIEX X500R Jitit{ (AB SCIEX 2 %)) . ESIE 1
J5(AB SCIEX 1)), Agilent LCMS QQQ 6495 (Agilent A )), XS205 L F-430 47 R O EE+T7 43 2 —,
Mettler Toledo A ] ) o

AW H K (k5 DSTDG024501, 46)E>98%) . HHMEZ (41k-5- DSTDD04201, 4liJF>98%) . A2 IR (Hit5
DST250515-330, ZliJE>98%) . FEAVUMEER (15 DST240119-142, 4iJF>95%) . 1-0-+ /N 4adk-SN-H il
FE-3-HARHEIR (415 DST250516-809, 41 EE=>98%) k) H Jili# k36 REE AR ATR A w] . DL-4¥ Z e (it
5 MREE1410, 21)>98%) M 5 i &G 25 A FHEABR A v o 5250 K H R G 281K, g, &
Wi, BRI A TG4l (51 Fisher Chemical 23 w)) . HAMEA W KRN ZNFRIGEWE 1,

#1 SHEEEY RN NREE

Table 1  Information of 5 target compounds and their isotope internal standard

Abbreviation Compound CAS No. Formula Molecular weight
GSH AFIEH ik 70-18-8 C,oH,,N,0,8 307.323
AA AL PO TR 506-32-1 C,H,,0, 304. 467
GA BHEIR 56-86-0 C,H,NO, 185. 191
DL-GIn DL-4y &Il 585-21-7 C.H, N0, 146. 145
LPC(0-16 : 0) 1-0- 75 ek -SN- H il -3 - I B R 52691-62-0 C,,H,NOP 481. 647
STD it R e 723-46-6 C,H,N,0,8 253.278

HEPE SD KR (220£10) g, THH ) RAESLE Y0 2RIEIAE SPF RN L= NP
ARSI E T ARAE R ERE (] R A P E ) TR ARG SiWeHZE Rawi, fFE3merE
KRBT : 049363),

1.2 fRERERIE H

Sy RIS BERBSNEH K . &R . EAEDIRER . 1-0-F /N B RE-SN-H AL -3- B iR . DL-5% B
Jii o} S R, TR TR T VAR A 997, 64~1 415. 12 g mL ™ (R HR SRIZEWE, TN B S 7 (i L e e, 1
R A PRE IR CEAMEH R 997. 64 pg-mL . &L : 1415, 12 wg-ml", FEAEWGEER . 1274.12
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pg mL” . DL-BSZBEE : 1 142,68 pg-mL™, 1-0-1 75 ke 2 -SN-H 2 -3-IH BB R« 1 287. 99 pg-
mL™),

R PRI N AR G FE R 5. 13 mg, DT IEVES AR, 7351 201. 096 g mL™ i N ARPRIE TAEIE
ZRFEARE) 1. 03 pg-mL BN FR TAERL
1.3 tREHRLINRIEERAEH

RS WL R I A PRES T 100 pL BT 10 LS, IMAHEEERZZIE, W56 HEEEZ
B, B A E R E B IR AR TAEWE, LPC(0-16 : 0) R RIKIEZ A2, 5. 10, 15, 30, 60, 120,
250, 500, 1000 ng-mL™", A4 Fhsr%5°20, 50, 100, 150, 300, 600, 1200, 2500, 5000,
10 000 ng-mL™", LPC(0-16 : 0)LL5, 250, 500 ng-mL ' YEMAE. . &3 NAEVRER FEFES, HA
45y LI 50, 2500, 5000 ng-mL ' VEAAR ., WL B 3 AN EIR B BTEAES

RSB ER ESRIRAR TR AR 1 mL, AN 100 w28 IS 1400 WL A RS 205 (1 2 1),
N0 LRI BN | g mL W INBRIEWE, €. TRAI5), B T-20 CIKFRELI LG, T4CE
OHLLL 12 000 t/min 0 15 min, B EIEWR, BT ZIEMA 100 pL ZHEAK (1 1), e, RE
¥5), EEEOERE. BT, AT, INalEsK( : DESRZ L,

1.4 Zh¥IERR

B SPF 2 EPE SD K 24 2, IRFTEH4(200+20) ¢, K5 RKRBEIL M2 AT HRAL . A, K412
Ho @ENVENRFET dE, R IBEBEIE LR B SR BRFERERY , IRBEIEIG L 20 mg- kg HEWETEST, HIK
fE, BEH LR, #8241, 2 AANE RS AR IR K . S %ah G E sk, &R
BEp, FFEERE S, 3000 r/min &0 10 min, B EFR, 7.

1.5 FmATsbiE

HERAWZE 100 WL _Eib SD RFRIMIE, MI400 pL A EHHEL/ZHE(1 1), DA 10 pL TR E K
1 Mg'leE"]V‘]ﬁ#‘, WHENRZ), BF-20 CUKFH1h)G, T4 CE.OHLLL 12 000 r/min &0 15 min, B ETE
W, AAWT . ZZIBMN 100 pLZREK (L : 1), WiERs), EEEOEME, B0 pL EIER KA
990 WL Z MK (1 1), JRJEIR2) 1 min,

1.6 BiEEHF

GSH. AA. GA. DL-GlnHill & &t fai4E & ACQUITY Poroshell 120 SB-C., {4, i 4+ (2. 1 mmx
100 mm, 2.7 um); HahM: HEE(A)- 5 mmol- L' ZIREKIEW (B) ; BEEEVENIFEF: 0~1.0 min, 5%
A; 1.0~2.0 min, 5%~95% A; 2.0~9.1 min, 95%~5% A; 9.1~15.0 min, 5% A; Jii# 0.30 mL-min™';
FEIL 35 C; AR L,

LPC(0-16 : 0)[i5E 5tk . 43845 % ACQUITY UPLC BEH Amide £(2. I mmx150 mm, 1.7 pm);
Wt : K5 (A)-5 mmol- L IR /KIE R (B) s BEEEVERLAE)F: 0~1.0 min, 10% A; 1.0~5.0 min,
90%~60% A; 5.0~10 min, 60%~40% A; 10~10.1 min, 90% A; Wi 0.30 mL-min™; A% 35 °C; HEkE
TER Wi,

1.7 FRiL&EH

BT IR (ESD) , B4~ . B EE3 000 VOEFE 1), TR 200 'C, TS
Hi# 15 mL-min™', ZEALSE 7207 kPa, #5350 °C, $SHE 11 mL-min”, L& WHI S5
W2,

#2  5FhEFRLARIN bR S 2%

Table 2 Mass spectrometry parameters of 5 target compounds and their internal standard

Compound Retention time/min Precursor ion(m/z) Quantitative ion(m/z) CE/eV
GSH 0.7151 308. 1 179.0 13, 29

AA 4.1197 303.2 259.2 13, 13

GA 0.7570 148. 1 84. 1 17, 9
DL-Gln 0.807 8 147.1 84.1 9, 21
LPC(0-16 : 0) 6.366 6 482.4 104. 1 25, 57

STD 2.9810 254. 1 156. 0 17, 29
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TP R R W s 0, R RAE R (CE) g AN B PECne G OA DGR B LPC(0-16 £ 0)
P B TR CEARL, LASRAS R R . P 2500 7 MRMASIN B s b S i R, JFedd s
REFRNE
2.2 ZMEXR, KHREEETR

B C1.37 MOFREERESD, FEHE RO RER T A AT 08T o LI 5 %6 37 [R5 28 N B o ik
FELCAR MR AebR, LA F G AL Lo Aebr, Ailbrifiih 2. 45 ER, SHEMILEYIESA
R BT N R R IR R M REL ()R T 0. 995, FEARIR EE IR (0. 5 ng-mL™) IfLiE
A, B RT3 AT AR B 6 0y, THERCFIMEMELL (S/N) , $=HRS/IN=3 I+ AR (LOD), S/N=
10352 & FIR(L0Q) . 5FhH b &4H LOD 24 0. 043~0. 178 ng-mL™", LOQ 4 0. 145~0. 592 ng*mL"
(W#3),

#3 SEEHIMLADIRSIE TR, SHEE . AERHG) . MR S E TR

Table 3  Linear equations, linear ranges, correlation coefficients(r), LODs and LOQs of 5 target compounds

Compound Linear equation Linear range/(ng*mL™") r LOD/(ng*mL™) LOQ/(ng*mL™)
GSH ¥=0. 458 316X-0. 044 999 1. 95~997. 64 0.999 7 0. 043 0. 145
AA Y=0. 953 033X+0. 315 844 2.48~1274.12 0.997 8 0. 125 0.417
GA Y=3.666 671X+32.514 571 2.76~1415.12 0.9955 0. 067 0.223
DL-Gln Y=1.408 172X+25. 995 207 2.23~1 142. 68 0.998 8 0. 124 0.413
LPC(0-16 : 0) Y=125.118 412X-2. 922 545 2.515 6~1287.99 0.998 5 0.178 0.592

2.3 REEMERE

137 MERES, N 10 pnL PRI S . 4% 157 FESATAARE T e PRI E . H
PAURE 28 30 0[] — i E — R N S 8 6 IR FF 1T AR bR i 22 (RSD) A TPEAY s H Talkg 25 B )5l
i [E—RESEE RN E 37K, HELEE 3 d IFTHE RSD BEATIROY . 0 LLRE S 52k i 5 BLSEk B Hr
R, G54, &4 H A H )RS5 RSD BT 10%, 653 54 96. 3%~108%( H )
F196. 6%~107%( HI8]), FEHHAT5 12k % B 5 00 BEAT & R 259 73 B i) 5K
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Table 4 Results of precision and accuracy

Compound Concentration/(ng*mL™") Ltreiap(e=9) — Lite=tiap(e=?) —
Accuracy/% Precision/% Accuracy/% Precision/%

GSH 50 108 3.7 107 9.2

2 500 106 2.7 102 8.5

5000 98.9 2.2 100 9.2

AA 50 98.8 2.3 102 6.7

2500 96. 3 2.6 105 8.9

5000 102 3.8 99.3 4.2

GA 50 106 3.1 100 5.6

2500 101 2.7 104 5.1

5000 97. 4 5.9 103 3.8

DL-GIn 50 96. 6 3.5 100 6.7

2500 100 3.0 106 7.5

5000 103 2.4 101 8.4

LPC(0-16 : 0) 5 101 4.8 98.7 6.1

250 97.8 3.3 96. 6 5.6

500 104 4.3 101 4.6

2.4 REEKERESE RIS

UG, L @3N RS, NIRRT A 6y, #E “1 57 ARSI T Tk
SRR HERE, 5 & o BT AL (A) 5 B6 s AIMIE ATAL RS , DNy SR AR, 3R ik B
TE 2 E I E & oy MIETE AR (B) 5 A KA S A IS i B 3 AN BE A it DU 4% i o 1) 06 T R
(C)o THESZEBUWR (A/BXx100%) 5 TRV (BICX100%) . 36545 H0oR, 3T T & s 2 B fu]
WA 75. 1%~93. 8%, BEJTTRLN A 88. 3%~103%, RSDI/NT 10%, FHHIZ T ERSRREICERR TF, T
SRV

5 PEEUBNSCRFIRL TRV 45 5 (n=6)

Table 5 Results of recovery and matrix effect(n=6)

Recove Matrix effect
Compound Concentration/(ng*mL™") Moan/% & RSD% Moan/% RSD/%
GSH 50 76.3 6.9 93.6 4.3
2 500 83.1 5.7 102 5.0
5000 84.3 8.0 95.3 5.3
AA 50 87.7 3.8 103 3.7
2 500 90.3 6.9 101 4.7
5000 91.4 8.7 97.2 5.1
GA 50 85.2 6.3 90.9 6.8
2 500 88.5 7.9 89.4 4.9
5000 79.6 3.5 98.4 4.8
DL-GIn 50 75.1 5.4 92.1 6.9
2 500 82.9 8.0 90. 6 3.4
5000 80.5 9.3 97.8 3.4
LPC(0-16 : 0) 5 93.8 6.5 102 6.0
250 90. 6 5.6 88.3 5.8
500 87.6 7.9 93.4 6.4

2.5 TREM

Gl & 3 AN AR BER T IRE , 43 I EA T 250 25 "CTRC L 24 hCEIRESENE) . -20 "CUKFIIS ARG
F25 AR ERAE 3K (URRMESETE) . 80 "CIKA A7 30 d (RIFRENE) . HEREER U 6 h (il i
faE k) %22, SiRERARSDEVNT 15%, LIHHSNFRE.
2.6 KRMBEHEASENE

Xof IEH BRI R BRSPS R EA TN E ,  HARH A HAME S S E 2, 45
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Fig. 2 Determination results of metabolite contents in serum

samples of rats in the normal control group and model group
compared with the control group, **P <0.01, *P<0.05
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