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(" ZBEHKFLEHEER, A0 230032;° RBMEHKES—WEER
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WE BE PR @3 B B TS (HPLC-MS/MS) RS0 7. = RIR G 354 HLER A 2 Jr ¥k , IR IT 402K — 1 iR
(2 -ZFC AL ) i (DEHP) 2 5%/ RS JHAEFIAG £ & SR SEARRR BEHIIR - R IS Sk R TR 6 Fh —R1R
TEAG IR, Fik 2RI SRR R 5 2l B b 35 , DA 10 mmol/ L ZFREE /KN 5 pmol/ L 7 H A&
ZIERRAE R S A F1E 10 mmol/L Z R4 90% Z /K E AN 5 pumol/ L WF H B RERRE W 8AH B, I 4 0. 35 ml/min, 3R
FH AR B vk B A /3 58 Waters ACQUITY UPLC BEH Amide Column, 130 A, 1.7 pm, (2.1 mm x 150 mm) {635 AE A TR, B3
Kl 22 Gk FH B35 3 Fi, O P2 N . &R =RIRIEIF M 6 Fha HLERT G (AR vE i e Al 56 R 80 r 785 17
FEl N 25 K F 0.996 , T 48 57 14 J5 5 HER BE 0 97. 14% ~ 108.26% A% . H . i W B H [RI N H PSR %% 2 A0 X B 1 A 22 (RSD)
1.35% ~6.73% ,5LFER0 R N 93.29% ~107. 47% , BEBURI Ry 94. 82% ~ 112.57% . 5%+ WG4 AH 1, Z2 1) DEHP S84 /)
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ZRERTEI (tricarboxylic acid cycle, TCA) 24k
i(zzj ‘ﬁ(’é ‘.10 E;Lliﬂ ] 52079566 ) < A T PAARRE R A B A% O3 B, B G T M A AR
M4 H  HE H AR R AT 5 :82073566 ) ; LRG3 s y yE B =
A P 2 BT A2 55— BRI 5 1 I R B 55 7 3 g i%’iﬁ@%ﬁ?% NiSis ‘ﬁﬁ[f”ﬁ%fmzfﬁ M
ST (452023 YKJ14 2023YKJ06 2023YKJ11) s ey WRRIEVEA MR B-SA L FIIR TR & S A K&
PERIRSEIHAERL 3L I (255 :2022xk0043) s S JER IR T IR R A8 280 W 10 224 A g A o i A G
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in stem cells of head and neck squamous cell carcinoma. ABCGS5-positive cells had stronger proliferation ( P <
0.001) , metastasis (P <0.01), and spheroid formation abilities (P <0.001) than negative cells. The expression
levels of some stem cell molecules (SOX2 . NANOG ,S0X9 ,0CT4 ,CD44) in ABCG5-positive cells were higher than
those in ABCG5-negative cells. The expression of epithelial cell protein E-cadherin was lower in ABCG5-positive
cells than that in ABCG5-negative cells, and the expression of interstitial cell proteins N-cadherin, Slug, Snail 1,
and Vimentin were higher (P <0.01). Moreover, interfering with ABCG5 expression significantly inhibited tumor
cell spheroid formation (P <0.001) , as well as the expression of proteins related to cancer stem cells and epitheli-
al-mesenchymal transition. Conclusion ABCGS has a potential biological role in maintaining the function of head
and neck squamous cell carcinoma stem cells.
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P T AR b BAR A A LB DR A
F A E i 5 R4 o 2 ) Pk | S e M i X
PEZ T HA T IZ B PAEs SRARHE T IR
(2 -2 F &) Mg [ di-(2-ethylhexyl ) phthalate , DE-
HP ] B —Fh A 40 5, RO SR i
AN G, B N h g BRI ok, B
BRI S A S Y BFSE Y K ), DEHP
T 5 1] S T AR E AR D T B R A ) 2
RERRAS: LR o 428 ] S 0 B AH OG5 5 1 5 1) 5
WA BT — SR BRIG PR FNIT WCEE | HI L o6 2 b

s

ARSI ) FH e ARCHBOAR € 1 BRI 5T (high-per-
formance liquid chromatography-mass spectrometry,
HPLC-MS/MS) £ 57 46:1 42 1§ DEHP %82 /) BT
JPHE 6 AR AR AS rf =R B 2 v 1) A G A HLIR
WA 75, LAYID DEHP B8 82375 A A S B (14 I
PRIZWr A7 R AUHT 1 8 %

1 RS

1.1 ##

1.1.1 #4% CD-1 /NEL(SPF 2,8 J&IS , MEvE/NEL
TR 28 ~32 g,20 M Mt/ BRUAC T i 38 ~ 40 g,
15 H) g 3 At 5 4 R 48 52 50 S W HoR A BR A
SIS Zh A VIR S [ SCXK (5T) 2021-0006 ] , 5
B3 FHVE AT HIE S [ SYXK ( f5) 2020-001 ] . A<
FERT S R SR A LR R R DA s 2= 5y
Yips ARG HAEE (AL 22 C £2 C I8 JE 50% =+
5% ,12 h YEREACHE) B KRR EE D). ARl
FHRI B B S 50 138 2ok 22 R R R 27 S 31 2 B
S A HIEE (LSR5 :20200523)

1.1.2 L%  AB Scientific Export Triple Quad™ =
DU AT 5 R BT R 48 (35 [ AB Scientific Export
3], B 4500 ) 5 g A0 A (35 E L PE AR
Agilent 2], 15 . 1200) ;44 %8 B, T K ( MettlerTo-
ledo 24 7], #1'5- . XS105DU) ; it g 1R 5 i (e i 1]
HAMRDURA S il 8 A7 BR A B, A5 : vortex-5 ) 5y #
{RIE¥8 % 8 O L (5 [ sigma Zentrifugen 2y w] , 5l
T 1-14k) s FHp A S0P A% (B EHE SRl R R
ARRA ], HS  MY-10) 5 8 75 BE BEAL (77 B8 2
VIR B A R s |, -5 SB-800D ) 5 i 4liK &
45 ( Milli-pore /] , KI5 Synergy )

1.1.3 #H&bEA &S8R ORI IR oK
TR L5 3K B2 | o 6 — 1R (#% HPLC R4 =
98% , % 5. B20404 . B20937 . B20534 . B21313,

B27105 .B24374) \DL-3EHf%-2,3,3-D, (HPLC 24l
JE=99% , F & =98% , 515 : B72877) g 7 L1
Pt A YRR BR 2 W] s DEHP (425 : D201154-500
ml) R ZJBER (17 % :64255-1G-F) iy [ 56 [ 74
R BLPE B3 5 5 A IR A Al oKl (6T 5
C116025-500 ml) Wy 5 i BT T A= A6 A R 2 v o
200 H Ry AARIE A% (575 : A805338 ) (4% 2 L2
B (47%5: AB01000) I [ I 78 A2 se Mk A= AL B LAy
AIRA T, SRR O TSR N (575 : A9984)
B (575 : A452-4) Pl [ 3¢ [ FE IR R R B HA BR
NI
1.2 7k
1.2.1 a5 45m CD-1 /NS BB
(IREE22 C £2 C, 12 50% £5% ,12 h JGHE A
B) BRPOKSEETES) 1 G, T4 8 R F 10 &
/N MERE 2 1 AL BIIEJE, 5 9 KRR 8
ARG AR 2 AT FIE AR, DA BR R 58 IC ) 2l O 7 O 4
JR%E 0 K ( gestational day 0,GDO) , 7§ /N B FE L3
fid &y Control 0 A1 DEHP 41, 52 10 HZ R, & H I
19 HEEH  DEHP 4HE F & 200 mg/kg DEHP [ %
K, Control 41 #E 1 25 & £ oK, A GDO | GD16
FrEalE ' 17 d,JF T GD16 A5 6 h Ab3EJ5 Bkt , i
EB) M T IERIG 80 T 5 2505,
1.2.2 &35 4# @54 Waters ACQUITY UPLC
BEH Amide Column, 130 A, 1.7 pm, 2. 1 mm x 150
mm;; EFEFEAE IR 40 C5 i SIAR: W SAH A S E 10
mmol/L. ZREZ F1 5 wmol/L . HH F& — JBlf iR %) /K 1%
L A B 8 10 mmol/L ZFREF S pwmol/LL 1
IR IR RR 1 90% LI 7K VA WL 5 T 1 A i 42 - 0. 35
ml/ming JERERE 1 ). BB TEVE R I 1.
F1 FRBERREE

Tab.1 Sample gradient elution conditions

Time (min) Flow (ml/min) A.Conc (%) B.Conc (%)
0 0.35 5 95
0.5 0.35 5 95
4.0 0.35 35 65
6.0 0.35 40 60
6.5 0.35 5 95
11.0 0.35 5 95

1.2.3 JEs&t4  1E2 0w W (multiple reaction
monitoring , MRM ) #5477 2U T, SR A HL W8 55 B 1~ I,
TR TR, S50 45 psis VAT N 30 psi;
AN 8 psi; FHBN N 45 psi; HUBEZE BANE ML T
94500 V8RN 450 °C . 6 Fh =DRIRIEH
Hh B A LR B2 bR B AR PRI S LR 2
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Tab.2 Optimization of mass spectrometry parameters for six

tricarboxylic acid cycle organic acids and internal standards

Metabolite RT Q1 Mass Q3 Mass DP EP CE CXP
name (min) (m/z) (m/z) (V) (V) (V) (V)
Fumarate 5.19 115 71 -20 -10 -11.5 -7
Malate 5.39 133 115 -20 -10 -15.0 -7
133 71 -20 -10 -19.0 -7
Succinate 5.04 117 73 -20 -10 -16.7 -7
117 99 -20 -10 -15.6 -7
a-Ketoglutarate  5.07 145 101 -20 -10 -12.0 -7
145 57 -20 -10 -17.0 -7
Cis-aconitate 5.16 173 129 -20 -10 -12.0 -7
173 85 -20 -10 -17.0 -7
Citrate 6.28 191 111 -20 -10 -18.0 -7
191 87 -20 -10 -23.0 -7
DL-malic-2,3, 539 136 117 -25 -10 -15.0 -7
3-D; acid 136 73 -21 -10 -20.0 -7

1.2.4 s Fara®  dEMES0 wl My, A
250 wl 4 CHI By P EEA CIEE (1 2 1,V/V) Fl
50 wl #i#% 200 ng/ml (¥ DL-malic-2,3,3-D; acid P
5 (internal standard , IS) ¥ & 5 ( Fiv& $2 B 7)ol A7
R A 0 e ik S0 AR DA ) | S B SE 1 e
A1 min, T -20 CykFEH#E 1 h &S ERT
FERCR B LSRR 1E 4 CARE IS J B oL
PI14 725 v/min 2543843550 10 min, /N TR B4
W EEBEA R 15 ml B0 AERAH R A
T AETHRTUE R I 50wl 7% B RFR 23 %k
50% 114 FP e A V0 2 1 10 e 22 T 6 4 ¥ ik, 711K
TS m L OHLP DL 4 °C (14 725 o/min Z5 1R
O 10 min, I EVE W AR NS T EAL T
1.2.5 MEAREATARE  BUBMRIE A A 20
mg , B IEA AL R 51 ST T pg SRL, S A
200 pl 4 CHR MK, HF3h SR as i rd
ZUS)H, 8 SRS ) 21 P A 800 pl (4 °C 7l
R EEFI QST (1 2 1, V/V) AR 22U IBORK
1100 wl AR % ( DL-malic-2, 3, 3-D; acid, 200
ng/ml) , FEIHRHE 1 min J5, KA 10 min, pKif
R EEHUT A -20 CYRFAPHIE 1 h LIRS E N
DIVERLE, B JE A B AL 4 °C (14 725 /min B0
15 min; 270 FIEBRFEH R — 1.5 ml BLOE Y,
TERWAH R TS, A 100 pl 4 CHZ K &
UK (1 2 1, V/V) B3, 5850k fiE 1 min )5,
VKIEHE A 5 min, T4 °C 14 725 t/min &[> 15 min,
W EIE W EAILSM AT

1.2.6 =G egdes A 3L BN )52,

WO SR BRI RG89 515, 2 s
PR IE PR BE S 0. 1 g/mll ] £ BUTR B, AR
BWOCEERTEN LR 1 h 5,7 4 CH
(GBS OHLHT L 14 725 v/min B0 15 min J5, /M0
W I AL R AT
1.2.7 SR HUBRAT M iR Fo W AT iR 09 ) &
FEBEFRAE 6 TG HLER 73 Hrds i 10 mg, fiff A FR
G3ER 50% TV HHBE K I WA T FE 4 T T AE
10 ml Z¥ I R E 2 2 10 ml, f35] 1 mg/ml 1
FSAVIRER R . 5 6 A HLRA MRS G
FER R EA 2 10 ml, 153 (IR 44 LB br i
VAW 25 AT HLIR MR HE 129 24 100 000 ng/ml, e 28 ] 25
S R TR 5 A LR bR M T VB2 R R FL R 9V
410,20 .25.50 100,200,250 .500 .1 0002 000 .
2 500 .5 000,10 000 .20 000 ng/ml (IR A kR UER T,
AT AR ER LR, 7E - 80 CREARRIAEE IR A7
i 25 FR 8 N FRARIE S DL-32 S iR-2,3,3-D, 10
mg, FRFTHON 50% B B4 B B K IS A e
£ 10 ml Z5 P ERf 2 25 R 1 mg/ml (9 AR
PRIET TR, - 80 CHEEMIRIRIRAY . TIARR 34k 50%
(R TRV R /KA B0 B B A 200 ng/ml 1 N AR AR
WERI, PR ER A o
1.2.8 Aizpm AR Firptenegd g Kk
il 3 FhbR HERE 5L (A B LC) |, BRI bR HERE i A 2 7 B
BCH A s 3 S AN [l v B (20,100,2 000 ng/
ml) o ARUERES A 2R R E0R 50% () Fivs H
P 7K I 28 (AR A5 A ML IR ) I 0 YL, A v A
B SRR 1. 2. 6 T NG E 1925 AR A%
FIa , AR EON 50% Tis B LK 2 150 e T 1
TUTERC ] PR A HLIR X BEGT W, FRuERE i C &
R FH 25 1 R T E ] 0 A LIRS & % IR . A
HERE A3 3] LA 5307, 10 5k 25 A DL IR e 1] AR
Pk AR
1.2.9 %its 4@ ffi ] SPSS 22. 0 {43k it 47
BRI G300 T OB SE IR EE 1 A F 3
B AnifE 2 RN, WA L BCR A ¢ Ke 3. P <0.05
hESRBGIFEE L.

2 HR

2.1 FEFEE

2.1.1 +BEHBHEE i HPLC-MS/MS R4
6 Bl HLRRIE A A il 15 PR AL 5 WU AR S 515 2 4
R B, B E BB 1 (QL) M7 B 1 (Q3) Jitfar ke, i fk
AT S %k Al A R T A S BE L, 6 A HLER IR &
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BRI i 5 P9 AR (0 1% F] DL 1, 3 3k VR A5 s o VS TR
ESACHYI AR B A, 7E 4 ~ 7 min 2Z AR
6 Ry, W ] S AR TR AE S ~7 min,
2.1.2 #HAEWERLEAREEEREZE i Mu-
tiQuant3. 0. 3 ZKPFHEAT | 4047, LA HLER IR & 5
TREVAS T P A A ML v o4 it 0 T R 5 P A e T L)
FAEL R NAR B (), o 0L 4578 BIL IR s 74 ot ¥ 52 A
MR () i IR/ — ek AR (1/%7) 4T [
iz BB PRI L% 3. S5 IR 6 Fl =R
PG A DUER AR DCHE R4 r $9KF 0. 996, etk %
AR

2.1.3 EMESHEEER BAVRIE SR
VSR A 20,100 .2 000 ng/ml A | Hr | &5 v g )R
HE SRV QC st il CPATICE 5 ) ,3 d 3%

SRHERE O SRAA MLIR FISE S R AR G T AR . R 2
FIERA B2 TS 25 R 35 4 iR, 6 FiA AILER 1) 1 i
¥4 97. 14% ~108.26% , F 7] . H A 55 B AH X bR
iR 22 (relative standard deviation, RSD) }y1.35% ~
6.73% ,i% J5 AR, . @ B AE i RSD ¥/ F
15% , WERM FE MRS I B R AT A5 5 i sfgiok o

2.1.4 ApapmhpBRekESFE B 1.3.5
TG oy AR , 1 SR A HLIR G T R B2 N A e T
LR B 5 A I EU B 25 iR A i v B 17 i ot
RONE, C 5 B A HAE A A TR MEARE i v B 174 i B [
W, 25 5 07 b o RE S 3 0T A% R ofE i R A
93.29% ~ 107.47% , & Jii % % RSD 7E 2.60% ~
9. 12% ,HEEREISCRTE 94. 82% ~ 112. 57% , BLEEI K
R RSD 1£ 1.45% ~12.23% , 1845 RF B 55

Time (min)

El1 6FEHEREF AR LC-MS/MS &ikE
Fig.1 Chromatograms of six organic acids and internal standard LC-MS/MS

Organic acid standard mixture chromatogram; a: Fumarate; b; Malate; ¢: a-Ketoglutarate; d: cis-aconitate; e Citrate; f: Succinate;g; DL-malic-2,

3,3-D, acid (IS).

R3 6 MEVBREEFAREAXRBURLNEEE

Tab.3 Linear ranges, regression equations, and correlation coefficients for six organic acids

Metabolite name Regression equations r value Linear range(ng/ml)
Fumarate y=2.220 76 x 10 ~*x +0. 035 10 0.999 19 10 - 10 000

Malate y =0.005 07x +0. 329 56 0.998 25 10 -20 000
Succinate y =0.002 20x +0. 857 21 0.997 62 20 -20 000
a-ketoglutarate y=0.001 43x +0. 523 47 0.996 38 10 —10 000
Cis-aconitate y =0.017 96x +0. 773 84 0.998 32 10 -2 500

Citrate y =0.031 98x +8.225 28 0.996 79 20 - 10 000
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SR, A A HUERHE SN A S USRI EE R W3 4. CHEHRIICE VRAE 90 d 5 i et 42, 45
2.1.5 REMEER REEHISE PR3 FibRE IR S IRFR TN EOR  RIFRE o

QC JRFEHERESD & Rk BERE S AT vERiCE 5 2.2 Z2HI DEHP REBRMFE. B RITEEE
7, S AT RO A ShEAEAS (4 C) ik E 24 h % WANEBESE @87 i HPLC-MS/MS & =
MR ARPFICE 6 h, - 80 CAPFIULURRE 3 WK -80  JRIRIGPH A MR T LI E 18 R 2 UL T TP A

x4 NBEARREHEGRPEZLRBEABVERNIEEE . AR E RN AR R E B R
Tab.4 Precision, accuracy, matrix effects, and extraction recovery rates of each TCA cycle

organic acid in serum samples at different concentrations

) Concentration Accuracy RSD of precision( % ) Matrix effect( % ) Extraction recovery( % )

Metabolite name

(ng/ml) (%) Intra-day Inter-day Mean RSD Mean RSD

Fumarate 20 104.63 4.96 5.10 97.91 3.55 96.13 5.50

100 99.13 2.37 4.11 104.02 4.73 98.50 12.23

2 000 99.94 2.61 2.37 93.29 4.81 101.24 3.40

Malate 20 105.15 3.48 3.77 103.02 6.45 94.82 4.81

100 100. 93 4.30 5.19 100.76 7.60 109.72 8.77

2 000 102.22 2.23 2.27 95.59 3.05 100.25 3.54

Succinate 20 104.15 4.64 4.39 107.47 2.79 95.22 5.62

100 99.13 4.45 4.98 94.64 5.99 99.00 10.10

2 000 97.81 2.26 2.54 96.17 8.62 96.13 5.26

a-Ketoglutarate 20 101.25 4.11 5.52 105.55 8.98 102.52 7.41

100 102.62 3.52 4.60 99.90 5.23 106. 86 4.44

2 000 102.62 1.53 2.22 99. 60 2.60 100. 41 1.97

Cis-aconitic 20 102.18 2.38 4.10 99.34 9.12 100. 50 9.17

100 108.26 3.21 3.92 101.88 5.21 98.72 4.15

2 000 97.14 2.40 2.16 97.39 3.90 102.30 3.73

Citrate 20 102.30 2.67 4.25 99.08 7.08 96.57 6.00

100 106.70 4.96 6.73 98.12 8.97 112.57 7.92

2 000 102. 64 1.35 2.64 96.59 3.29 103.38 1.45

RS R.P.E3IMKREREERADTEZARBRBAEINBNIEES

Tab.5 Stability of TCA cycle organic acids in low-, medium-, and high-concentration quality control samples

Vetabolite name Concentration Stability (% ) -
(ng/ml) Autosampler (4 °C) for 24 h Room temperature for 6 h -80 °C repeated freeze-thaw 3 times ~ -80 “C for 90 d

Fumarate 20 102.37 97.36 101.94 98.82
100 100.27 96.17 96. 84 96.98
2 000 101. 40 97.44 99.73 100. 81
Malate 20 102.97 97.73 101.86 104. 05
100 104.22 101.79 100. 26 99.18
2 000 103. 46 101. 64 99.65 99.59
Succinate 20 100. 14 97.07 100. 65 98.95
100 101.36 96.25 98.09 98.47
2 000 101. 69 99.30 100. 34 100. 45
a-Ketoglutarate 20 104.53 98.74 99.97 101.47
100 99.54 98.49 97.87 100. 01
2 000 101.90 97.88 99.83 99.03
Cis-aconitic 20 101.22 96.59 103.46 97.81
100 100. 34 96.04 98.84 96. 80
2 000 98.40 96.97 98.62 98. 04
Citrate 20 103.02 95. 64 103.22 101.75
100 100. 88 99.41 98.31 100.79

2 000 101. 44 100. 56 99.95 99.70




- 902 - B EMKRFF® Acta Universitatis Medicinalis Anhui 2025 May;60(5)

G B A MR 57, #89¢ DEHP 22 1] 2 58 %o & B
M3 JHIE 6 8 =R ER A R 2 A HLER KT
S ZERANE 2, 5% AL L, DEHP 21 2 U
WEF A PR 5 & IR PR R L o I R A5
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P <0.01), 1eAh, 13 ARG £ 0 A HLER B0 & SR
(1=3.769.2.789, P <0.05) , 3 W (1 = 6.257 .
5.216, P <0.001) ,o-fii % —. /2 (1 =2.518 4. 463,
P <0.05) #HR (1 =3.914 3.661, P <0.01) Jifi 12
SLR (1=2.810.2. 241, P <0.01) K FEFEA% .
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E 15000
& = Ctrl
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Fig.2 The effect of DEHP exposure during pregnancy on liver, serum and placental organic acid levels in pregnant mice

A - C. Liver, serum and placenta organic acid levels; D — F; Clustered heatmaps of organic acid levels in liver, serum, and placenta; * P <0.05,

**P<0.01, """ P<0.001 vs Ctrl group.

HFIEZIR https://www. cnki. net
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3 g

SR A ML PN a7 R S 2 1) A0 L, 4 Sy A
W Z A A AR AR 9 37 i, SORL AR 2 41 i N
SRR RS R AR 7 S A S B K LA
FEIPPEAC Lo B 3, A A MR S AR 2 R
Vit PR SO0 & , B RE AT e 1D R A
SEACTERR AL AN 1245 ZORLARME S A RE & |t
P2 B W AN B 5 Sl AN () 3ok A ) PO AR L, FLEh e
(R ERCAE AN 25 e 4 A, T L™ B ] R 52 i) 2]
A B A R L R A A, SRR A L N DG B Y
20 i A A A R R A T, AN i A W I
DA R geni a0 gt e, Lok ik o g s A% vl
RS 5 NRRZPNN 0 A 5 R, R &
BTSN O M AP P BE R RS o 78
JE PR AR I S o G DB A R J o o, GOk B
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Application of HPLC-MS/MS in the analysis of six tricarboxylic acid
cycle metabolites in a mouse model of prenatal DEHP exposure
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Abstract

Objective To establish a method for measuring major organic acids in the tricarboxylic acid cycle using



B EMKRFF® Acta Universitatis Medicinalis Anhui 2025 May;60(5) + 905 -

a high-performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS) system, and to investigate
the changes in six tricarboxylic acid cycle organic acids (fumaric acid, malic acid, succinic acid, a-ketoglutaric
acid, cis-aconitic acid, and citric acid) in the serum, liver, and placenta of mice exposed to di(2-ethylhexyl)
phthalate (DEHP) during pregnancy. Methods The serum, liver and placental samples from pregnant mice were
processed and eluted through a Waters ACQUITY UPLC BEH Amide Column (130 A, 1.7 pm, 2.1 mm x 150
mm) using a gradient elution program. Mobile phase A comprised an aqueous solution of 10 mmol/L. ammonium
acetate and 5 pwmol/L methanephosphonic acid, while mobile phase B consisted of a 90% acetonitrile aqueous solu-
tion containing 10 mmol/L. ammonium acetate and 5 pmol/L methanephosphonic acid, with a flow rate maintained
at 0. 35 ml/min. The mass spectrometry detection system utilized an electrospray ionization technique with negative
ion mode for multiple reaction monitoring. Results The correlation coefficients of the standard curves for the six
tricarboxylic acid cycle organic acid metabolites were all above 0. 996 within the quantitative range. The method’ s
accuracy ranged from 97. 14% to 108. 26% , with inter-day and intra-day precision relative standard deviation be-
tween 1.35% and 6. 73% . The matrix effect was between 93.29% and 107. 47% , and the extraction recovery rate
ranged from 94. 82% to 112. 57% . Analysis of six tricarboxylic acid cycle organic acids in the liver, serum, and
placenta of DEHP-exposed mice during pregnancy showed significant reductions in fumaric acid, malic acid, a-ke-
toglutaric acid, cis-aconitic acid, and citric acid compared to the control group (P <0.05). Conclusion The
HPLC-MS/MS method established in this study for detecting six tricarboxylic acid cycle organic acids in the serum,
liver, and placenta of DEHP-exposed pregnant mice is stable, highly sensitive and selective. Prenatal DEHP expo-
sure induced alterations in the levels of tricarboxylic acid (TCA) cycle organic acid metabolites in the liver, ser-
um, and placenta of mice, suggesting that DEHP exposure during pregnancy may interfere with mitochondrial TCA
cycle processes. These findings indicate potential value in the diagnosis and treatment of diseases associated with
prenatal DEHP exposure.

Key words tricarboxylic acid cycle; tricarboxylic acid cycle metabolites; high performance liquid chromatogra-
phy-mass spectrometry system; pregnant mice; methodology; DEHP
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