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a-fi IR 2R PI3K/AKT SGEGE S T-TOIFIR iDL

TR 20 Rear 2 P LA g R Y T e 5k e
(" ZHEMRKFALTAPRIAFRLTZ,H0E 230032;° FRFEELFRBEEZR ALK
FTEEBDT AN 230032 HAADEEXFTHR T EEBT, A 230032)

WE BN BT o-BR R (0-KG) X 22 i 2 88 5 80T ORI BTUe R A i R IPVE I R PLI . F3%  SPF 94 8 Al b e
AFZEHT (ICR) /N, MERE 22 1 38 B 5 75 30 22 B3 32 1 K 2 BRUBE AL 20 4 4 - P IR A P2l o-KG 4 il +0-KG 2 o ZEATHRAE O~
16 K (GDO~GD16) , fifi 21 Al +0-K G 2H 5 K 1K 7K %% 55 WA iR 64 (NaAsO,) 15 mg/L, 0-KG 2 F1 i +a-KG 4 f H o-KG (2 g/kg) BFR
HEATHES o 7E GD16 WG BRFIE , M0 st 16 BRI UL £ 5 TR 5 50 S 21 43 B 0] R A ARV 20 R R 32 36 2 55 5 VRORH €5 15 - R DR IO 3%
12: (LC-MS/MS ) K65 I Jig BRUFFIIE S8 = kI (TG ) 7K P B I Y 5 T 2T O B (0 WS I IIEZH 2L AR Ak 5 S A o Tk 2R A5 it o2 R v
(qPCR )0 ey LB 19 ILIBSE 338t (PI3K) R 3G B(AKT) SR FRSARSC S MRk KT R Fspd e i s, 20
i 22 5% J5 S BUR T 2 144 AL KUR IR AT 1 675 A BP9 5 5060 BRALAR LU , Bt 261 Jif B AR S5 1 TR R AIR (P, <0. 05) , JFFAIE
TGs K- T4 (Py,,<0. 05) 5 THEL O Y A 45 F o, B W 5484 0 (P <0. 01) ; qPCR AN 25 2R 8 7 g Jo0 6 B0 AH DG M 3 5k
LI (P, <0. 05) , B4 A0 LA KL AR 0 R fiff A DG BE PR 32 38 T B (P, <0. 05) , PI3K AKT % 5 KPR (P ,,<0. 05) o 52 AR
L, i+ o-K G 2 iy BRUMR o Bt A IO B8 i (P, <0, 05) 5 JFIE TG K- REAR (P, <0. 05) 5 IHEL O Y (B 45 5 7, Figink i 2 s />
(P, <0. 01) ; I8 5T 5 AR SCHE PRI R8T 8 (P, <0. 05) , B-58 A0 LA B N BT A AR SC BE PRI 3R 38 E (Py,,,<0. 05) , PISK AKT %%
FAF EFH(Py,<0.05) . 8518 o-KG AT A RCZE A 22 i B 1 5 B0 AU AR ST O AR , HCAE FIALAR AT A 3 ik i PISKY
AKT W R BRI A S0 .

KB o-FASC R B B AR s PIBK/AKT s PR SO AR s 2201 2 8% 5 1R

fESES R4
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A P KG 1: g 7 14 19 (non-alcoholic fatty liver
disease, NAFLD) J& 4 5 V8 R 11 HC Ath B B ) 460 1
2R TR LU 20 A oA A 77 3k B2 0RO 32 SRR Y
G A ERLR G AR . BFFE R, A0 2T 16t BRI
Py e A UL i A% 45 24 A E & NAFLD 1 229 [
o WUE—F ARG R e AR T2
FEAE, FELR B FROKSE AR HET, T
KETE e R AR A S TR [ RIS UESE
s o 2 o 3 BOIR BTAC ZE WL . SR, A e A
#2 P ECT AU RS BT A 5 i AL R i R 7 42
B . -l 1% R (a-ketoglutarate , 0-KG ) J& = R TR T
Wy R R E R SRR 2

2025 -11-19 g

FEETH R ARRHF RS (4175 : 82173565 ) s BHRUE @ i T
THFZTET TR T30 H (48 % : DTR2023012) 5 4= A 17 fk
R T A S0 & AR A O 5 H (45 JKBK
20249)
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gk BT B, A B S E VRS, Email:
zhangchengdev@126. com

IR A TR, 78 2 P gt e rp & # E
YEF . AT £M, a-KG RETBT B I8k & o L 1y
FEEE BRACHI R AL &2 . M, AR SO SE 0-KG
Xof 2 3 B A 2 R BT AR IE NS AR 1 2R L 1Y
PR3 1 FH B HEHL L Ry A= 30 e 5 6 T 3 30
NAFLD (B i #8 H8T f B ARl

1 HRSH®

1.1 FERKH RN (55 S7400) F1 a-KG
245 :75890) W4 [ I 1A VG % 4 48 L 25 57 5 A PR
5] TRIzol IR (585 £ 15596026) 1 [ 11 FE 2K &
TR BHE 24 B 5 AT O Yl (1745 : D027-1-3) W [ 7
I A ) TR ST T 5 €3 9 i (625 34860-
1L-R) (3590 206 (175 : 34851-1L) Ml (A ik 2 %
Fis (595 . 34863-2. 5L) W [ 7 [ 2R 7 28 7] o
1.2 FEMEE  —EIUHAT B R L (L
AB Scientific Export 2], 45 : Triple Quad™ 4500) ;
1R TR TS (55 [ 2 A Agilent 24 A], ALY
Agilent 1200) ; /5 H VR 25O WL (7 [ SEARTEIR Ay 28
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A, 45 5427R) s A WA AR B A (T M 3R B 2%
AR T, RS Bioprep-24R ) 5 48 4l K3 (32 [ i K
Nl S Cascada TMI) s Z I HE DG B4 ( H AR
AR A KBS  BX53+DP80+Cellsens ) ; ¢ G 5E
it PCR X (FHit 1 % K Roche 24 7 , 1 5 . LightCy-
cler®480) .

1.3 ZhYHARSIE (@5 SPF 9L 8 Jil i Ja ik ir
BT 5% (institute for cancer research, ICR) /R4 H db
SR R AR A o M RS i 28~30 ¢, 2132 U M
BRI 36~38 ¢, 3 16 H o FREEIE A (50+5) %,
J& 20~25 °C, Bk H 12 h 6 IR/B R ER , A th gk & A
ROK o 30 R PSR 1R G, MERE S B 201 L AT
F,KH R RT SR AE IR, B EEHEIC R
GDO. 4 ICR 2 EABEAL 5> Fy 4 40 - X HRZH T4 L«
-KG 4 ifi+0-KG 41 , B4 8 . 7E GDO~GD16, iz
FH +a-KG 41 B KK /K 2 #8 NaAsO,(15 mg/L) , @
-KG 41 Fffi+a-KG 20 & R AfH o-KG (2 g/kg) #E1 7
B o EGD16 K}, Kl fifs B4 T £ AN 0B S, Ik
LR IR BRURFIIE

1.3 HRAZEHH XYL RRP 41552 44 E
HEURE a8 i g R A R A RS R 4R R
RNA J A7 5% Sl 2250 M1 . KL Agilent 2100 2E 4
AT AR RN A J5t i, BGE 555 RNA AR poly (A)
S5F9 53k R B mRNA 25455 | 9 Rt i St 4 1
95 —5% cDNA, DASS — 5 M BH & B3 — 4k . WS
WUEE cDNA JEAT A v 18 5 1 37 AR g A7 g, 3%
P 823, PCR Y3 DNA S, {# F Qubit A1 Agi-
lent 2100 Bioanalyzer 43 3Kl SC Mk B 55 SCPE v Bt

KB, EHLIE 3R A3 FASTQ 204 o LA Log v chunge™
1.5, P<0. 05 A by #E #F 17 22 S Ok 5 i 3%, OF 64T
KEGG UIRe & 45317 -

1.4 B=BHEHBAKERETRMGKRN AN
FREL20 mg G FFZHEY, A 100 L A= BRER K 174
MBS0 L AR 250 uL A AL ) (T fF
BE=1:1,%A 10 mmol/L B 244 ) , IR E 3 min J5 #5
1 h,s =T 14 000 r/min &> 10 min, & 2 5%
B 100 pL 35 T 3R, R FH LC-MS/MS 43§t
S B B I AR Y K

1.5 MOZOFE HAGFALUE T OCT i
EAT AL, (5 FH UK R0 R HLYD A 10 m A 2300
BT IR BRI O TR T YL (0, Ye o
SERE HEATE R, b2 U T WL SR 21 4 B
iR

1.6 SCEFFC3EEE PCR(qPCR)  FRHL 20 mg i
JFALZ, in A 1 mL TRIzol i 57 HEAT 50 3%, Bl I A
100 pL 1-3-3-SA N LE#EAT 2 B, 4 "C2&FF 12 000
v/min B0 15 min, BCEIF R 4 F5 R TS5 9 BEHT
HRNA, i A 1 75% LB 3EAT R % . % RNA
e B 72 B AE 500 ng/ul, 396 55 5% B cDNA J5 2E4 79 1Y
RN o A BT S AR TAEY TR (L
) B A RS /A 8, L8 A s | iy s n 3k 1
Fis .

1.7 SitFEE AU A RS AR Y
BabrifE 22 R . R SPSS 23. 0 #F kA7 % 7
Mo Z 28] bR R 3 7 2253 B (One-way
ANOVA) #4788 53 Br , R Tukey £ 5 3F — 20

&1 PCR3I#FF
Tab.1 Sequences of primers for PCR

Gene Forward sequence (5°-3) Reverse sequence (37-5")
18S GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG
Acaca TTCACTGTGGCTTCTCCAGC GACCACCGACGGATAGATCG
Acach CCGCTCACCAACAGTAAGGT ATGAGCTTGGCAGGGAGTTC
Acl CCTTCCCCGGTGAAAGAGTG GGGCTCAGGCTTTCTGTAGAC
Sedl CGGTCATCCCATCGCCTGCTCT GTAGGCGAGTGGCGGAACTGC
Fasn CGCTCGGCTCGATGGCTCAG CCAGCACCACGGCATGCTCA
Srebf1 CAGACTCACTGCTGCTGACA GATGGTCCCTCCACTCACCA
Ppara AGTGCAGCCTCAGCCAAGTTGAA AGGCAGGCCACAGAGCGCTAAG
Cptlo TTCCAGACGTCTCTGCCGCG GGGCCAGTGCTGTCATGCGT
Hsl GGAGCTCCAGTCGGAAGAGG GTCTTCTGCGAGTGTCACCA
Atgl ACAGGGCTACAGAGATGGACT AGGCTGCAATTGATCCTCCTC
Mitp AAGAGGAGGAGCCTGTAGGG AGGCCTGTGGGTAGAAATGC
Pi3k ACACCACGGTTTGGACTATGG GGCTACAGTAGTGGGCTTGG
Akt ATGAACGACGTAGCCATTGTG TTGTAGCCAATAAAGGTGCCAT
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WL o Py, <0. 05 FRIRZERA G L
2 #R

2.1 ZWMBZS|IERIERATH KIAZHE
R, 55X A AR L, fih 22 5% 20 15 S 2 R 20 %
ST A QNN SR TP NS S IR TR el 6
2 144 A FEH T, 1 675 AN BV (K 1B) .
KEGG WIfg & A 45 R R |, 22 7 L AE AR
JE W7 R 1 A 0 B IR T R ARG L PI3KVAKT {5 5 i

H R (B 10) .

2.2 o-KGHEZHMRERF S RFEER
TR S0 RRALAR EL A 2 AR BT 5 B (P, <
0.05) , a-KG #h 58 J5 #4657 i [ Tt (Py,,<0. 05) (&
2) o AL AH L, B R ALG BB KR R
(Pr,<0. 01) , 0-KG AN T J T T (P i,<0. 01)
(FR2). Lo geass R iR, S AAH L,
JEF U G 7% B S8 388, 1+ - K G L 0 7 P S ik > (1)
2A) ;AT A R o, 56 AL AR LG, it 20 A TR
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Fig. 1 Transcriptomics analysis of fetal livers

A: Heatmap of gene expression in fetal liver transcriptomes of the control and arsenic group; B: Volcano plot of gene expression in fetal liver of the

control group and arsenic group; C: KEGG pathway analysis of gene expression in fetal liver of the control group and arsenic group.
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BH b 1 B g 2 84 0 (P, <0. 01) , 1fif 0-KG #h 78 )5
ffl + o-KG 20 A i B 1 DX 3 T A I G 0 D (P, <
0.01)(&2B).

2.3 oKGEREZHBHEBESHMWAR =5
KN R LC-MS/MS $52 A A FTF = Bk H- 3l
KO, B 3A AR SR T R [R] 4H 22 8] =1k H 7k 42 Fh
i 5 50 7K -, A 455 16 g 7 TR BN T R g 7 7R
MEZARMARIERR . K 3BACE T 8 =B H K.
SRR, ST RLLM b, R R A R N S B
MK T 5 (Prig,<0. 05) , a-KG #M 78 J5 FEA T JFAE
= H K- (Pr,<0. 05)

2.4 oKGR3ZZ R E S 500 B RIS R
RIGTFAL I 4A 555 /R L AR 51 AR 56 6 8
F IR By IR LA AR BTG BOR DG IR, 4n & 1k
G A R AL BT o (Acaca) . & T 5l B A F2 3L B
(Acach) \ ATP i iR 4 ff g (Acl) O S LA A 25
TRLFTE 1 (Sed1) AR 5 PR 4 i (Fasn) I B 55 70
PEE5 G 17 S 1(Srebf 1) 5 B-48 AU AR OCHE R, it 4
&40 il A 314 58 0 0T 32 1A o (Pparal) 1 PR BUA A Tt
SR WG 10(Cpel o) 5 JHF IR BT R gt AH DG T, i
2 BURRAR i 8 CHsL) R0 AR 17 = 1% H 3 B 077 18 (Aegl) 5

LK g 0 2 38 A DG R SRR AR — Wk H R A B R
(Mup) . 4B ILHFIRE B R Eon , 50 AL
He, BB B & UM S FE (A Acl | Fasn | Srebf1 3¢ 3K 11
(Pyx,<0. 05) , B-5AALAH X IE A Ppara, LA KA J5T 5 £
MISCHE DR Hsl A1 Argl 3635 T [ (Py,<0. 05) , a-KG £b
T )5 W8 T Acl, Fasn . Ppara., Hsl ., Atgl %% [ 3% ik
(Pyx,<0.05) .

2.5 o-KG EEZ 35 R E IR PI3BK/AKT
ESEBHIMEER qPCRESEB/R(KS), 5Xt
WEZHAH L , B 8 57 )5 PI3k FIAKT mRNA 635K 1
T BE Py, <0.05) , AHES T fift B2 2 21, i +0-KG 21
PI3K Fll AKT mRNA 3% ik /K F i 2 b (P, <
0.05) , $&7R b 78 o-K G I8 22 S0 B 1A T 2% 5 o) i B
JHFIE P PI3K/AKT 15538 % 4 il

3 itig

B AT AE RS s R MBI R, A
ZAEZREIRIE T R KA T5 G, g i 5 A4
ZUIWHO) BLAE B9 OK i ik B2 1 42 e (T . A
FFEILEE S, 28 ) 2 e i A AR I LA o A T
K, S REEMRE YRR 258 T EBUR B L T AR

x2 BRBRHEREZEER(n=8,xs)

Tab.2 Growth and development indexes of fetus(n=8 , ¥+s)

Variable Ctrl As a-KG As+a-KG F value P value
Body weight (g) 0. 76+0. 01 0. 70+0. 02" 0. 75+0. 04 0.74+0. 01" 7.205 0. 002
Crown-rump length (mm) 19. 12+0. 68 17.77+0. 51" 19. 03+0. 39 18. 86+0. 49" 8.510 0.001
'P<0. 05, "P<0. 01 vs Curl group; *P<0. 05, #P<0. 01 vs As group.
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Fig.2 a-KG alleviated gestational arsenic exposure-evoked hepatic lipid deposition in fetus

A: Oil red O staining of the liver tissues in fetus X400; B: Quantitative analysis of Oil red O staining; ™ Py, <0. 01 vs Cirl group; ##PTUK!:»<0' 01 vs

As group.



ZEAKFFIR Acta Universitatis Medicinalis Anhui 2026 Feb;61(2) + 229 -

A Ctrl As a-KG AS+0-KG

B
6_

3 *
2 T
1
0 T .
-1 T 4l

5 4 T T
2 i)
3 3

£

£

3 2t

H

Ctrl As 0-KG  0-KG+As

B3 BaEFH=EHE Rk FETL
Fig.3 The level of total triglyceride in fetal livers

A: The heatmap of triglyceride; B: The level of total triglyceride; TGs: Total triglycerides; Py <0. 05 vs Ctrl group; F Py <0. 05 vs As

group.
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Fig. 4 The expression level of lipid metabolism-related genes in fetal livers

A: The heatmap of lipid metabolism-specific genes in fetal liver; B: The mRNA expression level of metabolism-specific genes in fetal liver;

: P, <0. 05 vs control group; * P, . <0.05, # P,

TuKey TuKey

A BUE K SZBR—20S 9 il o] B o A Ak 1 TR
SE TR TR, B A AR i e 1)
KU o ASHIFSE & 30, 2 3 52 58-S B0 BUTF DR B
PR AR 3 D] 5 83, A1 255 B2 T LC-MS/MS i

<0. 01 vs arsenic group.

718 6 BRI A R B =1 H il P 3 Tk PR
2 Y 2 5 S S A QUTP I e AR i D TAR, 5 A
WFFEEE R — B UESE T 2 2 % AU AR
AR BT R
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Fig.5 The expression level of PI3K/AKT signaling in fetal livers
P <0.05, " P,ruKe“,<0. 01 vs Ctrl group; #PTHKE“KO. 05 vs As
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group.

o-KG 1B = RRIGA I S Rk, 2 S5hE =
AR AL R SR A s AL B BT
W1, SLC7AI1 3833 FEAR A R EE AP #F o-K G/ 202
FRALHE (PHD ) 76 4 , WTI5E NAFLD B & J& . 55—
FRI, o-KG #b 708/ /N R I it 14, [ A1 o
A BE A 208 TR BT . A9 R BIL, 42
AN 7S 0-KG i 25 B I QU E =156 H v 7K~ F g
TR PR o-KG X2 R AR 2 58 3 30U
WERE BT B R YE T o ML |, a-KG bR idife T
375 T 0 R A Qi R 25 L (A0 98] Acl . Fasn . Srebf1 ,
T Hsl Atgl) WK T Rg AR A

PI3K/AKT A5 538 B AEAS 5 7% S RN 20 L 34 5 94
T AR RIS AR 8 A A Py el R R ol A
FHUS S AR EE ST B, 2RI R R S TR
JHFWE H PI3K/AKT 38 % & 3% & 4 , H PI3K il AKT
mRNA KR KF & TR, T 0-KG 478 J5 i 5 iX —
Bt X 5 REAEMT ST — 2, Q0 e IH A i A A e
V5 1 25 32 14 3(PAQR3) WG PI3K/AKT {5538 i,
K ALEE 1 85(NUPSS ) il &3 ] 15 PI3K/AKT {5538 %
W FRUTR ek, 22 B R N A B O
PPI3K/AKT/mTOR F 75 5 K 7 1105 2 A4 K
K (HIF-1/VEGF ) 9835 2 Iy 98 A 15 14 A OC i i
JHF 9 975 1 U B i A8 TS . 3 B o-KG A 3 i
PI3K/AKT {5 53 5 4% A A I o, AT i 55
A5 3 1) JHF g S A

AT —E B R R . 15, R A
FEUESE T 4P IE o-KG X REAR A 2 55 iy 80710 IERR
LR AR E T, (B AR RE 58 2 HERR N T a-KG AR
Wk e . R, BAR A 5T 45 R R W
PI3K/AKT {55 38 P& 75 0075 5 19 JHFE W A o DO AR rp &
FEICHEAE ] AE 3K — 45 14T 75 8 i B 42 1) i DAL
BRAZI K — L WE . A, AR EERE T o

-KG P PR-AFT RN B L4 F-HILTH A 4 R A
ALRB IR AR o AR MBI FY AT 25 i o AR i 4 2
Sy M4 T PEA a-KG b FE X TR A 4 A AR o0 265
1Y 5E 0, FEAS [7] % & B Beif 5 o-KG 1 1 4 91 %
N o IX TR A FOR AT B T 5 4 1 b R AR o-KG 7E
Uk B B IR B

25 bR, 2N 9 a-KG 1] 5 35 R R R S
TR WEAG B O, 3 — G ) 32 2 3 A
¥ PI3K/AKT 38 [ PR &2 I WE i A Ao S o 52 3 .
o-KG i i 36 PIBK/AKT 15 5 18 %, Wi s e 32 52
) BR AR A S HE P TR 2L, L HE T IS A AR
I DR A k| [l s 9 i ik A S 3 PR G 3Rk /K
o MHZURHR - R E , o-KG T AT B i i /b
JHF 4 ML PR T AR R R AT = 6 o . X
SO BUARAL B T o-KG i i PI3K/AKT 38 103 g
AL 7 AL, B 8 A RS ) T
S A 5 17 5 7B AN T R A TR
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a-ketoglutarate ameliorated arsenic-induced hepatic lipid deposition
in offspring via PI3K/AKT signaling pathway
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Abstract Objective To investigate the protective effect of a-ketoglutarate (a-KG) on hepatic lipid deposition in
offspring caused by arsenic exposure during pregnancy. Methods 8-week-old institute of cancer research (ICR)
mice were mated in a ratio of 2: 1 between females and males, and the detection of vaginal plugs confirmed preg-
nant. A total of 32 pregnant mice were randomly divided into four groups: control group, arsenic group, a-KG
group, arsenic+a-KG group. On gestational day 0~16 (GDO~GD16) , the arsenic and arsenic+0-KG groups were
exposed to sodium arsenite (NaAsO, , 15 mg/L) in drinking water everyday, and the 0-KG and arsenic+o-KG
groups were gavaged with a-KG (2 g/kg) everyday. On GD16, pregnant mice were euthanized to collect fetal liver,
and fetal body weight and crown-rump length were measured. Gene expression differences between the control
group and the arsenic group were analyzed by transcriptome. The total triglycerides (TGs) and subtypes in fetal
liver were detected by liquid chromatography tandem mass spectrometry (LC-MS/MS). Oil red O staining was used
to observe the histopathological changes in the liver. Quantitative polymerase chain reaction (qPCR) was used to
detect the expression level of genes related to lipid synthesis, transport, and degradation, and phosphatidylinositol
3' -kinase/ protein kinase B (PI3K/AKT) in the liver of fetus. Results ~Transcriptomics analysis showed that 2 144
genes were downregulated and 1 675 genes were upregulated in the arsenic exposed fetal liver; body weight and
crown-rump length were reduced (P, <0.05) ; the level of hepatic TGs was elevated in arsenic group (Py.,<
0.05) ; oil-red O staining showed a significant increase in lipid droplets in arsenic group (P, <0.01); the expres-

sion of lipid synthesis-related genes were significantly upregulated (Py,,,<0.05) ; the expression of f-oxidation-

related genes and lipid degradation-related genes were downregulated (Py,,,<0.05) ; the expression of PI3K, AKT
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decreased (Py,,,<0.05). Compared with the arsenic group, the body weight and crown-rump length of fetus in-
creased in the arsenic+0-KG group (P, <0.05) ; the level of hepatic TGs decreased in the arsenic+a-KG group
(P,

lipid synthesis-related genes were downregulated (P,

<0.05) ; oil red O staining showed lipid droplets significantly decreased (P, <0.01) ; the expression of

uKey
ke<0.05) , the expression of B-oxidation-related genes and
lipid degradation-related genes were upregulated (Py,,<0.05) ; the expression levels of PI3K and AKT increased
(P1x,<0.05). Conclusion 0-KG alleviated hepatic lipid deposition in offspring exposed to arsenic during preg-
nancy through activating PISK/AKT signaling pathway.

Key words o-ketoglutarate; arsenic; lipid metabolism; PI3K/AKT; liver lipid deposition; gestational exposure;
offspring
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