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(Abstract] Objective To explore the effects of triple needling on the metabolism of acute gastric mucosal injury in mice by

using 'H nuclear magnetic resonance spectra ('H -NMR). Methods A total of 24 SPF mice were randomly divided into
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a normal group (C), a model group (M), a Zusanli (ST36) group (Z) and a Sanyinjiao (SP6) group (S), with 6 mice in each group.
After one week of adaptive feeding, an acute gastric ulcer model was prepared by the restraint—cold immersion method. After
successful modeling, the Z group and the S group fixed electroacupuncture @4 Hz, 50 Hz) on the mouse board for 30 minutes, and
perform electroacupuncture at Zusanli (ST36) and Sanyinjiao (SP6). The C group and the M group were fixed with a mouse plate for
30 minutes, and all mice were intervened once a day for 7 days. After the intervention, the morphology of the gastric mucosa was
observed under the light microscope; the "TH-NMR spectrum of the mouse gastric tissue was detected. The differences in metabolites
were analyzed using pattern recognition methods, and the orthogonal partial least squares discriminant analysis (OPLS-DA) model
and independent sample t test were used to screen potential bio—metabolic markers with P<0.05. Results In the C group, the
structure of the gastric mucosa was intact, and the epithelial cells were arranged neatly, and no ulcer was seen. Compared with the
C group, the gastric mucosal epidermal cells of the M group were shed and the ulcer focus was obvious, in which the content of
choline and ethanolamine increased (P<0.05), and the content of glycerin, alanine, glutamic acid and glutamine decreased (P<0.05).
Compared with the mice in the M group, the inflammatory cells in the gastric mucosa of the Z group decreased and the epidermal
cells proliferated. The content of choline and ethanolamine decreased (P<0.05), and the content of glycerin, alanine, glutamic acid
and glutamine increased (P<0.05). Compared with mice in the M group, the gastric mucosal epithelial cells in the S group increased,
and granulocytes and mast cells decreased. Choline and ethanolamine decreased; glycerin, alanine, glutamic acid and glutamine
increased, but the difference was not statistically significant (P>005). Compared with the S group, the structure of the gastric mucosa in
the Z group was relatively intact, with neatly arranged glands. There was no obvious congestion and edema, and the ulcers showed
an obvious healing trend; choline, ethanolamine, and alanine content decreased (P<0.05). The contents of glycerol, glutamate,
and glutamate aminoamide increased (P<005). Conclusion Electroacupuncture "Zusanli (ST36)" can effectively regulate the expression
level of gastric related metabolites in mice with acute gastric mucosal injury, promote the repair of gastric mucosal injury, and
restore the stability of metabolic pathways.

(Keywords) acute gastric mucosal injury; '"H-NMR; triple needling; electroacupuncture; Zusanli (ST36); metabonomics

B R 5 22 O AR OC AR I R R B,
R 2N 5 B e K SR A G R AL &R
Guw UL, HE— 20 R R T S EUE B SRS R
PR AL AR SR AL O 2 A
P 1) B 2l R R R 1 B RO R
7o 2 R AR AR A i I PR B4 R T ) T L A A
J5i Jrd TR B R AR G B R W NN B A A 3R
AL, BE AT Az A A IR B, 51 0 A G | a2
A AR YT B AR O S HGE B 2 B ST AR
Hleim R HL AT B 2 Basgh B AARANE M A [ E
3 25 R RE S B 55 R WS AR S R —
TG BT T3k, FER AR R RS - A8 AL 19 IE
LR — B, AR A A (R AR CECRD — 4
M =157 808 0 55, SO fig = & Ay i
SiR I 22 2% AT AR R I Dk, )T St e e B A
LRI PN (R NUEVE/

AR L~ A 0 A Wy s A i P A AR W R AT
R P2 M 22 B, B AHILAAR 8 8 AR AQ IR 2
56 A W R A BN BEASE ™ W ) AR AR 5 R
BV S RE R — Mo 6 eI AR F-Be

A= B ik F AR 2 % F 0 35 AR 6
T — T I B R (GC/MS ) T 0 33 — I i B 5
A (LC/MS) B g 3% (NMR)FHE A, Hodr NMR $ A&
S i 1K S AR AR T R e R B P R AR
P0G 8 o3 B 04 U T DL S (R T it e A 1)
Fi e 5 & 0 RS 2 B H WL A TR

AT A, HEHWNSZE
RZA AMEMZE, 25200, 5 HMXERED,
=PSRRI R B R B B 2858 207, e IR
IR R 2 5 R I B 2 o R L IR
MAGE, FEBEA B, 76 D) Al L AR5 A B, AR 38 SR 9 57
I = B O S T AR 5 /0 B AR5 e S A
B 8 A A5 18 52 19 43 T B

1 M8 57%

1.1 SEshy)

SPF Z ik KM /MR 24 BB 6~8 & | 4k
it 18~22 g W H R ICSLI s Wyt S8 3 A 4
WES . SCXK(5)2014-0004 , 75 J& '] K 2452 56 sh 4
OIE R PSR 1R G 3R TS50 Rl R E I (202) °C,



1234 W1 p T B2 25 K 2425 4 hitp://gkzzs.hnuem.edu.cn

2020 55 40 &

HIXHEIE (65+5)% , [ SR G IS JE I A S 56 5 9K
E TR A S8 s e PR 2 b S ot e, 9F BLAS &
B KB R A 0 (O T R LB sh W 1 48 S 1k
DTN R
1.2 el 5hbr

i MM 7 R 28 24 N I IE #4185
R JE =B SRS A 6 H L iR R 1
JEJG AT R 3 A T, R = B R = AR A
FH BRUM [ 22 I 43 Sl f&T (4 Hez,50 Hz) /2 = HLUHI =
RS, 7 v 575 52 0 A 2 ARSI A A4 22 2%
T4 Bl ) 7 A S A7 8 Aol P L R — R P T TR
BH7 51 (018 mmx13 mm)f7 5543  REEZ M5 mm,
HEHE HL AT TR YT A, P AR 2 43 4 — 0 i 2 = LY
5 =B A 7 R B I (BRI 8] 5 s %% I )
10 s, kM 2~4 V, Bk SEE 0.5 ms, i 4 Hz,
WU 50 Hz), 58 LA 4T ST B R B
FFIFEI30 min, 1F 5 2H AR 20 B T2 30 min,
PrfFHiaEHE 1,37 d,
1.3 &k

SR FH B 28 T B AR 46— Rk Ny Sk A
BRI AR, AR /N RS AN AR K 24 b, R
I8 7 7 BRI A K AR P, K A3 B G 58 A, K A e
TREFTE 20 °C,10 h J5 MRBR IR A PSS/ N LT
DAk Ab B8 4 4 1, 0 R B T R R s, IR
A S AT O 286 M 41 € T i | 22 Kb BE IR BE RS
AT DL R AR | A T A R | L B A s D)
Tt BA R 5 ] B 2yl
14 FEACRAE 54

PRACRAE Z I, 25 4 /N RIS EE R 45K 24 b,
ZJET LA 10%7K 4 & (0.3 mL/100 g) 1 s v 5 Rk
fie B P VK2 b TR TR e O A U R
ST 0.9%4: BRERKIE BE, TVK)Z P Al R IT,
PURIRBE SBE R S P BT 2 emx2 em 41815
A 4%% B HEE P E E 24 b R4 B AR B b 4
OB AT, 25— A-80 CIKFIIRAE .
1.5 WEAEIR 55k
1.5.1 JeUERE AN T-80 CUKATHUE 2 emx
2 em HLURIFTE-20 COKA AR, Z )5 B T k2
EARHABET N 1 emx0.5 em KN, 5 B4 b f 1
PR T MR 2 T HR B EETRS DAL SRR

K g IR IE Ve 2 R Uk B 5 IR R A IR, A L 55
YR, T TITESR.
1.5.2 R AR I E FBA 2 F-80 CukFa
BUL AL HOIFAE-20 COKAE gk, Z 5 & T k2
b P RSEFREL(100£10) mg AZUA 1.5 mL G
W B0 (EP ), 843 BYRE S A 300 mL
WZE K (ddH,0) F 600 mL HEE iR HER & 30 s, 5]
WARI LI B 300 mL 54075, 17E30 s,
#75 5 min, &0 (15 min,1 3000 r/min,4 °C),H
LW 650 wL B A 1.5 mL Y EP &, &Y
FERRUKZ T84 o Z 5 F AR e 4 58 4 T
AN 0.015% &5 0% F5URL (TSP) 1) T 7K (D,0) i
600 WL, #5520, 0 500 pl A 2 THEAYS mm
NMR &, 35 442 5 18, 3% 2 Bruker 600 MHz )t
AL, K H Carr—Purcell ~Meiboom —Gill (CPMG ) ik
F 50 HARF S 80 8 O 3l 58 12.019 kHz,
SR ] 320 ms, £ AL 64 1K, Fid 54 LB=0.3
Hz,PW=30 C(12.7 ws),RD=1.0 s, A Q5%
FEZRARIH B (http/iwww.hmdb.ca/ ) £ 4% .
1.6 Giit=#or#r

ik MestReNova V9.0.15kf4:(Mestrelab Research,
Santiago de Compostella, P4 BE 25 ) Xif 2 ZURE & i A 4%
il AR 0% H R ("H-NMR ) 1% & i 47 3 42 5 1E A
ALV LL 0.0 ppm &b E TSP Hg/E R 2% | b )
XF BT A i AT I X 55 BB BR & 4.67~4.95 ppm B LA
HEBR K B2, 3% L 0.01 ppm B2 K FE 8 0.76~
8.99 ppm 1 XA FEATFLSY , 444435 19 AU
HEATIA— 1k R 56 0 — L5 5 A SIMCA-P 14.1
At Z ouge it B . e E L 43 (PCA)
X i A ) AT O Y 2] 43 K R T IE A8 i i
N AN HT (OPLS-DA ) fie K AL 41 [R] 25 5 [R] B
OPLS-DA #5 A 3 ik 45 Y 38 )37 P (R2) FH 30 R
(Q2) W S HORVEAR , 38 FH S—plot Bl 43 H7 ¥ 7 1 A5
i BJE ARIEEEAR OPLS-DA AR B 2 (VIP=
1)LLK ¢ K555 (P<0.05) O LE 1 AR W br 540 .

2 /R
2.1 /NEUE RIS U H e I
TR /N RE B L R SE R b AR HE S



5510 W

#o ™A JET 'H-NMR BT 57000 0 2tk 1 R840 /0N BRI 14 2 i

1235

5, IR HE S TR AR RN IE K UL 35t 95 PR
(1 1-C), BRI /)N B 0 L B P 35 9 |
5% 40 PR B 2 R B A IR, KRR AN IR AE TR |
PRHEZN ZE L, I B R 25 IR , LI A it 4
P20 i 32 10, 2H 2 1R] A7 AE B I 5T a5 K b (18] 1-M),
JB = L2 /)N BT R A Y S | IR 5 A T AT
HEZ) 3 55, HZURATS A /D 5 Ve At 32 1, JC W
FEA K AR (B 1-Z) o = BASS 270N B TS 6 B 44 g
AW BT A B R R T I A 4 A 5 2R
L, FE AT AT UL 48 P 240 M 322 31, 2H 285t MoK ik (1
1-S)

22 HAZREYFRE

221 HHZU'H-NMR & B LB HHZUA H-
NMR 3% 2 firs 3% B b Y 32 208 2 AR 48
AR 4 27 B0 1% (HMDB : http://www.hmdb.ca/)
O 28 & 2210 Sk DA S A 354180 4 iy 9 o AR 3R 11 0
JE A ), A 17 R BRI W 1,
222 BHLRMERE SN BT 'H-NMR % &
(52 2k A IR ISR 45 2 =2 1) 25 S O AN | AT
BT A% LB 1 25 S A0 S A PR AR 4 OPLS-
DA X £ 28R S AT R b, Hok F R E R 4 S
MR BRI SR = R =R S =HcdH
] T BB A7 AE R AR o 76 B AU ARgHRE AR o mT A

T CLAE# 4L MU AL AL 748 = AL S = B 524
B NRBRHEREALER(HE )

x1 MRBEHLR 'H-NMR GBI & ETEREKEY

60 55 50 45 40 35 30 25 20 15 1.0 05
1 (ppm)

VE o 1 WG 52,08 R FH IR 5 3 M0, 5 4. FF B 5 5K A BEAG 5 6. H i 5 7. 2%

SR 5 8 BEFR LIR ;9. 79 &R 5 10. K & &R 5 1173 UM 5 12,4 = Ik e

13.FLAREE s 14 B RER 5 15 MUAR S BE R A8 11 5 1648 I 1Ak 5 17 L7
B2 MNRBFE 17 MHEY 'H-NMR & &

K5 R L2k JRRAIE 5 ]

1 TRk 3.15(1); 3.84(1) CH.NH; CH,OH
2 NIRRT 1.23(d) CH,

3 g 3.20(s); 3.52(m); 4.07(m) CHy N-CHy; O-CH,
4 HIEE 3.36(s) CH;,

5 KA 2.88(dd);2.96(dd) B-CHy; B-CH,
6  Him 3.56(s) CH,

7 R 3.83(dd); 3.96(m) CH; CH,

8 WRIRIIR 3.93(s) CH,

9 HEHEMmM 1.48(d); 3.78(q) CHj;; CH

10 REHEM 2.69(dd);2.82(dd) B-CH; B-CH,
11 AW 2.05(m) B-CH

12 AHEBR 2.14(m) B-CH

13 Flmh 1.33(d); 4.11(q) CHy; CH

14 BERRER 1.92(s) CH;

15 WAREEREE A 0.89(br) CH,~(CH2)n-
16 A MH Ik 2.17(m); 2.55(m) B-CH,; y-CH,
17 W 4.28(dd); 8.22(s) CH(5); N-CH=N

bes ;sﬁﬂl%;dﬂlil"%;t.?ﬁlﬂ%;q.lmim%;m.%iﬂl%;dd.ﬂﬂﬁlﬂ%;brﬁm%



1236

W1 F T B2 25 K 2425 4 hitp://gkzzs.hnuem.edu.cn

2020 55 40 &

FLUL LA A5 2 2 1) B A W i B A, A AT 3-A T
A H T 2 5 OE R 2 o> B LU B e, fE 1A 3-B
FIEL 3-D v m 2 22 1] A2 5 A dek , 7R 1] 3-C
R 5 =S4 IF R R B W0 8

ARWFFE IR I 17 AR 2 SR, bR
B £ BERE CH O YR AR AT 2 R A A5 4
1k K A AR fb R S—plots 38T & ¢ K46
PEATHE— 25 (4 HB o B, AR IBE 1) S—plots P L ]
4, SRR B IE R AU B2 R AR 2 I
I (P<0.05) , Hih [ WETR A &R A AW &
I8P (P<0.05) (WL 4-a) ; 5 BER AL/ UM EE R
= HZH A | £ B R /D (P<0.05), H ol (N
H N (P<0.05) (WLIEl 4-
AR B | 2 W98 /b | H
i m B (H 22 5 1 0

%
i3
/ﬁ/\

L

Gl L(P>0.05), = B4 =4l ik,
HELBR | 2 T i 5 H /b (P<0.05) , Holh &R A2
R 4 S ERE & B3N (P<0.05), M3 2 &4/
2 SR 0 VIP (SR PAE AT LA 6 Rl AEAR
AN TR A0 L i 22 St R 5 = A AR
M2 TG E X (P=0.762) ,7E El 4—c T Ay
R,

3 it

BB E 2N R ZRES5HIRK

B LR , J— R A W2 P W e
Wi 5 B 3 P38 0000 I 1 55 SR B 42 12

H R S I E 200 30, BE IR T 1B B U B A Tk
A AR AN RSB AN A5 A i AR R T A A 5 U A
BHE 2N Rt B R R O s 1,

®2 BAMREZRNKEY VIPE PELLLEK

2 [A] Lb 45 JIER T3 T i N2 R BHEMR A5 Bt B P1a
PR 20 5 1F H 4 4.157 4.725 1.999 1.528 1.381 1.518 0.030
AR 5 e = T4 3.114 3.406 2.202 1.586 1.586 1.772 0.006
R 5 = B2 4l 4.150 4.540 1.166 1.739 1.534 1.310 0.762
JE S =g 4.112 3.739 2.362 1.231 1.573 1.502 0.014
0.8 40
A B
0.6 30
oM
0.4 20 o
0.2 M7y 10
= ’ M@ = N ) K4 gy
T & = K¢
2 0 § W60 y7 Y A
g-02 s 10 k7
0.4 sz:ss -20
0.6 -30
T T T | 43 L L T T T LI L T 1
1 15 2 25 50 -40 -30 =20 -10 10 20 30 40 50
1.00035-1[1]
40
30 !
[ D]
T o3
= = 05 n
$ P T A (14
4 2 M6 M7 s nga
- .10
20
0
30
1 1)

1.06918-1[1]

TEKUE W 4 M S = Bl 21 s 28 = T2 A ARR T A FEAR R2X=0.575 cum, R2Y=0.332 cum, Q2=0.235 cum;

B Q3R IE % 41 5B 24, R2X=0.842 cum, R2Y=0.998 cum, Q2=0.821 cum;C L% #4115 = B3¢ 41 ,R2X =0.882

cum, R2Y=0.975 cum, Q2=0.863 cum;D fUFEAIAL 5 1 = F 41 ,R2X=0.847 cum, R2Y=0.992 cum, Q2=0.896 cum
B3 BREALR 'H-NMR Rift#£E# OPLS-DA 545 E

=

1.00041-4[1]



55 10 1 oW AE JET TH-NMR AR50 57 0 32 0 2 W B0 00 /0 BU A i) 52 i 1237
M1.picorn)[1) M1.p(com)[1]
‘ a . ‘ b i A A‘ A
Choline 08 4
L N il Glutamate
M A4 MhAA A 05
o A=A A 1 Glycerol
05 “ Ethanolami i =
& Glutamate Fthanolamine 4 \
= — 02
o g o
g 4 0 - | . o
Glycerol »G.Z: Ethanolamine o0
0.54 |
| 04+ |
1 A, 1 Choline Alanine |
Ndts oy 407 [ 4
R PSS s 4 | _ Al
Alanine Glutamine| ‘0‘8:
-15 — T T — 1T 1
-03 -02 -01 0 0.1 0.2 -03
pl1] -1
DS1K1
¢ A
o.s‘ Choline ™ d
064 AT A A 008 9
0‘4: (g2 i AA A:
4 Alanine b 8
- " .y " 006  — 0.5+
= . Ethanolamine =
S S
% E Glycerol |~ a0 %
02 & 004 0
044 4
g Glutamine 4 0.02
06 nine 4 ) 0.5+
- A ~Glutamate
-0.84 1
i 0
T t+——r-rr-r-r-rrT-r—t+-r-TrT-r-r-r-rrr58 =
025 -02 -015 -01 -0.05 0 005 01 0.15 02 -03

pl1l -002

pll] -03

Hra bW H SHRIA b ARAIH S R = B e BMAHS =2 d 2 =HHE5 =254 ; Alanine. N &
fi% ; Choline JHfif, ; Ethanolamine. £ FE NI ; Glycerol. H il ; Glutamate. 2% 2% ; Glutamine. 7% 2 Bt
4 INRAERS R S—plots B

“ THRET RS 4 MOREEFRVE SRR, (R
M EE ) CPUE S SR A A BA
FESUNGER  BUHE R S R AU RER 7
FRNE Z BHAE T AL 35 B R, fle Bk 22 25 A%
IF Ll BT 3 B O B ORI,

BRBEI I 2 R G —Fh S B
YAy VA 208 S, A 2 T U 2 A R R R A
BB I A ] o 5 2 M 7 245 B i 6 I ) 2
P 2 T A R Y, RSB PR = R H R
FEE T A0 N 24 R 2 1 o 445 4 6 R 400 i 5 5
P BT AR oA QR A 28 3 A 0, I a2 i
ST BN 32 BRI FY i A 0y 2 5 ) i
O3, B YT A0 I R S R S AR A S A S T REY
b 2 A 107 IR 5 R B4 2R Il AT AR Al
TR, O 2 M B B RE R, Y B R A B4 I 1D AR
Sy B R N, RN R 2 R RN N RS
55w - TN B RRIG R e FL3h Wb LA S H At
HA B FERNE N RER I, &2 A AR B E
AR I AE TN R B L 5 A% T 1 R B A &
R, N & MRSk AL, 2 505 4R T8 U R
PO 1% 22 A A 20, T g J2 B W9t s 1) o 22

o}
NOF
(G

BT, 5 AR R A B SRR FE ISR i A
Z e, MR A 2 i A A B 2 e B A 9
T AR R N AR AT R B SR B, B R
IS SR R A I 7 P T R, R Y JIEL R 2 e
Je e AR A AU b T N R A &R AR
POk M PH JC 1 4k 2 2 5 5 o AR 35 R e T TS
WG BB RN 2 B Rl A = B & i W] R O g
AR N AR AT ARG & I R % e ST
o5 HL A = B IR Bl el - P A 9 S LR
PR 225 ST AL 5 (2 1k 18 BRI R R, — s AR
JBE ARt T AN A, E I R S 2 AT B
= BASZ LA 7 A H O 1 A LB B, RO
Fe2E R R GETE 38 S0 A8 MO T 4 75 1 ) i 22 7l
Al Ak E BRI B A — R R SR Y
T EA AR FE 52 B PRI M 22 0 B Az s g = AT, O
HUIE %5 5

ZE LTI 508 2 0n] A R fie Bk Sk 1 A
it B AL A A5 R B, Sk R

405 2 52 T WL AR £ et 22 3 ok R A A QB ) 3
IR (B A R G 22 S5 ) O 45 5 18 B LA R AR g =2 )
(9 A 1A R G R H AT I NI A, DI, A S
9 {5 5 B 3 A AT S R R AL A 5 B9 55 1 D5 1)



1238 W1 F T B2 25 K 2425 4 hitp://gkzzs.hnuem.edu.cn

2020 55 40 &

S 2% 3Lk

[1] EHss, Bl —5F b 5 BR, 55 AT R I 8P 1 it A5 8 Ok B 3 1
B[P E 5 %,2020,40(5):526-532.

[2] 4F SR MG R AR (T A T AT RO = B N 3

TR B 5tz KBRS )R8 R R LB S D). v BR 25 R A 4R

2019,21(4):5-7.

T B, 2% R IR A BT A PNV N DR Ok 1 5t 9 K BRI T

SOD % 5 5 HiJ BE K 1552 0 fr) 552 96 B 52 ] BT 7% I IR 2% 75,2012,28

(5):53-55.

BE SR AL SR AR i IO T PE ()] BE A 2554 2010,16

(9):1300-1302.

[5] WA B, ) 25 20 A5 2H 4 K HCRIE 5 Ty 2k AN T[] 9 45 3 17
A4 A 2 35,2005, 14(1) : 59-64.

6] £ BLIL B 550 AR 2H 2 K H R ()] 92 1 B B M

JK % 7,2015,12(6):160-163,164.

SIS ST R M B AE O T R T SR S W R R SR )Y

WFFELI]. A R R 27 2% 412,2007,36(4):493.

[8] 2= M A S0 & Jo A [M]. AL 5t v ] v B2 24 14 Wi 41:,2003:314-319.

[9] PRADEEPKUMAR SINGH L, KUNDU P, GANGULY K, et al. Novel

[3

[t

[4

—

[7

—

role of famotidine in downregulation of matrix metalloproteinase —9
during protection of ethanol-induced acute gastric ulcer[]]. Free
Radical Biology & Medicine, 2007, 43(2): 289-299.

[10] GUTH P H, AURES D, PAULSEN G. Topical aspirin plus HCl gastric
lesions in the rat. Cytoprotective effect of prostaglandin, cime-
tidine, and probanthine[J]. Gastroenterology, 1979, 76 (1): 88—
93.

[11] Bt EAR X 8, % A b S 2000 B Btz KR E B A
SR 1% 3% 3K 1 7 [J]. AR o s 2 24 3K,2017,32(3):1033 -

1036.

[12] 5k 1, XU R AT 55 L AT AR 0 A0 B 18 S A I 28
F LSy FHURI ). o B B 52,2018,38(7):747-752.

[13] T g, s & 5 35 i PR R BIF e 0 ()], 55 1 o 12 25 2 5
2019,35(3):382-384.

[14] FRANCO R, SCHONEVELD O J, PAPPA A, et al. The central
role of glutathione in the pathophysiology of human diseases[]J].
Archives of Physiology and Biochemistry, 2007, 113(4/5): 234-
258.

[15] YAMAMOTO T, SHIMOYAMA T, KURIYAMA M. Dietary and
enteral interventions for Crohn’s disease[J]. Current Opinion in
Biotechnology, 2017, 44: 69-73.

[16] J e, 2 T A5 o o, A5 I AT A I M R U I BT
BRI Y 52 i [J]. 8 5% 2% 42,2014,36(4):371-376.

[17] GLIER M B, GREEN T J, DEVLIN A M. Methyl nutrients,
DNA methylation, and cardiovascular disease[]]. Molecular Nu-
trition & Food Research, 2014, 58(1): 172-182.

[18] NEELAND I J, HUGHES C, AYERS C R, et al. Effects of
visceral adiposity on glycerol pathways in gluconeogenesis[J].
Metabolism: Clinical and Experimental, 2017, 67: 80-89.

[19] PERRY R J, WANG Y L, CLINE G W, et al. Leptin mediates
a glucose—fatty acid cycle to maintain glucose homeostasis in
starvation[J]. Cell, 2018, 172(1/2): 234-248.

[20] MENG Q W, SUN S S, SUN Y C, et al. Effects of dietary
lecithin and l-carnitine on fatty acid composition and lipid—metabol-
ic genes expression in subcutaneous fat and longissimus tho-
racis of growing —finishing pigs[J]. Meat Science, 2018, 136:

68-78.
(ALthit E#HZ)



