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Screening of Potential Biomarkers for Chronic Atrophic Gastritis Based on Urine Dynamic Metabolomics

XUE Qian-qiana’b , QIN Xue-mei*"” , LIU Yue-tao"" " (a. Modern Research Center for Traditional Chinese Medicine; b.
Shanxi Key Laboratory of Effective Substances Research and Utilization in TCM of Shanxi Province, Shanxi University, Tatyuan 030006,
China)

ABSTRACT: OBJECTIVE To explore the mechanism of chronic atrophic gastritis ( CAG) and screen the potential biomarkers.

METHODS CAG model was established in rats by using sodium deoxycholate solution and aqueous ammonia solution in combination
with hunger and satiety method. After 10 weeks, the plasma and gastric tissues of model rats and control rats were collected to detect
plasma biochemical parameters and pathological conditions of gastric tissues. The urine of model rats at 0, 4, 6, 8, and 10 weeks was
collected during modeling, and 'H-NMR technique was used to monitor the metabolic profile of urine in different modeling periods of
CAG rats. Multivariate statistical analysis method and relative distance formula were used to describe the dynamic changes of its meta-
bolic profile. RESULTS  Significant differences in urine metabolism were found between the control group and the model group at the
8th week. Eighteen potential biomarkers of CAG were screened out, which participated in the biosynthesis of valine, leucine and iso-
leucine, TCA cycle, gut flora metabolism, glycine, serine and threonine metabolism, fatty acid metabolism, purine metabolism, and
urea cycle. MetPA analysis demonstrated that glycine, serine and threonine metabolism, TCA cycle, valine, leucine and isoleucine bi-
osynthesis are the most important metabolic pathway for CAG development. CONCLUSION The pathogenesis of chronic atrophic
gastritis may be related to the changes of glycine, serine and threonine metabolism, TCA cycle and the biosynthesis of valine, leucine
and isoleucine. This finding laid the foundation for the study of the pathogenesis of CAG.

KEY WORDS: chronic atrophic gastritis; dynamic metabolomics; potential biomarker; mechanism research
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KB SOD [y [ (MDA) 1) & &= U & H
AL H HE AR E J1{E (pepsin activity, PA) 3%
1o MR 1 AT I, BERVZH 29y 1 3K 9 SOD 7K F i 2
FEAI(P <0.05) , 1 MDA [ 7 & B I & T X B4l
(P<0.01), fE4RiE",SOD ] 75— & R b Sz ke
HUAHE B B 3R A8 9K/, MDA J2: i i S AL Y
L), v 5 R i A R ) A R
PR | 5O RS 43 1) T4 1 % e s T 52 S )
IEHETIRE. B, SOD JEHEREAIL, MDA & &34, w]
DA B RS TR 20 R BRUAR P 4R B H R R A S ER L
IeAh, 3% 1 P A B 8 S ) PA (E 3
TRE(P <0.01) , B & AR B FEeEE, 8§
B RAE B BRAET , 24 A4 i B B i, X R
A FAUXAE pH 5 LAUFEFEF T, HEL pH 1.8 ~
3.5 Z[AHE, Y pH E IS, B & H R R 250
P51, PRE,SOD MDA B PA {5 A8 k34 3E S48 1k
FURPEE RE R8T .
2.3 BALYALREELN

KEEF AL G E (K 2) Bos, 724 10
JEl % B2 BP0 B R 4 HE 3 o 5%, R D
¥ B2 T R R AR IE 5, IR R A0 2 2 )2
HeF) (B 2A) o BEARLZH KBRS 4 21 mT L 3 )2

600
control

400+

Weight/g
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0

0 2 40 60
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Bl xEAS A ARAEE AR n=8,5ts
Fig.1 The weight change trend of control group and model

group. n=8,x +s

R1 EHMAE AU AR SOD MDA X PA ERLIFI. n=
8,x+s
Tab.1 Changes of SOD, MDA and PA in control and model

rats. n=8,x s

Group SOD/U « mL~! MDA/nmol + mL~! PA/U « mg(pro) ~!
Control 194.48 +14.75 4.73 £0.48 1.46 0. 19
Model 173.62 +17. 14D 8.12 +0.93% 0.76 £0. 112

T SR H A, D P <0.05,2 P <0.01
Notes: VP <0.05, 2)P <0.01, compared with control group
-+ 1150 -
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Fig.2 Light microscope photos of rat stomach tissue section at

the 10" week

A = contro group; B —model group

T E 22K 2019 4R 7 J155 54 556 14 1)



(B 4A) X B (C) AL (M 354 8 Ji) B
I I S-plot K (& 4B) Hrffi i i VIP > 1
LG W) E HITEE YR S, &kl 718
FSTER AE AR S (4 Tk 2) o & iy
Br, A 8 Jil i R LR R o 57 52 R (lisoleucine ) |
o-fifl % — 18 ( a-ketoglutarate ) | D-H &5 ¥ -D-4j B p#
(DMG) . A — & ( malonic acid) . il & g ( sarco-
sine) | filf S B8 ( betaine) \ H 2R (glycine) . LR
¥ ( guanidinoacetate ) I JK #¢ % ( allantoin ) & & &
25 6 BR A R 25 B AIC, 70 45 24 IR (valine ) |\ 3-3% 5k
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A

3] Hc
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metabolism) . H & & . 22 & 2 A1 75 R R0 1 ( glycine,
serine and threonine metabolism) | ig I} 21X, 15} ( fatty
acid metabolism) MM {1} ( purine metabolism ) I JR
ZEEF (urea cycle) o
2.4.3  JRUGACHBEEE T MetPA S35 R BIR,
HHEMR 2 AR AN IR @ TR  TCA JH 3R A 41 2 R |
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Fig. 3 Changes of rat urine metabolism traits in different modeling periods( A) and the relative distance between the model group and

the normal control group at each stage of modeling(B)

C — control group; M1 —4™ weeks model group; M2 —6™ week model group; M3 —8™ week model group; M4 — 10" week model group
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Fig. 4 OPLS-DA score plots (A) and S-plots (B) from urine of control (C) and model (M) rats
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FT2 T H-NMR 3t A BRI 8 7 £ 4 A & 4 A7

Tab.2 Potential biomarkers identified in the rat urine samples based on 'H-NMR

No. Metabolites Moieties Chemical shifts viP Trend Pathway
Ul Isoleucine CH; 0.94(t) 1.63 1®  Valine, leucine and isoleucine biosynthesis
U2  Valine yCH;,vy'CHy 1.04(d),2.27(m) ,3.65(d) 1.23 T
U3 3-Hydroxybutyrate CH 1.24(d) 1.84 12 TCA cycle
U4 Acetate CH; 1.92(s) 1.29 1 Fatty acid metabolism
U5  Succinate CH, 2.41(s) 1.47 12 TCA cycle
U6  a-Ketoglutarate CH,,CH, 2.44(1),3.01(t) 1.18 R
U7  Dimethylamine CH; 2.76(s) 1.24 11 Gut flora metabolism
U8 TMA CH; 2.88(s) 1.40 12
U9 DMG N-CH;,CH, 2.92(s),3.72(s) .02 LD Glycine, serine and threonine metabolism
U10  Malonate CH, 3.12(s) 1.47 LY Urea cycle
Ull  Sarcosine CH 2.72(s), 3.60(s) 1.12 LD Glycine, serine and threonine metabolism
UI2  Betaine N(CH3)3, CH, 3.28(s), 3.94(s) 1.26 o
UI3  Glyeine CH, 3.54(s) L12 [
Ul4  Guanidinoacetate CH, 3.80(s) 1.52 1®  Urea cycle
Ul5 Hippurate CH,,CH,CH,CH 3.97(d),7.55(t), 7.64(1),7.87(d), 7.84(d) 1.26 1 Gut flora metabolism
U16  Allantoin CH 5.4(s) 1.66 1?  Purine metabolism
U17  Fumarate CH =CH 6.52(s) 1.53 12 TCA cycle
UI8  Trigonelline 1-CH,2/4-CH,3-CH 9.16(s),8.84(dd),8.80(d) 1.49 12 Gut flora metabolism
Toos — B d — XU 5t — =0 q - PO m — 2 H0E dd - dd W BORZT S0 IR HRE, 1 — AR, | - i 534 BR4L A, D P <0.05,2)P <0.01

Notes: s —singlet; d —doublet; t —triplet; q — quartet; m — multiplet; dd — doublet of doublet; T —metabolite increased, | —metabolite decreased, CAG group compared

with control group; )P <0.05,2) P <0.01, compared with control group

10 | — : ®
Glycine, serine arld threoning metabolism
8
TCA cycle
E) e r"’
4
Valine, Jeucine and}isoleucine biosynthesi
2 O
»8°
O
0 0.1 0.2 03 0.4

Pathway impact

5 R4 R B B9 MetPA 44T
Fig.5 MetPA analysis of urine metabolic pathway
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AR , S R R IR K K ™ i) L 24K
I BRTE AR A R b R E R BARK
HER LIRSS AR DL, 1H 5758 B R 2 — Rl AR WA 2E
i ) 28 HE R , T4 2 IR 2 — TP AR MR, AT T A
] AR AR, IX T REZ AN T7E CAG R ELURAE h A8
B HEA R Z—
TCA #EF ( TCA cycle) :3-¥2 3£ T & ( 3-hydroxy-
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butyric,U3) 3EIAMHR (succinic acid, U5) | o~ I} iR
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INIZIEES CAG By R VIAH O, W] LLYE SN CAG
BIER YR &)

Jig 8 T A (gut flora metabolism ) ; — FF Ji
( dimethylamine, U7 ) . = H1 i (TMA, U8 ) . & JR iR
(hippuric acid, U15) F1#H /2 B 5 ( trigonelline,, U18)
o E IR A IR 2 B R AR
AL A M T8 TR AR 2ok A T AR Y E AR .
B ERES B W H A A 3 B B A, 7E CAG
R B HE 35 M 3 R EA A O B ARG W 1
b, UL CAG BYIE 05 I T8 A 3 VIR 3R o

HaE MR | 22 2R A I3 A B (glycine, serine
F1 threonine metabolism) ; {Cif4 DMG(U9) JI& R
(sarcosine, U11) | il 3€ #% ( betaine, U12) 1 H & fig
(glycine,U13) Z 5 1 H &M | 22 & 1R F 75 & R
W IZAGEAR ATy TCA JE PR At 8 2 Ay A 1 AU AT
. WFIE R WY, LK P9 1 Bl SR 085 2 K B R
(ASA)FES R E IR, T E R BAE B BOR
PR, T3 AME R E , H &R T L) AR

HE 252055 2019 4R 7 H AR 54 545 14 1)
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W2 22 Z RN 2 B AT B A CAG By & ferh A &
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R Wit i (fatty acid metabolism) : fi % ( acetic
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1E CAG KRR P THE , & W] CAG K EUR IR X
B2 A

M4 it ( purine metabolism ) ; R #& 2% (allanto-
in,U16) J&—FPIEre fQ ™ ¥, PRI PR 4% 2 7 fE
PR AR IR T mACE 1 IE Y AR, I, DR
PR AMER BB IR S o A ST, B8
DT RE SR ARV, AT 30 CAG Y& %

RZE A (urea cycle) : N ik ( malonic acid,
U10) fI Z, 8 5 Ff ( guanidinoacetate , U14 ) 2 JR Z 1§
W E A . R R LUE O E R TH AR
186 B 0 40 A 42 2 D - O A A b ok
PRI B REE, T O-FOME 2R 88 1 1Y 2 27, a4l
TEPN IR AT AR O-SMH i A , DA T A2 20 Kt 2 1
TR I, A 2B 1k B R

3 3 i

VR Foe oy T WSO B8 AR PRI, LR & A
AL RS R BE S LR 25 R T T REAR A 1 BLH
At S it A7 i S e LA A AR AR AR SR
NMR FAH 18 1 22 45 1 18 R AN [ 1 A B R
PRIGREABEATASEIN , I 388 3 30 285 s 000 O By A s e
AL, AR A 8 TR BRI A R FE e
TS 10 J] (14 A 5 B AN 3l 2572 AL 1] S AR
BB A P R Y 1 B A AR A SR
LT

I TS 8 SRl O A B d5c R, IR AR S0 56 L
BETES 8 TR 0 I R BUR R H-NMR ]
TCRBLT 18 R SBORIIEAE YIS Y, i
XA R A B BT 72 LR M)A 5 9 19 sl 25 0 B, $ 5
HE ALY AT B 20 B A BE, 31X 18 Fif
YIRS EES 5 T 7 X NhEH . 4 Met-
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