¢ # % Chinese Traditional and Herbal Drugs 38 49 % 25 10 # 201845 A 2265 °

PRIRZ LR SAMPS 1R BVZEE I IE R BF LRI AR

s L2 7 om Y, RFARLL, AR AT, a4’
1 PR R H L, f KE 030006

2. PR TR, i K 030006

3. PHEESRER AL MES AT AAT, dEx 100050

# E: B il SAMPS B Z AL AR AR E R AR . 535 KA TH-NMR G2 2% A0
FHRBZHEA, WEEZHRMRUAREDFGE R, FHXREY 57 EERIET Pearson KELHT. 4558  SAMPS
AN R RN 31 A TRIEACEY, 5 SAMRI NRURHLL, 13 PR R A B AR . 2= R AR B E AR AT 4 AR
B RRER. BEBRMCERWEDEN, SER. @ RNt RGN, RRARAYE, A=A, B
BFRE AT I 10 A IPUE 210/ B SAMPS [l B #F 2 AEVE BT R 08, 10 B REIARN 5 B2 00 . AT s Rk
B, Christensenellaceae R} 5N AR HER .. HEFR. FREMRANRERRY RIEM; Dehalobacterium W )& 5 &R,
Planococcaceae ZERHFH S E MR R HAHI, 50 @I HFAPGEZN /DR SAMPS A8 S (F AL U0 A & T 10 AR LR,
N i s 2 25t ST SR A SR AR

KR Pl Z/NR; SAMPS: IR RE: AU Y EEEREY

HEDES: RI65.1 MHERFRERD: A XEHS: 0253 -2670(2018)10 - 2265 - 09

DOI: 10.7501/j.issn.0253-2670.2018.10.006

Fecal metabolome and gut microbiome alterations in a mouse model of senescence
accelerated mouse prone 8 (SAMPS)

LI Jia-gi’: 2, GAO Li', WANG Ke-xin' 2, ZHOU Yu-zhi!, QIN Xue-mei', DU Guan-hua’

1. Modern Research Center for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China

2. College of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006, China

3. Institute of Materia Medica, Chinese Academy of Medical Science and Peking Union Medical College, Beijing 100050, China

Abstract: Objective To investigate the alterations of fecal metabolites and intestinal flora during the aging in a mouse model of
senescence accelerated mouse prone 8 (SAMPR). Methods The 'H-NMR metabonomics and metagenomics were applied to
investigate the aging-related metabolic markers and intestinal flora, and Pearson correlation analysis was performed between
metabolites and gut flora. Results Thirty-one endogenous metabolites were identified in the faeces of SAMPS8 mice, of which 13
metabolites changed significantly compared with SAMR1 mice. Differential metabolites were mainly enriched in four metabolic
pathways: phenylalanine, tyrosine and tryptophan biosynthesis; valine, leucine and isoleucine biosynthesis; phenylalanine metabolism;
histidine metabolism. The results showed that the diversity of intestinal flora was significantly changed and the relative abundances of
10 kinds of intestinal flora were significantly changed in 10-month-old SAMP8 mice. Correlation analysis showed that
Christensenellaceae was positively correlated with phenylalanine, histidine, valine, isoleucine, and uridylic acid; Dehalobacterium was
negatively correlated with tyrosine, and Planococcaceae was negatively correlated with valine. Conclusion This paper reveals the
changes of fecal metabolites and gut flora in SAMP8 mice, which provides experimental evidence for the study of aging progress and
anti-aging actions of drugs.
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Fig. 1 Typical "H-NMR spectra for faeces of mice
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Table 1 Peak attribution in 'TH-NMR spectra in faeces of mice
S AN L/ B[] u
1 T 0-CHy, p-CHa, CH3 2.16 (t,J="7.2 Hz), 1.55 (m), 0.90 (t, /=72 Hz)
2 REEM  o-CH, p-CHs,y-CH, 5-CHs 3.65(d,J=3.6 Hz), 1.01 (d,/= 6.6 Hz), 1.27 (m), 0.96 (t,J = 6.6 Hz)
3 HIER a-CH, B-CH, y-CHs, y'-CH; 3.62(d,J=42Hz),2.27 (m), 0.99 (d,/="7.2 Hz), 1.04 (d,/= 5.4 Hz)
4 A 0-CH, B-CHs 1.33 (d,J=6.6 Hz), 4.13 (q,/ = 6.6 Hz)
5 WER B-CH> 148(d,J=72Hz)
6 TR a-CH, half B-CH, half p-CH, 5-CHz, 3-CHa 4.12 (m), 2.05 (m), 2.36 (m), 3.35 (t,/ = 5.4 Hz), 3.42 (t, /= 8.4 Hz)
7 BEBE  o-CH, B-CH,y-CHa 3.79 (t,J=6.6 Hz), 2.13 (m), 2.45 (m)
8 FUGE:  CH 241(s)
9 RXEE  halfa-CH, half a-CH 2.68(dd,J=9.0, 17.4 Hz),2.81 (dd, /=42, 15.6 Hz)
10 RAFERE  o-CH, half B-CH, half B-CH, 4,00 (m), 2.87 (m), 3.03 (m)
11 R B-CHa, 5-CHa, e-CHa 1.89 (m), 1.72 (m), 3.02 (t,/="7.8 Hz)
12 AR 0-CH, B-CHa, y-CHz, 3-CH> 3.76 (m), 1.90 (m), 1.72 (m), 3.25 (m)
13 H&E® 0-CH 3.57(s)
14 HEER 0-CH, B-CH, y-CHs 3.59(d,J=4.8 Hz), 4.26 (m), 1.33 (d,/=6.6 Hz)
15 JRmEnE 5-CH, 6-CH 5.81(d,J=72Hz),7.55(d, /=72 Hz)
16 JRHIE B-CH 7.34(d,J="7.8 Hz)
17 WHZEK  CH 6.53(s)
18 WeEmR 0-CH, half p-CHa, half p-CHa, 3 or 5 CH, 2 or 6 CH 3.94 (m), 3.06 (m), 3.20 (m), 6.91 (d, /= 8.4 Hz), 7.20 (d, /= 8.4 Hz)
19 HZER 0-CH, half p-CHa, half p-CHa, 4-CH, 2-CH 401 (m), 3.14 (m), 3.28 (m), 7.08 (s), 7.89 (m)
20 FHNEME  o-CH, half p-CHy, half p-CHa, 2 or 6 CH, 3 or 5 CH, 4-CH 4.02 (dd, /= 1.8, 13.2 Hz), 3.14 (m), 3.30 (m), 7.33 (d, J= 7.8 Hz), 7.43
(t,J="7.8 Hz), 7.38 (m)
21 PR CH; 1.92 (s)
22 KEWEWY  N-(2)CH=N,N-(7)CH=N 8.20(s), 822 (s)
23 THIfE CH; 271 (s)
24 %ﬁ@ﬁ 0-CH, B-CHa, y-CH, §-CHs, -CH3 3.74 (m), 1.69 (m), 1.72 (m), 0.96 (d, /= 6.0 Hz), 0.99 (d, J= 6.6 Hz)
25 HIEE 0-CH, B-CH, y-CHa, 8-CHz 3.77 (m), 2.17 (m), 2.64 (t, /= 7.2 Hz), 2.14 (s)
26 N-LWE% H CH: 2.06 (s)
27 AR SCHz, N-CH; 3.27(t,J=9Hz),343 (t,/J=9 Hz)
28 =Hjg CH; 2.87(s)
29 o-FHEHE 1-CH, 2-CH 5.25(d,J=4.2Hz),3.55 (dd,J=3.6, 9.6 Hz)
30 o-ACHE 1-CH, 2,4-CH, 3, 5-CH 521 (t,J=3.6 Hz),3.55 (dd,J=3.6, 9.6 Hz), 3.67 (m)
31 B 1-CH, 2-CH, 4-CH, 5-CH, half 6-CH, half 6-CH 465 (d,J =78 Hz), 3.25 (t, J = 9.0 Hz), 3.42 (dd, J = 3.0, 9.6 Hz), 3.47

(dd,J=1.8,6.6 Hz), 3.75 (m), 3.91 (dd, J=2.4, 12.6 Hz)
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(relative-betweeness centrality) XJiH BT &4 04T,
ity P fHA Impact {HT4R 2 E UK ENIEE.
MetPA JEEE I HTEI R o, SXTE4UMEL, SAMPS
NERISE I 4 2RISR R AR B RN =R
MR BN BRI A G G SR AR T
AR EWE R, RN, A (&
2-D). X 4 KBRS 6 FhZERAEY: KINEAR.
MR HERE . WEIR o m B R T -

' B | + SAMRI
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fa 0 * —
% 1] ¥ by
G ] +
- 2 +
=5

5 -4 3 2 -1 0 1 2 3 4
1.000 05%([1]

\C 10,4 D
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0.4 15
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T o RINER, AR
S -02] B 10 RH R &
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06, * Ve 5 * I N
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The number of metabolites in Fig. C corresponds to the number of metabolites in table 1
2 SAMRI1 #1 SAMPS /iR 'H-NMR Z{E#£ 7K PCA 557 (A). OPLS-DA HAE (B). X ZHY S-plot B (C) 1 MetPA
B ITE (D)

Fig.2 PCA score plots (A), OPLS-DA score plots (B), S-plots (C), and MetPA analysis of metabolic pathways (D) in '"H-NMR
spectra in faeces of SAMR1 and SAMPS mice

2 SAMRI #1 SAMPS /) RIEFEHAFHER K
Table 2 Differential metabolites in faeces of SAMRI1 and SAMPS8 mice

I (MCIEY) BT 9T Wik U B T (e B B
1 TR v 6 AR te 11 B 2 R te
2 AR b 7 JREIR b 12 -7 2] b tr
3 ETERN . 8 Tt R t 13 o- AR K te
4 RAB M tr 9 HER .
5 KA te 10 P SEN iy [

5 SAMRI R "P<0.05 "P<0.01 “*P<0.001; t-LiH {-TFif

"P<0.05 P<0.01 "P<0.001vs SAMRI control group; T-up-regulation |-down-regulation
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AT OTU FFEHEFEZ )5, KA o 1 p ZHEE
I BT RAE R AP B A B AR S R (B 3D Bk
Hil BB B 28 (rarefaction curve), PAVEHIEEMFEAR
I IR P S 75 e DA WZ B TR AR AR B AL B 1k
M REvE. M2 gz, RIS R O R X
MOYHTREAR TR S R 2. SRR, &oE
B - 2 L b W U 1 e e 1 o N TR e
I FEME, RS I v B CJCERS I 21 K = 1)
AR R BLIHT ) OTU .

o ZREVE R BLERANRE S SRR 2 R,

BEE Z FEME IR B S BEVE E ROk &, BHE 2
PFE 445 Shannon 5 Simpson, EFEEUEECR, i
HARE T PP 22 R vy s BV B B35 Chaol
1 ACE, MIREUEM A IRE NS E S . 4
KX, B Shannon 1 Simpson F8E(H] LAF HiF
HEXTIRAF Fiil2 2 7+ (P<0.05); Chaol 5 ACE
BB EA G5 o b al W5 [H A # SAMRI
INERAHEE, 10 H# SAMPS /NRZE FEEEZ AR
EIGN. B 2 FENE I BRI S FEA PR 2H 1 S
EAS ERIFEA A L R, PCA S5 ER SAMPS
FTSAMRI /) B B B AL 2H Rl 22 5 W X 45 SR LI 3.

1400 8.09 1.05+
*
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i 1000 SAMPS 7 (] | 2 1007 *
800) == >
= 9z 6.5 £0.951
= 600 = 2
B 400 £ 601 2
= g “ 0.90+ —
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&3 SAMRI 1 SAMPS /NREEF SHEME S
Fig.3 Microbiota diversity analysis of SAMR1 and SAMPS8 mice

35 EREHMNEXSW

N1 R A, ARYE & A A
RIS FE, BT 2 0git o, 192 VIPE, ik
tH VIP>1 [FTEHF, FF45 S MIAEA K8 P<<0.052%,
PEA3E] 10 FhERE. WK 4 Prox, 5 SAMRI X}
MEZHAHEL, SAMPS R i i s, JEBER ]
Christensenellaceae B £} . Mogibacteriaceae [ £+
Christensenella T JEMX F MK, Dehalobacterium
J& . B MR # Lachnospiraceae « 2l Bk & £}
Planococcaceae AHXTFET ;. L] RF32, o8
FEATTRZM Alphaproteobacteria A} F-FERAAK;  FUAT B
I'] Odoribacter %iJ&. UM H Bacteroidales FHX 3
FEFH

N TSN EREE R A AR A,
TRLTHEE Pearson AHICHREL, SRR AL R I
(co-occurrence) BT (co-exclusion) FIAHEAE
FAARER, AT HERTAN [RIT0A: P i 2 18] R RE ) AH B P
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06 ) ;
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Bacteroidales 5 Mogibacteriaceae . Bacteroidales 5
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Christensenella Lachnospiraceae 5 RF32 #J 5
R (r<-0.6). HH Christensenella Y RF32
S EZFEWIEMH R (r=0.89), Planococcaceae
L Mogibacteriaceae 2 & EHAHK (r=-0.78).
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