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SRRACH . B4 PRI AT R A hE B A 5 . 58 RSV iR Al RES /N RO B IR S AR AL
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Effect of respiratory syncytial virus-related pulmonary infection on endogenous
metabolites in large intestinal mucosa in mice

MENG Xin, WANG Shou-Chuan, SHAN Jin-Jun, XIE Tong, XU Jian-Ya, SHEN Cun-Si. Institute of Pediatrics, Nanjing
University of Chinese Medicine, Nanjing 210023, China (Wang S-C, Email: Wscnj@126.com)

Abstract: Objective  To investigate the effect of respiratory syncytial virus (RSV)-related pulmonary infection
on endogenous metabolites in large intestinal mucosa in BALB/c mice using metabolomics technology based on gas
chromatography-mass spectrometry (GC-MS). Methods  Mice were randomly divided into a control group and a
RSV pneumonia model group (n=16 each). The mouse model of RSV pneumonia was established using intranasal RSV
infection (100xTCIDj,, 50 uL/mouse, once a day). After 7 days of intranasal RSV infection, the mice were sacrificed and
GC-MS was used to identify endogenous metabolites and measure the changes in their relative content in colon tissue.
SMCA-P12.0 software was used to perform principal component analysis (PCA) and orthogonal partial least squares-
discriminant analysis (OPLS-DA) for endogenous metabolites in colon tissue. The differentially expressed metabolites in
colon tissue were imported into the metabolic pathway platform Metaboanalyst to analyze related metabolic pathways.
Results PCA and OPLS-DA showed significant differences between the control and RSV pneumonia model groups.
A total of 32 metabolites were identified in the colon tissue of the mice with RSV pneumonia. The RSV pneumonia
model group had significant increases in the content of leucine, isoleucine, glycine, alanine, arachidonic acid, and lactic
acid, which were related to the valine, leucine, isoleucine, arachidonic acid, and pyruvic acid metabolic pathways.
Conclusions RSV pneumonia might cause metabolic disorders in the large intestinal tissue in mice.

[Chin J Contemp Pediatr, 2016, 18(11): 1166-1173]
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I % 38 & 9% 3 (respiratory syncytial virus,
RSV ) & UL LA T PRI JER G i w2
AR, Z0F 12 DN IL, RSV IR F 2R
P Wi B L PR A AR R PR X, o 5] i
AIE 2 RGP Im IR A B, BRI
W TEIRGLSL, RSV il S8 M Atk ER P
Mo RgGZ B2 DIERE Y, FRES EEEK
BeT- AR, g IE R A A R

fili BB T RE R BUG EBG . 2 R IR E
SEER EAUARIG, 0] 8018 420K A 9 Pk
A%, Punyadarsaniya ¢ ™ 32 HIAE % W V) i FEARBESE
BULBIR IR iE LR A, R
B A2 B R Y Wang 45 Pk B IO
SIEmES Y, JFEHR T HERER TR,
5 1 18 VA RS TR K Th7 40 0 S 35 38 v oA %
Matsumoto 5 """ {218 E 41 155 25 1 EB 5 85 7] BE i
B R BE R BiG. RSV 98 8L £#
BEAT RAEPERARAN / SR Bk S, (B G SREmIE
RN EH 23 S A g BSOS T N TR, R R DA DG
A,

% (metabonomics ) 1N RG A=
LA LR, SR AR R X s B A P e
PRI 7 A A4 1) JoT RN 1) Bl A AR AL 5
S - FEEH (GC-MS) HiR REER T,
AESR T EIRES, 1RAERIME, HRS®EEN
B e, © I AL 2 R B2 T
RSV IBYNEUG , PURAIAREE & Bk, miE R
FEZH AN AR AT BBl 2 e AR s . BRI,
A5tz H GO/MS T S H R F 2 Qe 581t o Bt
HOR, 5T RSV B JE /N BRI R A 2L N R
PEACI Y AR B i A8 4k, AP ARSE RSV
ST KA R 4L AT BE AR AL

1 MBS AEE

1.1 "E5HM

RSV A WEHY (Long #f ) iy i [l ¢ L AU B
PO b et SRS BEAT IR S 38 g b e
MY ( human laryngeal epithelial cells, HEP-2) ( H1
E R e i A an Bk 2E b5 e 40 B SR ey ) R
P34 RSV, BTy kS MG " 5 B R
HH Reed-Muench 28 2 %, AR YR 52569 75 1Y 2 54

HA Y B (TCIDy, ) A 1077100 L,
1.2 FEKFSNE

FE (#E5 1774807513 ) W [ 5 [E] Merck 23
A, IEC4 (#t5 SZBEI070V ) . W& Beih (4t
5 BCBN2932V ) | ik BE ( #t %5 STBD3575V) .
1% —WER—GRERE (TMCS) B N,0- B = H 3
R = L WEME (BSTFA, it BCBN4326V )
C8-C40 Bt 12 IR #x ( it 5 1408653V ) | 12-"C 4
REfR (it SH2326V, ARG ) Y [ 7 E
SIGMA-ALORCH 2~ W], #aifistn L- 22 (ks
LTOOM31, ZiifF 99% ) . H&AMR (L5 1410N21,
4liff 98% ) | L- RAZMR (#it'5 LCAOM32, i
98% ) ZF ¥4I A [ J&K A R B A, DMIL 5
8 W EE (8 E Leica A7 ) , MCO-20 A1 CO,
g f6 (HAR Sanyo 2y H] ) , Airstream” A2 7 —
G Al CHngE ESCO A ), Allegra64R
e Y R B0 ML (38 [ BECKMAN 23 ] )
MiniSpin F4 20250 AL (7% E Eppendorf A H] )
Savant SPD1010 E. 25 B .0 ¥ 45 1. Tracel310/
TSQ8000 GC-MS . TG-5MS & 4 & (0 3% #&:
(0.25 pum x 0.25 mm x 30 m ) Y 8 2£ [ Thermo
TS
1.3 EWHYHAE. BEBEIRERRE

SPF 2% W P 4~6 J& & BALB/e /MR 32 H, 1A
H16~18 g, W4 F b 4E3m A L sl ) 5L 30 A R 54T
AT, HFAES . SCXK (F5) 2012-0004,
ANBUR B SR 1 R P R 2R 2R SR sh o,
BHF 1206, 12h BEEAE T ARKE, LK
W [ 1) % 2 A SR 509%~60% , FHXHER B3 E
h18~22°C, K /N RLURAIL 4 4 X BERAL . RSV il &%
BRI, ARl 16 K. SHESCER "™, RSV i AR
H/NRAE CBREIRRBES , ST 100 x TCID, [
RSV B (50 ul/ H) , R HE & 1K, XTHR4
25T R A DMEM (S i 3R 5000 B, 2l
A B SR RV R I E S ], SR L 3 d, T
o REEE24anh 5 (RISE 7 K) B4/,
SYICKH, A3 K R ik 3 ok DA BR 22808
W TR IGFREE, BT -80°CHRAT, i, [HHFH
A il R A KA B2 10% () T T T
flE, AW, YR, RAE K IIARE - o
21 (HE) P8, B TOLFRMEE N0,
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1.4 GC-MS o#&H

SRS S SR A B R A A A
(025 um x 025 mmx30m) , F2& 5 Fh i & 14 %
FE NIRRT 60°C, PREA 1 min J5, LA 20%C /min
B THE E 320°C, A 4min, JEFERE N
250°C, AN ELIZA, Wah 1.2 Limin, FEHT
JE249 100 kPa, HEFERE A 1 pl, SR FH 20T bR 43
R 20:1)

Fitk s R ELIRSEATHL S, R RE RN
70V, BTIRIRE N 280°C, B LML IR E K
250°C, ¥ ZER B [A] 3% 72 O 4 min, 607 2
S, 60~600 m/z,

1.5 HEWLESHTEN

R KA 2UE Tk L, REREA R
FRit 20 mg, B FHHN S S RSN, A 1 mL
FHEE, SRJ5 FHEREE AU 15 min, WZHC 600 pl K
W tH AV M, IS 10 pg bR 1.2-°C A RE R
FIFFEE 20 ulL, WHE 2 min, 4°C. 10000 %% /min &5
L 10 min, HC300 pl B, & &0 400h
-+ 2ho A 15 mg/mL H LML BE R 50 pL,
R2)5Smin, T FFE 16 h J5 1A 50 L ()
BSTFA ( % 19%TMCS M EfLF ) , IR5 )5 &
Lho 4°C. 3000 %% /min B0 85, W 5 R
60 pL T HE I N4, fiE GC-MS #EFE 4B, AR
P GC-MS Pkl BB T &l (TIC) P&
BA 1R DAy B A 0, AR IBOCRE G e T AR ELAEL (4%
TR / ARG AL ) FR I & i RIS
B GRS BORBEFEBE (NIST ) Jot i B4l 1 1
Bt ity O DL A (8 P A R
1.6 SitES

fd1 FH SPSS 19.0 X} %48 17 58 it 2% v Hr, it
TR LAEIEL £ AR (Rxs) FRon, W4l
FE# R A ST FEAR ¢ K36, P<0.05 h 2234 4t
SRS MR BRE . v XS TR
Xof s T8 AR P Xealibur2.0.7 508 40 B R 55, fdi
SMCA-P12.0 % ( Umetries 23 ), Bt ) Xf K
A rh PR AR i 4T 32 8053 43 (principal
components analysis, PCA) . 1E 3 fid £ /N — 3¢
e = A 3 4 B (orthogonal partial least squares-
discriminant analysis, OPLS-DA ) F S-plot 4341, #
1 36 4 19 K A 2 ) 22 S AR T AR i
-5 Metaboanalyst, DLitE—25 43 H A A0 5

2 R

2.1 MALRIEFNE

X HRAH /N BRI b B e 8, SE AL T M, i
BE B A0 045 T 5K e i, il ] B B S A A e 5
U SXFMRLAAEL, RSV i 58 #5555 25 /1N FUH 26 21
AR B TR AL, AT L2k S PR A0 R T
(24) , Z MMk A0HE S Bz, JFfA D
PR il S R A RS B L
AR REARVE; M RE SRR BRSO BE SR . Kb, DA
S REREE . DL 1,

Ky 5 F'é.cﬂ'!‘i' @ Bt
RSV Jili RAAIZ

B 1 AhALARKBESENE (HE L0, x200) Xof PR
Bl BELE A S8 BANIMAE LY K 70 MM ; RSV fili S SR 4 [a] 5 5
A ] L 22 kb 98 P A I

2.2 KIAHELRREFMNE

AT 5 BEAIL I HROG FEZHL AT RSV i 98 455 750 21 4%
5 KA LA TH LRSS, KR 5
T FEAR IR UL b S 5 i G 2 4 RSV fili R 45
R REA RO LE I ZE 2 b R vl WA (+) ZEPREIR
LI 2.

YEWETE , A% 3 O REAR I BRI S 5

RSV Jii S A 2]

Xif B4

E 2 XFALAREFWER (HE 0, x200) Xif IR
K LH 2V AN A5 F 52 4TS T ;. RSV I A U 2H 45 T B 2 b 1z
AT WLRRE (+) ASPEIRBEN % .

2.3 GC-MS it RRigHEE

GC-MS MM KIBHE TIC 45 R s (F3)
X HEZH AT RSV fili R LAY L 2 [B] (%) TIC A5 FHH B )
25, HoP R B I E] A 10.23 min A4 €8 1504 76 9 20
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[B) R 22 S e 0 2 o Pk I R L K 2Urh B AR E, SXTEAML, RSV % Al i 53
32 NEE g, FIFT NIST B Bs 22 % e A iy KIGEEHBZ 23
PRV, R VS & T 800 HATfETER T 2.6 S-plot 44

80% I % 45 T (5 B b v Y, S R p A
LR - U 1 DT TAC BE AR e 1T AT RE PR ARG, R H R
f AL B ) A A PR e ILAh, A5G
I3 3 AR i E T DS S SR e AR, SRS
32 AN EPECIEY (£ 1) o T RIS Ky
PR E MR M X [A)— 2l SRR S SR 6
W, A A I IR A AR X BRIfEZE (RSD ) AL,
H AL WY RSD H 2.46%~3.78%, $iRAWF5EH
A RIS
2.4 PCANHER

mEl 4 s, B —a AR A,
BRI S50 R°X=0.876, 0°=0.697, i FEMsr 1 FE
BCAT 2 A8 A 53 IS L I 7R 6 R RN RSV i 48
BRI ZH FLAT B i 1 oy B R
2.5 OPLS-DA 43#7

mE s s, B —a AR — A,
RIS EL RX=0.867, R°Y=0.934, (’=0.889, iiHH
AT 1 AR ) RN TN BB ) A A, X IR
RSV ili R ] I 25 X 4y, R LM EE, #
7N RSV i T4 T /N ORI 4 21 2 R )
T AR, 1 /N BRI 2 2 AR s s 1B i %

b
.
‘m

TERAI ALY OPLS-DA A, & A AU
VIP>1 AR A K 2l 2 P i e 5 RSV il 42 16
PikA A . itk — 200, AR T
HF OPLS-DA 9 S-plot B, @l 6 7~, LR, N
AR, IRE. . AR, FuER. HEAm.
225 . AR VIR IR SR AT e 5 R AL 2L
R SIS AR
27 REMEENERRKIE

XA, RSV il AR ZH K7 41 24X
YRR AR (P=0.006) . SRR (P=0.013) |
WA (P=0.001) . HZ® (P=0.01) . {£4M
JifR (P=0.001) FIFLAR ( P=0.008 ) f T,
W3R 2,

2.8 RiGHERESH

¥ LR KA 20 i 25 S 5 AR
i %7 15 Metaboanalyst 738, A 38 i A% 22
(pathway impact, PI) BREROL, S5RWE 7, H
AT, 5K AR R SR .
iz 5 S d RS (PI=0.32601) , FE4E DURRTRIL
i (P1=0.14979 ) FIAERER AT ( P1=0.10625 ) 8 #%

10.23

15.62

11.60

10.80

1171
12.30
1308 13.66 14.76 15.32

IS
®

15.61

11.60

9.81
) 410.
Iy Ji
10

10.80
12.30
22
13.08
13.87 14.91
T T T T T
11 12 13 14 15

] (min )

B3 KBALRIEHTIC

ECGIRAL; TR RSV Il R SXTRRALA L, RSV Jili AR HIZH 1Y TIC

AR, oA G B IRHELR 10.23 min (1 (R E 7R P2 1) 14 25 S 45 b 5

1169+



518 % 4 11 ] P E S RILFEE Vol.18 No.11
2016 4F 11 f Chin J Contemp Pediatr Nov. 2016
Fz1 XBALANFEENRIGY
FRERRTE] (min)  PEECEE  IAVCECEE  TTREME (%) NIST %2 Hh e VE T ) 47 5 R
4.74 928 929 37.06  D-FLER. SHILRERE. —HSLAERE LR *
5.08 911 925 80.56 I- TNERR . N- —HaESL - = HILrERR WA
5.96 912 916 83.92 L- SR . N- =HREFRE - = FIERERR MR
6.12 896 898 94.06  JRFE. NN'- (= HIfER - JRE *
6.36 826 890 58.91 L- Se&@ . N- =HEERL - = HILakig SLANR *
6.50 930 932 93.77 fERE . L - BERR (3:1) IR
6.54 892 932 69.12 L- FREMR. N- =R - =Rk SRR
6.65 873 935 83.46 HER . NN'- = ( =HRERL - = H3LmEmg AR *
6.80 727 846 5012 HWER. 23— (= HEEEL) A -, = JLREmS HhR
7.00 926 927 9429  #EPR. N,O- — ( =HIREE - = CRENG 2R *
7.19 935 938 96.00 N,0,0- = ( =HRESE -1~ HE iR INATR *
7.75 886 928 96.24 AENEAR . = (=FrEE)- AANEAR
7.84 863 889 94.15 SERER . (SRR ) AH - T (SR BE IR
8.06 863 909 90.67 L- KRR . N- —HRESE - = FIIERERS REEIR *
8.11 833 852 72.23 L- &R . 5- A —1- WL - = P IERENS it *
8.29 882 930 57.50 JRERR . N.S- . ( =H3E - —HIERERS IR *
8.65 933 936 94.30 L- B2 . N-N- =HEE - = (=W LRE ) g HAR
8.74 917 919 56.56 N,0- = ( =L - RNER RN *
8.97 859 895 89.23 L- RAWM . NN2— = ( =HIRESE - = HJERENg KA Bkl
9.54 716 883 42.58 I- W . = (=R ) IRAEY B BERE *
9.66 757 851 7587 WEIR. 2-] T ( SHRERL ) L | 4. (SRR B R
9.76 890 899 91.68 WS | O—( = RS )—6-[( =W EHL ) & |- UCH IS
9.81 813 868 80.67 DL- % . NNN'- = ( =FfEd - =FIEaERR 55 *
9.95 909 916 97.33 D- A, L ( =R ) FE D- fARE
10.29 900 903 20.15 D- F %0 H TR *
10.33 790 872 88.65 L- #E R . N2,N6,N6— = ( =H k3L - = HJLRERS TR
10.43 849 853 59.54 L- BYER . N,O0- . ( =HIRERE -, = LnkRR fi% IR *
10.87 887 908 96.16 PR . — R SRR FRAEER *
11.27 909 913 85.31 WLEE . 1,2,3.4,5,6-6-0—( =H iEH: )- JLpE
11.66 788 937 73.75 9,12- WilR (Z.2)-. =M JLhElgE IR
11.78 833 857 94.76 MR . — Lk g TR *
12.36 843 860 4527 AGAE DU . — H RN AEAE MO HIR
15.73 813 840 73.62 JIfEI R = JIH [ e
HE RIS 1.
0.6 0.6
0.4 .. A 0.4 @
% 021 o° %E‘ A K 02 * Aﬁﬁ
Moo, AA = ' A
1] . . hl 0 ® e © A A
8] 02 o e 9 . A @ 02 . . A
-0.4 L ® -0.4 ® &
-0.6 -0.6 A
-0.8 -0.8 T .
-1.5 -1.0 -0.5 0 0.5 1.0 -1.5 -1.0 -0.5 0 0.5 1.0
S EI H—Es
B4 KBFEALHK PCA ST (n=11) @NXHIEL, AN E5 KEFHALAE OPLS-DASHT(n=11) @ HXIIE4L,

RSV i SREAIZH . PHLHAE PCA 55— 1 B AT i 35 X 45,

A V5 RSV iR BRI, PIZHAE OPLS-DA 43H7 1] 3 X 43
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A
0.8 | 9H-Patine perine A pwes A Al
: S AN leucine M\ D-(-)-Lact
choledte .'. Faltf&!?sl‘ldovh I
0.6 D C
- — ‘ L “Javagl Aﬂb&;ﬂ‘!ﬁ phosphoric
N - @ IGhetamis_a
0.4 aShsam ing@ z ~
NIy e e i e
@ 0.2 ornithine P "H. glucose
K lysine
o
Eﬁﬁ
= =02
_04 | @ Lingleic_a
-0.6
-0.8 —
-1.0 T t T -
-0.5 -0.4 -0.3 -0.2 0.1 0 0.1 0.2 0.3 0.4

FEAIIE AR

B 6 KIFELRH S-plot 34 (n=11) S-plot SRR AT AR B P OBGR IR, TTHE S K
LN IS SR AR A 5, @ARERB PO BSE MY, 5L CHE SRS S L 0 i E B R o [Alanine] 2R ;
[Aminoalanine] Z 3L ZR; [Arachidonic acid] fE4: PUMEHR; [Asparagine] KAHEE; [Aspartic acid] FACZFR; [Cholesterol ] [IH & f%;
[Cysteine] BERFR; [D-(-)-Lactic acid] FLER; [D-glucose] #iZiH; [D-Sorbitol] D- #AEY; [Glutamic acid] 742 FR; [Glutamine] 45 & B
[Glyceric acid] H MR ; [Glycine] H &R ; [9H-Purine] IX T IEEIS; [Isoleucine] 542 &R ; [Leucine] 55 22 ; [Linoleic acid] 3. H
f2; [L-Tyrosine] %R ; [Lysine] #i%{%; [Malic acid] ¥ ; [Myo-Inositol] JLEE; [Ornithine] Z4{J%; [Palmitic Acid] FEAHR ;
[Phenylalanne] R [Phosphoric acid] TR [Proline] TR, [Serine] 225 R; [Stearic acid] TR [Threonine] IR, [Urea]
JRZE; [Valine] 4% H2 .

&2 KBBARPREMEXNSEILR (x:s)

4151 n SRR SRR NHEIR HER AEAE DU IRTR TR
Xt AR 11 2408 12+04 1.9+0.6 37+04 0.13 +0.04 33+ 1.1
RSV Jifi AL 11 32+0.9 1.5+0.4 29+0.6 43+08 0.22 £0.05 42+0.8
2 -2.943 ~2.616 -5.888 -2.824 -5.779 -2.866
P 0.006 0.013 0.001 0.01 0.001 0.008
. " @ 3 itit
a *. . § RSV J& T i & 13 Jg B A i 2 B, S
: | . | M FREETUEE RNA JRRE, 2240 LR s P i 98 1)
R T T LRI RSV i 0T REJ 42 R, P
By g A M 46 S B IR FUITLAE A1 RSV J 75 10 75 24
e i | Mo IGIRMEE LB, RSV i 4 BILZH KPR
S S B | YK, NI RE S RSV M40 RZS TR Y
E) 02 04 06 0.8 l‘iO gl 2LNES
R K VE R —ehe i, RN, W
B7 SABRGTEESOREES o sEm, oL on 0 SURIAUAR BRI, Munger
SERNG, SEACEAAAE: B DU, C: PRI, % BRI A N B AR T, AUHL A

e . —DRMRIGPS . WEIEA AR A ) &2 5h

1171



F18 111
2016 4F- 11 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.18 No.11
Nov. 2016

BAEAL; Semmo %5 3 E YA 9895 ALK PN A
HE . H R TR ER IR RN LR A Y 1
KA EDA, ABFSEERY], RSV % 7] fg 22
INERK I B 23240000, 520 i 240 e 1) 4
Yite. SXTREALAAEL, RSV iR /MR KI5
AR . FRoeAMR . NWAR . HaEm . feE Vs |
FLER W o () 5 e 44 LR, BRI KA AR P AR
WIEEEL, HEW RSV i 28 AT Be TP K rh B 45 =0
SCRMR N S oe R IE . A DU R S
P 368 %

YIRS ( branched-chain amino acids, BCAA )
W5 2R AN 55 B IR R AUR B 75 LR, X 4k
R IRHLEE LA HE R X, BCAA FZhE
EW, AR RTRA 20%~30% 7] # %k
BRI T, BB A R SEE R, iEd g R
AT IR 429%~489%", FEMAEANMIDY, BRATEA
FEA AN, KAy BCAA T8 i % o 5L 2 W 45
WARIEAT AR ", Chen %5 ™ WIS R BL, K
BCAA TEX6 W18 b F A0 N il i 2 B A i A i A7
it SHEFEAERAME, CREEIEIR A- BifR4A
AERBRIERA R, U 30% 247 0258 A- BPR &
HERBLEACRON . W b B 2R A b SOk A- FRRR Ak
ARG, i BCAA AR EE R 2,
AW J B RSV Jili 5 4570 4 v (1) 32 ik 2 S R 5 AE
W BT, AIREJE RSV MR A T HLIASBLSA, 40
M A AR, FLIR S BT R, Kipdlgia
MR R AN AR, RECEEE ARG TR, H
WRRR . SR RAEMMN R, 1A, 55
MR AT LA B- B 2R Rk, B 5 i e g B
WhEe, M/ E TR Y P, F I,
e AR R p AN FERS &, AT gL 5 RSV
Y EPN 7L R RSP

T VU9 TR VR R AL N 1) — oo 75 B 7 1R
A T A Y B R ARG PE . A8 A DU IR
FEAEDIR N 22 DIRERE T8 A AE T4 I
TEBENRTE A2 FIBENEHE C B9VE T 7 B 28 1 46
A VOIRTR . B AR B 1) A6 A DU AR R 7E IE H 19 A= 2
IRAET IR, H 2 40 b A5 52 210 45 Fhofil) 35 st
A2 V0 T i DA 4 R %) e i it B ke I
R BA YR T . BT R 2R AT DA
M43, =0 C4 5 =4 D4 I mT LIk
i 1B JCHIE M P L. ASBIFSE & B RSV i &

BEAY L KM L 2L e DU IR o Bt v, Pl RE
PUA R RSV Il R I, Kl 202 200038, W
] B8 SO AL DU R S 4, A A
I ST LR, AT 2 | AR A 7 vk
kA, BbAh, BIFIRER B2 R RE S 20 S
KEGEEA L™, MiARF 5T & B RSV fili %
JE AR AL DU TR N, X 38 1 BE-5 LA ) B A 1 S
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