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Abstract: Objective To study the relationship between Polygonum multiflorum (PM) induced liver injury and gut flora by Illumina
high-throughput sequencing and Real-time PCR (RT-PCR). Methods Male SD rats were randomly divided into control group, LPS
group, LPS + acetaminophen (APAP) group, PM group and LPS + PM group. Rats were iv administered with 0.004 g/kg LPS in tail
to make liver injury model. Rats in corresponding group were ig administered with 0.625 g/kg APAP and 12 g/kg (crude drug) PM
once a day, record the body weight of rats at the same time. [llumina high-throughput sequencing was used to sequence the V4
hypervariable region of 16S rRNA gene of rat fecal bacteria. According to the results of the sequencing of different species, taken the
RT-PCR to test and verify the biomarker, observed the relationship between PM induced liver injury and gut flora, and compared the
consistency of the two methods. The liver tissue of rats was stained with HE and observed by optical microscope 8 d after modeling.
Results Histopathological analysis revealed that, compared to control group, LPS group existed some microgranuloma, PM group
have no significances; Compared to LPS group, LPS + PM group induced mild degeneration of liver cells and increased the number
of microgranuloma, LPS + APAP group existed some micro granuloma and lymphocytes infiltration. Illumina high-throughput
sequencing showed that, compared to control group, as the times of taking PM, the bacterium number of Enterococcaceae and
Lachnospiraceae increased, while the Lactobacillus decreased in LPS + PM group, and had a difference LPS with group. The
RT-PCR showed the bacterium number of Enterococcaceae and Lachnospiraceae increased, while the Lactobacillus decreased in
LPS + PM group, compared to control group, and had an obvious difference with LPS group. Conclusion The liver injury rats’ gut
flora induced by PM show imbalance to some extent, and the two methods apply in quantitative analysis shows a good consistency,

while Illumina high-throughput sequencing obtains more information about microbiota and has a greater advantage than RT-PCR.
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1.1 A5 EERF

PM Il Bt i P 250 H R A A, it
15090704, ZfFHZE 302 BB i /NTIFFT 01 458 A
T % Polygonum multiflorum Thunb. )T,
2 SRR 2OV PR 28 TR IR 2.4 g/mL PM [§F
W RO IERY (APAP, BHYEZG, E 254K
RFIE R AT, fit'S 74SIBEK); AE£HE (LPS,
Simga AH], #t'5 025M4040V),

FAF A S DNA REGAF & QlAamp®
DNA Stool Mini Kit (f#[E QIAGEN ~w], #it'5
151046496); RT-PCR 5|#) (HH bifgA TAY) T
A A PR A F & 8); RT-PCR FrUEiRL DNA (i
UM A R A B W 52O SYBR® Premix Ex
Taq™ II (J&J 5 TAKARA A%, #it'S AK9302).
1.2 ¥

SPF 2 SD Kil, HEME, M5 170~190 g,
I B A 4Rl R S AR A BR A ], SE5 )
WAV AIIE S SCXK (51) 2012-0001. TFET7%
Fr e 2 R B W AL 5 2 W 2 A VR B 5T O
(NBCDSER) GLP 52464, 12 h/12 h B AZEF, il
[ 20~24 C, MBS 40%~70%, FHKE. Ko
NBCDSER il i [ i S50 s P Al RA v] 25 51 4
(AAALAC)WIIE B3 sh i N 7% 3 d Ja .
1.3 FEMNEHE

HH-2 AR EE A N E A 2e A TR
/yH]); Centrifuge 5415D B5.00 4L (Eppendorf 23 ] );
RT-PCR 1% Real-Time PCR Detection System(Bio-rad
AT, M5 CFX96); Ms2 Minishaker i g & 1%
(f4E IKA #EH])D; MILLI-Q H4i/K R4 (FH
Millipore A ).

2 HiE
2.1 FFRGIERIRIEII R R TE

102 HHErE SD KRNI A 5 4l XA,
LPS #41. LPS+APAP 41. PM #1f1 LPS+PM 4,
6 . SIAYBALRTITE, ot 4R
PM 41, HABK4IKR)R iv 45T 4.0 mg/kg LPS, #
3L PM A o KBRS iv 457 LPS Ja FHaa T
N, 5024 4 AR A RS 20 14h, 5. 8d,
HorpE RS 2 h JA X ALR LPS 41, Hith 3 AN
A EU L s 4. 2 hja, SAMNEELR 11X ig
Y5 0.625 g/lkg APAP Fll 12 g /EZ/kg PM, 45247
B E S O, RESE S 140, 5. 7d,

038 2K R R i
22 FFEREBFRE

U 8 RASRRHIEHZ, KRS )5 bl
HUEE 3 HOK R IELLZY, 4% 58 i
52, UM, WG A, WY1 4 pum #H,
WA ZE - 4L (HE) 3efn, 6k B mes.,
2.3 EFEHARRRERE DNA ZE

S3HEL 24 14 hy 5. 8 d XHHE4L. LPS 4. PM
ZHF1 LPS+PM 41K &6 11 22 EL W 43 I AR AR,
SLEMBCR TURAEE R E T, SEEe S s
HR A —80 CUKMIRAEFFI

SEAF PR B DNA [R5k 448 QIAamp”
DNA Stool Mini Kit 17l & 1A E D BRIEAT o
2.4 Tllumina 5i@ENFHFAK

KM Nlumina =@ SWFHA, FT llumina
HiSeq PE250 il -4, % 16S rRNA J£[A ) V4 i
AR AT 534, B 514904 515F: 57 -GTGCCA
GCMGCCGCGGTAA-3’ Fil 806R: 5" -GGACTACHV
GGGTWTCTAAT-3 .

I “2.47 DRI P28 DNA, &
JFR A% I, IRYR 40 R 16S rRNA LR V4 1578 X 3k
17 PCR ¥ 14, #RJ5FIH Illumina HiSeq PE250 #E47
W R F s R N R B SC PR E AT XK
(Paired-End) #ll/%. BB RSN T AR EL
AR BRHE A TRA R 58 R
2.5 RAELFEE PCR

2 SRR, Bt B3 % RT-PCR T 4557
Y51 BIEEFERNL BERE BRI #E, JEE
BLAST 2% [X % (www. ncbi.nlm.nih.gov/BLAST)
LEXI 514 e e e (AR 1)

FFRUETTRL DNA ZHTHERE (10 £5) #iks,
AT B BB TE B R W BR R R FLAT R R 5 Dk
3.62X107~3.62 X 10%, 3.63 X 10" ~3.63 X 10* Al
3.36X107~3.36 X 10” [lksuES:, FFLL logyo MJEHE
TEIRTEO AR (YD, BT CAE AR (XD
VERIAGFRAE I Z T HE: Bk ARt T 1 Y=—
2.816 62X+37.497 81 (+7=0.995 32); FIZEHEH
PRUEHIZE 5T Y=—2.794 23X+33.264 15 (/=
0.987 89); FUit I JEbrAHEh 2T Y=—2.86271 X+
34.186 74 (7=0.992 92). HL “2.4” TiFrHLELHIZE
fErPTED S DNA, ka4 )5, 7E4 RT-PCR
£l DNA #54% . RT-PCR J I 20 pL 5 NAK 2R [ H4)
##: SYBR® Premix Ex Taq' " II 10 uL, PCR _| R
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%1 RT-PCR3I¥F%)
Table 1 Primer sequence of Real-time PCR

0 R R R LB 1974 (5°-3) 7 v B/ op
BIZTE R} Eub-F ACT CCT ACG GGA GGC AGC 140
Erec-R GCT TCT TAG TCA RGT ACC G
R R Enter-F CCC TTA TTG TTA GTT GCC ATC ATT 139
Enter-R ACT CGT TGT ACT TCC CAT TGT
FLA R Lac-F AGCGTTGTCCGGATTTATTG 229
Lac-R CCATRCTTTCGAGCCTCAGC

S191%% 0.4 uL, DNA FifR 1 pL, INKBEZEBRK NS
£20 pL; JOWMGAF: FAEYE: 95 °C. 30 s; PCR
JW: 95 ‘C. 5s; 60 C Bk 30s; 3L 40 MEIE,
S EE R G AT H AR M Ze o i o A3 200 CAEARN
e R, THEAEE DL, e s DU R
JE LR 1 g FEAH R TS AT R S DL
2.6 FitFED

AHWFFTHLE lumina HiSeq PE250 & i & ¥
B A E R AT R A - TR R X £ 5
For, 1aH SPSS 19.0 AT AR 43, R
R ZE 77 Z 0 H1 (One-Way ANOVA) BEAT J5 Z=55 1A
5, J7ZES I LSD VAT AR LU, 7 ZEANFE )
A Dunnett’s T3 yE#HAT4M L. KA GraphPad

Prism 6 BAFIATVEE 4047
3 #R
31 XMKBEAKRERRIN

W 2 frox, LPS iERE, A i, PM
KRR T TE I B ARk, ) s LPS 41K Rl A&
R PR (P<<0.05); RS 14 h, SxE
Lb%Z, LPS+APAP I LPS+PM 4 KRUA & BE T
% (P<<0.05), 5 LPS A= RAEE; WG 5
F8d, SXFIEAILLE:, LPS+APAP 1 LPS+PM 4]k
BUA R B N (P<<0.05), Hi&#i)s 5 Ff1 8 d
LPS+APAP. & )5 8 d LPS+PM 45 LPS 41 Ehi ik
FxR (P<0.05). 4347w, 5 LPS 4K,
LPS+APAP Fl1 LPS+PM nJ LAl K bl 45T 2 (1) 15 K o

x2 BHEXRETRFRESERERNEL (X Ls,n=6)
Table 2 Weigh changes of rats in each group at different time point (X £, n = 6)

A it (ke ™) — UL S p
RS 2 h RS 14 h RS 5 d RS 8d
of HEL — 213.2843.45 216.25+4.88 230.38+5.18 246.63+10.35
LPS 0.004 205.68+4.46" 194.73+5.86" 195.82+1.60" 209.00+3.79"
LPS+APAP 0.004+0.625 209.22+3.78 194.27+4.15" 189.33+6.15™" 195.07+7.27"
PM 12 209.43+7.29 214.50+3.20 228.88+4.86 240.87+6.63
LPS+PM 0.004+12 209.37+6.22 193.05+4.43" 193.25+4.45" 201.1243.57

Ea A "P<0.05; 5 LPS 41tb#: *P<<0.05; 5 PM ZHELER: “P<<0.05

"P < 0.05 vs control group; “P < 0.05 vs model group; 4P < 0.05 vs PM group

32 KRAFHELFEFMTL

RS 8 d, LPS 41 14 (1/3) M4
JF45345, LPS+APAP 4145 3 9] (3/3) FFeH4UF ey
P, LPS+PM 24145 3 4 (3/3) FFEHZVR 05, i
X HEALA PM ALK R TE8 % . s &4l
KB LUR A A R, 5X4ltbs, PM
AL PR & TG AL, LPS 41EfE /b =il
NI ZER 5 LPS 41 L, LPS+PM 4140 i Hi 0
REEARERG N ZE I 2, LPS+APAP 41 0] Wil

ZIN TR ZE I RITRR B 40 v o 45 SRR, LPS+APAP
FLPS+PM 2145 25 v Al AT A1 2R AR A8, A
#1475, H LPS+APAP 41 4if)i tk LPS+PM 4™ & ,
iR WK 1.
3.3 Illumina SBENFHNATIRGXRFER
B

T RZL . LPS 41, PM Z1F1 LPS+PM 41t
TR 2 LPS S 2h 5, S R4l
5, LPS A EIRIE MBI AL > (P<0.05),
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PM

LPS+APAP

LPS+PM

B HELF R BRI/ R 2R 1B C @Sk R R A ik LRI s [ E W SR R AR R R T 48

Arrow in Fig. B shows some microgranuloma; Arrows in Fig. C show that a number of lymphocytes infiltration; Arrows in Fig. E show mild

degeneration of liver cells

1 FEXRIFARFREFEE

Fig. 1 Histopathological changes of liver of rats in each group

FUAF B R A s n, ek g R 2 oA . s
14h J5, S5xFM4tbE, PM 418 LPS+PM 41k
BV W 2484k, H LPS+PM 4145 LPS
HILAETO I B 25 s 6B 5 d JG, XTI,
PM 21 K BV i G 2 e, LPS+PM 4 &
R TR R A R A BTG N, T LPS 20 R I A i Bk
PRI B B i TR R 4 B B S (P<<0.05);
8 dJE, SXTHALE, PM 41K R iE #

. X
o 04 ™Les . i
il
e Empy =
= 03] Lps+PM =
= : &
= &
= 02 [ =
= il
= T o=
= 04 : T &
s X . . s
0.0 .
2h 14h  5d 8d 2h  14h

FETCHH o s LPS AR I N 3 Fes J 4 14
HhmEREE M EREREE ZEREEF (P<
0.05); LPS+PM 41 K fll & WA e B B W3k i B 4
BRI (P<<0.05), JLAT B S 41w $0h
b, 5 LIPS A 2ERE#% (P<0.05). 4%
o, PM (W 450407 T fig 5 1 35K B o) R = 8 e
LA A . FLAT B R 40 AR OG . iR
L 2.

U1 o A TR A

sd 8d ' 2h

14h 5d 8d

t t

Lxt AL E: "P<0.05: 5 LPS 4lH4: "P<0.05: 5 PM4lLLE: “P<0.05
P <0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs PM group

2 SEBENFAMSEXREARNESFKER. BERER. ATERARHNTR (X Ls,n=6)

Fig. 2 Changes of bacterium number of Enterococcaceae, Lachnospiraceae and Lactobacillus of rats in each group at

different time point detected by high-throughout sequencing ( X £, n = 6)
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3.4 qRT-PCR EMNATIRG KRR E R BRI

2 LPS 5% 2 h 5, HatE4itii, LPS 41K
SR R O] RO JERT 14 h RSx4
5, PM 41K R IE G 2050, LPS+PM 41
FEIN N BT v R4 R A 2 B I (P<<0.05), 1
LPS 21 15 e B B0 T P, (0 22 5 A B3
RS d G, SxtiRditbs:, PM 4K mE s
WO, LPS+PM 41N K B e b Bk 4N i 250y
Priém, 5 LPS 4ltbi = A s; & 8d)q,

~
1

7 LPS win B
E=d * K
i B PM l =
56 LPS+PM @ 61
= | "
iE s | 1 ®
#® I 55.:1%5
B w0
o4 1 =
on on
o Q
=3 = 4

2h 14h 5d 8d 2h

LRI LEEE, PM 21K BRI 168 v G W S O,
LPS+PM LI A kRl Mg e i R4 w452
FH (P<0.05), FLATH &4 B &b (P
<0.05), H'5 LPS A LLE, BIREwFHAFLAT # &
MEHBA BEEER (P<0.05). Z5R$E5R, LPS
B PM 45 25 PS80 IFL 0 vl Re 5 sk i b, BIR
JVE T R 4 R 51 18 T R0 LA B AN R R s
%, H5 Numina @m=id@ S0 FEAR 45 R AA—5
PEo 4R WK 3,

(=)} ~
1 1

Logo FUAT i & 40 %
W

IS

5d 8d 2h 14h 5d 8d

t t

SRIRALLLE: "P<0.05: 5 LPS 4lLk#K: “P<0.05: 5 PM 4lEbi: “P<0.05
"P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs PM group
3 RT-PCR S iZFHEKRRERRERN B S FKER . BREER. ATERARRFNI (X £s,n=6)

Fig. 3 Changes of bacterium number of Enterococcaceae, Lachnospiraceae and Lactobacillus of rats in each group at

different time point detected by Real-time PCR (X X5, n =6)

4 it

2R PR IGRII T, BT A 258k
AR, IfR EARMMEIRNE . SHENS 2, A
AR 2 Bk S S kA= . h2h PM A H 2
B, Tz N TIRIR . SRR RE R, A
AR EHGE PM SRS, AT
TFHA TR I AHTST PM IEEPE S FLE R

HHT, AT PM 05 2B ) g 37 R
IS 1~3 AN FlE I 40~60 g/kg 4521t
B2 RS IR LPS 5% SD K B
7 PM AT AL, LPS S ) S B s 71,
e A AR e KRG E RAEAN T, LPS dfid
5 LPS #5681 (LBP) 456, 5 CD14 454
LPS-LBP-CD14 %), TLR4 HAIEAY), JHsh
TLR4 /510 R ilfefe 5 i & A A5, LPS
L 25 A5 A8 P 5 5 2 AR 2R AL T I PR 1)
IR ST . Luyendy 25852 F LPS Flll
PR AT R U 2598 Je i T G ™=
AT B, T LPS SANRE AR S A 1 2

WNEEE TG AT A B A BI85 . R,
Waring 25VE 8L LPS al A7 455 SBT3 403 1) i
YR B, M2 BRI R A . B
] LPS if5 5 I BN L ] AR A VR 5T 25 ks S
SR B RO 1R — AR AL, LPS BtA
PM 52 A LIRS B (R, HOR U
PR A AT LA/ PR 2 G 22 RN AR I A AR I, X
AL RISt k82N, ] T AT
BT PM R AR 2

148 PM HR 9 2 NI 73 17K 200
FUILEEEAE AL, 0 s A R 1 A
FR ) R e B TAEZ 14 T8 Mt 5207 ) .
Ilumina =8 &7 H AR A QRT-PCR 52 H A& H
() i TE A E 9T 790 Tllumina =38 0 P 45
RIZHTH—R e W ERH I 2R ek
€ RS, 2 B ATRCE FH 0 — R U A T
qRT-PCR VELLILEREE . KEHE. AT 75 Yerf i A0
T Fresss, ik, AW IE i
ok S, SR Ilumina w38 & B A D
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qRT-PCR VA4 THI 730471 PM (1405 5 K B 1 ik A=
WA KRR ARG RER, B PM 425K
%, LPS+PM 4K RN ERF R Bl
BE BN B EON 2, FUAT R 40 e Al .

IR BB B 8 A, RS S R
2 e e (R 58— RO IR DY, el 5 R R AE L 4
LG PR A S50 I IR B LT A
Pk o s IR IR E T, A7 SCRE SR
H CCL #ill# KRS ISV R, RISkt
FRIEH QRT-PCR VERFFCR I, A4 41K U I
BRE A B 24, x5 A5 P
LPS+PM 21 i BRI RHAH s A0 2 25 A0 — 3. 3R
R RS LPS 41 2 e Fl, {12 LPS+PM 41K
oLV T PR R B B A 4 24 B B I 3 o, i
LPS 4IRI A Ead. Kt gil] LPS B4
PM 45 241 K U BR B R0 TR 34 n 5 LPS 1 1E
MK, BEREEDENANIAHE, B s5E
TE B IR A B ) I ikt PR A T T PR PP et 2, T L
PRI ZH LRI T8 b 7 20 B ) T At A T
FEWIRY o IRy, K S 3 v 2 M e o 4 T A
N AT e A AL A T A T R 1R 3G i 5 n 2L
BoiE, X5 CERIFFTHOEIES: 90 d 45 T KRR
SRIAMRAEAG O B U84, Tlumina /5 18 &0
BRI S5 RA SO LR S g LR W
(WA 2 I, SCHRIRIE , A A AR BERG i, R4 FL
FF 4 S b P20, 3 5 AT S 46 A — 2

RGN, PM RS T e S I ER R
BRI RN BRI N, FUAT R A B A D
K. HAET, KT PM 4055 i i e e o6 &
(A SUIEAT SCRRAROE « ARSI 56 5 SR AE AT T 0
fili b, IORSEES S PIRE AR 8 I () s sl R
e BECAR (1) PM T S IR S REAS, R AIIFSE
PM ¥ B 453493 %5 B T Al A= 40 45 R RN T RE 1 4%

g BRIk, AW LPS 55 PM [HJH
PR, H R Hlumina 38 & 90 £ R A0
qRT-PCR VEMEFURIN, PM IRHA5 475 K BRI
BRERHF BRR T AR A8 . FUA B 40 B AL
WD, IR AR R —3k, {2 Hlumina
e A S PP AR ) A I A BE P . SRAGTE 2
I AEE B KT E A A5 v N TR 2
RS, AP 22y R E AR AR
AT Aamr i, AT A e
PE, e IR PR ALEERE .
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