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HWE BBy R ERET RS KT R EANER & 8RR, Fik ¥ SPF 4t
M Wistar K A A EFA(HAR CLU)6 AAEAM(HAME)14 X, RAKERYT 5T EL
SRR EEIIENERSAR . IR RS GE M AR A LA R 20 ( M AR S 40) A ANR A 5 25
Ll( AR Z ), BRI 1247 16S rRNA 5, KA qPCR # A4 2 Claudin-1,Occludin ,ZO-
1 mMRNA K-F;Western Blot %4l = # Claudin-1.Occludin . ZO-1 %& & &% ;ELISA &40 id £ & B
FRF, R OANKFLE,SHE CHUBEEE AN IM(P<0.05), MAFH 11T K (P<0.05),Z 284 S
412 1T Y (P<0.01) , 8 AF A 113 (P<0.01) ;£ & K-F LS 4%k C 4A5LH A & F= Paraprevotella
J& Yets) 7t 2 (P<0. 05, P<0.01) , % B 3K 1 & A= k5 0 &K 1 /& T M (P<0.01,P<0.05) ;Z 4Lt T S WiLH H
J& Yo 5] B 2R Y (P<0.0001) , 7 B 3k B /& A= ks 5L 4K 1 & 36 4m ( P<0.05, P<0.01), Paraprevotella /& 2. T
M4 4 (P>0.05), 5 C 4kic,S 4% % Claudin-1 mRNA #=%& & £ % F % ( P<0.05, P<0.01) ,Occlu-
din mRNA Fo & & & & %1% ( P<0.01) ,Z0-1 mRNA Fo % & % & 2 kA% (P>0.05) ;5 S 4itks,Z 4
Claudin-1 mRNA #=%& & /K-F# 2 ( P<0.01) ,Occludin mRNA #F=%& & & ik 3% ( P<0.05) ,Z0-1 mRNA
Fo KT 2 EHMH . SUTH IFN-y = IL-17 4 F4 C 413w ( P<0.001),sIlgA . TGF-B.IL-4 5 IL-10
KFTFH(P<0.01, P<0.001);Z 4% S 48 IFN-y.IL-17 4% " ( P<0.001, P<0.01),slgA . TGF-B.IL-4
51L-10 & #ZH(P<0.01, P<0.001) , &t #AMNEMF e Ay A AR T BEA N DATHAI B
B B SLERATHE B 5 AR & & ¥ e Claudin-1,Occludin mRNA =% & %.i% , 5£i8% Th1/Th2.
Th17/Treg 4m .5 ik &g 20 B B F KT | BERE 1A B K S A58 4 4 e e UM B T R S, 93 B 158 04 5% AL
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Effect of Zibu Piyin Recipe on Intestinal Mucosal Barrier in Pi-Yin Deficiency Model Rats SUN Xi-
ao-xia, ZHOU Wen, and ZHAN Li-bin School of Traditional Chinese Medicine & School of Integrated
Traditional Chinese and Western Medicine, Modern Research Laboratory of Spleen Visceral Manifestations
Theory, Nanjing University of Chinese Medicine, Nanjing (210023)

ABSTRACT Objective To observe the changes of intestinal mucosal barrier and the regulatory effect
of Zibu Piyin Recipe (ZBPYR) in Pi-yin deficiency (PYD) model rats. Methods SPF male Wistar rats were
randomly divided into a normal group (C, n=6) and a model group (M, n=14). SYD model was estab-
lished by improper diet and overwork combined with exhaustion of yin fluid. After ending the PYD model,
rats in Group M were randomly divided into PYD group (S) and ZBPYR group (Z). Fecal samples were
collected every week for 16S rRNA sequencing. mRNA levels of Claudin-1, Occludin, and ZO-1 in the jeju-
num were detected by qPCR. The protein expressions of Claudin-1, Occludin, and ZO-1 in the jejunum
were detected by Western Blot. The levels of intestinal inflammatory factors were detected by ELISA.
Results Compared with Group C, the level of Firmicutes increased ( P<0.05), while Bacteroides de-
creased in Group S ( P<0.05). Compared with Group Z, the level of Firmicutes decreased ( P<0. 01), while
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the level of Bacteroides increased in Group S ( P<0. 01). At the genus level, the proportions of Lactobacil-
lus and Paraprevotella in Group S were higher than those in Group C ( P<0. 05, P<0.01). And the propor-
tions of Ruminococcus and Adlercreutzia decreased more in Group S than in Group C ( P<0. 01, P<0.05).
Compared with Group S, the proportion of Lactobacillus significantly decreased ( P<0.0001), while the
proportions of Ruminococcus and Adlercreutzia increased in Group Z ( P<0. 05, P<0.01). The level of Pa-
raprevotella had a downward trend ( P>0. 05). Compared with Group C, jejunum Claudin-1 mRNA and pro-
tein expressions decreased ( P<0.05, P<0.01), Occludin mRNA and protein expressions decreased ( P<
0.01), and ZO-1 mRNA and protein expressions showed a decreasing trend in Group S. Compared with
Group S, Claudin-1 mRNA and protein levels increased ( P<0.01), Occludin mRNA and protein expres-
sions increased ( P<0.05), and ZO-1 mRNA and protein levels showed an upward trend in Group Z. Com-
pared with Group C, the levels of IFN-y and IL-17 in jejunum increased ( P<0.001), while the levels of sl-
gA, TGF-B, IL-4 and IL-10 decreased ( P<0.01, P<0.001) in Group S. Compared with Group S, the levels
of IFN-y and IL-17 were reduced ( P<0.001, P<0.01), and contents of silgA, TGF-B, IL-4 and IL-10 in-
creased (P<0.01, P<0.001) in Group Z. Conclusion
mucosal biological barrier, mechanical barrier, and immune barrier in PYD rats by regulating the propor-

ZBPYR improved abnormal changes of intestinal

tions of intestinal flora ( Firmicutes, Bacteroidetes, Ruminococcus, Lactobacillus, Actinobacteria), in-
creasing mMRNA and protein expressions of Claudin-1 and Occludin, and adjusting cytokines secreted by

Th1/Th2 and Th17/Treg cells.

KEYWORDS Pi-yin deficiency. intestinal mucosal barrier. Zibu Piyin Recipe
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IKAAE I AL , -5 19 BE AR A A 8, 2 9 JUE 2 e % 3
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BARVICAREAE) FAEB+ J7 B i Jy et 4
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1 Zh¥) SPF 2l Wistar K 20 H,6~
8 il , AT (200+20) g , W [ b 5t 4 1 42 5256 2h )
ARG R A [T IES ; SCXK ( 51) 2016-00111
Frg R B 2 K2f SPF s ¥ 5256 b0 ] 37 | IR
(22+3) C,BRWKEACE 12 hM12 h, A SR
U R 2 K A Bl 5L 5 e B 2R 5L 4 it ME ((No.
ACU170301) .

2 29 il1Z B R IR R A B R IR
1011 ARG, A R st BE 2 KA B, KR,
ViBA 25 A= 25U R 1 g/mL, 54N BT 2541 . 415
30g WiZj15g fK%E15g HAT15g M=
129 HmE15g #W20g AEMH10g L&
10g M 4.59 L 9g #HHE9g,WHKE
RB RN H KA, LN B Oy 25 4 25 ¥R B
3.29 g/mL, 4 CHAAER,

3 FEH LAULSE  Claudin-1 $itfA ( Abcam,
% . GR3227658-2) ; Qccludin £ W [ $i & (Pro-
teintech , #1t5-:00051604 ) ; ZO-1 £ 7L YA (Ther-
mo, 5 :SL258826) ; RNA $2 B 71 & (JE 22
5. 40345 ); | ¥ % Wk K| & ( Takara, it 5.
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Al40832A) ; & & %< ot 1 R (i e R, it S,
7E212H8) ; K K sIgA | IFN-y K IL-17 FfFI G 2 46
R & (R Rt it 5. 20190602) ; KR IL-41L-10
K TGF-B il 3¢ fe 72 6 03X 500 &5 (p ot S i, L5
20190603) , Ji ¥ 2 & A (Hi 120 3L) ; PCR §7344Y
(£ ABI) ; MiSeq ¥ &4t (£ lllumina) ;
BHOEEET (£ E Thermo) 5 /N A 2B O HL
(3£ Thermo) , FE B HL UK (3£ [ Bio-rad) ; F 1111
FEEN RS (£ [ Bio-rad ) ; BRI LR R 48 (£ Bio-
rad ) ; 2 6E i PCR X (%i-1- Roche) ; Z I REFFR (Y
(2[H Molecular Devices)

4 Sy GER KT OTEE ENTERSE 3 KE,
W R BEHL AT A IE 2 (TR PR C 2H) 6 HABAYZH ( 1
FRM )14 H, RAGE G HER, BRE R 555
P 3k BE 45 A K605 B Wik A S B BH i R RS L0
551~ 14 TSR B KRB H vk 2 079, [
AR B B 07 S ISR KRB RS 5 15~
24 KNI B Be : M 2 K BB R T 1 mL/100 g 7l
HE Ry, C 41K B R SRR FUE BRER K, &%
(BB IEHHIES Z k) "2 P B 2511 PRI 5T 4
SIS g A HE SR UE T S bR E N T =
J1 B RTCCEE B S 5 B R UE VT S b i A B
TR TP B R TOLE E T IR R
A3 TRk oK B3 22 DK R L MELBH R B B R
XPR BT A W) A R AE VP, HEBR AN G A AR MK
BURBET- R A 1, Iy 12 FUB AL R B 44) 18 A5 hg
U1, %5 25~38 KN UEAMAE 5 25 T B 4% 12 B
TR R R BEAL 530y BB g 41 ( PR S 4H) A #b
MR 2 (FipR Z 241) 4l 6 X, Z AR A HE
AR EAMEREA 77 25 1 mL/M100 g, 4% 20 7 IR 25 AR R A B
K,

5 FRARE B ENCE A R BUR S 2 R
FEE N, T-80 CORME. WEAMEIJ7 25 T Flb B 45 ol
Ja BEATHURE IR 5 2% 136 B L2 SRR K B, IR =
SKIBUNL S Wk A BT, PR AT I I, 2 25 /N A 2R
4 °CA=FRER K FE 5015 Ve ip B 5% B8 1) 5 7 FH D8 4R
T8 1 em AU 3 I TFRAEH,-80 C
AT,

6 KpillHEhs Kok

6.1 —iENl B HRN KRR TR, S5
RAROK sk K RS 3G sl B S R Mk Ol
R

6.2 K ZEfH 16S rRNA JlJF fi#i Jj DNA 4
BORH Ay T Z M RE R S 4H T DNA fil 42, & B ik

T4 16S rDNA 3 [H V3-V4 X PCR ¥ #5149
338F (5'-ACTCCTACGGGAGGCAGCA-3') }2 806R
(5'-GGACTACHVGGGTWTCTAAT-3"), ¥ ik %
D1, PCR Y HFLF.98 C 2 min;98 C 15 s,
55 °C 305,72 °C 30 s,25 MEH;72 °C 7 min, 4l
b PCR F=¥ 317 %, (M lllumina MiSeq ¥ &
1 MiSeq Reagent Kit v3 HEf7 g XF K ¥ 2x300 bp
W, 0P 240 B IR AR AR W RHE A BR A R AT
A A A 2 ' T (QIIME, v 8. 0) Ab ZE
FPE, it AR bR T (PCoA) Kl B ZREM: WL
GERE S TR A W TR B 45 4 25 Ak ; Metastats 43 AT L
BORRIRE S B B) A TR R 22 5

%1 PCR¥ AR

W3 & R F#(pl)
DNA Hifz 2.00
Q5 S W 5.00
dNTPs 2.00
Q5 @R E GC il 5.00
Q5 @Rk E DNA 4G (5 Ulpl) 0.25
E 1514 1.00
AL EIEY] 1.00
ddH,0 8.75

6.3 KEZWAZ Claudin-1.Occludin ,ZO-1
mRNA JK-FA2 I >R qPCR SRR, fe BB
RNA Jf i 17 0 §% 5%, 35 5% 5% i % 144 37 C
(15 min) ,85 C (15 s),4 C ({#47). Y4E cDNA,
-20 CI_fE. A A cDNA Eiti 5k F§ SYBR Green
I A E S8, 51 9)PF13EILZ 2, qPCR M {4
% (10 pL) :cDNA 2 pL IEm 5514945 0.4 pL
KWK 7.2 pb, SEE 55150 95 C 5 min i 48 Pk
95 °C 10 5,61 °C 30 s,40 KAEH;95 °C 155,60 °C
60 s,95 C 15 s,

®2 5lF
HNAFR Elt7 2! A BRI (bp)
Claudin-1 1E[05[4).5-AGGTCTGGCGACATTAGTGG-3' 202
R I0514).5-TGGTGTTGGGTAAGAGGTTG-3'
Occludin  1E[1]5[4).5'-CCAATCATTATGCACCAAGC-3' 102
210514 .5'-GAATTTCGTCTTCCGGGTAA-3'
Z0-1 EI15]4).5-GTATCCGATTGTTGTGTTCC-3' 270
2155145’ -TCACTTGTAGCACCATCCGC-3'
B-actin  IE[5|4).5'-ATGGATGACGATATCGCTGC-3’ 150

S 15514 .5’ -CTTCTGACCCATACCCACCA-3'

6.4 KR4 Claudin-1 Occludin’ZO-1
R FE LKL % ] Western Blot -3 A Al
PR s I 4 8 A, R e BT
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FEFEWRE, Bk, 5, 5% BLAR2F A 2 h, #i 1E
1:1 000 iMA—#1,4 CWE LRI, KH 1xTBST 7
ARUERE I —$i(1:2 000) , TBST 784 i, ECL
RICHE,

6.5 ELISA A KR 2 I 4141 sIgA (IFN-vy
TGF-B.IL-4 IL-10 F1 IL-17 & &  #M8 ELISA it
S #7235 sIgA IFN-y . TGF-B .IL-4 . IL-10 F1
IL-17 KI5

7 SeiteEork: i SPSS 19. 0 Giit kAT
B AL B R L x+s ok, PIZH A LA HEAT ¢
Kig geit2F ot ik, 24100 AT R E 5 25001
T, P<0.05 AERA G FE L,

=R

1 —BEM(E3~5) EMAENE, 5 C4
FeAse , M 41K R PRk & A AT IR S B ( P<0. 001,
P<0.0001) , & &4 /11 ( P<0.001) . 7EMEH R B, M
HAR R C AR FIATIFFAT( P<0.001) , IRk it I
HEIEN(P<0.01, P<0.05) , H M #1 K §LE & #ifs
TOEHE, Gy b 2T, C AR R AT, 16 3h il
HEBROGEE, TAEIER , RN T 25 45 2B B,
5 C A, S M Z HikH TR (% P<0.001),Z
HIRTER S AR K (P>0.05) ;Z 415 C M S
MoK B T M (¥ P<0.0001) ;3 A TR e
ZRTGI2HE X (P>0.05),

®3 MAEHBASARRARTE i POKE K
AU LR (X+s )

4 n HKE(g) HE(g) Yoki(mL) JITE(C)
C 6 283.82:24.13 24.86:1.35  44.25:4.84 34.79:0.25
M 12 217.07+19.34" 31.38+4.06"  34.23:20.785°"  34.05:0.42"

.5 C4itkie, * P<0. 001, " P<0. 0001

F4 MPIEH B AR BARTE i oK E K
AU LR (X+s )

4 o fkiE(g) fil(g)  Puki(ml) JIif(C)
C 6 334.73:11.11 25.87:0.98  47.57+4.15 34.73:0.20
M 12 252.44:29.03* 20.43:3.10"" 40.52:8.885°  34.09+0.32"**

.5 C4lttie, * P<0.05, " P<0.01, "™ P<0.001

RE5  WAMERA T B BEAS A K AR
'R YokE LIRS (Xxs)

45 n o fkifi(g) fi(g) Mok (ml) ILE(C)
C 6 372.17412.76  25.88+2.17 42.69+6. 18 35.07+0.12
S 6 326:36:22.38° 26.96:1.64 43.36:2.79 35.0320.20
Z 6:°339.01428.83" 17.97+3.75"" 4 31.01+4.215** © 35.010.21

.5 C4lHdk, * P<0.001, ** P<0:0001;5 S 414, © P<0.0001

2 BB E RS S T

2.1 J&F UniFrac B & 1) PCoA 3 Aa4r 43 #T
(B 1) 2 1~5 A AREATE PC1 K- L DTk B i
K, 43510 20. 85% 21.07% F1 21. 11% ;S #H7E PC1
IR b Al IR B B (5 1 ~2 ) 5 NEBA R Y Bt
(%5 3~5 J&) B R IX 4y ; C 4l Ml Z & FEALE PC1 K
| REESEE  TETE I X 4y

A B c

|PC2(13.45%) |PC2(13.16%) |PC2(11.77%)
| >

w1
o e
= i -,
w0 )|
4 m 50 :
@& ) |

3 w

e )

(o

N A
'
1

PCA(21.11%)

" PC1(20.85%) \

PC3(7.36%) L PC3(8.19%) P63(10.35%)
H.aNC4;b WSH;c NZH
1 HHWFEWEEET UniFrac R HY
PCoA FARARAMAL AT LR
2.2 JHERBETTKEA R (K 2)  ETTKFE

e 25 2K B B TR R B R BE B ] ( Firmi-
cutes) T 1] ( Bacteroidetes) it 2k il ( Acti-
nobacteria) .2 £ 1 ] ( Proteobacteria) ,. TM7 [ .
EER ] ( Tenerieutes) | W %5 ] ( Cyanobacteria)
FIPERLETT (Verrucomicrobia) 19 BA He K Ui 18 4H
PR DL TR T A IR RE TR ] AT BT TR 1], Herh
JEREE ] i . SN 2545255, 5 C A

A Firmicutes D JEBER ]
Bacteroidetes 100 - "
1007 m— — — — = Actinobacteria A
80 == Proteobacteria 3 804
9 - TM7 >
i 60 == Tenerieutes ﬁ 601
H 40 Cyanobacteria &= 404
& == Verrucomicrobia &
= 20 20
0 0-
AR 2R H3 A H5H c S z
B Firmicutes E P
Bacteroidetes 20+
1007, g o — — Actinobacteria
80 == Proteobacteria ~ 154 o
2 - TM7 b
i 60 == Tenerieutes % 10
# 40 Cyanobacteria 7
?é 2 == Verrucomicrobia & 5|
O-LINEL__E 0-
S SE2JH 3 H4fE H5)H c s z
c F
Firmicutes F/B
Bacteroidetes 20
1001 coms mams G TR == Actinobacteria
80 = Proteobacteria 154
S - TM7 o
i 60 == Tenerieutes T 40
# 40 Cyanobacteria
E m= Verrucomicrobia 5. a
20
0 0-
AR B2 W3 H4)H H5H [ S z

UE:ab.c 4 C 41.S 4L M Z KBV B RESS 1~5 J 1]
KPR 3 d @ f SR B Ab Iy 2540 2B B 5 J I BE BRI TT
AT & FIB K F-(n=6);5 C A4, " P<0.05; 5'S 4l 1t
#,4 P<0.01

2 DK I A AL
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Lb#, S 41 JE BE TR ] S )5 BE I 1] 5 $00FF 11 1) Ll 4
( Firmicutes/Bacteroidetes, F/B) ¥ Jin (¥ P<
0.05) , AT T K-F-FE{K ( P<0.05) ,Z ZH R REETR ]
5 F/B # S M W R [ (¥ P<0.01) , 48U FF i 1] 1
Jn(P<0.01) .,

2.3 IHBWHEEAKTEAN(E 3)  FEJRAKT
&2 R U 3 s A1 4599 B 2R & ( Ruminococ-
cus) FLAT & ( Lactobacillus) . Bi 42 7 J& ( Oscil-
lospira) . # @i J& ( Clostridium ) . fi 97 4% [C 4 )@
(Blautia) JFE#E & (Allobaculum ) %5 Hidm B
BRUAJE FFLIR AT 3 F B2 B, 2 AL K K R I 3
g, A IE R Spearman AR EL r AR
T 0, BIFAXKR;ZHYS CHS A M= T
SHYECH, WA TZi%dE, 5 CHILK,S
HILFF 8 A Paraprevotella J& L1 71 &5 ( P<0. 05,

A cHl B
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0

AR 2K R W4 5K AR 2R R W4 H5H

Z4

100
80

.
60

20 H

H
0

c s z
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KRR
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1 00
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ol - 96 a0l

H:ab.c iy CH .S H K Z HARFEE 1~5 il R K

AR d iR 2R 2 BERS © RS LI ST R KT e T
5 JAITEJB A TASRE A Spearman A &M Pl O A P B AR T 454
AT r i) 5 WS 5 )5 3 41K )8 Metastats 4344t (n=
6) \

N oW Ao

3 JmRAK-EIERE AL

P<0.01) , ¥ 15 Bk A J FIR iR 147 LL Bl ( P<0. 01,
P<0.05) ;5 S 41 b4, Z AFUFF 8 Hefil B gz ( P<
0.0001) , %8 5 BK A8 SRR 14 s L sl Bt ( P<0. 05,
P<0.01), Paraprevotella J&4 [#{%#%(P>0.05);Z
5 C A LA FLAF A & 9 1 BRI R KGR TR s
Paraprevotella J&2: 7 Jogtit2# & L (P>0.05) ,

3 K4 KEZW Claudin-1,0ccludin . ZO-1 mR-
NA ARk 4) 5 C 4l Hbde, S 4125 Claudin-1
Al Occludin mMRNA ik /K FR#(K ( P<0.05,P<0.01),
ZO-1 mRNA 7KV 2L (P>0.05) ; 5 S 4lHk#K,Z
2 Claudin-1 #11 Occludin mRNA 7K3EH48 /i ( P<0. 01,
P<0.05) ,ZO-1 mRNA 7K-F-5 FFH#a#( P>0.05) ,

A B c
ﬂw

2.0 *5'20 E
! ®
15 P15

Z0-1 mRNAIR ik
& 5 &

o
»
N

”Hﬁﬁ;ﬂﬁﬁi

. a.b.c 439~ Claudin-1 Occludin .ZO-1 mRNA %
KK (n=3) ;5 C UL, * P<0.05, " P<0.01;5 S 4l
#, % P<0.05,%% P<0. 01
4 ##H4% M Claudin-1,0ccludin .ZO-1 mRNA 7K Hds

4 KHKEZ M Claudin-1.0ccludin .ZO-1 %
HEBHHR (K 5) 5 CHHH,S 25 Claudin-
1 Fl Occludin & &5 T B (¥ P<0.01),Z0-1 &
K2R HB#E(P>0.05); 5 SAHIILK,Z 4
Claudin-1 #il Occludin & A ik 7+ ( P<0.01, P<
0.05),Z0-1 & H# L T (P>0.05)

A B [

c s z c s z c s z

Claudin-1 mem—————23 kD Occludin see———— 50 kD ZO-1 203 kD
B-aCtin s s s —45 kD Bractin se—5 KD T — -]

%20 ﬁ, 20 515

®

=15 e g Fot

z £ =10

T 0 N B

E Hﬁ 505

£ 05 u 0.5. P‘_ﬁ

5

3 g Q

© ¢ S z

7£:a.b.c 4%k Claudin-1 . Occludin .ZO-1 tE A # ik K
HHELGEE (n=3);5 C 4l b, ” P<0.01; 5 S 4 b,
2 P<0. 05, %% P<0. 01

5 4145 Claudin-1,Occludin . ZO-1 & H F£ik b

5 KA KRR slgA,
IL-17 . TGF-B KL (K 6) 5 C 4ltbi,S 4%
1 IFN-y 1 IL-17 & 53600 (#°5 P<0.001), sIgA .
TGF-B.IL-4 5 IL-10 /K- FF#( P<0.01, P<0.0071);
'S A, Z 4 IFN-y.IL-17 & &2 ( P<0.001,
P<0.01),slgA . TGF:B.IL-4 5 IL-10 &K (P<
0.01, P<0.001),

IFN-vy. IL-4 IL-10,
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