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[Abstract] Objective;: To study the effect of Huazhuo Jiedu Huoxue Tongluo (HJHT) prescription on
the intestinal flora in rats with cerebral ischemia-reperfusion injury, and to explore the mechanism of Chinese

medicinal prescription regulating intestinal flora to restore the balance of brain-gut axis. Method: Fifty male
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SPF SD rats were randomly assigned into sham group, model group, high-dose HJHT group (25.0 g-kg™),
medium-dose HJHT group (12.5 g-kg™'), and low-dose HIHT group (6.25 g-kg™'), with 10 rats in each group.
The rat model of permanent middle cerebral artery infarction was established according to Longa method and
previous research experience, and reperfusion was performed 2 h after ischemia. The recovery of neurological
function deficit and the percentage of cerebral infarction area were detected 72 h after administration. Real-time
PCR was performed to detect the mRNA levels of Occludin and zonula occludens-1 (ZO-1) in rat colon.
Hematoxylin-eosin (HE) staining was conducted to reveal the intestinal damage. The feces of 6 rats in each
group were collected for 16S rRNA sequencing. The expression of Treg and Th17 in intestinal tissue, peripheral
blood, and brain tissue were detected. Result: Compared with the sham group, the model group showed
obvious neurological deficit (P<0.05) and large cerebral infarction area (P<0.05). High-dose and medium-doses
HJHT alleviated the symptoms of neurological impairment (P<0.05) and reduce the cerebral infarction areca
(P<0.05) compared with the model group. Compared with the sham group, the model group showed destroyed
structure of colonic mucosa and incomplete epithelial cells and goblet cells, while high-dose and medium-doses
HJHT alleviated such changes. The mRNA levels of Occludin and ZO-1 in the model group were lower than
those in the sham group (P<0.05),and the high-dose HIHT groups were higher than the model group (P<0.05).
The intestinal flora structure was significantly different between the model group and the sham group while
similar between the high-dose HIHT group and sham group. Compared with the sham group, the model group
showed down-regulated expression of Treg and up-regulated expression of Th17 in the intestinal tissue,
peripheral blood, and brain tissue, and high-dose and medium-dose HJHT alleviated the changes in the
expression of Treg and Thl7 in the model group (P<0.05). Conclusion: Huazhuo Jiedu Huoxue Tongluo
prescription may improve the permeability of intestinal wall by adjusting the abundance and diversity of intestinal
microorganisms to reduce the migration of intestinal Th17 cells toward the ischemic lateral brain tissue, mitigate
the inflammatory response, and thus alleviate the cerebral ischemia-reperfusion injury in rats.

[Keywords] Huazhuo Jiedu Huoxue Tongluo prescription; cerebral ischemia-reperfusion injury;

intestinal flora; 16S rRNA ; intestinal barrier
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F2 BB ENBEEANSEARMENE TSN (Is,
n=10)
Table 2 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

neurological function score in each group (x+s,n=10)

4151 H /g kg I 2 DY RETE 53/ 53
BFA 0
F 10.10£1.37"
A ff 0 03 2K 5 25.0 7.20+1.32%
12.5 7.50+1.18%
6.25 9.60+0.97”

T 5T AR Y P<0.05; 58 5 41 18P P<0.05;5 5 fk ik
0 75 15 L 2% 07 2 700 B 4L AR Y P<0.05 (3 3~1117]) .

x3 UHEBSEONBEEANESHXRRMEEARNOEM (35,
n=3)
Table 3 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

cerebral infarction area in each group (x+s,n=3)

2151 /g ke i R B 1T /%
RFA 0
Y 15.45£0.50"
A i ff 25 055 L8 2K 75 25.0 10.41+0.39”
12.5 11.11£0.36>
6.25 14.77+0.56>

A B

B2 {LimfREEMES T &K RMEARRERSIM (HE, <400)
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A TR ;B MBI C~E. Ak M 75 15 10038 25 05w b AR
ZH(E2~6F)

B 1 L AR5 T O 4R U5 X % A K R B AR JE T AR B9 R0
Fig. 1 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

cerebral infarction area of rats in each group
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Fig. 2 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on brain histopathology of rats in each group (HE, x400)

B3 {m@EEmELATNEEXREHALRENZIE (HE, x400)

Fig.3 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on colon histopathology of rats in each group (HE, x400)
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I 100388 265 Ty e ) 2 LU A Ak o A T T I3 4% 7 IR

F 2 Occludin mRNA 2 35 /K 3F F [ (P<0.05) .
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x4 UBBEEFMNEXSTWNEHKXR Occludin, ZO-1mRNA & ik
KEMFME (x£5,n=8)

Table 4 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on
expression levels of Occludin and ZO-1 mRNA in each group (X+s,

n=8)

205 FlH/g-kg'  Occludin Z0-1
BFA 1.19+0.21 1.23+0.23
Al 0.79+0.21"  0.87+0.10"
Al A B I 38 46 7 25.0 1.10£0.23% 1.15+0.10?
12.5 1.00£0.16”  0.98+0.21
6.25 0.90+£0.15  0.94+0.16

M Simpson 8 5 S WL R ) FE E MBS E LS
i T AR 41 b 8, 5 AU 2 KRR % B T ¥ Shannon Al
Simpson #§ £ PR AL ; SRR L AL, h 25 45 ALK U
i B % Shannon Al Simpson 35 54 7} 7 , LA i 7 & 4
REE. WK 4.

7.5 ¢
)
¥§ 5.0
=}
g 25
a
0.0 , , , J
A B C D E
& 10 — l
£ A -
g o3 Y , i
g
& 06
A B c D E

A5
B4 AbihfiESiE MmiE %A XK 4H KR Shannon 35 %, Simpson 5
H 08
Fig. 4 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

Shannon index and Simpson index in each group
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[ (P<0.05) ; 546 R4 Fb A, Ak b A 5 36 1030 45 0
a4 R OBEE T 8L E T T S (P<0.05) .
s,

x5 WHBESEFNBEBEANSEARBEMED T KEENFEE
G800 (X+s,n=6)
Table 5 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

relative abundance of intestinal microphylum levels in each group

(X+s,n=6)
4151 Flit/g kg JEEEHE] PRI
BFA 50.04+6.35 39.23+6.75
LAY 18.64+4.01”  31.98+4.60"
A fige 75 0% 13 26 7 25.0 32.84+9.66”  38.52+5.97Y
12.5 20.84+4.75 36.34+7.17
6.25 27.1144.00 33.0249.78

FERE KT, 548 T AR 21 o #, B 80 20 i T 5 AR
FF i (P<0.05) , FLAT BB T B (P<0.05) s S AI A 1
B, Ak AR O I8 2% 7 R R i 4 R R T R
(P<0.05) , FLATFH BT (P<0.05) . WK 6,
F6 MBREE M AL & Ak R B MRk FAR R
HIRM (its,n=6)
Table 6 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

relative abundance of intestinal microbiota levels in each group

(x+s,n=6)
4151 Fit/g-keg'  ITHEF FLFF A
IEERN 0.17+0.24 7.38+2.78
LAY 20.06+5.87"  0.70+0.27"
A fige 75 0% 103 265 7 25.0 4.96+2.147  7.50+2.41?
12.5 18.28+6.17 4.71+1.91
6.25 18.05+8.46 5.18+1.82

7E I8 K, 5T R A i, BSR4 8 IR K
W R T FE(P<0.05) , R W R %R E B T A
(P<0.05) ; 5 BERIZH LU 55, fbo g 253 176 138 26 J7 /=1 711
20 20 TR IR IR B TR (P<0.05) R R K I
J& F R (P<0.05), W7,

R7T UMBEEMEZRANEHXRFEMEYREKEEINFEENHI (F+s,n=6)

Table 7 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on relative abundance of intestinal microbial genera of rats in each group

(X+s,n=6)
41 51 Fl /g ke M S DN o B B I
fir F A 0.05+0.01 0.84+0.30 0.00+0.00
i 0.17+0.05" 0.02+0.01" 0.20+0.59"
Ao fige B 0% 13 45 7 25.0 0.02+0.01? 0.24+0.60” 0.03+0.01%
12.5 0.05+0.35 0.09+0.05 0.11+0.03
6.25 0.08+0.49 0.34+0.19 0.09::0.04
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3.6 X KB BIYE T 400 17(Th17) ,1IL-17 £k Y
M 25 R B X A S A S R B R,
fix T AR 4L A, 15 AL 20 KR TL-17 363K W) 18 1
(P<0.05), S5 AVZH Br A, At ik 25 0 10 38 26 D7 55 77
4 AT DLW R R IL-17 3R 3k (P<0.05) . W
#8,H 5,
ST AR R, B4 Th7 40 (4 H ) B &
B (P<0.05) 5 5B A B A, b ol fige 25 0 U003 465
[N R == A DR R T 2 3 W W 1 S
S HA G L (P<0.05), ST ARE LT,
BT 2 i TL-17 9 7K SF- W] 2 FF 85 (P<0.05) 5 55
20 O Ak e A B 35 1038 2% 5 R 4 117

R8 WHBEFMELATNEARRIL-17RENZIM (3+s,2=6)
Table 8 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

expression of IL-17 protein in each group (x+s,n=6)

IL-17/14
215 Fl /g kg
2 i 2148
BFAR 0.50:£0.02 0.04+0.01
(x| 0.13£0.02"  0.13+0.02"
Ak o A7 B 6 00038 45 25.0 0.06£0.03%  0.05+0.01%
12.5 0.07+0.01>  0.05+0.02%

6.25 0.08+0.02 0.11+0.03%

Y2 35 B 1 B4R (P<0.05) . WL#9.

BS m@BESEnEEANSARRIL-17TRENTm (GLrd4lil, <x400)
Fig.5 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on expression of IL-17 in each group (IHC,x400)

RO MBI EMELRANZAXR Th17 RIL-17RIEHEIE (¥+s,1n=3)

Table 9 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on Th17 and IL-17 expression in each group (x+s,n=3)

IL-17
ikl /g kg Th17/%
1fiL 5 /mg - L7 Wil ng- ¢!

1B TR 39.32+3.96 48.92+7.70 3.00+0.14
H 66.96+5.92" 71.94+5.65" 4.00+0.29"
A figp 25 355 1003 265 5 25.0 42.68+3.85% 51.47+3.44% 3.12+0.147
12.5 35.37+6.66% 53.33+3.03% 3.28+0.167
6.25 60.17£14.67% 64.26+10.45> 3.64+0.23Y

3.7 XK B FoxP3',IL-10 f 52 M 45 7 Bl il X A% F AR b, B4 1L-10 3 3% B B T B (P<0.05) ;

HA R A R R, ST ARA R, B4
FoxP3" 335 T [ (P<0.05) ; S B 2H HU B, fb ik fiff 7
6 I3 4% 7 i L ) A 4] FoxP3TEE 1A B I B4 M
(P<0.05). ULIE 6,2 10, ¥ =X 40 M A A I &0 J& 1
1 CD4" CD25" FoxP3 1y LL il , 45 2R Wom S 28U iy
SERFE -, ERA G L (P<0.05). 51/

5B A 2] b, Ak i A R T 000 4% b R A
IL-10 &3k B B 380 (P<0.05) . W& 11,
4 g
N1 B 38 N 5 A8 507 B TR G B8 R I 61 00
T B 38 TR AL T — AP RS TR R 2 R R
e AR O i 38 T BE O U, i BE S A B, 5%
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BEl6 {LimfEEEMNELEHXEHKR FoxP3" RIZMFM (AL, x400)
Fig. 6 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on FoxP3" expression in each group (IHC, x400)

10 UMBEEFNEEANEHKRR FoxP3 EARIENEMN
(X+s5,n=3)
Table 10 Effect of Huazhuo Jiedu Huoxue Tongluo prescription

on FoxP3" expression in each group (¥+s,n=3)

4151 /g kg “
7] i 20 21
[EERS 0.13+0.02 0.10+0.04
T 0.06£0.02"  0.04+0.02"
A fi 5 U I 26 5 25.0 0.11£0.02%  0.13+0.02%
12.5 0.10£0.012  0.110.03%
6.25 0.07£0.01"  0.060.01"

I I EE, 3X L8 8 AE 20 M0 7 o i BE B A0 1 A0 BR
HEAG , 3E— 25 i EE CIRIV . Zbe il e if 5] 2
Jay A 8 SR S I [ I R A PR S e AR A o il
14 3 2 A, Mg 3§ A 0y B ol e 3 Y SR B AR S AE A
B G BEPE S Ol A T . DNt BRI 5T T
VR i e a0 5l A 0 A RS R 5475 i R 8 R I
(] A9 BIL 1 K %

Jii i O T B o W 2 A A% S Ok D T R LA G
0 I AANE , vhadi A0 b, SCAT S R A A I R

R s IR o T K TR T i B
AR KA AR K, B TC51 3 XUBH |, i 75 52
PR B0 AR I8, 28 BKAS 38 o M A 3 D e N A% i A
F L ThBE SRR NS SHLBELH T8 I 55 Z 3k .
0G99 062 7 T U S LA SR A i A B R o Y
i - Ji St R0 i TR R 2 U B AT DL R L KU T AR
PR A it B A BEL v 3 IR AN e BT b, S Bk
B PAT BEL Ml 4, LR L DK 4 AN 8 A o SR O
T 2% VA TR e PEOS LA R o v A B T 0 0E 4%
J5 TP R A VR TS K R R L AR TR A IR UK
B AT FHS CH I NS AT AR, 53801
IR RATRH A5 2 BATZ 8 A B VARG R
SACTRAENR , b e i BURXG H B ANE 25,15 25
FH 22 1k figp 2 5 1038 2% 22 %0

A 45 5 05 W 18 TR RE 22 R B B 2 2 Kk
A — R AVBAR S WS R B, A i A rh B AR TR
BT LR AT B RE Ml R TR R R I ok SR T R B9
i3 i, Odoribacter J& , Akkermansia J& F
Ruminococcaceae_ UCG_005 J& A9 AH X 3= & B & o8
fR T VSR RE TR TR AUUAT BT OB AT A K P B

R LR S E M8 4% 7534 & A KR CD4' CD25" FoxP3' R IL-10 Rk 151 (345, 1n=3)
Table 11  Effect of Huazhuo Jiedu Huoxue Tongluo prescription on CD4” CD25" FoxP3cells and IL-10 expression in each group(¥=s,n=3)

IL-10
2151 Fl /g ke CD4" CD25" FoxP3 4 Jfl/%
1% /g L Wil 8 ng- ¢!
BFAR 12.18+1.41 101.32+9.90 1.09+0.03
i) 5.63+1.11" 57.98+8.07" 0.84+0.07"
Al i 75 % 1 3 26 7 25.0 10.48+1.24% 78.19+1.32% 1.04+0.09%
12.5 9.48+0.92% 08.28+7.44% 1.01+0.05%
6.25 5.18+0.19% 57.98+10.68> 0.84+0.08%
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IR, ABIESE BB B TR A5 R A 1 i T
Bk A4 T M & A9 A8 4k, B Shannon #5 %, Simpson
TR0, £ A AR T (PCoA) W] i1 CIRT A LAY 7 38 14
FEF 2R EERE TR S THEY
Tl i) 2o o P A A R0 2 1 vy o FL o A o i B O I B
27 i IR T o R A T O A i, BRI
A R AN RE TR ] BRSPS
O B B U AT R, Akkermansia J& £ T L N
Uk T P R A AR B

EH M B RERE T 4 B RE RS B
T R B B T RE L B O H B A A R R IR R
L SR BUR L R 5 I 1B W S E O R
We IR W 1 Bz 240 o W 8 o 28 AR 30, JRR L &5 4 B
5 R AP R AE R . W R B RE B AR K R R
g 3 Tk 2 0 2 R R g 3 3 P B 0 Y — R RR AR
FLAF R A B AT DUAC I AR K Y 6 R D7 R 2
587 o 3 G g% R B BE T RE L X i 1 R EL A DR
YE . ARS2E 5T & 3, CIRT S 7 18 B B MCAO 4H
KB T8 BRE TP A TR R R Gk R LA R R R A
T, 452 20-1, Occludin 235 T &, &1k b fif
B0 I 38 25 7 IR 9T 5 AT IR RIS TR L FLAT IR
Fik 1 ,Z0-1,0ccludin £k B, 5 FR 5T —
e, ¢ WA Ak D i 2 355 0L 4% 30 5 8 T i B R
CIRI K B4 i 38 Bt b Tl e ™ A= AR 9 4 H

Th17 1 Treg i - & 15 7 18 N 40 38 855 1 — 4>
ORHEBRRE . i 1 A RE R R 0T 40 A R B A
T M Al i 5| Kk 2 P AR B G 9% 21 L AH OG5
Wi o B I T RE R R R I R A e SR TR L FLAT
P A BR B B R LAAE /N R4S g [ G R R AR
Treg 55 GER MM >, DGR fET g bk
FIRIT R W B 3R 55 L 45 1 Treg B0t 1 9 /b i
E— 25 UE BA B 38 T B T Treg 43k 1 8 220
JVs T8 Th17 J& 75 iy 18 2 Az TR i 6 48 e 155 5t 4 1Y
FEAH TR AR AR R R, 45
W Th17 2 38 T B BRI ATP 3 S 12

J 38 A 25 2 1 O R I Treg D8/ il B v
T 40 (Th1 AT Th17) 36 0=, 36 £k /9 T bk B4 40 i AR
AN JEIE RS B AR i 2 R G, 4 W 4T B B B 43 RN
A IR 7, 5 B B A% 40 it A 5 v 0 i 3R T b R e 22 &R
iV, Th17 78 4E 457 W 6 B 5 B, 98 E A A= 4 5 7
Wl AR OF BRSO i 5 B A
X H 22 22 58 B fiE J1 . BENAKIS 255 1 ¢ Yo bR ic
MCAO K R N 0 T 40 j & B 38 5 W6 14 Treg,
Th17 Al 3 #% 2468 455 (04 i 20 21, Th17 40 ff 3% Jin Jin &

T/NRE PG RAE . AU A0 & B,
MCAO K BRI A 57 58 308 375 4 186 i, 426 Ak ol gk 25 305 1l
38 25 716 9T X8 I i 5 R R AR o AR SR B O
K ILMCAO 2H K EU iz 18 2H 23 A1 &) 1 0 ke i 1XC A 26
U Treg 43 WK />, Th17 4336 fin o 281k b ft 75 76
I3 45 77+ WE |, K B I8 4140 A0 A i A i X
ki 2H 2 v Treg 73 W BH S 39 0, Th17 79 M4y /b, % B
b i 5 T I 3B 2% T AT RE 2 Gl 2o B IR 18 4 21
Treg, Th17 {335 , Jd /b Treg, Th17 AY3E 7 2 ik 41 21
M CIRI

25 L BT IR, Ak o A B T A0 2 7 3 o I 1 i AR
T T8 R G 25 EL R G BE R 0 B IR I 48 RE
N, KA CIRT A BRL B i - i il ST 5, DA T 552 g g 2
TG o AW 5T 45 BH S B A v i il PR A 9T A
i 7 v J B Ty e B i 1 90 )7 4 AL BT 1 SR
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