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Effects of Ganbao capsules on intestinal mucosal barrier and gut microbiota in rats with non-alcoholic
fatty liver disease

FAN Xing', HE Yan’, YANG Chengzi’, LIN Yating’, HUANG Defu' (1. Dept. of Pharmacy, Mengchao
Hepatobiliary Hospital of Fujian Medical University, Fuzhou 350025, China; 2. School of Medicine, Zhejiang
University City College, Hangzhou 310025, China; 3. Pharmacy College, Fujian University of Traditional
Chinese Medicine, Fuzhou 350122, China)

ABSTRACT OBJECTIVE To study the effects of Ganbao capsules on intestinal mucosal barrier and gut microbiota in rats with
non-alcoholic fatty liver disease (NAFLD), and to explore its mechanism of prevention and treatment of NAFLD. METHODS
Eight of 26 SD rats were randomly selected as blank group and fed with ordinary diet, and the remaining 18 rats were fed with
high diet to establish NAFLD model (2 for modeling inspection) ; after successful modeling, they were divided into model group
and Ganbao group, with 8 rats in each group. Ganbao group were given Ganbao capsules solution (1 440 mg/kg) intragastrically,
and the blank group and model group were given the constant volume of distilled water intragastrically, once a day, for consecutive
5 weeks. The contents of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and triglyceride (TG) in serum of rats
were detected by automatic analyzer; the contents of lipopolysaccharide, tumor necrosis factor-a (TNF-«), interleukin-6 (IL-6)
and IL-1B in serum of rats were detected by enzyme-linked immunosorbent assay. The pathological morphology of liver and ileum
tissues were observed by HE staining, the expressions of Occludin and zonula occludens-1 (ZO-1) were detected by
immunohistochemistry method, and the intestinal flora were detected by 16S ribosomal RNA gene sequencing technology.
RESULTS Compared with the model group, the serum contents of ALT, AST, TG, lipopolysaccharide, TNF-a, IL-6 and IL-1(3
in Ganbao group were decreased significantly (P<<0.01), the

ABETE WEH AR FIEE I (No.20215011296) ; 1 pathological changes of liver and ileum tissues were improved
A o B S R B BT H 2G50 % (No. 8 T0 A B2 p6 (2019262
50 s AN TR A5 H (No.2020-WS-85)

* E—EE BN, WA PRy b 2R R
E-mail : FXTCM2007@126.com

#IBEIEE B RATZ 0. DISCIr . ER 22 o vz, capsules could recover the abundance and diversity of the gut
E-mail : hdf8833@126.com microbiota in rats. At the phylum level, Ganbao capsules could

significantly, and the expressions of Occludin and ZO-1 were
increased  significantly (P<<0.01). Intestinal microbiota

analysis revealed that compared with the model group, Ganbao
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significantly increase the relative abundance of Bacteroidetes, and significantly reduce the relative abundance of Firmicutes and the

ratio of Firmicutes to Bacteroidetes (P<<0.01). At the genus level, Ganbao capsules could significantly increase the relative

abundance of Lactobacillus, Blautia, Bacteroides and Akkermansia, and significantly reduce the relative abundance of Prevotella,
Turicibacter, Weissella, SMB53 and Desulfovibrio (P<<0.05 or P<<0.01). There were different species among the gut microbiota of
rats in each group. CONCLUSIONS Ganbao capsules may improve NAFLD by protecting intestinal mucosal barrier function and

regulating gut probiotics/harmful bacteria structure.
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VIR A FRZ A 5 79 2 R % 2 i (alanine aminotrans-
ferase, ALT) . K25 R4 % i (aspartate aminotransferase,
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15 G 8 T B %2 (enzyme-linked immunosorbent assay,
ELISA) 5 & (41t5 43 5l A A301B10755, A30610736 ,
A38210815) B FATM BB D H AR BAn 47 FR AW 5 K
FUIR Z 05 ELISA U7 & (k55 202109) W F & 1] 2 5 4k
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I BT N S e AV U (1 440 mg/kg, Tij 4 24 T S2 56 e
FELR 2GR , 25 4 SR A K R S IR BRI
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#Ea=0.05,
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A E TR (P<0.01), SR A, FFE4R
FRUML Y ' ALT \AST A1 TG 7 2 34 I 3 I (P<<0.01) .

ZERILFE L,
x1 LBAKXRIMBFR ALT . AST #1 TG & 28 E &
R(x+s,n=8)
415 ALT/(UL) AST/(UL) TG/(mmol/L)
A 5418477 9036+3.73 1.05£0.08
fAa 11637+8.12° 20159+ 1177 3454017
A 67.67£3.05 103.2646.38° 1.16+0.07

a: G A, P<0.01;b: SHAIZ [L#, P<<0.01
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=AU
53 A B, B2 R BRI S T A 28 . TNF-a |
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W W I TR 0175 S A0 K B NAF LD 43 3¢t 0 JEE 48 SR 2 B
SRR A, I 40K R i P i 2 0%\ TNF-o  IL-6
FIL-18 & 23 B E P (P<0.01), Z5RILE2,
F2 FBAKXRRBRMFPEEZHE TNF-o IL-6F1IL-18 &
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Eib] f6Z i (nglL) TNF-o/ (pg/mL) IL-6/(pg/mL) IL-1B/(pgimL.)
GEE 10.69%095 71514274 60.66+2.92 87334591

i 11.80£084* 166.12£495° U9.18£742 332241989
il 10574098 80.41£243 86.93+3.63° 12089£9.18°
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2,723,
3.5 BTERFEXT K R E E B S5 AN A R R RN
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FI3TA . A MR TR 5A 119177 135,
11 687> OTUs, #5404 19 OTUs 435410 11 392 .5 641
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b G SR TS OUTs e B @ 480 , 150 B 4% 2H )
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2 &AKRBREFHALET Occludin F120-1 EEFIEBHE (B AW, x400)

K3 BHKRKREIFHLE G Occludin F1 Z0-1 EHRIE
IKFEHMELER (x+5,n=8)

413 Occludin 70-1

Sh4l 02530010 0217£0.008
| 0.172.£0.006° 016540005
i 0236£0.009 0.199+0011°

a: 523 P14 H 4, P<<0.01;b: S5HER4E Hedss , P<<0.01

£ 1) Rank-Abundance [t Z& 7ERE 4l - fr) 58 B2 3R HOF 2%
R A S P R RN S A, H R R
NN ES A > T4 > #5814 . Rank-Abundance [ 2%
A, Ui 2E BSR4 8F- , BE I b 28
5T FR R s AT D, AR I R o T A
YR EE R A, R MR T A REA I AR
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3.5.3 BT a ZFEEHT o 2T IROBRE A
AR P I 00 F  BE M Z2 R, OTUs £ H (Chaol )4
R A% B (Observed_species) 1§ 21 & 1E F & B,
Shannon 840 fl Simpson FE 8RR AE ZHEMET Y, 5254
He# , B4 Chaol . Observed_species , Shannon $§ %14
R (P<<0.01), Simpson 5 4 i & 5 (P<0.05) 5
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SRR 4] b4, I 52 41 Chaol , Observed species | Shan-
non $& £ 1 3 715 (P<<0.01) , Simpson 45 51 i 2 1%
(P<<0.05) , FHH 5 e 5% 45 1) T4 5 NAFLD #5758 K B
Wi RN B R, 4R IR 4,

3.5.4 JmiEE#E R 2R Bray-Curtis 19 E AR R
#r (principal coordinates analysis, PCoA) &t 75, JIF 52 447
T A SRR Z ], 525 A0 s T, 41N
AHXTIRAE B S A3, 45 B A R R AR AL 3 7K . A IRIAH
WIPES BT R, R=0.781 6, P=0.001, & B % 21 ] J75 3
WRFEE M AAAE B 5 22 5% 0 B i 2 48 RUE 53 #1 (non-
metric multidimensional scaling, NMDS ) 75 5 PCoA /3
et A5, ZR WA 4,

3.5.5 WBIBEWBEEI K LRt N TKE L,
FeB e 20 PRI T T, AR = BE R LU, 3 Al i A
FER DL 1] 2 B4 7 SR BE TR ] Firmicutes ST 1
I "] Bacteroidetes . “F 2 i | ] Proteobacteria . i £% #i [ ] Acti-
nobacteria 55 , H: 11 JFLRE TR ] 78 45 2 oA D0 B AR, I
UORRFFEE T, 6 R 95%. 525 F4 Hede, Bl
2 A JEERE TR 11 AE T = B 2 T i (P<<0.01) , AT A 1)
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B. Rank-Abundance [t £k
B3 KAKXRFEREHIEHZEFI Rank-Abundance
i 2% &
x4 BAARGEREHSHEEER(x+s,n=8)

413 Chaol #1 Observed speciesH 41 Shannon 541 Simpson 8L
SHE 2468.178552.060 2252413 £468.379 8.04410.571 0.952£0.016
BRI 1407.559£174.716° 1273750 +158.340* 0.8340.647 0.974£0.009°
JFEA 2357800+ 532.621° 2116.500 1 456.886° 7.608£0.753¢ 0.951£0.018°

a: 5 HA K, P<0.01;b: 52 HAL L, P<0.05;c: SR
LAz, P<<0.01;d: SRR AT, P<<0.05

1.0 4 ® Zrdl 1.04 ® i
A HHEIG] A I
m IR DYl
S 054 0.5
% % [
= | |
S g ]
< z _u
—0.5 —0.54
T T T T T T T T
—0.3 0 03 06 —0.3 0 03 06
PCoA1(31.26%) NMDS1
A. PCoA B. NMDS

E4 JHEKRIFIEREEPCoAFINMDS &R

AHXT 3 B i RRAR (P<<0.01) , JEERE R ] 5 4UFF B 1A
X LU AE (F/B) 1 3 755 (P<<0.01) 5 8 JH 56 e 4 1
J& BT FRIIS (P<<0.01), ARG Z 25 1
HAKF. RIS,

3.5.6  JAIBRBELEJE KT LI TEJRAKE L,
LU e Y 141 Fh B8 , DR AR X 2 A 110 22 sy g
P25 0T LB 9 FIER & AR £ 22 A gt
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x5 BSEHAXRBFERHENFEERFBAELER

(xts,n=8)
4151 FERER I THIN PR RN FB
ekl 075282011728 023417011607 4438504220248
fag 0961 01003127 0.018 630009 76° 165.988 35£45.19421°
T4 0.773 180,124 540 0.20509£0.121 77° 5.18715£2.149 480

a: 528 (T AR, P<<0.01;b: SR 1A, P<<0.01

SR 5 P A R R G E Prevotella
7 B A AT B B Turicibacter . B8 7 [ # & Weissella
SMB53 . i 5 IR i & Desulfovibrio ¥4 5 2 715 (P<<0.05
% P<<0.01) , FLFF B J& Lactobacillus . 41 57 FF [C & J&
Blautia ¥ FT # J& Bacteroides . W vi = 14 J& Akkermansia
AR (P<0.05 8 P<<0.01) ., ZHFEEET TS,
LA 9 Fob iR s B R X = B2 8tk 25 3 (P<<0.05 81 P<
0.01). #iRhl#e6,

*6 BEAKXBRHERHENEREEENEENELER

(xts,n=8)

5 ERERE IR fiA] fF4

| Lacobacilis  041114£0.16981 019718008190 040784+0218 89"
) Bluia 00369+001416 000338000239 0.051 30001968
3 Pl 000641 £000316  0.05577H002699  0.00237+0.001 37
4 Bucteides 00ISTTH00014 0000301000019 0.03090+0019 76
5 Twicibacter 000284000193 0.01822£001090°  0.001 68+0.00090°
6 Weisela 0000031000004 0035230033 0.00002+0.000 03
T B 0030000267 00293100265 0.002890.00221¢
8 Deslfubio 000034000021 000438000375 0.00052+0.0002%
9 Abkernansia 0001 92£000067  0.0001S£0.00009  0.001 28+0.000 1

a: 523 I LA, P<<0.05;b: SHEFIZE U4, P<<0.05;5c¢: SRR
e, P<<0.01;d: 555 141 HL#R, P<<0.01
3.5.7 JmiETREEFZE S YA IELE 8T LM A3 AL
. i (linear discriminant analysis effect size, LEfSe) 43
BT, $8 S AE A AL ) 7= AR 2 5 W R A 0[] B AR
T 4 R FL RN 23 Aoy =2.9 H P<<0.05 1
FRHER2Z SR . T TACERUEACE 2 T A, 25 20
KB A 22 S W el AUAF BT T VBRBE TR 1] Tenericutes |
LA E R B BRI 8 Ruminococcus | J& 5 F IR 16 &
Macellibacteroides . YA ¥T i J& . Odoribacter . 57 T 1 J&
Arthrobacter B 5¢ 2 1 J& K 88 FT 181 /& Anaerostipes |
RIPLFT B & Parabacteroides 1E%5 IR B & 48 |, JEERE
W VBRI S HIRIREE R W8 Clostridium
SMBS53 BTG R R BLHEAT A & B A BR TR & Staphy-
lococcus p_75_a5 TERLRIZA KB 7 LUASR 45 T I
BT A FRWAR W& Faecalibacterium Afi
FFFICE & BIREFHYIE H BRI 8 Ruminococcus 7
UL /INER B4 )& Subdoligranulum . XUE; ¥F 1 J& Bifidobacte-
rium 5 BT & Sutterella . Dorea TEHT 55 4H K B & 44
FEAEH ., g5 ILE 5,
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mm a:g Arthrobacter mm x:f Turicibacteraceae
= b:g_Bifidobacterium B y:o_Turicibacterales

B c:f Bifidobacteriaceae W 7:g_Clostridium

B d:0_Bifidobacteriales W a0:g_SMB53

B c: g Bacteroides B al:f Clostridiaceae

mm f:f Bacteroidaceae B 22:g_Anaerostipes

B g:g Macellibacteroides W a3:g_Blautia

B h:g_Parabacteroides W ad:g_Clostridium

mm i:/ Porphyromonadaceae W a5:g_Dorea

B j:g Prevotella B a6:g_Ruminococcus

mm k:f Prevotellaceae B a7:f Lachnospiraceae

= mmlfS27 B 28: Peplostreptococcaceae
g m:g_Odoribacter
B n:0_Bacteroidales

B 29:¢_Faecalibacterium
B b0:g_Ruminococcus
B o:f Planococcaceae B bl:g Subdoligranulum
B p:g Staphylococeus B b2:/ Ruminococcaceae
B q:f Staphylococcaceae BB b3:0_Clostridiales

B r:g_Lactobacillus W bi:g p 75 a5
= ctobacillaceae R b5:g_ Sutterella
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