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A KRBT ERARASGK, 8 1R, 5458, RAA B ARSI AN K R f i b iR #R 5 (ALT) R A2 # 2 5
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KFHBEFZH(P<0.01), MEBHEME T, GREBAWE FERECRSZRXADEAREG F 5 EMA SR ANTKFELE,
HFZIR F e B 5T S AT 1T AT F B, AR B BE 1 1T AR 3 A R = F A st 3 B A (P<0.01); 2 B KT L FEIRERTEH
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A AR W miE A A /A E T 45 H R & NAFLD.
KR T ERCE ;AR E AR W T ; ) A5 REIE B iE 1A A% 5 16S bR R RNA

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-a), interleukin-6 (1L-6)
and IL-13 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-1p
in Ganbao group were decreased significantly (P<<0.01), the
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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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1% A % W% B %2 (enzyme-linked immunosorbent assay,
ELISA )5 & (4t-5 73 51 4 A301B10755, A30610736
A38210815) I FHUMN BB W H AR AR A FR A ] 5 K
FUIR 2 BE ELISA 1057 & (It 5 202109) W4 F 5 1 2 57 4k
PIRHAT FRA AL St A 8 1 (Occludin) B4 bt i)
/N1 3 -1 (zonula occludens-1, ZO-1D) & (35144
20220607) ¥4 FIL R ERHE A BRA A HUR i 4
A bRC 4 1L 240 % 1gG (F1E 5 GB23303) \DAB i {4
i F & (5 G1212-200T) | 75 A K 4L W (4t 5
CR2112051) 541 Y3 (41t 5 CR2202010) #71 F 1K 7L
FEAE IR AW B A BR S B s DNA #2 BUS 71 & (it 5
M5635-02) 135 [l Omega Bio-tek 23 1] 5 K N ZEIEK .
1.3 3
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A AR E SR, 1E R FE 15 e, AL &
ZAR T R 2 K AE SIS S Y B By St (HEHE SO
FITCM IACUC 2021086)
2 AHiE
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RIS s T4y 18 KB m R ialkl 22 8 il I, Bl HLAH I
2 HUK R, R IR AKE AL (HE ) Y a7k AR IFE 4 21,
FI Wi NAFLD /2 5 i B o 16 H 18 ARl Tl o B e
BEMLEC Rk BRI A T4, B8 R, iFE4
R B 52 e R VA U (1 440 mg/kg, T I 25 3 52 06 fx
FELR 25" , 25 4 SRR K B SRR 251
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HRIKR LG , R PR P HE (3 vk A B KRBT B 38 il
TIREGAE T, —80 CIRAFE . Rk&Z512h/5,
JPRIAEA B, W S Bl kLML, 25 3R 2 h S, 3 000 r/min 25
> 10 min, BUALTE , —80 °CAAAFAH . K ERBUMLE , &b
HU., SR EOTE O A0 [ fi7g 2 28, HG v 2 i ] i 2 480
10% H P F S [ 72 45
2.3 ImiERFIhEEFN MASFEHRINE

JERE A S B R, A A S AR AR BT Uk
A B H ALT AST 1 TG &5 4 5 Jf] ELISA ¥ K6 1fi
T IR 22 B8 B 2 5E N F- TNF-u IL-6 \IL-1B f 4,
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P57, L3168 BEAEITANY Occludin 1 ZO-1 25 1%
KK
2.6 KEBEREEENFE

S J 16S #% B /& RNA (16S ribosomal RNA, 16S
rRNA) EE NP HEARSEA AN . BOK S AE , R A DNA
FREEGR T SRR AR 5L DNA SR 2 , SR A = 0t
JERETEXT DNA HEAT 2 ft , P38 13 3 i B 58 g Fi Uk 43
H A, HIE 5% 5’ -ACTCCTACGGGAGGCAG-
CA-3', 11 5|4 5'-GGACTACHVGGGTWTCTAAT-3' ,
FEHI RN 480 bp, XiF 16S rRNA FE[H () V3~ V4 1] 725 [X.
AT R A ERE LR Y . 8 REER XT3 P AT
afi Al e, R F B AR AR T2 e 1, Dy SCIE R 45 J5
7t Illumina MiSeq PE300 -5 JE47 il S0 ¥ o % IR
BT ST LR PR Jo s SRS 15 )
HREEE . #H QIIME2.0 8%t 454/ 4325 #.7€ (opera-
tional taxonomic units, OTUs) 475 Bl (Venn) .a #1 B £
FEME RN RS R N S 2 AT
2.7 HFitFEFIE

K FH SPSS 21.0 A #4754 73 B , B LA x + 5 3R
TN A IEAA3AT H 7 22 55 W GORMELT] LLBCR SRR 22
52253 HT , W LA SR ) LSD-¢ #r 5 45 AE IE S AT 5y
ZEATEIGORMA ] LR FHAE S AR IR 3. R 367K
HEa=0.05,
3 H#R
3.1 FFERTEXT A RAFLhaEF0 I BEFE 4R 89 2200

5as U A SRS K BUMLTE H ALT L AST M TG
SEMEETIE(P<0.01), SR, FE4 Kk
FRUIMLYE H ALT \AST A1 TG 7 34 2 R AIL (P<<0.01) .

GERILE L,
K1 BAKXRMFPR ALT ASTFI TG & ER N E &
BH(x+s,n=8)
415 ALT/(UL) AST/(UIL) TG/(mmol/L)
A4 54184477 90364373 1.05+008
fRRIR 116374812 20159£ 1177 3455017
[l 67.67£3.05° 103.2646.38° 1162007

a: 52 AL LA, P<<0.01;b: SR LhAr, P<<0.01
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32 MERBEWMAKBRMERESHERAERFSEN
Al
5 A S, B R B i T AR 28 . TNF-a |
IL-6 FlIL-1B & 5 44 5. 2% Jh 5 (P<<0.05 8¢ P<<0.01) , &
T BB AR5 5 19 K BUNAAFLD £ 1 ol I 48 9 B2 v
S e, IFE A KBRS T IE 28  TNF-a . IL-6
FL-18 & W RHIR(P<0.01) . 2R« 2,
F2 BFHAKRRMBEPRIESHE TNF-o IL-6F0IL-13 &
SEHMELER(x+s,n=8)

Eibl Te#Hi (nglL) TNF-/(pg/mL) 1L-6/(pg/mL) I1L-1B/(pg/mL)
SHA 10691095 71514274 60.66+2.92 87331591

A 1180084 16612495 249.184742 330041989
JFE4 1057£098: 89.414243¢ 86.93+3.63 120.89£9.18°

a: 5 A4, P<0.05;b: 525 (4L, P<0.01;c: ST

ks, P<<0.01
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SRRV ERAEAR , A0 A BB 1) — 301, [R5 1 Bl o 98 i 20
3R s SR ZH LA, B 4K BRI A P I et
JUPIRE 255 UK. 2 B R, 25 4
T ER I 6 P 235 #0075 BT, WA o B 25 M AE H , B A B HE
GIEEST VB B L SRR [ 2 IR R AN I 25
B s A AR 2 K BRI B W W IR A HESZEL, I 2B
b REARGERE IR | A R KSR A R
A IR 5 B 52 20K B RT i 2H 8 25 M 4230 = L 4] i
B L R AR SE A | JORE AN IR S AR R A [ A i
W WA LA L,
34 BFERKEXKRE FHLE S Occludin F1 ZO-1 F
ARIEKFEHIFT

Occludin 1 ZO-1 FHPEG (0 AR B (4, FEEARTER
SR E R A . 548 A2 g AR 2 R R Rl i 2 40
1 Occludin Fl ZO-1 & 1 35 K 3 B 2 AL (P<
0.01), SR s, B KR B2 Occludin
MZO-1 HARIBKF BEF - (P<0.01), 45 UL
2,323,
3.5 BFEREEXT K R BAE F B 45 A0 8 R R 22N
3.5.1 OTUs Y Venn /¥ 183t 3 4HAEAS OTUs ) Venn
SrHT, R F) 29 025 4~ OTUs, Hi 3 44447 i OTUSs
K37 A FA BRI R A 11 917.7 135,
11 687> OTUs, #5404 19 OTUs 43510 11 392 .5 641
10 4154, o] WLy A58 J5 K BRI 38 B OTUSs $4 i B 5k
/b I T TS OUTSs B0 IR 18, 5 B 4% 4 )
W OTUs fAfE il i 22 5%
3.5.2  Jim il A BE B B il £ A1 Rank-Abundance [l 643
Br &l 3A FTR , #5241 K B T8 TR R A R il 2 o T
FHE T30 RV 2 il i H 2 AR AR EE )
Filv, I PR 0 . AR 3B TR, 454K BRI B
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Occludin

AZHA

2 &AKREFHALH Occludin F120-1 EEFIEBHE (EEHW , x400)

£x3 HBAKXKREFFHELF Occludin F1 ZO-1 EH KX
KERMELER(x+5,n=8)

a5 Oceludin 70-1

SR 02530010 021740008
il 0.172£0.006' 0.165%0,005°
s 0236£0.009 0.199+0011°

a: 575 4L A, P<0.01;b: SRR LA, P<0.01

¥ (1) Rank-Abundance I Z&7ERE 5 1% 5 B2 80K H V-2
TR AR SRR RN S B A, HLt R R R
INRES A > P4 > R4 . Rank-Abundance il 2%
A, VR R 2 RSB = 5 5 48P, B Ah 28 ik
B A0 R B R vl ] DL AR I AR A R R A
T, R s RIS, R URER T AR AR D)
2 B AT T 28dE T

3.5.3 EWHF o ZHEMESTT o ZFEMEH T RO
PR PRV (0 7 & BE R 2R, OTUs 8 H (Chaol) 4
BRI Fh £k B (Observed_species) ¥ # # 1F + & F
Shannon 840 fl Simpson FEECRAE ZHEET Y, S5 HA
Fb %%, B2 Chaol ,Observed species . Shannon 5 %1
B EFREML(P<0.01), Simpson 5% .3 7+ 5 (P<<0.05) ;
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B. R4

1 BEKRRITAES B A RRERSH 2 HE (HE, x200)

o i — IR

C

SRR L, 3 4 Chaol , Observed_species , Shan-
non 5 51 i & T (P<<0.01) , Simpson 15 £5 i 2 [ A%
(P<<0.05) , F W 52 e A4 F) T4 = NAFLD 55 8K Fi
B R e, R R4,

3.5.4 JmBERAE B 2T Bray-Curtis i A FR 3
M7 (principal coordinates analysis, PCoA) 7R , IF 3 4147
T A SHEMA Z N, 525 A5 s R, N
AT SRS, A B S o JF 45 A r S RAE R 375 LTI AH
WIS T %, R=0.781 6, P=0.001, 3 B - 28 [F] } 10
RE A A e D 25 25 5 o B i 2 4 KU 53 #7 (non-
metric multidimensional scaling, NMDS) 25 5t 5 PCoA 43
Pras A —5, 450K 4,

355 WBIEWHEN 1K LRgsl st KL,
e 20 PR 1T, MAHXT EBERT DL, 3 4L 738 TR
PR DL ] = 2 h /R SR BE TR ] Firmicutes ST 1
I"] Bacteroidetes . X JE [ | ] Proteobacteria | il £% [ ] Acti-
nobacteria 55 , H:H1 JEERE TR |75 45 41 v ARG g5 o, He
YOEIFFRITT, Bl e 95% . 5725 ] b, i
2 1) JEERE TR 1A O = B I 35 T i (P<<0.01) , AT I 1)
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B. Rank-Abundance £k
3 BEAKXRHERR R ZEF Rank-Abundance
i 5L

x4 BAXBRHERF o SHEMER(x+s,n=8)

4l Chaol 154 Observed species 7T Shannon 44t Simpson {54
SEAL 2468.178+552.060 2252413 £468.379 8.044£0.571 0.952£0.016
BRI 1407559 174.716° 1273.750 £ 158.340° 0.83410.647* 0.974£0.009°
fEE4 2357800+ 532621 2116.500 £ 456.88¢° 7.608%0.753¢ 0.951£0.018°

a: 525 FUELHAR , P<0.01:b: 525 (12 HLA , P<<0.05;c: A8 12
HegE, P<<0.01;d: SAUHH LA, P<<0.05

1.0 ® gl 1.04 ® sspl
A BRI A B
LRl m Jirga
s 0.5+ 0.5
§ ) % 2
= a
=
=
= 07 01e(<o%
e/
s
—0.5 —0.54
T T T T T T T T
—0.3 0 0.3 0.6 —0.3 0 0.3 0.6
PCoA1(31.26%) NMDS1
A. PCoA B. NMDS

El4 FEHEKRRFEREE PCoAFINMDS &R

AR B R AR (P<<0.01) , JEEREBA |15 $UFT 1 1 AR
X HAE (F/B) 238 T (P<<0.01) 3 B 52 e 4 1 7
JG L, BN T EREA (P<0.01), HIEARRE B2
HAKFo GRS,

3.5.6 WHIEERFERACT LRSS FERAKT I,
SEYE ) 141 RN TR R L SEREAR RS 2 B s 11 22 i 1
FT225 53010 3 ULIEA 9 Fl i i AR X 2 8 22 S A e ot
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R SHXRRFERHEENEERFBUELER

(x+s,n=8)
413 JELREBET THINT: SUFRET TR F/B
S HA 0.75282£0.11728 0.23417£0.116 07 4438504220248
| 0.961 01£0.031 27 0.018 63£0.009 76* 165.988 35145.194 21
fFEd 0773 18 +0.124 54 020509+0.121 77 51871542149 48

a: 525 41 H#E, P<<0.01;b: SEMLL HAZ, P<0.01

RO 525 A R B S IR G & Prevotella
75 A KT B R Turicibacter . B W7 [X 1 J& Weissella
SMB53 . 6 9K 1 J& Desulfovibrio ¥ '8 3 Tt 15 (P<<0.05
8% P<<0.01) , LA % )& Lactobacillus . 1 55 %5 [C T &
Blautia . FT 18 J& Bacteroides . W] 7. %2 [ J& Akkermansia
PR EFEAR(P<0.05 8 P<<0.01) . ZATE TR,
L F 9 BB Ja i) AR R 5 2 34 1 2 3 4 (P<<0.05 B} P<
0.01), ARG,

*6 BHAXBRHEEFHNEREBEXMNFEUNEER

(x*+s,n=8)

5 ERER SR i fFEd

1 Lactobacillus 04111420.169 81 0.197 18+0.081 90* 04078410218 89
2 Blautia 0.02369+0.014 16 0.003 38£0.002 39* 0.05130+0.019 68°
3 Prevotella 0.006 41 +0.003 16 0.05577+0.026 99* 0.00237+0.001 37°
4 Bacteroides 0.03577+0.020 14 0.00030£0.000 19° 0.03090+0.019 76°
5 Turicibacter 0.002 84+0.001 93 0.01822£0.01090° 0.001 68 +0.000 90°
6 Weissella 000003 +0.000 04 0.03523£0.02332° 0.000 02 +0.000 03¢
7 SMBS3 0.003 020.002 67 0.04293+0.026 53¢ 0.002 89+0.002 21¢
8 Desulfovibrio 0.000 540000 21 0.004 38£0.003 75 0.000 52 +0.000 29°
9 Alkermansia 0.00192+0.000 67 0.000 15£0.000 09° 0.00128 +0.000 61°

a: 575 (AL S, P<<0.05;b: SHAIL] [hi, P<0.05;c: SHAIL]
A, P<<0.01;d: 525 A4 g, P<<0.01

3.5.7 JHIETEREZE RN a2 MR B Ak
J & (linear discriminant analysis effect size, LEfSe) 43+
B, H8 A 7E A A ) 7= AR 2 5 M A A i 0 [ BT AR
TS 5 AR PR L MR H 5 o3 1553 =2.9 H . P<<0.05 11
WHHE R 2Z R T IACERUE A Hral A, 25 41
KA 22 Y0 SUAT T ] BE TR ] Tenericutes |
FLAH S 98 B BRI & Ruminococcus | & 55 4K 1 s
Macellibacteroides . { #1 T J& . Odoribacter . %5 T 14 J&
Arthrobacter W] 3¢ 2 18 J& K48 FT 4 J& Anaerostipes |
BIUAT B 8 Parabacteroides 175 A4 K R & 42 | R RE
W VBRI SRR IR WS R W8 Clostridium
SMB53 BRI G & R BALAT 1 s 45 BR T & Staphy-
lococcus \p_75 a5 FERLRVLE KR A 5 K 45 T IF &
BT TR FRWAR & Faecalibacterium A
57 7 [CTH &  BIR B8 B BRI 8 Ruminococcus
WL /NBR & )& Subdoligranulum . W 5 ¥T 1 J& Bifidobacte-
rium 52 S & Sutterella . Dorea 1 I 4 K B &4
FEEH . G5RILE 5,
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= a:g_Arthrobacter B x:/ Turicibacteraceae

= b:g_Bifidobacterium B y:o_Turicibacterales

B c:f Bifidobacteriaceae @ z:g_Clostridium

m d:0_Bifidobacteriales W a0:g SMB33

B c:g_Bacteroides B al:f Clostridiaceae

B f:f Bacteroidaceae B a2:g_Anaerostipes

B g:g Macellibacteroides R a3:g_Blautia

B h:g Parabacteroides W ad:g_Clostridium

B i:f Porphyromonadaceae W a5:g_Dorea

m j:g Prevotella B a6:g_Ruminococcus

B k:f Prevotellaceae B 27:f Lachnospiraceae

> mmlfS247 B a8:f Peptostreptococcaceae
g mm m:g Odoribacter
B n:0_Bacteroidales
B o/ Planococcaceae

B 29:g_Fuaecalibacterium
B b0:g_Ruminococcus
B bl:g Subdoligranulum
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