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Mechanism of Huazhi Rougan Granule in treatment of non-alcoholic fatty liver
disease based on intestinal flora and metabolomics
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Abstract: Objective To investigate the mechanism of Huazhi Rougan Granule (4.3 2T #i%) in treatment of non-alcoholic fatty
liver disease (NAFLD). Methods Rats were fed a high-fat diet for eight weeks to establish a NAFLD model, and Huazhi Rougan
Granules were administered intragastrically for four weeks. The semi-automatic biochemical analyzer was used to determine the blood
lipid-related indicators in rats; Oil red O was used to observe the pathological changes of liver tissue; The [llumina Miseq sequencing
platform was used to amplify and sequence the V3 —V4 variable region, and UPLC-MS/MS was used to research plasma
metabolomics. The correlation between intestinal flora and metabolomics was analyzed by Spearman. Results Compared with model
group, the body weight (P < 0.05, 0.01) and serum level of total cholesterol (TC) and triacylglycerol (TG) (P < 0.01) of rats were
significantly decreased and high density lipoprotein cholesterol (HDL-C) of rats was significantly increased (P < 0.05, 0.01) in Huazhi
Rougan Granule medium and high dose groups. In addition, low density lipoprotein cholesterol (LDL-C) of rats was also significantly
decreased in Huazhi Rougan Granule high dose group (P < 0.05). Oil red O staining showed that the fat distribution in each
administration group was lower than that of the model group. 16S rDNA sequencing showed that Huazhi Rougan Granule could
increase the relative abundance of Dubosiella, Desulfovibrio, Ruminococcaceae-UCG-010 bacteria in NAFLD model rats. A total of
18 differential metabolites were identified by metabolomics, pathway analysis showed that the anti-NAFLD effects of Huazhi Rougan

Granules was mainly through the regulation of aminoacyl-tRNA biosynthesis, bile secretion, cholesterol metabolism and other pathways.
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Conclusion The mechanism of Huazhi Rougan Granules improving NAFLD may be related to the regulation of intestinal flora

composition, cholesterol metabolism and other related metabolic pathways.

Key words: Huazhi Rougan Granule; non-alcoholic fatty liver disease; intestinal flora; metabolomics; cholesterol metabolism
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Table 1 Serum levels of TC, TG, LDL-C and HDL-C of rats in each group (X+s,n=6)

A5 FE/(gkg™) TC/(mmol-L™) TG/(mmol-L™") LDL-C/(mmol-L™") HDL-C/(mmol-L1)
EH — 3.16+0.28 2.60+0.48 1.2440.12 1.1040.23
Y — 12.6740.99% 7.16+0.41% 1.84+0.26" 0.82+0.08"
PPC 0.144 6.58+1.72" 5.50+£0.35™ 1.4840.12 1.014£0.07*
HZRG-L 1.250 7.09+£1.10" 4.90+0.24* 1.661+0.25 0.89+0.12
HZRG-M 2.500 7.64+0.18" 4.66+0.19* 1.614+0.24 0.95+0.09"
HZRG-H 5.000 6.74+0.73" 426+0.15 1.4740.30" 0.96+0.05"

HIEWHALE: *P<0.05 #P<001; SHEHBALLE: "P<0.05 "P<0.01
#P<0.05 *P<0.01 vs normal group; "P <0.05 **P<0.01 vs model group
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Fig. 2 Pathological changes of liver tissues of rats in each group (x 200)
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3.6 FHKRKEIHEFDT
0.4 3.6.1 fRUFEL AT PCA J&— Ml Ui RAEFE
A7 BT E 2T R, SR PCA X
2 03 1B BRI S AR 2 R T o8, 4R
5 FRHIIE W 4 54 B X 4, HZRG-H 4175 IE &
E TR A A [ IE % A%, W 6.
g 02 # 3.6.2 ZERLEMTELE T OPLS-DA XtiE.
BB R B ) B A AR AT 2 R oA, &2
o | BIE. S TR T REAILE (7, e
SRR A . LAEENH 2 VIP>1. P<0.051E~
it 1B HZRG-H

3 E T Weighted Unifrac BEBHEEXRIHEEEP S
DT
Fig. 3 Analysis on B diversity of intestinal flora of rats in

each group based on Weighted Unifrac distance

342 FEERLWANT ETTKE L, ERERT.
I T BAFE T2 3 4K R R
1, BAESHPHEAR. SEAHME, HZRG-
H 4K R 0 v B 5B B 1] 5 40T B 1) LG AE B
K. ERAE L, SIEFAME, BAH KR GiE
W BER Odoribacter JEAHNTFE B ZFm (P<
0.05); SHERA A, HZRG-H 2H K & 718 i B
i Odoribacter J& XT3 3 FFK (P<0.05),
S5 LK 4-A~C.
3.5 HHAKXRFEREEE LEfSe 747

LEfSe Z WA EZMEER T M8 EKF
HpEE AR, W S B, HZRG-H 444N
KRR TR A SRR RN TE,
NS KT I A A ECORL AT R L R O R

Ruminococcaceae-UCG-010 Z5 {45 »

ATk 2= AR, 455 HMDB. KEGG %)
P PE, ALt 18 A2 FAuH, Hrh g1
AT 124, IEEFHEAT 64, WK 3.
3.6.3 ZERAUYHIHCHEER /> HT  HET Metabo
Analyst 5.0 KEGG #ATEMEAL 4T, IHIEIEAER
RPN %, 45 R s A 2 ROk 3 2438 5 i
T I-ARNA WG e EI 3w JIH [ A Qi 4
TH R R HETE AR . AR IR T K
DL 8.
3.7 BBEEESKEEFE XK

itk — BRI I8 TR S AR AL R A AR
KEF, R Spearman HHs 73 77 VAR 4
A HZRG-H 41738 BS54 4L A7 SR i
LA 9, HZRG-H 4% i id B i 1 O v
N Akkermansia~ Ruminiclostridium-6 1 [RFLFF B
J&« WINEJE . Tzzerella, . Akkermansia.
Ruminiclostridium-6 J&5 D-WRVERR . L-ZHZ R
MENAER, SH4EEEER. R 2E)-— Tk
FRAR U 2 IEAH G, AL IRFLAF B 8 AR oI Ee
Tyzzerella 52 FH %



¢ B % 2023628 H54% B4 Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 4

* 1195«

A 1.00 T T
0.75
o
Q
g
S
El
=
4 0.50
£
53
-4
0.25
0
- (o] [ael <+ vy o - o o <+ wy
s B v v B Y & & & o &
=} =} =] (=] (=] (=] o o o o o
g g g g g g ° © © © ©
B = =E i - - I
& Desulfovbrio | L ; o 100087
g Ruminoccecaceae UCG-013 - ey  —— 00302
g Aldoermansia { == [ 0.047 7
g [Eubacterium] nedatum group{ fig . 00219
g_Anaerovorax| L :ﬂ 00192
¢ Family XITAD3011 group- | b 0007 5
g Pseudornonas 4 | QI 00167 =
g Odorbacter 4 | B 00258
g_Aerornicrobioum - I + 0.020 1
g_Caulobacter { | It 00162
¢ Ruminocecaceae UCG-002 l ‘5 0.0068
g_Cloacibacterium | IQ 0.0309
0 1 2 3 -10 1 2 3 4

mod-15 440

mean proportion/%

difference in mean

proportion/%

con-1EH 4 HZRG-ILIH Bk a2 (1B 6 )

BZR  CEAE LBIAY HZRG-H ARA R E SR

mod-model group con-normal group HZRG-Huazhi Rougan Granules high dose group (same as fig. 6) A-clustering heat map of species abundance

of each group at phylum level

model group and HZRG-H group samples at genus level
B4 BHEXKRBEHRFREEMTH

Fig. 4 Analysis on community structure of intestinal flora of rats in each group

-
= HZRGH
-y

———y

E5 FEAXRMERS LESe HL5HZE

Fig. 5 LEfSe branching diagram of intestinal flora of rats in each group

% - QN o 3 w 9
T g & & ¢ o &
S 2 2 2 2 2 &
N N N N N N
E =X E = = =
c =HZRG-H =44 7Y
others | Ly

g Desulfovibrio

g Clostridium sensu stricto 1+
g_Anaerovorax -

g Tyzzerella 4
g_Ruminiclostridium 6 4
g_Aquabacterium 4
g_Odorbacter

g_Brochothrix |
g_Camobacterium -
g_Thermoactinomyces {

g Granulicella

g_uncultured soil Bacterium 4

[l »_Epsilonbacteracota

I »_Acidobacteria

B p_Cyanobacteria

B p_Patescibacteria

I p_Verrucomicrobia
p_Tenericutes

[ others

| p_Actinobacteria

[ p_Bacteroidetes
p_Proteobacteria

I p_Firmicutes

*HZRG-H* i 7!
10028 4
0.006 1
0.029 6
0.025 4
0.008 0
0015 2
0.006 0
00339 IS_.E.I
0015 0
0010 1
0.038 4
0011 3
0.024 9

b g_uncult

d: g_Actinol

v Qther
w; Other

80: Other

a8: Other

a: g_Granulicella
¢ f_uncultured_soil_bacterium

e f_Actinomycetaceae
f: g_Bifidobacterium

g: f__Bifidobacteriaceae

h: o_Bifidobacteriales

i: g_Corynebacterium_1

it _Corynebacteriaceae
_Corynebacteriales
f_Coriobacteriales_Incertae_Sedis
m: g_uncultured_bacterium

n: o_Coriobacteriales

o: g_Alloprevotella

p: g__Brochathrix

q: g__Sporosarcina

r: f_Planocaccaceae
s:g_Jeotgalicoccus

t 4_Kroppenstedtia

u: f_Thermoactinomycetaceae

x: f_Carnobacteriaceae
g_Clostridium_sensu_stricto_1
f_Clostridiaceae_1

ali g_Anaerovorax
a2: g_Family_XIl_AD3011_group

a3: g__Eubacterium_nodatum_group
ad: f_Family_Xill

a5: g_Roseburia

a6: g_Tyzzercla

a7: f_Lachnospiraceae

=)
b
|
|
!

I

I

I

I

I

I

I
0

10 20 30
mean proportion/%

b1

ured_soil_bacterium b2

myces
bs

b7

c0:
cl.

d1
a2
d3
ds

d7

e0

a9: g_ Romboutsia
b0: f_Peptostreptacoccaceae

S e et e e e

5 10 15
difference in mean
proportion/%

A-TIR LSRRI E B-JBKCT LI 4 S B AR A

B-microflora difference between normal group and model group samples at genus leve C-microflora difference between

g_GCA_900066225
: g__Ruminiclostridium_1

b3: g_ Ruminiclostridium_5
b4: g__ Ruminiclostridium_6
g_ Ruminococcaceae
b6: g_ Ruminococcaceae UCG 010

UcG_002

g__Ruminecoccaceas UCG 013

bB: o_Clostridiales
b9: g_ Dubosiella

: g_Faecalibaculum

: g_ZORDO06

- 1_Erysipelotrichaceae
o_Erysipelotrichales

1 g_Candidatus_Saccharimenas

: f_Saccharimonadaceae
o_Saccharimonadales

1 g_Acetobacter

: y_Caulobacter
o_Desulfovibrio

do: f_Desulfovibrionaceae

1 o_Desulfovibrionales
o Aquabacterium
f_Burkholderiaceae

d4: o_Betaproteobacteriales

g_Pseudomanas

d6: f_Pseudomonadaceae

o_Pseudomonadales

d8: g_uncultured_bacterium
d9: f_uncultured_bacterium

g_Treponema_2

el: f_Spirochaetaceae
e2: o_Spirachaetales
31 g_Akkermansia

ed: f_Akkermansiaceae
5 o_Verrucomicrabiales



« 1196 « F8 B 2023528 $54% B4 Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 4
15 ERT T sl BB T
10 mod-2 \ 10 B cone \
_ HZRGGL & . // mo \
st/ HZRG_rzn'%-{IZRC “on-5 \ 5 [ mod4modiion i \
- [ mod-5 o2 \ — "i HZR(}Q%@ LA |
= ".\ mods @ A fff“gé’;“. ;‘.' = L‘;, HZRGRL o ] R
Y W g7iGs con-4 / -5 \ HZRE%%?-; ZRG-1 31_4 Jeon-2
10 \ ®17RG-6 -10 \ o> //
~ u -
s med3 | 7 -15 —~— |
-30 20 -10 0 10 20 30 -20 -10 0 10 20
t[1] t[1]
B 6 FEBFEXTZEARMENBEE PCA S5
Fig. 6 PCA analysis of plasma metabolites of rats in each group under different ion modes
EHT 4 AT
4+ % 3t
5 TWo B2 -
| T ' T
2: % P2
1: .
0r ‘ . ‘ of ‘ ; ;
-3 0 3 -3 0 3
log Fold Change (HZRG-H vs 17) log, Fold Change (HZRG-H vs %)
7 AEBFERTRELEF] HZRG-H A i 9 A L
Fig. 7 Volcanic maps of metabolites in model group and HZRG-H group under different ion modes
%*3 IE. aEFEIAEEEHESKIHY
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B &M TR mlz VIP P 7y & MAFR m/z VIP P
T 2E)- T IGIR 309.28 423 0.003 | EET D-WRIEER 130.08 1.49 0.001
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(2)14©2)-= T =wilg - 307.26  2.71  0.011 R S 34722 141 0.022
J XA MR £ 45131 432 0.013 1-oleoyl-sn-glycero-3- 52235 4.64 0.040
D-3S 45k 223.08 1.77 0.015 phosphocholine
IR 337.31 1.34  0.021 1-myristoyl-sn-glycero-3-  468.31 1.68 0.042
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1- P B SR e 203.00 1.60 0.027 L-FEHEK 150.06 1.52 0.048
Lz 269.25 223 0.031
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D-(—)-B-hydroxy butyric acid 103.04 3.54  0.041
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