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Abstract: Objective To study the effect of Chloriti Lapis on the gut microbiota in pentylenetetrazol (PTZ)-kindled epileptic rats,
and explore the possible mechanism of Chloriti Lapis in the treatment of epilepsy from the perspective of intestinal micro-ecological
environment. Methods Taking Chloriti Lapis powder as the research object, the rat epilepsy animal models were established by the
PTZ kindling method. The experiment was divided into blank group, model group, carbamazepine group, and Chloriti Lapis group
(the high-dose group was 20 times of the clinical drug, the low-dose group was five times). After 4 weeks of treatment, the colon
contents of each group of rats were taken, and the diversity of the gut microbiota of each group of rats were analyzed by 16S rRNA
sequencing, and the results were analyzed in bioinformatics and statistics using UPARSE, SPSS 18.0, etc. Results The a-diversity
analysis showed that, compared with the blank group, the Chao 1 and Ace richness index of the gut microbiota flora in the model
group had no significant change; Compared with the blank group and the model group, the Chloriti Lapis group, especially the
high-dose group, had a significant impact on the richness of gut microbiota flora (P<<0.05). The results of Shannon and Simpson
index analysis showed that there was no significant difference between the model group and the blank group. Chloriti Lapis mainly
interfered with the richness of gut microbiota flora, and carbamazepine mainly interfered with the diversity of gut flora. The results
showed that the hierarchical clustering of each group of B-diversity could be well separated. Some of the samples in Chloriti Lapis
high-dose group and low-dose group could not be separated obviously, and the two groups of samples could be classified into one
group. The blank group and the model group could be classified into one group, and the carbamazepine group could be classified into
one group. The results of 3D-PCA and 3D-PCoA analysis showed that the bacterial structure outline of each group could be
obviously separated. The low-dose Chloriti Lapis group was between the blank group and the model group, and the part of the
outline of the bacterial structure diversity outline overlapped with the model group and the blank group, and tended to the blank
group. The NMDS analysis results showed that the blank group, the model group and the Chloriti Lapis group are located in one
region, with the Chloriti Lapis group overlapping with the model group and the blank group. The high-dose and low-dose of Chloriti
Lapis groups had similar intervention effects on the gut microbiota flora diversity. The composition analysis on phylum level showed
that Firmicutes, Bacteroidetes, Verrucomicrobia, Proteobacteria, and Actinobacteria were the dominant bacteria in each group.
Firmicutes accounted for the largest proportion, followed by Bacteroidetes. The richness ratio of \errucomicrobia in the model group
was significantly higher than that in the blank group (P < 0.01), and the relative richness of Proteobacteria in the model group was
the highest. After Chloriti Lapis intervention, the richness of Verrucomicrobia decreased and the relative richness of Proteobacteria
decreased in some degrees. Analysis on genus level showed that compared with the control group, the relative richness of
norank_f_Muribaculaceae (P < 0.05) and Akkermansia (P < 0.01) in epileptic rats was significantly increased, and Lactobacillus was
significantly reduced (P < 0.05). The intervention of Chloriti Lapis could reduce the relative richness of Akkermansia and increase
that of the Lactobacillus. In addition, the linear discriminant analysis effect size (LEfSe) analysis showed that the Ruminococcaceae
of Firmicutes was significantly enriched in the model group, and the relative richness of that was significantly reduced after the
intervention of Chloriti Lapis. Conclusion Chloriti Lapis has a significant regulatory effect on the richness and diversity structure
and composition of the gut microbiota of PTZ-kindled epileptic rats, and can effectively interfere with intervene in the reconstruction
of the intestinal micro-ecology.

Key words: mineral Chinese medicine; Chloriti Lapis; epilepsy; pentylenetetrazol; colon; gut microbiota; brain-gut axis; mechanism
of action
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a-Diversity analysis of gut microbiota
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Fig. 5 Post-hoc comparison of single species in gut microbiota of each group (A—E) and control group compare to model

group on phylum level (F)
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Wilcoxon rank-sum test bar plot on Genus level

95% confidence intervals L_Panit
. I - A
norank_f_Muribaculaceae [ — —e— * 0.013 07
Lactobacillus i — [ —&— * 0.01307
unclassified_f_Lachnospiraceae (e e 0.688 90
Lachnospiraceae_ NK4A136_group [ o 0.378 50
Romboutsia ™ i—lu—c 057520
Akkermansia i —e— ! **0.005 08
unclassified_f_Ruminococcaceae [ idl 093620
[Eubacterium]_coprostanoligenes_group & o 0.68890 [
Ruminococcaceae_UCG-014 [ L‘QI 0.298 00
Ruminococcaceae NK4A214_group i }—.‘I 0.575 20
Ruminococcus_1 & [ ] 0.748 30
Christensenellaceae_R-7_group [ w 0.575 20
norank_f_Lachnospiraceae [ [ ] 0.128 20
Ruminiclostridium_9 § [ ] 0.810 20
[Eubacterium]_xylanophilum_group § L] 0.575 20
0 4 8 12 1620 24 -20 -10 0 10 20

proportions/%

One-way ANOVA box plot on Genus level

b Lactobacillus

0.5 T
&
£ o =
s
g% mm
B 02
= —
£ o -
2
o !
= 0

-0.1 -

R B RO _4 1

FiEAl(mL kg )

difference between proportions/%

One-way ANOVA box plot on Genus level
Akkermansia

0.25
0.20
0.15
0.10

0.05 [ |

0 — -1 -

proportion of sequences

00 i mom Rmgr 4 1

FiEA/(mL kg )

"P<0.05 P<<0.01 a-%ffEZH S5 LKL Post-hoc b-FUFF B LI AR £ LL A c-Akkermansia B J&8 41 IAI 4 28 LL &%
a-Post-hoc comparison of control group and model group b-Comparison of box plot of Lactobacillus among groups c-Comparison of box plot of

Akkermansia among groups

E7 RBKFIERERAEIFEL

Fig. 7 Post-hoc comparison of single species in gut microbiota of each group on phylum level

BRAR, ot lRdl. EREITRE Bk ER
(Ruminococcaceae) A7 4K BRI M 2 5
EEHE, HEASYNEEEREEYFK.
4 THig
41 FEAX PTZ SR EmARMEREEN TR
HEAXS PTZ s AR K BRI 38 B B ) 4 b
HERMFEEE. ZHEEAHERRTER, Tk
FIE R E A EE . 3D-PCA. 3D-PCoA 7rHr4h
IR, SHEKXB BB RE T HE R
b, BRI ATT, HEA 4 KR IEE
B B B TR E A . BEALA K BRUE N2
W RS I PR A A 1) B A A xR ZE KBRS 25 48
(P<0.01), HEA REWTFTHGE, JEmMETE
1l 341 3R> (P<<0.05), SAHSCHE St 45 B —3%,
e 1] S i B IR OE, AT RE A& B
PIRA RIBRIEERE T2 —, P I DB i
RS RIEBAEHERLO, HE068D R
T K BRI R T TIAR G =E B, AT T 5 s

FOARTERIN R AR A ] 51 9RE IS, 32 B FhH
FSG 11 B T 1R AR B 1D 0 R 7 A R R
P& ok i3 G 8 2R G R 42 2R G0 7 AR AR W B T 4R
PO, 955090k K B HR AT B A R 3 B R S PRI

Akkermansia B J& i E 3G 00, 45 T A RFIEN EEA
J& . AU JE AR 32 B 2 E T, Akkermansia
BRI 2 PR AG . FLAT B AR 0% 30 I 0 o 1 A 2 8 5T y-
RETH (y-aminobutyric acid, GABA) K&,
PEHIPRE O T R, AR R, A
FRRN e —Fhad 2R B, BRI RN 22,
Bagheri %5 28125 7 i il K B o A2 B T TS R I
GABA 4 m, Wi MR EREE R E B,

Akkermansia B J& 5 HE A IS, XU IR AE
RIEHAAEE N MmO, 7F Lum 2RO b
R ZH KRR AR B BR A R AR 6 3 B R T
#, RIT AR R A B ERE R A AR
PRI, AW LEfSe &5 B N, 8 BB AL
J& T EEER T, BB TS R RN K RI% B



f_Lachnospiraceae
g_unclassified_f_Lachnospiraceae
f_Defluvitaleaceae

o Deflvitaleaceze_UCG 011 [

o Ruminococcaceae UCG-014 [

0_Bacteroidales

p_Bacteroidetes

c_Bacteroidia

f_Bacteroidaceae

g_Bacteroides

f_Prevotellaceae

f_Eubacteriaceae

g_Lachnospiraceae_FCS020_group
0_Lactobacillales

c_Bacilli

g_Lactobacillus

f_Lactobacillaceae

g_Clostridium_sensu_stricto_1 |

-
o
2
=
=
g
8
@
-

c_Erysipelotrichia
f_Erysipelotrichaceae
o_Erysipelotrichales
g_Turichibacter
g_norank_f_Erysipelotrichaceae
f_Muribaculaceae

g_ norank_f_Muribaculaceae
f_Ruminococcaceae

f_ Akkermansiaceae
0_Verrucomicrobiales
p_\Verrucomicrobia
g_Akkermansia
c_Verrucomicrobiae
g_Anaerofustis

“W

f_Anaerotruncus

6 0‘.5 1.‘0 1i5 2I.0 é.S 3'.0 3‘.5 4.‘0 4:5 5I.0 E;SI
LDA score (Ig 10)
a-LEfSe ZMFNZHME b-LDA FI5HI 5347 1E
a-LEfSe multilevel species hierarchy tree diagram b-LDA discrimination
E 8 ZERMFFIF 534

Fig. 8 Differential species discriminant analysis
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