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Mechanism study of Si Miao Formula on alleviating insulin resistance
by increasing the abundance of Akkermansia muciniphila in mice
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Abstract: In our previous study, we found that Si Miao Formula (SMF) had the effect of improving the disorder
of glucose metabolism caused by high fat and high sucrose diet, and significantly altered the composition of gut
microbiota, especially increasing the level of Akkermansia muciniphila (A. muciniphila). However, it is unclear that
the role of intestinal flora and A. muciniphila play in SMF improving blood glucose homeostasis, and the mechanism
of how SMF increases the level of A. muciniphila. Therefore, this study will explore the correlation between SMF
improving the insulin resistance and increasing the level of A. muciniphila, as well as the mechanism of SMF-induced
growth of A. muciniphila using the in vitro and in vivo experiments. We explored the effect of intestinal flora and A.

muciniphila on SMF-improved insulin resistance through fecal microbiota transplantation (FMT) and antibiotic
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intervention. In order to study the mechanisms underlying SMF on elevating 4. muciniphila, we disassembled SMF to
find the key component which can particularly elevate the number of A. muciniphila. Using the in vitro anaerobic
culture system combined with cell and animal experiments, we explored the mechanism of the key component in
elevating A. muciniphila. The research was approved by the Animal Ethical and Welfare Committee of Shanghai
University of Traditional Chinese Medicine. Our results showed that the gut microbiota altered by SMF can improve
high fat and sucrose diet induced insulin resistance in recipient mice, and the improvement was closely related to the
abundance of A. muciniphila. Cortex Phellodendri played the most important role in regulating the composition of
intestinal flora and increasing the number of 4. muciniphila, of which, berberine was the key component of Cortex
Phellodendri which up regulated A. muciniphila. We have found that berberine cannot directly promote the growth of
A. muciniphila in vitro, but it can stimulate the expression of mucin, which, in turn, promote the growth of 4.
muciniphila. The above results show that the improved insulin sensitiviy by SMF depends on the increased level of 4.

muciniphila. The effect of SMF on elevating the amount of 4. muciniphila might be correlated with the increased

expression of mucin stimulated by berberine.
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(intraperitoneal glucose tolerance test, IPGTT) F1Ji# & &
i % SZ 56 (insulin tolerance test, ITT).

BAIE YA 16S rRNAF /N 16 )8 )5, B
2N BB EE I E B N A AT A TE 4H B 16S TRNA
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3 Imaged W & 25 A 2002 RS o R0 &
PE VLA H2 L 25 [ RNA, 0% B cDNA J5 #E AT 52 9% 6
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Table 1 Polymerase chain reaction (PCR) primer sequence of each
gene. Muc2: Mucin-2; Muc3: Mucin-3; Muc4: Mucin-4; Gapdh:
Glyceraldehyde-3-phosphate dehydrogenase; Hes: Hes family BHLH
transcription factor; Kif4: Kruppel like factor 4; Relm-f: Resistin-like
molecule beta; 7ff3: Trefoil factor 3; m: Mouse; h: Human; A.

muciniphila: Akkermansia muciniphila; F: Forward; R: Reverse

Primer Sequence (5'-3")
m-Muc2-F AAGTGAAGACCGAGATTGTGC
m-Muc2-R GTGCACACACACACCCTTG
m-Muc3-F TTCTATGGGCCACGGTGT
m-Muc3-R ACTGGTTACTGTCACACTCACTCC
m-Muc4-F GAGGGCTACTGTCACAATGGAGGC
m-Muc4-R AGGGTTCCGAAGAGGATCCCGTAG
m-Gapdh-F AGGTCGGTGTGAACGGATTTG
m-Gapdh-R TGTAGACCATGTAGTTGAGGTCA
m-Hes-F CCAGCCAGTGTCAACACGA
m-Hes-R AATGCCGGGAGCTATCTTTCT
m-KIf4-F AGGAACTCTCTCACATGAAGCG
m-KIf4-R GGTCGTTGAACTCCTCGGTC
m-Relm-f3-F CCATTTCCTGAGCTTTCTGG
m-Relm-f-R AGCACATCCAGTGACAACCA
m-Tff3-F CAGATTACGTTGGCCTGTCTCC
m-7f/3-R ATGCTTGCTACCCTTGGACCAC
h-Gapdh-F GCACCGTCAAGGCTGAGAAC
h-Gapdh-R TGGTGAAGACGCCAGTGGA
h-Muc2-F ACCCGCACTATGTCACCTTC
h-Muc2-R GGGATCGCAGTGGTAGTTGT

A. muciniphila-F CAGCACGTGAAGGTGGGGAC
A. muciniphila-R CCTTGCGGTTGGCTTCAGAT

K b W5 T 1 )5, Akkermansia W A8 %5 3 M
0.02% F+ % 25.16% (K1 2B). H1T 16S rRNA I > &5 '}
AR BE, AN BRI B A R E TR R A0 B &
DAL I A HfF 57 388 3k ¢ 6 5 2 PCR J7 456G /N U 18 P Y
A. muciniphila 47T T 4% € B fr. 45 R BoR, I
7T TiJa, /N R IAE A, muciniphila (14 5 HFHS 41
/INERI 8.6 1% (B12C)o A. muciniphila VE N3 B % % 25
LR, G R NSt 5 R I, A. muciniphila T F00] 0 2%
LEIRERUIR - N P B R N LN S D1 P N 1K 811
VY 4 J7 505 i % 2R AR 5 i 2 T A 4 A ) R K AL
muciniphila & & 3G 1A G .
3 MYARERRRFRRNERS AR
EY)HE%

W FE RS AE SL I, HE— WA T il B AR DY
Wb U7 OO R R AR R (BI3A). AR R T
7 K5, B # R 16S rRNA [ UL i & 2w 285
(2.7 = 1.3)x10° copies F£{& A (7.5 + 1.9)x10* copies, &
WD o TR N T ST N Ty . SRR A SR IR 45 R
N, A ZEDNREERALSG T ZEZR, HE
R-HFHS 41 /)8 § Af t, R-SMF 41 /)y 8, 4 o 3% K O 2%
(E3B). IPGTT 45 % &I, 5 R-HFHS 4 #f L., R-SMF
/N B 107 ) BT 52 B BH B 5 (B13C), H.R-SMF

EERFEK
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B
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Figure 1 Effects of Si Miao Formula (SMF) on improving the

insulin sensitivity. A: Intraperitoneal glucose tolerance test (IPGTT)
and area under the curve of GTT (AUC-GTT); B: Insulin tolerance
test (ITT) and area under the curve of ITT (AUC-ITT); C: Fasting
plasma glucose (FPG), fasting serum insulin (FINS), and homeostasis
model assessment of insulin resistance (HOMA-IR). n = 6, x +£ 5.
P <0.05, #P < 0.01, P < 0.001, P <0.000 1 vs Con; P < 0.05,
“P < 0.01 vs HFHS. Con: Mice in control group were supplied with
chow diet for 16 weeks; HFHS: Mice in HFHS group were fed with
high fat and high sucrose diet for 16 weeks; SMF: Mice in treatment
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fat and high sucrose diet and aqueous extracts of SMF without Coicis Semen; HCY: Mice were fed with high fat and high sucrose diet and
aqueous extracts of SMF without Cyathulae Radix; HYN: Mice were fed with high fat and high sucrose diet and aqueous extracts of SMF
without Atractylodis Rhizoma; CYN: Mice were fed with high fat and high sucrose diet and aqueous extracts of SMF without Cortex
Phellodendri for 16 weeks; HB: Mice were fed with high fat and high sucrose diet and aqueous extracts of Cortex Phellodendri for

16 weeks; BBR: Mice were fed with high fat and high sucrose diet and berberine for 16 weeks
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Figure 7 Mechanism of berberine in elevating A. muciniphila. A:
Effect of berberine on the growth of A. muciniphila in vitro; B: Effect
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