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Abstract: [ Objective] To investigate whether the whole intestinal microbiota transplantation in Alzheimer's disease
(AD) model mice has more significant effects on ileum intestinal microenvironment in normal mice under the guidance of
the theory of traditional Chinese medicine that "interior—exterior relationship exists between the heart and small intestine".
[Methods] The whole intestinal microbiota of fourteen 6-month—old specific pathogen free male APP/PSI double—trans-
genic AD model mice was transplanted into the gut of six normal C57BL/6J mice of the same age and background treated
with mixed antibiotics for 14 days. Then, after 14 days of normal rearing, the mice were sacrificed. Next, the pathological
changes in the ileum and colon were observed, and the composition and diversity of the ileal and colonic microbiota was an-

alyzed by sequencing.[ Results] After the whole intestinal microbiota of AD mice was transplanted into normal mice , patho-
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logical analysis showed that only the ileum tissue had mucosal damage and crypt gland epithelial cell degeneration, necro-

sis, and shedding. Moreover, the microbiota analysis found that only the number of genera (P<0.01), Chaol index (P<

0.01) and Simpson index of ileal microbiota in normal mice decreased (P<0.01), and the composition of intestinal micro-

biota was quite similar to that of AD model mice. [ Conclusion] Under the effect of whole gut microbiota transplantation in

AD mice, the diversity and composition of ileal microbiota change more than that of colonic microbiota in normal mice,

and at the same time, it results in pathological damage to the ileal mucosa, indicating that the ileal microenvironment may

be more closely related to the occurrence and development of AD, which is highly consistent with the traditional Chinese

medicine theory of "interior—exterior relationship between heart and small intestine".

Key words: traditional Chinese medicine theory; Alzheimer’s disease; whole intestinal microbiota transplantation;

ileal microenvironment ; colonic microenvironment
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Control

Colon

Red arrows and circles indicate pathological changes (scaleplate: 50 wm). A: Ileum of mice in control group; B: Ileum of mice in model group; C: Il-
eum of mice in whole intestinal microbiota transplantation (WIMT) group; D: Colon of mice in control group; E: Colon of mice in model group; F: Colon
of mice in WIMT group.
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Fig. 1 Pathological changes of ileum and colon in mice observed through HE staining
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Table 1 Number of microbiota genus in mice

ileum and colon (x + s,n=4)
Groups Tleac genus Colonic genus
Control 154 + 23 190 + 19
Model 96 + 127 178 £ 10
WIMT 104 + 227 168 + 19
F 10.075 1.809
P 0.005 0.219

WIMT: Whole Intestinal Microbiota Transplantation; Comparison among multiple samples was performed using Fisher’s one-way analysis of
variance (ANOVA), followed by least significant difference (LSD) for post hoc test. " compared with control, P<0.05; > compared with control, P
<0.01.
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Table 2 a-—diversity index of ileac and colonic microbiota in each group (% + s,n=4)
lleum Colon

Groups

Chaol index Simpson index Chaol index Simpson index
Control 507 + 66 0.914 + 0.025 600 + 59 0.970 £ 0.011
Model 355 + 377 0.856 + 0.005” 609 + 78 0.950 £ 0.013
WIMT 383 £ 477 0.863 + 0.005” 556 51 0.916 + 0.060
F 9.912 16.899 0.803 2.352
P 0.005 0.001 0.478 0.151

WIMT: Whole Intestinal Microbiota Transplantation; Larger Chaol index means more community species. A higher Simpson index indicates a
higher diversity. Comparison among multiple samples was performed using Fisher’s ANOVA, followed by LSD for post hoc test. '’ compared with
control, P<0.05; 2) compared with control, P<0.01.



3, 55 HE T 0 5/ N AH 2 HL BRI R S BRI /) B A T R RE RS AL (1 i I B R SRR 67

H 14 fig

0.25 T 0.8/

L/

0.00 oec : _ 0.4
= S
: 8 Control
S 2 L[] - @® Model
a a . o

® WITN

= g ° WITM

-0.25 0.0+ 7> °

°
-0.50 A 04 B
-0.50 -0.25 0.00 0.25 -0.4 0.0 0.4 0.8
PCl1 (79.5%) PC1 (45.8%)

Tleac Microbiota

Colonic Microbiota

WIMT: Whole Intestinal Microbiota Transplantation; A: Principal coordinate analysis (PCoA) of ileac microbiota; B: PCoA analysis of colonic mi-

crobiota.
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Fig. 2 Results of principal coordinate analysis (PCoA) of intestinal microbiota in each group
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Table 3 Principal coordinate of intestinal microbiota in each group

[xxs, M (P25~P75) ,n=4]

Ileum Colon
Groups
PC1 PC2 PC1 pC2

Control -0.197+0.138 -0.031 (-0.058~0.122) -0.078+0.044 —-0.149+0.189
Model 0.108+0.003” -0.017 (-0.018~-0.000) -0.127+0.014 0.103+0.090
WIMT 0.089+0.023” 0.000 (-0.011~0.013) 0.204+0.284 0.046+0.182
FIH 9.598 2.808 4.268 2.710

P 0.029 0.246 0.094 0.120

WIMT: Whole Intestinal Microbiota Transplantation; PC: Principal coordinate; Ileum PC1: 79.50%; Ileum PC2: 10.14%; Colon PC1:

45.80%; Colon PC2: 33.63%; Percentage represents the contribution value of the principal coordinate to the sample difference. "lleum PC1" and

"Colon PC1" were performed using Welch’s ANOVA, followed by Games—Howell for post hoc test. "Ileum PC2" was performed using Kruskal Wal-
lis H test. "Colon PC2" was performed using Fisher's ANOVA, followed by LSD for post hoc test. 2’ compared with control, P<0.01.
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Table 4 The ileac microbiota ranked the top three microbiota in relative abundance

(x + s,n=4)

Groups Pseudomonas /% Lactobactllus /% Muribaculum /%
Control 63.26+12.15 8.90+4.48 5.80+3.74
Model 86.25+1.33" 2.63+1.65" 0.05+0.05"
WIMT 85.58+2.58" 0.45+0.15" 1.28+1.35"
F 8.04 15.31 12.62

P 0.03 0.01 0.02

WIMT: Whole Intestinal Microbiota Transplantation; Comparison among multiple samples was performed using Welch’s ANOVA, followed by

Games—Howell for post hoc test."” compared with control, P<0.05.

®5 ERIREMEHENFEEHZN=ABERE

Table 5 The colonic microbiota ranked the top three microbiota in relative abundance [% + s/M (P,~P,,) ,n=4|

Groups Pseudomonas /% Muribaculum /% Bacteroides /%
Contorl 16.63+3.04 0.06(0.05~0.15) 8.02+4.60
Model 13.52+1.30 0.19(0.15~0.20) 10.00+2.23
WIMT 24.89+6.36 0.11(0.03~0.23) 7.36+5.83
FIH 6.51 3.96 0.38

P 0.04 0.14 0.70

WIMT: Whole Intestinal Microbiota Transplantation; "Pseudomonas" was performed using Welch’s ANOVA, followed by Games—Howell for

post hoc test. "Muribaculum" was performed using Kruskal Wallis H test. "Bacteroides" was performed using Fisher's ANOVA, followed by LSD for

post hoc test.
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