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Abstract: The study aims to investigate and compare the effects of probiotics and docosahexaenoic acid (DHA)
with the Alzheimer's disease (AD) therapeutic drug donepezil on the learning cognition and brain damage related
indexes in AD mice, and to provide experimental basis for its treatment of AD. All animal experiments were approved
by the Ethics Committee of the Henan University of Chinese Medicine (ethics number DWLL2018080003). Fifty male
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C57BL/6] mice were randomly assigned to one of five groups: sham-operated, model, donepezil (10 mg-kg"),
probiotic (2.7x10° CFU-d™"), and DHA (0.104 g-kg"). Except for the sham-operated group, the AD animal model
was established by injecting Af,,, (200 umol-L™) in the lateral ventricle, followed by gavage administration for
4 weeks. In all mouse groups, learning memory ability, neuronal morphology in the hippocampus, apoptosis of
primary hippocampal cells, and immune cell levels were detected. The levels of AS, ,,, AB, ., p-Tau, AchE, Ach,
oxidative stress, glial cell activation, and the inflammatory factors IL-14, IL-10, and TNF-« in the brain tissue of
mice were also detected. 16S rDNA sequencing was used to further investigate the effects of donepezil and
probiotics on AD. Donepezil, probiotics and DHA improved cognitive deficits and enhanced learning memory in
AP, s-induced mice by increasing locomotion time, locomotion distance, autonomic alternation rate, and
shortening the time to reach the plateau; it significantly attenuated Ap,, .-induced brain injury and
neuroinflammation in mice by decreasing AS, ,,, AB, ., p-Tau, AchE, IL-15, TNF-a, and MDA and increasing the
levels of Ach, IL-10, GSH-Px, and T-SOD in brain tissues, as well as decreasing the activation of glial cells, and
had a modulatory effect on immune cells. 16S rDNA sequencing shows that both donepezil and probiotics restore
flora homeostasis and that differential bacteria are strongly associated with cognition, AD pathology, and
neuroinflammation. Combining all indicators, donepezil and probiotics were more effective than DHA. All in all,
donepezil, probiotics and DHA ameliorate Af,, ,,-induced cognitive dysfunction and brain damage in mice by
modulating immune cells, reducing the number of apoptotic cells and glial cell activation in the brain, and
decreasing the levels of oxidative stress and inflammatory factor expression, among which the effects of donepezil
and probiotics were better than those of DHA, and the therapeutic effects of donepezil and probiotics on AD were

closely related to the modulation of gut microbiome.
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Figure 1  Effects of probiotics and DHA on cognition and learning memory in Af,. .. induced Alzheimer's disease (AD) mice. A-C:

Representative images of the open-field experiment (A) and quantitative results of movement distance (B) and movement time (C); D, E:

Representative images of the Y-maze alternation experiment (E) and quantitative results of the spontaneous alternation rate (D); F, G:

Representative images of the water maze on day 6 (F) and quantitative results of the time to reach the plateau on days 2-6 (G). n =8, x £ 5.

P <0.05, P <0.01 vs Sham group; "P < 0.05, "P < 0.01 vs M group. Sham: Control group; Don: Donepezil group; YSJ: Probiotics group;

DHA: Docosahexaenoic acid group
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Figure 2 Effects of probiotics and DHA on brain histopathology in Af,, ., induced AD mice. A: Nissl staining to detect cell damage in the

mouse hippocampal region (400x, arrow pointing to damaged cells), bar: 30 um; B: Quantitative results on the density of Nissl's vesicles in

the hippocampus; C - E: Quantification of amyloid beta 1-40 (Af, ., C), amyloid beta 1-42 (Ap, ,,, D) and phosphorylated microtubule-

associated protein Tau (p-Taul81, E) levels in mouse brain tissue; F, G: Quantitative results of acetylcholinesterase (AchE, F) and

acetylcholine (Ach, G) levels in mouse brain tissue. n = 6, X £ 5. "P < 0.05, P < 0.01 vs Sham group; "P < 0.05, "P < 0.01 vs M group
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Figure 3 Effects of probiotics and DHA on apoptosis and oxidative stress in brain tissues of Af,, ., induced AD mice. A, B: Representative

maps and quantitative results of apoptosis in mouse brain progenitor cells detected by flow cytometry; C, D: Representative maps and

quantitative results of flow cytometry detection of reactive oxygen species (ROS) in mouse brain progenitor cells; E~G: Quantification of
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or6,x+s."P<0.05,"P<0.01 vs Sham group; "P < 0.05, "P <0.01 vs M group

Wit

AD By s WL R R, 78 LR AR R R 1 AR
o AR R I B VR IBE DA BB ) S 4 ST S R AS AE
REARM . TE AD BB b B BN BN AH DG FE bR
s B AT N I BUR AT FIE, BT 2 R A KR
BLY-BURRE W R R HE ) S A U7 VR % T
(CELY/RN SN B BT /A 2 G S N T VB U R AN
Y-HURR B R KRR B A 2 Bl AT A M A T VRN T
2 73R 2 45 T A DHA X A, 5 T AD /NI H
FIES N SEAZ I, R 2 ARG i A
P& AT DHA R AS [ 72 B2 250G AB,, L, 753 AD /N BRI
B 15 I 18 i 2 S0 A2 B 70, Hoh 2 2R UR 5 A 2 AR B
HAET DHA.

1EAD H, B T AT R % 2 e 2 el g, ik 2 B
BUER R FL TR A Tau 25 A 5 3 BERR ALY, (2 0E 40
Gh AP BEHRL K2 40 b L 4T e 45 T R . AB AT H
APP £ 3¢ Ky FE R (IR 12 A0 AR Ve B BE 4R (iR 42 BY V) 45

B, ATH EF o/ WEER y S W B A T, 8 B4
BT H I AB; Jo & 4 p Ay Sy B L (R BY U) 45 8 B A
VIR A e FEFRFLSEAT T, B2 WA BEE R 1Y 5, 2
Bk APP [ UE 4 Bt 1 R AR, A B TR RE T 1)
ABo AP, FIAB,,, J& APP 2 1 by 3 15 A B R
Tt B AR, Jorh AB L, B BB, NMEAZ190%
AB, s ABy L, BKPE R BTE 5 R A2 TR AR, Y R B
(R CEE . ASHIE SRR T A 4L 2 ABIKSF R I, AB,s s
73 AD /D BUI AL 23 AB, L, B AR, KT 835 6,
BT TIERERET. HFREH, ApT ERE
SRR B E A T Tau 8 (1, 5 80 Tau 2 (1 5
PR AL, 3t DR M r 4 28 0 21 2 A8 A Il i R L 38
TER LA E W & 0 T2 A0 50 R I 5 i 20 43
p-Taul81. % fb B UAH < 48 b5 (ROSGSH-Px. T-SOD.
MDA) 2 20 ff i T KB AT R i, R I 22 2R IR 5% i 2B
B 1R 3 AB 15 T AD /N R L1 b p-Tau KA
PRI, BRARIR 2 40 B 0 T2, T DHA RURELES -



RS 28 E WA~ BN TR AB,, 5 S B AR DB A B 2 ST HE A BB 455 6 1

+ 3111

A Tregs Sham M Don YSJ DHA B o+ H + +
° _ 3 CD25"+CD4'E® (D25 FOXP3
= 1.8% |+ 7.1% |+ 5.9% |+ 1.9% | 6.3% 10 >

< B "";tu 2 64
I Y ou )i v =
" Q
S A A S S A A 7, 47
=1
I" o 72% |=o = 2
on® oo "o
& 0=
o® 3 = Sham M  Don YSJ DHA
T S o D
I e e e i e e 10- E3 CD3e™+CDSa" Bl CD3c™+CD4™
23
C X
<
)
o
o
o
H.\
o
=
Sham M Don YSJ DHA
F 80 ok
= 60
‘ ‘ <
o e P
o 40 =
E NK g =
Sham M M =
I"e-. e S| e + Z 204 =
u-;_. <] N e = 0 =
a @ & @ @ | a @ a @ 5 a @ -
él" — * b Sham M Don YSJ DHA
E §dro1n| } o0 0% | ST it ey g0, (11 5T | 8878 006 40
bele - o e i i e Cik s mi Tl £ ot T T Sy e i s <
CD49b =z
G MDSCs  gpay ) M Do vSJ 2
1"21 R I + ] 3
% 22 i 4 = E E @
=q = E = = =
CNE IR I EX 071 B I e XA NE -3 $
ot = - &~ % ] 4
2] i el = 7 e o ] b=
T g —r— e L

CDI1b

Sham M  Don

YSJ) DHA
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