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Mechanisms of Danggui Shaoyaosan in Improving Cognitive Ability in SAMP8 Mice by
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[Abstract] Objective: To analyze the effects of Danggui Shaoyaosan (DSS) on the gut microbiota of
the Alzheimer's disease (AD) model in SAMP8 mice based on 16S rDNA sequencing. Method: Twenty-four
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SAMPS8 mice aged seven months were randomly divided into low-, medium-, and high-dose DSS groups (14.4,
28.8, 57.6 g-kg'+d"') and a model group according to a random number table, with six rats in each group. Six
SAMRI mice of the same age were assigned to the normal group. After intragastric administration for eight
consecutive weeks, 16S rDNA sequencing was performed to detect the gut microbiota of feces in mice. Morris
water maze was employed to assess the directional navigation and space exploration ability of mice. Nissl
staining was performed to observe the pathological changes of neurons in the hippocampal CA1 area. Enzyme-
linked immunosorbent assay (ELISA) was adopted to measure the protein content of hippocampal amyloid
B-protein (AB) and hyperphosphorylated Tau (p-Tau). Result: Compared with the normal group, the model
group presented a declining « diversity (P<0.05) , markedly altered B8 diversity, prolonged escape latency (P<
0.05) , reduced number of platform crossings and cumulative duration in the targeted quadrant (P<0.05) ,
decreased neurons and Nissl bodies in the CA1 hippocampal area, and up-regulated AB and p-Tau expression ( P<
0.05). However, DSS intervention enhanced the a diversity, and medium- and high-dose DSS, especially the
medium-dose DSS, could result in a diversity similar to the control group. Moreover, at the phylum level, the
abundance of Firmicutes increased (P<0.05) , while the abundance of Bacteroidetes and Proteobacteria
decreased (P<0.05). At the genus level, the abundance of Lactobacillus and other genera increased (P<0.05),
Rikenella,
Mucilaginibacter decreased (P<0.05). The DSS groups also showed shortened escape latency (P<0.05) ,

while the abundance of Bacteroides, Helicobacterium, Parabacteroides, Sutterella, and
increased number of platform crossings and cumulative duration in the targeted quadrant (P<0.05) , increased
Nissl bodies (P<0.05) , and reduced AB and p-Tau content (P<0.05). Pearson correlation analysis showed that
the abundance of Mucilaginibacter, Bacteroides, and Sutterella was negatively correlated with the cognitive
ability of SAMP8 mice, while the abundance of Lactobacillus and Butyricimonas was positively correlated with
the cognitive ability of SAMP8 mice. Conclusion: DSS can improve the cognitive ability of SAMP8 mice, and
its mechanism may be related to the regulation of gut microbiota diversity and community composition.
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L5 190118) 5 H PR i (R 3 ERHECA BRA AL it
. 28 .
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AL 5 Q5306,U8113) ; o /K £ Pt ( 8z b 2= Bl £
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Biosystems 2\ f) , It 5 0000112224 ) ; AMPure XP( 3
Beckman Coulter 2y A , it 5 17620100) .
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B RAT by 2 K 35 7 [R] — B ) 58 o 3 s 4 AT
25 20 /0N Bkl VPR U] B 60 s PN TE H b 5 B 45 4 15 1)
FEE A 2 8T 3 B



9528 #5455 24 W hESEZGAFFESE Vol. 28,No. 24
2022412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2022
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PLJE TG/ A S 7 T W7 o B 5 JE 7K & ol e oK 5 —
HH2R 3% B, e P A TR 35 8] . >R BA200Digital £ A%
“HEREMAEN Y oREEG, Bk T
40 i T WL ER 4 FF 41 20, o B 00 5% X 3 P R 4 3 5K
40015 K F , Image-Pro Plus 6.0 %% {2 kb BH K 4

2.2.4  ELISA £ il 16 5 2 81 AB, ., Il p-Tau & ik 7K
o B L, A B K e, R AR T, B,
JIA 4 °C RIPA 2 fft i (iR FULL 1:10) , L824
HHLH 28 10% A BV 0K G % B OB B 0 B
£>(12 000 r-min™, 4 °C,20 min, & .04 8.55 cm) ,
B VE W, e B B 0, B -80 °CHR A7 45 -
% % CHk [ 12] % H ELISA I 5E ¥ 5 2 41 AB,.,, Fl
p-Tau & 1 & &t o 5250 20 BR ™ 4% i I ELISA il 7] &
Ui I 544, 450 nm P KA G E 4.

2.2.5 /NS DNA $2HU PCRY™ IS i FEA
% A Qiagen PowerFecal Pro Kit #[i fk /]y R 2 {# &L
DNA, £lifk DNA J& fifi FH 1% BB W e 15 Fh Gz ) 6 A1

DNA i F{ KAPA HiFi§ 4 16S V4 X (U515F/U806R)
RIY BT . BFEARPCREARTE 30, Bkt
PCRZ W5 IR A )5 FH T DNA DI ¥ SCPER

2.2.6 maE ST L EYE ST R Hlumina
Novaseq 6000 7= 38 5t ] )37 - 15 X A5 0 G 46 1) SC 2 ik
A7 7, 2R FH Flash $f 42 03t 15 51 o ffi F} Sabre & F
Barcode M\ #f 4% 7 41 h 4 43 1 4% FF i ¥ 41, O
Barcode /T 41| ; QIIME2 v2020.7 ik 47 Jii #5825 [ 11K it
H P51 ; QIIME2 N & deblur J7 1k 47 ¢ 51) B 18 il ik
AR LB M ASV FRRAE R, 2 BRI ASV LUFE
BB BRI 45 52 Silva v138 % 8 %2 ik 47 £ T naive
Bayes 199 Fh 8 B, Wy s A AR . N H R 1B & B0k
(R.v3.6.3) AT HEBERETE A AL .o ZHEYE B HEE .
72 YR M Pearson A0 K AT o

2.3 Gt SR SPSS 24.0 48 it 44 4 A AL
P, H 5 OB DL xts KoK, Je AT IR A S0 R T 25 5%
PEKG S, 47 B YR A, Al R B R 2y 22
O3B AT A TR A S AT BT 25 SR MR g R T AR
SRR AR 5, M G R JH Pearson A &% 43T, P<
0.05 K2 A i E L.

3 &R

3.1 X SAMP8 /AT M w5 OE H A
SAMRI /N R b3, B 70 2 SAMPS /)y L ik dke v 1R 19
FE 2R T 5 G PR AR AE H Ar 5 BR A5 B8 B[]
B & /D (P<0.05) ; SRR 4 %5, DSS i 7 o
ZH SAMPS /)N Bl ik 38 75 AR 191 W] tb 447 77 ( P<0.05) 57
V-5 G R UCECR AR H A GBS B I [] 2 0] 4 9
2R AW RS L (P<0.05) ., Wk 1,

&1 DSSX SAMPS/MNREMMITHE NFZ ERBRFE MR (3+5,0=6)
Table 1 Effect of DSS on place navigation and spatial capacity in SAMP8 mice (x+s,n=6)

41 51 Flt /g kg 9 3 V5 AR 30 /s T B IR IRk H A5 5 BRA5 B 1 [0) /s
1EH 4 14.56+3.41 3.40+0.89 30.80+3.57
TR 4] 45.86+8.62" 1.00+0.71" 8.72+5.34"
DSS ikl 41 14.4 34.68+5.97 2.20+0.84 15.68+4.68
DSS Hi 5l 4 28.8 25.22+3.03% 2.80+0.84 20.40+2.34%
DSS &l Al 57.6 28.10+6.34% 2.60+1.14” 17.08+3.13%

FE S IR A R VP<0.05 5 SRR HoiE Y P<0.05(F 2-% 5 )

3.2 XF SAMPS /IR H CAT X #2850 N e [ /A
BRI IEH 41/ BB S CAT X 28 0 4 1R 41 il
2 B S B HES) 4 55 )R s W B SR,
R AT M, G 0T 34 5T, B P JE TR /IR B 53 0 5 5
E B2 LA, SR A A R 4 L HE B 3K EL L2 IR AR

K A0 ML IR AE AR 2L, 2 on e EE R N JE [
N R B B 9D (P<0.05) 5 5 R R4 L %, DSS
ik P R AR AL CAT X 4 a4 i 2 HE B 3 55 B
ASEE D UWIRFE AR M N e G/ A B B I 4
Z(P<0.05). WK 1.2,
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B 1 DSS3SAMPS/MRIED CA1 K B R/MEKFERFMm(JE K, x400)

Fig. 1 Effect of DSS on hippocampal CA1 Nissl body in SAMP8 mice (Nissl, x400)

£ 2 DSSH SAMPS/NRIBLHLACAIKBR/NMEHFI (s,
n=3)

Table 2 Effect of DSS on Nissl body expressions of hippocampal
CA1 in SAMP8 mice (x£s,n=3)

21531 Fit/g-ke! 400 %5 1 5 /4>
IEHH 73.44+5.42
A5 70 2 35.78+29.79"
DSS IG5 i 41 14.4 65.89+16.41%
DSS H k4l 28.8 71.45+6.67>
DSS & il i 41 57.6 69.33+1.16%

3.3 X SAMPS /) Ui 5 21 41 AB Fll p-Tau 2 ik 7K F-
B2 5 IE R A, B ZH SAMPS /) U H
AB Fl p-Tau & 1k 7K F- B i 34 /i1 (P<0.05) 5 45 455 #84 4
Fo %, DSS T ) R 4 AB 2k K T 34 B B AR,
DSS I . L 5 5 i 2H p-Tau 7 3% 7K S W 5 B A (P<
0.05). MWL#K3.

& 3 DSSX SAMPS /MRS AR AB T p-Tau RIXKF KM
(x+s5,n=3)

Table 3  Effect of DSS on AB and p-Tau protein expressions in
hippocampus of SAMPS8 mice (x+s5,n=3)

4157 Fl/g-kg!  Ap/pgg’ p-Tau/ng-g™*
IEHH 44.80+2.07 16.66+5.63
A 70 24 75.34411.10"7  39.28+3.74"
DSS Ik 4 4 14.4 66.38+18.63  24.36£8.09”
DSS "1 4k 4 28.8 48.22+5.90  18.03+3.817
DSS = 7] i 41 57.6 54.81£10.18%  18.46£9.57%

3.4 XF SAMP8/IN U T8 B RE 2 FEE Y 52

3.4.1 X SAMP8 /) KR i i 1R A o H1 B 2 B 1Y 5
Ml R £t BT 6 TR R R A I R B A
o Z MR S B A R i N B 0 ) R 22 R AT e R
Shannon 5 FIOk i 5 o 5 BOEOE 8K, B0 P AE
YFh Z v o 5O R 2 A B R A N R
W B o Z # P Shannon 48 £ & F% 1K (P<0.05) ; 5
B2 L%, DSS AR L = 71 & 4 Shannon 48 i B

. 30 .

I (P<0.05) . BEMEME FE R & HEANY
o 2 b AR BRSO B 1 OC & o T AR FR
3BT (PCoA ) AT X 22 A8 i AT 2 1 A8 46, % 52 4= 4
Tt 86 2 7 1k 09 W] B, de KRR FE AR 4 T R A B 1R
B U R b R E i e EE A E R, BT
PCoA M 45 4, 4 22 e B ds 14 22 5 52 B AE — 4E Ak A
b B0 A 8] Y 3R (6] — 43 20, T B B
Fit 7S T T ) o 22 S /DN L R TR i 2H BUBR A BL . IE
B SRR IR B AR, R S IE R A LR, R
21 /)N BURRT AE 4 N 25 A & AR 3 AR AR DSS L R
HAW S ERHBERE SEMABSRIT, B
DSS Hr il i 2H B 4 T OF WA RO SRR A A,
DSS 25 ¥ 15 0% TR R 3 ) Fl b A 8 A8 Ak
D1 5t RSB n A
3.4.2  XF SAMP8 /) U7 i W RESS H BOSE R AET]
AR b B AR B R T 1% BT T8 SO RS
TE & 4/ B 8 R RERE V& 45 A b, BURT B T
(Bacteroidetes) . JB B B ['] (Firmicutes ) 1725 & 5 ]
(Proteobacteria ) 1 4 It W) R ; 15 1E 5 21 LA, RS
20 /)N BRI T A TSR RE A ) R R AR AT R R
B4 BT (P<0.05) ; SRR LA, DSS 45
s ] B R RE TR, NIRRT AR
WITFEE b osmflEd s A g2 E X (P<
0.05) . TEARDLF A b, 5 1E % 4 H A, 155 A 2 48
B ] (Spirochaetae) . 5K BE T ] ( Tenericutes) | 3 5
B '] (Elusimicrobia) | it 2k #T 1 ] ( Deferribacteres )
AR X B s HRI AL LA, DSS TS AT A
BRBE A ] ARBETR ) R BRI ) MR T B,
P DSS H5 H 4 f 3 (P<0.05) o DL 5i HY R BT
PR

EJE K b, 5 IE W 41 R, B0 20 2L R AT A
J& (Lactobacillus) . Butyricimonas ¥ J& . ¥ [C )& 9
(Prevotella 9) J& B BR & 9 J& (Ruminiclostridium 9)
F W B SR 8 (Bacteroides) (1 TR AT 1R
J& (Helicobacter) PRI 1 J& (Alistipes) &l ¥ 1K 7 /&
(Parabacteroides) . 5745 [C W )& (Sutterella) B W Pk
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W& (Mucispirillum) F B 5 25 5500 ; S AVAL R,
DSS IG5 & 21 b 8 LR AT i = B, N R BRI s L
ITHEAT R m PR S PR IR R R TR
J# (P<0.05),DSS H 5l i 41 b 8% [C R @ 9 AL IR T
W JJE B ERTE 9 Butyricimonas W J& £ B, T W AUAT

*4 DSSXSAMPS/MNRIFEEHESLXKFHEMNEENZM

J& AT IBRAT B R B R SR AR LG TR R R A
J& R, 2 A W B 41T & X (P<0.05),DSS &
2 A S KA 9 FLRR AT E T AT RS
A TR R R B R R R IR R R R
FRE L, ERAPRGIH R L (P<0.05), Wik4,

Table 4 Effect of DSS on relative abundance of gut microbiota at the level of genus in SAMP8 mice

215 /g kg HICHE 9 LR 8 IR BRTA 9 )8 AT 5 A [T URAT T
E#A 0.146+0.023 0.039+0.025 0.028+0.004 0.058+0.025 0.01140.001
AR 4] 0.053+0.024" 0.004+0.001" 0.011+0.001" 0.104+0.013" 0.052+0.017"
DSS ikl 2 14.4 0.086+0.014 0.017+0.008> 0.015+0.002 0.052+0.013% 0.017+0.005%

DSS il 4l 28.8 0.128+0.049% 0.019+0.004%

0.021+0.002? 0.048+0.012% 0.019+0.005%

DSS il 4L 57.6 0.069+0.047 0.017+0.006 0.018+0.003% 0.052+0.020 0.018+0.010%
21 51| Fl /g kg B R [ RN Zh M Butyricimonas

1EH 4l 0.008+0.004 0.004+0.002 0.0010.000 0.003+0.002

F 10 2 0.028+0.012" 0.010+0.001" 0.0020.000" 0.001+0.000"

DSS ikl &2 14.4 0.013+0.006’ 0.004+0.001’ 0.000+0.000” 0.002=0.000

DSS Hil &4l 28.8 0.009+0.003% 0.004+0.001%

DSS il s 4l 57.6 0.009+0.004> 0.005+0.001%

0.001+0.000?’ 0.003+0.000%

0.000+0.000’ 0.002+0.001

3.4.3 /DR E R JE K P -DSS B AD WA AN
RE MY AH SCHE A BT OB JE KOV F 3 25 5 Y TR R
5 SAMPS /)N Bk ik 75 AR 09 L Je TG /MR B AB M
p-Tau £ [ % & 55 AD A1) B8 AH & 2B W) 2% 48 s iF
17 Pearson A & M7 Hr o #A B Hp 43 {0 %) B (0 6 7R IE
FHOG, W 0 F 7R R G, B 00 TR TR 5 A G MR 59 2
—H M., SRR AmFE CFRERE9.
Butyricimonas [ = & 5 JE [C/MAS 2 IEMAH X, 5
3R IRY] LAB Je p-Tau 2K 117 5 GUAH G 0 1 Bk
P 95 AB K p-Tau 2 1 7 & 52 FUR ¢ s R R PE T
W TR R R AT B R 5% A K R AU R
TR 5 e T/ AR B 5 M OC  BP R IR e B
R PURT DA J L T AT D o R ok T AR T
AB K p-Tau & H & i 1IE A G . #2718 DSS 3% AD
/N BN AT T B8 5 0 4 B T B RE LA A G L DL
A8 8RR A
4 itig

i AT A 5 W 3E BB IR AD & H TR I 2
— . W BEZREE B ) S ZE ALY T R
5 F NI BE, 5 50 AD 45 #2038 A7 M 5 1 & A
KR R RSN TE A E X E
B BT T2 0 B TE TR R 4 R AL R AR, F
REWNHERE 2R, LHESERE. Y

b R e ORGSR 2 A SRR
Bk, i PR R 22 A Tk Y B Tl ke R 42 RRE L AB R AR
Al Tau 25 R A8 AR BFSE UL DSS T i & 8t AD
YA SAMPS Pl AL /N IR, 2 T 16S IRNA 5
W E AR RS FE S R o M B 2 FEE
o TR AR AN R ARG  HoP o 2R e
BN i R B TR ) b 22 R L B 22 R U R
Yy i 2 B S A AT ROk 25 B8 A [ A i ) R AR AR 7
SEF B A LTE . SAMPS /N BUE H R 23 TA () — Flt
FEURY H SR &9 AD SR B8 vz I T 9E AD Y
KARHLE . DSS HY [ AR I - 5k S r (A B
W+ U ORI BKUE IE IR 58 = D) A AW S
Ji , DSS 2 7RI 4 B WS - 10 N A% KR I A 5
TR ANE TSR L DSS EZ AR YT
HAZgEIm3H A B N ERCK DR E &
WigE Tz T IRYT AD TR DI AR g 45
F W, 5 SAMRI1/NEAH L, 10 J % SAMPS /N1
a ZHEMERRA B 2 FE 1 5 IE F 41 B g ; DSS T
FiG Re M AN R E R o ZHES B2
PE LI BEARE AL = 2 2 0B ) I BRI T AB
Fl p-Tau £ F1 5 % OB (80 CAL XU #ELSCAE 38 m
Je B/ R, Db e ] RO e . B8 DSS L
3 AD FIAE ML AT 5. 5 8 45 8 B A 6.
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Ji 18 TR AL T 3 A F AR A R B R RE
TP B 1T TR ] R BT R T R
T BT 170 45 20 B, e v S DL JRE B BT 1 5 SUURE R T O
S0 BF 5T WK [R5 14 B T8 B B RE R AL LR
[{]"*'. HARACH %" i 58 & 8L, AD B AU/ fU i) 8
B REP T B T R ] R s R R ) P
T ASJE BT R T 1] 3 B B B AR ; VOGT 45
F 55 W AD B 3 B T8 PUAT B8 1) B 3 v RS BE
RS, 52 A0, SATTAE VI 58 4t i AD
R T 3 AT P R F R RIC, R T R R A R RE T
U1 B R JEERE DA AUAT B LU (B T v . R B 5T AR
1 AD i 3E BERE T 40 28 3 B AR b b 5t A W] 45
B 340 52 Ji 1 TR A P R A R N S F AL S
AD BRH K . FEARBESE T, 15 F o 25 2 41 3R
Kt kB, 5 IE % 41 SAMRI H &, 455 A 4]
SAMPS UFF BRI '] AETE TR 1) F T e, SR RETE 1] F
FERRAL, 5 LIS W50 45 - — 30, DSS T Hil)5 , il f#
MCAUFF A 1] AR BT B, T R T D
H 7R e 2 RO e o H R R AR R B RO
PE 3K AT RE 5 K AR 25 W) 119 i 8006 FR AN 2 ] SR 2R 1
S F TR S 1 2 4 nT B DR G A 0 B A 22 ST
RHEARRE A

1 J& K F b, DSS Al W % b 3L A B .
Butyricimonas % [N J& 9 8 H BR & 9 1 F B2, T 4
PUAT B8 i TR AT B R B B L B ATR R LB
FRICTE 8 B B . Ko AR E T
JEBEB T R 25 A B bR L R B R IE AD R E
T LR AT B D 5 2 P 4 K T 0T AR R T LIRS
B RO R 8 S5 A 0% S B DR T IR L O 100 161 2R e
SN A0 R T 00 B Y AB TR B e 1L
25 B Butyricimonas WK A BERE AL N T
R A T R, A2 i 20 R L TN TR R B 31 R 45 S 4 A
2, WD R RE AR OF B T B R o B PE L AD B g i
2 B MR R R R R L HLS R R BUR T AB
U OE Y TR Ok R 22 i B 5T 3K I i GE B
T PP 0 M R R ATOIR B L 5% AR LG B R
W OJE M A fk 5 R E % UM R
MAGNUSSON %2030 %6 B 0 4T 31 Jg 49 Lb 1] 5 A
TIfe % VI AH G, AD B & UM W8 £ 5 I E W
YKL-40 X — AD AE W hn & W ) & s R IEAHOC . ik
Ab AR SIS B T IR AT B R O AD XU
FOm B T B RN R R AB LR, B A
R4y ST AL T, 38 AT 3 3L tau 2R
B RRALD, FEAHEIE A, SAMPS /N RIS B

. 32 .

HETE 8 AT b 0y el s fa 35 5 3 Se pF 5 45 S — 35,
W 3 S8 TR JE 7E AD s B2 h AT B R 5 AR
DSS T fil J5 , A fE — & & B A 3L AT
Butyricimonas % TH J& - B, T ALK 7 )& L @ AT AR
P B TG RV T e TR AT R AR
FE o T Y 18 T R JE /K F— A AT iE 77 Pearson AH G 1
SIRTA IR R M T TIRAT R 8 RO R AT I
J& I AR G B R A E 5 SAMPS /N A A K HE
M S, 1 FL BR AF B N Butyricimonas £ & 5
SAMPS8 /N A IN AN E J7 SR EAHOC . #8751 7 &
AD W AE I ALEI v BB 5 L VA B i A 25 B A
TURBOR R R DR RS SR e
X,

25 Bk AR WFSE I T 16S tDNA ¥ 1 I 7 5
AR G54H SAMPS & ML L 2 AL S W A J b 48 s T
DSS Bjj it AD 89 4E FI AL P 8 55 H o35 1 1 T A
M R A, MR TE TS EREZR.
HLAR i 16 0B 235 4 55 2 o A % 52 2%, A LI
A RIS o MeAh T AF R F 9 4108 1 38 TR )
BEMZR-EABARESEIIENEARE R
AD FZR AR E H A B AX TR ERES R
FECSFIT B AR FR DS AR 02 i 300 A 9 &5 SR 3%
B DSS fig B % M 3% SAMPS Fi 21 /N B AY I AT fig
HALH AT g 5 4502 & - R R G > AB AN
p-Tau 5 8 UUAUA OG0 L8 B 0 b, B 7R 4 81 5 5
DSS 1 1t AD Wy HIBLH B A 2 ik 12 2 88 U R
SUE— 25 R Z2 A 2 BRI R IRAIESY .
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