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[Abstract] Objective: To evaluate the Effect of Guishen Wan on learning and memory ability in D-galactose-induced aging
model mice and to explore the application of the "Kidney-Brain Coordination" theory in traditional Chinese medicine (TCM).
Methods: An subacute aging mouse model was established by subcutaneous injection of D-galactose (200 mg-kg'+d") into the
neck and back of KM mice. The mice were then administered GuiShen Wan at high, medium, and low doses (18, 9, 4.5 g-kg'+-d")
or donepezil (2 mg-kg'+-d"'), a standard clinical therapeutic agent for Alzheimer's disease, served as the positive control in this
study, for 4 consecutive weeks. Learning and memory abilities were evaluated using the Morris water maze. The degree of renal
fibrosis was observed via Masson staining. Hippocampal neuron injury was assessed by hematoxylin-ecosin(HE) staining. Damage
to Nissl bodies in the hippocampus was examined using Nissl staining. The fluorescence expression intensity of Klotho in the
hippocampus was detected by immunofluorescence. Western blot was used to detect the protein expression of Klotho in the kidneys,
as well as proteins related to the hippocampal inflammatory pathway and inflammatory factor-related signaling pathways. Results:
Results from the water maze test showed that compared with the blank group, the number of platform crossings and the time spent
in the target quadrant were significantly decreased in the model group (P<0.01). Compared with the model group, all dose groups
of Guishen Wan significantly increased the number of platform crossings and the time spent in the target quadrant in model mice
(P<0.01).Masson staining results showed that compared with the blank group, the collagen volume fraction was significantly
increased in the model group (P<0.01). Compared with the model group, all dose groups of Guishen Wan significantly reduced the
collagen volume fraction in the model group (P<0.01). Kidney Western blot analysis showed that compared with the blank group,
the Klotho protein was significantly decreased in the model group (P<0.01). Compared with the model group, Guishen Wan
elevated the klotho protein (P<0.01).Neuronal cell count results showed that compared with the blank group, the number of
neurons was significantly reduced in the model group (P<0.01). Compared with the model group, Guishen Wan exhibited a dose-
dependent trend in repairing neuronal damage and increasing the number of neuronal cells (P<0.01).Immunofluorescence intensity
results showed that compared with the blank group, the positive expression of Klotho was significantly decreased in the model
group (P<0.01). Compared with the model group, all dose groups of Guishen Wan enhanced Klotho fluorescence expression
(P<0.01).Hippocampal Western blot analysis showed that compared with the blank group, the ratios of interleukin(IL)-18 and IL-6
proteins were significantly increased in the model group (P<0.01). Compared with the model group, all dose groups of Guishen
Wan significantly reduced the ratios of IL-18 and IL-6 proteins (P<0.01). Compared with the blank group, the ratio of
phosphorylated-nuclear transcription factor-«B (p-NF-«B) protein was significantly increased (P<0.01), while the klotho protein
was significantly decreased (P<0.01) in the model group. Compared with the model group, all Guishen Wan groups significantly
reduced the p-NF-«B protein (P<0.05, P<0.01) and significantly increased the Klotho protein (P<0.01). Conclusion: Guishen
Wan effectively ameliorates D-galactose-induced aging in model mice. Its mechanism of action may be related to upregulating
Klotho concentration and inhibiting inflammatory factors associated with the NF-«B signaling pathway.
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Table 1 Effect of Guishen Wan on learning and memory function

in subacute aging model mice (x+s,n=12)
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E1 J35AR T2 RZERNR S L 4L F01 (Masson, x400)
Fig. 1 Effect of Guishen Wan on renal fibrosis in subacute aging

model mice (Masson, x400)
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fia (x+s,n=5)
Table 2 Effect of Guishen Wan on volume fraction of collagen

fibers in kidney of subacute aging model mice (x+s,n=5)
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Klotho » o= 130 kDa

GAPDH qup GEND GED GED GNO emp 36kD:

A B C D E F
B2 &4A/NR Klotho F A R ik Bk
Fig. 2 Electrophoresis of expression of Klotho protein in each

group of mice

®3 ABAMT MR EZEE/NR G K Klotho B A M RIXKFE
KR (x+s,n=3)
Table 3  Effect of Guishen Wan on expression level of Klotho

protein in kidneys of subacute aging model mice (x+s,n=3)

45 it /g ke Klotho/GAPDH
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Fig. 3 Effect of Guishen Wan on tissue morphology of CA1 area

in hippocampus of subacute aging model mice (HE, x400)
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x5 ABANTRAEREZHEE/NRBDS CA1KX Klotho 33838 E
BRI (X+s,n=3)
Table 5 Effect of Guishen Wan on Klotho fluorescence intensity
in CA1 region in hippocampus of subacute aging model mice (x+s,
n=3)
& 5 @ 2 51 /g ke YNGR E /%
a ZSHA 29.71+0.80
4 gl 13.48+1.97"
2 VAL R AV 1) k£ 4.5 17.32£1.08”
VA AL ) 2 9 21.19+0.39"
DR AL v 790 ek 2 18 24.99+0.60%
D E F ZARWRST 4 0.002 26.38+0.40%

E4 FEAMTAMRERENR CAIR BRANFM (KRG
i, x400)
Fig. 4 Effect of Guishen Wan on Nissl cells in CA1l region of

subacute aging model mice (Nissl staining, x400)

T4 HABANTEMERERINRHEZTHRBEMH I (X5,
n=3)
Table 4 Effect of Guishen Wan on number of neuron cells in

subacute aging model mice (x+s,n=3)

20 51 Fl /g kg 1 22 I 40 it KA
Sk 168.67£11.37
IR 241 84.67+6.43"

IR R W 55§71 ig2) 4.5 98.00+2.65

JEL= 0 e e B g 9 117.00+5.00"
U1 AL g 71 0 18 134.33+3.06>
Z Rk T 0.002 133.00+7.00%

R TP 2 P T S A R /I B T 4 2P Y SR T B

I NF-«B K 2 A6 8 11 p-NF-«B 1) R ik K ¥
BEAN AR S B Y p-NF-xB 45417 K BE A8 1k I e 1 5 1R
125 AL R, AT AR 3 NF-«B 15 538 1% 19 35 1L F2 )%,
IREMEILMES RS R, 52 A4 kK, KAy
p-NF-«B i % Ft & (P<0.01) , Klotho & % [ fik (P<
0.01); 5 A4 b5, 5 B AL 4% 2H p-NF-«B B I [
i (P<0.05, P<0.01) ,Klotho i & 7 &5 (P<0.01), W
6. K6,

3.7.2 JHE U S A AN B 4 2 58
SiE - IL-18 IL-6 [ 52 M 58 R BH /N R Eh 41
U R R TL-18 F1 TL-6 By 5 % Tt s, 2 in ik 5
U AR B S B0 AR R Y S L R
Western blot £ Il 7. 2 M 52 22 155 AU /)N BRI 5 N R GE
W Rs . KEMICMES RTR, 55041
BOBRIZE TL-18 . 1L-6 & 2 JH & (P<0.01) ; S BI R 41

D E F
Es5 HABAMTSMEFEZER/NRED CALK Klotho RIZM I (57, x400)

Fig. 5 Effect of Guishen Wan on expression of Klotho in CA1 region in hippocampus of subacute aging model mice (IF,*x400)
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P, 0B L4 F) B4 IL-18L IL-6 3 AL (P<

x6 HEAMTAMFERINRRERFEAREHEM (I+s5,n=3)

0.01). W6 .K 6.

Table 6 Effect of Guishen Wan on protetin expression of inflammatory factors in subacute aging model mice (x+s,n=3)

21 51 /g ke Klotho/GAPDH IL-18/GAPDH IL-6/GAPDH p-NF-«B/GAPDH
2 HA 0.95+0.13 0.10+0.03 0.27+0.09 0.34+0.11
AR 2 0.54+0.10" 0.90+0.05" 1.15£0.14" 0.75+0.10"
VAR LA ) 21 4.5 0.61+0.04 0.45+0.05 0.83+0.09" 0.590.07
VA L 2R 9 0.79+0.04" 0.30+0.05 0.67+0.05" 0.49+0.05%
VA L ) 2 18 0.96=0.12" 0.15+0.05" 0.55+0.05" 0.47+0.06
Z AR T4 0.002 0.85+0.07" 0.12+0.04" 0.66+0.05" 0.44+0.02
I p— 130 kDa W = E & WUATTifE. i, Klotho 43 51l
it 3 D3 45 Hg 3R C oK Ui # #% FGFR1c 5 FGF23, 71
IL-15 - o 31kDa TR A Ay T AR R FE NF-«B {5 5l
Lo e G GO G0 o e 000 Y I 45 H, Klotho #93 1 & SC B B 45 B0 A (4. 5 FGF23
PO 28 AR R T A I, Klotho fig A 2 il NF-
P-NF-AKB e @S & = = 75 kDa

GAPDH guuy @D @D GNP @20 emp 36kDa
A B C D E F
E6 &4/ Klotho/NF-«B 1S S8 B E 5 =ik Ak

Fig. 6 Electrophoresis of expression of Klotho/NF- «B

inflammatory signaling pathway proteins in each group of mice
4 iTig

HOH A Ak, 8 AR E R Y B 2 5 E R i A
h 2 ) ARG IGR 1RO AL 2 — 2T R B
P28 GAE R AT TR F BT T 10T B, R AR IR T
DA B 1 B R MG BRI TR AL R
JES RAEBVIMC o SRAEFA VNN WA 2 &
U LN I R SR L o (Y i TS e RS E B TS R RS
i, SO 2 2 T8 R A R N dee 4 R A
BHP, NF-«B 5 5l HAE N KNS 5 W& RIE
W2 BE B E M A R R BT ORERET,
A 5] & IL-18 . 1L-6 55 48 M A Jot o B Bk, 51 ke 4%
i i 3210 I B NF-«B {5 5 3 B80S, J9F 78 B 40
LT 20 L A I 2 0B A% 40 i (PMLs) A &
4 B 28 55 R RE SN TP & 4 SRR 'S o TR, 4
NF-«B {5 538 F 4 0\ Ay 2 1 T4 % 4 G 1 0 & Jé
14 S AL >

Klotho 3 Al F 1997 4F i H A 22 344 Kuro-o & 4G
R, R 2T W S 2w YA O, BB
B A7 1% 1 TT 2T R B . 7E 51 BR Klotho JE A
(/N BB AR ) B B B iR AT R B
B EZFAEAR . FE BT R LI I I B 58Ik AT 4
4 i A K T (FGF) 23 5 Klotho & H:5Z {k FGFR1c

KB R A 7 B HL A% S) TG 1k DTN % 4 L K i B R
55 0 5% 40 AR Y . RSB BE s R B L A
B AL RT3 S sk D-2F FLBE S S 1 0 AR U
JIE 5 ¥ H i Klotho 19 3 ik /K °F , B Ik NF-xB 5 p-
NF-«B 1 22 ik 7K F  [R] B i) IL-18 . 1L-6 i 42 A+
R T o 3k 2B 25 L 4 )2 T 4 s T UE AL AT GE
it 5 4% Klotho/NF-«B {5 *5 38 ¥ % fift 1 28 4 19 7
ALK ARBT G R 2R
ZHE S IR TT R
IER= S R(EI S-S TR vDL NN ERE: By i
BEXT RS R R R AR . 7 R A 2 A
K25 86 6 25 B o BUARFoT R B LA s 2
idfCRE iR IEZ A IR S RS
AR U0 R AR 1 AL 22 b RS R D
Ho VAEMR L2y 27 Mkl 7 LR
Mg, ER 00 J5 Bh LR AT, 45 G S 22 7 i BISORE  th 2E
B[ BA BH T A 000G o0 BHASAE TH S Bl 2 b
K A8 | Ok 35 75 B I $2 4R 9 B 5 A A O #b
BFBH , ol 24 D b I O, 0 B [ 2 R R B 5 3R
KGR . AREE YMIH N . Bt B, &
i N BEAR BE A2 1 D) RE 2 59, B SO A B P AR L IR
e AR o YU R b I B 2 U O AR i, AR R A
AL, FFRmTE . 25 G, 3 28 45 6 RS R
AR Th g, B A 7 B 1) LA N
S o N N U T ) S 2R T S = I = o NI B R U
TE 2% /N BB OE 27 4 AL A5 B, 19 Klotho 235, 411 il
NF-«B {5 538 F 09 8006 5 N I RAE 7R . IR
fRBE 2 A B W02 R E T« S R IG 7 BEIS 1 & B
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