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[Abstract] Objective: To observe the effect of icariin on the recombinant Ras homolog family member

A (RhoA)/Rho-associated coiled-coil forming protein kinase (ROCK) signaling pathway in rats with
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Alzheimer's disease (AD), and to explore the mechanism of icariin in ameliorating the neuronal and dendritic
damage. Method: The 8-amyloid 1-42 (AB,,,, 2.5 g-L™') was used to induce AD in rats via lateral ventricle
injection, and the rats were divided into a model group, a low-dose icariin group (0.03 g-kg™'), a middle-dose
icariin group (0.06 g-kg™'), a high-dose icariin group (0.09 g-kg™), and a control group. The control group and
the model group were given an equal volume of normal saline at a dose of 10 mL+kg™". The cognitive function of
rats was assessed by the Morris water maze. The pathological morphology of the rat hippocampal CA1 area was
observed by Nissl staining. Dendritic spine density and dendritic length in the CA1 region of the hippocampus
were observed by Golgi-Cox staining. Real-time quantitative polymerase chain reaction (Real-time PCR) was
used to detect the mRNA expression levels of tumor necrosis factor-a (TNF-«) , interleukin (IL)-18, IL-6,
RhoA, ROCKI1, and ROCK2 in the hippocampus. Western blot assay was used to detect the protein expression
levels of TNF-«a, IL-18, IL-6, RhoA, ROCKI1, and ROCK2 in the hippocampus. Result: As compared with
the control group, the escape latency of the rats in the model group was increased (P<0.01), while the number
of crossing the platform and the dwelling time in the target quadrant were decreased (P<0.01). As compared with
the model group, the escape latency of the rats in the middle and high-dose icariin groups was decreased (P<
0.05, P<0.01), while the number of crossing the platform and the dwelling time in the target quadrant were
increased (P<0.05, P<0.01). As compared with the control group, the number of neurons, dendritic spine
density, and dendritic length in the hippocampal CA1 area of the rats in the model group were decreased (P<
0.01). As compared with the model group, the number of neurons, dendritic spine density, and dendritic length
in the hippocampus of the rats in the middle and high-dose icariin groups were increased (P<0.05, P<0.01). As
compared with the control group, the mRNA and protein expression levels of TNF-«, IL-18, IL-6, RhoA,
ROCKI1, and ROCK2 in the hippocampus of the rats in the model group were increased (P<0.01). As compared
with the model group, the mRNA and protein expression levels of TNF-«, IL-18, IL-6, RhoA, ROCKI1, and
ROCK2 in the hippocampus of the rats in the middle and high-dose icariin groups were decreased (P<0.05, P<
0.01). Conclusion: Icariin improves cognitive function and neuronal and dendritic damage in AD by inhibiting
the RhoA/ROCK signaling pathway.

[Keywords] Alzheimer's disease; icariin; Ras homolog family member A (RhoA )/Rho-associated coiled-

coil forming protein kinase (ROCK) signaling pathway; neuronal and dendritic damage
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210726211100125325, 2h ¥ 1) 3% F 4 e b B2 25 K
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WY o, RAEEIE . B 5 A Image J 5 ¥
Pl 45 Bt 4 B B 11 ) A A Threshold — B AL I F-,
TR R, # H] Skeletonize ¥ B #% AL A, B¢ J5 i
Skeleton T84 2 Jo 2% & AN 28 K
2.6 Real-time PCR KK F & 5 TNF-a IL-18.
IL-6. RhoA . ROCK1,ROCK2 /iy mRNA # ik /K
A 2 AL 6 BB 7 R B, O RA AR TR 5 =R R K
Bl o BT Sk UM, UK b oy B B A 4L HUE B,
JimA RNA $8 B 1 mL, ff F & W2 & A A 0 B
mRNA (1) 4li B F1 ¥ B . A A First Strand ¢cDNA
Synthesis ¥ 5% 55 1 1] &5 0T 28 BE A 4 10 R A 300 5 ot
PL 4 i cDNA. #% 8 SYBR Green Real-time PCR
Master Mix 2 7 & 15 B 45 £ 47 PCR & b, I & Real-
time PCRAXY 1S . 734 55 F K 95 °CHiAE 1 30 s,
95 °CAE M 15 s, 60 °CiR k 30 s, 1 FF 40 1K J5 24 il ¥
fi i<k . A dr Mgt 2™ . ARWFSEET 519 B
Rt AR A IR R RS L 5 F
I 1,
®1 3197

Table 1 Primer sequences

519 J7 51 (5-3") £ J# /bp
TNF-a 1% GCTTCGGCCCACTCTTGTTT 180
T it AACGCTCTGTGCCTTATTGC
IL-18 ¥ CCTATGTCTTGCCCGTGGAG 118
Tif CACACACTAGCAGGTCGTCA
IL-6 |- f CACCGGATTGAAGAGAAGCG 142
i AAGTTGATGGTGCTGAGGGAA
RhoA |- CTTAAGTCCAAGGGTCCATTT 162
Fiif ATTCTTGGATTTCCCATTCCTT
ROCK]1 3 CTTATTGTTCTTGGGAAATCT 175
Tif GGGAAATCCAATCTTATTCTT
ROCK2 ¥ TCCAAATCCGGATGGTCCTTT 120
T if ATTGTTATCTCCATTGGATTTA
GAPDH ¥ ATGGGTGTGAACCACGAGA 229

T it CAGGGATGATGTTCTGGGCA

2.7 HEHRPEEE L (Western blot) £ I K L
H TNF-a . IL-18.IL-6 .RhoA .ROCK1.ROCK2 (] &
HZRIAKE BRI 4 HOR B S, i A RAPT 2 fig
W1 mL, 5%, LL 12 000 r-min” 8.0 15 min( B0 2
#£6.5 ecm) B E3E W . BCA JEIN E £ FEA IR 1
BE B K AR PE R R R RE AR . 4 RO & B
il 28 e 4 1R 41 - 3R TN A T i 5 e H UK (SDS-
PAGE)#EIE , L FE 30 g, MR UCHL UKk AL I O IS
5% M A 4= W5 b &t P41 30 min. il A —$HT TNF-a(1:
1 000) . IL-18(1:1 000) \IL-6(1:1 000) ., RhoA (1:
1 000) ,ROCK1(1:1 000) ,ROCK2(1:1 000) A
GAPDH(1:2 000),# 4 °CW# & i % ; TBST YL, fin
AHRPHRICH FEd R ZHi(1:107) , EIRMHF 1 h;
TBST P&, 1] B 3% 1 ¥ 233 i ECL W 8.3, JF F
JE AR A B S 25t o T R 23 B 3K A Tmage J 53 B
(SR S N5 (= N0 5 0 e VS

2.8 SiilzE Mt R FH SPSS 26.0 5 {4 X 52 56 %4 4
AT G 0T, SRR A R D 5 £ s Fom . LI EIEA
FEA TE A1 ) 2% ] Kruskal-Wallis H /6 5 . 52 56 %k
W A7 A IE A PE A B R 22 43 B (One-way
ANOVA ), J7 25 55 Pk 4L 1] L 48 R FH e/ i 35 Pk 22 7
% (LSD) K& 56 , 77 22 AS 5% 40 [6] Lt %% 5% ] Tamhane's
T2 K%, P<0.05 Fm 22 H A Gl %8 L.

3 &R

3.0 KEELWIHELSE R ER7 d)E, AR HE
i 7K kB LG O e 60 HON I K Bl 5 IEH
A P A, 3 B2 K B 5 0 RN 3 1 i (P<0.01) ,
T 28 181 6 YRR H b 4 BRA5 B8 i) 18] B S ol 20> (P<
0.05,P<0.01). W32,

T2 KEELRMHELER (v+s)

Table 2 Preliminary experimental results of water maze test
(x£s)
HEEEERI SBCE Al H AR R
ikl
B /s 1K I 18] /s
IE WA 15 19.04+4.39 5.34+0.59 26.13+3.79
WHIAL 60 329444517 4.04+0.71"  17.97+2.86”

T S5 IE R 4L E Y P<0.05,2 P<0.01

32 XFAD KRFJidemm 5o Ak,
A0 £ K R 2 ki VR AR B0 8 35 48 i (P<0.01) , 5 i
B UCEOR H br 52 BR E B8 i) S 3 > (P<0.01) 3 5
LAY 20 LU A S AR b L ) 2 KR Bk R AR
IR 59 2 (P<0.05, P<0.01) , 2 BF- &5 OB H br
SRS et m A REn, 25 A5 H%E X
(P<0.05,P<0.01) , % 372 H IR 57 0 20 O Bl adk sk v AR
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W o EOF B YOO B AR R R GE B LR BRIk AR AR, 2 R AR E
AT BEFEAGIE L A BA R X kK3

R3 EBEFEEFNADARZEIRIZHEIE (x+s,n=15)

Table 3 Effect of icariin on learning and memory ability of AD rat (x+s,n=15)

4151 FliE /g ke 396 3kt VAR 301 /s FHOT G IRBR B ARG RS R ] /s - By i Uk B fem - 57!
Bk 14.23+4.23 5.57+0.83 28.53+7.15 8.54+2.23
R 4] 28.36+4.56" 2.72+0.93" 11.57+4.33" 8.24+2.04
BTN Rl 0.03 25.48+3.61 2.89+0.65 12.99+4.17 8.89+2.27
EEAT PR A 0.06 19.24+4.33% 3.49+0.49% 22.28+4.62% 8.33+2.92
FEERT R AL 0.09 20.36+3.79% 3.96+0.91% 22.81+5.53% 8.05+1.99

528 A LA VP<0.01; 5B T4 Y P<0.05,% P<0.01(3% 4- 9 [d])

3.3 X AD KRG DR EIE SR 25 H4LR R VA, B R 2 R BT T CAL X M & T B B
15 CAT X M Tu 25 /WG i, fh 2 e HEI L 4 > 2 R HA G248 L (P<0.01) . SEEAIY] AL,
JRLTR] BR AL/ o B RVZH K B 5 CAL X PR oI BR SR FRE T P om0 20 K B 5 CAL XM & e Bl i
B HEZ R AT L e AR R G . FREAE A AN IE AR R n 22 S B 4t o L (P<0.05,
A R K B D CATT X 28 e ] B s /) P<0.01), 3% 372 1 KR & 20 K WU 5 CAT IX Al 22
HEF B 55, ML JE IR AR IR e il /b i i A AR U B AR A A PR A 2 R A gt
Rl S Ao S SEBAMEM. SEa4 L. WK1 K4

TE A2 FUAL BRI AL CLV - 78 IR i 4 5 D PR 2F 424 rhon) b 4 B R 2 A2 1 v 0 k201 (&1 2- [ 4 1))
E1 EFEEXNADKRESHRERSHIZNE LY M, x400)
Fig. 1 Effect of icariin on pathological morphology of hippocampus in AD rat (Nissl staining, x400)

k4 EXEEWADARED CAIRMETHENHM (v, O CA1 X M & e A 5 il 5% BE AR 2% K B Y W I 3

n=5) s e f Jin(P<0.05, P<0.01) , ¥ “F 8 1 IK 7 & 41 K Rl 5

Table Effect of icariin on number of neurons in hippocampal g

i on CAT I 28 TE 4 56 A Y 6 K I M0 41 4
AT B 2E R RA G E S WE 2 3RS,

A5 il /g kg i 2t LR/
sl 493901715 3.5 X} AD K 5 h TNF-a IL-18.1L-6 \RhoA |
R 2 89.49:15.14" ROCK1,ROCK2 ) mRNA £ ik /KFWEm 523
PR AT AR 2l 0.03 99.07+14.34 AL A, BOR ALK U T TNF-a IL-18 1L-6,
VAR PR A 0.06 117.92£15.917 RhoA \ROCK1,ROCK2 mRNA 3 ik /K ¥ . % Tt i
S ———— 0.00 127 62414.587 (P<0.01) ; SHERA o, 72 A4 P il 4K

fl TNF-a. IL-18. IL-6 . RhoA ., ROCK 1, ROCK2
3.4 XFAD KERIF D CALIX M e R M mRNAFRIAKFH] 8T FE(P<0.05,P<0.01), % F
RERAE MW 525 4 g SR KRG 5 72 AL 2 4 oK RO S p TNF-«. IL-18. IL-6,
CAL X B 2 TC 1 5% i %5 B RN R 9% K 3 | 20/ (P< RhoA .ROCK 1 ,ROCK2 ) mRNA & ik 7K - 45 i 714
0.01); SR AL 2 EEH D m R RA KRG AWAFERK, AER TSI EE L. k6.
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£S5 EEXEFEHNADKRBEDCAIRHMETHRRZEMKEN
M (x+s,n=5)
Table 5 Effect of icariin on density and length of dendritic spines
in hippocampal neuron CA1 region of AD rat (x+s,n=5)
pm ) TR 5 i i [ES N
/g-kg /A4~/10 pm /pm
2 H A 7.87£0.71 5.84+0.55
AR 28 4.13+0.59" 3.98+0.62"
e ¥ eR i i R i 0.03 4.23+0.42 4.11£0.45
VAT A 0.06 5.66+0.39" 4.39+0.63”
A B (c] D E . .
VR AR ) 0.09 5.86+0.64 4.81+0.39"

H2 EEEEX ADKRIED CALRHE TR JME B K E
A (P /R FEGE (<1 000)

Fig. 2 Effect of icariin on density and length of dendritic spines
in hippocampal neuron CA1l region of AD rat (Golgi-cox
staining, x1 000)

3.6 X% AD KB & TNF-«.IL-18.1L-6 ,RhoA .
ROCKI1.ROCK2 W H LXK gm 52 H
A, RS K L S TNF-a (IL-18,1L-6 [ 4
IR A 7K 8 35 715 (P<0.01) ; SR 4H 3%, 3 2
P ) 4 K B 5 TNF-a IL-18.1L-6 1Y
A RIB KV A A FFE T B (P<0.05,P<0.01),

P 48 1R & 20 R B 5 b TNF- \IL-18.IL-6
FR) 25 1 8 08 K R B R A AT BT RRAIG (B 2 R
Gt R . S AA s, ALK Rl 5
RhoA .ROCK1 ,ROCK?2 4 7 1 % ik K F B & T+ &
(P<0.01); HHIR A A R P Al Egl K
L 5 RhoA \ROCK 1, ROCK?2 (1) & 1 % ik 7k F
YA R A B T (P<0.05, P<0.01) , % °F 72 11K 57
41 K B D RhoA \ROCK 1 . ROCK2 B %E 1
KK SRR AT BT AR R 22 R A SRIT¥ 8
X WEFRT . E3FE 4,

K6 EFEHWNADARIED D TNF-a.IL-18.IL-6.RhoA .ROCK1.ROCK2 i mRNA FiAE K FE I (x£s,n=3)
Table 6 Effect of icariin on mRNA expression levels of TNF-a, IL-18,1IL-6, RhoA, ROCK1 and ROCK2 in hippocampus of AD rat (x+s,

n=3)
2157 F /g kg TNF-a IL-18 IL-6 RhoA ROCK1 ROCK?2
25 4l 0.55+0.08 0.58+0.13 0.54+0.15 0.44+0.14 0.37+0.12 0.45+0.11
BRI 41 0.98+0.07" 0.87+0.15" 0.81+0.18" 0.76+0.11" 0.73+0.11" 0.82+0.14"
TR 7 AR 4 0.03 0.97+0.09 0.84+0.14 0.76+0.13 0.69+0.10 0.69+0.13 0.79+0.11
PR R 0.06 0.72+0.07> 0.65+0.13% 0.59+0.11% 0.630.09” 0.560.08" 0.62+0.12%
PR R 0.12 0.64+0.11% 0.68+0.08 0.61£0.15% 0.59+0.11% 0.6120.09% 0.63+0.14%

KT EFEHWADAREIH TNF-a.IL-18.1L-6.RhoA . ROCK1.ROCK2 I E AR EKEHEZIE (x+s,n=3)
Table 7 Effect of icariin on protein expression levels of TNF-a, IL-18,1L-6,RhoA, ROCK1 and ROCK2 in hippocampus of AD rat (x+s,

n=3)
4151 F4t/g-kg' TNF-o/GAPDH IL-18/GAPDH  IL-6/GAPDH  RhoA/GAPDH ROCKI/GAPDH ROCK2/GAPDH

2 H4 0.61+0.19 0.69+0.13 0.73+0.09 0.61+0.11 0.51+0.11 0.71+0.10
R ] 0.93+0.15" 1.13+0.12" 1.18+0.06" 1.39+0.15" 0.96+0.19" 1.04+0.11"
R e ea o ol Bl 0.03 0.90+0.12 1.05+0.09 1.07+0.15 1.30+0.08 0.89+0.11 0.98+0.15
AR T R 0.06 0.72+0.13% 0.89+0.06°’ 0.99+0.06> 1.09:£0.09 0.72+0.08 0.81+0.07>
VR R A A 0.09 0.69+0.12% 0.91+0.07> 0.96+0.09" 1.15+0.14% 0.77+0.06> 0.86+0.09”
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Fig. 3  Electrophoresis of TNF- «, IL-18 and IL-6 protein

expression in hippocampus of rat in each group
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Fig. 4 Electrophoresis of RhoA, ROCK1 and ROCK2 protein

expression in hippocampus of rat in each group
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