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The effect of Fasudil on synaptic damage of hippocampal neurons and cognitive dysfunction in mice with
chronic alcohol-induced brain injury
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(The First Affiliated Hospital of Ningbo University, Ningbo 315010, Zhejiang, China)

[ Abstract] Objective To investigate the effects and mechanisms of Fasudil on hippocampal neuronal synaptic
damage and cognitive dysfunction caused by chronic alcohol exposure. Methods Seventy-two male C57BL/6J
mice were randomly divided into control group, model group, and model+Fasudil group, with twenty-four mice in
each group. The model group drank 5% alcohol solution daily and gavaged with 28% alcohol solution at the same
time (6 g/kg). The control group drank water normally and gavaged with maltodextrin equivalent in calories to etha-
nol. The model+Fasudil group were intraperitoneally injected with Fasudil (10 mg/kg) on the basis of the model gro-
up. After six weeks, the novel object recognition (NOR1) and morris water maze tests were used to evaluate the cog-
nitive function. The number of dendritic branches and spine density of hippocampal neurons were analyzed by Golgi
staining. The polymerization/depolymerization changes of cytoskeletal proteins (F-actin/G-actin) in the hippocampal
area were determined by kit method. Results Compared to the control group, the NOR index of model group was
decreased, the escape latency during the hidden platform training period was extended, the number of platform cross-
ings and the proportion of time spent in the target quadrant during the spatial exploration period were reduced (all P
<< 0.05); the dendritic branches of neurons in the hippocampal CA1 area, the spine density, and the F-actin/G-actin
ratio of cytoskeletal proteins were decreased (all P << 0.05). Compared to the model group, the NOR index of model+
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Fasudil group was increased, the escape latency was shortened, the number of platform crossings and the proportion of time

spent in the target quadrant were increased (all P << 0.05); the dendritic branches of neurons in the hippocampal CA1 area,

the spine density, and the F-actin/G-actin ratio of cytoskeletal proteins were increased (all P << 0.05). Conclusions  Fasudil

may improve hippocampal neuronal synaptic damage and cognitive impairment by increasing the polymerization of G-actin

into F-actin in the hippocampal area of mice with alcohol-induced brain injury.

[Key words]

Chronic alcohol-induced brain injury; Fasudil; Synapse; Cognition; Cytoskeletal protein

[Modern Practical Medicine,2025,37(5):450-455]

18 P VPR A S M2 7 DA R B iS22 PR
REAE™, H A SR BT RHZ 0 YR TT 2590« BRI
VE NP S ) S AL , IR ST RE 52 4 B
B AR TREY  UiF 5 AL LS 8 H (globular
actin, G-actin) 5 &M A 2R E 1 (filament-
ous actin, F-actin) ] 58 & -fif 58 2N A5 11 1) s 48 i v
LR SRR, BRI SRR n] B SN T RER
Rho/ROCK {55 5 il il i i 4 B 4 2 5 w48
KB IS fdm] BRI T MR RTINS R R 0] S
X W TR A 98D BN FN D RERRRS, (H H 4T AL
) 1o A 58 4 ) B o A TR A 2 T B i S VP A R R T B
/I BV S BRI 1 AT A KN D RE RS, 7 4 i 1 42
AL RS 58U IR VR R HURTE A A L ROCK
F 75, FE o PR 2R AT I A FH D uE s,
R RE TS 8 A L3N B 2R S G M SR i
MIANTE 2E o AN FTROAR VL ET Hh /R X 12 kG 22
/IN BRI B 4R 28 0 TR AR A% SN I D e B AS 0 O AR
FH B AL, BUARIE R o

1 ERERE

1.1 SEEeshY e CSTBL/GT /N 72 H, fiis 6 ~
7 JE A 18 ~ 20 g, 1l H WL AR 4Eil R 4 S 16 7))
YR BRA 7 [SYXK () 2024-0002]. 7N R AE T
PR B IE BRI SR 1 5 IR . 1t gF
RBRRFE A (221 °C, FHMHEE N (50£5) %, H R
(A28 12 he BHAEREIRAT T R 5 SLE S s 2s
R SHHE, EHESR 5 AEWCNBU20230138.

1.2 EELCEAGR a8k 56 FF (b aint
WA PR A D, AT HUR bR REEREA R
A+, IF0560) , 2 5 FifiAs (31 Sigma), WlzhE A
—¥i (AANO02, Cytoskeleton, CO, USA), P 9t
(SA00001-1, Proteintech, IL, USA), & (A5 B2k
MR (RPN2232, GE Healthcare) , $R3s 5 /R 3 e £,

& CEIg MR AMRHA IR A R, BA1808) , Invivo
F-actin/G-actin assay kit (3¢[F Cytoskeleton, BK037),
ANY-maze 1T N5 H1 248 (3£ Stoelting) , $R511)
Rl (EE SRR VT1200s), Y22 Bss (BEER =
DM3000) , 1457 A 654X CR E 5300MD .

1.3 2587

1.3.1 S Ren 2577k o 72 RN BB
W53 obos HRAH A5 2 RS B+ B b R 4, 320 24
R BRAYZH /N BB HE K R0 5% R 15 W
Ab, IR 28% RS VA R Gl 6 g/kg, #74E 6 FDHEH .
X REZH /N BRI 7K AN I A, [FIN DA S 2 e 45
MERIZFPIREE S « BRAHERT /R4 /N RAE
25 W 3 ABE PR [R] IS U s v SRR T MR G T /R F
0.9% A BNVE SR 775 10 mg/kg, V69T 6 JAD .
FRAH 12 H/NR AT N FAT Al ol 12 R
PRI AL A fe U ZH 2R, Horb 6 kAT iy R R R (2 - i
TS, 75 6 T 4HREr 42 8 RIS /KA o
1.3.2 4757 %

1321 B  JIZRaT 1 d, ZNRAE—A
25 emx25 cmx25 cm FSEES3 AR 3EAT 30 min [
EMNEZR ST o IR, S AL FE IR 044, it/ B
BT 10 min IR . YIZEE WG 1 h, b —/NHY)
BRI S e, WS/ N SHIBR BB, id
/NS IX LR BB EIN TR . W RN R ST AR
A4 2 em o B 9 BER A48, AR . B
AV R ) 4B A E IR AL AR AR, 2%
AFEEL=Ct st i) / CCpmit )

1.3.2.2 Morris KK B K —NEARH 125 cm,
75 em B EAETE KB 2 A DU RIR, A SR
K P EEFR L TR RS T (SR 55 o skt HREH B
KK, K I AT & FERCKY , KR 4ERF7E (221D °C
S HR S R R AE S & BAR A 9 om, [B]5E 7R R R
%% 30 em AR = RN . IR R Hk



- 452 -

AT AL d MAERIERIMELR D] CF& & T oK
0.5 cm), B 54T I 5 d IRRECE & @ LA T Il
S CFEIAGART/KIE 0.7 cm) , FJa3HT 1dITF &
FEBR i ()25 (MR R S8 o 22 AT B, /N R PY
MR IRPIBENLA BN, B B FHREG s
90's A BEHREE- &, Wi 51 F 26 b, Hik
HAF® 15 Dmagiciz, SR T 3 8l gk £ 1A
R B, /N R e B RN, 3 HIERE 60s.
/IN GRS B 2R R 22 B AE KD 7 3R Sk
FEH ANY-mazeTM AT oAb 2 . 105 4%
HH /N FRAE RRTBCT 6 08 A ALAT B B il 3 7 AR O
TN TRt 214 21 B3 & H TR, DK (B4R R B
BT 5 B 10T & SR B B 8] 49 b
AR R . /N RAEEALATIY B AN 2 R R B B
(IZRI, T DA TPl /)N BRI 2 ) 2% 2] R A2 R

133 E/REEGeEs RRE PR R B G R &)
B R R AT A AT & Sl . SPERINT
RN AR BEALIEEL 6 X, K sh ki e B 28
2, B Tl SR ALV A VAT B B A R
B EOCORAE 2 i, BRI H &2 G50 1R
SR (R IR DAOR RV 1 s B I 2E 21, 3%
FERNVETR C b, ek 2D 72 he YA ALK
fE ZHZ3 1% 100 ~ 200 pm BV, HE45 H 672 3
WA PRI BB 3 RRE B+ . YRR A
FRAEZK ML 2 I, 4 min/I SRS E Tl 1 AW D
1 (VTR B Al 2 4 Ak IR A R I G i,
4210 min. B 5ERJE, Ul R A 4K s 2
W, 4 min/I; BB, £ 50%, 75%F1 95% [ BRI
HIRRIK, BN EE CREE K 4 mins 55,
TETK BEF AT 4 RBK, 4 min/ iR, VI H{E—H
R TIE A EE 3 IR, 4 min/iX . AR RS A

Y Ay

TE: A LA BT T AL R o

1 MhaTet 503 SCR R I TERE I

HIFHZE 70 R (x200) s B 944 5 5 X\ Image
J B, 34T B FRAL 2 ; C S48 F 4 Neuroanatomy #di {1/ Simple Neurite
Tracer 515, 1B B 22 0 28 0 MO AR RN 25 A 9 43 32 ; D O Tmage J 5478
Sholl v, B LA Z E LR A G, BL 10 pm 36 & 2242 241 [R5, 33 i 4%
T 53 e [R].Co 5 )28 s B0 H < B O TS 808 LA 1 2 T LA (10 2 5 D i Al
P ARG R 242D , R0 [ 5 10 IR 28 BN AL R, 1 - Sholl 23-#r ]

Modern Practical Medicine, May 2025, Vol.37, No.5

XS 5 3 HEAT B, AR 8 ~ 10 Yl Fs
I T AT S O R . R A A A
Image J(ARAS 1.54f, NIH) HEAT IRMB AL B, K i1
] Neuroanatomy fdi{f ) Simple Neurite Tracer 5%
XHE TN RS AT IB ER 4, R B
Sholl FIFEX 2 oM 5 73 S I B AR kAT 40 #r, B
Ay iR B L P 1 5 SR ) Skeleton SN
W TR B E = AT 2 A, BAR BT R L 2
MEAR R DIMEE 8 DA TUM RIL AL, T
IR HT 1~ 4 MR I E IR SR

1.3.4 ‘5228 H F-actin/G-actin ELENE  HRYE In
vivo F-actin/G-actin assay kit [{J 4 25 3% 1 B HHEAT
FEA | £ ARSI o B 8 1R S 2L ZRAE UK b FH AR 4%
MR AT 1 mmol/L ATP J 28 [ B0 1| VR &4
] F-actin 2 8 AL 22 3 LA 10 f5ARAR 31T 40 o Ak B 8
o K153 B2 ZR AR UEAT PR IS0 (2 100 r/min,
10 min, 4 C), FWFIRAR FIH RS B bRic i 5
DT EIERZ BN —5 ) E 0 (10 300 r/min,
60 min, 4 ‘C), 43 B ¥ G-actin [ _Li&E W 5 F-ac-
tin AT, TUK B3 K . F-actin YT UE{# H F-actin fi#
RGE M E A, JELEVK LI E 60 min, & 15 4
BRE 1 IR, 18 BCA 8 il sE Bl Sl @ A AR
HEAEWSE . FEA G-actin 1 F-actin #5731) 10 ug 25 H
£ SDS # it Z2 M RUH %, 85 CHF A 5 min, i@
12% SDS P I HE e 7 |, I #4421 PVDF Jii
Fo H 5%BiHRZEW57E TBST A AR EE 30 min LA 11
e I SE &, BEJG AE 4 C N HMAEE A —Hi (s
B 110000 F R Bk 3 Ra, fEEiR T At
PP 105 00095 F 1 he Hins @
& BRI AS MG BORAS 5, IS OB
AR . A8 Tmage J AR AT % B 0 A DAL 2%

J.‘? Edt_Font Resy |
#Branches [# Juncions % End-point vorelsLongest Shortest Path |
o 0 1 0.000
5217
0298

0 2
0 2
0 2
0 2

0211
0509

1

A ARIBE R AR E e 2R G b R 2 b
— B 58 (x1 000) ; B A4 B TN Tmage J #14,
kI & C 29 Image J 3 AF 1A A Skeleton 5032,
{3175 PG B 6 10 D 75 B R 78 B R, T
AU B

2 PHE IO SRR FE AR I



PURSEHEES: 20255 H #3748 Hs5H

TR .

1.4 it SLEeHdE A GraphPad Prism 9.5
T AT AT b S 2 T, e 25 R S8 v 1%
TR, ZHLERHBRERTTZ 0 ITEHF TR T %
53T, 2 EELEBCE ] Bonferroni H /51556 . P < 0.05
KREFHRI 2 Lo

2GR

2.1 3 H/NEONEAT AL R LR B
ST FR UK T 5 HRZH (P < 0.05) , AL+
F7HURZ/ N BHTAHE TR TR (P < 0.05),
L 3. Morris /KEE MR, ER-FEIUIZE 1
Ko 3 AR RERIER I ZE T g 2B L (P>
0.05); YIZREE 5 T, B 4 /)N BR 6378 AR K -0 1R
H (P < 0.05), B+ 87 R 2 /0N ARk s 78 AR 34
TR (P < 0.05), WK 4. 7258 7 R AER
FHW, BV /N R 5 & BRI F & SR
8] 4 BE S IR AL (3 P < 0.05), HAEZR
123 B B+ R 2N B 28 0T & ORI
& GRS B I 1) 23 B3 TR AH (B P < 0.05),

- 453 -

H R LD R, WA 5.

22 3HUPREURER G RILE &4 RiEY
CA1 XARER AN Z e WK 6A . BALLH I P40
WRTEA E AT T3 R (P < 0.05) , #AL-HEET
Hh /R ZH G B 22 TR RIS E AR TR (P <
0.05), WLIE 6B. fEfHE R, BAZ Sholl 52
RO T8 BRI 0E L) AR 00 HRZEL R /)N s T A
BT /R4, 7E Sholl iﬁﬁﬁﬁmﬁﬁﬂvfﬁﬁﬁ‘l
PARAEHIL T TR IR . A i e 4
MR > TRIRA P < 0.05), *%iféﬂzﬁﬂﬁm
HilF LA TR R 2 THAH (P <0.05),
LB 6C. % 2H ML AR RO S RS L] 7A. 5
TR ZH B SR FEAR T X R ZEL (P << 0.05) , BT/ &T Hb
IR TR P v TR (P << 0.05), WLIE] 7B
2.3 3 H/INREZEE A F-actin/G-actin FL{E LLE
R 2 /)N B 5 2H 27 F-actin 7K~ . F-actin/G-actin Lt
EAR T XTHRZH, G-actin K-PE XA G P <
0.05) 5 AR Y-+ 87 /R 2/ g 2 2H 2R F-actin 7KF
F-actin/G-actin HUAE = T ALY 2H , G-actin 7K1 T 45
RA P <005, LK 8.

A 100 B 100
80 F - 80 2
= > S S e > a | !
o 2 J— — = ——
> R 60 - BT — | =60 | |
= =  — — =
E 2 L = =a 4 0
§ 0.2 g g -
JEEE .2 .
_ i i i = — __ _-
B I 4 4] 0
AL Bl XL A AL XL BURAL AL
VEEF R VAT bR 2
VE:aP < 0.05 A KR ERFAINZGE 1 KB N FEIIGSE S K. aP < 0.05
B3 3 AN RS Fe R L B4 3 4/ ERkIRER I
B C
25
=
520
@ e % /’*
15 1 " \ B . i / 4
5 2 / I . )\
=10 52 G ‘ 7 \ [ )
= £\ =\ ﬁ‘@ ol
= NN
= N\ \ f\/
0 ® -
AL R Rl S0 XRRAL B RO AL X R4 A HER AL AT b R A
AR EATH RS
AN 3 U FECE S IREE B O 3 4 B SIRIE R R LU, C O 3 IR K4S . aP < 0.05

& s

3 /B Morris 7KK 25

IR R G R EL



393
[=]
d

—_
wn
T

B sholl 225 (A &
“w 3
T
-
=
E+
o
2

Modern Practical Medicine, May 2025, Vol.37, No.5

a

L 2
Rt L&
<B4 A

: 0

.
g

ﬁi%%i%ﬁ(?z)

* R
s w2 ¥ 0 — p”'*h'*“ : 1)3“% & i?c&%f i
&w@* 50 100 150 200 250 @a%*
L 2 TR OB S (um) K

T A3 HilE S CAl KARKYERZ T, B 04 3 HilE 20 5 Sholl 22 i, C o 3 Hilg S TTM R 2 3 8. aP < 0.05

*%iéﬂwii%?ﬂﬁa\

st
AN 3 HilE S CAL KARERVERNE LW R S B O 3 4G S 28 o R - aP < 0.05

l 6 3 A/NERIED CAL PP TOM 25 3 LU

)

w
~
1
©

]

TS E (/10 pm)
[}8)
1
HE

E

XA BRI MR HEET IR

7 MM CAL XAHE TR R BE LE AL
200 a 200 a 20 a

A a ; B _ a csr a | |
= | | S ! ! ,| _

i o150 R ' s 18 150 15 L =
A B R : (mm  E

Q =

S 100 | , | & 100 ' ! 51‘0 | —u
k| N . B o B B B £ N 1
: I EEE I WEE B .=
- HEN - EEE - Hm B
& B e E— £ B e E—
el 1 B I = e =
= S 0 . :

TR MBI

VEEF IR A

XAl MEE B+

KL R RUH4L

AT HURA HEFHURA

¥E: A A 3 4 F-actin KFEEE, B N 3 4H G-actin K LEEL, C 24 3 4 F-actin/ G-actin /K EL4 . aP < 0.05

B8 34A/REDEREANE
3 R
RS AH 1A i 452497 72 PR A I 800 5 A oK
A AT RE IS R, DL EN D RERERG Sy 32 %L
FHIE. BTSSR EoR, BAYZH /N BAE Morris 7K 2K
B RIS 22 0 A (R ARG, SR Bl
YGRS AE NI« SR AT AR LY, B A A7 H R 24
NN SRR BT, RIS R IR K, 2T
B BONTE FAR SR B8] 5 LEaE 2 (B P < 0.05);
55 CAT X RANE TOM 43 S, b 9k % e 7
151, B 2285 F F-actin/G-actin FWE_ETH( P < 0.05) .
R WLET MR RE G R RIS B iR S BURA A L)

BRI LRSI A (F-actin)/ 3 5 RSN 5 H (G-actin) LA

RERRAS Y T AR 5% 0 S S0 R S 3 P 4 %, T I
SR AT RE S i D 2H 2 WLl 2R I Al i 4R 40
BB WA Ko

FEFRIZ A G, ROCK i R T 51 &4
PO SRR ) P SN o 326 52 483 S 4 28 441 i
FET, AT IERN 2R AT MR I R B, A i 7
RIN, VERT MR PR S e R FEB (AR) 42 T
T AY. tau 25 1 B BAGT st SR A 11 B I LA 1 10 i
WK, B APP/PST B FE DR/ BRI SN Th BERE S -
AW FCANAAT R 2 MARTR R B, VL& HR BER% 2% i
MRS B 55 51 /N BN RIRERS , SRR =S Al
AR BACAZ 545



WAL HES 202545 H $374%H H5H

WENE B G-actin 5 F-actin [8] [ 2
YERER I BRSE M ThRE R JE Al Y. Rho/ROCK i 4%
BB E AR S S i 2L E Y Rho/
ROCK I8 % FIE0E 2 IR SR S5 FI T B, FEXT
P TCHRIEAS AR BigE i E ' K
P, B2 ERET R IRIG YT BB JR 2K e B R8I
WO E R E G, R XA D RE G L
DX, Ak, 7 A FE S AE P AN R R X 4
TRET R AT LA OAR 22 O SR B, SO HAIS R o
SRR A TS R IR, VA AT R GRAP T 8T R R
755 B S A28 TN R 73 SCECER AR TR B2 5 2K

Z AT AR, ARG B R AT N R
X 22 IR LS B RGO (7K R 25 . PRk, YRS
A I T F-actin/G-actin 17 5] & 5 il 40
P RN RN RERS , Ty ET R G PR 1% ) A FE 4
FRRfh e Bt . AWFAL LSRR, REFHURTIER
2 P RS 5 ¥ 5 op 5 RS 1Y) F-actin/G-actin EU AR PRI
IXFRTRVEET HUR B8 A O P R S B IS
HMRERESERERENEAZ . Fit, 557
JR ] R I 1T LB B A SR A, AR i
L IR TR %, 3070 DR AP RG 5 | FERAS O JNBR B o
FIBDAZE A1 7 I JE R 2
TEERAATEE  BiMS: 505 W0 SCWIRG 22050 S AR R L 7

T U BT S HRAE s R B kT B R B K it 2 T
FECA BT R SRR TR S M8 RSB R

2 % X @

[1] ZAHRNM, KAUFMAN K L, HARPER C G. Clinical and pathological
features of alcohol-related brain damagel[J]. Nat Rev Neurol, 2011,
7(5): 284-294.

[2] HOTULAINEN P, HOOGENRAAD C C. Actin in dendritic spines:
Connecting dynamics to function[J]. J Cell Biol, 2010, 189(4):
619-629.

[3] BARRANTES F J. Cognitive synaptopathy: Synaptic and dendritic
spine dysfunction in age-related cognitive disorders[J]. Front
Aging Neurosci, 2024, 16: 1476909.

[4] BISBAL M, REMEDI M, QUASSOLLO G, et al. Rotenone inhibits
axonogenesis via an Lfc/RhoA/ROCK pathway in cultured hippocampal
neurons[J]. J Neurochem, 2018, 146(5): 570-584.

[5] KAN B H, DONG Z J, TANG Z Y, et al. Acupuncture improves
synaptic plasticity of SAMP8 mice through the RhoA/ROCK
pathwayl[J]. Curr Alzheimer Res, 2023, 20(6): 420-430.

[6] GASSJT, FOSTER OLIVE M. Neurochemical and neurostructural

- 455 -

plasticity in alcoholism[J]. ACS Chem Neurosci, 2012, 3(7): 494-504.

[71 GAO D P, WANG L W, XIE D L, et al. Chronic alcohol exposure
alters the levels and assembly of the actin cytoskeleton and microtubules
in the adult mouse hippocampus[J]. J Integr Neurosci, 2024, 23(6):
118.

[8] WANG Q, SONG L J, DING Z B, et al. Advantages of Rho-
associated kinases and their inhibitor fasudil for the treatment of
neurodegenerative diseases[J]. Neural Regen Res, 2022, 17(12):
2623-2631.

[9] LUEPTOW L M. Novel object recognition test for the investigation
of learning and memory in mice[J]. J Vis Exp, 2017(126): 55718.

[10] TIAN HL, DING N, GUO M W, et al. Analysis of learning and
memory ability in an Alzheimer’s disease mouse model using the
Morris water maze[J/OL]. J Vis Exp, 2019(152).[2024-12-25].
https://pubmed.ncbi.nlm.nih.gov/31736488/.

[11] CHONG C M, AI N N, LEE S M. ROCK in CNS: Different roles
of isoforms and therapeutic target for neurodegenerative disorders[J].
Curr Drug Targets, 2017, 18(4): 455-462.

[121 YUJ Z, LI Y H, LIU C Y, et al. Multitarget therapeutic effect of
fasudil in APP/PS1transgenic mice[J]. CNS Neurol Disord Drug
Targets, 2017, 16(2): 199-209.

[13] KONIETZNY A, BAR J, MIKHAYLOVA M. Dendritic actin
cytoskeleton: Structure, functions, and regulations[J]. Front Cell
Neurosci, 2017, 11: 147.

[14] SHIRAO T, GONZALEZ-BILLAULT C. Actin filaments and
microtubules in dendritic spines[J]. J Neurochem, 2013, 126(2):
155-164.

[15] AMIN E, DUBEY B N, ZHANG S C, et al. Rho-kinase: Regulation,
(dys)function, and inhibition[J]. Biol Chem, 2013, 394(11):
1399-1410.

[16] SWANGER S A, MATTHEYSES A L, GENTRY E G, et al.
ROCKI1 and ROCK?2 inhibition alters dendritic spine morphology
in hippocampal neurons([J]. Cell Logist, 2015, 5(4): €1133266.

[17]1 SUN J, XU J X, LING Y, et al. Fecal microbiota transplantation
alleviated Alzheimer’s disease-like pathogenesis in APP/PS1
transgenic mice[J]. Transl Psychiatry, 2019, 9(1): 189.

[18] RAKIC S, HUNG Y M A, SMITH M, et al. Systemic infection
modifies the neuroinflammatory response in late stage Alzheimer’s
disease[J]. Acta Neuropathol Commun, 2018, 6(1): 88.

[19] GARCIA-ROJO G, FRESNO C, VILCHES N, et al. The ROCK
inhibitor fasudil prevents chronic restraint stress-induced depressive-
like behaviors and dendritic spine loss in rat hippocampus[J]. Int J
Neuropsychopharmacol, 2017, 20(4): 336-345.

[20] SHAPIRO L P, KIETZMAN H W, GUO J D, et al. Rho-kinase
inhibition has antidepressant-like efficacy and expedites dendritic
spine pruning in adolescent mice[J]. Neurobiol Dis, 2019, 124:
520-530.

Wik F #:2025-01-21
(KX 445 FEIL)



