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Review : Effectiveness of transcranial direct current

stimulation in rodent models of Alzheimer's disease

Ji—Eun Kim*, Ye-Eun Park**, Jin-Hyoung Jeong***, Sang-Sik Lee**
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Abstract Alzheimer's disease (AD) is the most common cause of dementia, showing progressive
neurodegeneration. Although oral medications for symptomatic improvement still take a huge
part of treatment, there are several limitations caused by pharmacology-based real world clinic.
In this respect, non-pharmacologic treatment for AD is rising to prominence. Transcranial
direct current stimulation (tDCS) is a one of the non-invasive neuromodulation technique,
using low-voltage direct current. In terms of safety, tDCS already has been proven through
numerous previous reports. This review focused on behavioral, neurophysiologic and
histopathologic improvement by applying tDCS in AD rodent models, thereby suggesting
reliable background evidence for human-based tDCS study.
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monoclonal antibody?l Aducanumab®] FDA

2018 "igro} A3l 2ol yrtekAel AL

o] Wk 4, BEAIAE 5912 wosw F7t
A 7)7r0] dadthe A, obx A4H R8T
QHAe] Tt 4714 ElolEzt girke A SO

U, A e sl BAEAA 43

modifying
28] JPE o] A

A EgZ & A7 AILAE Aol o2 A
Xéolf"}.

o|F% ohd2 dzsto|Hr el F A tiE 1
2]Ql HEfotdZo] =9k QIAISE BR-E 93] §
5 e T2 ABAE AEREA SRt ARl
oz, o Y AFAEEER otAEEYe] B3E
HyA ke oEEd  Esiaa AAA
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You-Mi Kim, Dong-Hyun Kim &°f <3t &%
Hol oJotH 9IH-Ql BE M= Pentobarbital
Sodium(40 mg/kg, i.p.: Sigma Chemical Co.,
St. Louis, MO)9] £H& FAISH Fof &gt of
FH7F @ AEolA  AHASHH, bregma R
0.8mm, Al A ¥ 1.5mm, ¥ #H o}
3.0mm=z A% HEE ol FAEY 45 HA
o 18 E=t}. 26gauge HHES 7 Ex]40
507 Y& Sof| B FHojA| streptozotocin(STZ)
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L wrAS =seh.[15]

(intracerebroventricular, ICV)

2.3.2 tDCS
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I3 1. tDCS
Fig. 1. tDCS

AF2H X += The Brain Driver v2.10]H, T
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B3, = 2= iAol w299 4, 719
9l FE Y, AP, AT 5 T 5

1 glutamic oxaloacetic transaminase(GOT)2}
glutamic pyruvic transaminase (GPT) &4 &
Aokt @4 GOTSF GPT &42 =48 kit A9k
(ALAT(GPT)FSUFCC  mod., ASAT(GOT)FS(IFCC
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920, Holzheim, Germany)& Z7%335}3th.
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2.3.7 EEG 7|8 & 24

EEGE QA E 5 HAES A 45 9
g g9 &A1 FASH] AR Aol QL
SHol7}F HRKgE OJ&}o] Qtol 283t WA 7] &
Htot. EBNeuro Mizar-Light AlA®(EBNeuro,
Florence, IT)& AME3o] 10-20 =A| A|AHE0
o2} 21709 HM=5(Ag/AgChDe HAIRE U B
+ X7 AMEEHT AEY FEeE 0.5
500Hz9] HFEHet  7uV/mme HAER
1,024Hz 94t 37 45 #1s) A8 A%st
i, EEG= A4 94 35 7o) AMgE &
Agt AFoA =& H 58 ¢ 7SN
tDCS A&7t B A7IE 7I€ez 7IEA(T0),
tDCS A& 59 F(T1), 153 F(T2), 4F H(T3)=
g ng 7153

glolg] Azl A2A ZHE MATLAB &4
(The Math-Works 7.0, Inc)ollA] AYPEHE AT
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35H2)9] AHEY M2 7} FA|o] 5] A4bEch

§-2l= o]™o] Marceglia 5°] 488 A &
Azt HA YHES AYsHIth.[29] g=stolH
HolA EEG Z& S5 B7IotH, Hoh FAHC

g 5 RoN ZFH N8 k3 a8y 2 407
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AFut" ME Avsly] s det @ At of
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T3 F¥E AFAFpl, Fp2, F3, F4, F7,
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3.1 NS JISHM
gzstol Xuj $3 o] Azt olF 4
7% WAL AR 7 E1t §ole Aol
UeREA] QokeH(p)0.5). Tt A $ o) d3}
ol% A7 7k Fio] A WM 7 2
geld o
(p<.001)(Table 1).[20]

Q.

o] 7

B 1.2 289 ME JIs F(20]

Table 1. The neurological function score in each

group[20]
pre post p-value
Control 1(n=15) 5.00+0.00 1.53+0.64  0.000
Experimental ||
5.00+0.00 1.53+0.74  0.000

(n=15)
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3.2 Y-maze &EHZY

Y-maze test= @717|9 G <=7F FHRIA
g Fristy] g BHO 2 (Y SjurE-Lo] H
7H ARl &4 dolos N ADSF AR B4
= Yell= STZE ol&sto] 71983} shg5do|
ZEE oA 2dS O R Y-mazeE HAISH
At [31]

8E 9t Y-mazeo|A 9] uleA9] 3= izt
ot 23}, STZ group< control group (100%) o
H] oF 78%E 7198 AsKF 22% AA)E Ech
olof Hkafl tDCS treatment group< 86%%Z STZ
group_ﬂ]— H| W39 I =& oEFHoF 7]046'4
<2 /WAAZIZL control group FARFAY &
22 FF0E Yehgth E3 ZF arme J—]r?l‘
J5E HIEO R koA 7]EAQ 55Y
o= & ZAE HolX %2 ALE Ueyth o
Al 19 2004 HolE Aib= STZo 99k Q1A
Ao =HE Uehd 35 Aofol gk A a3
AL YerfI Qiet.[16]
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T3 2. Y-maze &&ZIKControl group - 100%, STZ X|oK
Q& group - 78%, tDCS treatment group - 86%)

Fig. 2. Y-maze Experiment experimental result (Control
group - 100%, STZ Dementia Induction group - 78%,
tDCS treatment group - 86%)
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0}04 nissl stain GAo] AFLHA. v 2z
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BX43, OLYPUS Global, Japan)& Bsto] ajuqt

d]

_l)'
2]

oA dfgst= 24 FES AFH =Z2IH
(Cellsens Entry - Olympus A|¥)S E3dlo] &9

Fom, QAA7|YEE HEshe CAlY A&
Controli¥ STZ+#, tDCST-S ZF dujjgoz &
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Aol MEo| vlzxsHE #Isk1, Controlwd}
tDCSE AT A2 F44 Apol7h T2ER|
B2 FIsH3lth[33]

CA2%}F CA39] 4% 9A] Controli® STZ,
STZ+tDCSw&  Zt dnAde=w WAt ZAi
Control#to] H]5}o] STZZS] CA2014 <] AlZ2]
HEx3E &Q1e 4 d9oew, Controlddt
STZ+tDCSE A=t A+ H424 Aozt &
ZE A AA

it AT AFAIEEY A5 &3
DG(Dentate gyrus)& Controlt® STZ,
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Roberta Ferruccil, Simona Mrakic-Sposta
Sol[25]0014 Higt Aol w2, 417 4l2st
2 35 H4o] digt Anodal ¥ Sham tDCS9| &
g grlst7] sl AlAolA Azt Bzt |-2jn
St HsE Hol=x] H7MY. Anodal tDCS7F
sVRTE ZA 7§Ag 91 Sham tDCS+ H-& &
HAE Aol ¥skE fEshA] ERths AS T
At

sVRT(Z¥ 3)= Anodal tDCS(ANOVA p =
0.025)°1 s  HAHUAR  Sham DCS
(ANOVA p = 0.15)°] oJsfi 7RA=|A] eksket. 32
AE - Z T1 671.59 £ 132.1 o 488.46 +
65.32, ¥ Anodal tDCS (TO °]& T0O<} H|w &
A& T1, T2 9 T3914 sVRTs9 9 ¢ #4E
Bk (P) = 0.002, T2 : 501.62 + 57.22, P =
0.003, T3: 465.63 + 49.34, p = 0.005).
Anodal ¥ Sham tDCS & &g ¥3s}o] vy &
A o]t IS IIFTHANOVA 82 A=
3", p=0.046).[25]

1000~
200+
§ 6004 - + 1
= i — -
(- o— < - et 3
& 400
w
2004
70 T T2 e

O 3. UAH00 CHEE ZiH25)
Fig. 3. Results of clinical variables[25]

3.6 qEEG Jut Zte| HEEA|

Simona Gardini, Fabiana Ruggiero 2]
2018914 = BFEH7t ol qEEG &3 Zte] A
TA dfAE Bustct 1% 4+ Anodal

Sham tDCS Al &<t ZE o2 34 FYA
LF % HF i 2o ot $AES 4ttt LF
AL Frontal ¥ Temporo-Parietal %% oj|A]
Sham tDCSET} Anodal &of © @AsHA @4
5t= P52 Ho] Anodal tDCS7F FTD $Hx19] A3
A A7) S ST 7S SEe v
&, HF d9 g0 gt B3= Anodal®
Sham tDCS 7toll FARSHH A|7to] Ao wiz}

At o2 Fadts &S HAth[25]
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Fig. 4. gEEG power in the low-and high—frequency
bands at all time points and in all regions of
interest(S-tDCS)[25]
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Fig. 5. gEEG power in the low-and high-frequency
bands at all time points and in all regions of
interest(A-tDCS)[25]
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AW Joo] LF AL SVRT 2T 895t A
BAZF Ak sVRT( b = 0.36, p = 0.003)°] w
EEG mie9] g4 Ql 7j4o] o]=gt Aol A
ge A AT LATE UEY, s,

4 SRR J99] IF A=ga BE 4 399
F A9 4 datet g9t A A7 ¢l
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;saieo{grﬂﬂi
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E =Ho|A+&= Rodent ModeloA19] tDCS &
|3 B AgAT FEES 1E6) BoEAN,
tDCS7F &=5lo|HY 5 249 AX| 7|53} 5§
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Al PFE F+= A U mEbA, 2 A
TFE9] A3 9 oju] (DCS7} &5 T2 F
B AgoA= de] el AHREIL UASE
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2 SRpof| A 9] QIA|FA ol FEA S/ A
o TeZ & T US Aolge FE FA| FES]
7 Aoz HQlth, it 55 RYoAE
StAY E45H7] of#2 bkt A4 9 AYSA
o] AR AujgRlo| A HHE=RE Loth7] ¢
ShA= & o Ak A HARIE Q1ZE 718 tDCS
AE7h AFPE|oj X ok & Holt}
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