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Abstract In the present study, we investigated the effect of microcurrent against cognitive impairment
in Alzheimer's disease (AD) mice model. The cognitive impairment was induced by
intracerebroventricularly injection of amyloid beta (AB) to ICR mouse brain, and four kinds of
micorocurrent wave were applied to AD mice. We observed the improved cognitive ability in
microcurrent-applied AD mice through novel object recognition test and Morris water maze test,
compared to AB-injected control group. The contents of malondialdehyde generated by AB in the brain
were also reduced by microcurrent application. These effects of microcurrent were related to the
modulation of AB producing and brain-derived neurotrophic factor (BDNF). Microcurrent
down-regulated B-secretase, presenilin 1, and presenilin 2 which were related amyloidogenic pathway,
and up-regulated human brain-derived neurotrophic factor in the mice brain, especially Wave4 group
[STEP FORM wave form (0, 1.5, 3, 5V), wave superposition]. These results suggest that microcurrent

application could provide help for improvement learning and memory ability, at least partly.
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Yol Y interleukin-1, interleukin-6, tumor necrosis

factor-a3} 22 AO|EFQ19] RS TAAA 552 4
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Fig. 1. Time schedules of application of microcurrent
and behavioral tests in Alzheimer’s disease
mice model.
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of HeAS FLsHA HiAAIZILL, 1087 9% 5
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Fig. 2. T-maze test. During the training session, the
only one arm is opened that is specified by
the experimenter. After 24 h, both arm are
opened and the mouse is required to choose
between two arms.
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2.6 28| 2IX] AH(Novel object recognition test)
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Fig. 3. Novel object recognition test. During the
training session, two identical subjects are
exist in the test box. After 24 h, one subject is
changed and the mouse is required to
choose between two different subjects.
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o] &aH 4UAN= 27HA testE AAISFATHAIREY]
D). A AA test= o|HIt 22 WO R AFS 3o}
o] $AA Z1d(hidden platform)E 2= Al 7]
Zotal, & WA test B FHoHct =Ty
(exposed platform)oll =&ok= A7+ &%45to] Azt
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f o ? wi
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Fig. 4. Morris water maze test. During the training
session, the mouse finds hidden platform
that is located in a large round pool of
opaque water. In the test session, At the 4th
day, tests are carried out.
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3057 YRR AEAS tubeo] &7, Bio-Rad
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presenilin 1(PS1, 1:1000, Cell Signaling); PS2
(1:1000, Cell Signaling); Brain derived neurotrophic
factor(BDNF, 1:200, Santa Cruz) ¥ B-actin(1:200,
S<2 overnight ¥F&AIZ1 &, 23 A

7+ BRSAIA

pico-enhanced

Santa Cruz)]
(1:1000, Cell Signaling)9} 42041 14]
ok PBS-TZ 28 AlH %

peroxidase detection(FELPIS-Biotech, Daejeon,
Korea).¥} ¥FEA]#A Chemiliuminescence image
system(Davinch-ChemiTM)2 53 i3 &S &
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the Social Sciences(SPSS) statistics version 23.0%
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(Student’s rtest, = 0.974981), "INAR7|E {83t
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Wave3: P = 0.353909, Waved: P = 0.285335)(Fig. 5).
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Fig. 5. Effect of microcurrent on spatial alternation
test in ApB2s-3s-injected mice. Values are
mean+SD. The space perceptive abilities
for old and new routes are significantly
different as determined by Student’s #-test
(/X0.05).

A QXIS I 21t
EA%} =2 EA 7F

PO AHE FHTCh AL
At F EAE At AAAHA 57140l F
T A8 WA =i o] if BAFeE F EA
Ae 47 Hiksith, & B4 F shUE AR
AR v oW BE npeAs 2L EA o ¥
3714E& 7HA B 37t B ARAE BH, 7199
£ eAE 2L EAE FESH o ©HA
3149] F7P7F VEREA] 9=TH29,30]. £ AollA
normal-2 7|& E4|¢}F AEL EA9] "AulE&o] Z+
7+ 41.74%F} 62.37%% FolF 0w F7IRE 2L &2lst
A O Student’s rtest, P = 0.000278), controla-=
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Fig. 6. Effect of microcurrent on novel object
recognition test in ApB2s-35-injected mice.
Values are mean+SD. The perceptive
abilities for familiar and novel object are
significantly different as determined by
Student’s -test (/X0.05)
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T EAE W= A7 /9391 Zolrt A &
0} ABa2s3500 o3l BAIE ARk 5ol &AEIUS

£ & 4 AAKStudent’s +test, P = 0.878510). 17
‘/} O AF7] Wave3# WavedS -85 FoflA= Af
2 EA4o digt €A HlEo] RYH0 R ZoRe A
OF Hol Ay 3sE £4H EAUA 58 HAA17]
= AL AT & AArKStudent’s rtest, Wavel: P

= 0.101939, Wave2: P = 0.067975, Wave3: P =
0.006160, Wave4: P = 0.002724)(Fig. 6).
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Fig. 7. Effect of microcurrent on spatial learning
memory impairment in Morris water maze
test in Ap2s-35-injected mice. Values are
mean=£SD.
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Fig. 8. Effects of microcurrent on latency to reach
the hidden (A) and exposed (B) platform in
the Morris water maze test on the final test
day in Ap2s-3s-injected mice. Values are
mean+SD. ##/X0.005 compared to normal

group. NS: No significance.
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B3S g2 243519} Figure 99 Vet vle} Zol,
MDA A7} normal#2 55.36 nmol/mg protein?l
HUHH controld2 81.17 nmol/mg protein® & AB
15357 PoRE Qlsto] AAIAETL APEHUYSS & 5
AATHEG,42) = 13.74, P < 0.001]. ¥H, mlA-AF7]
£ 485192 ul, MDA /4370l fxo= A" A
= T 4 Slglow, 55 Waved=olA 4279
nmol/mg protein® 2 Z4TE ZOF Hol Ay 32
Fd A Ao digt AA g} Sl AS ERls
& AYUTHFG,42) = 13.74, Wavel: P { 0.001,
Wave2: P < 0.05, Wave3: P < 0.001, Waved: P <

0.001].
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Fig. 9. Effect of microcurrent on lipid peroxidation
in AB2s-3s-injected mice. Values are mean=SD.
###/0.001 compared to normal group;
**[X0.01, **/X0.001 compared to control group.
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