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Functional recovery after transplantation of mouse bone marrow-derived
mesenchymal stem cells for hypoxic-ischemic brain injury in immature rats

Wooksun Choi, M.D., Hye Kyung Shin, M.D., So-Hee Eun, M.D., Hoon Chul Kang, M.D."
Sung Won Park, Kee Hwan Yoo, M.D., Young Sook Hong, M.D., Joo Won Lee, M.D. and Baik—Lin Eun, M.D.

Department of Pedlatrics, Korea University College of Medicine, Seoul
Departrment of Pediatrics’, Yonsei University College of Medicine, Seoul, Korea

Purpose : We aimed to investigate the efficacy of and functional recovery after intracerebral transplantation of different doses
of mouse mesenchymal stem cells (MMSCs) in immature rat brain with hypoxic-ischemic encephalopathy (HIE).

Methods : Postnatal 7-days-old Sprague-Dawley rats, which had undergone unilateral HI operation, were given stereotaxic
intracerebral injections of either vehicle or mMMSCs and then tested for locomotory activity in the 2nd, 4th, 6th, and 8th week
of the stem cell injection, In the 8th week, Morris water maze test was performed to evaluate the learning and memory dysfunction
for a week,

Results : In the open field test, no differences were observed in the total distance/the total duration (F=0412, A=0.745)
among the 4 study groups. In the invisible-platform Morris water maze test, significant differences were observed in escape
latency (F=380.319, ~¢0.01) among the 4 groups. The escape latency in the control group significantly differed from that in
the high-dose mMSC and/or sham group on training days 2-5 (Scheffe's test, ~{0.05) and became prominent with time progres-
sion (F=6.034, £¢0.01). In spatial probe trial and visible-platform Morris water maze test, no significant improvement was ob-
served in the rats that had undergone transplantation,

Conclusion : Although the rats that received a high dose of mMSCs showed significant recovery in the learning-related beha-
vioral test only, our data support that mMMSCs may be used as a valuable source to improve outcome in HIE, Further study
is necessary to identify the optimal dose that shows maximal efficacy for HIE treatment, (Korean J Pediatr 2009;52:824-831)
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Z} 91X F 4 mm Zolel 2 0L A FYstaitt. o] HA= by
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mMSC °o]4 F 2, 4, 6 85 2FHE 1027t =E AT 5 A3
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2) Morris % "2 Alg@(Morris water maze test)

(Fig. 1)

 AES mMSC o)A § 8F5E  whAE A AlRS
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O|Z #(21-23C0)& A2 BARFE Yol gt vt
FHoA 1.5 cm e A& 10 cme] £33 489 I dE
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WAA 60% &< =IO QW F3E Ave AR 535
Aot ZF B olF AR, YA W A X 9 TAF 1
o] Fhdete] & & AAH AFEH A= As F4
Akttt

3 A7 ©A HAF(visible test)

EHI ilfz T Zq] 88 ecme FHA Aubs Ak
R "]’-4 A} ZFom 193 AAE ATt
ketamine (50 mg/kg)< o5 Ul FASH
o A viH Al 5
W, FAZE A8

AR ARE Ausel DA AR
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6. A Az

=7 A7 SPSS 12.0 versiond ©]-&3&to] o] WkE=H
FAHEA two-way ANOVA with repeated measures) ‘;‘ o
Au =] EAHEA (one—way ANOVA) o7 A85 EA35%)
th BE g2 Bed 25 fake mAEglen, pite] 0.05 H
el S-S EALoR Fo3t Ao &)

Results

Area Visiting Count Durtion(ratio] Distancelratia]
Tthdiea 21 36 [2 275 5317 (2 48%) @

thdrea 3 70813131 292,22 (12.69%) O
Ithdrea 513051 (21743155530 25.92%) W
dth diea 15 25,475 [(47.44%) 344.57 (44.11%]) @
Sth Area 519 183 [15 30%) 298 48 (13 93] O

Bth drea 1 0078 [013%)1 41 (107%) 0

Fthdrea 00001 [0.00%)]1.00 (0.05%) B

Fig. 1. Morris water maze system and computerized analysis. This system is able
to extract automatically from such video information (metadata) describing the
spatio—temporal trajectories of animals in the maze and the timing of behavioral
events such as stopping or crossing of a target area and to analyse the results.
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Fig. 2. Acquisition curves of the open field test. Repeated—
measures analysis of variance (ANOVA) showed no signifi-
cant differences in the total distance/the total duration F=
0.412, P=0.745) among the 4 groups. Although the session
effect was significant (F=7.789, P<0.05), the interaction effect
was not (F=0.682, P=0.724).
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Fig. 3A. Acquisition curves of the invisible—platform Morris
water maze test. The result revealed significant group (F=
380.319, P<0.01), trial (F=46.574, P<0.01), and interaction (F=
16.034, P<0.01) effects. Intergroup analysis revealed significant
differences between the high—-dose mMSC and control groups
(F=12.517, P<0.01). However, no significant differences were
observed between the low—-dose mMSC and control groups.
The escape latency in the control group significantly differed
from that in the high—dose mMSC and/or sham groups on
training days 2-5 (Scheffe's test, 2<0.05).

RO E=0412, P=0.745), AALE ABEFF I TA & FAS
A BAYYEFE=.789, P<0.05). 2 H] ol tigk ¢ 5
A= Ak Foll et MR FAs HES Bt ezgay,
Trweek, F=0.682, P=0.724). ©A] 4574 A4 mMSC ] 4]
T AR7F A Al 3 ARl 7E AT (P<0.05) Z FE vl T
o] ztol= ASTHEIE. 2).

-

2. &7F 8% ZAl(spatial aquisition test, invisible
platform test)

vl 7kell o] Hit BF AlZH(escape latency) > FAHOE
A2 F-28 o)t I oW (F=380.319, P<0.01), FAAFE A3
SFE Hd GE AR FAE FAE BATHE=46.574, P<00D.
sk o] el tist i gE AR Al el wet AR debA]

AT RS HolA estu(dE g At wxday, F=16.034,
PLOOD. 58] L& mMSC o|ATE ¥ &4 vl nls)

3-8

9 oA B @& A7) AAs o (F=12.517, P<0.0D),
8% mMSC o] 27 ¥} ¥ &4 vz ke vweAE A4
o7 zo]7} JAATHE=0.553, P=0.665). Al 2, 3, 4, 5AAML e 1L
4% mMSC o4 9 sham WlZEa-2 ¥ &4 dizzatel v]s)
BAIFSZ ot Atol7t Ut (Scheffes test, P<0.05). A&
Z mMSC ©]2# sham 79 o &5 A7 Aol &
AR Z FolshA] AU th(F=5.434, P=0.672) (Fig. 3A).

3. &% 719 HAHreference memory test, probe trial)

H 4 dzgo] & Al Tl vl Ha A AR o
Ao vl I3 B A ARES AR sAFCE o

= SISt FE=0.604, P=0.617) (Fig. 3B).

ST

507
407 T

307

|

durationi(sec)

0 T T T T
high mMSC  low mMSC control sham

group

Fig. 3B. Histograms of the spatial probe trial. No significant
improvement of cognitive function was observed in the high-
dose and/or low—dose mMSC groups, compared to the control
group (F=0.604, P=0.617).
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Fig. 3C. Acquisition curves of the visible—platform Morris
water maze test. Although the group effect was significant
(F=3.354, P=0.03), the session and interaction effects were not
(session, F=0.548 and 7=0.702 interaction, F=1.176 and P=0.314).

4. N4 @A HAMvisible platform test)

v] 7ol o] Het B@F A7t (escape latency)> EAIHOR
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gepA A STt a ), Ttrial, F=1.176, P=0.314). T}
AAA A AAre M 18 mMSC o] dwy o =4tz
3ol FAASE Folgt Aol AATHP<0.05) Fig. 30).
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