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6-OHDA (Sigma, St. Louis, USA)e]| 2|3t =AJo] w3}
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transporter blockergl desipramine (12.5 mg/kg; Sigma, St.
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© 2 7.8mm A|A7}A] 26-gauge needles AFldle] &
2z qlzoly| vl (medial forebrain bundle; MFB)el| ]
2)8l== st} 10 ul®] Hamilton syringe S ©]-£-3}o]
6-OHDA 4 uL (5.0 ug/uL)ZE- Infusion pump (kd Scientific
Co., USA)Z ©]83}o] 1ul/mine] &3 o7 F413}1
F9o] ¢tux & 2825 v 7|t}3tlr} Hamilton syrin-
ee® AT e BRsde 95 roz
(internal control) © 2 A}-8-3}7] 9|3le] o} A= F413}
A ke

3. ZXHW H

—
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(Vector, USA)Z 147+ ek ubS A1zl 5 0.01% ZH4ke}
42 351 0.05% 3,3'-diaminobenzidine tetrahyd-
rochloride (DAB, Sigma, USA)=Z 3 ~5%7F A1l o}
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o] WS WhA] A RE FU3 whyoz AL 5
33} a1, 1%} &A= OX6 (mouse, Serotec, Oxford, UK;
1:500) == EDI (mouse, Serotec, Oxford, UK; 1:500)
< 2%} &A= biotinylated anti-mouse immunoglobulin
G (Vector, USA)E AHg-3F3it}. 18] 31 ®A|8kalA} el
chil ot Az o] o] FHEES F2lel A= DAB-

Nig AHgstel MASED Jde) dme S

AR xyleneoz £93} 3 = NEE
2215he.

i

==

12 o
oo T of

< PermountZ-

S
rz
=)
o
1o
H
'z
=)
=
o,
lo

|
r1n
N

SEEREEEN
Il 2 slide glass o BAAA) o] m
Hwle o] o Hee Mol w3}
=9 Soft-Imaging Software
A} B =2 720 9] analysis 2.18 o] 43}
dzz vehidch YA

Z} time point® 5vlg]e] ZE

£
X
I\
_(|)1_1{
§ 2 o
i)
4
gL
o
N



16 O|&l=, 0[RS, =#

o
(=)

& Ahgatoleh

6. SHEAM

EA| AL Prism 5 43X E¢]o] (GraphPad software
Inc., USA)E A}&3}o] r-testE X & one-way
ANOVA ¥ o2 s37}slgl om p gke] 0.05 o|3td 7
o EAH oz solstty gutaledth

2 =
1. MFB2t SNeOllAf AlZHof 2 g 0|A|OtmA|ES)]
OFAF

A Zbel whE SAmAolwA 2] A =S B3] )
k] ot (MFB) 2} SNco] &3 H (rostral part),

3h

Fig. 1. Double immunohistochemistry of TH (brown) and OX6 (black) in coronal sections passing through the MFB middle to the lesioned
site. (A~ D) contralateral; (E~H) ipsilateral; (I~L) higher magnifications. The number of OX6-ir microglia increases to peak level at 1 week
post lesion and then decrease gradually by 4 weeks post lesions. Scale bar represent 500 um in (H) and 100 um in (L), inset of (L)=25 wm.
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a4 1 of A=) e AL AT 5 AT (el 1l
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F4F ol F2 43| sk 7

ol
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Fig. 2. Double immunohistochemistry of TH (brown) and OX6 (black) in coronal sections passing through the rostral part of SN. (A~D)
contralateral; (E~H) ipsilateral; (I~L) higher magnifications. The great number of OX6-ir microglia are crowded in the ipsilateral SN
between 1 and 2 weeks post lesion and then the microglial reaction subsides gradually by 4 weeks post lesions. Scale bar represent 500 um

in (H) and 100 wm in (L), inset of (L)=25 um,
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Fig. 3. Double immunohistochemistry of TH (brown) and OX6 (black) in coronal sections passing through the caudal part of SN. (A~D)
contralateral; (E~H) ipsilateral; (I~L) higher magnifications. The great number of OX6-ir microglia are crowded in the ipsilateral SN
between 2 and 4 weeks post lesion and then the microglial reaction subsides gradually by 8 weeks post lesions. Scale bar represent 500 wm

in (H) and 100 wm in (L), inset of (L)=25 um.
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‘:}-E—ﬂ] 6-OHDA F4] ¥ 155¥ 4571 4319 u|
A o]-_‘,jr_x—]];gﬂ- Z715l AL g 4 9,},9\1_1_ 6-OHDA

F9 & 8FelME A A3 P AL sty

o} Fig. 3). o] ol M = SAJu|AokmA 27} =T}RIA 4]
A Z B Sl AL HAT A
of azufl& ARzl AFsl) lﬂ_w_ Gl %,‘—(contralateral)sl o}
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Caudal

Fig. 4. Double immunohistochemistry of TH (brown) and ED1 (black) in the ipsilateral MFB or SN. (A~D) MFB middle level; (E~H)
rostral part of SN; (I~L) caudal part of SN. Left panel of each group: lower magnification of the ipsilateral, scale bar represent 100 wm in
(L). Right panel of each group: higher magnification of the corresponding left panel, scale bar=25 um.

N

. MFB2} SNcOj|A AlZto]| 2 E440|M|0FAM|Z 2

AR
TS
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Z-H% (caudal part)& HAxA S B3 A4
Zagieh. 530l FAEE vjAolwA £ EA|HE &
o2 4 9l 3laAl Ea EAA] EDI W 1)
S-S Mol wA| oA £ FEYH TP (MFB)ol| A=
6-OHDA 3] % 159} 250 7} wo] Vel 8
F7HA = AR ol 3l%iet(Fig. 4A-D). 281} SNco]
&N (Fig. 4E-H)3} ¥ Z3-% (Fig. 41-L)> 6-OHDA
9] F 150l depdr] Azlsle] 4560 A 71 el
Ehget

o

T

3. SNcof|AM AlZtof| mhE E=mfald HEMZe]

SNcoll A} TH W edut-go <FAS el =3iuiAd
A7 E 45 A St 7} time pointd Sue] o]
e a1 =z=2 Jelgglch 6-OHDA 34 ¥ 7Zh7te]
T4 M2 S vlaste] §350 =IRIA AlA
E 5T} 13N E 32%, 2FN e 60%, 45 M=
69%, 85l A= 72%7} ZHAaskgdeh =3t w23} )
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Fig. 5. Changes in the number of TH-ir neurons of the SN follow-
ing unilateral injection of 6-OHDA into the MFB. Animals were
killed at the indicated time points and immunostaining was carried
out with TH antibody and TH positive neurons in SNc¢ were count-
ed. The data are displayed as the mean+ SEM. *p<0.05.
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6-OHDA Foi= M ZARS fiss 2xe] dle
o7 chzejet® SIEAY SRl A] Bk o) 3 A
AM oz A= =Ry AAM £ FFe Futbe
T A ofmA 2 2] HHE-2 w7 Aozt ARG =
3l 6-OHDA Fof & nja| o} oA MHC class I 2
17} Z71skekar A 9lA|wH[27], 6-OHDAS] A7 5
Aoz Apdsls =3I AlFM Ee ol EA
FAu|A ot M £ Abol o] Mz sh fA= HEA ol
%) goieh 2 Q7oA 6-OHDA %of A 3 vlHo}a
Mz xA)=8 FA] A} (rat microlgial phagocytic mar-
ker)el EDI (anti-rat lysosomal enzyme)ol] 738t oFAluk-2-
< Holx A mM et 2o} F A u]H okuA 2
Eo]A :A]x}¢] OX6 (anti-rat MHC class II)ol] 733 oF
AUk Ho|y FAnMelaM| 27} Eo]H o =E SNe
=3 A AZAM Eel] F2gHe Eelstolet = o)A
Algo A 2o 2 PBSE FHY3 FellAE Azt
A gle] e mAelA 25 A 4§
colE ¥ oz A vhes FYshs WM &
B A5 £ ofF nlulEte] nAolmM 25 A
3} AI71A Z3AY SlejEl= | J 3k 74 Z3kar
APl E o2 Helw F AHielA Hele A
35l mMolwA| £ 6-OHDA 5oio] w2 =394
AR ] o Qs Yehes oz Helg.

A3t A olmH 2=

necrosis factor-a (TNF-a), nitric oxide (NO), arachdonic

£ 2L

interleukin-1 (IL-1), tumor

acid metabolites, quinolinic acid 52| pro-inflammatory
cytokine == M| EZEA <Ixl= Eu]gho 24 oxidative
stress S Z 33 A EA A6l 71T Aol B
TE o] 9Jr}[28-30]. L2} F 2o catecholamine E-o]
# 417549 6-OHDAS Fogt 92lesy 7 =l
oAl IL-1o E TL-1p mRNAE S7F8pA|RE ghill A
M= -1 2 IL-1p7} &)%) k37, TNF-o. mRNA
S CEE T ER DS PR
73 A LA} (chronic neuronal death) 7 Z}A] = o2&} pro-
inflammatory cytokine®] £¥|Z FE3}A] ¢t=viy B
3 HAeHB1) 2 @A A SNeA FEree
Shutel FESk v (MEB) A5k 2ol A m]A of A
2ob 2 BAshEe] B A S 9
L= EF3la IL-1B, iNOS ¥ TNF-a7} mRNA %
Rhil el 2 wdle] Z7beAl shed wl vl
AUTH26]. o] 7 A= wAotwA 27} =] |4

w3l S Ea Apdals AAMES IL-1p4 NO<}
Z+-% pro-inflammatory cytokineol] 2|3+ A Z=A] &3}
el EAFE et

b, A3 mjA) ol M| £ reactive oxygen spec-
ies (ROS)2] A& A3ty A17H AL Fofgict
BuEo] Qob[32]. 71&2] o8] in vitro A g o)A A
35l dxHIAZzE Nox gene?] Wa-& Z71A7]H,
W5 Nox: ¢ Eujo] theke] superoxide A4S
ol % eidl Qlodebial A2 FRUAA WA
= NOX7F A 3HEl mA oA ol A W3, 1 A
5} ROSS| o] frese] Ful AFAE] Az
FAAQ e & 4 do AT [34]. o] 9=
gl @43t nAolwalzE =3 Cu/SnSOD H
MnSOD<$} 7Zre] antioxidant® 2F8-3}= §-xz}e] Wl
< SAAA s 224 FHel| AJAJH superoxide S A
Al FozAl AAMZ] ATl FAHAQ FFS &
Ao T4l A= A= lek[35]. webA vlA)
ofwH| 2= FH 379 mA W3l ot AN EE S
AzE 52 AFAZAIAZE H5T 5 glon, o
o} =] ROSE] AA H A|A 7|He] wi¢ Fod
Aow oAl

T e IR sERE F shidl 23
STPHMEB) stz lol ) chpmolzssietd 7] e

o] 8-3te] E|SA Wisle] ol 27| AIRE $HYS &
AulA et 27} Bl =3I AAA E 5ol
Hog HAste] &Aooz F7h37f(piece by piece)
ZATE FEEEH36]. o) EHaAFe =IRIA Al
ANEA AN ARDARE Do) ok o)
ofsf F-A% A FEH] ZAE gt M zApEAL 3}
A& B8 Abdsla, v ohad 2 Al ZAEAL A 2}
ol AH WHSP Aelshn 2l ee 29 AFolh
[36,37]. vlAHletwA £ FA] o] 7‘]—’%“—“—41‘?1
24258 59 21%e b AFA0s AN
off AAT Aoz AAAH, s A= “]f‘ﬂ of A
2o ZAHEE 5] 2 A% B Ak A o
& len olejat mAlelmAze] Talse 4174
Z Apde| g 4\—3)\%\3%" ]:l}

geba $2le) Ane wauA AT} 2z 5
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Relationship between Microglial Activation and Dopaminergic
Neuronal Loss in 6-OHDA-induced Parkinsonian Animal Model

Jin-Suk Lee!, J i-Yong Lee!, Won-Gil Cho', Young-Chul Yangl, Byung-Pil Cho'?

'Department of Anatomy, Yonsei University Wonju Collage of Medicine
Institute of Lifestyle Medicine, Yonsei University Wonju College of Medicine
Abstract : This study assessed the dynamics of morphological and immunophenotypic properties of activated
microglia in a 6-hydroxydopamine (6-OHDA) induced Parkinsonian animal model. Neurodegeneration in the
substantia nigra pars compacta (SNc) was induced by unilateral injection of 6-OHDA into the medial forebrain
bundle. Parkinsonian animal model were sacrificed at 1, 2, 4 and 8 weeks after 6-OHDA injection. Changes in the
functional activity of activated microglia were identified using different monoclonal antibodies: OX6 for major

histocompatibility complex (MHC) class II, ED1 for phagocytic activity. Phagocytic microglia, characterized by
ED1- or OX6-immunoreactivity, appeared in the SNc at 1 week after 6-OHDA injection, activated microglia
selectively adhered to degenerating axons, dendrites and dopaminergic neuron somas in the SNc. This was
followed by significant loss of these fibers and nigral dopaminergic neurons. Activation of microglia into
phagocytic stage was most pronounced at 2 week after 6-OHDA injection and gradually subsided, but phagocytic

microglia persisted until 8 weeks after 6-OHDA injection. Taken together, our results indicate that activated
microglia is lead to persistently neuron cell death and promotes loss of dopaminergic neuron by degeneration of

the dopaminergic neurons.

Keywords : Parkinsonian, 6-hydroxydopamine, Dopaminergic neuron, Microglia
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