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2 4=4=4}, calbindin D-28K, parvalbumin

4 9lo} (Snell 1987, Carpenter 1991, Nolte 2002).
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HEd,

Az A o] J&gg psin 71E2] AZ HellA
we o2 ZAgAg sl %3 (combination)z}

2|2 (permutation) o] o] AT gl Aoz deA
al=h ( Kawaguchi 5 1987, Celio 1990, Andressen 5
1993).

Calbindin D-28K (°]3} CBz} 3te})2} Parvalbumin
(o138} PVE}l 3}, a3 o] FAlol| ExshT gl
+= camodulinz} troponin-C ¥ ¥ t}& ©id
e AEEE A3 2 AdEd
vitamin-D ¢]&4] Zgddizde geixx glth
(Stichel 5- 1987, Mattson 5 1991, Van Brederode 5-
1991, Kubotag} Jones 1993, Alonso 5 1995, Pickel =}
Heras 1996).
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SEAS zdmwfzw J xgxppr o Ababgel A S5
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calbindin D-28K &} parvalbumin®do{dt 2| & —
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stglem 1 ZA1 4 A& 0.05M PBSel] oj& #
Aol W = 10% norma serumel] 308 E<F XA A
Zch ©HA] 0.05M PBSE o7 1] AX3ste] 3%
HO,2 20~3027F Al-2ellA] A2jste] vl Ak
3ase] FAHE AAAZ] o2 1% normal abumin
7} 0.05% Triton X-100¢] E¢] ¢l 0.05M PBS &
3 &qell oF 2x3Hg<t A dte] ]Sl wH-&
A A F k. A18kA] el monoclonal rabbit anti-mouse
cabindin D-28K (Sigma):= 1:2,000~1:5,0002 2,
monoclonal rabbit anti—-mouse parvalbumin (Sigma)-2
1:2,000~1:2,5002. 2 3]X3le] 4°Col|r] 24~ 364
7F ¥EEAF o 0.05M PBSell 1044 33] A4k &
#|23}A]= CB2} PV 25 goat anti—rabbit 1gG (Dako)
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1A 7 vEEAI T FAksta s 7 A 3,3
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& ol g3}ed CBs} PVl Hj3 WukeAzE B
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1) Calbindin-D 28k D4{HFSA|Z (Fig. 1, CON-CB)
HE7)9 #¥9 7 2HpEAHAAM CB-IRNEZE
d2d 4 ddeH(Fig. 1B,C,T,L, 9). &elAE 2t
23l (gracile nucleus), A A}<+3 (cuneate nucleus), 2
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A4 gyde] FNAE el
z3) |7}z, _cr]o].&zsu Jg]la FAS A 7)}3
PPuLsE ehls A= 2719 Y
AAEE BRT 4 A5HFG 10, AALNE
% oo A B3 677]2] CB-IRH =7} A2stadet.

A A S5 e A S
A PUEE ehle AYAES 23T 5 9)
gl B 4

3

PR—— J-i-l:' /=35 AHE
AN EE 7] A WA %l*.ﬂ%*—.‘?]}xl IRl
3 A=t (Fig. 1T). 3| 7] 5 f% SHellA] 9170

oA 7T PSS »}E}»ﬂ sesl 544715
< ey gl
,,l}j\vl-(Flg 1L). 3)A
Ao P el PP E bl A7
¥ oF 727 A=ES HAsieich

2] R BANMN T A 7|59 ko] A

-1) o.>|“..

M)A = pure e Uehl= AlAN 25 B3s}
AeH(Fig. 19). 34715 = ruelx] B A
AHEL) S of 25 Ameek o) 7 A »
AollA FAEE CB-IRNZS) Fel dle =5
9 FI3olg o AEA S =7+ 30~40pmA =

At

2) Parvalbumin S42382M|Z (Fig. 1, CON-PV)

&7 €39 PV-IRAZE CB-IRMZE 33
3 oel ol Mgk o] wl&d Pos Fxsim
2lgd o} CB-IRAZe) u]3le] PV-IRM =7} o
o] I 9o} PV-IRAM 22 e)dhd EAS o}
o 9, 9 Fan, ey BE Sl o

=
=

252

o
ul

pe

[o

w CB-IRA|Z ¥} o “‘01
52 PV-IRM 22| FAto] =
o] Wi 9le-s 2T 4 9lgich CB-IRA
13]’?: 22 IS (VI )9 IF Helle &
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o mefdt MEA 181
Z7E FAs A3 v)sskd e (Fig.
29).

(2) Parvalbumin = ¢ uk-&-A = (Fig. 2, POD5-
COM-PV)
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v)=38l9 e (Fig, 2C. T, L, S).
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& 4 lsivh(Fig. 2T).
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3. MEIIZ (48 M3, 212|122 22%
T QTS AMAZI F 1022 AISE 2)

1) MSE XS] £AA|Z]
(1) Calbindin D-28K ™ ¢4k--4] % (Fig. 3, POD10

-COM-CB)
A4 9dAs] A7 £ 109 Z9F AFS3EF A
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Heh g 2t wAe] yxAh Mz, ) da

254

Asts} walsc. 4 2N B
35 CB-IRM%2) 4= oA o 10270, 7}
84 oF 867, 32wl A o 1007), X &
HolA <o 507 A== PV-IRNZA X} Az
7} ek7+ Aedh(Fig. 3B, C, T, L, S).

(2) Parvalbumin <}A3ul-$-21 44 £ (Fig. 3, POD10-

COM-PV)
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HAg Fpl M SNRNF dpe) s, @

A H_Z
%‘T’:

QFxal, 71, ek, 2 SelA e o
Ahee dehls PV-IRAEZE BT S AU

o} (Fig. 3C). PV-IRM| 22| 4= <F 100/] A=g 1
A ze) el %—:—Mﬂaﬂr 2347 e] RRolg)
om AZAL 93, 5193, 33, A1 5 9
o F7]= 40~50pm A =90

TReelA 49§ smmAd 29l 3
7% o] o7 e Rz e AAAE
=5 A 5 glglom &S] okl SmmAA
FLA M e Az mekout AlZEA L] el w5
27Astn #ayA ¢gdo(Fig. 3T). PV-IRA %

= o 907 A=Hx Az e} 7= Yz
JJr v 53kl
sl Ede] AT G S, it

3 F7FEs FoEE Tl ke A=
=& B2 5 A (Fig. 3L). o] 9} 2] o7 ¥
oA FHEAR AAAE = oF 100 AP I
5 ﬂiﬁ 73 AN vehllen o
L EAA 0z HRAsIYch A £ TS
ZAolflem AxAE By WEy
3t el
273 vlszeigler AAME 4
20| weft AlEA a2
A s A3} wlssksle (Fig.

E

SRY
QESE

R 24

_Gi

N



(1) Calbindin D-28K
RT,LT-CB)
A4 F84 (Fig. 3C), 7k¥4 (Fig. 37), 3l=l&
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Legendsfor Figures

Fig. 1. Photomicrographs of CB-IR (Upper) and PV -IR (Lower) in the rat medulla oblongata and spinal cord of the control group
(CON-CB, PV).
Upper Panel (CON-CB)
B : Medulla oblongata. Coronal section. X 50.
C: Cervica segment of the spinal cord. Transverse section. X 50.
T : Thoracic segment of the spinal cord. Transverse section. x 50.
L : Lumbar segment of the spincal cord. Transverse section. x 100.
S: Sacral segment of the spinal cord. Transverse section. x 50.
Lower Panel (CON-PV)
B : Medulla oblongata. Coronal section. X 50.
C: Cervica segment of the spina cord. Transverse section. x 50.
T : Thoracic segment of the spinal cord. Transverse section. x 100.
L : Lumbar segment of the spinal cord. Transverse section. X 50.
S Sacral segment of the spinal cord. Transverse section. x 50.
Fig. 2-1. Photomicrographs of CB-IR(Upper) and PV -IR(Lower) in the medulla oblongata and spinal cord of the left spinal
hemisection group (POD5-LT-CB, PV).
Upper Panel (POD5-LT-CB)
: Reticular formation of the medulla oblongata. Coronal section. X 50.
: Neuropilsin the ventral horn of the gray matter of the cervical segment of the spinal cord. Transverse section. x 50.
: Several CB-IR and nervefibersin the ventral horn of the gray matter of the spinal thoracic segment. Transverse section. x 50.
: Cell clustersin the anterolateral and anteromedial nucleus in the ventral horn of the gray matter of the spinal lumbar segment.
Transverse section. x 50.
S: Several CB-IR in the ventral horn of the gray matter of the spinal sacral segment. Transverse section. x 100.
Lower Panel (POD5-LT-PV)
B : Reticular nucleus in the medulla oblongata showing immunostaining for PV. Coronal section. x 50.
C, T, L, S: PV-IR in the ventral horns of the gray matter in the spinal cervical (C), thoracic (T), lumbar (L), and sacral(S)
segments. Transverse section. x 50.
Fig. 2-2. Photomicrographs of CB-IR (Upper) and PV -IR (Lower) in the medulla oblongata and spinal cord of the right spinal
hemisection group (POD5-RT-CB, PV).
Upper Panel (POD5-RT -CB)
: Reticular formation in the medulla oblongata. Coronal section. x 50.
: Neuropilsin the ventral horn of the gray matter of the cervical segment of the spinal cord. Transverse section. x 50.
: Many CB-IR and nerve fibersin the ventral horn of the gray matter of the spinal thoracic segment. Transverse section. x 50.
: Two cell clusters in the anterolateral and anteromedia nucleus in the ventral horn of the gray matter of the spinal lumbar
segment. Transverse section. x 50.
S: Several CB-IRin the ventral horn of the gray matter of the spinal sacral segment. Transverse section. x 100.
Lower Panel (POD5-RT-PV)
B : Reticular nucleus from the medulla oblongata showing immunostaining for PV. Corona section. x 50.
C, T, L, S: Positive PV-IR in the ventral horns of the gray matter in the spinal cervical (C), thoracic (T), lumbar (L), and
sacral (S) segments. Transverse section. x 50.
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Fig. 2-3. Photomicrographs of CB-IR (Upper) and PV -IR (Lower) in the medulla oblongata and spinal cord of the complete spinal
section group (POD5-COM-CB, PV).
Upper Panel (POD5-COM -CB)
: Reticular formation in the medulla oblongata. Coronal section. x 50.
: Severa CB-IR in the ventral horn of the gray matter of the cervical segment of the spinal cord. Transverse section. x 50.
: Many CB-IR and nerve fibersin the ventral horn of the gray matter of the spinal thoracic segment. Transverse section. x 50.
: Two cell clusters in the anterolateral and anteromedia nucleus in the ventral horn of the gray matter of the spinal lumbar
segment. Transverse section. X 50.
: Several CB-IR in the ventral horn of the gray matter of the spinal sacral segment. Transverse section. x 100.
Lower Pane (POD5-COM-PV)
B : Reticular nucleus in the medulla oblongata showing immunoreractive neurons for PV. Coronal section. x 50.
C, T, L, S: PV-IR in the ventral horns of the gray matter in the spinal cervical (C), thoracic (T), lumbar (L), and sacral (S)
segments. Transverse section. x 50
Fig. 3-1. Photomicrographs of CB-IR (Upper) and PV -IR (Lower) in the medulla oblongata and spinal cord of the left spinal
hemisection group (POD10-LT-CB, PV).
Upper Panel (POD10-LT-CB)
B : Reticular nucleus in the medulla oblongata showing immunostaining for CB. Coronal section. x 50.
C: Several CB-IR and fibersin the ventral horn of the gray matter of the spinal cervical segment. Transverse section. x 50.
T : Strong CB-IR and fibers in the gray matter of the spina thoracic segment. Transverse section. x 50.
L : Many CB-IR in the ventral horn of the gray matter of the spinal lumbar segment. Transverse section. x 50.
S: A few CB-IR were scattered in the ventral horn of the of the gray matter in the spinal sacral segment. Transverse section. x 50.
Lower Panel (POD10-LT-PV)
B : Reticular nucleus in the medulla oblongata showing immunostaining for PV. Coronal section. x 50.
C, T, L, S: PV-IR in the left ventral horn of the gray matter in the spinal cervical (C), thoracic (T), lumbar (L), and sacral (S)
segments. Transverse section. x 50.
Fig. 3-2. Photomicrographs of CB-IR (Upper) and PV -IR (Lower) in the medulla oblongata and spinal cord of the right spinal
hemisection group (POD10-RT-CB, PV).
Upper Panel (POD10-RT -CB)
B : Reticular formation in the medulla oblongata. Coronal section. x 50.
C: Severa CB-IRin the ventra horn of the gray matter of the cervical segment of the spinal cord. Transverse section. x 50.
T : Several CB-IR and nervefibersin the ventral horn of the gray matter of the spinal thoracic segment. Transverse section. x 50.
L : Several CB-IR inthe ventral horn of the gray matter of the spinal lumbar segment. Transverse section. X 50.
S: Several CB-IR in the ventral horn of the gray matter of the spinal sacral segment. Transverse section. x 100.
Lower Panel (POD10-RT-PV)
B : Reticular nucleus in the medulla oblongata showing immunostaining for PV. Coronal section. x 50.
C, T, L, S: PV-IR in the ventral horns of the gray matter in the spinal cervica (C), thoracic (T), lumbar (L), and sacral (S)
segments. Transverse section. x 50.
Fig. 3-3. Photomicrographs of CB-IR (Upper) and PV -IR (Lower) in the medulla oblongata and spina cord of the complete spinal
section group (POD10-COM-CB, PV).
Upper Panel (POD10-COM -CB)
B : Reticular formation in the medulla oblongata. Coronal section. x 50.
C: Several CB-IRintheventral horn of the gray matter of the cervical segment of the spinal cord. Transverse section. X 50.
T : Many CB-IR and nerve fibersin the ventral horn of the gray matter of the spinal thoracic segment. Transverse section. x 50.
L : Several CB-IR in the ventral horn of the gray matter of the spinal lumbar segment. Transverse section. x 50.
S: Several CB-IR in the ventral horn of the gray matter of the spinal sacral segment. Transverse section. x 100.
Lower Panel (POD10-COM -PV)
B : Reticular nucleus in the medulla oblongata showing immunoreractive neurons for PV -IR. Coronal section. x 50.
C, T, L, S: PV-IR in the ventral horns of the gray matter in the spinal cervica (C), thoracic (T), lumbar (L), and sacral(S)
segments Transverse section. x 50
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Abstract

M orphological Studieson the Calbindin D-28K and Parvalbumin
Immunoreactive Neuronsin the Medulla Oblongata and Ventral Horn
of the Spinal Cord Gray Matter after Spinal Cord Injury in Rats

Yoon-Young Chung, Jong-Joong Kim, Young-Sig Hyun
Department of Anatomy, College of Medicine, Chosun University

This study was examined and compared the immunocytochemical distribution of the two calcium-binding proteins
calbindin D-28K and parvalbumin immunreactive neurons in the medulla oblongata and spinal cord after transection of
spinal cord in rats. In this experiment, calbindin D-28K immnunoreactive neurons were mainly found in many
pyramidal cells distributed medulla oblongata and spinal cord of rats. Parvalbumin immunoreactive cells were
demonstrated in al lamina of the gray matter of the spina cord. These immunoreactive cells had the most high density in
the several nuclei of the ventral horn of the al segments of the spinal cord. Calbindin D-28K neuropil labeling was
strongly noted in spinal al segments of the spinal cord. In contrast parvalbumin immunoreactive, little differences were
found in distribution, size and morphology of calbindin D-28K cell body or neuropil staining in the spinal cord. The
number of parvalbumin immunoreactive cells were more than twice in the medulla oblongata and spinal cord compared
to the calbindin D-28K immunoreactive cells. Calbindin D-28K and parval bumin-immmoreactive somata were round,
oval, spindle and polygonal in shape, and the immunoreactive neurons were unipolar, bipolar, multipolar and horizontal
in shape. The diameters of the somata of the two immunoreactive neurons were 40~ 50 um, respectively. Also dendrites
of two immunoreactive neurons were densely arrayed in network. These results suggest that CB-IR and PV -IR most
high density in the of the VIl ~ X layersin the ventral horn of the all segments of the spinal cord.

Key words : Medulla oblongata, Calbindin D-28K, Parvalbumin, Spinal cord injury
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