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Effects of Calcitriol on Delayed Neuronal Damage of Hippocam-
pus in Transient Global Ischemia Model of Mature Gerbil

Hye-Jin Park, Heasoo Koo, Woon Sup Han and Kyung Kyu Chot'

Departments of Pathology and 'Neurology, Ewha Womans University College of Medicine,

It is well documented that calcium ions perform a major role in neuronal de-
generation in cerebrovascular disease and the other degenerative diseases, and that 1,25-
dihydroxyvitamin D3 (D3) has the dose-dependent protective effects. This study was per-
formed to examine the effects of different D3 dosages against delayed neuronal damage of
the hippocampus. Methods : Mature mongolian gerbils were injected with either 0.8 wg/kg/day
(group 2) for 5 days or 1.0 ng/kg/day for 8 days (group 3) prior to the 10 min ligation of the
bilateral common carotid arteries. Immunohistochemical expression for the glial cell line-
derived neurotrophic factor (GDNF), the basic fibroblast growth factor (bFGF) and the platelet-
derived neurotrophic factor (PDNF) was observed in the D3-injected (0.8 ug/kg/day for 5
days) group. Results : Group 2 showed a highly significant attenuation of delayed neuronal
damage in the lateral CA1 region at 7 days after reperfusion. Group 3 showed unilateral or
bilateral hemispheric infarcts 24 h after the onset of reperfusion. The D3-injected group
showed a markedly increased bFGF expression level. Conclusion : The dose-dependent
effect of D3 suggests the importance of determining the appropriate D3 dose for clinical
applications. Although the mechanism(s) of neuroprotection by D3 remains unclear, D3 may
facilitate a reduction in ischemia-induced oxidative stress via the activation of the neurotroph-
ic factors, including bFGF and GDNF.
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7o) 2] 59 o Fo] WAl FLI 9T F J0RE A
Zhgie}, Hg AZA L] WA o] o]e} o] HXe] ZgHE A
< 58 & U 717 T A EY IApL AYEHA G
AL uslERE, 1 7|7+ “therapeutic window & AR5}
A ABAE 48 AT F e 7FsAol Atk odd
A AANE ST S8 F AAEY] 85 4 4
T4 7k vEZTEol e TFELY & TEH FF
ghate] Sk MEW AtsbdAe) A Bege St AlEARE
ARe] 71 So] Helshs 2o HATY 58 2 AakaA
WA thket £/ ARt A7 4o StEE
Aol BAESNY, o]F0] AABME &35 A= BE &
F7t e AR G wet o]d EAE &3] F4 g
d 52 AY 884 WS AaAEE Rgo] S A
o Yo AN AAFAE £4E o HPFEE Y

o| = nerve growth factor (NGF), brain-derived neurotroph-
ic factor (BDNF), acidic and basic fibroblast growth fac-
tors (FGF), ciliary neurotrophic factors, platelet-derived
growth factor (PDGF) £9] EZo] AAAME £AS 7HAhA
A0 I EQPCT Jeyg o) B o £Age] A
I IS A REEE A4 FASEA] 2F o4
< ok sk of#eel USITh 1.25-dihydroxy-vitamin D3
(1,25(0H)2D3) (°]3t D3)& HIE] D7} A& R &4
S DAL ols, BEZAN 24 ol Egd 714
24, LS A4S 28, T2R0 Pulo] felais 2w 2o]
= 32ROt ma D A vl Wekw D $44% 2
83le] ligand-activated HARIZAZ ZH&3}E Z32A7 ﬁ]oﬂ
A D3& v A A E(microglia) o] A E W, D3 &3+

, 2k, diE 3, 2, HAA (limbic system) 9F 2= ‘:'H
FHEHA FEAPP DI A7 95} Folshd et
CA1 F9JollA] wstol] oJgk Alx &/do] AlEE Ao BiE
AL IS A D39] o] HAaE A, HERR DE X FskH
Bate] Fodo] glojXitks Bzt 9o, siutel Fx AI7A
ZH]| kol A D37} FEEAT} HR2A] AAaZd| o8k A E9
&S A Ar dEAGY E3 D3E ofwA E(glial
cell) o] ZH2-3}ed glial cell line-derived neurotrophic factor
(GDNF), NGF, transforming growth factor (TGF)-82,
neurotrophin (NT)3/NT4 ¢ 725 2143 B4 THlE
A RS Wang 572 D3E 57 R Rl
735 tellAl GDNF 9| W&o] #A3] F7tstn, FofEd <]
Ao oJa AT FAo] Hadhe Ae stk & A
57 W& Folg D37t sfuke] FAA ]E"ﬂ"i A o=
A ABAE 4 QoA ojd W3tE o
9l8ted ’\]Eﬂﬂmﬁ‘r T3 D3| 93 dF Aol %‘E Lk
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E Ao A+ 57712] 9] mongolian gerbil (Meriones Unguic-
ulaus) S AZ 80UA 100Y€ Atoldl (A= 50-70 gm) U
3101 AHEEFA AL, /\}%7] Z A3 52 A5EA 43
Z 57vlE] & uriEle % 2492

ubﬂi /\]—% P%\Jl BrkEle 8% ZeEs 34 43

(Table 1). A1
(154 mM NaCl, Sigma, 1 mL/kg/day)& 27} W= FA}s
Atk Asdel 42 FAFULS 1087 428 T AVFAZ L
AJF A F ALY, A3Y, ATl ZAAAE Al
Xﬂ]24(n:19)3 UZ FATY AF 4YARH AFste] 547
2:3}o] D3 (Calcitriol, Abbott lab)E 08 upg/kg/day (2 ug/
mLXO,4 mL/kg/day) 9] L2 27 U FAF F4E 51917,
A5del = %735”"% 101"?7L A& 3 AJFAAT A2
T GA ATRF AF T ALY, A3Y, A7 ZAHAE A3
Atk AL (n=7)< D3& FHAZ 7Y HEH 847 A%
slo] 27 Y2 A=, Y D39 %2 1.0 wg/ke/day
(2 pg/mLX05 mlL/kg/day) o]tk A3Yel Ud& FHEY
= 1087 A2 & AJAFAAL, AAF AR F 2407 A

°ll ZAHAE Agetit

+ D3 0.8 wg/kg/day (2 pg/mLx04 mL/
lﬂi Roi8 292(0=6)% 4958

oA E4statt #FIA ol A
ey ﬂl:ﬂs}aivk A2 Fole Ayl

Table 1. Number of animals used in experimental ischemic
groups

days following bilateral CCA ligation

group treatment ] 3 -

1(n=18) saline (1 mL/kg/day) 5 5 8
5 days

2 (n=19) D3(0.8 ug/kg/day) 6 6 7
5 days

3(n=7) D3(1.0 uglkg/day) 7
8 days

CCA, common carotid artery.
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g3 desEe 5]'5}5*/117]% *}—9‘0}04 B =
£33} ortho-Cresolphthalein complex one?] W0 &j3l A
Eo] LS Hitachi 7150 (Japan) 22 #=dle] Z43]E
ZA319cE 93 W AH 2ol ion selective electrode
(Easylyte Calcium, Medica, USA) ¥ Na/K/Ca/PH ana-
lyzer solution pack (Medica, USA)S A&t 72+ A9
ZA3}E Wilcoxon 2-sample testZ 7] 22313tk

M| 5{8lo| £

Gerbil9)] UH% ketamine (10 mg/mL)< 7} W(009 mg/
kg) Z FHSIUL HAEe] PN e dFE wF F 9
T AL B3] S8t v A5TEH Als § 7lold |7t
A 30% o)A %A 222K Fruke 52K/J thermocouple, Fruke
Inc, USA)E A% ol A4dsta 2845 (heat lamp) &2
ARA G 36-37C Ato|Z FAAZTH

FE A FPE Fa] S8t gerbile YR AHA
713 738 AAE wet £HOE 15 em B& IRE Afd
Atk G FHETUANA FHO AA XA vFAAE S gt
= 9 (Surgita aneurysmal clip, temporary STD
type, Mizuko Ikakoryo Inc., Japan)& AF&&te] GHE T4
of 10%7F Adeisich 108 F FHe AAsY, AAFE 2
g Fakzo] dojube e SRIsksith

|

o

H A7+ ketamineS E7F WZ FYsto] np2A7]
& G2 AE AA sl 2471014 AwdlE
bk 3?— @%ﬂ%’il‘% A 0.1% heparing E3H 244

FAA HAANAN D AATE F, 1FH(01
phosphate buffered, 4% paraformaldehyde solution)g 13
cmH:09] o % 307 HFAA HE AT AFL
o] B gerbils WSt FAES AAGL HE Aol
4% 73 X2w 8% ol IHA F 2 mm FAZE &
A AUSYOn, o5 24 AH AL suke) sk
B7t TFHYPEAE §otoF Folgyth o] EAMH e F
AALHYS AH 5 um WA 6 pml FAZ 9% W9 =
B2 AT, AuEad-oled gaee s FANE
wsks Faetith

>
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a2 g s 23517 $leiA D3 08 pg/kg/day (2 ug/

mL X 04 mL/kg/day)E 597+ Fost HAF(n=6)3 249

£ 597 Folgt tjx2F(n=7)lA HIzAseAE AlE

gk 217434 &4 =o)X GDNF, bFGF, PDNFo| tjst
& AMEste] D3¢ B Fo7h Hx2F 9] AR =4
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o] Igol Msls dor|=AE A

1o 2458 Hsu 2 Raine (1984) 9] HPHS wgs
peroxidase-antiperoxidase & AHE3IITE 7Hes)
gt} sl 5 um AHE 4} A9l GDNF (1:50: polyclon-
al, sc-328, Santa Cruz Biotechnology, Santa Cruz, CA, USA),
bFGF (1:80: polyclonal, Santa Cruz Biotechnology), PDGF
(1:50; polyclonal, Santa Cruz Biotechnology) ¢} 90%7} wH-
AlZ1 3 LSAB kit (DAKO, Santa Barbara, CA, USA)S
AF2-3le] peroxidase-antiperoxidase complex®t WHS-A|ZITH
Peroxidase HkS-0 AA3E 9} streptavidin® 2 7F7} 208 H-&
3l & AEC (3-aminoethyl 9-carbasol) &} H23}5th Al Z 9
48 1) A3l Meyer Slis a0 dalsar, 93 ¢
AZ VRS WROR gAste &4 UEEeR A8Hs

A AT ] Azt A3ol= sinte] CA1 A subiculum-
CAl 9] B CA2-3 HSoA A7A x| HAS Fetdn 7
o2 ZA4sisth AlTdel= slvke] CA1Z CA2-3 H-$lolA
AR EL HAS SR EH, CAL F9E subiculum-CA1
3} lateral CA1E TR oju] IS a)sle] 2 AH
< AT 7 BN HAS Bole Azt A2
HIE 739 ARAE &4 A5g v o] Hrteld
£ogol AAEA U= A5 Wekele(0), 2 Sl S

> A ZAEAZ} A 273 29
=2 AL(1+), 25%°014 50% 1]
) 50% ©1’%e] A7M 27}
R 7 A

Calcitriol0f] 2|st ME LU EF LzA| B3

14 mg/dL, n=6; WZ, 102+0.7 mg/dL, n=7, Wllcoxon
2-sample test, t-test approx. significance=00125), A 24
A(Ca™) G Aol vzzol W& AT EUHD3
FoE, 16402 mmol/L, n=6; hZF, 12402 mmol/L,
n=7, Wilcoxon 2-sample test, t-test approx. significance=
0.0358).
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Fig. 1. Neuronal changes seen in 10-min bilateral global ischemia with reperfusion for 24 hour in D3 injected experimental group. (A)
Neurons in subiculum-CA1 show fragmentation, clumping, and pyknosis of nucleus. (B) Neurons in CA2-3 show eosinophilic inclusion

bodies (arrows).

Table 2. Number of animals with histological grading of the
damage in hippocampal neurons at 1 day following bilateral
common carotid artery ligation

Table 3. Number of animals with histological grading of dam-
age in hippocampal neurons at 3 days following bilateral com-
mon carotid artery ligation

None (0)  Mild (1+) Moderate (2+) Severe (3+) None (0)  Mild (1+) Moderate (2+) Severe (3+)
Saline (n=5) Saline (n=5)
Sub-CA1* 0 0 3 2 Sub-CA1* 0 0 2 3
CA2-3** 0 2 3 0 CA2-3** 0 2 2 1
D3 (n=6) D3 (n=6)
Sub-CA1* 1 0 0 5 Sub-CA1* 1 2 1 2
CA2-3* 0 1 1 4 CA2-3** 1 2 3 0

Sub-CA1: subiculum-CA1.
*: p=0.065, **: p=0.074.

TR A~A
OIEF(M12)2 527t DIE FASH SR (M)
AHAF AL subiculum-CAl 99 FAAE} SAA
Alxdshg B4 *O‘Z‘Jﬂr 22 WS HolA 34 BYA

2 743 AT CA2-3 H919] AANEAXE A 2]
7b B UCHFig. 1). Subiculum-CAl #$]9] AAME &
$3k CAZ-3 HelolM B4 BYAE Hole AE WEE
A}

D3& 547+ FARE AglFa) 597 AAFE FAN t 2T
olo F¢J3t xfo]7F UATH Table 2).

A7 A3del @7 thz2FolA AAMEZIA 2 AE
ZFHA} subiculum-CAl % CA2-3 F$olA T&ESY,
lateral CAl F9joll= WY NE7} EEA EQAT HZF
2 BEHJYHFig. 2). Subiculum-CAl % CA2-3 F9] A
ANEAS s AP oz Abolell fest Aozt §ilc

Sub-CA1: subiculum-CA1.
* p=0.102, **: p=0.726.

(Table 3).

A#F A7 CAL F-Lox Aat M= 294 AAA
EFAATL ti27 8ute] F SrfelolA HEE ‘iﬁ(Flg 3). A
FroMe A AAANEHA} 7o) EFelA] ¥
AHp=0.013). A7AE] HAS ek F9 Ujr
g2 v, lateral CA1 F-919] AAM 2] &2 tixol| H]s)
Aol A F354 7H4% WHH, subiculum-CA1 ¥ CA2-3
B9 AAMNE &4 Mes i AP Aold foe
Zpo]7F A ATH Table 4).

87t D3 FAfet AT (HI3T)

A3z ALzolt A22sh thEA ARF F 2441000
S 248 2500k A Tl A Pk A e
= AN G 3 isue] B8 Aae] BaRI,
B oA 3 GRS BURIAA PUAE 2ol L
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Fig. 2. Neuronal changes seen in 10-min bilateral global ischemia with reperfusion for 3 days in D3 injected experimental group. Neurons
in subiculum CA1 (A) and CA2-3 (B) show pyknosis and karyorrhexis of nuclei.

Table 4. Number of animals with histological grading of dam-
age in hippocampal neurons at 7 days following bilateral com-
mon carotid artery ligation

None (0)  Mild (1+) Moderate (2+) Severe (3+)
Saline (n=8)
Sub-CA1* 0 1 0 7
Lateral CA1** 0 3 0 5
CA2-3"* 0 2 3 3
D3 (n=7)
Sub-CA1* 0 5 2 0
Lateral CA1** 5 1 1 0
CA2-3** 2 0 5 0

Sub-CA1: subiculum-CA1.
*: p=0.405, **: p=0.011, ***: p=0.338.

et T uhlold A2 vsikrel e Aale] WA
el @ el 5713 Hge] gigle

MZAs SZ0f| LSt HAXZSISIZAL A

tjz2ol vlste] D3 FojFo A bFGF wdo] A 594
A SR HAEe] MEZS) Aol 7He bFGE
OFA wk-S B ItH(Fig. 4). GDNF$} PDGFe] ¥&2 D3 &
ol 3tz Atelel] ofm) Sl zpol7t glSith

o

S92 A BAsks ARAE £ 7S Eel7]

et Al glo] 45 T4 A o3 A ¥ H
= B A dxgd o] AP ATE F
AR gerbill Al 1087+ 45 F745H0E 22 F ARFAIH
siute] FAME7L FA AP E AAQY AHNE &4 B
t}. 8lutY] subiculum-CAld] Q& FAAIE ATAF 64174
ojn] 243}, S e 274S HolwM wH7| AEL
A7 F 3delle ulFEe] FAMEF §lojA = vhd, lateral
CAl HSoME FANZZ vlwd 2 FAEUG 2o,
AHF F 59 o]Fo= CAlY YE BE FAM T} 3175
T HReA WAL} 22890 E, subiculum-CAL H$o)
A FAMEZL v W] g5 ¥, lateral CAL F9]
o] FAMEE AH8] g =] EAHQA ARG AE &35
HolE 2 & & AUt

B AN AT gzl SAsE sjnke] A7
AE &4 vssls o AdF F A1 2 A3l v
3 Ao AFAE WS Bk AT s gzl CAl
A 598 sk AYAHA AR AFAEHALS Hel bl
B, D3 Folgt A2deEe] 49 T4 lateral CAL F-9]
of A FAMEE AFAA AAY AANEZAAYE HolA &
k. sfimke] 7 QoA BAskE AR MAS 9
2 HwFS ), subiculum-CAl #9} CA2-3 H9¢] w3}
14, 3%, 79l BT AP oz Afole] Apolzt Gl
3, lateral CA1 F9lol Sl= AEAEY] MALS 7] AP
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Fig. 3. Neuronal changes seen in 10-min bilateral global ischemia with reperfusion for 7 days in control group (A, B) and D3 injected exper-
imental group (C, D). (A) Control group shows diffuse degeneration of neurons in CA1. (B) Higher magnification shows necrotic or apop-
totic neurons. (C, D) D3 injected experimental group shows well preserved neurons in CA1 and CA2-3 area.

oM foal ZaEAT ol AAL sjupilA WAEE 3
G AAAES] WAl A D3ofl oJgt AAM ] BT 7K 0]
39 o]Fof ZFPE = lateral CAL HHo J= FAAMEL] &
e AdAshE U T2 2k AS 9nsith

2 A7 A D35 08 ug/ke/daye FEZ 5U7F AAA 3
A5ol 8% g Agoled e Uxgel vig o 9l
Al S7HE e dH Aol Wang 570 AR 22 55
(10 ug/kg/day, & A9 A3+l ) = 8Y7 D3 ¢
St Az o] gerbilo] A3 A4S B, AAF F 244

ol A

&igo
R B

ZAAA I & rlel g AlQld YA 6rle7) g
£ s PELs Aske AN AAS
Bk 019} 7o) E£39] D3E EojgS u] Ay} g AL
AHESH TEY] TR AF Wol tE27] Yo 343
o} A3TAME % ZEFEES SHA ol A £3)
L o} 2= AT A2 R Wo] LEke Ao 7 A% &
itk o]e} o] D3 Fojaf] whaby MM L Aol oA
HAY 2388 t Ald ME £ ZsEE, D3o) 93k Al
AR B3 a3k D3 Foigd wgt tEA Yehde A ¢
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Fig. 4. Immunohistochemical findings with bFGF antibody in D3 injected gerbil (A) and the control (B). The bFGF expression was
markedly increased in cytoplasm of thalamic astrocytes as well as in background in D3 injected gerbil compared with the control.

& o o9} 2 A3 AIE Brewer 50| 33 vt 4173
Aaze] vl A 1-100 nM 9] Y& w=9] el D7F NMDA
9} FFEeRAlY] 93t AIATERA A excitotoxic insults) oA
AZANEE B3 ¥, 500-1,000 nM¢] E& FEe] H|E
7l DE BoAgo] fle A st HE Do) Hagrt
oo wet dEXE A Bud upel 2kt i FReat
o ogt NEHAS Yo7l FHAMEr oA D3E A 8=
Al AsmelMe srel v B3t FrheAT
1,000 nM 9] thaFe Folshs A$de Haasyt FaHit
£ A7 Bt ATk old &AL ue] D3vF HeAES
9318 AAEA ofH AFEAE doflte AL ouist
ot webA D3E AMEE 9 Aget RS Agsis Aol
% FQ8)

D3¢l 93 AN ZH G20 711 o} A3 A
Ae &tk Ty D3E T3k Fofl U AJ7ke] A Foil
U B3 e A B ARAE Welshs B4 cyclo-
heximideZ 7ro] ot D39 Ba gyl dAEE 42740
2 Hol, D3 Fojo| o3 HIAAE 7H= ojd 2R Tl
o] e Aoz ALY F kY D3R AAAEH A
ionophore$l A23187¢] 108-7F kZar] LAd A Z=A o}
HREA AaZo) o3 MEEAL AT 2 kY T v}
NZANE wdel M D3 BRZANMY} vl7IAZ L-type
voltage-sensitive Ca®" channels (L-VSCCs)E A 3o 24
ARNEZE Hoshe 248 BY4” L-VSCCst 3t 8wt
oA F7HE ™ AAME] FHopdh FHo] e AR dEA
o’ Jy o]d D3¢ Hug3) Wi E D37F A EAEAE

|

4 o

Yosle WA SN AZABNE ST AE
Hy =k

S8 9 AN el AE Hel T7EE SFEAH
e FH9 AAERAchle 159 £aA0 Aol
A Yol Ca**, Na+, inositol 1,4,5-triphosphate (IP3), dia-
cylglycerol (DAG) 59 EAS Z7MA AN AI &45 o
STA Aok 1 FolM ZgolE 7P Bel F7kskH A2
WA M % 9T ste o & dEA Uk dFHe
2 8% dgolRe] S7HEH tH] SE-AaraA WA
AZARA ks o) B8 Wl Q2adn §8
HHE d0717] Ao Zgoleg Foldhz 735 WHol 74

= AL BuERE? o)d Baase Zgo)Ld 93k A
2] & ¥} (preconditioning effect) 2 a4 T}

D37} A4 BAE SIS 71AE o g4sHA ¢
A okt Aol JFS ¥R FA g TF D3E
Bt A9 % GDNF #38]7} Z7}8lw, 24 jonophore ¢
A231870] Q17| U-87 A REMEF A EFo|A GDNF 2dS
STWIFIA Se &40 F Hol D3 Fojollx AR 40
Z71e 71306 ol ol BolaA Sk e 710] 8%
AL & 4 AnP T Zajol TGF-49 el D Azdd

rir

A7 Aboldl gk A7E ol Ao] wAT? o)k o] D3
Fole ARME HeAgS 2he S AR &2 ¢
LIe At F A

FFE FA Erk mEA Zgole
gol F7M7IA &1L A 249 #HE F18e D3 &
< o 79 248 AT AT AFES e Aol
F83lth =39 D39 715E A

>
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N Zjeh A
B AN RxAF A PEeR BBH GDNF,

bFGF, PDGF &)X D3 $47} bFGFE Autz oz &3
3 F7M7IE Ae & F AU bFGF+ superoxide dismu-
tase9} glutathione reductase®} 72+ AHF71& A Ak &4
o] &S FRsto] WA AbnFo] Fojdhs AE &4 o

Algek. GDNF &} PDGF O] W& 3 Aol 7} ISich
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