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Effect of growth hormone on neuronal death in hippocampal slice cultures of

neonatal rats exposed to oxygen—-glucose deprivation
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Purpose : To investigate whether growth hormone (GH) has a protective effect on neurons in hippocampal slice cultures of

neonatal rats exposed to oxygen—glucose deprivation (OGD).

Methods : Cultured hippocampal slices of 7-day-old rats were exposed to OGD for 60 min. Then, the slices were immediately
treated with three doses of GH (5, 50, or 500 OM) in media. The relative fluorescent densities of propidium iodide (Pl) uptake
in the slices and relative lactate dehydrogenase (LDH) activities in the media were determined and compared between each
GH—treated group of slices and untreated slices (control) at 12 and 24 h after OGD. Immunofluorescent staining for caspase—=3

and TUNEL staining were performed to observe the effect of GH on apoptotic neuronal death.

Results : The relative fluorescent densities of Pl uptake in CA1 and dentate gyrus (DG) of the hippocampal slices in each
GH-reated group were not significantly different from those in the untreated slices at 12 and 24 h after OGD (P> 0.05).
Treatment with GH could reduce the relative LDH activities in the media of the GH-treated groups only at 12 h after OGD
(P<0.05). Expression of caspase-3 and TUNEL positivity in CA1 and DG of the slices treated with 50-IM GH were not different

from those of the untreated slices at 12 and 24 h after OGD.

Conclusion : Treatment of hippocampal slice cultures with GH after OGD does not show a definitive protective effect on
neuronal death but can reduce the LDH efflux of the slices in media at 12 h after OGD. (Korean J Pediatr 2009;52:588-593)
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VA Al HE 2t QleAE datstalat skl

1A4 A9 s A we

A 5 799 SpragueDawley 72 HE vl3 T AASA
th AFEES H AAE dedgta APEE A &8 el
oAsI Attt Wt el 2 ZA AAE ¥HE ¢
] R 2§ 39l 2 Petri dishellA dwkE 28 s)
ot #2sk sivte] Fo F91E Mcllwain tissue chopper
(Mickle Laboratory Engineering Co. Ltd, Goose Green, UK)
2 350 0m FAZ vt T4 FAE 5ol FA=A A=, &
27w} AHLE 12-14TC buffer €9 (modified Krebs—THeseleit
soultuion; cutting solution)®] ¥& ¥ Ed 3 25 A3t
ot Modified Krebs—Heseleit solution== NaCl (120 mM),
KCl 2 mM), CaCl, (20 mM), NaHCO; (26 mM), MgS04(10
mM), KH.PO,; (1.18 mM), glucose (11 mM)2} sucrose (200
mM)E 23 on pHE 749t} dut AL Stoppini 579
Wilel whel xZeo] F7)9h wiekde] % HE 7Fsd mem-—
brane-interface technique® @ w3ttt 7HekslA] A shd
Z Aely vl EHE semiporous membrane $19] insert
Millicell, Bedford, MA, USA)ZE %31 ¥ insertE& 1 mL/well
o] wjeFdo] 5o Q1= 6-well plateol] FHoJE Tt dFt+e] insert
of 47)9] sfint HH-& o] wjekstitt 10 sk MYk FAIsk
AA woF Foll 2-3Ye) s A wjekdlS Wkl QT vk
2 pH 7.2, 50% MEM (minimal essential medium), 25% HBSS
(Hank's balance solution), 25% horse serum, 6.5 mg/mL
glucose, 2 mM L-glutamine® 100 U/mL penicillin, 100 Og/

mL streptomycing ¥33}3 T}

2. Aa-xwd v (oxygen—glucose deprivation,
OGD) ¥ Az =28 &

10971 vljekst slint Aol AAHI 318 H<E=Ad) AR &4
& 27 9)8) Frantseva £'70] 19kt submersion W22 OGD
5 FEesith OGD % €9 I3 vk, xrgo] gle
buffer & ollA AbAE A|AE & (deoxygenated, glucose—ree
OGD solution)& AHE8FATE OGD €92 NaCl (120 mM), KCl
2 mM), CaClz (20 mM), NaHCO3 (26 mM), MgSOs (1.19 mM),
KHzPO, (1.18 mM), sucrose (10 mM)E 3-&35HH glucoses= E3F
A ekgkar pH 745 FA83lH OGD &9l 95% d29}
5% o)atstekare] &3 7t E 304 ©1% B AlAA (bubbling)
Ll el 2kAE e8] A A B THdeoxygenated, glucose—ree
OGD solution). 24 ¥} well& OGD 3 S0 13 A& &
OGD & £94& semiporous membrane o}2fe} ¢lo zH2} 1

mLE 2] membraneol] F-2H¥ sjv} AHE OGD g-Ho] ¢H43]

G2 59tk o] airtight chamberol] Yo 60%-7F 37°C wj%kr]
of A wjeFslaitt OGD7F € & %23} wellS horse serum=
AATE 712 wjkRo R 13] MF o & A AxFE dFE=2
FrE=zR" LG Co. Korea) Z7Fsh 7% wjokeloll A 48417k 52
kS F-438H k. OGD &A% FaxF AxdE dgds=22
Y] o2 Ure] 00M (i), 50M, 50 OM, 500 IME- HjoFed
Folskgitt.
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1) propidium iodide (PI) uptake

AE AP =S B2s7] 98] AP AIES PI uptakes 3
A e AR wEskglth OGD F7] 2A1%F e 243
well& buffer £N0 2 23] A3t 7|z ajFHdel PI 0.5 Og/
mLE F7kete] OGD AA7HA 24F A% wjFaqlet. ol %
OGDE 7] A4 Aol 3 dAndoz sfnpdHe] Cornu Am—
monis]l (CAD™} dentate gyrus (DG)°lIA PI uptake J &5
28l digital camera® #93I3ItE OGDE O 2 HAS M H
T 60 B OGDE il 7| & vkl o AHstar o] % plgk
ARz Bl M7k 71x vkl A wljekstHA OGD ¥ 124]
Rkt 247170l PI uptake =5 vk 282 CA13} DGOl &
Zatal ZJetqlch 48A17F o] % A4S 4T WAarel] Yol glu—
cose free OGD &-o|A] 24117 vljekste] dflnl AA L] BE A2
5 #<2 T PI uptakeEs thA] #asta #4313l Pl uptake?)
#2-E rhodamine filter7} Q1& 333 @v)7d Olympus) &= 2
3tk &9 % PI uptake: image analyser (Image—J, NIH,
USA)E o]€3l9 fluorescence densityE 7331tk A th4
fluorescence densitys 73t T2 Fo+ (5, 50, 500
OM)#} FoshA] b2 ezt vl askittk Aol4 fluorescence
density® o ¥2& AMg-sto] AAbetitt

A fluorescence density = ((Fy =Fo)/ Fmax — Fo)) X100

F; A2 A7k Z4 3 fluorescence density, Fo; OGD

Aol =38 fluorescence density, Fuw: 25 AEES ¢ & =

ox N
o N

A fluorescence density)

2) #j%Fe! LDH(lactate dehydrogenase) 4%

A3E APTE] B THE A RE S AL el 4] wljeFd o
2 12 LDH 2455 wiekeels S43k3ith 0GD § 124
b} 24713 e vkl 1 mLE 38k 70T d#A Bast
STt ekl AF Al wjeF FQ1 vl HAE FAlel s A
—70Cel Y% R#A3SITE LDH 572 spectrophotometer® &
A3k 3l Cytotox 96 cytotoxicity assay kit (Promega,
Madison, WI, USA)E ©]-&33ith vk} vje] LDH &85+
W A 24& &3] g3lste] S e LDH &4 %9 HAl
ER 2 BA1% A4 LDH 452 BASITE 574% LDH
A s 4 TEE Tl 56, 50, 500 M)} Foiat
A oke- 2=t Alolell OGD $ 1241743 2447 el vl wakgith,
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4. Caspase-39 WY 3 A4z TUNEL 94

f?ﬂu} AHe] 27 AEL] MEZ APES #23517] $13) caspase—
39 WY g AT TUNEL f4s Algetqinh. wiofe vt
AHE OG 312, 24170l 4% paraformaldehydeo] 2A1%F a1
J3kA k. ©]F sucrose® At 70T 54 B35Sk A
g3 Z2AS cryocutl.® 10 Im FA2 A21 0.05 M PBSZE
AlF & 003% H202% A48kl Ao 30603t AE &
thA] PBSE A3} primary antibody 9} 3% W =<k incu—
bationg Al 3L PBS M% F caspase—3 antibody (Sigma)®
A & AF A G B A FF v ez SRSl
t}. TUNEL %A (TUNEL Apoptosis Detection Kit, DNA
Fragmentation/Fluorescence)< g3z Wl uwpel Alads1sd
3 3G dnjFor #AFEgit

SPSS (version 11.0, Chicago, IL, USA) A~
23S o]g3)e], Student's t-test, Kruskal-Wallis test,
Mann-Whitney U testE Al3a}3laL, Pte] 0.05 w]vtellA &4
Aoz fositt sl
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FEE 50M (@=8), 50 M (=12, 500 IM (=)= Foidt 7z}
o] oA OGD =& F 1243k} 244131l v xtol vla] F7
Aoz ou] gl ApolE #ET & A THFig. 1A, £>005).
OGDeol| =9 3in} 2H-E& CA1% DGOl Pl-uptake?] Z71=
Hojow A FEEGE0 IMSE X3 dvt AHe PI
o} 24A3bel] M A eHA] b2 dA &5
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& 4 ¢l Fig. 1B).
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2. B} LDH €4
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>
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Fig. 1. (A) The relative fluorescent densities of propidium iodide (PI) uptake in CA1l and dentate
gyrus (DG) of hippocampal slices treated with the three doses of growth hormone (GH) were not
significantly different from those of the untreated slices (control) at 12 and 24 h after oxygenglucose
deprivation (OGD; 2> 0.05). B) OGD increased the fluorescence of PI uptake in CA1 and DG of the
hippocampal slices. However, significant differences were not detected between the slices treated
with 50 M GH and untreated slices at 12 and 24 h after OGD.
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o|#] ¢ttt (Fig. 2, P>0.05).
3. Caspase-3 Hg 3 3} TUNEL 24

3 T2E 60 IM)S.2 AX g snp dH 9] CAL1F DGollA]
OGD =% ¥ 128} 241)7tef| caspase—32] & ¥} TUNEL %43
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Fig. 2. The relative lactate dehydrogenase (LDH) activities in
media significantly decreased in each group of slices treated with
the three doses of growth hormone (GH) compared with those
in the untreated slices (control) at 12 h after oxygenglucose
deprivation (OGD; P<0.05). However, the relative LDH activities
in the media of the GH—treated slices at 24 h after OGD were
not significantly different from those in the media of the un-
treated slices (77> 0.05).
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Fig. 3. Expression of caspase—3 and TUNEL positivity in CA1 and dentate gyrus (DG) of the

hippocampal slices treated with 50 OM growth hormone (GH) were not different from those of the
untreated slices (control) at 12 and 24 h after OGD (>X200 magnification).

- 591 —



KS Hong, JH Kang, MJ Kim, et al.

WS AAE ol o 24 d, 53] &fvh dE 24 wigs

I =
o] &3l "l o] FH QA o] &5 L %E]_9, 1622 _Z S ARl

=4
R IR IR e I RCR DA 8 T A ]
Fhstel AR ) BI5E S-S FUE ol A
3 Pgep

s
= A Qo= B B GHE JJré-L%L T AT 2 A
A3} Shin S7¢] ‘?‘J‘TL?} in vivo A7+ A8} 2olE HE=

o]= ollE in vivo vitro®] 27 zfo] wjFEo 2 Az E T}
= in vitro9] 3% i —,Oﬂ e A3 T2 Eo] Ful A U Al
_\;_o" o]._‘:_ 740] lﬂ%é_ EP\O :‘I: olotq wak /\-]xl-ieio] in
vivoollA HAE B35 g35 Jel7] fsixe ¥ e stk
A, YA 8 2asl Edo] o3 Zlor AZEEY in
vitrool A= olgf gt Efo] F5I7] wlit o R AZIEHAY. 1Y
U 78 Al APE A3E] LDHE &4 %7 OGD =% § 12A|3F

of HAEZES A
el gaEs

ookl ou] QA AT WEel
o A7 AlE BHE g5 ¢ds] wiAE

et

sflupAsA wlg A ek el vls FEfEtA 07 in
vivoell 7Kl 4 Zhsakar Aol gt AeerA i e
A WA in vivoel ZAl §417F 7Fs it Wk Aaka
23 B8 weake] W e ATual ol 4RE e 5o
W 15 Gk Qi okEel fa ATl $& g Sl el
7t Aoz ojANL,

ATA B& B AT B3| A4 AR vl A e
OGDel e AA AMAg 184 St fAke £498 7

F ool JAE2ES AR 2174 AL Al tg 44

A AT B (oxygen—glucose deprivation, OGD)
Z5 A FF dinf dHoA s 2] A AE BT

W ekl A 7208 ALY 419 shek AEE 0GDe 60
B2 2 A O ] U A 99 4P £226 50

Foistal OGD =% § 12 9 2427k 3
ul A 0 *JEH@ propidium iodide (PI) uptake®} BljFel 2] Zdj
# lactate dehydrogenase (LDH) 845 43l 3 32

=~

<

N

<

=

<z

=

2 AT A T2 XA 2tz Akelell vl skl
o} A7 MAEL] A APl tist T 2R g AEsk
A} caspase—39] WY FF PG TUNEL 48 Al

A3 D) 2] e Al gue) AAEEEe AXE vl 4

o CA1%} DGC’ﬂ’\i i PI uptake= XA o822l
1l OGD =& & 12A17H 24417t 2Jm] Qli= =fo
AUTHP>0.05). 2 43 LDH &Y EE OGD =% F 124
oWt g TEEE Folst 7o wjekdelA tixtel Hls) FA
Ao o] Al a3l thHP<0.09). 3) 4% T2E(50 OM)
o2 AHXgt sjvl A\l CAlY DGoﬂ/ﬂ caspase—3 233}
TUNEL %49 & 0GD % F 129 2417kl o223}
2ol &

g ol

3k

Eol A et

References

1) Lobie PE, Zhu T, Graichen R, Goh EL. Growth hormone,

insulin—ike growth factor I and the CNS: localization, func—
tion and mechanism of action. Growth Horm IGF Res 2000;10
Suppl B:S51-6.

Hojvat S, Baker G, Kirsteins L, Lawrence AM. Growth
hormone (GH) immunoreactivity in the rodent and primate
CNS: distribution, characterization and presence posthy—
pophysectomy. Brain Res 1982;239:543-57.

Lobie PE, Garcia—Aragon J, Lincoln DT, Barnard R, Wilcox
JN, Waters MJ. Localization and ontogeny of growth hor—
mone receptors gene expression in the central nervous
system. Brain Res Dev Brain Res 1993;74:225-33.

Ajo R, Cacicedo L, Navarro C, Sanchez—Franco F. Growth
hormone action on proliferation and differentiation of cerebral
cortical cells from fetal rat. Endocrinology 2003;144:1086-97.
Gustafson K, Hagberg H, Bengtsson B, Brantsing C, Isgaard
J. Possible protective role of growth hormone in hypoxia—
ischemia in neonatal rats. Pediatric Res 1999;45:318—23.
Scheepens A, Sirimanne ES, Breier BH, Clark G, Gluckman
PD, Williams CE. Growth hormones as a neuronal rescue
factor during recovery from CNS injury. Neuroscience
2001;104:677-87.

Shin DH, Lee E, Kim JW, Kwon BS, Jung MK, Jee YH, et
al. Protective effect of growth hormone on neuronal apoptosis
after hypoxia—ischemia in the neonatal rat brain. Neurosci
Lett 2004;354:64-8.

Chang YP, Jung MK, Jee YH, Cho JJ, Lee SB, Park WS, et
al. Possible neuroprotective role of exogenous growth hor—
mone on hypoxic—ischemic brain injury in neonatal rats.
Korean J Pediatr 2004;47:1210-5.

Pringle AK, Angunawela R, Wilde GJ, Mepham JA,
Sundstrom LE, Iannotti F. Induction of 72 kDa heat—shock
protein following sub-lethal oxygen deprivation in organo—
typic hippocampal slice cultures. Neuropathol Appl Neurobiol



10)

11

—

12)

13)

14

15)

Effect of GH on neuronal death in hippocampal slice cultures of neonatal rats exposed to OGD

1997;23:289-98.

Pringle AK, Iannotti F, Wilde GJ, Chad JE, Seeley PJ,
Sundstrom LE. Neuroprotection by both NMDA and non—
NMDA receptor antagonists in in vitro ischemia. Brain Res
1997;755:36—46.

Cho S, Liu D, Fairman D, Jenkins L, McGonigle P, Wood A,
et al. Spatiotemporal evidence of apoptosis—mediated ische—
mic injury in organotypic hippocampal slice cultures. Neuro—
chem Int 2004;45:117-27.

Berger R, Jensen A, Paschen W. Metabolic disturbances in
hippocampal slices of fetal guinea pigs during and after oxy—
gen—glucose deprivation: is nitric oxide involved? Neurosci
Lett 1998;245:163—6.

Garnier Y, Middelanis J, Jensen A, Berger RJ. Neuropro—
tective effects of magnesium on metabolic disturbances in
fetal hippocampal slices after oxygen—glucose deprivation:
mediation by nitric oxide system. J Soc Gynecol Investig
2002;9:86-92.

Noraberg J, Kristensen BW, Zimmer J. Markers for neuronal
degeneration in organotypic slice cultures. Brain Res Brain
Res Protoc 1999;3:278-90.

Macklis JD, Madison RD. Progressive incorporation of
propidium iodide in cultured mouse neurons correlates with
declining electrophysiological status: a fluorescence scale of

membrane integrity. J Neurosci Methods 1990;31:43—6.

16) Stoppini L, Buchs PA, Muller D. A simple method for
organotypic cultures of nervous tissue. J Neurosci Methods
1991;37:173-82.

17) Frantseva MV, Carlen PL, El-Beheiry H. A submersion
method to induce hypoxic damage in organotypic hippocam—
pal cultures. J Neurosci Methods 1999;89:25-31.

18) G[Awiler BH. Organotypic monolayer cultures of nervous
tissue J Neurosci Methods 1981;4:329—42.

19) Gatherer M, Sundstrom LE. Mossy fibre innervation is not

required for the development of kainic acid toxicity in

organotypic hippocampal slice cultures. Neurosci Lett 1998;

253:119-22.

Xiang Z, Yuan M, Hassen GW, Gampel M, Bergold PJ.

Lactate induced excitotoxicity in hippocampal slice cultures.

Exp Neurol 2004;186:70-7.

Holopainen IE. Organotypic hippocampal slice cultures: a

model system to study basic cellular and molecular mecha—

nisms of neuronal cell death, neuroprotection, and synaptic
plasticity. Neurochem Res 2005;30:1521-8.

Dailey ME, Buchanan J, Bergles DE, Smith SJ. Mossy fiber

growth and synaptogenesis in rat hippocampal slices in vitro.

J Neurosci 1994;14:1060-78.

20

=

21

(2

22

=~

- 593 -



