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% —BE{LEF (nitric oxide, NO) &MFEMETY) A TR F > (erythropoietin, EPO) 7% & 112 EPO § %4k (EPO-receptor, EPO-
R) OFRBUEE 5 2 & CHITHEEEROBEMERN, &5 METFHABA L PL) A0HRIF >~ (recombinant human
EPO, rhEPO) MIENEMI%X G2 & 2 Mg Ml (R R 2 RET 52 & TH 2. IR o B MRl & W2 i+ 2 =
DL, BIEFTRTOEE MM GGE TSRS . FORIGMERE EFEE &, fEmMIchLTE7HmAT
61.4+2.5% (471 £25/768 £30), # 14 HT24.7£3.3% (170+19/687 £17), #28MH T2.8+1.4% (22 & 13/794 + 75)
Tdh o7 HBFNRETICBWT, EFMERTEERIBMIEEA EPO M, METE RIS A EPO-R Y, »oFh 2o
#liL i3 NADPH-diaphorase [&14: T - 7z, T MEMZAGIIC L 0, M Hﬁ‘%lﬁﬂ’%éﬁ‘k‘ 8042 EPO ftE IRIBHINE AR L 7. —
¥, I REAILIC &5 & % NADPH-diaphorase AL O b3 (50 13, 45 49iH T20.3£2.7% (255 + 55/1244 + 116),
HTMAT47.0+£2.6% (451 % 75/956 = 132), #5149/ 1 T99.0=7.2% (604 = 70/608 + 43), #5284 T90.5-2.7% (130 =
9/151£19) T -7z, rhEPO &M HEIEM$EY- (5000U/kg) +4 2 &124h, NADPH-diaphorase 5§51 41 i A&k 0> L 26
WHBEIETL, W7HAT34.7+:1.3% (885 11/1111+44), H 14K T753+£4.9% (572 + 64/761 £ 96), &i28%5H T
80.9+4.9% (164 £39/201 £37) TH o7z, —J5, EFMEMNE, H7HATI5526.0% (530 £27/704 £57), #5144
T42.6 £ 6.7 % (300+59/702+ 32), H28MH T82+£0.5% (57+11/703 +145) EAFTFIHML . L ED#RE LY, F v
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Key words facial nerve axotomy, retrograde degeneration, erythropoietin, nitric oxide, brain stem
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Abbreviations . BDNF, brain-derived neurotrophic factor; EPO, erythropoietin; EPO-R, erythropoietin-receptor;
GDNTF, glial cell derived neurotrophic factor; GFAP, glial fibrillary acidic protein; L-NAME, L nitro-L-arginine methyl
ether; NMDA, N-methyl-D-aspartate; nNOS, neuronal nitric oxide synthase; NOS, nitric oxide synthase; PB,
phosphate buffer; PFA, paraformaldehyde; rhEPO, recombinant human erythropoietin
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A7 (glial cell derived neurotrophic factor, GDNF), [l
i S %S A8 T~ (brain-derived neurotrophic factor, BDNF) %
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T =5 A NEESHEN E TV W 7)) -5 I
B 2—tEF (nitric oxide, NO) B L-7 IV F=r 2L L
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Iy R e A IR AN 1A Wf'lhfi‘fIIIHML UM 2330 & Ao
’D%U, FEAE Z ORI NO O W 1j- AT/ & LT v 2 #9030, 'fJ
VTR S L, A 8 4072 NO AL % 6
O)I‘Hi"f’}?b%é Syl my f'|'ﬂ‘ﬁl..‘i£f’ I % A3 & i %J
A5 AL, NO AHUAEE 0 LB d 2« id pik it e
WEH2DPEIE LT /N) IThb.

AREFFETIE, BT v b nnY I N AT sl O) 7 & 5
WEVER L, BRSP4 & iR U, ARl
123517 A NO %) % NADPH-diaphorase #e{f 2 v THEE L
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AN L‘?ﬂm‘é DTE w40 ARE »J'}]Zf)m 5 A5 ET O
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BATE AR ENEE 2 U0 L 7. SELMm Al E w2 sz o
Eid, BRECEERGFHE D £ CHRBNOERIZE<HE»RS
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PEWLLTHEL 4, 7, 28BHIC& 3L, #1495 HIZ 9L,
FRENIGR Y O 7 — VERE TR L, AO8 & ) EifkEE
AT oo, WEWHIZIE100mM ) v R i (phosphate
buffer, PB) (pH7.4) {Z{EML724% /S5 RV LT LT
(paraformaldehyde, PFA) # il & 7z, {EMIEER, WL
m&mnw o BTN & ORI AT A SR & S O &

V2T T S R oo ] o s & i L 72, 4% PFA-PB
"1" i L, 4TI T24 G Wie0E S /a1, BRKQIEL /S5 7 ¢
WL A BT R SO 2 & 20 m O & Tl
BIL, REEIT 2B LA, AAERI oGNS £ 20 0 m O U)
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NADPH-diaphorase filik {55 ¢, rhEPO %4 M & Jidk 54
T EATIUMTR, WL, 4, 7, 14, zsm|1~ﬁ3m¢cwm¢
AL, Al & W RN GE & 47 /2. PBS (pH7.4) (2T
HMEHEfE, 100mMPB (pH7.2) (2 L2 14% € 7 ) P lElna %
T RN LT IF e N TR G 17 Fo. BRI e 2,
R L2 L, 4CICTAEMELE S 7, E51220%
PP AU —itiv s 7oL SRAL L 7o TR s & LR L L
il S, BT SO 40 maIE S THYIL
3A T 4 AGOMEY 2R L 7.
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IERIE T EY o~ F v =N T F 2§ — FH AR
(avidine-biotin-peroxidase complex) EIZTiT»7/. FL L ¥
(FYEHSE, KI) O TIE S 4, m OB B35 7 1 >
f, 100%, 90%, 80%, 70% NI ¥ / — L IZTIELZHAKL,
100mMPBS (pH7.4) Tikif, 3% BMELARENASY /-2 T
RAMEA—V+F 2y —Exdifi & &7, ED-1, EPO, EPO-R

DGIEGLTIX0.1% b7 2 0.1% CaClaZKiEHE IS T 20 434
MLt.lmePmsfkmm,MJHMHum$MMm%w

EPQ, EPO-R® s ety TIE 5% A F 4 3 L 7 (Difco
Laboratories, Detroit, USA) % % il T4 KIG & &, 771 7T
HEMERRME 814 (glial fibrillary acidic protein, GFAP), ED-1
FEYe o TIE 305 BUG S &7z itk & LTHIGFAP K 7 0
—F N IgGHiflk B00 1% ) (DAKO, Glostrup, Denmark), #i
ED-1E/ 70—V IgGHifk 250157 M) (Serotec, Oxford,
UK) %35#C104, LEPORY) 7 u— b IgGHifk (20015
Rl Santa Cruz Biotechnology, Santa Curz, USA), HLEPO-R:K')
70—+ VIgGHik (1000 {% 7 Santa Cruz Biotechnology) %
4TCT24 WM BIE & &7, WIcT B €4 F » LRkl
(Vector Laboratories, Durham, USA) # 20 M IE & 7. &
FIG{#12 100mMPBS (pH7.4) TikiL, Bulz7ey -4
Fr=NNF RS - EREHREL 0.005 %R LN
0.02% %7 3 /2 _yF 2 (Sigma, StLouis, USA) WL 2T
1T 17s.
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Fig. 1. Light micrographs with cresyl violet staining of the brainstem at the level of facial nucleus. (A and F; non-injury side, B and G;
brainstem injury on day 1, C and H; brainstem injury on day 4, D and [; brainstem injury on day 7, E and J; brainstem injury on day 28, A-
E; brainstem injury not treated with rhEPO, F-J; brainstem injury treated with rhEPO 5000 U/kg body weight). Almost a half of
motoneurons died in the brainstem injury model on day 7 (D) compared to non-injury side (A). Almost all motoneurons died in the
brainstem injury model on day 28 (E). Significant number of facial motoneurons remained on the lesioned side with rhEPO injection of
5000 U/kg on day 7 (I) compared to non-treated model (D) and on day 28 (J) compared to non-treated model (E). Scale bar 0.1mm.
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Fig.2. Light micrographs with cresyl violet staining of the brainstem at the level of facial nucleus, (A; brainstem injury not treated with
rhEPO on dayl4, B; brainstem injury on dayl4 treated with rhEPO 500 U/kg body weight, C; brainstem injury on dayl4 treated with
thEPO 5000 U/kg body weight, D; brainstem injury on day14 treated with rhEPO 10000 U/kg hody weight) Significant number of facial
motoneurons remained on the lesioned side with rhEPO injection of 500 U/kg (B) , 5000 U/kg (C) 10000 U/kg (D) compared to non-
treated model (A ). Scale bar 0.1mm.
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Fig.3. Survival ratio (operated/contralateral side) of the facial Fig. 4. Survival ratio (operated/contralateral side) of the facial
motoneurons treated with rhEPO (5000 U/kg) on day 1, 4, 7, motoneurons on treated with rhEPO day 14. Data are k== SD.
14, and 28. *p<0.01 indicates a significant difference.

Data are %= SD. *p<0.05, **p<0.01 indicate a significant
difference.
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VI. NADPH-diaphorase #8{#1t%

Nichols & ™ ® Ji {28V THT 5 72, 400 m DI & Ty
L 72 4L#&W K % 100mMPB T15 0k L7205, 0.3% D

Fig. 5.

i

Triton X-100 % {#f# L 72 100mMPB (PB-T) (2T 1540 vkis L 7.
0.5mg/ml®» NADPH (Sigma), 0.lmg/ml® = k1T 7 )L —F b
7 ¥ 77 2 (nitro blue tetrazolium, NBT) (Sigma) %, 0.3 % ® PB-
TTHEMLZREW P CT37HE, 455 M KIS S8 7. Jefufs,

PBS i L 7L /8T — MIDBEE X472, 7L a— )L THh
JIZTHEHALL.

iz, ¥ L CEML, 2277

Immunostaining for GFAP, ED-1, EPO and EPO-R.GFAP (A; non-injury side, B; brainstem injury on day14), ED-1 (C; non-injury

side, D; brainstem injury on day14) and EPO (E; non-injury side, G; brainstem injury on day14) immunoreactivity were increased on
lesioned side (B,D,G) than non-injury side (A,C,E). EPO-R (F; normal tissue) immunoreactivity was found in soma of the facial

motoneurons. Scale bar 40 . m.
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Fig. 6. NADPH-diaphorase reactivity in the facial neurons of the lesioned side (A and G; non-injury side, B and H; brainstem injury on day

1, C and I; brainstem injury on day 4, D and J; brainstem injury on day 7, E and K; brainstem injury on day 14, F and L; brainstem injury on
day 28, A-F; brainstem injury not treated with rhEPO, G-L; brainstem injury treated with rhEPO 5000 U/kg hody weight).
Note the lack of NADPH-d staining normal tissue (A, G) and on day 1 (B, H). Note also the marked increase in NADPH-d reactivity both
in terms of staining intensity and number of labeled neurons with time course in facial nucleus after brainstem injury. The NADPH-d
expression were markedly decreased in the rhEPO-treated rats (5000 U/kg) (J, K, L) as compared with that in non-treated model (D, E,
F). Scale bars 0.1mm.
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Fig.7. Time course of NADPH-d reactivity in the facial nucleus

on the lesioned side with or without treatment of thEPQO 5000
U/kg on days 1, 4, 7, 14, 28. Data are = SD. *p<0.05, **
p<0.01 indicate a significant difference.

YI. NADPH-diaphorase Bai4#ia

NADPH-diaphorase fllf {5 i 35> T NADPH-diaphorase /%
PR HARANIA%E B 7 > b L7z, & 512, NADPH-diaphorase
Yetn %47 o oG EXIET BRI 2 = v AN Bt L, #E
MAMED ARSI B b D% RSN & L7, E7r i
2% ¥ % NADPH-diaphorase B &l cdk L /2.

WI. T RAORLF 55

rhEPO (Wr4hBss, Wisl) & 2 12h, 50084V /kg (n=3),
5000 L7 /kg (n=30), 10000 Hifi/kg (n=3) = & ()i L
7o PG MRS E TN 0 24 WE I BT, TR, AR 24 BRI I &
VARG L RRLAE, 40H, 7THH, 4R, 28
HEC b s LMz L.

K. #EeRavisst

WEMIS L TFY L EBRFETRL A, %, RO
NADPH-diaphorase F 1438 0 FEAIHZ (4 F ° 0000 8 S Hoiis
(two-way ANOVA) %, 1495 H BT 2 EEEDFEM ClE—E
WL 43 #2347 (one-way ANOVA) #1F\y, £ @74 Turkey-
Kramer i % H 2 BER 0 g w2 17 - 7.

53 #

. BEEsRimReETEs

TE LI L IR R P T RIS S 2 B A 2 Lk D, 1Y
FRAL & O AR o0 R PR T R B 1 Waller 28R 2BR Y, &
ALE & b AT I A A A L S s B . RIS
VIR IRIE L = v A Vet 25§ 5 P i A8E T L7278
W ZDEIE AT Lz, BBC BT 5 AT i S
ooy ANHEBIZEHIL 8 2 A, WEPRETAMGIEED
%, %1, 4, 7, 14, 289 H (&n=3) TOIEEFM (F14) =
x93 B R 1 0 BRI P ARAN R AL A7 3 (HRIE 1) o0 A 1E i T A
1t e o AR 75 / S TR A A 7R R TR A A A e - AR R 72) 13,
1M HET100.3£25% (718 £34/715+21) (M1B), E4%H
T88.5+3.1% (585 +45/661 =+ 44) (H1C), $7#HHT614+
2.5% (471 +25/768 £30) (M 1D), #1445 H T247+3.3%
(170 £ 19/687 £ 17) ([X24), #2875 H T2.8+1.4% (22
13/794 £ 75) (N 1E) T -7,

"

Z DETFNAHE L thEPO % 5000 HLAL /kg 3 F A e 4 55 L
7c& 2% (thEPOS000%E), #51, 4, 7, 14, 2896 H (%n=3) T
DREFEW (R 1F) (xk 2 RS0 o BHE sl 7% (i
#) 1, HIHATL0L2E3.0% (695+37/687 +17) (KW1G),
AR T1+1.8% (672+42/722+51) (R1H), %74 A
T755+£6.0% (530 27/704 £57) (F1D), #1495 H C42.6+
6.7% (300+59/702 % 32) (®2C), # 284 H T82+05%
(574:11/703 £ 145) (B 1]) & % = 7=. rhEPO5000 B3 JEH 5
BB LTHT7, 14, 289FHICB VT, HREICHERMI 4T
BHLEH LA (N3).

#1498 F 2B\ T, thEPOJE4% 58, rhEPO #% 500 Hif7/kg
L H JEER RS- L 72 chEPOS00%E), rhEPO 5000 #, rhEPO
% 10000 HL4L/keg 3 F I M4% 5 L 723 ((hEPO10000 £8) G,
TIREMINL A AF 3 & LK L, rhEPO %5142 X 2 B sl A
FHREBHLALLZ S, S T24.7£3.3% (170+
19/687 £ 17) (1 24), rhEPO500#T40.9+1.6% (303 %
25/743 £ 81) (X 2B), rhEPO 5000 ¥ T42.6+6.7% (300 +
59/702 +32) (K 2C), rhEPO10000#:T44.8+4.1% (340
81/754 £ 144) T - 7= (F2D). % rhEPOIX S B LIEis S8 &
HB L THEICHEMBAERS LR L T (p<0.01). L
L, rhEPO500%, rhEPO5000#, rhEPO10000 o < id4:
FRICHEZEED b o7 (D4).
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AFEN IR Lo~ C B T AR AL T = GRAP Byt L3R IR o A1
Tasensshn L7z (BU5A, B). IEH K U9EIE MM CI1E EDL
Bitk< 4 270 7idiad i d o 75, 8145 0 OG5
TR EDI P~ 1 2 1 ) 7 %88 7 (25C, D).
JEN RO 0 ot C 0 SLIR VR AN o0 1 2 4 EPO 55 Btk
Hih &R L (MBE), M #5AIL o il 213 EPO-R i by 1k %
AL 7z (M5F). #5145 B oo B s 01 & & 7z KL
SRR OMIBE 2 EPO MiksME 2R L (M5G), +0idy
ML T,

Il. NADPH-diaphorase 815

IEH ALK, $B1HH & b 12 NADPH-diaphorase |55 /4: i 7 #14%
Mg o b it o 72 (R6A, B, G, H). 4% A CIdEEH
AN > # 2 #1Z NADPH-diaphorase 25tk & 2 1),
NADPH-diaphorase [%14: 48 T 5 HI B 0 A= FE A MR L 2 23 B
¥ (NADPH-diaphorase % P4 Fi A0 12 2/ 2= B8 T 4501
To%0) 13, 20.3£2.7% (255 +55/1244 = 116) (M 6C), #4574
HTlik47.0+£2.6% (451 £ 75/956 + 132) (WD), #14i%H T
1399.0+£7.2% (604 £70/608 = 43) (N 6E), #28% H Tt
90.5£2.7% (130 £ 9/151 % 19) ([ 6F) TH - 7=.

RhEPOS000BEIZBIT A, &1, 4, 7, 14, 28% AT
NADPH-diaphorase [ 458 [ #l i f Ha 0 43 AR AE A 42 350
SHILERIE, HAWATINL £ 1.3% (240 + 16/1255 + 37) (X 6D,
FTMET34.7+£13% (385 11/1111+ 44) (6)), 451478
T75.3+4.9% (572 +64/761+96) (M6K), %28 H T
80.9+4.9% (164 +£39/201 £37) (U6L) & 7% h, rhEPO#5HE
WIS LET, 14, 2805 HICB W TH |2 NADPH-
diaphorase B4 EH RO LLERAME T L7 (17).

& £
AAIFGE T H v 72 BRI B AR BRI T 701, AR AR



B MAEMENE 7 V2 BT 5 rhEPO O WG RED £ 41

A TOMBRBBE TN & L TR MEEHRIEE S MSRRE
%, MERELEIREEYT 5 NS AET SRR R oM
BOEMRBLBATLHMICERESNALOTY, SEOKR
HTEORIAMIWMEICRSN, EFCHERLEFVTHE L
Bhiri,
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THNOBMER LA, NOWARELE THEANTIRLRY 3
~S5HM LRI T -FTHLT, Bill, EBRTHIE
IS CHEER Z L6, b 0 IZNO & HEEE (NOS) &R
BN ED TR b Twa, NOSIZIZMEEINOS (aNOS),
MEMNEZENOS (eNOS), FHEEINOS (NOS) D3EED 7 4
VA LAHIEET A%, NADPH-diaphorase k(b3 363348
% % %} 72 motoneuron NEERA T, TN HaNOSHHF
E—H§ 5L &8N Ty 5 0D ik de i ) W 1 0 FE T
TARETHINL Y, EEARANEENSREGHOCEHRE] 5k
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Abstract

It is known that oxidative stress and massive production of nitric oxide (NO) have been implicated in the retrograde
degeneration following facial nerve axotomy, and that oxidative damage in variety of experimental neuropathologies might be
reduced by recombinant human erythropoietin (thEPO). This study was aimed to ascertain whether rhEPO exerts its
neuroprotective effect on the lesioned facial nucleus after nerve transection in the brain stem. After the facial nerve axotomy
in the brainstem by stereotaxic procedure, the survival ratio of motoneurons in the facial nuclei was 25.0 &= 2.4% on day 14
and 2.8 % 1.4% on day 28 compared to the contralateral intact side. Immunohistochemically, EPO was detected on astrocytes,
and EPO-R was detected on facial motoneurons in normal tissue. EPO expression was seen in reactive astrocytes around the
facial nucleus on lesioned side on day 14. Nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-d)
histochemistry showed that the facial motoneurons were not stained with NADPH-d in normal tissue and on day 1. However,
increased NADPH-d activity was detected in the facial motoneurons on day 4 and later. The number of NADPH-d positive
neurons and the intensity increased steadily along with survival time, and almost all motoneurons were stained on day 14,
Daily administration of thEPO (5000 U/kg) markedly decreased the number of NADPH-d positive cells and the intensity on
day14 (75.3 £ 4.9 %). The survival ratio of motoneurons in the facial nuclei with the rhEPO administration (5000 U/kg daily)
was 42.6 + 6.7% on day 14 and 8.2 = 0.5% on day 28. The these findings suggest that EPO has a neuroprotective property to
the retrograde degeneration of facial nucleus after axotomy in the brainstem, and this is explained either by suppressing the
neuronal nitric oxide synthase (nNOS) activity and/or by reducing the NO-mediated neurotoxicity in the lesioned
motoneurons. »



