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The Expression of neuronal Nitric Oxide Synthase in Reinnervated
Recurrent Laryngeal Nerve

Sung Min Chung, M.D., Sung Sook Kim, M.D.,* Yoon Hee Cho, M.D.,
Tae Wan Koo, M.D., Su Kyoung Park, M.D., You Ree Shin, M.D.

Department of Otolaryngology, College of Medicine, Ewha Womans University, Seoul, Korea
Department of Pathology,* College of Medicine, Ulsan University, Seoul, Korea

Background and Objectives : Nitric oxide(NO) is a short-lived molecule with messenger and
cytotoxic functions in nervous, cardiovascular, and immune systems. Among the three distinct
NOS isoforms, the neuronal isoform is expressed in small, discrete neuronal populatons of
CNS and PNS. Axonal injury in adult animals results in a dramatic NOS up-regulation in many
types of central and peripheral neurons which normally lack the enzyme or express it only at
very low levels. In previous study, we confirmed the efficacy of PEMS on the early functional
recovery in rats with surgically transected and reanastomosed recurrent laryngeal nerve. Therefore,
after we obtained functionally recovered rats using PEMS in this study, we studied to evaluate
the expression of nNOS through the analysis of the difference between functional recovery
group and non-recovery group in the recurrent laryngeal nerve.

Materials and Method : Using 84 healthy male Sprague-Dawley rats, transections and primary
anastomosis were performed on their left recurrent laryngeal nerves. Rats were then randomly
assigned to 2 groups. The rats in group A(n=42) received PEMS by placing them in custom
cages equipped with Helm-holz coils(3 hr/day, 5 days/wk, for 12 wk). The rats in group B(n=
42) were handled the same way as the group A, except that they did not receive PEMS. Laryngo-
videoendoscopy was performed before and after surgery and followed up weekly. Laryngeal
EMG was obtained in both PCA and TA muscles. Immunohistochemisty staining using mon-
oclonal anti-neuronal nitric oxide synthase(nNOS) antibody was performed to detect nNOS in
recurrent laryngeal nerve and nodose ganglion.
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Results : 20 rats(63%) in group A and 5 rats(17%) in the group B showed recovery of vocal
fold motion. The number of NOS-positive cells was increased in functionally-recoverd rats.
NOS-staining intensity was reduced 12 weeks after nerve injury. The difference between PEMS
group and non-stimulated group was not found.

Conclusion : This study shows that nNOS may exert a beneficial effect on nerve regeneration
and functional repair.

KEY WORDS : Recurrent laryngeal nerve - Reinnervadon - Functional recovery - Nitric oxide
(NO) - Nitric oxide synthase(NOS) - S-100 protein.
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Nitric Oxide(NO)E 417 22, 48# 27 W Mz X %Y
ZA X HHE S {8 )2 (free radical) 241 ni-
tric oxide synthase(NOS)ell 2i3te] A=Y 2 1.

A7IA F57<9 NOS7F &A% A= neuronal isof- AFFEEE A 250~300g9) 449 A9 &
orm(nNOS, NOS-1), endothelial isoform(eNOS, U2 HolE 84ntele] 3 Sprague-DawleyAl #
NOS-II), inducible isoform(iNOS, NOS-T)eo|et.  HE A3l F #2021yl AZ(PEMSE
°olE% nNOSE $5F ¥ T2AAAL o3 AAAE 1 FF5YES R D BEREH 11595
EollA] #AE s itk NOSE AlZdAle M= Al £7F A =1

# (messenger) 224 T U]/‘ﬂt?} Ai e F44
(plasticity), 217 €4, 217 B3 (neuroprotective)
BT 2L 28-S gt deiA gt} A8 AzE
o] NADPH-diaphorase(NADPHd) histochemistry,
NOS immunohistochemistry, in situ hybridizat-
iondel e AFE Bl TE A £4%
AAAE (neuron)elA nNOS9] #¥o] Z7Hdin 12
ki vk FRoAE Y HE W T T &
FFol| FFe] 54174 E(motoneuron)olA NA-
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B a4 E 2HE Mol Afo =g s A
223 AR Fo AAABE SRR
<dH A = pulsed electromagnetic stimulation
(PEMS)& ##] oA w3354 AEd & 483
Az, F7 7153 ES 274 X3k 4T 3
€ A5 I b YAt?
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Ketamine hydrochloride(ketalar, 10mg/100g)<

FH B FAlA nlA 7 & AR F5Re 89S
A7TAET 2 AMASIL Y4 ZE 7838k 1% povid-
one iodinel. & A£%% UL AZR FHdd AR
B AAsle] &3d9EY ol °ﬂ7\1 2emAETA A
ANE st odeidd 285 dejdl V#EE =2
Al o8 HulS(strap muscle)a: ez gA N
I A mAtolol] Pk BRIFFF 31 11:'—"1]/\1 £
T2 Bojrle B 3RlA S gslart. 54 9
173 (OMPI 99, Carl Zeiss, Hamburg, Germany)
atell A AT tA 2 HE 0.5cm ofF-Eol #13]

e Bl TR S 2l }" ) A7k (microscis-
sors) 2 g At & 717o] fl=F Fjate 10-
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3. Pulsed electromagnetic stimulation(PEMS)

F571%50| 3l B8 9 Bd& Ay 98] 1184 A
AN ASL P T el wek Helmholtz coil
= AT LEE o] 85t AP ATL 3F 3
AlZk, 3 5944 Helmholtz coile] WAHE 95 Yol
PEMS<S Al33l¥en, BToAe PEMSE #A9)3
2E 27E 5 fx8H

4 HORZFUHANE HE

7158 5o JRE &7] Y3l i F 18] vt F

A& AABIET) 813 E ketamine chloride(keta-
lar, 10mg/100g) &2 FAIZ w3 % o8 2.7mm
733UlA1 7 (Karl Storz, Model 27018A, Germany)
£ o] &3t FFUAAAAE AlFslsich AAa s
= M 2HCCD camera, Kay Electronics, Model
9111, USA)¢t 378 (Computer, Multimedia sys-
tem, Kay Elemetrics, Model 9140, USA)° |24
LT F2EZ H 239 (Rhino-laryngeal stroboscope,
Kay Elemetrics, Model 9100, USA)E AR2-3l 7]

£33, BE 7|52 S-VHS Model 91325 Al&3}ed

3—?5} 2 ARSI HYeFFUA AR AFe 4
A, SFA Ao 29, 3FA A7l gAd=Es
7ol 7] R et il ny v By 5] 5]
HA ¥ AoR, 3F3= B Aol FFFHem
Loy 7= 3 8ol 8 A& FRIHT. 57
T Eo] W& A FHoIshA] gk 2% oA %
7} oJAlr} Feqsled ARt

5. At 3£ AN XN

AP o] i 125 F AFE FAYAF]7] Ao 2
AEE B HHER] A5 TG F4%
g =9 —?—%’%3]%3° S EHEA EEHAIT LA
= A7 7535 A=E o
Al g 1l ). #1# & ketamine hydrochloride
(ketalar, 10mg/100g) &7 FALZ wHAIZL F 4
ZIHo R 7|RE wE2AR F B e T
F2g sl 9% A 2] i E 23z (hook)

2 A3 FAAE HEY FEAIEE F9819
ot} "R AZ(ground electrode) melel, 7|EAZ
(reference electrode)< Boll 4AA17]2 A 12 $
& FEATEI, A 28 F29 T4 L I
Z1e] HrHhooked-wire) A& AH&dle] A2 &
o F & AEAHQ 289 BFHYE By}
AHwire) A5 B34 B 2EFS A€ diffe-
rential amplifier(cyber arnp 380, Axon Instrume-
nts, CA)E &3 5%, dFAH 2 oA UxE3HDi-
gidata, Axon Instrument, CA) A7l & AFEld] A
e g9 42 Axoscope T2 1 (Axon In-
strument, CA)S A3t}
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871 Ao PEMSToA 354 7]%50] 385
¥ 171219 F 9 PEMSTH A28 54 @& T
A 478k 125 242t 715¢] 359 dF 199} 7]
ol S EHA &L FH 19y & grlel & o] &8
ok ol A olx e} o] sl A F3l] A%
, B S B8] 14 gauge FAHNES
SBEH Agst] AFAe] FYHESFda, 4
W AAsk] #RYe] FEHESE IHEIT WA
heparin 2IU/mD)< 713 A dFE BFsl o
AE Ao m Asle] 13 HB(4% paraformaldeh-
yde in 0.01M sodium phosphate buffer, PH 7.4)
o2 AR BT T A5 T TUAHE A EFE
g 2gsle ZAE 4mm $29] Nodose 21733
(ganglion) < A&}, A W8] 52143} Nod-
ose A7 A AL 93 WA 73 FFA7 7 No-
dose 217842 A &35
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ZA 4 AAE FaAE vlz] T2wdd 149
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I 3% SRS A v 43 dAE =235}
I Ao 2A7E M et dat FA F S-100%
A& Dako(Santa Cruz, USA) A+ A& (anti S-100
mouse monoclonal antibody)< AH8-3190 1 nNOS
= Transduction(Lexington, KY)ellA4 #) 23+ 3
Al (anti nNOS mouse monoclonal antibody)& A&
StHT. S-100 Al nNOS 34 2% A gy
(Dako, USA)2.2 1:50 8| &2 3431t} 4 &
o] x}%H] (biotinylated secondary anti mouse and
anti rabbit antibody) @ 2E#=eh|d - AlslE A
AYA (streptavidin—peroxidase complex LSAB), 71
A (substrate : DAB) $& Dako 3At9] A3 stain-
ing kit(Santa Cruz. USA)E AM&3le] a3t
Are £¥EF 2 BHX 387 os #asigon
’\P‘] & SHF2 AF ARNE o] &3] AUt A
= A gao] g2 ke A2 84 (negative),

é-r Jﬁ/ﬂ]EJ A x| FHE B oz o
Aol & A$E 9F4 (positive, grade 1+), RE A7

A xol] FAFE Bl A4S 4 (positive, grade 2-+)
o2 APt BE 2AZA 2 WY 2233 g
A APe 7t AP L2 A Hglel 13y
At

fuz
=

1. §51538

1% 5% AZAINE obde 329 F 20712) (63
%)7}, BeolX e 279ke] & 5vke) (17%)90A el
279lo] gEjo] AT F& 5ol BAIUX
ol BANHORE foi £AF RATHP<0.05).

2. RN 1A

Fursdd - o GaE sh] A& AAH A
A g BeAn Aoz 13 ERlEAth &8 AR
BEHo 15x1 WA 2x1Imms) AAzHoz &
AH(axon) schwann A EE 450} Ut} Nod-

Table 1. Number of functionally recovered rats following laryngeal reinnervation

Group A(N=42)

Group B(N=42)

Weeks No. of non- No. of No. of No. of non- No. of No. of
recovered rats recovered rats  expired rats recovered rats recovered rats  expired rats
12 12 20 10 22 5 15

Group A : pulsed electromagnetic stimulation following reinnervation

Group B : no stimulation following reinnervation

*Note : Recovery rates are 63% in group A and 17% in group B, respectively. These values have significant difference

statistically{p <0.05, chi-square test)

Table 2. Staining intensity in immunocytochemistry of nNOS and S-100 protein

We‘elfs after Group  FRINFR . nNOS . . S-100 protein .
injury Proximal stump Nodose ganglion Proximal stump Nodose ganglion
3 A NFR 2+ 2+ 2+ 2+
4 A FR + + + +
4 A NFR - - + +
4 B FR + + + +
4 B NFR + + + +
12 A FR + + + +
12 A NFR - - + +
12 B FR - + +
12 B NFR - - + +

A : pulsed electromagnetic stimulation following reinnervation

FR : Functionally recovered group
*Staining Intensity
Grade - : negative immunoreactivity

Grade + : weak immunoreactivity

B : no stimulation following reinnervation
NFR : Not functionally recovered group

Grade 2+ : strong immunoreactivity

*Note : The number of NOS-positive cells was increased in functionally-recovered group. But values are not significant

(p>0.05, Fishers exact test)
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Fig. 1. Immunocytochemistry for nNOS and S-100 protein,
3 weeks after injury. A : immunoreactivity for nNOS
in functionally non-recovered rat of PEMS group(gr-
ade 2+, Nodose ganglion, X 200). B : immunore-
activity for $-100 protein in functionally non-reco-
vered rat of PEMS group(grade 2+, Nodose gang-
lion, X 200). Arrows indicate the positive immuno-
reactivity.

ose AZAAL TRt 2719] WA ANER FHE o
Ak AL Z9H2 Nodose A7AH BFA ©f
¥t Axol &AL Holx gigiey 7t AdFe) Wt
ME A7) Z71ESS &89 Fwrt AekA #2E
o} #eAu A4 PEMS =29 e Ajole &3
& < 9ok #4422 ¥ (vacuolation), B4
(degeneration), A3-%-2Hfibrosis) So| #ZH At

o 22 818t A 2 S-100 @3 nNOSe] th3t %
7k 448 Alg3l5cH(Table 2). nNOSE 2 4
AA 29 AEAA vud FFsA #AFEAG. A
73929} Nodose 41738 EEoA Ajzte] 2 7
HeE dao Fwr) sttt A8 299 No-
dose A1Z oM 9] G| Fx= FASHA WEFST
339] Al7elA nNOSel tiet Ge] A =7t 7P 7
A Vel (Rig. 1). 45°9] Aol Zsta =g
njgtgdel JAAdS #aAd = U (Fig. 2), AlRtol
2 AR AS, Z 12549 AA M= E40l
33k nNOS7F A9 2éHA F}rhFig. 3). 7
5o] 3BF Fo| 7150l HBHA| E2 TolMET
aNOSel| 3 94 Hxr} 23ta o B 9 FHoll
A FHoz Ao BATH R frolsAlE &
SktH(p=0.486).

S-100 @& A7 o] Schwann A9 A ZHA F

Fig. 2. Nitric oxide synthase, neuronal isoform(nNOS) im-
munocytochemistry, 4 weeks after injury. A : No-
dose ganglion in functionally recovered rat of
PEMS group(grade+, X 200). B : Nodose ganglion
in functionally non-recovered rat of PEMS group
(grade—, x200). C: Nodose ganglion in func-
tionally recovered rat of control group(grade+,x
200). D : Nodose ganglion in functionally non-re-
covered rat of control group(grade-, X 200). Ar-
rows indicate the positive immunoreactivity.

2 gusEz 7 PN BE oz BTt
(Fig. 4). 9Me] A 2} 2210 Wb Ao)7t 9
on) &4 339 Aol A1 B FAe) B9
3(Fig. 1).

1o

Nitric Oxide(NO)E A7 23, A8% 237, 4Y
zH oA BAYE fetdZ (free radical) A1 ni-
tric oxide synthase(NOS)dl 93l] At 32
AW FF9 NOS/E 245 A= neuronal isof-
orm(nNOS, NOS-1), endothelial isoform(eNOS,
NOS-1I), inducible isoform(iNOS, NOS-1)°|t}.
0]5% nNOS7t $3 2 F2ABA 9 o] ABAEL
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Fig. 3. Nitric oxide synthase, neurona!l isoform(nNOS) im-
munocytochemistry, 12 weeks after injury. A : Pr-
oximal stump of recurrent laryngeal nerve in func-
tionally recovered rat of PEMS grouplgrade+, X 200).
B : Proximal stump of recurrent laryngeal nerve in
functionally non-recovered rat of PEMS group(gr-
ade —, x200). C : Proximal stump of recurrent lar-
yngeal nerve in functionally recovered rat of con-
trol group(grade —, x200). D : Proximal stump
of recurrent laryngeal nerve in functionally non-re-
covered rat of control group(grade —, X 200) Arro-
ws indicate the positive immunoreactivity.

Selld A= 3 givh NOSE AZBA e AZ7E A
# (messenger) 224t v|AlE, AdA YA
(plasticity), A7 &%, 4174 2.8 (neuroprotective)
1 51 2 445 dvtn dHASTH NOY A4
7188 obF &3] WaR|A = ¥k L-arginine,
2F @ NADPH (nicotinamide-adenine dinucleot-
ide hydrogen phosphate)& 7142 AR&3dt NOS
of ol3te] Lcitrulline® g7 NO7F A€t o
FAYEZ NADPH 9j&4 5o 93 N-OH-
arginine°] A EH, of FTHAAALES F4takEo] 9
£ 2471 NOZ =¥ 33X 94 NADPH &|&4 §t
Solth ! &g xatEe] NADPH-diaphorase(NAD-

Fig. 4. 5-100 protein immunocytochemistry 4 weeks after
injury. A : Nodose ganglion in functionally recover-
ed rat of PEMS group(grade+, % 200). B : Nodose
ganglion in functionally non-recovered rat of PEMS
group(grade+, x200). C : Nodose ganglion in fun-
ctionally recovered rat of control group(grade+, X
200). D : Nodose ganglion in functionally non-re-
covered rat of control group(grade+, X 200). Arr-
ows indicate the positive immunoreactivity.

PHA) histochemistry, NOS immunohistochemis-
try. in situ hybridizations¢] Fefekd J7-& Fl
w2 A3 4% 2173 MH Z(neuron)olA nNOS9
Wo] FrMETA Busldtt. $FddAE Jhe] HE
W3] 3R 9] 4% TR0 254 A £ (moto-
neuron) 4] NADPHA histochemistryel 2%+ 54
©2 NADPHAS &4o] 7kl g u git.?
o]A& nNOSS 717} 417 A 75| 3 &l
g A& ARSI

B wHdME 28E #o A& Bes T EE
g 22RAAY AEF Fol ARARE FAAN
g4 ¥ pulsed electromagnetic stimulation
(PEMS)& #FollA wia|a5207 A& T A8’
AT 35 7% E-E 279 X8t 9L o)
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Fig. 5. S-100 protein immunocytochemistry, 12 weeks aft-
er injury. A : Nodose ganglion in functionally re-
covered rat of PEMS group(grade+, X 200). B : No-
dose ganglion in functionally non-recovered rat of
PEMS group(grade+, x200). C : Nodose ganglion
in functionally recovered rat of control group(grade
+, X200). D : Nodose ganglion in functionally non-
recovered rat of control group(grade+, x200). Ar-
rows indicate the positive immunoreactivity.

AL #0g vk et ?

wetx B AFels PEMSE o] &3t nks| g
A7 ohe) & F57)%0] ARd Ao RS el
710l 359 A9 FEHA] g 4ol A7 A
FAoM e A H =g vlustn A7 Aol Fg
oAE ez 43A gl nNOSY ¥ g via
ato] PEMS¢ nNOS®| 2@ 7o) #AE 248 Ba
2t skt

#2288 (immunohistochemistry) 44 ¢
31X = PEMSE & iellA 35l 7)%50] 284 &
& A 1uke, 459 1259] 715l 3 5E F 1nteist
710l BEEA & A 1S AFE T4 e
Tl & 4529 12500 7)50] 3 EHE F 9} 70| 3
=54 ¥ A A2 ey F oulelE ol dskart

A2AEE 7159 B 8o] #AE 7] AlZehs 4FA <) o
d 1~2mm F =¥ W F2A0] JAAN T & uf
AERF SR Aol o) Folx & Aog AdEE
125779 H| & Agsle 7)50] JEE £ 3 EEx
¥e & vlmatna} skt

A3 &4 A=E BeAn Ao 14 EQl
ATt B AFelA Fekdn| g AL vk e
o] £4& Bola Jglen &4 F2 F¥ 3} (vacu-
olation), ¥4J (degeneration), -8 (fibrosis) o]
AR FeAu|F £ Ao A B3
g 4 AT 4 ARl ga e Azke] Foles
£ &4 A=t AskA #AE ey Badn) A4
PEMS =& @& Hoj& #A3 = gt B AF
A 7150 FEE 73 7)5e] HEHA) G T2t
FEANZY Tl ZoldE AT £ e o
€ F3rdn) el ogt Tl A A HAe 0t
A7) R oz Yec,

Az 38t 2 $-100 ¥} nNOSe g+ 5
742 AL AlPsAtH(Table 1). S-100 B2 A7
o] Schwann A|X2] A FZAd| F2 Jagmg? 2t 7
oM BT FHoR FAHUT. N9 AxE 7 7
ol ”TE Aol glglem €A% 35R9] FHoA
7V ZaHA 4ol =Ack(Fig. 5). S-100 L sc-
hwann 4| 32] A ZZe| 24818 LEAUAMEL] A
A& R gl E Ao 750l 3
B T 7)%0] HBHA) &L 7t folg Aol
uAct.

nNOSE F2 Axe| AEHAA vlws F53H7
FaE At A7 2959} Nodose 4174 1A19] g4
o Bxe AR JERt. 359 473904 nNOS
o g 49 F=rt g kA Jebdth(Fig. 1).
479] AANME et T3k v e gAtS B
& = AL (Fig. 2), AlZtol o2 ARt B4 Z 12
Fo X9l AR AE Gl Fn|sted nNOS7t A<
B e 4] FAtHFig. 3). 7150l 383 o] 7%
S EEA] g2 Fo AR nNOSe gt 4 Fx7t
7Fetal ol B2 9 oA Fio AAHJo F
AH o2 fosAE AUYTHp=0.486). & Aol
7150l FEdE FollMe 4uielF 3vkelolA nNOSeI
Hg LAE HQ HHdHo] sFo] B g 7L
grle] F9] 1vleol A nNOSel ¥4 2248 Byt
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Gonzalez 599 Ao &3l NOSE 2541734
I (motonueron)d| M= A g2 EAsR dE=
tx g} webd E dFelM NOS 44 AlEe &2
2 o3t 71 Ao 2iAE NOSS] wdo] vl EF4al
739 Al 4 vlAveE AL AR NOS7H
BHoRE EAGA] FAY ol &% EAE: o
g AAZA A A7 Fate] £4do] NOSY| 2
ZAJITE B AFEC] Uk giREe dFeA
373 L2704 £3%F9] NOSe & ¥
o] th2A vehdtln Rmsla gt TEAZ gk
A2, Tomas &7 FHF 470A A4 &35 A
A 49 F4H(axon)olA A7 FHel NOS7F =25
Z718H2 BolEn ok Wan-hue $'M2 o503 3
etz el &%l AAAA ML 2179 7)53] 5ol
e NOSS| L PdS 4% A7kl we} Hxsls
t}, o] Al A-F wgzA st Ay
i AR T o} 1 G gt At whet A
sHe vhE m| Sl dlM e A/ TR #Agle]

- ]

%

i

o]

Azt mhe} S7hektha kgt E Hisa §72 2739
Jo] 7 wEtd e NOS7F v d3ditiy 2
233 Y}, o] &L W FF4IE & o] &3 A A
279 d3(avulsion) Fll& 18 (Nucleus ambig-
uus)ollA] NADPHA 44 AlAME7} 3-8 54 &
L 73 BU3 FAYEE 29 vhd Ack(transect-
ion) Fell& A9 Adxrt S7He 238 230
Eipii=y

A7 A gdolM NOS7E 2173 4 (neurotoxic)
o] &R AZA BB (neuroprotective)d] 71501 A+e
2ol daire =To] it oldl Ulg] Tomas 57
NOSY F=o 93 23 dcty sdth Awxe
NOSE 484 &49 guanylyl cyclase® EASHA
Axl AEZ cyclic GMPE 27141712 phosphodie-
sterase®} protein kinase GZ SAIEAAA o7}
A Fe ZAe-g v} v 2%Ee NOE cyclic
GMPeF= F3stAl 24 w4 (regulatory protein)
o heme iron sulfure® #2A1A DNAZ £44A]
713 peroxynitrite® FG ¢t dot. A7A = A
7BEAELTO NOSS et Ao g 7|de &
Q2H 9lA) AT AFE4E NOS7F S A
Ae Gy RS Aol MAH £ AFdA = E<l
& 4 9t

4

¢

£ AREL Aol gloi AAEEF 3574 H
A NOSeg| gl 71 ZatA vehd o Hol
NOSE A€o F47100 248 Aoz Azhdr,
ol& 4FA 2 HolM BT 125H 9] F A NOS7T ¢
Pl o gdaE 2o R HolE NOSE ARES
AqM BTt o 5470 &3 482 F 2oz A
ZHe o}, di7le] AFALEC] £4F 47404 65 ol
AFAHES Budta glo] B AAES] ATl sl
A= B}k 44719 Aol destelgtn Bt sk T
Wan-hue 579 g7 ot29 n|F4EEEF NA-
DPHA o AZAARe] 71 €45 10d#7A] A7t
o} Aol whe} B&Ho] ZrlEtn Eud uix glo]
AABERE A7k WE NOSe| g3l #3 A7)
dag Acgw Aztdc

PEMSE & ¥ A58 F1] %2 ¥7 NOSe
g A& Zol7k glolth. el PEMSE 239
B43ko] Qe FAENA o] F.D.AY ZQ1E 'op
UFA R o] §H I QIAIT A9 Al wA=
Fe oy @75l sleh. PEMS7H B/-8€ 29 &
ol S FE 7ML 49 13 4 A WE
3t WA FAE TR ERNEE e &
o2 TEAL FIIATa EF AFA X &F
< JAsHe g3 93 Ao HaHHPY o|2F
A x 70 2ol ZFERADA, RS EE,
IGF-1I 5°] #ddhs 3le2 J4Ech A8 S
ERAT e 23 E AARIA, S28 tig 3k,
ARE & AR outgrowth &4, A ¥4 2RI &
=, AERY E7h AAAEELS 271 Schwann Al
9] B4 S} BAAE 59 Ut 4] %, Al
X327 YA ol ofdtrhe HAdE FAHE]? A
A=z glovt oA 7tA] HEsiA 7HE AL gz,
NOS©) thg 4383 B3 %3 gt} Thompson £
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