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Nerve Growth Factor and Related Molecules :
Structure, Physiological Functions and Therapeutic Applications
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Abstract : Nerve growth factor (NGF) is a protein that stimulates differentiation and maintains survival
of sympathetic, some sensory neurons in the peripheral nervous system and magnocellular cholinergic neurons
in the central nervous system. In this article, recent advances in NGF research field are presented as follows :
1) NGF-related molecules (NGF family proteins), 2) trk oncogene family coding high affinity NGF receptor,

3) NGF and NGF family protein potentials for application to degenerative neurological disorder treatment.
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CERBBERY Efed, 7Y~ A = —Fic L OFREDEE TTIBLF BB L H 5 MRS, <—*v vV VK
R R R R LAE C I LEENARICBI b B MR MIAA L F W F WEEREIC B B\ 5 Z L AYRRED X RIZ - T B,
EAZRE L BB IR\ CRE MM PR 2 BT 5 L 5 I 5 I3 Db DBBAD B, o & 2 (EME
REOME, 5L, ¥+ T ARRLETH D, COTRTOBRBTHERBRT LRKH SN 2WENEE B L
TnaEEZLR TS, Fi, 5L, BEE LIRS 2 Mgl MEG & R UHG 24 X E 07 b 74 B 7e i
BRTHbh, il L5 CHENORERENEL LR TVWTIVETTH S, MREBRTFRIOBECIHEIAE
NIDFHTHLLELLN D, FIMEERK 2 ) IFBIM MR T LY ~ 1 < — R TEEIRMBECK-> T\ 5
», ZOMRISILT B8R THERRAET (nerve growth factor : NGF) off AR ETH B, HbL, HEL
AT H b BEDMRF R EF D701 NGF # 0FE &+ %, NGF RRREHNLHEXBRTTHY, RSBNELD
hTOIEHRMRIRAERFL, BTk,

AR TRHBEOHE LT OINGF £ 207 7 3 ) —OWEENE, MEXERTELTOEE - £WiEk, HEL
DEIFEIC OV TR, RECEEDTFBREEA~AFIGAOFRERIC S R Ly,

1. NGF 77 31— sk

-1. HHE L THNGF

v A NGF 1807 3 /B2 LR 55 TEIS2DIOHEE2 2 B, FHIABFLE L BEEHRL TV 512,
EWAISOUBMBRERF v VBT TH D, <~V AETFH, ~vH, =o€y FIR, 7 BK, vravx
RIFTRECEBCEETLTW5(Chbo@Bics T h 5 NGF 3R E BT, £BEA e AEE IR T
B%)o HTE, FRAMMLCELT 5V, SLIORETFOHEEN S hLUNDOEHD NGF 2o Th 7 3 7
BESIVHETE 2 L5 5%, NGF 5 F 02 bi9stn B2 Tk (Fig.1), 1) 7 3 7/ BEREOHRME I
FHET88%LIE, WIALELE ~TI66-710%, 2) S FAHADGEDO AT AV, 75, 8MinexF+ov, 21, 76
YD MY 7 b7 7 VIAREFER AR L AYERRBICNA, 3) BHTBERIDLIEEIT I /KM, rrir
¥R, 66-6507% X U92-94T O BIKME T ¢/ BRERFE D D e BHIRICIRE, 4) BRIFTEOBAMT I BBEE,S

10

(1] 7%v Ak GEFSVCOSVSVNV[E xTTATnﬂﬁGurv Vv olv ¥[Ey
(21 340 v375 cz SVCDSVSAIWVIT{ETTATD LK GN T(v|T| V| sxvn
[ 8] #4373 GEHSvVCDSY uvr ETTATDIKGNT vuznvx
(4] 4vyFka7T3 GB SVCDSY S VT KTTATDIKGNTV VMEN[VN
(51 =9+ HRGEFSVCDSY HVGDITTATDIKGK! VIGEVNIN
(6] TNz ov b G:Psvcnsvsvuv@nxTTAtnrxcxs V L[AJE V NN
(71 39 ¢ gGEPSVCDSVSVHVGDKTTATDIKGKKV VLGRVNIN
(81 =2 GRFSVCDSVSVWVGDETTATDIKGEEVIVLEEVNIN
L8l vy P ruxezrsvcnsxsvnvcuxrrarnxxcxxvuVchvnxu
{101 e+ SSSHPIPHRGEFSVCDSVSVWVGDETTATDIKGEEVEVLGEVNIN
80
[1] N[¥Jv xorrrzrrc MPNP WS GCRGIOEANNSYCTTTTEVRALTS ERNjQA HRFIRI TacvVC snxannrc
(2] NEVIYEQYFRETEC pn EP[SGCRGID HHNSYCT rors TALTHE[GNQ A HRFIRIEIACVCV KIK G N
(31 N[V KQYFF!TKC NPEP[SGCRGID nuusycr T{D{T F{I{R A L T ME|GIN|Q A wxrrnr TACVCV KIEG N
[ 41 NE[v[YEQYFPERTEC PH EPISGCRGIDSISHWNSYCTE anr KALTHEGNQA[SNRFIRIDTACYVCY, K|T G N
{51 uuvpxovvixtxcnnpgr SISGCRGID[AKHWNSYCTTTHTFVEALTMEIGEQAAWNRFIRIDTACVCYLSRE[SGRP
{81 MNVFEQYFFETECRDPSIPVIR[SGCRGIDSEHWNSYCTTTATFVEALTTD IQAAVEIIRIDTACVCVLERK.ARR
(7] ISVFIQYF!!TKCREENP E[SGCRGIDSKHWNSYCTTTHTFVEALTTD quAURFIRIDTACVCVLSRIAARR
{81 NSVFRQYFFETECRASINPVEISGCRGIDSKHNNSYCTTTHTFVEALTTD|E[KQAAWRFIRIDTACVCVLSREATRR
(9] NSVFEQYFFRTRCRDPNPVDSGCRGIDKHWNSYCTTTETFVEALTEDGRQAAWRFIRIDTACVCVLSRETGQRA
{101 NSVFEQYFPETECRDPNPVDSGCRGIDSKHWNSYCTTTHTFVEALTMDGEQAAWRFIRIDTACVCVLSREAVRRA

Fig. 1 Aminoacid sequences of NGFs derived from various species.
Residues which are displaced by different aminoacids from those of human NGF are enclosed into boxes.
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Fig. 2 Diagrammatic representation of the predicted NGF transcripts in relation to the gene!V.
The genes are shown with exons as boxes and introns as lines. The size of exons and introns is
shown above boxes and lines, respectively. Mature NGF is strippled.
a) Structure of mouse (upper) and human (lower) NGF genes.
b) Structure of mouse NGF gene and its mRNAs. Thick lines represent sequences formed in the
mature RNA, and the thin lines represent regions that are removed by splicing of a primary transcript.
The presumedsites for initiation of translation are indicated (ATG).

78 % SR BB 23 72  NGF Z Bk L DFEBMA L Ly, 5) ~ € NGF o £MiEdE EFLE NGF T
LI EREB TR, 34-35(20 Lys-Glu 23~ NGF <% Asn-Thr iz, His 84 73 Asp RB#a I h T 51
29, 6) Val 22 pNEHRBIC LAY, T BEEEHEECES L Tuitwvie EOBERBE LT e,

NGF BEF 3L oD v vhbith 2507 v — % —DEERRIA & alternative splicingic X » T 4D
mRNA 2\EL R 5 (Fig. 2), LU EOREEYH» S b RKNEREY & LU CH UEHE NGF 572 EA X
han, BEEWA, B, C, DOFELRIBHRICL > TRico Tk, REAHCETHRIZT 7 =€ — 2 —FHED
Mo R o B,

1-2, NGF 77 3 ) - 9Fi#1t
7%, 5y b, =vADOME H NGF & #EE LM DOEL brain-derived neurotrophic factor (BDNF) 2iH 72
Ehi-(Fig.3)1213 BDNF 211907 3 7 BBREN S 3BEDO 7 3 / BELFIILE 572 <@L TH -, BDNF
BRENAET L ThLEBEEFD /e —=v 7 ¥ TTEYELLY, £3FBD NGF 7 7 : ¥ —[HF, neurotrophin-3
(NT-3) DBIEFIIBDNF D7 r—=v I hblestcORIATI/r—=2v 73R TlLE T, 73 /BRI
NGF ®° BDNF L, BDNF FEikgpfEE o R L o (Fig. 3)13719, o Zhix NGF & BDNF #{x
FotFEEFIEY 75 1 =— &35 PCR (polymerase chain reaction) DB NI x 2 I F X L B o037, REDOF
BTCT7 79 h 740 =n, 729 ) ~ERARVWEShT (BABECRRWEShTuRV) B4FBDO7 7 1) —RTF
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h NGF 1 SN TLITArLIcmﬂjzﬂusssnvacu-—--rlpnvuwaLousmnr
h BDNF 1 TILELTNV ISN]FGCHKIAAPIMKEANIRGQG--G[IJAYPGVRTHGTLESY NG
hNT-3 1 S1 VlPLAHLRG QGNNMDQRSLPEDSLNSIIIKLIQADILKNK[LISK
x NT — 4 1 LLRTjyfanvislycca q@AEFQSRTTDLDYGPDKTSEASDRQSVPNNFSH
hNT-5 1 SLPL------o-- PSCSLPfIL----- LLF--LpsvpPIESQPPPST[HPP
h NGF 47 A@RRAR------- SAPAAATAARVAGQTRN----- ITVYDPRLFK-KRE[UR
hBDNF 49 PKAGSR----- GLTSLADTFEHMIEELLDE--DQRKVRPNEENNE-DAD|LY
hNT- 3 51 QMVDVEENYQSTLPKAEAPREPERGGPARSAFQPVIAMNDTELLRQQRRYN
x NT - 4 51 V[laNGF------ FPDLSSTYSSMAGR----~------------=- DW NIV
hNT-5 34 rI ---------------------- AP-mmmmmmmmem oo EHDEL
4

h NGF 84 T P[PlREWADTQDJi]o FENG G AAPENRTURISKRI- - -EJssup1Fuf
hBDNF 91 SQVPP|LEPPLULFLLERYKNYLDAKNNS HRIVRIRI- - -ASDPA--[RR
hNT-3 101 0 S T{P(L(E P PPJLIYJLMED Yivlo 5 P v VA N RT]SIRIR[K RI- - - Y ARHKS - IR
x NT — 4 76 SEEPISGIPPLLFL{S|EJETNVVIIPEPANRTISIRILIKRIASG[SIDSVS LSRR
hNT-5 43 RGAPIAGPPLLFLLEAGAFRESAGAPANPSR 'GVQETAPAS R
h NGF 131

h BDNF 136

h NT— 3 147

x NT - 4 126

hNT-— 5 92

hNGF 178 1 THTFV*ALTHB<G QA A
hBDNF 185 RIT[TRS Y VR A L T|{D)S KjKIR 1[G
hNT - 3 194 ST YR A LTS ENNK[LVG
x NT - 4 173 AK'SYVRALTIEAN VG
hNT-5 140 RICKADNAEEGG PEIAGGGlg C RGIvID|R RIil wjvis]E AK.SYVRALTAIAQ Ry G
h NGF 220 [WRF[iR1DTACVCHi]sRKA viRjr a

hBDNF 228 WRIEILRIDTS|CVCT LT 1[KIRGR|- -

hNT-3 237 [WRWIRIDTSICVCIAILIS RIEII|G RIT -

x NT - 4 216 |[¥RWIRIDTACVCTL|LSRT[GR|T -

hNT-5 190 |[WRWIRIDTACVCTLLSRTIGRIA-

Fig. 3 Aminoacid sequences of precursors of NGF family proteins!”. Human sequences are shown except
for xenopus NT-4. Sequences are arraged to obtain the highest homology. Identical residues among

over 3 speces are enclosed into boxes. An arrow indicates the amino terminal of mature proteins.

ENT-A4 L% 3h19, 12307 3 /B bikh, v 2 x=zi NT-4 & ~2 20 NGF, BDNF, NT-3/#HED 7
3 BRSO RN IZ50-60%TH B, XHIEE NT-5 A%R Shi!D, NT-50fiEFER Mo 7 7 ) —HNF Xk
h7 3 BS0BREE Y, EHRII2ME0 7 3 /Bhbieh, MORFREE, 6EOY AT A VIELLREINRT
W5,

McDonald 51® 13 X ####Tic X » C<= 7 2 NGF o7 fdB &+ LML, Thick s &, 1D NGF4T%H
WTHEhZho7 vt~ —2RFis 3 ADOFFITE g HEETHS, 2) NGF, BDNF, NT-3ofT7 I /BE
$aoD %\, ~29-35, 43-48, 92-98, 59-6647 D 4 HFFiX #-hairpin loop % reverse turn BEXHH L, b Th Lt ho
ZEE (B ~DEETLLEEZ LR TS,

B, D e FzE S NGF, BDNF, NT-3, NT-4 o7 3 7 BE 5% b &< Hallbook 519 134 FH#/b R/ % 5
#FLTWw5, NGF i2ftho 3 X b b OEE I HE L, NGF 12 NT-3 ¢ & 3 BERCA&THSH, NT-3 3 NGF &
BDNF wRIZEEfL#H%, NT-413x BDNF L&, 3R EATv5,

1-3. NGF 77 3 ) —&EmiEk
KPR R C A RRARE & MR R E i CRRERIRMERIC S %) » NGF K&+ %, NGF RO
FEEE THOLIRE, EFMRER %2, PHEMI O RBE AT - BEEERIEH 2R 312, MEME MR NGF



MREBERTE LD 7 7 3 ) — DRSS R - H)IIEsY 15

CIGEWAEWY, HRMERCTIREIMEES D A#MNE Table. Biological activities of NGF family proteins

M=y VIFBIME R & Rtk = ) VIEEIME MRS NGE I NGF BDNF NT—-3 NT—4
BB 51920 KR, ZhOOMEEMAI KDL  reripheral neural crest- @) ¢ 0 ¢}
nervous derived sensory
BREMTREIHMEEE S, PR AT « RS ERE  systen neurons
Bard, So@Ea/MEo 7+ v =i+ 57EH §£ﬁﬁ$$ X 0 0 o
PEREINTW L, HETO7 A+ Y =i K (B sympathetic o X ox”
8RB C ) S REMREEENE £ L b NGF %Ik e "
Ciliary neurons X -~ OX —
3% & ERNVMERE IR, MRBIEMEHE X h 52Y,
central motor neurons X X X X
NGP77 ¢ ) ~iBEMCIHEUS BHET AEE T s 0 O X -
PR ASRTEB 7o (BN, (RS B AN b 5038 > oo ¢
\»% (Table), BDNF oi@&ﬁfnﬁw&zz,%), AR A basal forebrain X (@) X -
GABAg i ns
B2 ) VIEB M RV 03 2 BN GABA /58 ¢ neuro
mid-brain X O X —
PEIREEES), FHIRE I — % 3 (EBD MRS 20 I A B MRS dopaninergic

neurons

HERTONKHTD 5, MRETHRMEMEITLY) - : not done, X : inactive, O : active
$Z BDNF iz, 228 n T NGF wjtE ¥ %R 327, AL  3) not active in paravertebral neurons.
EFA RN = V) VIEEE R 251529 NT-3 b)) reported as active or in active depending on reports.
DHRRHENOIER IIHE SR T iou gy, KM
Bzt U T NGF ® BDNF &4~ 35 v 7 LT\ 5B, LaL, NGF OfFM U 7o\ FiEiR B3k 0 SE MR8\ fF
RAxm3829 O TH 5, NT-4 1R, MERBERCThoME RS FAT 5 B REECEA L
V10, NT-5 (3 30E 5 B SR SR PRAR VB L, R B SR AN TR I S8\ AE R MEREIE M B R 3717,

NGF i@ RUA DM S ERT A Eambh T 5, EMRO e 2 2 3 v W R R, ST AImER
wAEA, 2w = —PREEE?, T Mk, BAEROHBRE /s & mERMIE~OFH, BT EMllaoRi
SEuRE T HERY, 2EHEIh TV 5,

il

2, NGF773V)—-DREBHK
NGF ZA& & MERFM 2254 (low affinity NGF receptor [LNGFR], fast receptor ; Kd=10% - 10-8 M)
L BB AM (high affinity NGF receptor [HNGFR], slow NGF receptor ; Kd=10"11-10"1°M) o 2 f&
DEEED D BT, LNGFR 0 cDNA OIFHEFI OB 567 3 2 BELFIR N- 3 X O O- BURESEAE & (28 »°
RESh, 2TFENSHTOEANES v 7 HATHHZ LNHLAR IR T5, HNGFR (3 NGF D 4#iE i % Hifa
NICEET B EE 2R TERD, ZOHTEERRIRME LT\ 7o, NGF Off B % #3581 HNGFR %4
TFUSATREL, 2BOXBEMOMEOBEYHIEICTEZ Licnds T, TLBRAR > T ORMBERE

Nick ZANSAROPR 2T ER,
7'm b & v 22 — v (tyrosine receptor kinase : t#7k) ® mRNA o4 %7 NGF ZB&D T & —KTHZ L &H
WL L TRRI SR, tk BETFE®D NGF ZBELOLOTHL Z EAHB LYY, v+ vk BIETEY
(gpl40rroteirk, gpl40*, gpld0k4) 127 3 / BRTI0E D HEL A5 FEMIAF ORES v 27 BTH Y, 1 »FioEH
BEE, RBO7 I /BALIBY 7 FAXTFV, IMEOCEREME ST, MiaPs e v - LR, ¥,
—7, trk DRUBEFTHS kB, trkC RV Eh, Zhba BDNF R NT-30ZBHTHH Z &ibho
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20D, Z S ORR RS E L TNGE 7 7 $ ) — L ZOSRBOMELFHLH—BICHI L L 5 L+ 57 An

BT B0 0L 5D g LNGFR & trk BiEF
ENOHLERAYER LI DT, Z0%4E& LNGFR X
NGF 7 7 3 V) — k@O ERMERBETH B, Zhi trk,
trkB, trkC BIETEHI HEELBL2D7» 1V —RF
R IEBTZ ARG E L COBELRET S L
5b0THB (Fig. 4), ZDiah trk BIEF77 3V —
Y283 © NGF, BDNF, NT-3 0iEt N4 5% &
TEEXODD, ThbbEMLEET 2 ZEEORE
X trk BEF 7 7 1) —OBREHIET T ETHH
& ZHIZ LNGFR DBIE AL EL T35 2003035 b ik
BEL T, EER0DI, NGF o gpld0 ~ofEs
X HIRRAERDF re v Fr — ENERLEHh, *
DRB VN EEIND ZENE->EY LIt & T
H%5,

3. TF7rungaz—im& NGF

B6© o NGF Off 3R IR FRICEE & Sh 57K
EER =) vEBHEMRARCRTOhTLWBEEZS
NBIE Y920 7 vy o~ A = —FURRAE & OBS#E AT
Ba&ED (Fig.5), 74 Y~ A = —BIERED BEM
R OMERCERE AN - RMELXELTEY, ZoOC
EPRARRBLERCE IOV TWBE EEZ LR TV B
BHTH5, BHEMDONGF mRNA® L FDL w7 & —
MRNA V4O R W TRENRE IR T nw2 &
o0, HERRICBIS T 50 E 5 b idfEamo E Tuiaus,
L2 L ZORIE & 250, NGF o MmBagtaEl e,
BRRBEIERE 7L Y ~ 1 = —HEREO BRI AN %
5 LT HEIEE - T B, NGF 0B F v +
S 20D FATHRFEIN TS, O EDITEE
—HRRREI O PR X » TIRR T S RIEES = V V1B
MR E NGFORERRE I L bSO Z enTES
T, R 5O L DB S RINEER = ) v EB)
RN DEHE, BEERIE T % NGF 23454 &
ETHD, BEIDOET AMEONTIEH AT LR FEDR
RT3, 7 29 HTREESHKREORE NEED
b b NGFo#ERORIBEZ TR TN BKRBRO - DD #E

Fig. 5

Unknown ligand(s)

NGF BONF NT-3 for motoneurons
S © & G
common
low affinity
receptor —e

B 2 T g
W
high affinity

receptor complex signal-transducing subunit

Fig. 4 Hypothetical structure of the high affinity

receptors of the neurotrophins and of a
receptor for an as yet unidentified ligand of
motoneurons®®.

NGF, BDNF and NT-3 share a common low
affinity unit. The high affinity receptors are
probably formed from different subunits that
do not exhibit a binding affinity for the ligands.
However, together with the low affinity
receptors, they mediate the high affinity
binding of the
Motoneurons express the common low affinity

corresponding  ligands.

subunit during embryonic development and
after axonal lesion.

representation of cholinergic

Schematic

projection from basal forebrain in human.
FC, frontal cortex ; PC, parietal cortex ; OC,
occipital cortex ; H, hippocampus ; B, nucleus
basalis of Meynert ; D, diagonal band of
Broca ; S, septal nucleus.
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EDED LN TN B, FTRRAZ—FVT—FDT ALY~ < —HEEMIC~ Y 2B¥ED NGF 6mg »3 » Bic
blch 5 Snim, HEAH HRFRBOBZNALH TS,

—7%, NGF 77 3 V—2v.27Th% BDNF 4 AEOBEHLEELE 2 HNh S, BDNF QilREEK =Y v
YEEDM: TR MR 20t L, i vitro, in vivo \~Fhic I\ T H NGFEUDERZ#HEOP2Y 2k, 7 v b B TIZNGF
mRNA D50f% % © BDNF mRNA p%HL Tw512 2 L &b, FIMEES = ) vIFEMM MR O REBRT &
LToAEFERHEE N NGF & b BValfel b » 5, BDNF XpiiEER: = ) v FEEEME» ) TH<BE Y —
2 VIEBIE R L C AR T CHESRERTIFA 2R 7529, Lx»d BDNF ofinic X » ¢ MPPY iz &
53BN E M BN & e 2 L AHES ThTwb, T7bb BDNF R ZOMREROEEICL » TR %<
—F VY VHROBEEL LTI IA TV 5, HREE~OILAXDI TSIz > TkE~ DEREIOVT NGF
77 3) —RBIVFOERAMLVET X —ThHD vk BEF 77 1) —ORBLEDIBAEPNHNRLLETHY, &
BOBRHBEBETHS .

4. NGFoO&RZHN

DX 5 NGF OlBEREL LToILACTREIEE 2HRCHH LBbhd, LrLEER DD, £0O—>
WENGF 2EXGF, £V 7B THHRD, M MKBFIZBERTERNZ L THDH, NGF 2R TIFA S € 5121
BEEMRNCEALRTE DRV, e bADIEHAYE 2D L A& ) 227 ied EBbhs, & LK - mMKEFIE
BYEOCYHERY KBS L, FOYWBEOMADBITIZI - THKDO NGF R EZED 5 EATERE, ZFLTHFEIh
7o NGF BB EIEAS B TERE, Z0 L5 PBERT A Y A v — RO THCERCH HBERR 2D
Mhic, FO LS RHBEIFEETHOTHHH50? ZOT7 7 —FORBEXZOHEDRRLTHho T3 &
ZBo MEIDEERFHL BN 5,

4-1. NGF & mR#Ria

NGF &R D% NGF & 35 mikMiar SR 2 84 L T 288 L E—5T 5, KT LR, SFR
MG, MMESFMIEL, o - v VIR K4 OMBEA NGF X &R T 55259, —75, hiRMER T in situ ~4 7Y &
{1 ¥—>a VETHEHZ » b, =Y 20MIEALH, BEOENME, #E4MR, oI —HBoREIEEOHEE
#ifT NGFmRNA #FR L TW55459 L L#EBLTT A b vd A MR ER TV, IR Zafra 559
15 v b EEEMEAMIID NGFmRNA v <L 3BERT ¢ /BICL > TEE Y, GABA WX > TIOfFAMF X
hpZEERWGIEL TV, MEEBRBORIMEREC X - CHEEMiao NGF ARSI h 35 Ly,

=7, 7AbaHS bid o0 RNEERERMR TS Y, BrFHoMEARLnERBCESSMmL T
TR M OBSREMERE PR BRI L OBBEAREYES T b, FEELIFRTTT AL 2y 41 + A NGF 2HHK *
SWTBZERTL, SHINGFARET A LA + OWFELCTEL, WHEMIMEILET S LEL B T ERRLAS,
BEWHADO7 A b e A DS BEEXELELTWADTIREAENGEF AR L TWizWEELLRS, LML,
Lu 55 (3L R AR 2 VEZE LR WBHR IS\ T, 7 A b oA P oA B AR O— RS, BE%
W NGF BEFHRBEL TV B I EBR LI, MORERR, REBICL> TNGF AR LD 5HEMILE 7 A L=
YA b OREIE LB LHEEIND,

XTxh Tk, NGF &REZAATHES FAEAHOBRFIZIT A L ey A b LEFMEOVTHERAVIT IV
THH I b ZOMREITAIRY A PEWIZ LD THSH, MEMIGICL 5 NGF ARG HERAES » +
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Fold increase in NGF content

Concentration (mM)

Fig. 6 Effects of 4-alkylcatechols (A)and 1,2-diacetoxy-4-alkylbenzene (B)
on NGF synthesis in mouse L-M cells®®.

T s DEBOREREL S ETHDL S, EEMED NGF 5% & 5B I iia sy RE I e 5 EBEH
LD, FORRELLTHRADMDOAFIS EREE 2 EHCS | R TAREATETERVALTH S,

4-2, ISR NGF e 2 {RET 2K

M % SRR CHAEECE LT AN ey A & 05 % 4FMET7 V7 ¢ VESTHBRECEIU B 2 1-2 8/
MrT 5, COMIRT ANy A FIBIEICA D NGF EAGETT 25, BIEIICEATZORT At ed 1t
B O RABIT S35 o & FERC NGF &G TREAIME S h THE» b O BRRIBERREL T e b e
Thb, REBR Y ELERK CUREEEL, BEHEKDO NGF BE ¥R AERELE (enzyme immunoassay :
EIA) CEET %, COHETHTa—AT7 IV (=R 7Y v, /A= ix7 VY, F—s3V) X NGF &R %H
I (RET 55V, ELUDOERIRT A e b HUAOMIICR L THEDHN 5, EEEEHEBEOMENL AT
2— L7 IVOERIEIT - VBESCE AL, AIBEIEROEIYAMTAILE, ofFARTFVFIy 2
Ve T 2= AL T &, BREWEIREN D, 5F b hF 3 —AfbLERICRET VvV F Iy 7 v T 82—
LCEZEIh DA€ VEER, MRESWESLIERN L L vEKRL, $REES Y BIETERORFIZ L EIfE
FARBATELBCEEREA Y P ThHD, UEOEHREY L LD 4fic T v EedbonT 2 - fbEWIC
BE#E R RU A e (Fig. 6)8389, Dl Eo—HORRIER S > NGF GEREER S T 2 — M LEW IR &
Hihte, L LEFOBEENICEEL RED T ey b 74 ) v R14-<Xv  F 7 VO 0 AR RESES R
KERE, ThHESTFILEY NGF SR IRET 5 EAEF B L TIRVY, BRESLHIGEEE TR
e b KB RONMEDHLE DD LEE S I B,

4-3. £#FAD NGF N
XTEHEMFTA 2 Y —=v 7 Shic NGF 8RB HE I EE TS NGF G2 RETETHA 0, ZOR%E
%+ MABAFIORIED 72\ K BER THRE L, 3\ NGF ARIBHEFAEE T2 4 A F A hT 2 —AebTh2
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vg 10 xg/kg), 7 v FEEREER S T2 &, ¥ TR ZERMAM T NGF v 1o LR 2R 6 R LD ER AR,
SEWE GETHREL — DO ED), HEE (BRAERENFLET D) ~NEERRCBT L, Tbbi-2 51
HhT 2= A TERBEE iz NGF 3R 2 R £ TAENE 7 v 2 R0 - GERIEh S Z & 038 L1 (Fig.7 8768,
EYFEICL - TV IS NGF i ABERED B 125907 » 7 a—LGYeSE7 » hickgl 14, 1
e L 2 BREERACES T 5 &, SRAREROMREENE CHDY 7 AR VAPV, TRMEMROEE
WBE/ A=k 7 ) vEOLHEEFEROTF v o v KBBERER A ERICER L, $70bb#E NGF 2 4AHTE
HERBEL, RE@ERTO NGF IGEREMO L ERET S5 2 LR S h e,

5. HBEFARMICEITS NGFIREHEN

SECEBETAEBY~DOT TR —FD—FBELT, 7 v OLEEHEELECKIFT NGF FHOGR L L 15,
v b OB Y AR, ABEAEAKAEII LYY 2 v Fa - THEKHREBRAL ThbERKIS &7,
4-2FAhTa-—AEEBRREAKY IR LE 28Bcbh Y, BERTEO IHEBBRCHET S &R
B 7 2 — LG HE G BT, FBFTHEMRHEOK T 2 5 (Fig. 7), L2 bEOKEVRMEDLE
DEE ot —7, BROMBEEIIEN LD oo, ERBEBRMEOR D ERITHEML 7o THh DL ORI 42
FANT 3= EEIZ X > TCNGF EEAEE D FORERT » b ORMERBFENMBEI R L 2RLTWETY,
NGF 4 B EOBEKMEBHEYEL DS ) VO EDRDEFTAREYA VG, A V7V b v (STD Tt v
AV AEBHREBEELICERKS v MEREBERERIL, TOKR, EBHEORBMEEEEIMET T 5, 1E
B S STZHE LEREC4-AFA AT a—A% Ty ST S ESTZOLEHES LI A CIEE 24
BB LhECOR, EBHHFNBEEREIARCEIMEIhL 2RV L Tw% (Fig.8), HtEo
& 512 NGF A BB I RHARRER € 7 L OBKNWAE, S XERMET %, SLIMOKREE T ARTOR
XEBEFRTH 5,
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Fig. 7 Stimulation of sciatic nerve regeneration by repetitive administration of 4-methylcatechol®®.
Left : Schemetic drawing of experimental procedures. The sciatic nerves of adult rats were transected,
and both distal and proximal stumps were inserted into a silicon tube filled with PBS. Rats were
intraperitoneally injected with 10 x« g/kg of 4-methylcatechol in PBS or PBS alone once a day for
2 weeks. Right : Numbers of myelinated axons sprouted from proximal stump at two different sites.

The sciatic nerve regenerated in the tubes were analysed morphologically.
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S TRMAREARD NGF O 5 FE R T 5 L RO £
=7y PIIMR, MTHD, (LEWOKEN, - MK
BAFTE @M T & ORIEY D 5, BEAMLAEH OB, #L
WEEHORIBOTE, L ORNVZLETHS 5,

6. &bV
WERBERTOEBEAXFIA L CHRERELEHRL
I LV IOIRBBBCONTIEND THE, RFOKRE
HEOREX, MERED VR 27 REERE2D L, B
FIEYORMEBEE L - THRFBERFLERFET
DA IR RIS B4 5 MR B B ERE, FhikE
LTRLBECAGLTADE V25, S LIELLIR
WEFRBRTEDO S DOREIC L - THEHR LD
B LA IR OMBTH S > 2, LTORIIEGHK
FEYHEOMBHARELLE » T EBbR D, 7
NI oA = —RRRIEX LD, ThbDOEEDE X

Motor Nerve Conduction Velocity (m/s)

2 4

-

Time (weeks)

Fig. 8 Effect of 4-methylcatechol of motor nerve
conduction velocity in the sciatic nerve’®.
Symbols : @, 4-mechylcatechol-administered

BERTRHOHERTH D, D7 7 a—Finbich bk diabetic rats (n=11); A, untreated diabetic

BA2RXMD, MIKEFLUSLDAAREE LKA L rats (n=9); 0O, -control rats (n=7).
ignifi Dok <0.01; k%, .05.

BHIE L Fo Significance : *, P<0.01 *, P<0.05
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