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Abstruct

We have developed an animal model to investigate acute changes in the axonal
cytoskeleton caused by a mild stretching of the peripheral nerve in the upper limbs
of rats. Rat forelimbs were continuously stretched at 2N for one hour. Thereafter,
a part of the brachial plexus and median nerve were harvested and processed for
electron microscopic analysis. The total number of microtubules in the brachial
plexus decreased to 55% of that of the control animals without change in the
number of neurofilaments. No significant changes in microtubules or
neurofilaments were observed in the median nerve. By Western blotting analysis,
the amount of tau protein in the stretch group significantly decreased in the brachial
plexus but not in the median nerve. However, no significant changes in the amount
of tubulin protein were observed in either the brachial plexus or median nerve.
These results suggest that the microtubules were depolymerized by stretching of the
brachial plexus and that the depolymerization was due to the decrease in the tau

protein.
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Acute changes in the axonal cytoskeleton after mild stretching of
the rat brachial plexus

Kenshi kikukawa, Kohji Fukunaga, Teiji Kato, Makio

Yamaga, Eishichi Miyamoto and Katsumasa Takagi
Journal of Orthopaedic Research, in press
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BP : brachial plexus

MN : median nerve

SCa : slow component a

SCb : slow component b

HMW tau : high molecular weight tau

LMW tau : low molecular weight tau
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ZPHICEZSALMATELN. #. BOMLKAMNEETELVT—Ibda g,
CORLGEEICITERERBEE VOBMEN DTSN, FERBOMIIIBRKRLD
DTHY. HKHE - REHZEZHRTH I, TOLHLBVEERSTOIT. REICD
Y BENRERSTARWVEOIERSBIEALT S LbH Y, BUAERERES L THE
EH-oTWB,

HERERB LV BIMIIISSEHFELUFHS ICL > THREE N, RENED
MXOAEZETHERTNSEDIC, SRE—KROMKE - EMPITIEITEMNSRE - BICH(FT
DEHZEEHFELTHRRTHEECHL, MER. VIoIFHIWMIBE, BICEFEOH
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B - ARICDOVWTHE L TEA, BBEOERBE IRBEOBCE T 54 - NEEER
CEBEETHD., TR, RIAHERE. DMERE. AAGERBLLE TS
hTuies, FEREVThHETNOSENS ZEMS. 19565 Peet TN S ZHRIET
AL L THBEOERMLEHEE L. SHTERPBEOEREORES LTHESKS
UHEEMMNBZNIELERLTEL, EARBEOBOME - MEADEEBELE S FHIELL
SICESIEWSTRENH S EEIBBL. MBEZXFUTRE - GRICHETSHIEMNK
MTHBELTELETTEE, FLEMMETNVICENTS. Sy MEAWTLEROES]
BFEICLY. REMELLEBEMERCROBESLEZCYPTI. L (HEROHB

&) EHRALTNS®,

“REHEITHIE FTRLIROERICLYEICHEAERICHTIESIAFSLOLY. &
e bEERICHEVWREHERMEMELZRLPTVEEZAONS, CNETORENS. 5
BHEOHIBHERICETRESEIY., ThEEBRE U TEHRRIHDEMEZR I RNE
EOBRMEIEERN - B3I ADMDBZ LICKY. thDOREMEMEBENFEEZ S NDIDH
FROHBEEROFHREEASNS,

BEDLSIC, LEOHERBEO—REL L THRHEEEREIRMESHIFOSND, SH
B4 IBmERESIREOREEHASNICTSILEZBNEL. Sy FERESIETINE
AWT, E3ARICHT 5 EERHMBEDE/L %2 BFHHMAFY - EEFNCTREL
7=.
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BERES. BREREROPOMERNROESHBAICECHEDOSN TS, iR
RIIDIEYDNERRAICTHA S ZBROBTHSWERBICAENTIVS, HERHR
DA TH S EEAROZRH (I HERBRAOILABIP (diffusion barrier) [C&k->TH
BEOHBEDSMEENICTHENTEY. ENRIABHELCAPRRERIFL TS, #HER
WRIIHEIRICAENTEY., COHESHEBICLYZBREShTVS, @ LRICIE
HEANEROTEHRGE TH IR LENENTFET S,

MERHIFTHOBERNTHS. EE50MEREICEVTHMRIHICTHAL
Schwann HifAICBENTIVS, FAHlRHE TIEI—FDOBENE L X)L T—D0 Schwann
HialnHBRLTEY., BHLERRORXEDRD S/R5M#ERES Schwann @



R MREGERICRYBATNS, BEHH TE—D0 Schwann fifan 80z
ZRYBATNS,
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AEMBORBBEOXREIMREICEPLTEY., EITRBRELIUEOREKZIE
L L TRICHIFTIDICLERMROEESITONTINS, MEdHREEED
WEORMEBASEOMOEMEEETSE. — 21— O OHEAMERRICTIERICEKL
WHLEBRENBEONTVWSZLEBBEATH S, CHOoDREREZFBT/HIC.
Za—-AVRIETHES L CBETEOHRRABRDO/HOMBL AT LAZEFT S, BT
HRAEICL > THEHRETEEINE L SHREYRSBRITHE > TR EE
TEUHENS, Za—OYAICBVTHENESIZETIYHOLH Y. HIXSHEEE
YR, ThoDFEEYK. HHNIERERFUMBERKICETILENCECLELSH
5., BERHE(ZITZ b2 KU 7 (mitochondria) O#7x/ 2338 (organelle) #DH
DX, #HNE (microtubule) - —a2—07 43 A2 b (neurofilament) XU A
20745+ b (microfilament) O & D A#ROMBBIEH T EBELLEY. H5
WMIMIRBEFPTHES LIV T BRI ORI NRIBITENTINS,

IEFTHBRBRDOZDDEERAVASHICENTINS, THRDLDE—D(LEBOHREX

(slow axonal transport, 0.1~3mm /day) Th V. BVhNEDHT1=y b& N
U, Za-A745AFHBNIRM0T 4 SAY M EDHEBBRBEKS ESATL
%, EOHRRXLY 2106:8< . JBFTHICESN D, O —AXHEOEBRKR (fast
axonal transport. 400mm//day) T. ¥& U TEEMHEE/NIR. Y 2 /0 P8
ROLSGMBRBARS S L UHRRESHRERE ERT S,

BOMEBER X T A, 194852 Weiss & Hiscoe ICE> TEVIICIBA SN, X
HAEZARZEZHFRICRIR TS L. KEBLYUPROBMRIEERT S0, —H. KieapkL v
KHDOMRIIHM< LD EMBRES N, TOH%. BHEE NV -V —DORRICK Y mFRH
RS OIEFTHERTM (bulk flow) OFEMIEBREI N, B BRERIHREEROM
REERS ICEAEL/IYMRZESH. CORTHMNE - Z2a—OT A SAVINEETH
. ChoD\EYIE., MHAREICL > TEE SN ICROBERROBRMER S
ZBEL TS, WAEIIEELLTFaTY Y (tubulin) RENICEELES /52

(R/NERAES > /X%, microtubule-associated proteins, MAPs, B&#icit
MAP1,. MAP2ELTUY D% /%4 tau proteinfi &) HORESDH. ZhiTE O VihRIgR



[CEH>TIREETHD, —a—0OT745AMI31EDH /X0 (200kDa. 160kDa.
80kDa) M#E LDOBRAMKAL T3, BLNBHMRBRRIELLTS>ATIV T
ZEO>THREINTEL, Lasek SIETDOAEICTENHMBEREZ 2 DORSPICHITT
W35, HiXEEHNIMmM, day LLFD SCa (slow component a) &. 3mm,/day 2
@ SCb (slow componentb) T#H 5., &L T SCa TEIFNZDIEFaTU
Za—0O745AFTHY. SCb TEIENDDIITIFTHD,

Lubinska (IREREYOMBEER/E S LBUTERL. 7EFNAYIRATS—FE
FROEBEBERRTZLICK> T, AROBNVARIFEL Y BHESIEOVEETH WX
ANZXLZRR U, CTNHDOMEPL, HEBHLENS K UMSHREZZBRMENE H
L—Y—BMZ2SUE0OHOMENS. 1 BIT400mmb ORE TH) < EO\IHFREX R
TAZERBTAHEMAIREE Lo /e, BOVBRBXIHLVVRYREHERGEIVES, T
BhE. TOELOBHIBRRZEFLERTHOCHMRICHE>TRVRAENS, —
. BRYEIHERKICETEET S,

IAFTHEMREEICH L. FTHOBBRREDBFELHONICLE>TNS, FELTSA
YV —LAPEEINTNS, RIHTELCEZREMEZHMBETRETS LD, BREIhDY
ROKBADVBREBEYREZZAONTINS, . BROKROKEKCE T SH/NRIEIC
DVWTOIFEREHRENGET S LHIENT VS, EEIIRTEOFRMZET. 18
(2200mmiZETH 3,

2-3 #E®
BMNERIRUBNBWRZEDY NI TTELET. HIBFTREICIELIEY

(RES) . JIDBARATHERSLTELZBAELEY TS (B]) . BREBEMEFaITY Y
tubulin R FTHY., FaT U E2DDKKBULKKS V1D, aFaT I EBFa
TYUVHEEFRATEA<KBEALAZRBLYLS, CHDEBEL > THELEROB
NEDEEDLS S, WNEILIBUENDY., BFa7UUHBETNBIADOMINEXREE S
SA&plusend. aFa 7V UBETNBHEOMNEREEZ T4 F A8 minus end &
B3,

RVBBRHETIMNEOEERGIROLOABRICL>TRENTIVS, THOLEH
NEDORBZSIEETOICKIZRED I EF > (colchicine) - EVHYRFY

(vincristine) « EX TS RAF > (vinblastine) BLUAFILKERICE U BEIZIEE
SNHLENHDTHS, HBEAYMESHNECR> TITONBBE, E—9—5 /%0



NEELBMEELTVWS, BREMBEATIEI2DDE—I -9 0 BbML>THEY. X
<> kinesin £ A4 = dynein TH 3%, ¥R VIIWNEDTSRABICRMP>T. ¥
AZ2E@FIAFRARICEDP > TWL,
HNEIZZOHBRATHNARERERT. AL BIC—FADHKTESTSHLAR
2. thADHTIIHRESEZ LTINS, LVVIEATHD, L> THEHEATIBNEL
LTHETDIFaTV L EEROF LTI OBFETHLICHES,

3 FRifERHEEECMT SHRN

1 DDA THERZINERENSH S EBET. ANNRKROMOBMLICEKRSHIRT S
CIIEER LS BEBT S, (219734 Upton and McComas®As, E#EL /= 1 D
BOHLMAICRESELD LHEXADSRESE R VMBUTORESNIVELPT
<IRMEEHEEE (Double crush syndrome) &8& L. LEBEMTIHEME SR
ERNEENTEABHLEARTH., ARICHEBOBESIHDLICL> THERES
EoFTIEMREINTEAYOS, BETIE. KBRS EOal,. BROOLER
EYImEHRETITON, BROKXRMEESBEEFDOLY. ELEEOBEREZHIFTD
T=OBMBHRITEFL TS, Lo THEICASHOARSMbD - /I8E. REHTILi
FRMERRICHBERRBBEEIN. BRELTHEMEMSBESILIBHICERINDS,
¥ 7= Lundborg 131985%(Z reverse double crush syndrome DFEEBX.
Mackinnon (319884 IC multiple crush syndrome &5 X #RL7AE, WTFh b
FHXEERELU/MELIER/L TS, RBEIC, Narakas 512K %5 E30%I1C. Wood
5(C&BE44%ITRAUMBEDEHIBERNHONDLBESNTNS, LRICEWTIIHE
H - BIBEO - B - FRBE VS ARIBBEEZHRELPTVERSHYEHBELE/L
PIW, ULHOULAEYS CORGEBOMAESLLTIE. ChETTRALBRECEEBEND
BREMALZETIVBANWONTE L, FEBEONBTIIEBEDSHDHEES
NG L R DHADWEMETE, ULhbRLHEERTBERECHBTIHAE
METHo>c. FREFNICEKHAONIBERIEDILALES LROMERETH S,
POBBEESNAFHICLIMEMEOARIEBTH Y. B2 NETERAES HE
EEL. [ROKXHHEICE TIBRMEROSGHREEBEL TS,

BHTRINET—EOMRTHYETINELTS Yy FERAWTERE, ABICBLTIZ
BEHERORKHE L TRADAMNAEH ORMBIIIEEZETTS. Sv FOBHKABDE




(CERGIALS, L5y FTIBREMEEOBRHHBBESNTH Y™, ABEEIETFTOR
BHLEETHD, Lo TINOZDHLICRBRIMEL TS Y FERIRL TS,
E3|ARAICDONWTIE. BREHENEAVT. S5y FNEMNEI£80° AEMICES TS
CETHMEENORMICHITTERNICESIZNSLEHALTEY®. ZOARMIC
E3ILA (Fig.1) .
5| H - E5IBMICDUVTIE . Watanabe et al”' SBRAEBENFXE B TR
L7z, 2N - 1 RBEOFRGTIIHESHEETHESL (compound nerve action
potential, CNAP) DES|IHRIIFEBICETTHHDD. EJIRBRERLMICEELE.
TN - 1EETECNAP OBFERETREH5NT, 5N - 1 BETE CNAP RBEICE
TT5bODEFIEIRIOVETHRELLED /2. K4 DRARIIBHMAES I REL2LE
ETB, LOoTESEDARICENTD, EF|H2 N - FE5IRH 1 BRI Z2HERELE /L2
EOWBHEESIRGE L THIV



6) REAE - HBR
1_®METN

B EFIVIZ Kitamura et al"® "D FEICHEC =, THRHLE, Wistar RS v b
(4£E280-300g) #* pentobarbital (0.1ml/100g) BEEAKEL. > v FERAIFIR
D - RBBZEMEPICERO.ISmMmIBRZFA. COWMBRENL TS v MIIEESI TS
&T. EERXRHMEEREENICESILAE (Fig.1-A) .

E3|ARIIFE80° S EA. FESINIL2 N, E5IRMEIZ 1 BEIE L,

MEDOHHEEAI%E Fig.1-B [TRT. segment 1 (F#ERIR. segment 2 (IBREBERE.
segment 3 [ZIEPAERIARIER. segment 4 (FTEPHED LBRFBTH S, RB1(C

BWWTIE. BREE (Fabb segment 2) . Eh#ED FBRAUE (Fabb
segment 4) Z&E¥& L, & segment [3#) 8 mm TH 5.

2 RE1
2-1

2N - 1 REESIER 25%XBEI/NVINTNTE R300MITEREEZ T /=, EE
&IT0. MY T EEERER (pH7.4) AV, BisiEE (segment 2) & EBGRMUIRRDIE
hEE (segment 4) . 2%BE /IS IL7IITE ETREBTEE48RM{T-
foo 1 %HBEFRZIOABT 2 BMOREER. BHEOST/OyIREZ12HM
To7=. 50%. 60%. 70%. 80%. 90%. 95%. 100% L{ERENSBREANETS
J —IVBkETo =, BKREIZEHT2HBMELE, 7OEL BB (109X 3E)
L%, 7oL +IR>Tovernight L. IRVICBELE, HSRFA 71T
umOEYIREEEL. ML DPTNV—TREUNXFEBRTHREL A,

BT TARBETHELEPZEMNF L L, FHRIIRE~REBEIERE L, Mk
52+ Reynoldsi#k (WHEksh) TRFREZ{Tolk. BRUEME (TEM) TEHEL
oo BREE - EPHEOFHMAREZ S AETEY. 1 8R1E (2.7um?) H=U DM/
E-Za-A745AYMEADMLE, Sy M RHEYRHEE - Eh@EezTh
Fh208BFRTOBK. EXH - E5##LHn=3ThVY. A240K Lo,

#R(3 meant SE TRU 7. ¥EZPRMRFICIE two-way ANOVA ZBiVE, P
values < 0.05 2FEEHY L L.
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RBETIRFEE - EPHELEHIERH - Z3IRICBVLWTHERNELLRIEDLP > /£
(Fig.2) . ¥7/xbb, MEZMEE - FsIL/E. SHHBICHAONIHENZMEIHIFLS
HROAM oI,

BHEAK3000f5 & R9 (Fig.3-A, B) . FiiEsE - EPWHETIENE - FSIBEHICEL
THEFNGEEIEDLEN S,

BEHSAEERY (Fig.3-C, D) . EXHOBMERSIVEPHETE. 1REH
=Y OFEHMNERITENENG1.722.5. 65.7£2.1THo7/. —AH. E3IFTIL35.3
+£2.1. 57.7x£5.0THY. BNERIRHEETHEREICETL TV (P<L0.05)
(Fig.d) o INIIHML=Za2—0OT45A2 M, EWBETIE 394.7+£11.4, 379.0+
8.3. E5|#¥TIZ403.3+12.3. 369.3+7.8 THV. FipE#k - EPHETEREH - F
BSIBTCHEEZRDAMo= (Figd) .

LIEDOERMS., 2N - 1 BEOBBIESIARFICKY. BAEETHINEOEELR
VERDIE, BPMBEREELTFaTUPENICHRELEY /RS (MNERES /8
2. microtubule-associated proteins. MAPs) &kVU7#%, £>TEZ 1RO LRIVD
ZLZEHBLHIC, EEENFREAVTREZT o,

3 KE?2
3-1 —xkiak

monoclonal antibody : a -tubulin (1:1000 dilution)

tau protein (TAU-2, 1:1000 dilution)

neurofilament (Neurofilament 200, 1:400 dilution)
polyclonal antibody : tau protein (1:800 dilution)

phosphorylated tau (199/202) (1:500 dilution)
3-2
12EDZy bRV (EEBEn=6. E5|8n=0) , 2N - 1B5MZES K. HEE

D5 EPHEE LPURAEE TR, -80CICRT LA, B, & segment (25D

EHEYTHS, HRiGHEBEZE 120 1! of RIPA solution (50mM Tris-HCI (pH 7.5),
4mM EGTA, 10mM EDTA, 0.5% TritonX-100, 0.15M NaCl, 1TmM Na VO, 30mM



Na pyrophosphate, 50mM NaF, TmM DTT and 100nM calyculin A) + protease
inhibitors (50 uwg/ml leupeptin, 25 u g/ml pepstatin A and 50 « g/ml tripsin
inhibitor at the final concentration) A T/hRE 34 X, Bradford et al D A;%°
ICECTIY NV ERETO=, ZDHE. Y TILA Laemmli’'s sample buffer’?% i
Z. 100C Ca&HBLE,

RO ERE. & segment TETKE) (10% sodium dodesyl sulfate -
polyacrylamide gel electrophoresis . SDS-PAGE) #17-o7=, #k#hk. 70V T2
B§M Western blotting (membrane transfer) #{T-7z. 2% bovine serum
albumin (BSA) (Tris-buffered saline (TBS) ; 20mM Tris-HCl and 0.1 5M NaCl,
pH7.6) T/ v+ %k, —RHFERIS (a-tubulin, TAU-2. Neurofilament
200. polyclonal tau, phosphorylated tau) # overnight TfT>7/=, A 7L %
TBS containing 0.1% Nonidet P-40 TS543. 304, 1543, 159 M&t4 Bi%E. R
& RS E 1 BMETT o 7= (horseradish peroxidase-conjugated anti-rabbit
antibody or anti-mouse antibody) . TBS containing 0.1% Nonidet P-40 T5
5. 159, 54, S4Et4EI%E. ECLTHREIH. AT % XAP-S fim (CRE
L7z, Boh/i=TF—9%20 Ea—4(CHYiAHZ. Y 7~ (Bio-Imaging
Analyzer ) CTIEB#EIRZ100%&LTERIEL =,

#EIE meant SE T/RUK, #&HERIBHTICIE non -parametric Mann-Whitney
test ZAV/e, Pvalues< 0.05 2BBEZHY L L,
3-3

BRBICBIEIWNEOREIBH LN LS, EFAFIHLI ORI EEE
A. BUNE®D major component THAF a7 U &2%&E 70y FTUELE. BR
(X, & segment CENWTF a7V U IEIIBEDHLEM>/= (Fig.5-A, B) , BETIZ
BNEDRLEZLLTVADICHULF2TYVEEAL TGN 2722 DS, #MNE
DRESHEX SN, K> THNEREY /O D—DTHBIVI VIO kT
By bTRELE. TAU-2 ik TI3 segment 2 THEEAET£86H /=15, segment
1. 3. ATRIHERETEIREDLAM o/ (Fig.6-A, B) , Zhid. polyclonal tau T
HEHTH -7/ (Fig.6-A) ,

ELRBEED—DELTEIDIUNRID) VBEEBEZ, 994 2/801D199/202 D
U BRIELZRERTINEZEANE, 9095 NRIBMMBENTWEZENS, TAU-2 T



oL EHMAFERIICHEIT L, ChIIEHLHLATHHERICH M, FELLAE
Honixmor (Fig.6-C, D) « K> THNEDRBMNIZVS I NRIDY VEEEIZKD
MESTIIA<, 9RICLKIBMESLERLE,

—a—07 4 5+ ;T3 Neurofilament 200 HikxDZELIZH Shizh-> 7=

(Fig.7-A, B) . Z#hZ Neurofilament 160 itk THRMETH 7= (data not

shown) , COHERIZ. FEFIBFICKDZa—0OT 4 FA MIERLANWE WS B
DERELERTH o,

RE 1 TRNENRD L. REBR2 THNED major protein THSF a7 U IET
Liaghot. K>oTHINEDIRESHEZON., ChZEHAETIENTRRIZITH,

4 RER3
4-1_—iRiith

Monoclonal antibody : @ -tubulin (1:1000 dilution)

4-2 FHi&

12EDSy &AWV (EE# n=6. E5|8n=06) ., A&t Xieetal"[ZHELCT
To7., 2N - 1 EEES R, FERMSEPHELFEMMETHE. -80CICREFL
7=, BRI, & Segment (IRER2 LR TH S, HiEHHE# 80 ul extraction
buffer (80mM MES (pH 6.8), 5mM MgCl,. 2mM EGTA, 0.1 % TritonX-100, 100
wM PMSF, 10mM benzamidine, TmM GTP-3Na, TmM DTT and 100nM calyculin
A) + protease inhibitors (50 ug/ml leupeptin, 25 wg/ml pepstatin A and 50
w g/ml tripsin inhibitor at the final concentration) A THRES 4 X.
Bradford et al DAE ICECTEY RO EREFT o1z, BT ILA60% glycerol 80
wl, SmMGTP-3Na 16wl ZINZ. 37°CT104} incubate L7=, 50000Xg T305%E
. L - RBZERIFa—FE L. LB extraction buffer (+glycerol) 120wl
T#EE LU=, Z0#% Laemmlii's sample buffer®% £&32 ul . k24 ul MZ.
100C T4 n&EHBLI.

% segment TERX& (10% sodium dodesyl sulfate - polyacrylamide gel
electrophoresis . SDS-PAGE) #1T-o7%. 775 A B3I LE - LKL b segment
1,2 1320ul. segment 3,4,5 (360ulF D& U7z, KBk, 70V T2 B5f Western

blotting (membrane transfer) Z1To>7%. 2% bovine serum albumin (BSA)



(Tris-buffered saline (TBS) ; 20mM Tris-HCl and 0.15M NaCl, pH 7.6) T7
Oy Uk, —RFERIE%E overnight TfTo 7=, A 7L % TBS containing
0.1% Nonidet P-40 TS54. 304, 1547, 154 D&t 4 Bi%ke. ZRINGBRIEZE 1 5/
1o 7= (horseradish peroxidase-conjugated anti-mouse antibody) , TBS
containing 0.1% Nonidet P-40 T54. 154, 54. 54t 4 Bi%%. ECLTRE
B, ATV % XAP-5fim ICRBLE, Boh/F—492a2 Ea—4ICRYA
7. B 7 b (Bio-Imaging Analyzer) TER{tL=. T—2 (39 /R0 DELRIC
WEL. £&/ (LB+XR) DLEEEXBTRLUE,

#R(E meant SE TRU ., #aHFRIBER(C(E non -parametric Mann-Whitney
test ZAl\/z, Pvalues< 0.05 2FEZEHY L L,
4-3

IEEBTIIRmERE 48.71£5.3 %, EPME 51.3+5.7 % Tho/. E5IHTIIHEA
#3#8 59.8+5.4 %. [EP#HEE 58.3+8.2 % Tho/z, EXHBICHUESBHTLEICF
TIOBNERT BERMNA SN, BROLEEEEZIBONGENI o, ChITBHMHE
B-EPRENWThbE#ETH -/ (Fig.8) . RB&1. 2LV, EFIAFCLVHNE
WIRESUL/EFPEURRIZToM. COBRBLTULHBTICEESLL
oo TRWTHOBENMEFELTNAIDTHASS M. REBEAIEDEXEROTIT o4
RTH5,

S5 XE4
5-1 —Ritk

Monoclonal antibody : nitrotyrosine F14& (1:1000 dilution)

5-2

2N - 1 BEES &R, MERHLSEFHE LBEMMETHH. -80CICRFLE.
HERGIIIRER 2 LR TH S, FiEHHBEE 120 of RIPA solution (50mM Tris-HCl
(pH 7.5), 4mM EGTA, 10mM EDTA, 0.5% TritonX-100, 0.15M NaCl, TmM Na_VO
.» 30mM Na pyrophosphate, 50mM NaF, 1TmM DTT and 100nM calyculin A) +
protease inhibitors (50 ug/ml leupeptin, 25 u g/ml pepstatin A and 50 u g/ml
tripsin inhibitor at the final concentration) A THRE S+ 4 X, Bradford et al



DFEFICECTY VRO ERETo /2. CD#E. YT IUA Laemmli’'s sample
buffer #i01x. 100°C Ta449F AL,

&0 ERi%E. & segment TESUAE (10% sodium dodesy! sulfate -
polyacrylamide gel electrophoresis . SDS-PAGE) #f7-7=, *kEhk. 70V T2
B Western blotting (membrane transfer) #fTo7=. 5% skim milk (Tris-
buffered saline (TBS) ; 20mM Tris-HCland 0.15M NaCl, pH 7.6) T/ vy ¥ >4
%, —R¥ERIS (nitrotyrosine #i4k) % overnight TiTo7=. A 7L % TBS
containing 0.1% Nonidet P-40 T54F. 304, 154, 154 0&t 4 Ei%kie. ZXRHE&E
Ris% 1 Bf4T > 7= (horseradish peroxidase-conjugated anti-mouse
antibody) , TBS containing 0.1% Nonidet P-40 T54>. 154, 54, 54§t 4 EB%
%, ECLTREZH. ATV % XAP-Sfim ICREL /-,

5-3

Bf 5 p73 nitrotyrosine D LR IBH SN M o7z (Fig.9) . ThESICH
Ubiquitine i Z B\ h b E(IIH SN T (data not shown) . ZEFIBF (Xt
THRIRNERVORFIIFRBATH o=,

RER1. 2THNEDRD. 905 NRODRLBH NN, ThIZFESIEHREWND
SHBORBRTHH /=, BEMSVDEEZSDMN. HHNIEISANDN, REBHIICIE
ESRZDODPEBENICERDSH S LA THD, CheaHdHIC, E3IQTENITE
MEBZ &> THEEFERLRRS 2170 7=,

6 RES
6-1 —Xintk

Monoclonal antibody : @ -tubulin (1:1000 dilution)

tau protein (TAU-2, 1:1000 dilution)
6-2 A&
33EDTy bEMAWE (EXWE n=3. E5(HIEH#N=3) . 2N - 1 BHMESIL
7o, EEIER - 2% - 6 Bk - 1285M % - 24B5RI% - 7285R0%% - 18 - 238
® - IBEREIV4BRICHER,SEPHE FBRMSETHE. -80CICHEELE.
HEPLTESSLECATRE2 LAKDAEICT SDS-PAGE. Western blotting



101,

#ER(E meant SE TRU ., PRI non -parametric Mann-Whitney
test ZAL\/=, Pvalues < 0.05 2FEBEHY L L,
6-3

BmEETIE. TAU-2 &3 FESIERKIVETL, 12BETRELE (Fig.10) .
a-tubulin FiFBXFEEZELLSELBSHSNEM >/~ (Fig.11) . EEPMHETE. TAU-2
s (Fig.12) . a-tubulin #ifkx (Fig.13) &HFEELLLEDSHZONLM D=,



Fig.1 : Photograph and Schematic drawing of the rat

B suprascapular

musculocutaneous nerve

radial nerve

median nerve

ulnar nerve

" Seg.4 "Seg.3 | Seg.2\ Seg.1

A : Photograph showing the procedure of stretching the upper limbs
in the rat.

B : Schematic drawing of the peripheral nerves of the right upper
limb in the rat. Segments 1-4 were obtained from the brachial
plexus and median nerve originated from C8.



Fig.2 : Photographs of light microscope

A transverse section of the brachial plexus in the control (A,B) and
stretch (C,D) groups. Light microscopic examination revealed no

significant difference between the control and stretch groups.
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Fig.3 : Photographs of electron microscope

Low magnification view (X 3,000, Bar = 10 .2 m) of a transverse

section of the brachial plexus in the control (A) and stretch (B)
groups. Representive electron microscopic observation of a
transverse thin section (X 50,000, Bar =0.5 /2 m) of a myelinated

fiber in the brachial plexus from the control (C) and stretch (D)
groups. The number of microtubules (shown by arrows)
significantly decreased in the stretched rats compared to the
controls. In contrast, the number of neurofilaments (shown by
arrowheads) did not differ between the two specimens.



Fig.4 : Quantitative analysis of the number of microtubules (A) and neurofilaments
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Quantitative analysis of the number of microtubules (A) and
neurofilaments (B) in the brachial plexus and median nerve obtained
from the control (n=3) and stretch (n=3) groups. The number of
microtubules in the brachial plexus from the stretch group significantly
decreased to 55% of that in the control. % p<0.05



Fig.5 : Immunoblot analysis of tubulin
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Immunoblot analysis of tubulin using « -tubulin monoclonal

antibody. Segments 1-4 were obtained as described in Materials
and Methods.

A : Representive autoradiograph showing immunoreactive tubulin
B : Quantitative analysis of the amount of tubulin
Immunoreactivities obtained in A were quantified by a Bio-
Imaging analyzer. Values were expressed as a percentage of
segments 1 from the controls (n=6). The amount of tubulin in all
four segments did not differ significantly between the control and
stretch groups.



Fig.6 : Immunoblot analysis of tau protein

A monoclonal antibody gsgtﬂzl;al
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Immunoblot analysis of tau protein using TAU-2 monoclonal antibody.
Segments 1-4 were obtained as described in Materials and Methods.

A : Representive autoradiograph showing immunoreactive tau protein
B : Quantitative analysis of the amount of tau protein
Immunoreactivities obtained in A were quantified by a Bio-Imaging
analyzer. Values were expressed as a percentage of segments 1 from the
controls (n=6). The amount of tau protein in the stretch group
significantly decreased only in the brachial plexus (segment 2 ; 43%

reduction compared to the controls) but not in the median nerve.
* p<0.01



e

Fig.6 : Immunoblot analysis of phosphorylated tau protein
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Immunoblot analysis of tau protein using PPI polyclonal antibody.
Segments 1-4 were obtained as described in Materials and Methods.

C : Representive autoradiograph showing immunoreactive
phosphorylation of tau protein

D : Ratio of immunoreactivity against PP1 antibody to that against
TAU-2 antibody (PP1/TAU-2) (n=6)

The immunoreactivities against PP1 antibody were divided by those
against TAU-2 antibody shown in A. The ratio of the phosphorylation
to the amount of protein was not signficantly different between the
control and stretch groups.



Fig.7 : Immunoblot analysis of neurofilament
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Immunoblot analysis of neurofilament using Neurofilament 200
monoclonal antibody. Segments 1-4 were obtained as described in
Materials and Methods.

A : Representive autoradiograph showing immunoreactive
neurofilament

B : Quantitative analysis of the amount of 200 kDa-neurofilament
Immunoreactivities obtained in A were quantified by a Bio-Imaging
analyzer. Values were expressed as a percentage of segments 1 from
the controls (n=6) . The amount of neurofilament in all four segments
did not differ significantly between the control and stretch groups.



Fig.8 : Immunoblot analysis of tubulin
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Immunoblot analysis of tubulin using « -tubulin

monoclonal antibody. There were no significant changes
in the ratio of tubulin (supernatant / supernatant + pellet)
in the brachial plexus and median nerve between the

control and stretch groups.



Fig.9 : Immunoblot analysis of nitrotyrosine

Immunoblot analysis of nitrotyrosination using
nitrotyrosine monoclonal antibody. Segments 1-4 were
obtained as described in Materials and Methods. The
amount of nitrotyrosine in all four segments did not
differ significantly between the control and stretch
groups.



Fig.10 : Immunoblot analysis of tau protein in the brachial plexus

(%)

B#% 2h 6h 12h 24h 72h TW 2W 3W 4W

T

3

Immunoblot analysis of tau protein using TAU-2 monoclonal
antibody in the brachial plexus. Values were expressed as a
percentage of segments 2 from the controls (n=3). The amount of tau
protein significantly decreased rapidly following stretching in the

brachial plexus, but recovered at 12 hours.



Fig.11 : Immunoblot analysis of tubulin in the brachial plexus

(%)
:

4

¥ #E#® 2h 6h 12h 24h 72h 1W 2W  3W 4w

Immunoblot analysis of tubulin using « -tubulin monoclonal antibody

in the brachial plexus. Values were expressed as a percentage of
segments 2 from the controls (n=3). The amount of tubulin in the

brachial plexus did not differ significantly between the control and all

stretch groups.



Fig.12 : Immunoblot analysis of TAU-2 in the median nerve

E¥ ®B#% 2h 6h 12h  24h 72h 1w 2W 3w 4w

Immunoblot analysis of tau protein using TAU-2 monoclonal antibody
in the median nerve. Values were expressed as a percentage of
segments 4 from the controls (n=3). The amount of tau protein in the

median nerve did not differ significantly between the control and all

stretch groups.



Fig.13 : Immunoblot analysis of tubulin in the median nerve

O 1 ] L 1 1 ¥ | ] ] ] |
E% ®#% 2h 6h 12h 24h 72h W 2W 3W 4W

Immunoblot analysis of tubulin using ¢ -tubulin monoclonal antibody

in the median nerve. Values were expressed as a percentage of
segments 4 from the controls (n=3). The amount of tubulin in the
median nerve did not differ significantly between the control and all

stretch groups.



WNEIHEHREXICHETSHRERDO—DOTHD. RIUBHNBWRRTTEL
ET. DA TRECTBLIEVAIDBAATEBRELTEZBLETSI LD, WD
PHUARRERLZ RTHRBE THD, HEMAROHKHBBOXEIHEBMECEPLTS
Y, ECTCRMBESIVEORKEEMBEL - BEELTRICHIFTIDICLERYMHEDOERK
BITbh TS, ERINYHEBRETIUBOBRBETH Y. JEFTHED S OLHT
HICHRALBREOBMTYHROBRSITDONTNVS, COLE. YRIIHMNEITE>TH
EEN 35,

SE. FIEFICLUBNESRMEETHBCRLTHLMRENE, BILEY B
DRWREES| LAa—EBDORRB U T3, ESEAFCIYBRENRT Y MRICERL
TIOBFITHWNENBIL., BRELTEFHRATEIRNERBRITIHIEERT(T
. RHEICRER1 TESIAFMCKVBNENRD LN, BINFREEDH DR/NEHER
RICBRITHEEEBAICSLS, CUAMNENRESZESCLAELBASANELELED
Nd, RR2MHSF 2TV VICEREBIHBOSNEM 2. 905 RODBLEHESNT
BYIORIVPHNEERESESHLEBEATNDS, L2 —OT4F5AV MIRET
TREVETRR2 THRBOBERTH -2, MRDEIEY MIMEESIRRTH
ZTa—A745AMIRPLTEST, EFIBMIIHTIREE LTRFRREFHERT
Hol, EFAFMICHUTHNEIHESL, —2a—0OT7 43X MIEHBSHEDD
bitiey,. BCHREBERTHESIAFTICHTLSMEDBOVSROSNTEY. OB
(b DHEBLESFATH S,

Koike et al*° (34 hDEX#REMAL. HREES| ICLYERNBRBRIEEEZ L
WELA, £/~ Tanoueetal” 35y MARBEZA, 11 %OMEEERMSEITHIBR
BREBETILHRELL. COLD CHBES I PHREXBELS | ER_T LIRS
TV, TOBRFICESIHRRIEHSNTIVEN,

CHETORE L (TR, SERLHSHOVESDEHRICH LA THDS,
CODES RS T THRMAEESEICHNEDETHSAON/, MFRHRXIHEHEEEITERIC



FOBMEMHD. AEFUOPELTSRAFY, EXOVYRFUEEQEYET I AOA
KIZMNELZMESIEILEHICHREBRERLICAEDHD LQLATLYREZNTN
3. SEOHATRAROEANELCZLTHIE, BHAES ARSI BRBRE[BESHED
AREESH D, THOLESIATICIIBRBEBEORFO—DOTEZNNEEZITH
R

3 RO LNIVICHEITEREL

&% /%% tau protein I3H/NERESY /O D—DThHY., Fa7Y  2EBEZ
HMNEERENLSIEI®MENH D, REMEICEWTE, §05 210 135FR115
KDa @, (Vb3 high molecular weight (HMW) tau S8&2hhTE/L"°, SED
A TIE 55-65 KDa @ low molecular weight (LMW) tau 2SE& &> TEHEY.

HMW tau (& 5NEM o7, CHETHRHEMET LMW tau BESNADIFRL D
BRYSy FEBBRERWVZ 1 XEPOHTHY . TV RKICHFR 60 KDa FiET
Hol. Sy b LBROKHMETIL, LMW tau BEITH o 1=,

—BUMEMETIINTIE, BOICEYSDIRODY VBIL - i) YB{LAHES N
TNBNT oy hs) VBT D EMNERTRELBYRERZE/LT, #ITHD
DB VB TIIHNEIREICLESTIARICHS, RBR1 THRNEBELLTNS
TENLHNEDRESEEZ. RR2THIVS/NROD) VELRE

(phosphopeptide 1. PP1 #if&) #HW\e, ThEIDI U RIGBERBRTINE
(TAU-2) TERLLEE (PP1/TAU-2) &R&/=H. BRISEMHEEEMUICEREET
ZdHo7M. BEEZDHBLRIBOSNIN 7z, K> TRER 1 THONLEHMNEDE

DI, 595100 VBIETIRIEL. 909 RODRD EERTITI,

TIREFOBEIIWHEBIHBDTHAS O, Kitamuraetal (3kJRIVT S REER
WTEEFNT2NOEFAFENTIZEHEMERTIOXEBEMANET IS LE2H
£LED, COLERBEROABRANE L HELRTOE TIROENS SN, Bt
FKEONRICHTEHEHEERL. —BENENEFINTRIIVSI oD VB
£t B UBEBLUEORVICEALTCDHEEEER/LTNS, MAEMNERSET
FINE—DHBIKRES Y, HRBICBITZA AR TORENELD., HhUDUALAF
O HHRSAANRIET B LR T, Ca¥h Ca¥F v RIVBLUNMD ARBEIEIMET v
WD SHIBAARATS, Ca2*PBHRATHETHIVESZ 2 % CaMkinase. 7L/




A REMERLLEN. UDBEPI O NROGBHBEZSHLEENTWS, SEDEFIVT
RESIEHICLVRMEBTORIETEEATILTCAMBRAL., ARA0hT
TooDREDI RO FBBRBBMS CEICL>TIVI U NRONBENIEEZS
hd, Ca*DEEER>ERDEIE Y MIBEESIRRTHERINTEYS, Ca*DHAA
HBNEICELZELTILEEZRELTNS, FRATEIHFMTBFETIBESMICTE
IEo IS, USRI DRVITDONTIZ LB, HICCPHDEENEZ SN,
BRI EIC, RER2 - SBIMAHAONIDEBIDIINRIDHTHY ., BPMEDE
BATHAEZFaTVELUZa—AT4SAY MIRBONEN >, Ca*IIT IR
ISEDBNRE RO ICHBFRETIDOTHSOM. SEOMRBEATHS5LBbh b,

4 Y9502 DBE

SERERS ICTHYVDRIEEZAHZES. 12BETERELE. 90800 K5 il
RSB VMBERETEEIN., ERRETEIHBR/EZTmm/BLTOWDK S SCa
TEIEND®, LELARICASHORENHSNIIBE, BRERSES LD LIFS
NETHRESN TS (SCaSCh &£733) “, MRBELVWO S TSEMRISTH D
EBbhB, ELSEIDORRT. ESIARMICTEIOY U RIBRL UIZENDIHEHH
B EANE, 9092108 LTSCb (1~3mm/8) TEEENiELT
H, BHEEETIEE~1MMETHYMETIEIRESTH2~5BMMERAHTHY.
12RETIIEERRE S LUTERN, HBLIDS RO MEVETHBRGRICTEETN
BB EDEREIZ 1 B40cmBEE TH D= ZOHRBBIITEETIIH D05, & /80 8%
DEOCBBEETITONEZEVSBERAN, £ELEROMBEBECH T HRBRD
ARIIHBVEOL S LIEAIFERICE FEIMRMBIEILAETH Y. SEIDL S IErlHFMESR
HTICHIT2HEBEORGILL, AIFEHRET TR NAIGERSEOBRIRELL
BDTHHOMe WIMBDANZXALILKYY RO BBETIONERRTIIEASHIC
TELED oM, SEDOLOBAIEHRETICEIHBERELVD SN SILIEFEICH
KENEZATHSB,

5 BimEREoFs MECHTSHEN
1 DO THERMRENH 2 BET. FBEMEROMOBEICERNSBRTS &




FEREL<SEERT S, ZNI219735F D Upton and McComas [CK VHIHTEHRSE
Double crush syndrome & U TH&E N, LIREKR - ERMHAIRSZSHBEINT
W5, BETEIABRE - EOa - BECHhOLELEYIHEHRRATITDN, @Bk
DFREEBIEFD/=D. EEBEOHEREEHITTHOMBERRACEKTFLTNDS
B, KO THEBICASHOARMSMbD -/BE. REBTIHRBELARICHIERLED
HmESHh. BR. FRUESBESLEBBHICERINS, ERICHNTIE, HH - B
O - B - FREE VS RIEEELZHRLCTVWERMSH YVEEREEZE LTV
SEOMRERNS. EFARICH L THAZEIEPHRELY HBMENH S Z L5354
BAL7, £ bOBBMEEIAGOBSIRAOAHRZFOBEEHOEAFEEZETL. LK
OEE ICHENMEORMBEL Y bR - BEENS, BERL - REFCHOMGREZR
7. HEBEGRMALEL LU TR - BRENTOLDEFICENT, BAHeIEL. BA
FOERI—MICHEBAHOREBEZRARICERET. LETHDOEDHERSTHAR
THd. COBRGEBKRER - FROBHEROBECETICODEEASLERLYY
W, BRAZESIBFTHEBHELANIL - 01RO LRIV THESHZ SN OELSBHE
BICECPTVEVWSSEOMAERIL, /E#ED S chronic neck-shoulder pain .
cervico-brachial pain syndrome & % W\ IFEBRERS G EL LU TRYIRDNWTEL
REBOREO—DTHIAERNTREE N,



8) #&

Sy bERESIETNERVCEHO—EOMREZRESE. BFEHSESN - #4%
EENFEEZRAVTHRZT > /2. EFIAWICLYREHEETHINEDORLHH SN,
EERARICIDSDNROBRL LD, FadUIRZa—0OT 4540 MIIEALHH
bhiamo/le. K> TESIAFICIIBNEDREDI, §05 U ROMELTEHETH
INEBBREELLEEA SN, BNERIWRKRXICHETIHRRETHS. E3IAH

Sk Y PR THRBAMESE CSATEMNRR SN, E3IRECHT SHEMER
DHB/EARE NI,
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