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| ABSTRACT

Inrats anaesthet:sed with enﬂurane, exammed the responaa of coccyg cal ?flmary'.__ SN
7 _'Z_afferents fibres to. noxlous thsrmal and mechameal Stlmulatlﬁn and to mnocuous' L

= "brushmg, durmg transmnt Ischaemza and reperfumon of thell‘ recepnve ﬁelds on L

- the ta:l Ischacmla was induoed by occludmg the blood suppl;, to the tall for 30' | l | a
:-'.-mm usmg a tourmquet I d:soovered four dlfferent groups of afferent fibres

- dlstlngulshed by ::onductzon velocxty and modazity Aﬁ fibres respondmg to both' BRI
bmsh and pinch of thexr receptwe ﬁelds showed decreased SBnSlthlty to bm,u.hﬂ_ L
durmg b'f’th lschaemxa and reperfusmn.o A8 flbres respnndmg o pmch- were B
3 unaffccted by sither 1schaem1a or reperfusion C fibres respﬂnding to nomous heat ._ L B
4y C) and pmch showed hypersenmtwlty durmg reperfusmn BSpec lally: -
_1mmad1ately after release of the tourmquet. Another group of ¢ fibres, o
_presumahly chemosensltwe became mote actwe durmg 1schae.m1a and Bxhlblted

a 7-fold increase in f"rmg rate durmg "eoeptwe ﬁeld reperﬁm:on in the absencc_ -

f obvious stlmuli

| Théﬁe resuits'indicate that dufing reperfus.ion. of tﬁe rat tail foltowing‘ -ttanSient B
ischaemia, myelmabed fibres do not increase their input to the CNS, while c

_ fi bres b came more active and showed sensltnzatmn 10 noxious stimulatlon of thelr X |

: receptlve ﬁelds. The euhanced CNS nocicepuve activnty Wthh occurs. durmg..

Lfepe:ﬁ-xsl_nn_ consequcn_tly results from both perxp.:e_ral and central s_ensxtlzatnon. o
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Plate I

Schematic representatlon of recordmg, electrical stlmulatmn aml apphcatmn |

of mechanical and thermat stimulation, T ‘I‘ourmqnet.

The yellow area represents the part of the tail where I looked for receptwe '

fields and apphed mechamcal and thermal stunulatmn.



| "._':.Mammahan skm is mnervated by termmals uf primary noclceptwe afferents thaz;_--;:_ 3
o belong to thmly myellnated A& flbre and umnyelmateﬁ C fibre famﬂxes, ‘I'hese

| | _' E __:_;nomwpmrs have been Stlldled m several speczes mcludmg humans (for revmw see: ._
h . Reperal 1933 Campbell o al 1989) The most. commonly studled cuﬁhref e S

._ g :.::.noclceptor mponds to mechamcal as well as heat stlmulz, Thzs rﬁceptor t}'pe 1s: LT
o ; - therefere called the C~fibre mechano heat noclceptor (CMI—I) Pesponses to cold SRR

S - _stxmuh or chemmal stlmull may alsu be avxdent m whxch casz the nerm polymodai L

-'_nocrceptor s approprlate Some C-nomceptors may respond preferentxally to'“ff R

- mechanwal Stgmull (Bcssou and Perl 1969 Beclcetal 1974 Georggpomos 1976

Kumazawaand Perl 1977) heat stimuh (Beck et al 1974 Georgopoulos, 1**76)_-;._. S

| cold stimuh (LaMotte and 'Ihalhammer 1982 Leem et cd 1993), ur chemlcalf

stxmuh (Daws et al 1993)




e The snze of a CMH reoeptwe field for mechamca! stlmuh 15 usually small (1—2 T

. _ mm d:ameber) in cat, rabblt and rat (Beck et al. 19‘74 Lynn 1979 Handwerker:' o e

(e et al. 1987) In contrast CMHs it halry skin m humans and monkeys of-ben havej__ | -

L 'large (3~10 mm dlameher) and complex reeepnve ﬁelds, contammg multxple areas _- - o -

. "'_of punetate senslmnty to mechamoal stzmuh (Torebjork 1974 Croze et at 1976 o o

- :Kumazawa and Perl 1977)

The m'ajori'ty of A-fibre -i‘iOv::iCeptors -"ha&e' 'been“cl'ais'siﬁed as -h'ig'h-ﬂireshold

o mechan(}receptors (H'I‘Ms) They are. riot readlly actwated by heat stimuh, but o

o respond wrth hlgh threshold to mechameal stlmuh. They are also referred was

S A-f’bre mechano—heat noolceptors, iype 1 AMH {'I‘reede et al 1995) These'

- noclceptors have complex reeeptlve ﬁelds Wlﬂl multlple sensmve spots' '

. '(Fxtzgerald and Lynn 1977) a.nd exxst in both hauty and glabrous skm When the. N |

. _human hairy skin is briefly touched with a hot ob,;ect or when skin temperature I

ig rapxd]_y, increased with a laser stmu!etor, 4 pain sensation is-elicited thh_-a |

short 'latenoy of 400 msee (C'ampbell' end I_aMotte '1:983) 'A seeond type of A}s; '
| noo:ceptor (type v} AMI—I) has been identxﬁed in humans and monkeys, Type 2

AMHs respond o the ouset of a heat stnmulus w1thin a few mllllseconds o

: (Adnamen et al. 1983, Treede et al, 1995) The heat response propertxes of type' _

2 AMHs are snmﬂar © those of CMHs and they seem to exxst only in hau'y skm: L

- (Treede et al 1995)



A

B Somé noclcebtors do not respnnd tu mechamcal stnmuln Mechamcally :méensxtwe__

| H afferents (’MIAs) haVe beeu neported to emst in cats (Schalbie and SChmldt 1935 :.:::-.
: i Habler et al 19905 and monkeys (Meyer et al 1991) MIAs represent a hl‘ge L
o | propomon of fne Aﬁ~ﬁhres (48%) and C-ﬁbre (30 %) ?Opulam aﬂd maY Wﬁll_;{-}

oontam novel classes of nomceptors Some of these mechamcally msensmvefj o

'_."-___f-e:az 1990 Meyeretal 1991 Davm etal 1993)

ETEE

. 'applled parallel tq the skm Pamman cmpuscle (PC), slowly f-ﬁaptmg typ BI (S A.“..__ o
o 'I) and type II (SA-II) mechanoreoeptor, C-mmhanoreceptor and coid recemor S
| 'j (Leem et al.1993) Table I shows a summary of t‘esponses of rat’s cutanwus E _; :'

;-"afferents to cl1fferant stlmulus mudahtles. L

N -'afferents exhlbit pronounoed chemosensmvxty and canbe sensxtlzed tﬂ meehan:cal FEREANI

e B stlmulr after mjectlon of mf[ammatory mediaﬁors in thelr receptwe fields (Hﬂbler - .

v '_cutaneous nerves These are: alr rapldly adapting (RA) Whlﬂh ;:es,pond wa air l?“ffs L
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Table 1. No. of impulses/stimuiation,

Responses of afferent units of 9 different types described by ihe 11 siimuli variaples, The
responses of each unit were measured as the number of impuises svoked by 10 stinsuli for 10
. Additionally, the number of impulses ocenring for 5 § after withdrawal of 200-mN skin
indentation stimulus (1 of 10 stimuli) was counted (shown as Withdvawal in the iop panel),
Responses were obtained from 188 individual afferent wnits identified as belonging to
receptor types (shown along the ordinate) and represented by horizontal histograms along
the abscissa. The response pattern described by any 1 variable across the 11 variables is read
horizontally, The response pattern described by any 1 variable across afferest units is read
vertically. Numbers in parentheses: mumber of afferent units sampled for each receptor
category. The "supressive” responses of cold umits to heat pulse of 47°C (+15°C) were
truncated, (From Leem ¢f al, J, Newrophysiol. 6, 1993, pg 2417, For abhreviations see page
4, :
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______________________

y In the céntral netvous sysuem two classes of‘ neurone haw been described that_':f'-‘._-'.--
- 'may be mvolved in sxgnallmg pam sensatlon Nﬁcloepnve Speclfm (NS) nﬂlirnnes _. i
(sometnme referred to as ciass 3 neurones) have an elevated threshold fo: ;:. : Z
' ':'“___cutaneous stnnuh suc-h that aotlvnty m perlpheral nociceptors appears to be SRy
o necessal‘y fo actwat& them, NS Tieurones Were first famd in superficial layers nf _a
the dorsal horn (lamma 1 Christenser | -Perl- 1970),- but they also. exlst m deep -
B -, laye.rs (lamma V). Anqther class of neumne also encodes the mtsnsxty of noxious' -
. stimyli, and may in fact account better for the sensory dlscrzmmatwe aspéct of - |
- pmn (Dubner etal. 1989) These tigurories are called wnde dynarmc range (WDR) 1 |
| '_neumnes, mdlhremptlve neurones, or class 2 -neurones (Walt 1960) : They -
. Wpicﬂily Cﬂﬂ be excited by mechanml and heat; stlmull, and convergenoe of A-
- ﬁbre and C-ﬁbre mput onto ﬂlese neurunes can be demonstrated (Woo!f and ng' . o

: -1937}

' WDR neurones are located m la:mna V ot' the dorsal horn but thcy exist in

lamina I and II a3 Well Both NS and WDR neurones i the spmal cord are fcmnd .

| among mterneurones and spmothalarmc prqectlon ‘neurons. The receptlve ﬁelds - o
o of WDR neurones are usually larger than those of prnmary afferents due to'”'
N convergence A further characbenstic of these neurores is their lnhlb!tlon by Aﬁ- R |

- _ﬁbre mput from the pcr:phery of thelr receptive field (Wall 1978)




" Tho eleotmphysmlogical effeots of C~affero11t ﬁbre mput on the splnal oord oan-

| be studied exther by applymg natural stunulz to the ponphory that exclusnvoly or

o i?redommantly actwate C—noeiceptors (e,g, noxrous hoat or ohemlcal 1rritantS) or.- T

- by graded eleotncal snmulanon. IJsmg those approaches, many laboratorles have R

P shown wnth extracellular recordmg m cats (Gregor and Zimmermann 1972),

' '-prnnates (Chung et al 19’79) or rats (Schouenberg and Siolund 1983) that c f‘bre. s

S jmputs exclte dorsa[ hom neurones, evokmg, in the ease of electrlcal stimulaoon o

S a long»latenoy, relatlvely Iong-laotmg burst of soikes followed frequenﬂy by an | U

: _-_.._afterdlsoharge Mendell and Wil (1965) showed 1n the Gﬂt that I‘eprﬂated Smgle' R

- : shmuh toa perxpheral nerve at C-ﬂbre strength at a frequency > 0 Hz resultod-' R

B _zn a prog:resswe mcrease in the number of act:on potontxals evoked in Iamma V S

. K neurones. 'I‘he term wmdup" was ooined to descrlbe thxs phenomenon and has o o

e smce been demonstrated also in prnnates (Wagman and Pnce 1969) and in the rat '

_(Woolf 1983) dorsal horn neurones In addltlon to resulting in an mcl‘ease ln the, .. ST

C-evoked dlsoharge, repeated C—strength somulaoon is also assoclated wnh an

increase in spontaneous actw:ty, afterducharge (Mendell and Wall 1955) and the o -

response to myellnated afferent 1nput (Sohouenberg and SJolund 1983) Over_ | _ .

rolatwely prolonged poStstimulatnon perlods there Is also an expansxon of the o

comneous reoeptxve ﬁeld of dorsal horn neurones (Cook et al. 1987) and a‘ LR

- . 'prolonged faclhtatxon of the ﬂexxon W1tl1draWaI reﬂex (Woolf and Wall 1983)



. No eqmvalent changes in dorsal hom neurones have been feund by repeated A—I S

R ] ﬁbre mputs. .’I‘emporal ehanges in the response propertres of spmal neurones also .

occur followmg the actwatlon of C fibres by natural st:rnuh that cannot be."-;":f_:.'f

. '_ E_'accoum-ed ‘for by changes m the reSponses of the pnmary afferents (Beltel and':[_j;f__'-:
: : Dubner 1976 Kenshalo e al 19'79) C f'bre 1nputs, ﬂlerefore, produce effeets in B

S dotsal horn neurones that outlast the penod of stlmulatlon for prolonged penods e

| Sensmzatron 8. a neurophysrologlcal phenomenon mat oorresponds to the:-_-'-' o

B _’.psyehophysneal phenomenon of hypera]gesls. Sensxtmtron xs eharaeberlzed by PRI

o :lowermg in threshold an merease in the suprathreshold response, and spontaneous :

o actmty Hyperalgesm has- been therefore defined as an altered state of sensmwty o

characterized by a deorease m pa.m threshold and an mcrease in pam mduoed by' s

o suprathreshold sflmulr

) The reiated term allodyma is used by some authors (e g Snmone er al. 1989 :

IaMotte et [ 199 1) to desenbe states m whmh usually nonpau.ful stlmuh, such' '_

s hght touch mduoe pam (Torebgork et al. 1992)



~ Semstaton of primary - affren nocioptors appeacs 10 secount

i __;_charactel‘lstlc . af cutaneﬂlls hyperalgema.

- are, howevergﬂ_ addxtlunal mechamsms that can !ead to mcreased responses 5

-An mcreased responsweness m prxmary

-Zaft‘erents results 111 mcreased responses m cen:ral neuronas as well without the_}-" o

'-_""_:IEQleement that centrai mcnceptwe neurones develnp enhmd 3"*“3‘“ v ty" Therr

mcreased spanal summatmm if the racentwe f‘eId sxze nf pnmary affeatents.ﬁ
| __..?increases, amy glven stxmulus w;ll recmit mare affetents True central:_ﬁ:-ﬁ- o o
- sensitzzdtion unphes that the same penpheral lnput 1eads to an increased tespnnse. ’ i__-
o "’I'hm could mean an mcreased rﬂsponsweness to noc:ceptor mput or, eszieclally ln - .:'
.;.:':-- -.__:the case of WﬁR neurones, mcreased responsweness to non-nocmeptlvs: afferants. :'_ o .

. 5__'.A,Itemat1veiy, the uﬂubl;:ory mput fmm mechanoreceptors may ba reduced by

Y mjury, resultmg in mcreasad synaptlc efﬁcacy of nocloeptxve mput, 1t iy 1mportantf_--;_f_' R

. .":'to note that a drop m pam threshold below the actwatmn threshold nf pnmary

R -nocxcep'eive afferents ca.n be explmned only by noclceptor senmtnzauon or by' S

- _increased synaptic efﬂcacy from non—nnciceptwe mechanomeeptcrs Small

- 'decreasss m pain threshold zmd mareases m suprathreshold pam can be due tn-' | s

- 'ceutral summatmn uf nociceptor mput.
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B : Levms {1935) mtroduced ‘the dlstmctlon betwcen the "prlmary hyperalgema_
occumng at the mte of an mjury and thc secondary hypmalgesia m thef-_ -

o surroundmgs nf the mJury

o 'The capa.city.toSensmzeaéaccmsequence OprI'SIStn‘lg or repeated noxious ev.ents_:__.'-_ B
1s a prommcnt feature of most pnmary IlOGlcepthc afferents When aus
ST expernmental mjury has been mduced hy prolonged noxmus heatmg ofa skm s:te . A
._'.(L,aMotte ea: al 1984) or by algogemc chemlcals (Handwerker a al 1991),"_ i
hyperalges:a m observed 1] both heat and mechamcal stnnuh (Raja et al, 1984) ”

) ) The aensmzatlon of nocxceptors to heat stlmuh has been studied most extenswely S

(Kmnazawa and Per] 1977 Beck e al 1974, Lynn 19‘79 Thalhammer and |

| LaMotte 1982, Flezscher et al 1983) and is thnught to be the peripheral neural_ .

' substrate of prlmary hyperalgesna to heat

The rclai;ivc' role of myelinated '_and"umnyel-iriated'mcicep_tdrs' in primaty heat |

 hyperalgesia depends on skin type. In hairy skin, both AHMs and CMHs canbe

scnsitizéd to heat stimuli. Psychophysical -studies’_showﬁd 10 chénges.'iﬁ th'e.'tim.e'
course of heat hyperalgesia in hairy skin under ‘preferontial -A~fbre blockade, |
mdlcatmg a dommant role for CMHs (IaMotte et al. 1982) In gIabrous skin,

_- AMHs sens:tlze fo heat stlmuh aﬂer a thermal mjury {Campbell er al 1979) ':

| _ Many A-—ﬁbre nocmeptors in glabrous skm are not mltlally respons1ve to 'lmld heat

PO



| :; _' stlmuh, but develop pronounced heat semﬂwty after m_;ury ‘l'lns reoruxtmwtl ]

R phenomenon is a form ofsyatnai summanon. In contrast, the CMHs m glabrous .

- skm show an moreased threshold and a decreased response bo suprathreshold o

B : '.st:muh followmg the same type of mjury (Meyer and Campbell 198i‘ These data '_ S

> suggest that AMHs not CMHs code for thermai hyperalgesla in the aroa of .":: L

pnmary hyperalgesm m giabrous skm Thls suggest:on was supportea b y o

- ; preferenhal nerve blocks in humans, Whlch showed that heat hyperalgesxa m - "

o gla’brous skin can be suppressed by an A~ﬁbre block (Meyer and Campbell 1981). e

g 'In addxtlon, elther more dxstant or normally unresponswe (”sleepmg"), umts may. .

o be tecrmted in mﬂammatlon and contnbute to Spatlal summatlon at central -

' syaapses Indeed 1t has been found that the receptive tlelds of some nocxceptors. S

- :beoome larger and spreacl into the area of mJury (Tha!hammer and IoMotte .

- ) 1982) Furthermore, in rat (Handwerker et al 1991) and monkey skm (Meyer et
al, 199 1), afferent C- ancl Aﬁ-umts have heen demonstrated that are unresponswe | B

" under physxologmal condmons but possibly are recruatod in mﬂammatnon

In oontrast to changes in heat responslveness several authors found it dnfﬁcult o B

'demonstrate mechamcaj ‘sensitization after a heat mjury e1ther in CMHs '_ _. B

; '-(Thaihammer and I.aMotte 1982) or AMHs (Campbell eta! 1979) Slgmﬁcantiy, .
. mjurnes such as a burn, that olearly caused mechamcai hyperalges1a, have fanled% o
| ~to yxeid ewdence for noclceptor senslttzanon o mechamcal stlmuh -Thus

N _ -hyperalg'es;a_ 'bo meohameal_ snmuh__ c_an _n_ot be r_ea_dﬂy .explamed_-_py' primary - -

afferent nociceptor sensitization. Likewise, after intracutaneous injections of



o __fm(:-.chanlcal stunuh ls remarkabla sinca sensmzatlon of deep nocmeptors m

B ) y carrageenan or toplcal apphcatlon of mustarrl 011 CMHs m the rat were SBIISltlZed

e heat, but not o mechamcal stlmulatmn (chher etal 1937 Reeh eraz 1986) LT

The. mablhty of heat or nomous chenmcal stlmulation to sensmze nacmeptors tﬁ L

. B mechamcal stlmull m mﬂammanon has been o‘bserved in severa] anunal models e

L for example‘ m acutz experlmental arthrlug m the cat many C- and A—umts_-'--" B
: nonnally respondmg gn]y to exuema movemems bf:coma, ac tivated by sllght' S

e movements (Gngg et al. 1986 Schalble et at 1987) The deve!opment Qf I o

. mechamcal sensﬁiwty in afferents that 2 are. mltlally lnsensmve 0 mechanmal, =

= . 'Stlmull may contnbute to mechamca] hyperaigesm. I

o Expansmn of the reoeptwe field of nocnceptors mte an’ adjacent area of mjury i R

Can aitematc per:pheral mechamsm that may account for prnnary hyperalgeam A

- st:mulus wnthm the area of m;ury wnll actwate more noclcepmts than hefoxe iﬂjm‘y : _.

- and lead to an mcreased sensory response fmm thc mjured site &aMotte ex al . -

o 1991).

' '_"Finally,- ther'é isiSo'me--evidenoe-for srxppressioh of Aﬁ-mechanOrédeptbr's'fbyfnjUfY: o
_': . (Beck eg al. 1974) A ﬂecreased response uf Inw threshold mechanoraceptors-

‘could lead to a reductlon in mhnbltory mput onto dorsal hom neurones‘ A smnla:-

dlsmhibmon s heen reported for cold pam sensatmn durmg a block of Aﬁ ﬁbre_'- . .

_'.'cold reoeptors (Yarmtsky and Ochoa 1990)



- '_-f.?':Penpherai and cemral neuronal mechanisms have been clalmed to he the s

.underlgnng causes r)f secondary hyperalgesza Lewxs (I935) assumed an axen

K -reﬂex mechamsm by whlch unpulses from snmulated nccnoeptwe ﬁetve endmgs'-*'__ SR

C spread am‘ldromlcally to other branches of the same pnmary afferznt umt,

s , resumng m the release of sensmzmg sabstances. Thzs axon reﬂex mechamsm has ,’:3\ e

3 _. also been mought to accnunt for the ﬂare whxch surrOunds an mjufy The 1dea of' ERR

- __-____-.hyperalgesza medmted by an axon reﬂex 1s snpported by the f‘ndmg that

| _'_hypcraigasla mduced by mn'adermal applncatmn of capsaicin does uot sprea,d.- |

| "_'ﬁ'beyand a narrow strlp of skm made msensltwe by Iacal anaw‘thenc (LaMotte et" - S

B ) .az 1991) However, the dzrec: ev1dance for a permheral mechamsm of secondary o
y hyperalgesm is not monvmcmg oensmzatlon of nocxceptors by a nearby mjury and-_

- by antldromlc nocmeptor stlmulatlon has been found m one study in the rabblt_ '

. (Bitzgerald 1979), but this f‘ndmg could not be repllcated in the monkey’-'_ o

. '-.(Campben o al 1988 Meyer o al 1988) or the rat (Reeh etezl 1986)

Some 8preadlng of the meohamcal hyperalgesia from the edge of & t:rauma may -
be explamed by an extension of receptwe f‘ elds observed in some HTM Aﬁ—umts a

'__(Reeh- er- al 198 Thls does: not explam, hnwever, the pure mechamcal"l o

B 'hyperalgesm observed in an extended area of the skm after heat mjury In thls . | B

case the area of secondary hyperalges:a ls apparently larger than the ﬂare area R ':

_ and thus an axon reﬂex mecb"u-sm m unhkely to be the reason (Raja et al 1984)



- "__both fm'ms are hkely 130 be dnfferent. _

: _.._-IBecause thts kmd of secondary hyperalgesla mvolves only m ecl‘mm cal and not:{_f':_i_ e

. heats sunlulatwn e dogs the pnmary fcrm (Raja o at 1984), the mechamsms ufg;.};

I Ce.ntral merhamsms uf secondary hyperalgesxa have been postulatGd 7 ur ﬂecade.,_.: 3_5 :
_ h '-'ago (Hardy et al 1952) In recent studles, a ﬂistmcnon betwean mechamcalf:.'."_:..‘:-'--._-
g __ lhyperalgesia (ta pmpnck) and allodyma (to gentle touch) has heen made Because_' "_[j
- the Iatter 1s prommcnt m the surmuudmg of the trauma and becaﬁse no clear '_
: | proof for nocweptor Sensmza,tm to mechamcal stmml: Was enonuntered .
' mechanoreceptor mpat probably 1s the source of allodyma (TOl‘BbJDtk of al 1992) -_: L
o -In additnon, mzcrostlmulahon of 1ﬁent1fied afferent nerve ﬂbtes has been used m” : SR
: ': study the mechamsm of seconrlaz'y hyperalgeala, o unimpa:red skm stimulation .
- :_' | uf Aﬁ‘-umts mduced tappmg or touch sensaaons‘ When capsa:cm was mjected mto_ 3  ..
' an adjacent skm area and seoondmy hyperalgesna developed spreading mto ﬂne '_ -
_--'.:receptwe fi eld a quahty of pam was added ta ﬂm touch sensa.tlon mduced by the o
o mlcrostxmuiatnon (Torebjbrk e: al 1092) Becausa mlcrostnmula:mn bypasses the: . )
_' “'sensory nerve endmgs, these ﬁndw;s also pnmt to- 4 change in centra.l nervous

o processmg of mechanorec*ptor mput 98 2 souree of the sewndary hyperalgesza. -

£l



E An lschaemlc event 13 charactenzed by a laelc of oxygen and a eorreerslen of c

- -cellular metabohsm to. anaerob:c pathWays Qxygen deht and cell ular energy e R

o _.__depletlon Iead to varlous bmehemtcal alteratxons mcludmg an atyplcal bulldup off' R

. cymplasmlc metabu :tes and malfuncttnn ef membraue lransport syStemsl An_- B A

B unpertant result of thls latter change :s a marked mcrease in mtracellular calcrum o |

_ cenoentrat;en Thls mcrease is further augmented durmg the subsequent

E '_ reperfuswn phase as meompetent cellular membranes are exposed to a replenlshed' B

' _mtravascular supp’ly of calcium zens. Acnng as a secend messenger" .'caletum o

triggers actwatzon of vartous enzymes CI'I.lClal to the productton of - o

N promflammamry medtators These changes are mjurlous at the oellular level in R .

a manner directly proportlonal to the duratlon of ischaemla (Kemgan and Stotland L

| | 1993) Serotonm and bradykinin are also released durmg 1sehaem1a, respectlvely_
by the platelets and plastna kininogen (Sicuteri et al, 1974). .
The paradox of reperfuslon inJury is that the reestabllshment of nermai vaseular'
) supply can incite contmued, and often mtenslfled, tls_Sl.lB: mjury. Reactive_oxygen .'
| inermedistes formed within reperfusing post-is‘_c_:haemic tissue lead te a vatiety s_f

microvascular alterations -_ineludixlg_ endothelial cell swelling and increased

capillary permeability (Kerrigan and Stotland 1993). In addition to direct oxygen

radical effects on the endothelial cell, a reperfusion phase increase in intracellttlar - h

Catt concentration ';esults in non-gpecific pretea_se and phospholipase avtivation.

These enzymes t'riggef a multitude of celiular processes, many of which lead to

15



____promﬂammatory mediabor synthesxs‘ Ear]y response fac‘tors lnclud,e platelet

agﬂvanng factor (PAF) and a vane,ty oi eicasanoid compounds such as,:”'; )

L _'.-leukotnene thromr;oxano, and prostaglandm SPWBS (Kemgan and Stotland"_ |

S -1993)

o Nocxceptors can be sensltzzed by many substancss released dunng lschaemsa and S

- .:reporﬁlsion ot d“n“g tissue mjury, _These substances molude arach1domc aoid."

_' "_dorlvatwos substanoe P, bradykmin, serotonm, noradrenalme, hxstamme and L

- Ca”* alI of whloh are oapable of o;ther ssnsmzmg noolceptors or produomg psm. .

ﬂaomsolves (Beck and handwerker 1974 Levine et al, 1984 Cohen and Perl -

_ _1990 Hibleretol 1990 Kumazawaeral 1991 Kessleretal 1992 Dray er' .

' '__aI 1992 Daws er at 1993)

- A possxble basis for sonsltization by serotonin, as well us bradﬂnnm and |

| 'prostanolds, is a reductlon of the slow, 1nh1b1tory afterpotentlak that follows the_.

| _:thlOll potential in some sensory neurones. Tho ll'lhlbltlon 1s dus to cAMP' .
. _ genoratmn and 2 reducnon of the mhtbnory K+ curront The overall eft‘eot is to o
| : ._ mcroase the llkelihood that the neurons wﬂl respond to a relatwoly weak stimulus' "
| with & tram of actlon potentnais rather than with 2 smgle splke (Dray etal. 1994) .

B Hmfamme may mcrease membrano Ca1H~ pormeabillty of the 1 nemones through the-

o _'act:vatmn of H, roceptors (Tam ot al 1990)



E The r.at tall as an ammal Preparatm has been used bY many authors (Necker and . e

S Hellon 1978, Fleischer ef al. 1983, ‘Handwerker of al. 1987, Rech, o al. 1987,

o Cervero er al 1983 DmY et al 1992) smce noxwus stlmula,tzon applxed to t‘ne
._ taﬂ nf anaesﬂuetlzed rats evokes responses m cntancous pnmary afferems that __

' adapt like the rcspOHSes from human afferent ﬁbrea (Handwerker et aL 1987)
o GeIgor and coworkers (1986) devebped an mchaemw pam model appl,,rmg an_.'

C mﬂatahle tourniquet to the rat‘s bail

s '-__'Uccludmg thc blood supply to the tail of 2 consclous rat usmg a2 pneumatm_;_’__f T

. tournxquet induces escapa behavmur which is charactenseﬁ mlﬁally by a vnslble S C

o mcreas,e in resp:ratory rate and‘ movement of the head from s:de to snde followed'_ L

by enther vigorous groommg or by attempts o turn round in the restrainer, o by B

| Jumpmg forward The meau response latency to tml 1schaem1a in ram s 12 5 i’ | ] . :

_ 0.2 mins (Gelgor ¢r al. 1986, )

' "Iséh'aemi& 'il'so'cailsed: signiﬁdant hyper'a'l'gés.ia.”td sﬂbsequéht iio:ﬁbus- ﬂwrméi'- '.

s stimulatlon Ta:l flick latencles durmg fail immersxon in water at 49 Care shorter-:" B

| __ durmg reperfusmn and t!ns thermal hyperalgesna is greatest 1mmed1ately after_ S

release of the tourmquct (Gelgor e al 1986)
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| Th *:entrobasai thalamus of the rat eontams somatotoplcally orgamzed neurones - i
N __ whlch respond to noxlous thermal stxmulatnon of the tall (Mmchell and Hellon - _' : -
o 19'77) Dm'mg reperﬁxsnon the threshold teﬂ temperature needed io. ehc:t 7
| | neuronal response to thermal stlmulatmn is decl:eased Most of these tha]emic.: "
o neurenes, respondmg o 1 noxious thermal stimulatwn of the tanI also mcreased._;f R
firmg rate during 1schaem1a ThreshoId temperamres for neuronal response and'- ) ; - B
o L behawoural response are not dlfferent (Gelgor et al 1988), .. _' |
. _--'_The response of dorsal horn neurones to tail 1schaem1a and reperfusaon was
. reeently mvestlgaeed by Gelgor and Mltchell (1 993) f)ccludmg the blood supply o
: 'to the rat-tail “in the absence of other stnnull to .-the zazl- -produced-a tlaree—fold..._ .
mcrease in spontanedus actmiy of dorsal horn neurones. Followmg removal of ) | f
. 'the tourmguet the spenmneeus firmg tate of convergent neurones decreased but' .. .'

- _'dld not retum to the ple-lschaemzc value wnhm 60 min of reeordmg (Gelgor and o

Mxtcheil 1993) Immednaezy following release of the mumlquct the- mean__ f

'response to mechamcal stlmulatlon dld not dlffer slgmﬁcandy ﬁ'om the response -
| before the tourmquet was applxed. However, aﬁer 30 and 60 mm of repermsmn, B

there was 2 slgmfloant mcrease in WDR neurones response to both innocuous and o

noxious mechamcal stlmulaﬁon of their receptive fields i in the tail. A mmonty

(37 %) of these eonvergent neurones responded o thermal snmuia.tlon of thexr

reeepove ﬁe_lds.an_d_ only-two of _these. ex.hlblted an increased reseonsweness 10

. noxious 'thefinal stimulation .du-fing'reperfusion of the tail' 'ReceptiVe' field siZd," - '
| __durmg reperﬁmmn also mcreased in 80% of the cells studled The authors .'

'concluded that dorsal horn neurones, with teceptor flelds in the tall have a



o -_:'-'_Rats possess two coecygaal nerves Whlch Tun aicmg the left and rxght ventro-i -

. Iateral aspect of the tail ’I’hey convey prlmary afferent mt‘ormatlon from the tail_:'- o

" In order o understand how WDR, with receptive fields in the tail, function and
modality-specificity responses they have to noxious and innocucus stimulation -

during ischaemia and reperfusion my study aimed to:

w employ the single fibre recordmg pmcedure to the anm:lal model currently o
| 'used in our 1aboratory and apply it to study coccygeal afferent nerve ﬁbres o
: durmg 1schaem1a and repe*fusmn‘ o

I b discover the modalities i‘épi'esentgd in _afferéht.ﬁbfes in the nerve,

) identify the fibre types associated with each modality.

d)  measure how responses to each modallty respond 0 1schaem1a and

- reperﬁmon. o



o :__j.-'.The recordmg procedurc fOHOWed that ef Necker and Hellen (1978) Anaesthema.: o -
e _ Was mduced m 56 male Sprague—Dawley rats (420—560 g) with sodlum -

o pentobarbltone (50 mglkg i, p) Au'opme su!phate . 25 mg/kg 1p.) was

: admmlsnered m reduee bronchlal secretmns. A tracheal cannuia was mserted o

' through whlch enﬂurane (Ethrane, Abhott I.aboratones) m 45% nxygenlss% E

_mtrogen was admmxstered at a conoentxat:on of 2 5% for surgery and 1 5 % fOr o

L mamteuance The rats breathed Spontaneously throughout the expenments Core e

body temperamre was mamtazned at 38 C by means of a heatmg hlanket The
_ -:_nght ventral coccygeal nerve was exposed close to the tail base and protected : B

" | from drymg ina ponl of mmeral ol To facrhmte dlssectlon a black perspex plate

'was placed beneath the nerve. Under a dlssectlng mtcroscope the epx- aud" o

' permeural sheaths were sht lengthwxse, mdwzdual fibre. bundles were cut _- '_
prommally and small filaments further divided w:th mlcr&dissectlon sclssors -

(Trident) and msect pms. 1 used a platmum wire reeordmg electroﬂe (0 2 mm m

d1ameter) W1th a silver reference electrode in the surroundmg tlssue The small I

: _ﬁlamwts were placed on the recording electrode and ﬂ.trth.,r dlssected untnl._-

- '_unpulses from mdwxdual ﬁbres could be Identxﬁed by electrlcal snmulatnon of the S



e coocygeal newe Electncal snmulatlon (Dngitlmer DS9A) took: place via two L—i..' B

o o shaped stamless-steel needle electrodes Which were inserted &ubcutancously along_";j o

o the path nf the ncrve approxnnately 40 mm dlstal w thc recordmg s1te Typical .

e stlmuh used for searchmg for smgle f'bres were 1 Hz pulses of ﬂ 94-0 {}ﬁ 'mg:_:_._'._ i

o duratmn at 1—7 V for A ﬁbres and 1 Hz pulses 0, 5-0 4 ms duratmn at 10-40 v for;

. C ﬁbres Fuaments cantammg i bres that could not he dlstnngulshed easxly by_“

o dxfferen::e in splke amplltuda were rejectecl, a8 Were filaments contaimng more_' PR

= - than ﬁve active ﬁbres prkes were ampllfied (Dlgltlmer NL104), f' ltered through' S

- - a bandpass of 20&1500 Hz and d:scr:mmated usmg a splke processor (Dig!tlmer )

, ..13130) connectad to a laboratory mterface (CED 1401 Cambndge Electmmc e

- | Desngn) attacheci m a mxcrocomputer Raw acuwty also was stored on magnetm o _ .

- tape for off-lme aualysxsv e

| Once a smgle afferent fibre had been lleated wn:h the clactrncal search stlmulus,_ B

_- I locaﬁed its reoeptlve field and determined its responsa to mnocuous and IIOXIOI.IS o

_stlmuh. Im;or:ucus stlmulation consisted of brushmg the tail wuh 2 camel hau-' .

- _brush along the entlre Iength of the reccptlve fleld W1th I'Bpeated Stmkes, fOr o

10 set perlod Noxxous mechamcal stlmulatton was aChlBVBd by pmchmg (1 .7 N} N o

the centra of the recephve field with sextated forceps for. 10 s (Sher and Mntcheﬁ
) 1990) 1 taolc care not to ﬂex the tail durmg the mechamcal stnnulat:on because :

'of the- profusmn of fiex~sens1twe fibres in the nerve (Necker and He]lon 1978) a

_ _Noxmus thennal snmulatmn was applned by 1mmersmg the distal part of the tail N

o fcur 50 8 in water at 49 C* 1 rhd not follow up ﬁbres w:th receptwe fields Whlch.

om



" i e e,

- cgnductlon veIOCltlEs were calculated from the post—smmulus tune histogram_:'_:

'generated by the analysm software (Mrata CED), followmg suprathreshald

N electrical stlmu!anun of the ﬁbre« In some preparatmns Seveml affefe“t ﬁh“"s

- . could be characternsed w1th1n the. same f’ lament of ncrve, _on the basxs uf theu- T

" conductlon VBlOG!tles amplltude aud shape nf the:r splkes (Bessou and Perl 1969)

- -A tourmquet in the form of an mflatable cnff (ﬂTC, dlametcr 15 mm, length 16 -

- mm), posxtloned 45 mm d1sta1 to the recordmg electrode, was used to mduce- '_ S

-'1schaemza The cuff was mflated 1o 280 mm Hg, thce the. systohc blood pressure. R "

of. rats from our stock (Norton et al 1993), for 30 mm The tourmquet was the _ o

| same as that used prewously (Gelgor and Mltchell 1993) Such a toum1quet not_ o

only mduces 1schaem1a of the dlstal tarl but also compressmn of the nerve

1mme_dlatc_ly underneath the tourmquct (Dahlm et_al. 1989)_, and any _alteranon in

activity reasured proximal to the tour'n_iq(:etfini_ist be .innbr_p_r_etéd accordingly.

I measured the reSponse of each ﬁbre to the three stnnulus modalltms after 15 mm_

- of mchaemla, 1mmed1ately afher releasmg the tourmquet and after 30 and 6{3 min . o

a _qfrcperﬂx_s_lon.- .Con_tro_l pxp_anmgnts.followed,thesama-gxper__ungntal prt_:cedure b_ut_ . -



o without mflauon of the cuff I: also watched for the appcaranoe_nf spontaneous .

S | .':.'._-'feld °faﬂ ldentlﬁed ai‘ferent ﬁbre. were ﬁxed m 10 % formalln, embEdded 111 Wax,f.j_ Lot

e .._Thf.. talls of 5 ez )erlmental and 5 control rats were exammed histo]ogicaﬂy* Crossf o e“j

K ._sections of the taﬂ taken from the area beneath the cuff and from the rweptwgl_ S

B Stamﬁd Wlﬂl haematoxylm-ecsm and obsewed at 40- 100x magmﬁcatlon to checklf | | i 3

- __,:_ I':for tlm presence of oederna and pnlymorphonuuicar !euoocyte mvasmn o

":'_‘Ihe ammals were euthanazed by anaasﬂlétlc averdose w1thout regammg e Lo

- conscmusness. All procedures were approved by Ammal Etlncs Commithee of the B

| Umverslty of the Wxtwatersrand (Clearance cemﬁcate 93/36121:)

———r



T I was aﬁle to dxstmguish four kmds nf afferent fibre by Vlrme 0f ﬁlﬂ“

| '- '-_"'_?-:physmlogxcal characherlstlcs The fixst of these cons:sted of ﬁbres whlch weref”

- '. spontaneously actwe before thc tall was rendererl mchaemlc but whxch were not

_"_:"jexclted by mechamcal stxmulx and shnwed & decrease it f'rmg rate whcn subjected ; . '_

2 . to noxmus thermal stlmula.mn Racordmgs were made fmm 13 of t_hese ﬁbms and 2 f_;‘ :
o for 7 of them the taxl was subjected to xschaemla and raperfusion The conductlon_'-i_‘
o -":”__:velocxty of thls group of ﬁbres was 0 8 ;{; 0. 2 :mfs (mean :i: SD, range 0 5«1 1 ::
. .__"m/s), 1dent1fying them as C ﬁbres ThE‘JI spontaneous hrmg rate was 0 5 i 0 5

a2 .'-_spnkes/s (mea.n SD) before 1schaem1a was mduced and th‘s finng rate_':.’:j}f‘.-;; .

S _'1ncreased slowly rlurmg the penod of mchaemla and rapldly dunng the first 3_"_ _' -

-__-mmutes of reperfusmn, reachmg a ma:umum thhm 20-30 min (fig 1) There Was"; )

L a trend towards racovery after 60 min of reperfusron



Firmg rate fsplkes/ s) S

| ""_-_'Pre | Intra - mm 30 min. 80 min
lschaemla - Reperfusion

—

O

'F-gurelv--- L | |

The firing rate (mean i SEM n= 7) of épontaneously acd:ive C ﬁbres durmg :
tomiqet-mduced xschaemla of the tail and durmg reperfusmn. ""[‘heae fibres _'
increased thenr firmg rate durmg nschaen:na and reperﬁpsnon. They were not |
sensitxve ‘0 mechanical stamuh, and decreased thenr firmg rate when tlle tail

was _heaterl to 49°C (¥ deno_t_es _P<0.05, Sign test, * denotes P.<0‘01,-’ |

repeated measures ANOVA and Dunneft multiple comparisons test,both o

* relative to firing rate before ischaemia). Open bars (mean + SEM, n = 6)

show the firing rates of similar fibres when the tourniquet was not applied,



_"'an 2 shows the acnwty, durmg reporfuslon of one suoh spontaneously actwe:

- "___'-'.C-ﬁbre None of the 6 spontaneously aotlve ﬁbres Whlch were not sub_;eeted to L

o tall mchaemla showed a sxgmﬁcant change of ﬁrmg rate ovet the 90 min of

e ._reoordmga. -

The second group of afferent ﬁbres eonslsted of flbres whloh were ot':-.__:_::- o

o spontaneously actlve but whlch responded to noxlous mechanwal and noxsous_'_'f';' R

_thermal stlmuh I recorded from 17 of these ﬁbres, the receptwe ﬁelds of 8 of o -

- '.whlch were Sﬁbj&t&ﬂ to ischaemla anrl reperﬁismn. The conductlon velocxtles of'-_j' -

' '-'_-theseﬁbres wasOﬁ:j:OZm/s (meaniSD rangef}s lmls), sotheytoo:"'

o 'lwere C ﬁbres. Fm most of these C fibres 1 mvestlgated only the therma! reSponse' -

. during mchaenna and e 2eriusion beeause mstahhty of C flbre preparatlons and_' S

8 deleterlous effects of r :peawd thermal and mechamoal stlmulanon on the receptwe _

‘ield confounded attempts to measure the eﬁ‘ects of 1sehaem1a and reperfusxon on |
'both forms of noxious stlmuh I chose the noxlous thermal stzmulus rather than

'the noxxous meohamcal stnmulus because the response to noxlous mechamoal -

sbmulus always was 1ess mtenso than the response to the noxlous mermal" IR

. _-stlmuius. Fig 3 shows a typical response of one of the heat-sensuwe C ﬁbres 10

B 49 C stlmu!atlon of the ta11 before, durmg a.nd after xschaemm, Before' o

- lschaemla these flbros showed a rapld increase in firing rate when the tail was '

.' '1lnmerse(i m 49 C water, followed by a rapld recovery when
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Firing rate (spikes/s)

Tourniquet released : T © apmin
| 1b i | ' of reperfusion
10 min
e 3mn
Figure 2.

Firing rate of spontanecusly active C fibre during ischaemia and reperfusion
of its receptive field. The removal of touwrniquet (ﬁ;-s't arrow) resulted in a |
snsfaine& increase in firing rate, reaching a maximum between 20 and 30 min
of repérfpsion.. The. firing mte of this fibre befo_re appﬁcation of the |
tourniquet was 1.6 spikes/s. o |
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Figure 3,

Response of a thermally-sensitive C-fibre to 49°C stimulation (solid bar) of

its receptive field, before, during and after ischaemia. The response of the

* fibre during ischaemia was similar to that before the '_a_pplicati'onzo_f_the" '

tourniguet,



L the Itaﬂ was removeﬂ fmm the water (fig. 3) Tlus res| pnns& was very snmlar.

L ""durmg tha pemd uf zschaemia but was greatly exagg@rated' 1mmed1ately after::'_

L mntrol fibres showed no sngmﬁcant change in thexr gﬂspgnsg w 49- h'nmulanon L

- 'bermlnanon of 1schaemm with an mcreased recovery time (ﬁgs. 3 and 4) The 9 I

- S _"ﬁmf thelr reoeptive flelds uwsr the 90 mm of recording
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- Fi_r._i;_lg?_r_'a;_t-e? (sp;kes/sl ST

Pre  Intra O min 30 min 60 min
ischaemia -~ Reperfusion

_ Flgure 4, |
_ResponSe of thermally»sensntwe C-fibres (mean i SEM, n s 8) to 50 s, 49°C |
| 'stm:ulus applied to their receptive fields on the tail before, durmg, ami after

: mchaemna These fi bws were not spontaneously aci:we and also respanded to

noxious mechanical Stllm.lll The firing rates are the averag&s over the 50 s

of apphcatmn of the nuxmus thermal st:mu]s, (¥ denotes P<0. 01, repeated :

: measures ANOVA and Dmmett multlple com;:amons tee.t)

3
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S .’I‘he third gmup of ﬁbres I enoounﬁered mponded to noxiour' pmch but not m:-_ |

{or thermal stmalation (49°C) of their receptive fields and were ot

o '::.:.'T'_"f‘"sponaaneausiy actwe I reeorded from 26 such ﬁbres, and sul:uected the reoepﬁe $ g

B R ﬁeids of 11 to 1schaemia and teperfusxon. The:r oonducunn velocltles were 3 0 .-

- .. ;j: 1 5 mis (mean i SD range 1 5 6 4 m/s) ’I'hns mnductmn velacity was :

o mgmficantly hzghcr than ﬂlo.'sa af the prcvmus two grO‘ups, and m the A delta'j"'.'

E B :"_._rauge The response of one nf tha ﬁbres to pmc:h hefnre, durmg, and aftcr : B
o _:'1schaem1a is shoxvn m ﬁg SA !schaemla and reparfusion of lts reoepuva fle.ld ha&

i effect on the response of this fbra to the noxlous mechamcal stnmulus, nor on;'f.-::_._"::-_ s

o . : .-'.that of the respunses of the other flbres of this gmup (F!g 6) The cot‘xtrol group'-\'_f L ::

;_-of 15 snmla: fibres not subjected to receptwe fieId mchaemla and reperfusion a!so R

. _--”showed no chauge m thenr response m noxmus pinch sumulatlon over 90 mm 0f '_ =

o recordmg. .
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| Figu'ré A vecordiug of two mechanoreceptive afferents in .the same nerve
. filament 'I‘he afferent in A responded to momous pmch stnnulatinn, but not_ :
brush stlmulat.mn, of xts receptwe ﬁeld ’I‘he response of thls fibre was nnt

'at‘fected by nschaemxa or reperfusion._ The fihre in B reSponded to brush'-

ﬁ stimulatmn nf lts r&ceptlve field, in a different 'regltm at-' the tail tn A; th:s- B

response was decrensed durmg :schaemia and reperfumon. Ne:ther of thm " - B

| _f‘bms responded 0 49"(: heat. stmmlatmn af their receptnve fields

n
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I‘xgure 6 R&sponse of A«ﬁelta nocweptom (mean ¢ SEM n= 11) to pmch .'
of the centre of their receptive i elds, before, during and after mchaemm.._'_
The firing ratas are the averages over 10 s application of the. nomtms_ _
mechamcal stnmulus. Nelther nschaem nor reperfusiou had any sigmﬁcant _'

effect on tha mponse. These fibm did not respond to brush, nor to 49"0. o

thermal stimulation of their receptnve fields.
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e _.'The t‘mal grmlp of ﬂbres fmm wh:ch recordmgs were made r%pﬂnded .tﬂ?bﬂfh.}:'ﬁ.:

. _'brush aud pmch but not to noxtous heat, and were not spcmtaneously actwe. :

o mm of reoordmg

Thelr -

- :‘;conrluctxon veloclty was 20 i 7 m/s (mean ﬂ: SD range 15 36 m/s) Therewasf-g;;.
- no oveﬂap hetweeu the: conductlon velocxtnes of the ﬁbres of t]:us group and those S i
E - of the ﬁbres of the prevmus group, and 1 presmne they helonged to the A-beta:
| famﬁy Whlle the response of the fibres to bmsh stlmulatlon dld nat show
| :_:'._'.-;.:__notlceahia adaptatlon, the response to’ pmch stlmulation adaptaﬁ I:apldly Ten?___.-' _.
o ":ﬁbres wem subjected to lschaemla and reperﬁJsmn of ﬂlt‘.rﬂ‘ raceptwe ﬁelds, and :
| | : 12 served as controls. .Only the response. tn brush was mvest:gated durmg_:zf R
o - 1schaem1a and rcperfusmn, for fear of damagmg the low threshold receptars by ':
o repeated nex:ous stlmulatmn. .The response ofa typlcal f’l:re 1s shown in F1g. SB .
- __._and the aVBrage respanse of the gmup m Flg 7 The response to brush'
B stimulatmn was decreased durmg bnth 1schaem1a and reperﬁaslon of the receptlve :

o '_'ﬂeld The response of contmi flbres to brush stlmulatlon dld not change over 90:’5_ -
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Figure 7. Response of low threshold mechanoreceptors (mean + SEM,n =
10) to brush stiosulation of their receptive Helds, hefore, during, and after

ischaemia. The firing rates are the averages over the 105 appliéation of the -

innocuous mechﬁuical sﬁmu!us' Theée ﬁbres also raspotided to.pi"n'cli 0f't!1eii- -

-moeptive fields, but not to 49°C thermal stlmulatlon ¢ denotes P<0.05,

| repeated measurement ANOVA and Dumnett multlple compansons test)
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_- -_-.:_3.--.-..._';:ii_.HgstologicaI .exammatlon of DI’OSS geguong Df ﬂje tall mvea‘{ed __110 ObVIOHS'_-

SR micmscoplc dlffere_ between cunlml talls am:l thqse whmh had baan sub}m -

| : i-t° *’*"haem‘a md_feperﬁlslon In __parlwular thera was nu aedem nor leucocyte._':"'

. d!ffel'ent' from ‘the formalm modei whnch 1s oi’ e

© inflammatorympe. o




R 'My mvest:gatmn has revealeﬁ four dlfferent gmups of pnmary affercnt ﬁbl“es

B the rat coocygeal nerve, wuh dlstmct responSes to stlmulus modahty as wnll as-_':'f":- h
- B to transnent Jschaemla and subsequcnt reperﬁm:on of thenr receptwa helds on the. DR |
. tall (see ‘I‘able 2) Durmg transmnt mchaemia a group uf smntaneously actwe C ' g

o "_'._fibres, for Whlch the adequabe stimulus was not obvmus, became more excltable, R

whlle. the senmtmty of a group of large»-dlameter A ﬁbres m zts pnncxpal-

g "stlmuhls brush decreased The actmty of othe.r groups of ﬁbres was not affected '_ |

-by 1schaem1a T.he subsequent penod of reperﬁmmn mduced a markcd mcreasa

o of acuvnty of C ﬁbres but not of Am fibreas. Spontaneousiy actwe C f'bres became | o

ﬁven mure excztable durmg reperfuswn* over 30 mm of reperﬁlsron, the f‘ ring_:_ RS

L rate mcreased to more than seven tlmes the mlttal ﬁl‘lﬂg rate. Thermaﬂy sensm e

:' C ﬁbres showed mcreased tesponsweness to noxlous thermal Stlmllll 1mmad1ately: R

" after re}ease of the tcumiquet. _3' R :



o Hasponsa to muﬁpﬂve ﬂald aﬁmntaﬁm

Flbrec‘onducﬂon Stlmulus. O pefere During Dui'lng
© type - valosity(mis) _.'-:_'lmhaemia ' techaomla . roperiusion

" Mean sn-.____' L o
6 oso o2 chamieﬂi? R

i
=%
-

S AB 800 15 Heat . 0 ER
. P Cae o e

CLoo., Bwsh o U0 e

AB. 2000 74 Heat . 0 .
o o R e

+vo ofo

".Tahse 2. Summnry of the responses of prlmary aﬂ'ferent ﬁbm i the mt
geal uerve befom, during and aﬁer transmnt mchaemm of then- receptwe
.-fields on thetail. | | o |
| + repunse to stunmlus* decreased response, 0 m respouse,

2 effect of the stmuﬁus was not inv&mgated. |



B ’I‘he atlnbutes uf the C—f‘ bre groups, mthe absence af lschaemxa and reperﬁxslon, - ) R

B K are ngﬂent Wlth those of C—ﬁbre ai‘femnts wm.ch have baen obscrved m rats LR

U p prewouslyf Ncckcr and Hcllon (1973) fomui afferent f"bres suppressed by he:atmg i

. '_ and mscnsmve to mechamcal snmuh orxginatmg in the rat taﬂ Leem et at (1993) S

fnnnd sunﬂar fibres orlgmanng in the rat hmd paw, and showed them to be C :

: 'fibras Thermal nomceptors w1th feeble responses to. mechamcal shmulx, have':_:- i
o haen: observed in the rat by Necker and Hallon (1978), Lynn and Carpenter R

- (1982), Flﬂscher er a! (1983), and Leem et al (1993) whn agam .,k awed them o

. foliave C-ﬁbre eonduct:on velocmes. High and Iow threshoh., mec’- mareeaptora o

g mnervated by A—fibre groups, and msensxtwa to noxxous heat alsn have bben.“ - 5

o adescrzbed in: the tat (Lynn and Carpenter 1982 Handwerkcr et at 1987 Leem .

et az 1993) In my smdy, the cnnducnon veloclues of both e presumed- A-delta _

| ﬁbres mnervatmg mechamcal noclceptors and the presumed A—beta fibres o |

. -_-_mnervatlng low~threshold mechanoreceptors ‘were appreclabiy lower than ﬁlos - Ll

_of thexr countetparts obsemd by Leem- et al, (1993) m tha rat hmd paw‘ . .

' Hnwever relatwely slow conductmn velocitxes also were recorded in mmllar -

- _ '_ p__r_eparanons fr_om rat mccygeal_ herve, -by_Handwerker and coworkars.(1987)-._ :

“My contribution h’ﬁs- been to investigate ho'w the properties of the somatosensory

 afferents ansmg in the rat tail. are affected by transxent 1schaem1a and subs&quent__‘ -

”reperﬁlsmn, A pneumahc tourmquet, such as T used ot only produces 1schaem1a o o

dlstal to the site of appllcatlon,. but also compresses the nerve truriks beneath the-" o

. tounuquet The actmty of afferent fibres proxnmal to the tourmquet must be
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."toum'iquet'. Tne *hvxty of afferent ﬁbres proxnmal 1o the tourmquet must be-_f._
e interpreted in the context of the camblnat:on of comprea?.smn and 1schaem1a g

| COmPresswn blucks iarga myelmated fibres before smali myelmawd ﬁhres (Ochoa

eral 197, Bahlin etal; 1989) Rven whcn all myclmated ﬁbres areblncked b N
”_nerve compresswn, c ﬁbres rema.m active (Clark et al. 1936) In addmon oo

. _bemg more resmtant to c,ompressxon unmyelmated ﬁbres are. more reslstant to R

1schaem1a than are myelmated ﬁbres (Dahlm el al. 1989) ‘The cotnpression and - )

- 1schaem1a ;nduced by the tourmquet was sufflment to reduce actmty in the I-u'ger o
| myelmaned afferent fibres in the craccygeal nerve Small myehnated ﬁbres were

o not affected by the tourmquet The robustness of A-delta ﬁbres under compressmn'_ =

and ischaemla is oonsistent with previous observatnons in nerve conductlon studies -

| _(Macl{enme et al.1975, Rydevik ef al 1930)

In contrast to the A-fibre _afferents.fC-fibre_afférehté can be a(:tivdted._bb_th by

ischaemia and by reperfusion of previously ischaemic tissue (Innghurst et al,

1987, Longhixst 2¢ al. 1991, Maclver and Tanelian 1992, Lagier-Tassonier and

Balzamo 1993, Stahl ef al. 1993), In the rat ail, I fdl_md twb'grm_lps'df C-fibre

afferents, with the same conduction velocity, which were activated- during

ischaemia and reperfusion. Ons of these groups responded to noxious heatin'g_ and .

pinich of the receptive fields, and such nociceptors can be sensitized by r-epea_t_ed
noxious thermal stimulation (Lynn 1979). That was not fhe basis o‘f' the

sensmzatlon I saw, because control ﬁbres subjected to the sa:ne repeated noxious

stlmulatlon but not sub_lected to 1schaem|a, were not sensmzed The other group S

P



o of C-fibrc affarents activatcd by mchaemxa a.nd repr,rfusnon dnd not ﬂppear to_
| rt"E"I-"oruzl to mchamcal or to noxmus thermal snmu’iatmn. I belxeve ﬂmm to be -
- chemosensiuve, and that thenr st:mulahon, as well us the SEDSItlzanon of ﬂlermal_.

- __ nomcaptors wa ‘derived from mvtabohtes released durmg 1scha'3m1a and b -
metabolntes released durmg the reperfusmn (Kmmgan and Stotland 1993)
. Although these metabohtes ma,y be the same. as, or, stmilar to tho.*ac reim-.-ii_:= - __

: durmg mﬂammatmn, mers was no detectable lllﬂam matxon m the tall of my rats :

"at the tlme of C-fibre actlvatlon.

The charactetistiCS of the C fibres innemﬁng'"ﬁiennal -n:iCiceptors are reminisi;éﬂt
of the behavnoulal reSponses of rais to the same noxious therma.l stlmulus '

'-foilowmg transient tall 1schaem:a. 'I‘a:l ﬂle latenctes durmg tail immers’{on at

49°C are shorter durmg reperfuswn and thw thcrmal hyperalgesm is g,reatest .
immedlately after release of the tourmquet (Gelgor et al. 1986) C'onsequently, .

the thermal hyperalgesm demonstmmd hy rats foilownng the oondltionmg stlmulus

of transxent Jschaemia appi e to the tail may well anse because genpheral_

_' 'thermal nogiceptors themsalves Eecome censitized,

Peripheral sensitization of - thermal nociceptors, however, is not the only
| sensitization phenomenon resnltlng from transxent 1sc’1aem:a and reperfusmn

Prewous studles in our 1aboratory have shuwn that mchaemla and aubsequent'. B

reperfusion of the tat’s tail induce hypersensltiv:ty of wide dynamlo range (WDR} )

neurones, in the r.lorsal horn of tha Spma.l cord, tu t:vth n0x10us pmch and' -

4



.EJ .

o : mnocuous brush (Gelgor and Mltchell ]993) This hypers,ens;ﬁvity mmt arlsﬁ.:_f:}_: 3
_. -.:.f;om mcreased pramary afferent traffic, het:auselhave now shown that foliom“g?- - _.:_-__: =1
B f.'-"xschaemla and reperfusmn of the rat taﬂ the responses of the A~f1bra affer&nts' e
edxatmg pmch and brush decmse or remmned “mhanged CQHSCngnﬂy the _.
e .-hypersensxtxvlty of WDR neurones 0, mechamcal sumuh mUSt arxsa fmm a central S
-mechamsm, whereby 1he respcmse of the WDR neumnes to afferent mput is . |
| . _enhanoed (Wooif 1983 Cook etal 1987 Neugebauer and Sﬂ‘«halble 1990 Cﬂghllli..-._:.”'.
" -}et al 1993) S R

. : mcrdahty Wf‘l‘e sens:tlzed peripherally, and they were to converge on centrally. s
. B .sensmzexl WDR: neuronas, then the spinal Slgnal generated hy that modality would ._ :
| be ampliﬁed d;sproportmnatelyi As I have shown, afferents conveymg the_: B |
) modahty of noxlous heat from the rat tail are sensnized pemphera!ly durmg_ |
o _feggrﬁmon,-_ﬂowevgr, ..ﬂ_;_e p_qp_ulat_mn of WDR neurons mvestigated by _G‘elgor. |
and Mitchell (1999) although beconiing more sensitive t0 mechanical .s'timul.i 46
" '_not become mote sensmve fo thermal stimuli during reperfusmm | therefore o
E ._..concur wn:h Gelgor and Mxtchell (1993) that those WDR neurones recewe Tittle - -

mput from heat»emntive C fibres. The central processing of informatlon amvnug e

ﬁ'om thermal nu.nceptors- must_ d_epend, ther_efme_, on another =popu!atipn ofdo_rsal o

horn neurones



= '____'.;-The maﬂihonmg stunull wh:ch mduce central sensxtization have m common that o

S -:'they prﬁﬁuce " C—t”bte barrage, whnch genemms a sustamed hypersens;tmty of'i s

i hxgh er order neumnes m nuclceptwe pathways (Dxckenson and Sulhva,n 1987 .

S Woolf and ng 1987, Woolf 1989, Thompson ot al. 1999). The cowp of

e . --_J.apparently chemosensltwe C ﬁbres whlch hecame so acnvc durmg taﬂ 1schacmla

and reperfumon would he capable of pmwdmg such a barrage and thus may ba_ _ '_

; ':-.responmhie for the central sensmzatlon of WDR neurunes‘ Indeed Gelgor and : _"l"f:-;" s

o '_Mmhell (1993) showed that. whﬂe WDR neurones were hypersensxtive to

per;pheral mechamcal snmuh only durmg taﬁ reperfusmn, they Were. e

- _""_.--_-hyperexcxtable (that i they demonstrated mcreased actiwty in the absenca of." H 1 

o "-_obvmus penpheral stnmuli) ﬂurmg bmh reperfusnon and tail :schaemla, I may have - .

o ..-_fouud m tlus mvestngatmn cf tha caccygeal nerve, the C fibres wh1ch could be' o

. -_'_'_responmble for a condxtiunmg barrage durmg 1sclmem1a 1tself

RN R



 cmerms

Conctstons

By remrdmg dmecﬂy from primary afferent nerve ﬁbres in the rat coccygeal [ S

nerve dnrmg ta:l 1schaem:a and reperﬁlsmn, i have shown that the myelmated -

L fibres m the nerve do not mcrease thmr mput 0 the CNS durmg elther 1schaem1a-": -

- or reperfusmn of thelr recepttve f‘ elds whﬂe C ﬁbres m the nerve become more. N R

'_actwe durmg both ischaemla and reperfus:on a.nd show semmzatmn to noxious

thermal stimulatlon of thelr remptnve ﬁe!ds clunng reperfuslon. Durmg

: reperﬁnsmn spmaI WDR neurons é.xhlbit hypersensltmty to the mechamcalf o

" stimulation of thexr tail re::cptwa f‘elds, ever though the mecharmensntlve* :

' 'przmary afferents are less ac*wa at that tnne (Gclgor and Mltchcll 199.,) '

= 'Consequeﬂﬂy, the CNS events whnch folluw t.ransient 1schaem1a and subsequent' S

' reperfusmn Qf penpheral receptlve ﬁelds in the rat’s tazl result ‘both from =

' plasnclty in sp__l_nal neuronal clrcultry_ and_ fr:om cha_ngea: in the. afferent_ traffic. .

| The size of the recepuve f‘ elds of convergent neumnes changes Eiuriﬁg'"

.repert‘usxon (Gelgor and Mlmhell 1993) Thls may depend on an. mcrease m.'._ o

. primary afferent receptwe field size per se or on recmltment of more afferents.

Further studles to_ mvestlgane- C ﬁbre_.receptive field changes dur-mg the same

period of reperfusion are required.



_ spmal admmiqrratmn of non~stermdal ann-mﬂammat@ry ﬂrugs (NSAID&)'

- attenuated the hypersensltmty of convergent neuronas to bath nnmous and

- .. mnocuous mecha:mcal st:mulatlon durmg reperfuslon of the}r receptlye ﬁel ds Onf"' S

R ¢ the tanl NSAIDs a!so attenuated the enlargement m receptwe ﬁald size as weil asf

| -"--the mcrease m spontaneous ﬁrmg :ate ewdent durmg rep&rﬁ:smn of the rat taﬂ e

The NSAIB& ﬂiﬂ not affect the activity of neurones dunng ﬂw translent tlve | .,

B "fﬁ""ld ‘““ha""m‘as “01' dld thﬁ}' affeﬂt I'CSPOBS&& to sumuh apphed wnhaut prnor o

L mchaemla (Gelgor and Mltchell 1995) Now that ! hnve shown that 1schaemla and e

o te 'reperfusmn nf the rat t&ll actwate nomcepmrs and oonsequently afferent pathways,

E :'1t would be mterestmg w see 1f NSAIDs can also prevent C ﬂbre sensitlzation""_- L

o durmg the same events, Local anaestheuc drugs could also be m_]ected 10cally ta_ o "

o ".11'}' to prevent such C—f‘bra barrage and sensmzatlon to thermal sumulatlon. R ;-_ -

. Behavxoural and neurcphysmloglcai expcrlments ha,va dﬂmonstmted that events -
occurnng dunm .chaemla are dlfferent w0 those durmg reperfuszon lndeed" -

. _wchaemlc palu cannot be oontro’lled usmg NSAIDs “This might be celated to a

dlﬁ‘crent mechanmm whlch in my opmion could alsu be tr:ggered by !:he._ .

o cnmpression effect of the tourmquet and not only by tlssue 1schaem1a. Theretore L

" "mvesugatmg flbres wnth receptor flelds beneath the toumiquet may eontribute tn_"' L |

a befter undetstandmg of the model we use |
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