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Simllaritles between stlmulation and opiate analgesla.,:
' together WLth ‘the recent 1dent1flcatlon of central nervous
g\ ) : system op1ate receptors and endogenous oplate peptides has.~f"

" led to the proposal that, perla&ueductal gray (PAG) endorpHins L 1

- moduldte pain perceptlon. The spe01f1c hypothe31s that PAG thf.éf
7 Fj . stlmulatlon 1nduces analges:a by the release of enkephalln ; o i‘ f
, | ' ;was evaluated in rats us1ng a Speclflc competltlve enkeph—t . o '; |
? N allnase 1nhib1tor (Gly-Gly-Phe Met) ff;:;uf:t .5 f:fi”&l{dhA ¥ B
' In three studles the enkephallnase inhibltor was admin-f;iﬁh “ ‘g;
E;t-”jhff:*;?ghfy31stered 1ntracere%raIIy'two mlllemeters caudal to an ana1-~ p’ §~'}:%;':
’flw}fffzstj;ffii;ge51a produ01ng stxmulatlon electrode 1n the PAG Analgesla ‘ B
f;;i“‘ F"ygiiﬂf?was assessed at two mlnute lntervals u31ng the tall flick test.‘ ¥
5 ?;“f;;study I demonstrated that the enkephallnase inhlbltor poten—~-

;‘f;?),f'ifftiated in 1nten51ty and duratlon the analgeSLG actlon of

'In Study II the potentlatlon effect on stimulatlon produced
janalgesaa was shown to- b@ dlrectly dependent on enkephal;nase
o '_‘;inhlbltor dose and was completely reversed by naloxone. jIn
o

S T -'Study III UBlng speclfic noreplnephrlne (6 OHDA) and serotonln

- ':-J¢’§J{(5, ?-DHT) neurotoxins a. serotonerglc mechanlsm was shown to H .:

: T “'3:;med1ate enkephallnase 1nhlb1t0r ﬂcthn- Addltlonally 1“ | ’j - j
R 'JVﬁpgﬁ:f:these studies admlnlstratlon of enkephal1nase 1nh1b1tor in | i
: | nﬁﬁdthe absence of stlmulation was found to produce an attenuatEd \j*f'd %“
T T A RIS
R N :? 1oxone rever81b1e. dose dependent analge31a.‘ ThlS antln001--,},,"£,
T } e '_ : . 3 v l 2 ‘
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Intens:.ty of analges from Study I transformed
into maxlmal percent effect (MPE) '
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Paln is a subjective ex‘perience which is commonly cor="

’ y related with noxious stimulatlon. 'Due to the sub;ective "
£ , nature of pain phenomena both scient:.fic eXperimentation .
and cllmcal therapy haVe remalned at a pr}mitiVe stage. 'I‘he‘:_':‘ ‘-

*»« ."'213 . .‘il;.*fl?.", stlmull induclng many intractable paJ.n states are still uhj': . » 11- ?
R known as 1s the mode by which noxious stmuli e;cpress them— ; ;
' selves ih the central nervous system (CNS) Pain %s most i

eommonly combated w1th ojpium derivatives. a group of drugs R “

'.",.-’ e th.ch has been used for several millenia. Only within the o

past deca’de has the molecular action of opiates been eluci-;"

dated Recent knowledge gained from opiate and related i
AN ', research has opened a new era’ 1n the scientlfic study of RN i
ol 5“ ch T e e 3 PR (;"f‘ .:f‘,i.ri"'f“v‘

% the perceptlon of pam. Coe : e B

' Ascendl_x_ug Sp‘lnal Pathways‘@lnvolved in the Perceptlon of Pain : |
N The receptor (nociceptor), the activation oi’ which in— "— J
. duces the senSation of pa:Ln, has not been morphologically de-',':

; ~ " f:n.ned (Iggo, 1976) Phys:.ologically nociceptors are pre- ‘ |
BRSNS ferentially sensitlve to noxious stimuli, demonstrating a

) .Z'; hlgh threshold to natural stimuli or an’ increased response

S sz.tization (Perl 1976) Actlvation of nociceptors by noxiougf
PR . v S

ey stimul:L excltes f1ne A delta or: C ty;pe (unmyelrnated) periph-:","‘_

= (@ to st:.muli J.ncrea31ng :m 1ntensity. and often underg01ng sen-

eral sensory fibers (Zotterman,,l939) Neural actlvity 1n

s

these fl’oers has been correlated w1th the perceptlon of pam : - o

(Van Hees, 1976); however the Speclflc sensations represented;-f'.;"e_‘."

by the act1v1ty of the two ty'pes of i‘iber have not been dif-

oy

| __/ ferentlated (Dubner and Beltel, 1976) (“Prlce, 1972) Noxious': s

RO _‘ ;, 1nformation carried by A delta and C fibers is transmitted

to cells located in several laminae of the dorsal horn or the','."_'”;‘,_‘.__""
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epinalcord @hristensen and Perl (1970) demonstrated that ‘ ~
_";,_a signifi.cant pmportion of lamina. (L) I cells are driven / v )
epecifically by, mechanical and thermal stimuli in the noxious FRRN
| ‘:'.‘tange. Kaumazawa end Perl ( 1977) prﬂposed and. Light Perl and

L ‘Trevino (1979) demonstrated that A delta fi‘oers are respon— 3

k the substantia gelatinose (L II) is stimulated by nociceptive '
“‘:and thermoceptive C fibers. Lamina V (Spreading 1nto L IV '
::and VI in most phyaﬁ.—ological studies) contalns polymodal
"'—‘;',neurons many of which az‘e stimulated maximally by noxious
‘.'-stimuli (Price and Mayer. 1971&) Mayer et al (19?5) have
v‘vﬂ,vproposed that activation of 1amina V neurons is sufficlent -f:‘
‘,t° induce pain in man- and primate.’ Finally, neurons responding g
maximally to noxious stimulation hava been' observed as far

ventraliy as 1amina VII and VIII (Trevino and Carsten. 19?5) t"J

" ._",'_""‘from cell 'bodies oi‘ the spinal gx‘ay to the.brain v1a two
‘crossed 'ventrolatera.l spinal pathwwys. Howe,ver. in recent
“ *.:.._‘Ajy;studies nociceptive stimulation has been demonstrated to be _‘ -
;m"‘vtransmitted rostrally via six sp:.nal tracts.. Table 1 presents -
“".“_je smnmary of spinal tracts conveyingz noxious stimulat:.on. s -
" '”.ltincluding the location of cell bodies and. wnere possible, ﬂ
‘:".';/:'ithe loc:L of terminal fields. The splnothalaxnlc tract :Ls a” e
) "'i"::contralateral fiber system located 1n the ventrolatemal spinal f:, 1
cord which is eommonly related to noc:Lceptlon 'L‘lu.s tract
'may be su‘bdinded into the ne/spinothalamic tract (a) and” .
' ::.f‘.the paleospinothalamic tract (b) It has. been demonstrated L
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Claesically. noxious infomation was thought to ascend '
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. ‘. Ascending Spinal Tracts Transmlttlng Noxlous Stimulation
i ‘ . —
- “ , ' , .
. - Lamina of
Spinal Tract. ' ' Origin Terminal Field
_Venxra1[
-°'*  Contralateral . L :
" "a) Reo-Spinothalamic I, II, V Lageral Thalamus
\ ' ; 8 ’ - . (Ventrobasal, Pos-
. R, i terior Subthalamic
P : Nuclel)
" % ") Paleofpihothalamic, | VAT, YIII ' Medial and Intra-
P ' - L laminar Thalamic
T Nuclei
*_ N'

N

- .f_ Ip51lateral : . vowr
N c) Splnoreticular o VIiI, VIII.

““" Défsar'é)L;‘,.?ﬂ~vi '
Ipsilateral R v
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that the neospinothalamic system origihates in cells of
lamina I, II and V while tae paleospinothalamic tract.origihates
in lamina VIT and VIII (Trevino and Carstens, 1975). The

former system terminates in thcylaterél thalamus (including
veﬁtrobasai. posterior and sdbthalamic nuclei) whi;é)the

phylogenetically . older system pfbjects to midline and intra-

" laminar thalamic nuclei (Dennis and Melzack, 1977). llf

The retfculospinal tract (c) is an uncrossed ventral -
gsystem arising from cells of lamina.VII and VIII and pro-

jecting to the brainstem reticular.formation and central gray

,(Kerr and Lippman, 1973) Thié system is 1arger-than the .
paleOSplnothaﬂamlc tract but is- multisynaptlc and lacks’ soma-
) A , g

ﬂbtoplc representation (Bell 1964)

The splnocerv1cal tract (d) courses rostrally 1n theA

'lateral cord synapsing in the 1ateral cervical nuclel. This
'uncfossed tract is espec1a11y promlnknt in the fellné but is* ,

diminished in the prlmate p0581b1y due to the domlnance of

the neosplnothalamlc tract (Albe- Fessard et al 197#) The
ventral aspect of the dorsal column 1s also capable of trans—
mitt}ng noxious information. The dorsal column post synaptlc .
tract (e)'relaYSrin the"roétrai dorsal column. nﬁclei'énd pro-
Jects wlth the sp1nocerv1cal flbers via, the medial lemnlscus

to nucleil of the neospind%halamrc tract. The cells of origin

of noc1cept1ve spinal cerv1ca1 and dorsal COlumn post synaptic‘

tract are found 1n lamina V. Flnally ‘the dlffuse multi-.

synaptic proprlosplnal system (f) may: transmlt noxious, 1nfor—

mation to more rostral 81tes w1th1n the cord (Flelds et al,



e

1970; Hancock, 1973). The fibers of the propriospinal

system arise from cells located in:the'ventral cord (L VII
and VIII) and may influence cells of the spinoreticular
tract and the paleospinothalamic tract thereby exerting

a cerebral representation explaining the presence of noxious

sensation following lesion of spinal axons projecting diréctly

to supraspinal sites (Basbaum, 1973). ‘
In conclusion noxious stimuli activate nocicepyoré

which transmif"input via A delta and c ficérs of the peri-

" pheral nervous system to sp1nal cells of lamlna I, II v,

' VII and VIII. The spinal cells of lamlna I, II send noxlous

L |

‘informatlon via axons in tne neosplnothalamlc tract and cells
of lamlna v V1a the neospinothalamlc, thp spinocervical and '
the dorsal ' column post synaptic ----- tract to the lateral thalamlc )

nuclel. The- paleospznothalamlc and splnoretlcular tracts

arise,from,ventral lamina (VII'and VIII) and terminate in

medial thalamic and ré%iculaf sites’respectively. Finally

the prOprlosplnal system relays noxious -information from

ventral 1amina to rostral cells of the ventral tracts.

Onlate Analgesna: Locus and Mechanlsm‘of Actlonv

Oplate derlvatlve drugs have classically been conSLderedﬁif;
to ellmlnate the’ perceptlon of paln prlmarlly by 1nh1b1t1ng

--the transm1551on of noxlous 1nput to cerebral_ahd thalamic

sensory flelds (Jaffe and Martln. 1975) Lim et al (1964):

first demoqptrated that the site of the antlnociceptlve

3"‘.action of opiate compounds is the CNS. The,most effectlvé

e C L e s saannn

-
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the analge51c.effects of mlcrolngectlon of morphlne, the ;

gl'morphlne (5 M1crogram/b ‘5 microllter) into the PAG repeatedly 'f:fLJ

the PAG (Yaksh and Rudy. 1974) or by PAG lesion. (Dostrovsky
sp1na1 lochs/of 0p1ate analgesia. : ‘ - L
,dlrect inhlbltion of neural components of the noclceptive

system as-they course, through the PAG or (2) an. excitation TW»,
‘of a PAG origlnatlng 1nhib1tory pathway The former hypothe31s o

sites of analgesic action have been found in the medial

- !

“\ ) .
brainstem including the periventricular gray (Tsou and Tang,

1964) and ‘the periaqueductal éray (PAG) (Herz and Teschemaoher.

1971). Although other sites 1n the brainstem 1nclud1ng the

floor of the IV ventrlcle (Teschemacher et al 1973)
ventral: surface o: the brainstem (Dey and Feldberg, l976).

the nucleus reticularis. peragigantocellularis (NRPG)

., -(Akaike et al, 19?8), ‘and the nucleus raphe magnus (NRM)

'.(chkenson et al 19?9) have been shown to be sensitlve to . [

" - 'PAG 1§ the 1ocus from whlch analgesia 18 moet consistentlyfl-tu'j

J:reported (Yaksh et al 19?6) Dlscrete mlcroinjection of

produces naloxone rever31ble analgesla eqU1valent to high

'doses of systemlcally adminlstered oplate agonists (morphlne
10 mg/kg) (Yaksh et al, 1976) " Yaksh and Rudy (1977) have®

also demonstrated a dlrect splnal analgeslc action of morphine.

,However the reversal of the ant%noclceptlve action of»system-

-1cally admlnlstered morphlne by naloxone mlcr01n3ectlon to

i
a3 A
&.- )

.and’ Deakln, 1977) demonstrates the lmportance of a supra-

The mechanlsm oy whloh oplates induce analgesia fri'

PAG loci has teen studled under two hypotheses. (l)
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) of a direct inhibition of ascending noxious'input has been

studied by attempts to mimic the proposed depressantAactlon- Co y
of’ morphlne with dlscrete bralnstem lesion and local anaesthetic
appli“atlon. Kelly and Glusman (1968) and Liebman et al (1970) -
found slight decreases in pain threshold ‘and increases in.
paln reactivity follow1ng electrolytlc le31on of the PAG, as.
dld Yaksh et al’ (1975) followmg mlcro:mgection of local
anaesthetlcs. Therefore._Sane phy51olog1cal or pharmacol—
‘ogical manlpulatlons whlch dlrectly attenuate neuronal trans-
£m13s1on fail to 1ncrease paln threshold a mechanlsm by whlch _ .

L oplates dlrectly 1nh1b1t ascendlng flbers in the PAG appears ; f;f: Hj»h

S ,a_a\j 2 , e

ffuntenable. I fi : f’h' o u“ ~3:1j~eﬁwﬁ¢f"

[P st e g . -
S L

7;}:;“ 3 :f9'1,-~_ On the other hand the hypothesls of .an oplate excited

o o e iPAG orlglnatlng inhlbltory pathway has w1thstdod experlmental : .t_‘f‘z
: | ‘otstudy Morphine admlnlstered iontophoretlcally has: been demon—~.‘ ) ‘
' strated to exclte cells of the PAG (Frederlckson and Norrls.
1976; Gent and WOlstencroft 19763 Bradley and. Bramwell,
-1975). Systemlcally and 1ntraventricular1y admlnlstered

morphlne produces a naloxone rever51ble excltatlon of multl-‘f

,%"7v o

unit actlvity w1th1n the PAG (Cannon et al, 1978): Recent: — fﬁ;ln';
'ev1dence that 1ontophoret1cally applled morphine;excites'cells n )
N ~: L of the NRPG (Satoh et al, 19?9) and the NRM (Anderson, et al . ‘:f:o
- '”1978) supports proposals that‘these nuclel also partlclpate": o |

"in morphlne analgesla. Irw1n et al (1951) first postulated

S
JROPNNTRIDNTORDU I I S

1a bu1b05p1nal méchanism of mcrphlne analge51a follow1ng thef-' -;'1

‘ demonstratLon of reduced antlnociceptlve potency of oplate :

"agomsts in spinal am.mals. Satoh ‘and - Takagl (1971) i‘ound

Ay
.

- that hlgh splnal‘transectlon blocked the 1nh1b1tory effects}iﬂ

‘‘‘‘‘
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“.—-hopes of reduolng the pharm

.. . S o ' e ,
of morphine on pain evoked potentials in the cord.
‘specific lesions of the dorsoiateral funiculus (bLF)-bave been
shown to attenuate the analge51c actlon oi. PAG admlnlstered ‘

’ /morphlne (Murfin, 1976) and to reduce the potency of system—

1cally admlnlstered morphine (Basbaum et al, 197?. Hayea

et al, 1978). On the ba51s of-these flndlngs the presently

accepted mechanlsm of oplate induced analgbsia isanexcitatlon

v.

_ of PAG neurons whlch actlvate 1nh1b1tory flbers descendlng

Recently--"

1n the DLF thereby attenuatlng noxlous 1oout w*thln the sp1na1

cord

: 1978 Yaksh an ;Rudy. 1978 Mayer and Prlce 19?6)

Alternatlve"\to morphfxe analgesla have been sought in
l 'O.

? ance, dependency and sedatlv \Slde effects present in all

4

oplate derlvatlves.i Although,a more effic1ent pharmacologlcal

agent has not been’ formulated a phys;ologlcal manipulation

has been demonstrated to be eff ctlve in ellmlnatlon of paln |

w1th a’ mlnlmum of elde effeots.-Stlmulatlon oi spec1f1c
bralnstem loc1 is a potent thera eutlc meang of dealxng w1th

a maJorlty of paln patlents (Akll' personal communicatlon)

Stlmulatlon Produced Analgesla

..4—-

v

Eologlcal shortcomlngs of toler-‘j"'j

(For rev1e s see Basbaum 1976 Fields and Basbaum.k;zt"'”” S
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'_and Mellnkoff, 1974 Ollveras et l, 197&) monkey (Ruda '

et al, 19?6 Goodman and Holcomhe, 19?6) and - man (Adam.p‘
c1976 Boethlus et al 1978 Gybels and Cosyns. 1978 S
‘”fﬁﬂ'HOSObuChl et al 1977. Rlchardson and Akll 19??. Akll ;{'QTLL
l';ffet al 197833 and b, Hosobuchi et al 1979) Analge51a 1n
u"f}{;some cases has been equlvalent to 50 mg/kg of morphlne.. -,
: iufdose whlch produces signlflcant¢side effect and sedatlon:notfﬁ
'"¥fseen 1n SPA (Mayer and Llebesklnd 1974) Mayer_et_al (l97l)iﬁﬁf
¢ i::haVe descrlbedecases in wh1ch PAG stlmulatlon removedﬂallﬁ“luf
':f£:behav10ural signs of paln to talr plnch regardless of the;:" f

ififorce applied. The temporal relatlons of stlmulation to SE .

TN

sedation-while retaining~normal reactivity to non—noxious

'stimuli Subsequently stlmulatlon produced analge51a (SPA)

‘:has been observed in the {at~{Mayer and Llebesklnd 19?4;

Mayer et al, 19?1 Akﬁl and Laebesklnd 1975). cat (Melzack

U

after a few seconds of stlmulatlon and continues for several

'mlnutes to hours followxng current termlnation (Llebeskind

o .'.'

-ﬂeffectlve 1n man, as flve mlnutes of Sulmulatlon can produce

‘”i24 hours of re11ef from prev10usly ;ntractable paln (Akil et al,

":analge31a are stlll obscure.. Analgesla is usually evoked ﬁ{;3..‘.-”

‘, f et al 19?8) In thls regard SPA appears to be extremely '1% N ’ :

3.
=
ey
[
c
A
o
R
i
!

s

‘ '.-\'_- e T
iy sl DT, T

“1978) The locus of stlmulation 1s an 1mportant parameter 0 f{G

1n SPA., Orlginal attempts at SPA used electrodes s1ted.1n R :ﬁi
:Etuh:the septum (Gol 1976) Thls 51te 1s assoclated w1th many ' .; t?
l' ”;undeslrable slde effects and has been shown to be related to i; i



, analge31a only after eplleptlc seizure actlvlty (Abbott and

Melzack 1978) . Brain areas Wthh support self-stlmulatlon j& 7

behav10ur such as the lateral hypothalamus have been shown ..

to. induce analgesla in. some cases (Mayer et al 1971) hogever
this finding has not been conSLStently repllcated (Mayer and ..
Liebesklnd 1974) and there ig not a complete cgrrelatlon
between self-stlmulatlon supportlng sites and 'SPA 1nducing
braln loc1 (Llebesklnd et al 1978) Analge51a 1s con51stently

observed upon stlmulatlon of the PAG reglon, extendlng from

& iy
ce the dorsal raphe £0': the paraventrlcular reglon_of the caudal

/‘
thalamus and posterior hypothalamus (Mayer and Llebesklnd

1971;; Rhodes and L1ebesk1nd 1978) In man, rostral sifes .

¥

1tproduce excellent analges1agand reduce the 1ntensity of slde

, W;effects (Akil 1978a)

In the rat stlmulatlon of spe01f1c PAG’locl may 1nduce

’ analge51a restrlcted to portlons of the body whlle leaving

other areas unaffected (Balagura and Ralph. 1973. Mayer et al

19?1) It has been postulated that a somatotopic represe ta~';‘*

tion may exist withln the PAG Whlch would account for analgesia
observed 1n a speciflc locus (Yaksh et al 19?5) Recently

1t has been shown that stimulatlon of two other bralnstem j .

loc1 1nduces analge81a 31m11ar to: that observed follow1ng PAG}‘ |

l : o td,

: ) w,ﬂ
"';'stlmulatlon. These two 81tes are the NRPG (Akalke et al

:——‘.

Attempts to determlne the mechanlsm by Wthh stlmulatlon'-

of the PAG 1nduces analgesla haVe tested hypotheses 1dent1ca1; i

to those formulated to account for the mechanlsm of oplate

t"

:" s w:»ﬁ...
' analgesia. Thus stlmulatlon may produce a functlonal leslon R

, s
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”'countlng the hypothe51s of dlrect 1nh1bitlon. Supportlve

'.znglgantocellularls retlcularls follow1ng PAG stlmﬁlatlon.w

,Slmllarly multiple unlt responses in the ventrobasal thalamus ' ”,
L(Oleson and Llebesklnd 1976) Flnally Basbaum et al (1977)
“ndemonstrated that les10ns of the DLF‘&bO’lSh analg931a

1:;1nduced by PAG stlmulatxon. Therefore 1t has been hypotheslzed -

| sPinal tracts whlch are selectlvely 1nh1b1tory to noc1cept1ve -

11

o *
04

'thereby d1rectly 1nh1b1t1ng the transmlss1on of noxious 1nfor- »

. mation through the PAG or stlmulatlon may . exc&ﬁggcells 1n ‘the ‘

PAG which activate d;stal fieurons which are inhibitory on

‘nociceptive pathways. As mentioned above, 'electrolytic
, lesions'(ﬁevan and Pert, 1975) and microinjection of local
. anaes'thetics'(Yaks'h‘ 1975; Rhodes, ]f975) 'to the PAG'induces

a. state of hyper-react1v1ty to noxlous st1mu11 thereby dls-

, i' ’/(r : *
evidenCe for the second hypothes1s ;s the w1de yet Spelelc
%Lt T ‘w o Lo . L .o
-extent of SPA actlon. _,‘.*u; PR, ,e.,‘.__ . }\,'7;/ IR

Stimulation produced analge51a has been demonstrated to

L

'Vfolnhlblt the noclceptlve responses of neurons from the splnal
"h“-'fcord to the thalamus. St1mulat1on of the ventroCaudal PAG

, ”'b*ﬁ,}of the cat hae been found to suppress respondlng of w1de :5ﬁ

A

‘vrange dynamlc neurons 1n lamina V to nox1ous stlmulatlon Jﬂw .
TAJbut not that of cells in 1am1na IV to’ llght touch (Llebesklnd
mpet al l973! Ollveras et al 1974; Carstens et al 19?9)
' © Morrow and Casey (19?6) demonstrated a spec1f1c block of

?noxious stlmulation 1nduced aot1v1ty 1n cells of the nucleus

~,L{are attenUated by SPA whlle non-nox1ous responses are augmented s ;

lthat SPA acts by stimulatlng cells of the PAG whlch actlvate of;’,f~

°°115 °f fhe 8pinal eray I‘eceiVlng nox1ous stimuli (Fields ,‘-'j :
;-.j " \:

——— e e e —t———
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a.% Basbaum, 1978) v ' —
The Relatlonshlp Between Opiate and Stlmulatlon knalgesla‘

As a result of the s1m11ar1ties in locus and hypotheeized
mechanism of action. comparlsons betwgen opiate and i?zmu-
lation produced analge51a have become an: active topic in ;
scientific research (Cannon et gl,'l978). The first direct
study of a common mechaniem or‘opiate‘and stimulation nroduced ,
hﬁalgésra was perforned by Akil and colleagues.(l9?2) who
demonstrated that the oplate antagonist,. naloxone reversed

'iSPA 1n the gat Subseqﬁently laboratory studles of the 1nh1b1- |
:wéitory action of naloxoLe on SPA in the rat have produced mlxed : .
".results probably due to methodologlcal dif‘erences.3 Yaksh iﬁ.:fvﬂ;%:j{

I , ""', i S .“.-:.'."
5et al (1976) found na oxone ineffectlve 1n rever51ng SPA SR A

'::fdurlng stlmulatlon, w le Pert and Walter (1976) observed a ;%"l‘;i;ﬁ‘;é%
’l?fpartlal reversal of analge91a by naloxone following stlmula-f"fEitft,’;i/
o tion at current level coneiderably hlgher than those normally )

' used “to produce SPA. ikal et al (1976) repllcated the demon- |

. stratlon of signlflcant reductlon of ‘post stimulatlon anal— |
:-':g991a by naloxone._ Cllnlcal studies us1ng human patients ' . ;1 - . »

'have found naloxone complet reverses stlmulatlon pro- ' _

f’duced analgesia (Akil et al l9?8a Adams, 19?6; HosobuchlA

'et al 1977, 1979) Addltlonally. Mayer a"d Hayes (19?5)

have demonstrated the deVelopment of tolerance to repeated

‘SPA trlals and a cross tolerance to morndlr . Two studles..-

AU

_(Lew1s and Gehart 19??. Yeung et al l°7f) have extenelvely

‘examlned the loci whlch are effective 1n nroduc1ng SPA and o :r tl
'oplate analgeela Both these stUdles found analge51a can..

‘ be induced from 1dent1cal 91tes within the " PAG although

:;dsome loci tested were eensitlve to only one manlpulatlon..“
1t has een concludedfthat unt11 ‘the’ hlstology 6t PG ig . D

PR .e
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"analgeésia derived from the PAG is a spinal mechanism involv-

. N e
5 R . . 5 .- : - 3 X ‘
| S | i)

) \ | : - - . .",’ L o

further investigated and stimulation techniques refined, ~ . °

the coincheﬁ§e~of morphine and SPA sensitive sites will 2

remain only partially comprehended. -

A further similarity bgtween stimulation-and opiate

’

ing a'descending'buIBOSpinal serotonergic:pathway,inhibitory

excltants such as glutamate and tetanus toxmn applied fb the ‘ qi;

',et al, .1978;- Urca 19?8,\Drca et al 19??) Slmllarly systemlc |

' reverslble manner mu1t1 unlt actlvity and s;ngle cell,act1v1ty uf-f* N

on nociceptive neurons of the Spinal gray.
Common Involvement of Serotonln ' ' , { _;?
It has been proposed that morphlne analgesla and SPA 7”.”;‘~\?:: .

share a common bulbosplnal pathway (Basbaum et al 19?6)
The PAG rece1ves flbers from the anterolateral quadrant of

the splnal cord (Mehler et al, 1969) and has been shown to .;u‘::,ﬁi': o

receive fibers 1nvolved 1n n001ceptlon (Becker et al 1969,

Llebesklnd and Mayer, 1971) However ‘the PAG does not '11 ;‘”phg{ﬁfﬂii

progect dlrectly 1nto the spinal cord Ruda (19?5) us1ng . ;ﬁf."";"
triflated amino- ac1d technlques and Gallager et al (1978) o o
u31ng mlor010ntophoresis of horseradish peroxidase have .--;i.l','t“rj¢;'
degonstrated a promlnent anatomlcal connectlon from the PAG e E
ﬁo the nucleus raphe magnus. “The NRM is a sarotonln (5-HT)
contalnlng nucleus ‘that proaects via ‘the dorsolateral ‘fg{.;f?‘f"'l.sﬁ '
funiculus (DLF) to lamlna T and V or the spxnal cord (Basbaum i
et al, 1977b) The evldence f0r a phy51olog1ca1 llnk between Sk
the PAG and the NRM 15 prov1ded by studles 1n whlch éellular Q;fii:

PAG stlmulate cells of the NRM while 1nduc1ng analge51a (Cannon o

(Urca et al 1977, Oleson et al l978) and PAG (Pields and SRR

Anderson. 1978) in;ectlon of morphlne ex01tes in'a haloxone : _f 4 fi.:

. R I N RN L . 3 - DR e - I B Wl C e . - Pt
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L t'}the analgesia induced by PAG stimulation (Akil and Mayer.,:fiff,;'ﬁ‘?

systemlc (Proudfit and Anderson, 1975:~Yaksh et al 19771 | - ‘,d &

l (Dlmweras et al 1975. Oleson and Liebeskind 1975- Proudfit
-”and AnEﬁrson. 1975) Stimulation pfoduced analge31a from the

3Basbadm et al, 197?a) and PAG administrat1on (Murfln et al,

withln the NRM.. S .f. ’.;"oﬁ 5 .J" S 5113:*775;2'-E-,f

" Lesions of the NRM reduce morphine analge31a from boah

l976) Stimulation of the NRM alone produces potent analgesia ﬂ ‘

~:NRM has been shown to speclfically 1nh1bit the response of

, lspinal cells (McCreery et a1 1979* Beall et al, 1976 Fields

‘\lfand electrical stimulation of the PAG (see Messing and Lytle,

o

L .:'.;'f"'._tract (Wlllls et al 19?7) to noxious s.lm“h' i

"”’fifigpinal cord have been demonstrated to Lnfluence reacthttY

-

'p, 19?7 for rev1ew) Specifically, serotonin depletion with 5.‘#,;13?flﬂﬁ‘
6 -Dlhydroxytryptamine or p-Chlorophenylalanine (PCPA). or : .‘_
" lreceptor blockade with methysergide, attenuates morphine f;ﬁj;;ifhgﬁ?.ﬁxfy
"analgeSLa, whlle admlnistratlon of the re-uptake blocking e
"-"‘drug, fluoxatz.ne, enhances morphme analges:.a (Vogt, 1974;
"'Cheney and Goldsteln, 1971 Yaksh et al 1976 Duncan and L ‘
iifSpencer. 1973) Yaksh and Tyce (1979) have demonstrated that .;fvi‘*
nw;_d.antin001ceptlon 1nduced by PAG adminisuered morphlne 1s ”‘ N

'nfcorrelatéd w1th a: szgniflcant 1ncrease 1n splnal 5 HT :ﬁiﬂj:ﬁ‘l'l
'uvrelease, and is 1nh1b1ted by the intra*hacal administratlon 'v'jl

H*iof methyserglde (Yaksh 1979) Similarly. 5 HT receptor_fngzufuﬂffw

‘blockade w1th LSD and S-HT depletlon w1th PCPA reduces

'lfet al l977) and the response of neurons of the spidbthalamich

Manipulatlon of serotonin levels in the bralnstem and

‘.n
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Lo '__1977; Guilbaud et al 197Q¢layes et al 1976) Interestindly. "‘
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.j'lg tolerance to SPA following repeated stlmulation of the NRM

‘ ; can- be reVersed by admlnistration of the 5-HT precursor 5—-fu”'x

YRt

T B hydroxytryptophan (Oliveras et ai 1977) Further, 1ntrath-'
o ecally admlnistered 5 HT produces 51gn1ficant analgeSLa Wthh

1 is potentiated by fluq*etlne and 1nhib1ted by methysergide

RIS Y

fh . f;ul‘fJ _‘ (Yaksh and Wilson, 1979) Finally iontophoretically applied
. : 5—HT 1nh1b1ts nociceptive spinal neurons of lamina I and IV

(Randic and Yu. 1976| Duggan and Headley. 1978; Belcher. 1978)

“7"ﬂﬁf;9ff;]'. On thie ba51s 1t has been hypothesized that stimulation of
t;ﬁ Edff353if;ffj and morphine administrétion to, the PAG acts to inhibit

L nociception, by a ser tonergic pathway.: Activation cf the

PAG by these manipulations. stimulates the serotonergic cellsy
. of the NRM.} The axons of these cells descend in the DLF. ~ ' L
termlnating in laminae which contain nocicept1Ve neurcne.;l‘j?fﬁ‘aﬂlr'ﬂ#t

;; ;ffirﬂ‘i-‘ The release of S-HT from NRM originating axons. specifically .‘“;'u'vitj

inhibits the response of spinal gray cells to nox1ous stimula_;;;“i_,
tion. Therefore PAG 1nduced activation of NRM spinal seroton-lgi;d,§7~

};ﬁiggitEl,?;jfkﬁ ergic celle reduces noc1ception_1§ields and Basbaum, 1978)

- The/physiological significanceaof a pain attenuating

:fe ‘?:jl{ system which is activated by electrical stimulation Or exogen-nn:fa:f
%f OUS Opiate derlvatives must be considered. Takagi et al (1955)3]:“;f;:{
'E' . S suggested that descending inhibition of noxious 1nput may be ; :
:?; ﬁ;; part of a feedback 1oop that 1s activated 1n the brainstem by

€;A Tx ‘{j', ascendlng noxious 1nformation. Postulating that the PAG is |

SR

‘jilt\?f ?”il the 1n1tiation center of the descending conpdnent of thls loop,-n {fhiﬁhl
:“figf;?ﬁf_jnﬁff the effect ‘of PAG excitation by electrlcal stimulation is

reasonable.g However, the rcle of opiates 1n this antinoci—- f_g¢§ﬁlb

N ady e

ceptive mechanism 1s less obvious. but has begun to be




f;v}§ﬁ7g?“.,. plexus tissue were first identifled in- 1973 (Eert and, snyder.
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ijﬁf‘f. hypothalamus (Watson et al, 1978 Bloom 8t al; 1978) Met and el

understood conccmitantly w1th the 1solat10n of CNS Opiate 312=gﬁ
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recePtOTB and endogphins.f‘ﬁ

%

Stereospec1f1c opiate receptors in braln and gut nerve '”ﬁ,jg;;J”?"

1973; Simon et 8 _;, 1973._Teren1us.‘1973) The CNS 1ocatxop,._f“ RESR N

"'* ef stereOSpeciflc receptors for opiates 1s sxmilar ln prlmate:“

and rodent Tﬁe amygdala, hypothalamus. caudate and PAG demonss
‘:iffi sxrate the hlghest concentrations of receptors 1n the bra1n
,““ & whlle the*subatantxa gelatinosa possesses the hlghest cqn—:.~ﬁﬁ'

centration of opiate receptors in the spinal cord._ (Kuhar

.,vﬂ “‘et al 1973; Hlller &t a1, 1973; Pert et al 1973) Endogen-

ous peptlde ligande'to th1s receptor were 1dent1f1ed 1n the

gland (Cox et al 19?6) (for reviews, see Golste1n, A.,

1977) SeVeral opiaxe peptldes with an N terminal of the

amino acids tyrosine,*glycine. glycine. phenylalanine._identl-‘ 'ef:i2
cal toﬁ' lipotroplne (l—LPH) (61 6&)-are collectively termed S

: ”"’:; endorphins.- Met and Leu enkephalln are pentapeptldes with meth-u,

ionane and 1eucine C terminal amino aclds respect1vely \

Hughee et al 1975)» ;9 endorphln, (I-LPH'61-91) found conru;f.%7ﬁm“

g :“comltant wnth ACTH 1s conflned to cellﬁﬁof the basal tuberal"‘% ;;‘yu,f

”‘5-3523 reticular-formatlon (Sar et al 1978) Ll
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hrain (Hug%es. 1975; Pasternak et al 1975) and pituitary ;g;a, -

»'?%f{“'ﬂqu 1976: Hughes anaﬂkosterlitZ. 1977; and§§nyder and Simantov, ff;;ﬁii;;ﬁ;

receptors includlng the amygdala. corpus strlatum. PAG and;f{;~}?ﬂﬁfl~f‘f
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, ansisteﬁt with the role of endogenous opiates, endor-

phins mimic morphine pharmacologically in an ability to in-

_ hibit electfically ihduced contrations of mouse vas deferens

and gulnea plg 11eum, and 1nh1b1t 3H naloxone receptor bind-

'1ng {Hughes, 1976)u Enkephallns are released by potassium

and electrical ‘stimulation in a ca;ciuo$ion dependent manner
from brain slices and synaptosomal fractions (Hughes, 1978).
Enkeppalin‘demonstratee an ability to depress the activity

of gpecific neurons in a ndloxone reversible manner following

iontophoretic applioationﬁ Cells sensitive to the depressant

/
actlon of enkephalln are also 1nh1b1ted by morphlne (Frederick-

" son and Norrls.,l9?6 Gent and Wolstencroft 1976 Henry,
1976). . Cells whlch demonstrate excitatlon follow1ng morphine
4app11cation also demonstrate enkephalln 1nduoed excltatlon.'
_These include hlppocampal pyramldal cells. Renshaw cells,
. oells of the PAG (Gent and WOlstencroft 1976~fFrederickson

and Norrls. 1976 Dav1es and Dray,l976 Nicoll et a1, "1977) -

~and neurons 1n the 'NRPC (Satoh et al 19?9) Interestlngly,
m1cr01n3ect10n of’ enkephalln 1nto the PAG has been demonstated .

to stimulate mult1 un1t act1v1ty in the NRM (Urca et al 1977)

Enkephalln is rapldly broken down by peptldases whlle;B endor--

phin is. more slowly catabollzed Despite the’ lack of inform- .

atlon oonoernlng oynthe31s, enkephalln has been prOposed to

- act as a CNS neuromodulator (Hughes, 1978)

The role of the endogenous opiate peptlde enkephalin in

vanalgesla has been proposed due: to the pharmacologlcal 51m11ar-

ities of enkephalln to morphlne as described above and due to

the hlgh ‘concentration of eokephglin contaln;ng cell bodies

* and terminals ir the PAG, the site at which morphine induces

‘
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an analgesic action. It has therefore been hypothésized
that enkephalin acts as a neuromodulator in the PAG to acti-
vate descending pathwgys inhibitory on nociception, ultimately.
modulafing the perception of pain. The excitation of PAG
neurons by iontophoretic .application of enkephalin is on
important step in the demonstration of enkephalin involve-
ment in analgesia but a study on the cellular level foils
to demonstrate the behavioural aspects which are critically
required in a study of nociceptive modulation.

A study of the involvement of an endogenous compound

in a behav1our attempts to démonstrate, using a minimum of

- extraneous and nonspecific manipulations that the compound

N

acts at a specific receptor site thmodify the behav1our 1n
the whole animal. In pain research 1tvis common -to studyAthe.’
effect of a’ pharmacological or pﬁysiological.manipulation on

the reSponsexto stimuli that have consistently been demon--

‘ strated noxious in the species studied. Pharmacological

manipulations used in studies of the modulation of nociception
are aimed at altering synaptic transm1551on in circuits

responsible for the modifying of pain perception. Phy81ologi—

cal manlpulations attempt to selectively activate axons of

~pathways involved 1n the transm1331on or 1nh1b1tlcn of nox10us

stimulation. The conclusions which a study can formulate about

a mechanism underlying a behav1our are limited by the speci-

',ficiPy of the manipulation utilized. Despite the attractive-

ness of thc“hjpothesis of an endogencus.opiate peptidé mcdulat~

* ing nociception by a mechanismlsimilar'to'that described for
. o ey

Sxopiatc'analgesia there is a dearth of direct experimental

———————
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evidence in suppert of a role of enkephalin in antinociception.
Opiate peptides exogenously administered intracerebrally
(to PAG) or intraventricularly have been demonstrated to induce
naloxone reversible analgesia in rodents (Bucher et al, 1976;
Belluzzi et al, 1976, Malick and Goldstein, 1977). The anal-
gesic potency of A-endorphin similarly adpinistered is signifi-
cantly greater than that of enkephalin déspite an equality of
'in vitro' receptor binding affinity (Feldberg'and Smith, 1976:;
Loh et al, 1976). This digecrepancy of'in vivo' potency may be

accounted for by the rapid catabollsm of enkephalin in the

braln (Hambrook et al, 1976; Meek et al 1977). These studies, .

fusing exogenously administered." peptides, do not demonstr;te

releése of enkephalin to sites responsible for antinociception.”

. The SLmllarlty of pharmacologlcal actlon.between enkephalln
and morphine at the’ cellular level may account for: the observed7

analge51a which is the actlon of enkephalln on opiate receptors"'

normally not rece1v1ng enkephalln from endogenous sources.

The crltlclsm of fallure to demonstrate enkephalln release‘
in studles using receptor agonists 1s.e11m1nateq in studies
of pain perception‘following oplate’antagonist ndministration.

In studies of this nature it is hypothesized that if enkephalin

inhibits nociception, recePtor blockade with naloxone, the

-

' most specific opiate'antagoniet. will decrease the pain thres-
hold. ' Naloxone has béen demonstratéd to lower the pain thres- -

hold 1n several studles u51ng the hot plate as test of analgesia.

(Jacob et al, 1974 Jacob and Ramabadran, 19?8 Grevert and -
’Goldsteln. 1977) However, other studles u51ng ‘the tall fllck

-test (Yaksh Yeung ard Rudy, 19?6 Goldsteln et al, 1976) and

/
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the formalin test (North, 1978) have failed to demonstrate

a hyperalgesic action of naloxone. The ladk of opiate. anta-
gonistic effect in some laboratories may be a result of diurnal
fluctuation in CNS enkephalin conoentration,‘whieh alters the
effect of naloxone, when compared to saline, administration
in-the hot'plete test (Frederickson et al, 1976) and is
correlated with nociceptive sensitivity (Wesche and Frederick-
gon, 1979). Recently naloxone has been demonstrated to’lowerv
pain threshold in post-operative patients in a dose dependenf\&
manner implicating an action of endorphins in post surgical
trauma (Levine et al, 1979). The systemic admlnlstratlon

of naloxone used as a pharmacologlcal manlpulatlon in above'
.c1ted studles does not prov1de the spec1f1c1ty of locat;on
requlred to demonstrate an actlon of PAG enkephalln in antl-
n001cept10n., Naloxone exhlblts afflnltles for all oplate \‘;‘
'receptors in the body. and lnhiblts the actlon of/E-endorphiﬁ

in addltlon to enkephalln. Therefore dedplte the demonstra-
tion- of naloxone induced hyperalgeSLa these studles of oplate a
antagonlst actlon fail to fortlfy the hypothesis of PAG '

-

enkephalln modulatlon of noc1ceptlon.

Ariother means by which the importance © ‘T’endorphins in
~pain modulatlon can be studled is by an lnhlbltlon of peptide
:catabollsm. Patthy and collaborators (1977) demonstrated

a 51gn1£icant 1ncrease 1n paln thfesholdtan the tall fllck
test follow1ng 1ntraventr1cular admlnlstratlon of bac1trac1n.
'The duratlon of actlon of bacitracin ln this test was related
to the duratlon of lnhlbltlon of. enkephalln catabollsm

but not oflﬂfendorph;n cetabollsmA(M;iler_gi-gl, 1977:
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‘fhas been demonstrated by Wesohe and Frederlckson (1979) ZQF?'ﬂ‘

{and release by nox;ous stimulatlon 1s 1mp11ed in the study

'ﬁ»studles uslng opiate antagonlsts as a pharmacological manipua’ f‘ ~l :

;lation may be due to an 1nconsistent control of enkephalln

. enkephallns are hypothe91zed to modulate- pain. perceptlon is .
:"a phy51olog1cal means by whlch enkephalln medlatlon of antl- )
_ noclceptlon can “be studled '~Electrlca1 stlmulatlon has been -

.:demonstrated to release enkephalln in v1tro from.braln ‘

‘~'.\eoncentrations of oplate receptors and enkephalin cell: bodies

f . -y
% . ‘
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-'Smyth et al, 1978). This study suggests that the inhibition

of enkephalin catabolism decreases the perception.of pain. L
Again the pharmacological manipulation did not localize the _ ;
site of antinociceptive action as the agent was administered

intraventricularly. The other major criticism of this, ex-

et e ) b T

periment is the non-specifie action of bacitracin on.many
brain peptidases which may act on other péptides involved

in the response required by the analgesic test.

/ E

The use of opiate antagonists and catabolic inhibitors'

in a ‘demonstration of enkephalin involrement in modulation <i
'y -

of noc1oept10n 1s dependent‘upon the assumptlon that ',—/;/ é“-

enkephallns are released pha31cally in response to noxlous‘

stlmull or stress.- A phaslc release of enkephalln by stress

R L e e

R i

by Lev1ne et al (1979)2 The lack of consistent results in

release in the PAG due, to varlances in procedure of anal-

ges;c testlng

Stlmulatlon of enkephalln release in the loc1 in whlch o f ‘.

'sllces (Hughes. 1978). and can therefore be used to activate

USSR ISR SO
.- . co- -t .

release of” enkephalin from in- V1vb 51tes contalnihg hlgh
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"stimulating electrode. Slmllar increases of endorphlns in

and terminals such as the PAG (Unhl et al, 1979). As discussed

above, electrical stimulation of the PAG produces profound
analgesia. In studies designed to determine if this:anal-
gesia produced'by stimulation is mediated by enkef:halins"
Mayer and Hayes (1975) demonstrated a cross-tolerance between
SPA and morph:.ne. similar to the crossatolerance between mor-
phlne and enkephalin demonstrated by Waterfield (1976).
Simi¥arly, the oplate receptor antagom.st naloxone, has

in experlmental studies using the rat (Akll et al 1976) and

in human cllm.cal studles (Adams. 1976; Hosobuchl et aly’ 1977.::__‘-‘

._‘},

- .Land 1979, Akll et“ al, l978a) These stud:.es 1mply an 0p101d

e -medlatlon of SPA but do not dlrectly test the J.nvolvement

Stud:.es ‘which have directly attempted to demonstrate

T the release of endorphln by analgesz.a pr‘oduc:mg stzmulation

'have ident:.fled two d:.fi‘erent oplate peptldes d\ependent upon'-

the specles %’dﬂ’ed and the blochemlcal assay performed. ‘

'Akz.l et al (1976) demonstrated a s:.gm.flcant elevatlon of

of PAG located enlgephalln in- antmocicept:.on due to the lack,‘,‘-‘f: G
“of 5P9¢1flclty 1n the locus of the naloxone effect - and a YA

| "'.fallqr to demonstrate a release of enkephal:.n from the* PAG o

whole braln oplate llke factcors as measured by an lnhlbltlon ,'

. of 3H naloxone bJ.ndlng assay followlng analges:La produc:mg k

stlmulatlon of the rat PAG Slmllarly Steln (01ted 1n

' .Llebesklnd et al 19?8) observed an 1ncrease 1n enkephalln

| levels in cerebral perfusate collected from a push. pull can-‘ '

nula located two ‘mm caudal to a PAG analgema produ01ng

~

f'x'

K cErebrospinal ﬂuld (CSF) of human pat:.ents have been obser\yed'



"during SPA (Meyerson g;t_ al, 19‘??;.\\]Dghes, 1977, Aki‘l et al,
1978a and b; Hosobushi et'a_l_. 1979)'.1 ’Akil et al (1‘978a‘) ‘ | -
have igolated an enkephalin-like peptide from: human ven-
tricular CSF durlng SPA. Akil et al (1978a) and Hosobuchl
et al (1979) have also described increaseés ing-endorphin in
. 'human'ventr:':cu‘lar CSF as deterir'lined by ra'di.._oimmunoassay'

upon_ analgeeic electrical stimulation. _Thé coliection of

‘peptide from the CSF would favour the presence of ‘the la’rger

endorphin due to the res:.stance of ,a-endorphs.n to catabol:.sm

o in both the CSF and.cerebral’ tlssue as compared with enkephalln. A
) ",‘ oIt has been demonstrated in the above ment:.oned studles Sk
; that electrlcal st:.mulat:.on of the PAG J.n the rat and human, ; "5'1;" :
4 _';,".‘:releases an Oplate peptlde durlng perlods in whlch stlmulation ’
t ‘ flnduces analges:.a.. ‘ It cannot be concluded however, tha.t the o
";".".h = .‘li,vobseryed analgee:l.a‘ :Ls due to the demonstrated release of
':'_endorphln.f In comblnatlon w:Lth the results of studies of |

~ «naloxone effects on SPA, 1t may be concluded ‘that’ stlmula- o !
| . tion of the central gray releases oplate peptltdes 1nto the

: .CSF and that the analges:.a produced by the stlmulatlon J.s ,'

. B blocked by naloxone a.nd therefore 1s med:.ated by opiate re-:j |
\ "ceptors.‘ The above descrlbéd studles have not demonstrated . .

: ‘that the relea.sed oplate peptldes 1nduce .analgeszl.a. Nor “'. S

‘h»can 1t be concluded tha,t SPA J.s med:.ated by enkephal;m re— ‘ .

lease as the observed enkephalln released by PAG stlmul/;on B ’

of the rat (Stein 01ted in Llebesklnd et al 19?8) was ot : \

. s _ v'denionetrated responSLble for the analges:.c actlon oi‘ the | , :
e L 'stlmulatlon./"' S ' ) . . :- _' ' oy
| | ’A e:l.mple method of determim.ng the 1mportance of enkephalln ]
" | SR




Aexperlment would involve. the release’ of enkephalln by PAG

. I \. .
in modulation of nociception and in the analge51a prodhced

by PAG stlmulatlon is the demonstratlon of the potent;atlon

"of the analg931c effect of stlmulation by the admlnlstratlon

of an’lnhibltor of enkephalln catabolism. Conceptually this

H

)stlmulatlon and an assessment of the potentiatlon of anal-

‘ge51a 1nduced by the increased enkephalln levels resulting .

frem catabollc 1nh1b1tlon. ‘The potentiation of'analgesia

as a result of lnhlbltlon of catabollsm is proposed, baeed'

: onthe demonstration of increased analges;.a potency of cen-

-

‘ =trally admlnlstered enkephalln structural analogs correlated

| :'jfw1th reduced susceptabillty to degradatlon.."

Synthetic analog of.Met enkephalln have been produced

: ,lfifwhfbh are catabollzed slowly 1n v1tro' and demonstrate ffii"' '
‘ '_" \ VLT { AT
,._j-.'equal or greater analgesic potency thanﬁ—endorphin when ad—-

'_venously (Pert et al 1976; Ba;usz et al 1976 Coy et al x

”1976) Effectlve chem1ca1 alteritlons involve the incorporation '
3f‘,of a D amlno,acid (usually alanlne at theﬂ-‘L‘P}{62 p031t10n
‘il substitutlng for gly01ne) and the addltlon of an amlno_group

'~-_(NH ) to the C termlnal amlno ac1d‘ Oplate receptor affln--'

u'

1”‘»1tj1t1es require five amlno acids and a: tyr031ne re81due whlch:J S
_f‘éﬂneed not be N termlnal.asﬁLLfﬂéo 65 but nct ﬂeLPH62 65, .
‘f?xﬁ LPH62 36 nor,B-LPHbl 64" demonstrates receptor afflnzty -

.vand agonlst efflcacy.A Marks (19?8) states the importance

tUienkephalrns are sub;ect to a vast num%er of proteolytlc‘~

..'inof both N and C termlnal protectlon ln synthetic analogs as_ﬂ

'enzymes in cerebral tlseue. '7 - .jff'f:z,‘f
o e T o

2l

»~:.m1n%stered lntracerebrally (PAG) intraventrlcularly or intra—.l!:e?;«”'”



: The specific enzyme whieh is responsible. for enkephalin
catabollsm following synaptosomal release nas no‘t Yet been
conclusively identlfled The dlscrepancy in the lrt:erature
appears to arise from the enzyme preparation which is used
for 'in vitro® enkephalin degradation Using crude brain _

\ homogenate (Vogel and Alste:\.n 1978; Marks et al, 1977), mem—‘.
brane fractions (Meeks et al, 1977; Mlller et al, 1977), ‘
plasma (Vogel and Alts‘tein,, 19795 Hambrook.A 1976) or intra-
ventricular administration (Meeks~ et 21, 1977) enkephalins

 dre rapldly cleaved at the tyros:.ne glycme ‘bond probably by
an arylamldase (Hayashl. 1978) Thls proteolys:.s is in-

"I:hlblted by puromycln and to a le)éser degree bac1trac1n .

. ‘ o ._v'j.' :.‘,'(Vogel and Alsteln. : 19791 Marks. 1978) Sullivan et al *'_: .

o e -“'11(1978) and Malfroy et al (1978) have argued that the N ter-

B formed vy most tlssues of the body with Low: affinlty kinetlcs
: T ._‘e.nd is not speclﬁc to particulate membrane fract;.ons. Sullivan
e, PO et al (19?8) f:r.rst described the SpBlelc ca,tabollsm of o

‘ 'enkephalln, by a washed membrane preparatlon contalning opiate
‘\

receptors, as ‘a’ removal of the C terminal am:Lno ac:Ld. EnzymesA :

.....

g ‘catabonze Met and Leu enkephalln with high affmlty (50—150

! tlmes tha't i‘ound in soluble fractlon enzymeé) have recently
',been descrlbed by Malfroy et al (1978) and Swertz et al (1979)
- :_"l‘hls enzyme cleaves 'the C termmal am1no acld from bo‘th Met
” and Leu enkephallm The concentratlon o.f thls enzyme is .

' ; heterogenoue wrthm varmus braln reglons and appears cor- -
:‘,related to 0pia:te receptor concentratlon Chromc morplru.ne S
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'minal degradatlon of enkephalin 18 non— spec:.fic as 1t is per- . ...' )
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adninistration increases the V max of enkephaln.n ¢atabolism

.1mplicat1ng an lncreased enzyme number in toleran‘t subjects.

Stereospecificity of the C terminal structure appears import-

ant for pep-tide-afflnlty to this enzyme which is now termed

enkephal-inase.‘ The tetrapeptide ¢1y—Gly-Phe-Met has been

demonstrated to be a selective corﬁpetitive enkephaiinase
inhibitor. | Bacitracin is the only classical peptidase in-
hibitor with significant potency im inhibiting this parti-
culate fraction enzyme explaininga Lthe effects observed by.
Patthy&_ al (1977).

The presen‘t experlment uses. the ratlonale of ‘Patthy

(197'?) Inhlbrt:l_on of enkephalln catabollsm Wlll

.potentiate the pharmacolog:.cal actlon of the oplate pept:.de
- 'if enkephalln is present at the receptor s:.te. If enkephalln
is released durlng the test s:.tuation, appllcatlon of apeclﬁc

: enkephallnase inhibltor to the/ PAG w111 potentlate the actlon

of enkephalin wh:Lch is proposed to be analges:.c ‘at’ this locus.
If enkephalln 1s not released in the test situatlon but re-

qulres neuronal stimulatlon, application of’ enkephallnase

. 1nh1b1tor to the PAG will only J.nduce analges:l.a if the enkepha—v
'-'lln systel;u is act;wa-bed Therefore it is poss:.ble to test’
g 'the hypothesis tha,t SPA is mediated through the- activation"
. of PAG located enkephalm neurons by evaluatlng the poten‘tl-
- . ation:ef SPA follow:mg appllcatlon of a spec:.f:.c enkephallnase

i _1nh1b1tor

~ The. enkephallnase 1nh1b1tor chosen for thls experimefnt :

: 1 ‘ Gly—Gly—Phe—Me‘b. ThlS tetrapeptlde has been demon-

stra'ted 'bo speclflcally a.nd competitlvely 1nh1b1t enkephalin

P



i

C terminal catabolism, amd enkephalin C terminal catahol_ism
is the most likely mechanism of specific degradation follow-
ing neuronal release (Malfroy et al, 1978). This experiment
difi:erentiates between the antinoctcéptive effect df A -endor-
phin and enkephalin, sinceB8-endorphin is cleaved by an -
endopeptidase at the Leu—Phe. (A-LPH 77-78) bond ‘fo_liowed )
by N termmal exopeptidase action (Marks, 1978) The tetra.-—-"
peptide only inhibits the catabolism of enkephalin, and
therefore any potentlatlon of analgesm will be due to the
vlncreased concentratlon of enkephalln in the PAG .

The present experlment is des-:.gned to study (I) the ‘

I

effect of enkephallnase :l.nhlbltor admlnlstratlon on analgesia

‘produced by PAG stlmulatlon, and the naloxone reversibllity

of thlS effect I'?‘ls hypothesized that tetrapeptlde ad-—

' mlru.etration to the PAG 2 mm caudal to the site of stlmula,- ..'

27

tlon (to cdlnc:.de with the study of Stem c:.ted in Llebeskrnd. :

" 1.978), w111 1nh1b1t the catabollsm of ahy enkephalln present.
" ‘The increased coricentrations of enkephal:.n vi:.ll potentlate

‘the 1nten31ty of SPA and the retardatlon of” catabollsm

will prolong the durdtion of analgesr-a. ~Slm11arly,:'the dura-’ a

e

~ tion and intensity. of ana’lgesia induced by ‘PAG admihistrationf ‘

of- the tetrapeptlde w1thout eleetrlcal st:.mulatlon w111

determlne 1I‘ enkephalln released m the test srl:uatlon by

. natural st1mu11 is respons1b1e for modulatlng ant1noc1cept10n

h The naloxone revers1b111ty of these parameters w.111 determlne
_the valldity .of the hypotheas that potentlatlon of analgesua

is medlated by op:.ate receptors This experlment also

.
R

stud:.es (II) the relatlonshlp between enkephallnase 1nhib1tor -

L
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dose and‘the magnitude of the poten'.t:iation-of s;tim;ilation
produced analges:.a. It iS' hyfpothesiied that sihee the
tetrapeptide .is a competl..lve enkephalinase :.nh:.bltor in—
cregs:.ng- the concentrat:.on, of Glyu.Gly-Phe—IV.e‘t will 1nc1jease
amoun‘l_: of enkephalin prese‘nt at f.he fe_i:eptor' gite"‘oy{ furthel':‘
r;eduéing inkephalln catabohsm It is br‘Oposéd- that the
'potentlatx\on will be in duratlon and ‘intensity of SPA that

. 28’

the analgesic effect will be _naloxone reversx\b;e,. .and‘depend-'

" studles (T I) the’ mechanlsm of SPA potentlatlon.‘ Stlmula-

. tlon and op,ate analges:.a have been demonstrated to involve
. a common bu bosplnal serotonergic pathway lSpec:.flc lesion
N ‘-Z‘of thJ.s pat way w:.lln el:.m:.nate the poten‘t:.ata.on of SPA by
) F
llnase 1nhib1tlon 1s medlated by an 1dent1ca1 mecham.sm.

ThJ.s experment J.n three e'tudles dlrectly tests the

b

' ihypothesis 1hat enkephalln wrl:hm the PAC is respons:.ble

. -for modulat:.ng the pereeptlon ‘of pain. S R '
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SR 'also s‘tudied-- 'I'he experlment des1gn :Ls simllar "«'0 that used

"separated by one week.

s Subgect . C .

:":;J.mplanted w:.th chronlc 'blpolar stlmulatmg electrodes and 26

W

THE ACTION OF ENKEPHALINASE INHIBITOR

+
~

_ The aim of th:.s experiment. is to study: the effect of -

intracerebral (IC) adm1n15tratlon of the enkephal:.nase inhlbl- -

tor (Gly-Gly-Phe-Met) on analge51a produced by PAG stimu-
la.t:Lon. It 1s hypo‘thes:.-zed that IC adm1nlstration of' ‘

: 4enkephalinase J.nlubitOr wi.11 potentlate the :.ntens:.ty and
'the duratlon of stlmulatlon mduced analgef.na 1n a naloxone
' .'f:‘. ‘.;reVer81b1e manner. The analgesa.c effect of IC 1n,]ect10n of

'."_'."-'.jenkephallnase .mhib:.tbr 1n the absence of stlmulatlon is ' ’ "j"::':' ;

SE by gm and Lz.ebesklnd (197 5) Anl Wthh the a°t1°n °f a drug

o "'~'7.-‘;.:-on the analges:.a produced by a submaxlmal current is tested

Ve
A

: 1n a croseover des:.gn w1th sallne or naloxone pretreatment - .1 )

. - - . - e ) ' . o . - T ° B T,
) K L . _— L - . X . } . 1 .
. . - . . :

' ~ME'T1_-IOD';.‘:-_V Ll

Twenty-two male albino rats of the Sprague Dawley stra:.n

iwere obtamed from the Canadlan Breedlng Laboratorles. Sub- :

Y

”'_f'l",]ects (Ss) were housed 1nd1V1dually on-a 12 hour h.ght 12

"’?:hour dark schedule and maintamed on ad hb food and water

L SR

14

""'i;.}'throughout the experlment. i -, '_ S

Sub;jects weighlng 180-200 g at the time oi‘ surgery were

S .gauge carmulae under Nembutal anaesthesia (l& 5 mg/kg)
. & b " .\ ‘.. v o ."-' . . .~

29
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’ 1n dlamete 5

‘ cannulae ‘were made from 26 gauge Yale dlsposable stainless
' -steel needles cut on. a bevel to’ within s ‘mn from the plastio’.:
,barrel : A 32 gauge teflon coated stylet was placed in the ) ’; :‘ -
f-guide and cut to protrude 0. 25 mm: from the 'tlp of 'the cannulae,
‘. to av01d /contamination. Electrodes were aimed at the rostral |
_ ;":‘f':-’;":-fventral PAG a. reglon demonstrated to: be efi‘n.cacmus i‘or
."'::;ISPA by Rhodes and Liebesklnd (1977); Yeung, Yaksh and Rudy"': k
: (1977) and as reviewed by Mafdr e.nd Prlce (1976) Co-ordl_
o )';'fnates AFl 0 (4 8 from bregma), L 0. 25. DV -_"

‘,“v'i_suri'ace of the brain) ’ as derived from Pelllgrino and Cushman
“"lateral PAG ipsilateral and 2 mm caudal to the stimulat:mg

."':'Yaksh and Rudy (1977); Yeung Yaksh and. Rudy (1977) and as
_»fre*liewed by Mayer and Prlce (1976) 'I'he co-ordlnates used
} ‘.:“::were AP l 0 (6 8), L + 0 5, DV 1 o ( u 5), agaln der:.ved .
’I‘-.i“»from Pelllgrlno and Cushman (1967) Both electrodes and gulde;:j.:‘f“, 3
'-'_:.cannulae Were ﬁxed 1n place wrt:h dental cement. All Ss R

o "':were ellowed 10 days for recovery from surgery. .?'.'T"; o
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' wlsted together,,eut to- equal length and bared'_

of :Lnsulation nly at the cross sectlon of the 'tl.p. Gulde

v
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0 b rir s e oy idem st (Sianiol 1)

PR

.:‘0 ( 6 0 from

: .'(1967) were used. Guide cannula\ﬁere aimed at the ventro-. JURE

.electrode Qo correspond with Stem (cited in Liebeskind 1978): %
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Analgesic Testing: Procedure and Apparatus

The D'Amour and Smith (1947) tail flick test was chosen

as the test of analgesia because of its relative reliability

compared with other forms of measuring analgesia. The equip-
-
ment used in this test is described below. In the tail flick

- - test, radiant heat is focused on the tip of the S's tail. The

latency between~the,activation of the heat source ard the
regponse of tail movement is measured. It is generally accepted
that alteration in latency of the tail flick response,is:inf
dicative of a modification in pain pereeption and tnat modue
lation of‘the response ¥s limited to opiate agonist and PAG

stlmulatlon manipulations (Grumback 1977; Mayer and Prlce.
. e m -
1976). AN A o
* B ' ' C .
. Dﬁrlng testlng anlmals were restrained in & cardboard

box (16 x 7 x 10 dm39 cut away’to allow free access to the
‘head - and.W1th the tall protruding from the other end. A 300

* watt 1ncandescent proaection bulb backed by a concave metalllc

reflector was ﬂocused above the,dlstel one cm of ta11 ‘which

-] ]

‘was restlng in a groove in,an asbestos‘board. Below the

glétal one cm of tail, encased 1rgthecasbestos was a photo-
3 S' ~
¢ cell which, .when actlvated olosed'a circult running a timer

and the heat source. A triai was 1n1t1ated by pening the

clrcult whlch actavated the tlmer and the lamp. The 'tail
Fl \r

fllck response closed the c1rcu1t hy allowing the lamp to
shlne on the photoeell thereby shuttlng off the timer and

~the heat source. If(no*reaponse occurred the Yamp was auto-

; ﬁatlcally turned off after 7. 0 seconds. The*lamp intensity

-:Jwas 1nit1a11y regulated by a rheosfat and was held constant

f




throoghout the experiment. Tae lamp intensity used iq all
studies, was adjusted prior “to the experimeg;},witﬁ'%we;tf
same age, same strain control Ss, to produce a- 3.5 s tail’
flick latency. The‘experimental room temperature was main-
tained at 75°F and was “illuminated by a dim 100 watt house
light. . All experiments were performed duyring the latter part

of the 12 hour light cycle.

Determination of Median Analgesic Currént of Stimulation
During recovery ‘from surgery all subjects were habitu-

ated to the testlnglrestraint'box over three perilods~of ten
minutes in wh%@h the S was placed in and removed frod the box.
Following récovery from surgery Ss were pested for baseline
response and analgesxa produced by electrlcal stlmulatlon.
Tall flick responses were measured at two mlnute 1ntervals.,'
: Basellne reSponse latency was flrst calculated from - the

average of the last 3 responses-of 4-tr1als.f For the: remaln—

ing trials 20 seconds of- braln stlmulatlon 1mmed1ate1y pre-f

ceded the tall fllck test. Bralh stimulation con31sted of 100 *°

‘ms - tralns of 60 'Hz sine waves dellvered at 3 pulses per second.
Braln stimulation current was 1n1t1ated at 10 mlcroamps and
was increased in each -subsequent trlal in 10 mlcroamp steps
untll total analge51a, averslve effects or 100 mLcroamps had
been reached. Total analge81a was deflned ‘as a response
latency'equal to 7 0 seconds. From thesb laten01es. recorded
at’ each current leVel a percentage analge51a (A%) could be

determlned for each eurrent level us1ng the: follow1ng formulas_

{
——

- A% 1°°xué__:’ ) o
G G v, 7.0 -'BL o

-



" ment at this stage.
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whefe BL

baseline latency before stimulation and

T

test latency following stimulation.

A current intensity midway between the current required to,
ppoduce 10% and 100% analgesia was termed the median anal-
gesic current (MAC). A median analgesic current was assigned

to each animal and was used in all subsequent tests. Subjects
Q

demonstrating no analgesic effects of maximal electrical stimula-,

tion currents or intense aversive reactions to lower current
levels were eliminated from the experiment at this stage.
Eight of the twenty-two subjects werenrémoved‘from the experi-

]

Enkephalinase Inhibitor Test Procedure B e
>

Seven days after the determination: of the approprlate

: medlan analge51c current 1ntens1ty for each subaect, enkephal-

inase 1nh1b1tor tests were performed. Half of the. sub;ects were

1n3ecté§ w1th sallne ?IP) and half were 1n3ected with naloxong 2

(IP) (5.0 mg/kg) 15 minutes prlor to. basellne tall flick test-
ing. The bagellne response latency was calculatéd from the
last two of three tail'fﬁigk tests. ,Anaigesic tests of the
effect of each condition were perforﬁed under the.following
schedule: Inxracerebral injection (60 s) (if approprlate),

stimulation (20 s) (if appropriate), tall flick tests. ‘Tail

A flick tests were repeated at -2 minute intervals until the,
. . response latency wés_within 0.5 Séconds:of theuiﬁ&ividual

‘ baseliﬁe'lateﬁcy.' Conditions tested in each séssion were

stimulatlon. enkephalln 1nh1b1tor + stlmulatlon. sallne +

stlmulatlon, enkephallnase inhibitor. Table.z;ppovldes the

[ M / '
procedural scheme qf.the ovgrall'study>and describes the T
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prqeedurebof the enkephalinase test seesion. (Both schema
are left to right with respect to time).

Immediately after baseline testing, stimulation was
administered at the atpropriate median current using the
ereviously medtiened parameters for 20 s folklowed by a.tail
flick test, and the latency recorded. ‘Tail'flick tests.were
repeated at 2 mindte intervals until the response latency
was within 0.5 s of the pre-stimulation baseline iatency.
Enkephalinase inhibitor (Gly-Gly-Phe-Met), (7 micrograms in.
0.5 microliters saline neutralized with phosphate buffer
to a pH 7.1) was theh administered via a 32 gauge'caﬁnula,
connected to a Hamilton 5 mieroliter syrlnge by polyethylene
tublng,at a rate oi 0.5 mlcrollter/hlnute. A dose of 7 mlcro—
grams of enkephallnase 1nh1b1tor was used to co;nc1de with
the mlnlmal analge31c dose of PAG admlnlstered enkephalin

\demonstrated by Mallck and Goldsteln (19?6) The 1n3ect10a -
was performed by remov1ng the stylet from the gulde cannula
and 1nserting the,injectlop cannula, wh;ch.extendedvo.s %P
from the guide tip. Immediately following the IC injection
PAG stimulation at the median analgesic current level was
again 1n1t1ated for 20 8. Tall flle tests separated by ‘

2 minutes were agaln repeated untll basellne 1atency (+ 0.5 s)
was observed ..One half of a microliter of sallne (O 9%,q

.pH 7. 3) was 1dentlcally admlnlstered via’ a 32 gauge cannula
followed by 20 s of stlmulatlon at the medlan analgesxc‘
:current. Agaln 1mmed1ately upon terminatlonlof PAG stlmula-
tion tail flick tests were repeatedr at twd mInute r;terVals

'until the baseline 1atency criterion was met. Enkephalinase

inhlbltor'(7nuerograms)was agaln admlnlstered as described

\
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: TABLE 2. ’
’ Scheme of Experimental Procedure
) . » ! <. .
Median Anal- Session A Session B
" . o ‘gesic Stlmu- Enkephallnase Enkephalinase
Surgery lation. ' Inhibitor: Inhibitor
- Current: (MAC) (Enk.ase I) Test
~e Determlnat;ondiﬂ Test

o ;‘ - 7 day period between each segment

.l ; . K - ’ N ’ . .

£ T Enképhalinase Inhibitor Test ~
B - ' Pretreatment | Baseline Stimulgtibn™ | . Enhkephalinase Saline + Enkepha-
-§ g 2 B . : - . .| Inhibitor + Stimulation linase
F0- St e I Stimulation ) Inhibitor
L .~ Saline or 3. Tail S . . .

I ‘Naloxone. IP Flick Tests 20 s stlmu-. 1c 1n3ect10n "IC injection IC injec-
BRI T e ' -1 lation at .} ‘of Enk.ase I of saline tion of
L ‘MAC | (60 s ) (60 s ) Enk.ase I
o _ : (60 s.)
RN - .'_'Wait 15 t Tail Flick | 20,8 stimu- 20°s stimu- Wait 20 s
LT o minutes | Tests.to ~...| 'lation at lation at

e : '.Bagelinp o "MAC " . MAC

e . ‘ “rail Flick Tail Flick . Tail Flick
S Tests to Tests to Tests to
RE - ‘Baseline. Bageline Bageline
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above. Twenty seconds following the termination of the
injection, tail flick tests were performed at 2 minute
intervals until baseline latency was reached. Each group
of tail flick tests constituted a test of the effect of a
condition. | . —

)

Seven'deys later the identical design was repeated,‘

with the exception of the reversal of the naloxone and saline

1P pretreatment administration, so that subjects receiving

saline. in Segsion A received naloxone in Session B. Naloxone

" was obtained from Endo Iaboratorles, the peptlde Gly—Gly-

«

Phe-Met was obtalned from Beckman Laboratory.

' Hlstologx

After completlon of Test Se331on B sub;ects were sacrl-.‘

v N

o flced w1th an. overdose of Nembutal and perfused w1th saline

(50 ml) and 10% formalln.f»Bralns werepextracted and placed
1n 30% sucrose formalln overnlght Forty mlcron coronal
sectiqns were taken from each brain- on a freeZLng mlcrotome.
These slices were stalned in thionin and used'to 1dent1fy

electrode and cannula placements for each subject.'

Analy51s of Data

. Two dependent measures were taken for each experimental.

‘:;cehditiqn follbWing_beseline response Ietency determihstion:A
Baseline latency was calculated5as the'méan of~the 1ast-two‘
of three tail flick response latencles in, the basellne seg— U

ment of the test se331on., Inten31ty of analge51a was deter-"

mlned fram the latency in’ the tall fllck test immedlately

preceded by’ stlmulation (or 20 s after IC adminletratlon 1n SR

the enkephallnase 1nh1b1tor condltlon) 1n each condltion.

e fma e g w
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(Pilot studies had shown thiﬁ—to be the period of maximal

. effect). The duration of analgesic effect was calculated

‘percent ¢¥fect using the formula:

as the product of the number of tail flick tests in_which
response iatehcy exeeeded the Dbaseline latency by 0.5 s
andkthe interval between trials (2 minutes). Finally
1norderto allow comparlsons with studies in the SPA litera-
ture (Akll and Liebeskind, l97#) latency data was normalized
for 1nd1v1dual basellne dlfferences by conver51on to maximum
MPE = Post Drug latency - Pre Drug latency < 106%
’ ‘Cutoff time' e:' Pre Drug 1atency ‘

fwhere cutoff t1me was equal to 7 seConds and pre drug latency

e

.was equal to the basellne Iatency., (Slnce these data are

:}1n Appendlx B) "”??,.q,'J”.t.t’1:;55ff;uf

‘»:srmply a transformatlon of 1hten81ty scores they are presented

-e

Slnce the experlment was performedas a.crossover desmgn
with the. pretreatment (naloxone, saline) varlable reversed o

w1th1n subjects over Sesslons A and B, ~the signlficance of

‘repllcation effects was determined by 1nd1v1dual t-tests on

latency, duratlon and MPE data. If dlfferences were not

signmfzcant (p:> 05), data were pooled across test sessions

. for each pretreatment in each condltlon..

A two (pretreatment) by flve (condltion) w1th1n sub- <

'Ject analysxs of varlance was perfonmed on the 1ntenslty

data. - From thls analy51s w1th1n cell varlance (MSW) was

l ‘caiculated.‘ The MSW was then used to calculate the' Signlfl—

J'teffects (WLener, 1962) Comparisons bétween.means were"="

' determlned a Eriorl to test the experlmental hypotheSLS.'f“-

A
cance of dlfferencps between mbans u31ng tests of. 31mple
b

!
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'_stlmulatlon and sallne IC lnaectlon on the enkepha11nase

. 38.

‘A1l conditions were conpared to baseline latency and against

the pretreatment counterpart. Stimulation and saline stimu-;

'lation conditions were compared'to enkephalinase inhibitor + S

stimulation and to each bther, within each pretreatment factor.
" Comparisons between basellne and each condition were

used to demonstrate analge51a produced by the parameters

of the conditlons. Comparison between naloxone and~sallne

pretreatment within conditions dempnstrated the naloxone re-

versibility~of the‘obserwed analgesia. Stimuldtlbn and

-

: sallne 4 stlmulatlon.condltlons were used as controls for

‘ 'inhibltor + stimulatlon condltlon. Therefore comparlsons N o
:f;fbetween enkephallnase inhlbltor ¥ stlmulatlon and stlmulav'fh7fﬂtcl' llf
n . 1 ' l ’ ’ 'i
'H-tlon, and between enkephallnase inhibltor + stlmulatlonxand TR

‘jsaline + stlmulatlon were used to demonstrate the potentla-.f o .,ﬁﬁ
‘ .tlon effect of enkephallnase inhlbmtor on, SPA. - f 77
; Using the same method of comparlson w1th removal of
“baseline data the 51gn1f1cance of dlfferences between the
means of duratlon data’ and MPE results were calculated. In
these latter cases the MSW was calculated from a two by four
’.Wlthln subject analysls cf.varlance. B '
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‘behav1our'tolower currents of braln stlmulatlon.'f“'

”;j Enkephallnase Inhibltor Test

RESULTS

Threshold= The mean baseline tail fliek latency in
the threshold gsession was 3.7 s. Electrical stimu;ation'
produced-analgesia in fourteen Ss without adverse effects
and at currents below 100 microamps. 'The mean median anai-

gesic current was 30.7 microamps with a standard, error (Se)

. of 5.88 mioroamps. No differences were apparent in Ss

requiring high and low'MACs in any subsequent tests. ‘The
[

tail flick latency of .3Ss was not altered by currents ‘up

to 100 mlcroamps whlle 5.Ss" demonstrated aver51ve and escape

v o=

Repllcatlon Factorxiz —tests were performed to deter—-

mine dlfferences 1n results between Sesszon A and Session ;

“

'B. There were no. s;gnlflcant differences between results

-of Ss run junder salzne durlng Sesslon A and Sesslon B or

of Ss run under naloxone pretreatment in Session A and

Sess10n B as determlned by 1nd1v1dua1 t-tests performed on‘_'

each condltlon, w1th latency, duration. or MPE data. There-

lfore results from tests performed 1n SeSSLOn A were pooled

”W1th results (under the approprlate condltzon) obtalned 1n ’

"Sess1on B

Inten51ty: ‘Table 3 presents the ‘mean 1atency of ta11

flick response in seconds under each test condltlon.; Table

_.4 demonstrates the F ratios of the speciflc a prior

L e o
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comparisons of the simple effects of differences between test

conditions. Pretreatment with naloxone was not. found to
significantly alter baseline tail flick latency. The combined

naloxone and saline pretreatment baseline was 3.60 s. In

~ the saline pretreated Ss stimulation significantly increased

tail flick latency 4o .71 s (F (1,52) 82.65, p<.01) as did
saline + stimulation to 4.38 s (F (1,52) 43.5, p<.0l). The
differences in latency\between these two conditions was
significant (F (1'525 6.22, p<. 05) Administration of
enkenhalinase inhibitor + stimulation increased latency

to 6.91 g which is significantly greater than baseline (F (l,52)
656.4; b <.01), stimulation ('F (1,52)-273.2, p <.01), and than

saline + stimulation (F (1,52) 361.9, p~<.01) Intracerebral

'njection of enkephalinase inhibitor augments response latency

&

to 4. 09 8 also Significantly different from the baseline :,-“
(o, 52) 19,78, p<.01). -

) Follow1ng naloxone pretreatment stimulation. saline .

i

-stimulation, ano enkephalinase inhibitor + stimulation in—
gcreasea tail flick latency to 4.2k, 4.2B, and 4.36 respectiVely;
‘These latencies are all Significantly greater than. naloxone
l pretreatment baseline (F fl 52) 15.74, 18 21 and 23. 56
"respectlveiy. p <. 01 all), but do not- differ significantly
ifrom each other._ Enkephalinase inhibitop administration
”ifollowing naloxone 1n3ection did not Significantly alter

,tail flick latency from baseline (Mean (X} = 3 69) .

Response 1atency 1n the stimulation but not saline +

~stimulation condition Was significantly greater (P (1, 52)
12, 36, P <. Ol) follow1ng saline as compared to naloxone ;

” pretreatment. Tail flick latency in the’ enkephalinase
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TABIE 3

Study I: Mean: Latency of Tail Flick

CONDITION

- Baseline

Stimuiatidn '

* Enképhalingse”

Inhibitor +.

Stimulation .

‘Sa;iney+' R
- Stimulation

1Ehkepﬁglinase 

Inhibitor .

Response in Enkephalinase Inhibitor -
Test (Seconds + Standard Error)

PRETREATMENT
Saline Naloxone

3.497

t+
1+ -

0,087 . 3.711 0.094

+

L.707

[

0.121 4,239 +70.417

14
t+ .-, A

) ‘6,'...907 Lo-.oéé,‘"ﬂ . b.279

+

| :“9}375‘;

0,121 .

0138 . hasppom -

) 40897t 0.168  3.69) + 0,126
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"S'tl'J.'dy..'IQ~ Enkephallnase Inlubitor Tests Com barisons in Latency of Response
S e o T T SALINE (F Ratios). ,:f?:J-. ' NALOXONE

. .Bé_-s‘é_' . ',: Enkase I Saline Enkase I Base- " |Enkase. I| Saline| Enkasge I
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i}Both of these durations are significantly ehorter than the
fo‘mean duration of analgesia following enkephalinase inhibitor +

oy ".Btimulation (x =7, 43 min) (F (1 39) 102 63. F (1 39) 131 65

'~pretreatment durations of analgesia. in stimulation (1. oo

S 4

’ [

inhibitor alone and combined with stimulation conditione was
significantly greater in the saline”pretreatment as compared E
to naloxone pretreatment ‘situation (F (l 52) 8.8, F (1,52) ' )

389.8 respectively, p<. 01 both)

Duration Figure -1. presents the -mean duration of anal-
gesia for subJects in each of ‘the four experimental conditions.'
Comparisons between appropriate means, uSing Simple effects'
tests, demonstratea a Similar pattern of results as observed

in the intenSity data. With saline pretreatment analgesia

. (as preViously defined) occurs for, 2 0 minutes (min) follow-< .
; 'wqing stimulation, and l 28 min after saline * stimulatibn. ;,j};fJf
g ¥, RN

‘jcompared to stimulatiqn and saline + stimulation respectively

p<.0l both), but “do- not differ from each other._ Under naloxone |

min), enkephalinase inhibitor + stimulation (1 14 min), and

. saline + stimulation (l 28 min) conditions do not signrficantly

) differ. In comparison of pretreatment effects under enkepha-'

S

_linase inhibitor + stimulation conditions. the duration of

. :ﬂanalgeSia was eignificantly longer following saline inJection ,d7il7 'E
“"(F (1 39) = 137 7, p< Ol) Neither stimulation nor saline - B l
IZ«rEstimulaticn duraticn Significantly differed under naloxone ;_‘ : ?
' ias cqmpared with saline inJection.~ Administration of enkepha-n "‘}' %
7ilinase inhibitor alone resulted in a mean duration of anal— ;a; !

' gesia of l 28 minutes under saline and 0 minutee under naloxone ' T
R '”"Q' ; A’ oL . . . 5%,,, v “Z
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pretreatment. The difference between these durations is -

!significant (F (1,39) 5.7, p<.05). Table 5 presents the F

values of appropriate comparisons in duration of analgesia.

Histology: Histological examination of the 14 brains
of Ss demonstrating stimulation produced analgesia demon-

- . ~ <
strated that the tip of the stimulating electrode of each

[}

S was near or within the PAG. Figure'2‘presents a schematic

diagram illustrating the location of effective SPA electrode

s r
tips. Effective placements were located within 0.2 mm of AP

1 as described in Pelligrino and Cushman (1967).. Figure 3
presents a schematic diagram depicting the placemerrt of guide

cannulae. All cannulae tips were :ouhd to ‘1lie within or

. adjacent to, the caudalvPAG. The injection cannulae extended -

0. 5 mm from the tip of the gulde cannulae.

e n

KR _Discfrssron‘: . v
g - R s

: Baseline/1atenciee‘betWeén'test,eession wlthin subjects
did not sighifi’éa‘ntly differ, indicating that this dependent
measure 1s rellaﬁle ‘in confirmatlon of Dewey and Harris
(1975). Naloxone pretreatment did not significantly alter -
baseline 1atency ihn the tail fllek.test in agreement with
Goldsteln et al (1976) Naloxone ﬁartially blocked the
analgesxa produced by stlmulation in each condition. The,

lack of’ complete naloxone rever51b111ty of SPA is 51m11ar

. to that.observed bY”Akll gj.gl (1976) in the rat.suggestlng

:
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Study I Enkephallnase Inhibitor Test: Comparison in Duration of Analgesia
(F ratios) SALINE . ~ NALOXONE

AT ' - Stimu- [Enkase I'Saliﬁé;' : Stimu- |Enkase I|Saline
’ A - : lation_ :+ Stim + Stim mas.e I latiqn + Stim + Stim Enkasgse I

._

;s;_Stimulatioﬁf -

-Enkase I .
F St;urr ) 102,63 SR

.fSallne R e
4% stin . | "8.80 131.65 =

g .
-l o0

‘ Eﬁkase o C TR
Inhibitor ’ : ) : :

oo e L
T sl e o A
.

. ptimulation| - 348" 1 .

Enkase I ‘ : R 1. .
+Stim- ) . 137.7% I 0.068 -

]
faé}c?:x N ' oo L flo.oes” | o.27 -

_Enkase = . I -
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Figure 2. Schematlc dlagram of electrode tlp smtes of rats

.

demonstratlng stlmulatlon - produced analgesxa 1n Stndy 1

[Numbers refer to co—ardznates from the intra—aural line in

m1111meters.

Taken from Pellegrlne & Cushman,

.-

(19671.
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Pigure*3; Schematlc dlagram of gulde cannulae tlp s;tes of -

,rats demonstratlng strmulatlon - prqduced analgesLa in Study

I [Numbers refer to co—ordinates from the 1ntra~aura1 line in -

ndlllmeters. Taken From Pellegrlne & Cushman, (1967)]
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that non-opiate mechanisms are also important in SPA. It

'was demonstrated however that all effects of enkephalinase

inhibitor were gompletely naloxone reversible. Therefore it
is concluded that the analgesic effects of enkephalinase
inhibitor alone and the potentiation of SPA are mediated

by opiate receptors. Unexpectedly the antinociception
observed in the stimulation condition was greater than that
observed in the saline + stimulation condition. Possible
explanations for this difference are a rapid development of

\tolerance to SPA or a nonspecific effect of the IC injection

volume. Importantly, this discrepancy in control .conditions

15 'small, and acts agalnst the 51gn1f1cant effect of enkepha-

11nase 1nh1b1tor on stlmulatlon produced analge51a.

The 1ntracerebral admlnistratlon of enkephalinase inr

‘hlbltor 51gn1f1cantly potentiated stlmulatlon produced anal-c;
gesia in a naloxone reversible manner. Thls potentiatlon was

'in terms of, 1ntens1ty (in MPE, see Appendlx B) and duration

of analge51a, augmentlng measures of both varlables approxl-

mately sixfold. Enkephalinase inhibitor .administration alone

‘-also produced a’ 31gnificant naloxone reversible analgesia

nl @

as measured in lntensity and duratlon. The effect of enkepha-
llnase lnhlbltor + stlmulatlon was slgnlflcantly greater than

the - sum of analge31c effects of enkephallnase inhibitor and

stlmulatlon.‘ It/is concluded from the results of thls study '

that enkephallnase 1nh1b1tor potentiates the actlon of

——d .
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STUDY II

\

THE RELATIONSHIP OF ENKEPHALINASE INHIBITOR DOSE
-TO ANTINOCICEPTION RESPONSE

In pharmacological ‘studies a relationship between dose
and response implies a specificity of drug action. The
magm.tude of an observed biological effect, under the occup-
ancy assumption of drug action, is directly proportional
to the occupation of specific receptors by drug molecules.

In"the present experiment it is assumed that enkephalinase

inhibitoz‘ increases enkephalin ‘concentration by competi-

tively inhib:.ting catabolism (Swertz et al, 1979} ..

' srte of the enzyme, therefore reducing the effectlve affinity

A competitive enzyme inhlbitor interacts with the active

: of the substrate for the enz'w'n\e. . ‘l‘he removal of subst (Jate

1s thus reduced by the competitive inhibitor, w:.thout effect-

ing the potential max:.mal rate of the catabola.c reaction.

 Increasing the concentration of the competitive inhiblitor

further decreases the effective affinity of ‘'substrate for

‘enzyme thus filrther reducing the disappearance of substrate.

It is proposed that by increasing the cohcentratio’n of ‘enkepha-

11nase inhibitor the catabolism of enkephalin 1s further dim-

'1m.shed and an increased amount of enkephalln is present to

actlvate op:.ate receptors. ' Therefore a direct relationship
: .
between dose of enkephalinase mhibltor and response will

determine whether -the potentiation of SPA by enkephalinase

 inhibitor is due speclfically to an increase in enkephalin

concentration at the receptor site and a decreaged rate of
enk‘ephaliri ‘breakdown. Similarly a diréct dose response '

N

!
1
{

O



relatioﬁship between analgesia and dose of enkephalinase
inhibitor alone will demonstra\te that antinociception is
occurring by catabolic inhibition rather than a non-specific
mechanism: This experiment attempts to define the speci-
fic'ity in the potentiating effect on SPA of enkephalinase
inhibitor, by determining the relationship between dose and
response, It is hypothesized that the concentration of
enkephalinase inhibitor is directly related to the degkee

of antinociception produced by PAG stimulation.

) METHOD .
Subject DR ) v
. Thirty male albmo rats of the Sprague Dawley etram .
obtalned from the Canadlan Breedmg Laboratories served as
sub;ects. ' Sub;ects were housed and malntalned % 1n Study I.
Surgery - - - [ s o

Subjects. weighing 180200 g were inplanted with stimi-

latlon electrodes and guide cannulae using the procedures

described in Study I.

Analgesic Testn_l&g Procedure and. Apparatus ,

Tail flick tests us:x.ng the equipment and procedures
described in Study I were used to test analgesia.

Median Analgee;,' 'Current Determination

During. recovery from surgery sub,]ects were habituated
to the restra:mt box in . three ten—mlnute sess:.ons. After
recovery from surgery median current intens:Lties were
" determined for each eubaect using the parameters descrlbed

in Study I. Subaects demonstratlng avers:we responses or

no analgeela at current J.ntensitles of 100 microa.mpe we&e

55
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removed from the experiment. Six subjects 1ing to demon-
- strate SPA were eliminated from ‘the 'expe{iment.

Enkephalinase Inhibitor Test Procedure

o

Subjects were randomly’assigne‘d to one of four dose |
groups prior to the test session, and remained in that dose
group “throughout Study II. Teét procedures of Study II were
identical t6 those of Study I with th'e exception of the dos'-b
age of enkephalinase J.nhlbltor admmlstered intracerebrally.
Hali‘ of the subjects of each dose group received sallne and
half recelved naloxone 15 mlnutes prlor to basellne testmg.
In the approprlate conda.t:.on enkephallnase J.nhibltor (Gly-
Gly-Phe-Met) was adm1nistered to the PAG as pre\rlously ‘
:I_»descrlbed., Dosages of enkephalinnse inhibitor administered

‘,"were 1 3. 9 or 25 mlcrograms in 0 5 m:.crollters sallne (pH 7 2).

e Pttt S a5 e 4

: 'The dose recenred by each su'baect was cox;stant for each .
appllcatlon}of enkephal:.nase throughout Study II. Seven days :

. after the first test eession (a) naloxone and eal:.ne pretrea.t-

, me'nts‘ were reversed. and tail lfl;ck,response was again tested
under the five condi tions '(Seseion"B) "Sul')jects‘ received )
1dentlca1 dosages of enkephallnase inhlbltor in Sees:.on A as

in Sess:!.on B. Enkepha.llnase inhibltor pept:.de Gly—Gly-Phe-Met
| purchased i‘rom Pemnsula Laboratorles -was used irr Studles '_ " 4

I/I and III. L
, Hlstolggy : " - ’ : . - _ ‘
'Subjects used in Study II were also used in Study III

.therefore lustology was performed only ai‘ter Study III. His-—:

tology of the Ss will be dlscussed J.n the Redults sectlon S
‘of Study III.‘ . & '

e
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"ln um.ts of MPE. Mlnutes. In this experiment the MPE of

ea.ch ta11 £1ick test under each cond1t1on and pretreatment

:under a MRE vs. Duration curv}e The AI was then uaed ae e

'ﬁ,from test Sess:.on A were pooled w1th data collected in test _
Session B. S:ane the remainder of the data were traneformed, R
i separate analysls «was peri‘ormed to determlne dlfferences I'

,1n baseline tail fllck latency S e ; .’ "

’ 'l"""i:_:;"‘-.sub;]ects must e randomly distributed amongst treatments. St
. 'Throughout thie etudy su‘b,]ects are restricted to one dosage )
5rc_)|1‘1p‘. ' Therefore. following drug administration subaects o

o ' o . _, . ) ' . “ N
— . e 57
Analysis of Data ' | IR -
The dose response experime_nt was designed as a Between -

(4 doses) by QWithin (4 conditions) by Within (2'pretreat- :

ments) study. Since it had been sh}wn in Study I that "in- |
tensity ahd duration of stimulation produced analges:.a are- -
affected by enkephalinase 1nhib1tor a dependent measure in-

corporatmg both of these parameters was choseén. Yaksh and
Wilson (1979) describe the.use of the term 'Antinociceptive o

Index' (AI) for th:.s purpose. Antinociceptive index is

calcnlated from the area under a time effect curve resulting : e 3

s s s e
AEEIR

- w-as calculated for each subject from fthe J.nd1v1dua1 base- * PR
v::llne. From theee transformed data the AI for each S u,nder '
fl"each oonditmn and pretreatment was calculated as the area J

FRLIN

the dependent measure for all statistlcal analyses except L. | o 4 )

for an initial comparison of baselines P ” 3 T
Ir'idependent't tests were used to determlne dlfferences

across test sesnons mth:.n all teet conditlons. In the

.cases where these differences were non31gnlf1eant data

-,

K J

Under the. assumptions of the analysis of var:_ance, @ :

. ;. ~. . JN
< . - ’, . <. ”
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'i sal:.ne + etimulatlon and eﬁkephallnase inhibitor + Btimu— ,_

: _— lation and stimula’éion condition in the l microgram dose u :
. ' group following saline pretreatment. Finally a Newman- i § ‘
l(euls test was performed on. the enkephalinase inhibitor data. - f
| RESULTS T il

W related t test was ueed to detemine d:.fferences between

.:’i’ - - T’ analgesia following stimulation at eurrente tless than 100

.. C e . - . .
: PR NP N - N .
B st s e S Rt e
N . - - . * 0

7
N
&

TR e, ah v b S Al s b w..;mi.“x';_’ﬁ&‘;':;u-'.\-‘;,.",3-‘--".’»‘5}.::~._»L~
. PR - Tt - ‘. )

are .not ec;uivaler{t -"arid-a'r.e hoi: randonly assigh’ed':to the ‘Bub-
sequent treatments. . Thus 1n 'thlS study the saline + gtimu~ ~
. lation and enkephallnase 1nh1b1tor condltions which follow . o
. drog administration are ~analysed~'s;eparate1y ‘ | C

_ . The stimulatlon and. enkephalmase +, stlmulatlon data .
v were analysed by smple ef’fects comparlaons of means us:.ng

a MSW ca],culated from an analy51s of variance.. Simglar )

G

comparisons were performed as in Studyf‘I with the . addltx.on '
of comparisons aimed, at determJ,mng a dose effect. 'Tfh_e. C e
dlfferences between meansg of AI ‘in the saline + stunulatlon %/ i

W condition were also determlned ‘by a comparlson of means

e L e o S.rrn "..-'..::" ;
us:l.ng the MSW caleulated from analysis of variance.u A cor-f EOR

N o ihre‘e'hol'd': 'I‘he mear : basellne tail fliok 1atency SRR
s in the threshold sess:.on was. 3 55 secondeq for the 30 Ss. R

Twenty—four of .‘,the thirty subjects demonstrated maxlmal

.....

microamps without adverse s:Lde effects. . ‘l‘he mean oi‘ the

S
-

med:.an current which produced analges:.a J.n these 24 Se
was 23 3 (Se 2 72) uu.croamps. Two of the 6 Ss exc‘luded froeb.

S the test seesion demonstrated no analgesia at 100 mcroampss ‘.'j",‘"f;".,;,..;'" 1

the other llr Ss showed s1gns of adverse s:.de :‘

mtte
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Enkephalinase Inhibitor Test
Replication Pactor: Individual t-tests were used to

determine differences between tests performed in Session A
and- in Session B. No differences within condition, dose
group and pretreatment were significant; therefore scores
within a cell were collapsed over the.test sessions.

Baseline: The mean tail flick latencies observed in

the test procedure are presented in Table 6. An analysis

of variance ' demonstrated that baseline latency differences
between.dose‘groups and between pretreatment groups were not
significantly different (F-(3,20) 1.24, F (1,20) 3.06,

a

reepectively) Similarly the interaction between doSe o

.group and pretreatment effects on baseline was not signifi-
,.fcant (F (3,20) 0 160) The mean basellne follow1ng sa11ne 1

:':‘the latency following naloxane injectlon was 3 47 -
‘ ”' j“‘ Stimulation and Enkephalinase Inhlbltor + Stimulationxifitt
_.'fnThe mean antinociceptive index (AI) Ior stimulation and .

alenkephalinase 1nh1bitor + stimulation conditlons for each .

dose graup under saline and naloxone pretreatment 13 pre—

;< of variance the elgnlficance of di%ferences between means

'.awere tested., Followeng sallne pretreatment in the st;mula-‘
"',tion condltion. the mean Ei of each dose group did. not
"-;slgnlflcantly differ from ahy other dose group The mean _
Ji AI acroes dosage group in this pretreatment and condxtion ;’
pﬁwas 24 9 MPE Min.ﬁ Slmilarly follywing naloxone 1nJect10n
- no significant differﬁnces between mean AL of any dose group

59

;‘Ssented‘in Table 7. Using the MSW calculatedifrom an ana1y81s g

j:pretreatment collapsed across dose groups was- 3 5u s while Ultx“ '
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TABIE 6

Study II: Baseline Tail Flick Iatency in
Enkephalinase Inhibitor Test r's
Mean Latency # Standard Error (seconds)

_Group ' ) Saline " Naloxone

R 3.5 1 0.03k 3.425 3+ 0.080-

U1 et

Tty N

e

B2 0.0 7352 1 0.0k
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- cant and the mean AI acroes dose group was 20 b MPE. M:Ln.~ :

61

were observed and a mean AI of 22.5 MPE. Min ‘was produced

by stimulation. The /differences between saline and naloxone

pre‘treatment at each dose group in the stimulation condition

were found to be non-significant. ' i
Following saline pretreatment enkephalinase inhibitor

»
mean AI of the 1, 3, 9 and 25 ug dose group were 204.2,

+ stimulation produced dose dependent increases in Ai. The\'\
4o2.42, 897 0 and 1927.0 MPE. Min resPectlvely Mean AI

was increased significantly between each dose group, hence

the F ratlo of comparlsons betweeﬁ means of dosage groups

1t 3, 3to9and9 to 25 were (F (1,20) 10 92, 68 0 294 9

'respectlvely, <. 01 all). Followmg naloxone pretreatment _
fthe dlfi‘erences 1n AI betweenjdose groups were not signifl- - R

In the enkephallnase 1nh1b1tor + st:unulat:.on condition,
A.'d:l.fferences 1n AI at each dose level between naloxone and |

- sa.line pretreatment were aigniflcant (F (l 20) 5. 29, 13 03.
92, 5 and 580.5.at 1, 3, 9-and 25 ng dose groups respectlvely)

Mally the means at each dose Ievel were compared

B

between condlta.one.' Followmg sallne 1n3ectlon AI scores

were eigniflcantly greater 1n enkephalinase inh:.b:.tor 2

Y

B stimulation conditlons as compared wlth the stimulatlon -con-

dition for each dose group. F 'values for these comparisohs

1, 3, 9 and 25 pg respect:.vely. No such dlfferences between"f.',;' B

- conditlons were observed under naloxone pretr,eatment

" T

:‘ were F (1 20) 5.39, 12 72 89 77 and 577 3 for dose groups SR
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Study II:

TABLE 7

Effect of Stimulation and EnkephallnaSB
Inhibitor + Stlmulatlon on Nociceptive Response

STIMULATION

4

Antinociceptive Index + Standard Error

Pretreatment

" Dose Group

1.ug
Jmug
Jug -

. 25.ug

Pretraatment

s

o 25as

N

U ue

Dose Group

1«.’1«3-«

”

3ug

G 1926, 97"

(MPE.Min)
Sgline
20.103 # 3.?7
28.348 + 6,41

28.203 * 5.1

, 23.017 2 b71

ENKEPHAIINASE INHIBITOR

o ¥ STIMUI.ATION Lo
Antxnociceptive‘lndex e Standard Error

(MPE . Mln)'
S Sa.llir;_gg .

[RRS

zbu 163 £ 23 77

402 uzz + 69 7  ;

*897 01 + uj 3

’+]15 60A ;

Naloxone

18.692 + 4.23
25!868 + 8-038

18033'*348

27533 5 75..’"

‘*JNaioibné ; 

21 925 + 5 48

24 842 -+ 6 4

v17 10 +419_‘ -
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-:pretreatment withln the 1 mlcrogram}dose group This dif-

63

'Saline + Stimulation: Antinociceptive Index Means for
each dose group following saline and naloxone pretreatment
in the saline + stimulation condition are presented in Table‘
8. An analysis of rariance was performed to assess the signi-

ficance of differences between appropriate means. No signit

. ficant differences between dose group means within pretreat-

ment in this condition were observed. The mean AI across
dose groups for the sallne pretreatment was 33.14, whereas
the mean AI was 25.37 follow1ng naloxone pretreatment.
Similarly ‘differences between pretreatments at each dose
level were also non—significant. . e |
Sallne + Stimulatlon, 1 mlcrogram Dose Group: A compari—'

son of the analge31a produced by sallne + stlmulatlon and

':,by enkephallnase inhlbltor + stlmulatlon under sallne»pre-"

“'treatment was performed u31ng a correlated t teaﬁ Slnce f'"

[}

. f1t was predlcted that the smallest dose of enkephallnase -

4

inhibltor would produce the mlnimum effect, the one mlcrogram r
doee group was- selected for the comparison. The dlfferences,
1n AT between the two condltlons was s1gn1f1cant (t obs

(5) 7.1) 1mply1ng that the emallest dose of enkephalinase

,1nhib1tor + etlmulatlon produced an effect greater than

'3fsaline + stlmulatlon. A slmllar test was performed between

-saline stlmulatlon and stlmulatlon condltlcns under sallne o

}

;‘ference 1n mean AI was not 31gn1flcant.,' ) ‘“

Enkephallnase Inhibitorn Statistical analy91s of the

'“}”enkephallnase inhlbltor condltion wae performed using Newman- -

'fixeuls tests (Winer, 1962) Mean AI for each dose group
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TABLE 8 )
Study 1I: "Effect of Sallne + Stlmulatlon
on Noclcept1ve Response

Antlnociceptlve Index + Standard ErrOr (MPE.Min)

l . s " ~ . : ’
. . « . ~ . " . '~ . X \ <.-‘..

Pretreatment' - Salihé-; giﬂaldxbneﬁf.ﬁ
Dose Group o ' o

Tk . 2253 £3.81

I T 3us v b5.527 4 9.01 21,765 + 6,03

'21.828 % 5.87

64

9 g 29 * 5.15 20. 572 + 3.88
; -254@ , ‘ E '3'5.068‘_-!;:"_6.8_6"’ '37.833 't 6.57 ‘
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under each pretreatment is presented in Table 9. Statisti-
cal tests demonstra‘ted that the mean AI of the 25 microgram
dose group following saline pretreatment was significantly
greater than all other levels of enkephalinase inhibitor
(p<.01). The 9 microgram dose group demonstrated anal-
gesia signiricantly greater than the 3 microgram dose groop

under saline pretreatment.

SUMMARY OF RESULTS

Figure 4 presents the relation of intensity in MPE

with duratlon of analgesic effect for each dose group pf
the enkephalinase inhibitor + stimulation condition.
MPE values at each test trlal were pooled for saline~

stimulation and stimulatlon under sallne (as differen,es,"

'were not signiflcant) and presented in Flgure #.- Si flarly.'

.pooled naloxone results were also presented 1n Figure L,

7

'since ‘no dlfferences 1n MPE were observed for naloxone

pretreatment data. . - ) ‘ _

. Figure 5 presents the relation of'egkephalinase
inhibitor dose in the enk:;halinase inhibitor + stimula-
tion condltion (sallne pretreatment) to the resulting
antlnociceptive 1ndex and regre581on llne JTormed by’ the

least mean of. squares. The: relatlon between EI dose and

AT s presented-in Figure .5 appears lineat..

Lo o ; S St
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TABIE 9

|

. Study II: Effect of Enkephalinase Inhibitor

Pretreatment ,;"' S < ' j ‘:Saline‘--'.

Dose Grcup
1_4ug."
3 g
ET:

25 ug’

+ St:.mulat:.on on Noc:.cept:.ve Response

Anﬁnoc:.ceptwe Index + Sta.ndard Error (MPE Min) N

2,767 £ 3.6 . 0167 £.2.79.

. . 667 + 7.8 . 1.333 + 3.59

+

bS.567 + 19.7 2,167 + 3.06

101.522 # 28,14 3.650 * 2,59
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mean squares.

Figure 5. Dose response curveldemonstrafing the relationship
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DISCUSSION °*

CETON,

Figure 4 clearly demonstrates the effect of enkephalin-
. ﬁ -
ase inhibMtor on analgesia produced by PAG stimulation. The

¥ area under the intensity vs. duration'curves is directly

S oteamhaghed 1T canesfe Ll

related to the dosevof enkephalinase inhibitor administered.
It was demonstrated that the intensit& of each dose over 1
microgram in the first two analgesia tests is limited by the
cutoff point and therefore'assumed maximal or 100% MPEe
This ceiling effect is difficult to eliminate w1thout induc- '
y ‘-ing tissue damage., It is difficult to: differentiate antinoc1—
.z‘ﬁ.ceptive effects at a point where extremely 1imited degrees

".'~,

-of pain are perceived., However, Y?%b ‘the; trend of the in~ ’_

e ot Mit, a0 L meni e e e e L

R %itensity duration curve it may be postulated that the inten- Lf} }:;f;:
‘:u}sities of analgesia in "the initial period after administra-‘ 7f?“f

..tion wae greater for Ss receiving larger doses of enkepha-

[

'ilinase inhibitor. ‘The problem of‘ceiling effect in analgesic”"\,.d

[FEPPNIN

._intensity is’ circumvented by assessing the inteneity of analeL
. gesia w1th respect to duration, allowing an estimate of the :
'total analgesic effect of-a drug. Figure b demonstrates fﬂ

..-that the 1nten81ty of analgesia at each test following saline |

'. pretreatment is direetly related to dose of enkephalinase.'~

i.~f3"l 1nh1bitor The curves for the pooled naloxone treated and

. 3
USRS

'itthe curves for the etimul&tion pooled with saline + etxmula-

o e
A

‘thion following saline pretreatment are also;presented in Tff.

' '_'. .
Ly s ey,
N I
T :

Dﬁfl fFigure b Both control procedures demonstrate significantly ;'Ef;f.Y

i:reduced areas of antinociceptive index as.cempared thh the

» . - " ~ R
e A" s L Lot . . ﬂ‘A O . w0 IR
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and éaline'pretreafed subjects. Tnefefore 1t has been demon- i
'strated}that enkephalinaee inhibitor.poténtie%esfSPA 1¢f; f
‘ 'dose~deoendentknaloxone reversible nannér. Figgre'B dehond- -y f:
sttetee the, relation between enkephalinase inhibitor dose K "
and- a.nt1noc1cept1ve 1ndex. This relat:.onship is linear. R (.'

%lj_relation suggests that antin iception may be linearly re-T'Hh' N

w“fillated to the concenﬂ%atio of enkephalin in the PAG and

= 3ﬁnumber of meleculee at the re 'ptor eite. 1,&*‘fff;;..:,‘f:;ﬂ "1;/

’ index ina naloxone reversible manner. The reduoed analébeic' G;ffj:ﬁ

‘ u{effect inethie condition ae compared to the enkephalinaee 5§j.fﬁf o
: "Tl:inhlbitor + stimulation eondition supports the contention
?;that SPA releases enkephalin into the PAG.. The linearity B
ot the enkephalinase inhibitor along to antinociceptive rela-'i~:-_ii
J;;;tionship however suggeets again that enkephalin concentra-i.;ﬁﬂffﬁﬁﬁr-
“;;:tlon in the PAG is inversely related to nociception., It 18
; ?ﬁ" concluded that enkephalin within the PAG tonically (in thie
| id;e.et: eituation) modulates the,transmission of noxious infor-il

.‘”fr'_fmation and therefore the perception of pain

a
-
*
a
- - .

,
~3 .
N

‘;’%h?;«";‘;ﬂ;-bhn:ﬁw

e

curves of enkephalinagse inhibitor ¥ stimulation administered

Sinoe enkephalinase 1nh1b1tor acts competitively 1t is

postulated that enzyme active 8ite blockage is 1inearlyare- , -
lated to, enzyme 1nh1b1tion of enkephalin catabolism.‘ TQ&fe"o:li/Z;"‘

3
i
V‘fore the 11near enkephalinase inhibitor dese to reeponse ;A,f¥i5ﬁ ??~ﬁ& o

It was also demonetrated that enkephalinasa inhibitor

administration alone is direCtly'related to antinociceptive
s




o enkephalinase inhibitor‘.': It appears that a substantial J
P ' \ po on’ of the e.halgesic effect of PAG stimulation is | -
_ - ‘directly and linearly releted to -éhe con_centratior'x of -

. enkephalin at the receptor site. Therefore it is proposed that

,,x

- enkephalin released i.n ‘the PAG is regpdnsible for analgesia o

o R

3 .
[ D

-

e
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THE SPINAL MECHANISM OF ENKEPHALINASE INHIBITOR

=

N

Stimulation p®bduced analgesia and morphine anal—',.

ik 5 YT
5

gesia induced from the PAG are proposed to share a common :

. mechanlsm of action. ' This: mechanism has been.demonstrated R

as an. activationfeﬁ-serotonerglc contalnlng cells of the .

T _s nucleus rapge magnus which proaect to lamlna I and V of e :

the Bpinal cord leading to an 1nh1bit10n of noxious input
by the release of serotonin (Yaksh and Wllson, 1979; Yakah
and’ Tyce. 1979) 1;i2¢°‘9“ ' ' '~"" '

I3

- S It has been demonstrated in Study II that enkephalinase

«
P T

inhibltor potentiates SPA in a dose dependent manner.4 The "

conclusion that SPA 1s mediated by enkephalin release and

| therefore that endogenous enkephalin release 1n the PAG

modulates pain threshold can be tested hy demonstrating

that the potentigtion effect utilizes an identical,mechaniun

~

to stimulation, and to opiate induced analgesia. The present
sthdy attempts to deflne the mechanism by which enkephalinase ﬁ'”

e L
. ., -

inhibitor potentiates SRA:"It 1s hypotﬁesxzed that as SPA:
o and oplate analgesia utillze descendlng serotonerg1c flbers,f};fff:
Lo Qi_.a speciflc leslon of these fibers w111 eliminate any effects s f;f'“

that involve a common mechanism.; The demonstration that po-‘ DI

,.g?; tentiation of SPA by enkephallnase inhibltor is attenuated *f”3,,;f¥§.f

‘E[f' by destruction of these descending Serotonergic flbers - ,,P”fﬁ_b;i?ff
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- - An experimental design simiiar to that used in~Studies“
T and IT is used to determine t;; effects of enkephallnase
1nh1b1tor on SPA in anlmals to which' were splnally admlnis-

~ tered selectiVe neurotoxins. Selectlve lesion of SHT and

£7NE fibers is compared to sallne treated controls. "It is _wh;f:

e )

"f hypothe51zed that the potentlatlon effect of enkephalinase

2

.ﬁfinhibitor on SPA w111 be attenuated 1n 5HT 1esloned animals”?\

43Tf1dent1fying the m90hanlsm of PAG enkephalin modulat;on of » .iff;??"

fnociception and further demonstratlng that enkephalln

3 .‘
s

METHOD& s

A modulates paln perception.

f énbjects; Elghteen of the twenty-four subaects used
in Study II and randgﬁzy asslgned to one of three neurotoxin

:‘l

mftreatment groups were used as snbaects in Study ﬁII. ,n,°‘”

: ) t Co ng n_sdfg erys’ SubJects in the serotonln depleti°n (5' 7. DHT) ;;':- 1
G T treatment group Were adminlstered dimethylimlpramine 25 mg/kg né?ﬂ'j' :Ej
.? Vti}iy' IP. whlle Ss in, the norepinephrineIdEPlet1°n treatment group 5ﬁf4n;}'f.”
..3;>-;h. fﬂ. were admlnistered 1mipramine 25 mg/kg Ip 30 mins prior to P
L K surgery-¢ All subgects Were anaesthetized with Nembutal (45

mg/kg), and were placed in a steng!taxic 1nstrument with the

nose bar set at -lOmm -FThe Splnal cord was placed in trac-'

tlon by extending thethlndllmb°“’fFollow1ng . small incision,

. :* o, .“ .
R Py

-The remamnlng neck muscle was separated reveal ng theff

-:;Athe Iirst 1ayer of neck muscle was removed from the occlpital f?}}

ﬁ,boge?*

spinal Vertebrate‘;i_he edge of a 20 gauge netdle was;used‘: o

' to break the membrane betWeen the occlp{tal:bone and the'
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. saline solution or 6 hydroxydopamine, 4 mierograms in 2 micro-~
~ / o
. liters of 2% ascorlic acid saline) or physiological eaii:e
| wag adninistered bilaterally to the exposed cord atico&' di-

f . nates L '+ O, 7,aDV l 5 (from the surface of the cord) through

:/: s a 26 gauge cannula connected to a 5 microliter Hamilton syringe A'i‘?

.

by a plastic tubing Each injectlon solution was administered

over a period of;5 minutes to minimize nonspecific tissue?

<

?;L damage. Follow1ng the 1nJectlon, the muscle and inc1sion was B

AT sutured and Ss were allowed 5 days of post surgery reeoveryfl“

L . N N R e

Lot s, 7 dihydroxytryptamine (creatinesulfate) and Ge ‘~fﬂ:l' R

rd

’ hydroxydopamine (HBr) were obtained from Sigma Laboratories.
* Dimethylimipramine was obtained from Gelgy Laboratories.

T ‘n“‘ I Imipramine was obtained from Mount Royal Chemieals. . fuuf

[ v " N i l“ : "'v o
¢

-‘é = . Procedure and Anparatus ‘ ‘g!,i f', i”fﬁ C LV';~¥iff;.'ff‘¥;:'£{?§J i

All analgesic test equipment and procedures were identi-'j§

. EDE TN
Ca - ‘-

oo Qal to those described in Study I. Stiﬂhlation currents for

each subaect were 1dentioal fo those determined in Median .

'}.f'.ﬁlej Analgestb Current tests‘ih Study II, Only one dose of

enkephalinase 1nh1bitor (6 micrograms /0 5 microliters sﬂline)fz}

ﬂﬁnft,ﬂ‘{‘Lzﬁéjlf was add!nistered in Study III. All sub;ectsureoeived saline . “:w-'jﬁh;

fifteen minutes prior to baseline response latency tests.;

"H;Only one ses91on ofemhe enkephalif




r

hfﬂmetric technlque of Jacobow1tz and Richardson, (1978)

nﬁ‘standard (0 1 microgram of monoamine) 81milar1y extracted.~

!

'S 77
On the two days follow1ng the test session of Study III.

all subjects were saérificed by decapitation. Brains were

removed and‘placed in sucrose formalin overnight. Hlsto-

s,

“

'1oglca1 sectlons of brains were taken for identlflcatlon of )

.electrode and cannula placements as descrlbed in Study I

nSp 1 cords of subJects were extracted on ice. welghed and

'y

homogenized 1n Butanol ( 5 ml) | Noreplnephrine and serotonin .

1'1evels 1n each splnal cord were determlned«uelng the fluoro- ~~.':

W

Q;Briefly

,norepineghrlne was extracted 1n phosphate buffer and reacted

t

B with Versene. and serotonln was extracted in HCl and reacted

:with orthophthaldlaldehyde to form actlve fiuorophores. The -

fluorescence was then measured in a Turner Model h30 epectro-:

‘photofluorometer af’excitatlon 385/em18310n UBS and 360/470
for NE and serotoni 1eve1 determlnatlon respectlvely.
L Fluorescence readlng was then converted 1nto nanogram of

‘Vatp;monoamine perhgram tissue by comparison w1th the apprOpriate %:"

'

Data Analxsls ;;.:'fi" tiif.?

A single dependent measure;Lantinociceptlve 1ndex. was

“calculated for each subgect Ih each condltlon as descrlbed nnﬁ:'

S R s ek ¢ el PO el sl .;j‘—g

e

o T v
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RESULTS

Enkeghallnase Inhlbltor Test -

-Basellne: The mean basellne ta11 fllck latency for-

each treatment group 1s presented in Table 10.. It was found: '”',‘:

that basellne responses of 5. 7 DHT (X 3 3 s) and 6 OHDA
(3 0: s) treated grOUps were not signlficantly dlfferent, but

the comblned mean baseline latency of neurotoxin treated'ﬁi

‘ groups (3.2 s) was slgnificantly smaller than the latency

A e

I

16, 52 p=<. Ol) ) ' Lo e

I

' observed in, sallne treated subJects (3 8 s) (F (1, 15)

7

Between Treatment- - The mean antinoclceptive index.for
each conditlon of the treatment groups is presented in

Table ll. The mean,AI scores for sallne treated Ss w1th1n

s °

stimulation (X 30 55) enkephallnase inhlbltor + stimulatlon kS
(57b 85). sallne + stimulatlon (29 h) and enkephalinase in- o
hlbitor (20 85) condltion were not found to be signifioantly "
dlfferent from the scores gf 6 OHDA pretreated sub;ects in :"
 the 1denticgb9ondit1on (x 27, 59_1 1, 7. 4, and. 7. 53)
respectively.” Therefore comblned sallne and 6~0HDA means

were tested agalnst mean AI scores of 5, ? DHT treated subjects

"'t_in each.condltlonif'The mean antznoolceptlve index Scores of"

1 el 1T it belad b i AR oV, 1

Y-

B Bt A Bl

:”3‘i35. 7 DHT treated Ss were (7 1 5_5.‘6'9, 3 2) for stlmulation. _.,;Tﬁfﬁ'T
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inhibitor + stimulation)c'ondition (F (1,30‘) 1778.4, p<.01).
Within Treatment: The differences within treatment gr:oups

between stlmulatlon and enkephallnase lnhlbltor condltlons

e Awere sngnlflcant in bo,th the 6- OHDA and the salme but not
' R ° . H'.'.',‘f- ) . : s\i R . .
Sl _ff m the S, 7. DHT t,reated groups (F (1 30) 1696 6 1580 13, . . P

p-< 01) respectlvely leferences 1n AI scores between saline
Tt -t

o stlmulatl'on and enkephallnase 1nh1b1tor were s:Lmllarly 51gn1- b

.’.'

flcant 1n&6 OHDA and salme ntreaﬁ&gl Ss. but not in 5,'7 DHT

ey Tt 1

,"’ treated SS (F (1 30) 16.35 3. 153? '0, p-<. Ol) The | means of
; R stlmulatlon and sallne + stlmulatlon weré not 51gn1f1cant1y

R dlfferent in any treatment group. t-tests were performed o ,

B - to determlne 'J:he d:.fference of mean AI of enkephallnase

- e R
- - i

inhlb:.tor condltlon from baselme.‘ Wlthln the sallne and the

6-0HDA but not the 5, 7 DHT groups, enkephallnase 1nhLb1tor : ?
' ¢
%

condltion was s:.gniflcantly greater than basel:mes (T (5)

- . gv. .,,,_ N

the mean concen‘bratlon of NE wa‘sA pooled i‘or these groups.
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: ...,_-,'Btimulation produced ana1ge51a' ‘.‘rg; RSP

‘ _-.1:__1 Takagi et al (1978) and Kuraiehi et al (1979)__ have suggested

and saline treated Ss (F (1, 15) 122.16, p<.Cl).
Histology Co \ ‘

Histological examination of brain sectlons demonstrated

. that the t1ps of all SPA produc1ng electrodes were in. or

a\d,]acent to the PAG w1th1n 0. 2mmmfrom AP + lmm (See Figure

- 6). Gulde cannulae t1p placements were found w:.thln the PAG"}5;\,_

}:?region 0. 2 mm i‘rom AP - l mm.., (See Flgure 7). No obvious . L

_dif:t‘erences in electrode ‘or cannula placements between dose :fj'-.-','

groups or treatment groups were found.

N DISCUSSION ‘" | e
Study III has clearly demonetrated that enkephal:.nnse
inhibitor potentlation of SPA is attenuated by leeion of

spinal serotonergic containlng neurons. Since SPA has been

-'vshown to.be mediated by spinal serotonergic neurone. 1t muet _
be concluded that the potentlatlon ei‘fect acts by an identl--l

:cal mechanlem.'z Since ‘the" potent:.ation is induced by an PR
: 'v;_‘:-inhibition of enkephalin cata‘bol:.sm th:.s etudy hae demon- -
; "","‘j.‘,_:f'strated ee‘in vivo'analgeeic effect of PAG enkephalin. which

' ‘is; mediated by a smilar mechanlsm to that of opiate and v “:

\

..4~ " . LT ‘»l" T ": . C._;*' . ; : ":“ .
Intereetingly, basellne tail fl:.ck response latency was

B decreased by sp:.nal adm:.m.etratlon of 6-OHDA howewer SPA

e A

. a.rfd tgne potentiation of@EPA by enkephal:.nase 1nhibitor wag. 0
not reduced 1n anlmals spinally depleted of norep:.’hephrine.

B

emonetration oi‘ depressed 9&11’1 threehold in 6-OHDA"." reated

B D SU U LA e
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B Therefore enkephalin released from the PAG has been demon—_:ﬁ‘

i ‘ 88
. R

However the lack of reduction of. SPA and potentiation sup-
" ports the postulation that both effects are initiated in

gig@ PAG and are mediated‘by serotenergic but not ngrepinephrine
fibergf _ ’ T~ '

It was demonstrated that enkephalinase inhibitor alone
induces a significant elevaticp of tail fiick.latency from
badeline in saline and 6-0OHDA but hof‘s. % DHT treated Ss.
Therefore it may be suggested that an enkephalin modulation a
of nociception using a descending serotonergic pathwzﬁ is
active during the test situation 1n the PAG.

It is concluded from Study III that SPA is medlated
by PAG enkephalin activation of bulbospinal serotcnergic
fibers as 1e31ons of these fibers eliminate both SPA and

the potentiation of analgeeia by enkephalinaee 1nhib1tor.‘;.

'etrated to induce analgesia V1a a serotonergic spinal

mechaniem.

i e e i e

e bt s, 2

e
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‘requires the endogenous release of endorphins that appear 't:-

. reversible manner. This potentiation of analgesia as

" 89

DISCUSSION AND CONCLUSIONS .
« .

Nociception isg modnlated by &n inhibitory bulbosgpinal
system which can be activated from the PAG. by electrical
stinulatlon or cpiate admlnistration. The identiffcation
of opiate receptors and enkephalin contalning cell bodies
within the PAG- leads to the hypothe31e that endogenqps oplate
peptides inhibit nociception.

The rapid deVelopment of experiments aimed at corroborat-

ing this hypothesis has resulted in'supportive but’ circim~ ,

'stantial-evidence. Thus PAG administratibn of enkephalin

which produces a short lived analge31a does not. demonstrate

endogenous release. Opiate antagonist and 1ntraventricu1ar |

: .‘catabolic 1nh1b1tor administration fails to localize a elte_

of enkephalin or endorphin pain threshold modulation and

to be dependernt on test situation. Flnally endorphlns “. /3;

released by PAG stimulatlon haVe not been shown to be directly
responsible for the analg%31a observed in this paradigm. The"
present experiment attempted to more directly study the in-.
volvement of PAG enkephalin ir the modulation of nocicep-
tion. , , _ . )

As ' result af the three studies itfis concluded that A
enkephalin released frOm cells in the PAG 1nduced analgesia,

Study I demonstrated that the 1nh1b1tion of . enkepHalln

catabolism within the PAG potentiates the 1ntensity and dure-

tion of analgesia produced by‘PAG etimulation. 1n a naloxone

measured by the increase in AI is dependent upon the dose of

B
5
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; tiation effect is dependent upon the concentratlon of enkepha-

lithefpotentiation'of'SPA.enkephalinase inhlbition is, identie- A ",\”ij

‘%o medlate opiate and stlmulatlon 1nduced analgesia.i There—

5.:‘fore. from the results of Study III ;t is concluded that the

'Tfis the result of an. actlvation of a spinal serotonergic

‘:jand duratlon than that observed 1n the stimulation *. en#epha--:n"
,';llnase 1nh1b1tor condition.; Thls discrepancy indi“ates that .
",Qenkephalin 1s released by PAG stimulation. and that thls e e

ﬁareléase of enkephalin is responsible for the demonstrated

} ;enkephalinase inhibitor administered and‘is coneistently‘

‘and totally attenuated by nalokone‘adminie}ration as demon- .

strated in Study II. This result indicatea that the poten- - . S

lin in the PAG. It is- concluded that a szgnlflcant frac- .

ion of the analgesia produced by PAG stlmulatlon i's o | ﬁ.
medlated by enkephalin release and therefore enkephalin J
withln the PAG modulates noclception. Final y it has been .

demonstrated that a part of the‘mechanism_reeponsible for

cal to the bulbosplnal serotonerglc mechanlsm demonstrated

‘antlnociceptlve effect*of enkephalln released in the PAG adixifif:f;lbn

i

‘L' The results of the enkephalinase 1nhibitor alone o ‘5‘t‘ffdf@f‘

'condltlon of the present experiment indicates that inhibi-

tion of enkephalin catabollsm Within the PAG can produce '
a dose dependent naloxone reversible analgesxa by a
serotonerglc mechanlsm. This result supports the hypothe31s T 'M'SJ

that PAG enkephalln modifles noclceptlon. The observed T

antinoclceptlve effect whlch relles on endogenous release T

il,of enkephalln 1n the test sltuation 1s of 1esser intenslty

s

s D4 b w1 ey
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it :":1ncreases enkephalln 1evels and produces a naloxone rever—-

L ;"sible analges:.a., The habi.tuatlon trlals given to Ss in the

‘ "'.'.-"—-vthe release of enkephalln in response to the test situat:.on

- a greater affinity of enkephalin, rather }han naloxone for

. vnaloxone reversible ant1noc:Lcep't1ve act1on \ﬁ'f PAG enkephalin. .

'the analgesia :mduced by PAG stimulatloh. Although 1t is

‘t:posslble that this lack. of naloxone revers:Lblhty 1s due to 5.:'

‘-"enkephalin receptors (Chang and Cuatracasas. 19?9) thls

.,
. S
. . v
. . 5 .
R ' * . o ‘ hi-1 .
- T FRNPIL A ., . RIS -
3 k4 L . .
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Naloxone pretreatment completely abollshed the anal-

S gesia observed 1n the enkephalinase 1nh1b1tor alone condition. _

implicating opiate receptor medlatlon of the ant1no¢1cept1ve

) 'actlon of méfeased, PAG enkephalln levels. Naloxone however,
- did not slgnlflcantly reduce basel:.ne tail fliok latency

in. any of” the three studies, - Therefore it is co‘ncluded that

' opiate receptor blockade doeg not increase the pain threshold
~in th:Ls test s:.tuat:Lon in agreement w:Lth Yaksh Yeung and

'-Rudy. (1976) S e e

.
-

Werthe and Frederlckson (19?9) demonstrated that stress

Lt ::_‘b":'preSent studies may have rgduced the stress- and therefore LTS

= ?._ex‘pla‘in_;ng the lack oi‘ a si.gmflcant naloxone effect on ‘base-"’”

li_ne respon'se. It Jnust be proposed however. . in view of the . :
, :resultsi,of,the enkephallnase inhlbltor alone conditlon. S
B _that'a"minimal release of enkephalm J.s present':.n the PAG N

* either tomoally or 1n response to intr.acerebral in;ection. -
‘ A'-Therefore.' app&!.:.catlon of the enkephal:.nase inhibitor acts

%o unmask thismnimmal release—-:of enkephalln. and demonstrates-'f";"'_: L

o

Naloxone pretreatment also falls to completely e];:.mlnate

L . . .
. 2 e R e :-J'
T EadTe sy Sl o Tl .
RN - N N
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SENSSRRIN




d . coL . R . BN
) . SRR »- b Ll .
y 3 ' o Lot K I T vt e i R
¥ L . B S ; N . : s
h L o, v methe s P T 1Y ey oot ety N et e . B e
. u . A Y . PR .
- Z N L 92
- k - . At
~ - 1 P )
' .. o P N -
R . “: :l_ L .
- . . .
o : /,

) explanati.on is unlikely. as, admimstrat;on o:t‘ IP naloxone, _‘

" at’ doses over l.mg/kg. has been demonstrated to functionally
1nactivate a].l .oplate receptors oi‘ the body withi.n 15 minutes
e A (Grevert and Goldsteln 19??) The lack oi‘ total naloxone

- C L . reversal.of SPA 15 in agreement w th the ﬁndmgs of Akil s o :Q
R (19?6) and: Pert and Walte‘ (1976) who accoun‘ted a:i‘or the PQS ‘
“ B sence of SPA in naloxeme pretreated Ss 'by Suggestlng that | e ,
’ the stimulatmg current activatee some non-enkephali‘a\rgn.c‘ (

, neurons w:.thln or ad,]acent 't:o PAG, whlch 1nduceq analges1a. B L “

This propogal 1s strenghtened by the recent flndings .9f the “

IR analgesia producéd by PAG admim.-stratlon of Baclofen (Levey ‘
and Proudflt. 1979) Smxlarly, s:.nce SPA was significantiy ;

L r educed by Spi'nal 5. ‘ ‘DHT admim. stration it is possible

that ﬁaloxone non—reversible SPA 13 due to ch.rect stlmula- / }

‘. tion of s;pmal serotonerglc fibers sinular t’o the analgesia o J

) “ ' . produced by NRM Btimulatlon* (Ollveras et al 1977) Which A:. ,

: """is postu}at%d as a ‘later stage i.n PAG enkephalin lnduced
.”ﬂ‘.f - analge/ei.a\. 3 ?-/ ;.\_.:-f'_“ ;. | __ . _.;, 4 ‘., LT

S . h B The z.'ehults of the present experiment dlrectly demon_ ', ’, ;

strate a potentntlon of the antlnociceptlve effect of PAG
. stlmulation by :thibltion of PAG~ enkebhalmase. Pretreatment o e
" _ -'-';. " w:.th Tnaloxone completely inlubited the potent:.atxon effect of

b the enkephallnase ,1nh1bitor 1ndicating that the increase 1n antl-'
B Lo ( noc:.cept:.on was due to an. oplate receptor actlon._ Slnce ‘bhe ; -
G 1ocus of pharmacologlcal mani@on was limlt d to the PAG

\ 0 and the catabolic mhibltor was SpeCLflC i‘or €) kephallnase i t_: N
s must be concluded that the observed potentxat on of SPA was
due to a’ PAG enkephali.n action at the opiate eceptor.,_".'. Yok

- ‘_I _‘ ) i / ) N ‘ :'.-{::; ;‘ :

' [ . . " .‘ﬁ’
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'I'he effect o:t‘ spmal neurotoxip treatment on: baseline

tail fllck latency in Study III demonstrates that both 5HT | -
and NE spmal systems are 1nvolved 1p the modulatlon of ant:.- -
nocicepti‘on J.rL the test mtuat:.on.. However the enkephalinase
inhibz.to‘r test demonstrated that sp:.nal serotonergic, , but |

not no‘repinephrine i‘ibers are involved 1n SPA the anti-
nociceptive effect of enkephal:.nase 1nh1‘o1tor alone, and

_ the potentlat:.on of SPA by enkephal:.nase 1nhib1tor ad.m\inis-‘
’ tration to the PAG. The ant1noc1ceptive ef.fect of 'NRPG

0.-

neurons (Aka:.ke. 1978) has therefore be,efn shown o be i.'nde---
pendent of the analgeslc effec:t 01‘ enkephalm w:l.thm the PAG.A
Thls independence oi‘ bulbosplnal pathways 1nvolved in modu— -. o S
\ lation of r‘xociceptlon 1s supported by the anat?mical f/ldi '»s - ._‘f .:’
L of Bas'baum étial (1978) It vas demonstrated that ‘tw ‘

A x

N e separate bulbospinal pathways termi.nate epeclfically 1n lem -

inae recelvz.ng noxious stlmull. one pathway orig:.nwtes in ' 'ﬁ,«

g R
.3‘ w A o, t

the NPGC, postulated to contain NE (Satoh 1979) the .f.','- {

other orlglnates 1n the NRM. vahich is serotonerglc. 'I'here- ) "‘“

L '::. :},-{‘_" fore the analges:.c effect observed from enkephalin act:Lon “ C L
withln 'Ehe PAG is medlated by stimulatmn of the serotonergic R
bulbosplnal systems of the NRM and appears to be dlstinct e ~.'”-'

: ""f‘rom”t_he NE system originating Ain the NPGC whlch may also L
, modulate noc1cept10n. g‘, ,' o ', '.‘_ B ' ":""

° I Future exper:.ments th.ch must be- peri‘ormed J.n order to .

AR al&ow a luc:Ld understa :.ng of SPA anolve the 1dentification =

, of the alternate pathways that induce analgesna when stimu- ' L ‘f";-"‘

lated.‘ These studles would require pharmacolog:.cal manipulat:.on
: ‘i’l. -, .A‘, :' S oL . - ,‘ N B ,I PR .- . . . ” : . N ‘\r
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of the transuutter system under 1nvest1gat10n and micro- . /

A stlmulatlon techmques. For example the physn.ologlcal o
sign:.ﬁcance of the bulbosplnal NE system ohglnating in A' / . I
‘the’ NPGC has yet to be identlfled. Addltlonally the lmportance

. ofﬁ endorphin in. SPA ‘must be evaluated. Althoughﬂ—-endorphin

o actlon appe:rs 1mportant in human SPA (Akil et al 1978)

the action of the 1arger endorphln appears mlnimal ln rats

XY

/’—\ ae implied by this experiment and 'by Steln (c:Lted by
Liebeskind 1978) ’l‘th may be due to greater 1mportance
/ of,B -endorphin as compared to enkephalln in antinoc:.-;:

n

by the relatiwe ooncentrat:.ons oi‘ the two péptldes 1n the

' .t‘ PAG reglon (Gramsch et al 1979; Bloom et al 1979) ‘Natson ‘

\ _ et al (1978) demonstrated that rodent hlndbralnﬁ endorp}u.n '.:‘.-.":-;'

) : can be eigniflcantly‘ reduced by basal tuberal hypothalamrc .
leslon. The relatlve contr butlon ofﬂ-endorphin and ; -
enkephalln in analges:La pr .duced by stlmulatlon of the PAG :

'.: '. in rodent can therefore Be' studled using ‘basal. tuberal e

) ‘-": ) o , hypothalamic lesions. and enkephalmase 1nh1b:.tor as experi-‘ o
mental mampulations. - e ) .", B | AN

‘ The other area in wh1 ch research must r;ow be vfocueed

; is the nature of st:.mul:. whlcholnduce the release o:t‘ g l 5
enkephai n from the PAG. The prellminary work m ‘thls area ‘;"’: R
- ;;j' . .5:. erformed by Hayes et al (1978) Naloxone reb)br31«"::,f‘_;':'.,{-_;'
) ‘ / b:l.lity of analgesic tests was used to measure Oplate release;‘_j"; O
- followmg the apphcation of BpeC1fic stmuli includihg ’
T etrees. . These experlments can be’ performed more d:Lrectly . gr-
by the dpplication of enkephalina.se inhibitor to the PAG "-"

cept:,on 1n men. the reverse being true 1n J\e rodent as lmplied‘;
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3
S concomitant with na'l':ural stimull which are . proposed to releaee
| enkephalln, and the induced analgesm. used to indlcate poei-
 tive resul'te. ) | .

The P esent experiment has demonstrated thdt the ad- '
mimstration of enkephallnase inhibltor to the PAG produces

. :1 : . ) '. . \ 4
R , naloxone reversible analgeela :LndicatJ.ng that enkephalin

: released ;‘rom the PAG in this test s:.tuation modulates
_ pa:.n perception. _ The admimstration of enkephal:.nase o
AL inhib:.tor(to the PAG potentiates the analgesia produced by ;
PAG stimuiation in a dose- dependent naloxone reversible |

is med:.at d‘,‘ :t 1ee.st in part by the release of en.kephalin

from cells of the PAG. This released enkephalin gtimulatee

X

op:late recep‘hors, and induces a'falgesa.a via a bulbospinal

Therefore enkephalin in the PAG acts

serotonergic eyetem.

ST to mocﬂllate the . perception of pain.v_’f, .
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It mrLy e concluded that etlmulatlon produced analgesia :.,'_-.:
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TABLE 1
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Study I: Intensity of Analgesia (latency of Tail Flick

Response)

Source
Subject
Pretreatment

Subject x Pre-
treatment

Conditign

. Subject x Con-

“ dition- =

Pretreatment x

Con%;tion

Subject x Pre- -
treatment. x:; ..

Condition~;e-

TOTAL

_af

13

13

52

52

139

SS
9.25
” 15.22

2.512

. 64,991

6.392
36.1
6.462

140.926

MS
0.711

15,22

0.193
16.248

0.123

0.‘125 *

¢
¥
b

0.124 -

N

78.86 -

132.1

72.78 .
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TABLE 2

Duration 6f Analgesia

Study I:
Sburce df
ubject 13
Pretreatment 1
ject x Pre- i3
treatment e
Cdnditiop 3
Subject x’ 39
~ Conditien -2
.* Pretreatment x 3
Condition ‘ ]
Subject x Pre-
treatment x 39
Condition
TOTAL 111

SS
30.429

128.571

42.429

218,572

5l .428

166.571

78,429

719.429

MS .
2.3

128.571

3.264

- 72.857

1.396

55.52

2.011

o
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39.39

52,2

27.6
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TABLE L4
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Analgesic Effect of Stlmulatlon and Enkase Inhlbltor
+ Stimulation (Antinociceptive Index)

Source

Dose ¢
Error

Condition

Dose X Condltlon .
_Error‘

Pretreatment'

Dose X Pretreatment

Error

Condition X Pre-
treatment

Dose X Condition
X Pretreatment

Error

TQTAL

3

SS

2668840
214478

4139370

2633710
- 28940k

4229760
2667610
"170068

4181810

. 2706440

| v_,//////)///’\\\\‘
207 =7 182016

95

© 23983500

\

MS

. 88961.0
107239 -
" 4139370
'87?993.0':
9h7i23 .
uaggreo

889203.0

'8503. 38

4181810 |

© 902147.0

© 9100.8
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TN e
W o b
Lo

i Erger

-

. K 5 ‘
. Treatment X
. Condition -

‘Efror -
TOTAL

Vo

- Condition. -

Co e
. .. 9.Treatment ~ - "

R .

Iii:

6

71.

TABIE.8
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1]

L

>'T.est' Session (-qu"_tindc;j.cgptivé' Index) -

1) Lt

L R

» “

ss o

v

s
h f-18542?§;ff15

N

RE :"f5;ﬁi8u61g

. 3220780

"5

| 61809040 .

$208979.0, . “hoB.2g LT

sotag

154755.0  37.225
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APPENDIX B

MPE Analgesia. Intensity of ana‘lgesia in MPE as cal-
‘culatéd from tail flick latency is preaented in Figure Bl.
Com;;arisons between the .mean MPE produces identical sig-
nificant differences, as when compared as," latency data,

" as demonstrated in Table Bl. Under‘-saline 'pretreatment.

, enkephalinase inhibitor + 'stimulation mean MPE ('97' 37%) - ‘
is sugmflcantly greater than, that calculated for stlmu-
lation (31+ M}%), or sallne stlmulatlon (2’4 00%) condltlons
(F (1, 39) 230. 68, F (1 39) 31!» 09 respectlvely p‘< 01

* iboth) Again stimulatlon produced a slgnlflcantly greater "_'

Follow:.ng naloxone pretreatment there were no. d1f—
ferences between the MPE of stfmulatlon (15.72%), saline
qtimulaticn, (20.33%) A_or" enkephalinase inhibitor + stimula-
tion (17. 56%). conditions.‘ In comparing naloxdne to ealine
’pretreatment'. the MPE of both s‘timuiation" and enkephali'nase
inhibitor stimulation c'ond‘itions,.were significantly greater |
ynder - sallne inaectlon (F (1, 39) 20.54, .F (1, 39) 371 6
resp.ectlvely p<.01). ‘The sallne + stimulatlon effect was
~not‘ significantly different under the-two pretreatments. .
Enkephallnase 1nh1b1tor alone, under salJ.ne. produced a MPE
.of 16. 5% and of 1+ , 4LO% under naloxone. The pretreatment
, effect of, this condltlon was 51gm.f1cant (F (l 39) 25 1&8)
| The summary table of the Anova performed on’ thrs data J.S

presented’ in Table B2.
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»Condition

M

fPfe%féatmpnt X

TABIE 2

Study I: Intensity'of Analgesia in Maximal

Source

Subject

Pretreatment

Subject X Pre-.

treatment © -

o

.ASubject»X-Qon- ‘GQJ'39‘ R 346%.26 ’QAQQS$E9°4

dition.

Condition -

Suﬁject X:fré-

., ‘treatment X.

| TOTAL

-
}
.
' ‘o
B
2
-
)
«
. . Wx
Y =
.

. - Condition

} h

13 - 32k7l

Percent Effect

af - . SS MS

i3 7420.7 570.823

1 265373 26537.3

%, . “
3. . 2389777 ¢ 12992.6

*
R .

2104362

. . : Nor
3 23671_}' T 7890.44
4 o '." _‘_.‘...-.
39 . ' Th679.97 ) 119.999
. b e -
111 . .107879.0 -
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