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ABSTIìACT

Protease inhlbitors are widely used to proEect against degradation

of peptides and hormones in in vitro studies. Previous stuclies have

shou¡n that protease inhibitor bacítracin potentÍatecl the effecc of

enkephalins and decreased biodegradation of ß-endorphin in in -y:-¡Ig

studíes by inhibiting the activiry of brain carboxypeptidase(s) ancl

aminopeptidase(s). rn thís study, the in vivo effect of bacitracin

on brain peptides (i.e. ß-endorphin and somatostatin) was examined.

Male sprague-Dawley rats were Ínjected with 1.5 units of bacítracin

íntracerebroventricularly and sacrificed by microrvave irradiation at

6.5, 9.5, l-5, 22, and 30 minutes postinfusion. ß-endorphin content

of whole brain in bacitracín injected rats was generally higher than

controls, buÈ only at 15 minutes postinfusion \,/as the brain ß-endorphin

content signÍficantly higher (by 27%) in bacitracin injecEecl rats

(p . .05) . There was a tendency for ß-endorphin levels Lo be higher

in most brain areas examined but only in the striatum and amygdala

were ß-endorphin 1evels significantly higher. In the striatum there

I^tas a four-fo1d increase (p < .05) and in the amygdala there rúas a

three-fold increase. These hÍgher 1evels returned to control values

ac 30 minutes postinfusion. There v/ere no significant differences in

whole brain sonìatostatin conEent of bacitracín injected rats from

controls. Bacitracín injected rats exhibited a strong analgesic

response which rvas absent in controls. This analgesic uesponse

reached a plateau at 15 minutes postinfusion. At 30 minuLes posE-

infusion the analgesic effect subsided. Injection of naloxone (l *g/hg)

signífÍcantly abolished bacltracin-índuced anal.gesia. Exposure to
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acute stressful stimulí (i. e. hot plate) led to a 46% decrease in

brain ß-endorphin content compared to control unstressed rats (p < .01).

Similarly bacitracin injected stressed rats had lorver brain ß-endorphin

1eve1s (by 22%) than bacitracín injected nonstressed rats (p < .05).

Thus bacitracin pretreatment considerably reduced the decrease (by 26"/")

in ß-endorphin levels following stress (p < -02), In another group of

experiments, the pre-bacitracin Ínjection EEG record was compared with

the EEG record during 5, 6 minute epochs after completion of bacitracin

infusion during 30 ninute postinfusion period. During the wakeful

state bacitracin injected animals displayed a depressed desynchronÍzed

EEG until 18 rninutes postinfusíon. This depression in EEG recovered by

30 minutes postinfusion. Naloxone (1 mg/kg) abolished the occurrence

of depressed and desynchronized EEG in bacitracin injected rats.
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INTRODUCTION AND LITERATURB REVIEW

The ruord pain is derived from the Latin word poena, meaning a

penalty or puní-shment. rn antiquity pain was viewecl as something in-

flicted by the gods upon anyone who díspleased. them. However, scientifi_c

interest in understanding paín also has ancíent roots. Since the initial

concepts of a pain pathway by Descarre (L644) (Fie. 1) and rhe subsequenr

theories of von Frey and Goldscheider (1894), exÈensive research has

gone lnto understanding mechanÍsms of pain. However, the basic qr-restion

I'what is paín and how does the body deal with pain?" remaíns diffícult

to anse/er. To a biologist pain Ís a protective mechanism v¡hich informs

the índivídual of the presence of harmful stimuli. To a sociologist,

pain or the threat of pain is an ímportant tool of learning. The

psychologíst finds pain to be a subjective sensation which is rnodifiecl

by emotíonal states and condilionirrg influences of past experiences.

Thus the difficulty in understanding pain and pain mechanisms ín the bocly

líes in the fact that the perception of pain involves a subtle blencl of

physiologícal and psychologícal factors. Many psychophysícal studies

whích find a relationshlp between noxious stíniuli strength and pain

intensity (Srveet, 1959; Beecher, 1959; Hardy, Lg52; Mor:gan, 1961) thus

assume that pain is a primary sensâtion subserved by a direct communi-

cation system from the skÍn receptor to the pain center. Ilowever, a

simple psychophysÍcal relationship does not necessarily reflect equally

sinple neural mechanisms. This is especíally true of mechanísm(s) of

pain. For most Amerícan soldiers wounded at the Anzío beachhead "entirely
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Ffgure 1:

Descartesr concept of the paln pathway. He wrire.-s "rf for example

flre (A) comes near tt¡e foot (B), Èhe minute parriclcs of chis flre,

vrhlch as you know nrove wirh great veloclty, havc thc: por,rer co seË in

motlon the spoË of the skfn of Ëhe foot lvhich they Louch, zrncì by t¡1.s

means pullfng upon the delfcate Èhread cc, rvhich is; altactrcd to the

spot of the skln¡ they open up at the same lnsL¿rnI the por(.), d.e",

against rvhich the dellcate thread ends, Just as by pulllng at one encl

of a rope one makes to strike at the sane instant ¿t be11 rvh j c:h hang:;

aE Ehe other end.rr (Ilclzack, ct. al., 1.968)
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denied pain from their extensive r'¡ounds or had so little thar they did

not rrant any rnedicatíon to relieve it, presumably because they r,rere

overjoyed at having escaped ali.ve from the battlefíeldrr. Another,inter-

esting yet common, example is cited by Livingston (1953) " "A fisherman

is sitting in one of a line of boats stretching from one sand spit to

another at the mouth of a river. He suddenly feels a smashing strilce,

and as he lunges back to set the hook, a large salmon breaks out of the

\^later, shaking the hook in its mouth. He realizes that his best chance

for landing the salmon lies in getting ashore before his line runs out

or becomes entangled with Ëhe lines of other fishermen in the neighboring

boats. Fighting tlìe salmon as he goes, ire starts crossíng from boat

to boat to reac.h the spit. Once there, he runs far out on the beach

and after a hard struggle lands his salmon. As he winds up his line,

he loolts down and sees the wet sand under hís right shoe is reddeníng.

Then he notices a long rent in his trousers and is surprised to discover

a deep cut in hís leg. By the time he has ímprovised a dressing for

this wound he has found other injurÍes: skin scraped off three lcnucles,

a fríction burn on his right thumb and tr+o massíve bruises on his left

thigh. He realizes that these injurÍes must have been sustained while

he was crossing the line of boats. Yet he cannot recall having felt the

slightest pain at the time.'t

A recent study by Levine et. al., (f978) showed that in a vai:Íety

of painful conditions about one-thírd of the patients obtaíned signif-

lcant relief from placebos.

It had been previously shown by Murray er. al., (1960) that a

substance present in the posterior pituifary gland potentiated the

analgesic activity of inorphlne-Eype agents. They could not determine
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the mechanism of action however it rvas

pítuitary gland rvas required for potent

shown that the presence of a

iaEion to occur.

A. EVIDENCE FOR ENDOGENOUS ANALGBSIC SYSTEM

The earliest evidence for the existence of an endogenous analgesic

system came from the work of Reynolds (L969) rvho demonstr¿rted that stim-

ulation of certaín brain-stem sites, in rat, produced profound analgesia.

A site rvhere electrical stimulation consistently produced analgesia i^/as

the ventrolateral periacqueductal gray. since the initÍal reports,

electrj-cal stimulation produced analgesia (SPA) has been demonstrated

in cat. (Liebeskind, et. a1., L973), monkey (Goodman, êt. aI", L975)

and man (Adams, L976; Akil, êt. aL., 1977; Hosobuchi, et. aL., L97l;

Richardson, et. al ., 1973). The duration of analgesr'-a produced by

stj.mulation exceeds the period of stimulation in man (Adams, €t. a1.,

L976; Hosobuchi, êt. al- .,7977), primates and rats (Mayer, êt. al.,

L974). In cat, however, SPA ceases witir cessation of the electrical

stimulation (0liveras, et. al. , I974). The SPA slÌor^/s tolerance with

repeaËed exposures and this tolerance dissipates after a period of

nonstj-mulation (Mayer, êt. aI., L975). In addition there is also some

evídence for crosstolerance rvith opíates. That is, analgesic braín

stimulation loses íts effectiveness in blocking pain if the animal is

made toleranË to narcotics by daily systemic injections of morphine.

Anal-gesÍa, in animal studíes, is usually inferred from the abserrce

of reflexes or behaviours r'¡hich are ususally elicired by exposure to

noxious stimuli. The effect of focal stimulation of the brain is

thus selecÈive on Èhose reflexes or behaviours; the ¿rnimals manifesting

analgesia become totally unresponsive to pain while responding normally

to all other environmental stimuli. This sclcctive action of electrical
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stimulatíon v/as thought to demonstrate the presence of a separate

physiological system for rnodulation of pain.

Paralle1 to studies demonstrating SPA rvere neuropharmacologíca1

studies which demonstrated microinjectÍons of morphine in the per,i-

acqueductar gray also causecl profound analgesi.a (Jacquet, et. ar., L976;

Mayer, êt. al., L975). The prlmary site of morphíne Ínjeccion Ín

inducing analgesia was shown to be the area located l,¡ithin the per.iventri-

cular and períacqueductal strucLures in the brain-stem and diencephalon

(Buxbaum, et. aL., L970; Jacquet, êt. ãL., L976). The act.ion of both

morphine and electrical stimulation in producing analgesia appearecl to

be concentrated in sites surroundÍng the third ventricle, cerebral

acqueduct and the fourth ventricle.

Pert, et. a1., (L974a,d) examined the site of morphine acLion rvith

dÍstribution of opiate receptors in the rhesus monkey. They found a

positive correlation bett/een effective analgesic sites and the presence

of opiate receptors. The medial thalamus, hypothalamus, perí-ventricular

and periacclueduc ta1 gray natter rvere f ound to be rnost ef f ect ive i¡ p r9-

ducíng analgesic action rvhen injected r,vith morphine (Fig. z). These are

also the sites rvhich had been demonstrated to be rich in opiate recep-

tors (Híller, êt. aL., 1973; Kuhar, er. aI., L973). The amygclala,

horvever, does not conform to this relationship 
.between 

site of analgesia

and presence of opiate receptors. The amygdala is an ineffective site

for proclucing analgesia by morphine injection despite the fact that it

ís rích ín opíate receptors. rÈ is possible that opiate receptors in

the amygdala mediate subtle psycirological factors wl'rich are importiint

in perception of pain.

Besides having similar sites of actíon, both electrically sEiniu-

lated analgesia and analgesia produced by narcotic alkaloids have many



Figure 2:

Anatomical mapping of the analgesic sites of actíon of morphine in

the primate brain at 6 sagiLtal levels from the midline in 1 mm incre-

ments (LAT 1.0 to LAlt 6.0). o = no resPonse follorving 40 g injection;

o = sites that produced a threshold increase greater than 0.64 mA but

less than 1.6; + = maximally active sites in which ínjections of the

mapping dose resulted ín a threshold shift of 1.6 mA or more. The

active regions have been shaded in gray. AC = anteríor commissure;

AM = nucleus anterior medialis, ANT = anterior hypotl-ralamic area;

CC = corpus callosum; CDC = nucleus centralis densocellularis; CM =

nucleus centrum medianum; CN = caudate nucleus; CP = cerebral peduncle;

DB = diagonal band of Broca; F = fornix; çp = globus pallidus; HI =

hippocampus; IC = internal capsule; LAT = lateral venlricle; LD =

nucleus lateralÍs dorsalÍs; yIB = mammillary body; MD = nucleus medialis

dorsalis; MFB = meclial forebrain bundle; l"1T = marnmillo-thalarnic tract;

OC = optic chiasm; PF = nucleus parafascicularis; PG = períaqueductal

gray matfer; PO = preoptic area; PUL = pulvinar thalami; PUT = putamen;

R = nucleus reticularis; RET = reticular formation; RN = nucleus reuniens;

S = septum pellucidium; SC = superior colliculus; SN = substantia nigra;

ST = subthalarníc nucleus; TEG = t.egmenturn; VA = nucleus ventralis

anterior; VL = nucleus ventralis lateralis; VM = ventromedial nucleus;

VP = nucleus ventralis Posterior.
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striking parallels. Both analgesia causing mechanisms are dependent

on the integrity of the brain neurotransmitter system. sPA has been

shorvn to be facilitafed by serotonin and dopamine but antagonizecì by

norepinephrine (Aki1, êt. a1., L972). Similarly morphine produceci

analgesia is affected by the brain neurotransmitters (hlay, et. al.,

I97L). Further SPA, like morphine produced analgesia slrowed tolcrance

wíth repeated exposures, the tolerance dissípating after a period of

nonstimulation. Addiction to rnorphine also reduced SPA considerably

(Mayet, et. aI., l-975). This suggested that morphine and electrical

stimulation produced their analgesic effects by common mechanism(s).

An important observatj-on was made by Rogers and coworkers (1978)

who noted that pain threshold, in humans, is found to be lower in the

afternoon than norning. Glynn and coworlcers (L976) had noted earlier

that patíents r^/ith chronic pain reported a rise ín pain sensation

between 0800 and 2200 hrs. The role of opiate in this spontaneous

diurnal rhythm r'¡¿rs demonsErated by Frederickson, êt. al ., (1977) rvhcr

showed that naloxone suppressed this círcadian var1ation.

B. SCHEMATIC I'ÍOD]]L OF ELECTRICAL STII'{ULATION AND I'ÍORPH]NE PRODT]T]EI)

ANALGESIA

Based on the above observation, Ilayer, êt" aI., (L974) suggested

a schematic morlel of analgesia production by electrÍca1 stimulation and

narcotic allcaloíds (Fig. 3). FIis model rvas based on the asslrmption [h¿rt

the períventricular ancl periacc¡ueductal gray areas contain o[)iate c].on-

taining neurons. El-ectrical stimulation c¿rused release of ¿r "morphine-

líke" substance l¡hicir would then bind to opiate receptors in the area

thereby causing analgesia. Similarly morptrine inj ected into Ehis area lvor-rl.d



Fieure 3: Schematic Model of Paín Inhibition

Theoretical model of neural circuitry and neurohumoral substances

involved in stimulation-produced analgesia.
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(n¡tayer,€t. aü., I SZ4)



C.

)-

bind lvith opiate receptors and cause ana-Lgesia. This model, in light of recent

findings, has proved strikingly accurate. rE is norv becoming increasingly
evident that opiods are the substance refeased by neurons in the

periventricular and periacqueductal_ gray areas.

ROLE OF PNDORPITINS fN ENDOGENOUS ANALGESIC MECHANISM

The identification and isolation of endogenous opiod peptides

and the subsequent demonstration by Akil, et" a1., (rg76) that naloxone

partially blocked analgesia caused by electrical stimulaIion of

períacqueductal grey area' gave nerv insight into analgesic mechanisms

that exist in the manrnalian brain. since then many stuclies have

demonstrated the ability of opiods to produce analgesia (Tab1e 1).

Both in vitro and in vivo studÍes have shown that of the known opiod

lipotropic fragements, ß-endorphÍn possesses the highest opiate agonist

acËivity (Graf, êt. aL., L976a). rt is about 20 tímes more potenr

than morphine when injected intracerebroventricularly (rcv) in rat
(szekely, et. al., 1977) and about 90 times more potent than morphine

when injecËed rcv in cat (Meglio, êr. aL., 1977), Not only does

ß-endorphin possess the greatest opi-aEe activity, the duration of its

opiate acËion is also the longest (Graf, êr. ar., L976b). rt is

generally believed that in vi.vo the analgesic potency of the opiod

peptides is a function of the length of the peptide due ro the higher

stability of the larger peptides to degradation (Graf, eL. al.,1976b).

ô-endorphin, injected rcv produces a much more pronounced and prolonged

analgesic effect tharr met-enlcephalin. However, ín vitro on ileurn, it

is less potent than met-enkephalín (Graf, Êt. al., 1976b). This

suggesËs that the longer chain of the peptide perhaps played a role

in protecting the active site (the N-terminal) against proteolytic
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degradation by enzyne in the braín. The C-terminal

has been prevíously suggested t.o function sími1ar1y

of

ín

the ACTH molecule

protection of t.he

molecule from enzymatic degradation (Bennet, êt. al., 1974). It is also

possible thaÈ the higher analgesic potency of longer opioid peptides is

due to the presence of addÍtíona1 receptor binding site(s).

ß*Endorphin administered ICV, in humans, also causes a pronounced

analgesic state which is naloxone reversible (Hosobuchi, et. al., 1978).

Rossier and coworkers (1979) in an important study investigated

ß-endorphin 1evels following stimulatíon of [he periacqueductal- gray

for pain relief in humans. They found a significant increase in

lmmunoreactive $-endorphin in ventricular fluid following elecLrical

stimulation of periacqueductal gray. An innovative approach to stucly

Lhe role of endorphins in pain relief was taken by Tamset and corvorlcers

(1980). They investigated the relatíonship betrveen the amount of the

analgesic drug Pethidj-ne that patíents would requÍre for pain relief

and the levels of endorphins in CSF" They found an inverse relationshíp

between the mean leve1 of Pethidine ín plasma and endorphins in cerebro-

spinal fluid: patients r./ith lower endorphin levels in the CSF required

more Pethidine to obtain pain relief" Almay, et. a1., (1978) invest-

igated endorphin 1evels in CSF of patients with chroníc pain. Endorphin

levels in cerebrospinal fluid of patients rvith cirronj-c pain were signif-

icantly lower than healthy volunteers. Thrrs if one r.ras to assume that

endorphin levels in cerebrospinal. fluid reflect the activity of the

endorphínergic system, it would seem that patients with chronic pain

tend to have inadequately funcl-:Loning encior¡rhmergic s)¡stems or that tlie

I'non-physiological" st j-mulation exhausted the enclorphinergic system

of endorphin content.
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.{ positíve correlation has been demonstrated betrveen depressive

symptoms and cerebrospinal endorphin leve-ls (Almay, et. al., LglB),

People with psychiatric disorders had higher cerebrospinal endorphin

levels than healthy controls. This findírrg taken together with the

report of Knorring, et. al., (L974) that patients with depressive

disorders are rel.atively insensi.tive to pain again suggests the active

role of endorphin in pain relief.

It has been previously shown that D-amino acids can cause naloxone

reversible analgesia in man and mice (Ehrenpreis, €t. al., 1978). Cheng,

et. a7., (1979) studíed three strains of mice; CXBX, a strain whích is

1ow in opiate receptors and thus exhibits poor morphine and electro-

acupuncture analgesia, 0b/0b, a strain rvhich has abnormally high levels

of pituitary endorphins and B6AF'/J, a strain which exhibit "normal"

naloxone reversible analgesia. They obtained the following rank order

of analgesia: 0b/Ob>B6AF1/J>CXBX rvhich clemonstrates a correlation

between genetic differences in endorphinergic systems and analgesÍa"

D. ENDORPHINS AND ACUPUNCTURE ANALGESIA

The Chinese for some 3000 years have used acupuncture, the implant-

ation of needles into subcutaneous connecÈive tíssue and muscles aL

numerous poi-nts on the surface of the body, for a variety of illnesses

and rnalfunctions. However, its key purpose r^/as to relieve pain. During

the past tr.lenty years, acupuncture has been successfully used to achieve

analgesia during surgery. However, clespite its wicle-spread use, litt1e

rvas known about the mechanism of action of acupuncture action. It was

difficult to understand horv needles inserted ínto the body and rotated

or electrically stimulated could cause analgesia at a distant portion

of the body.
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The discovery of endogenous opioids gave some insight into mechanism

of acupuncture analgesia. Pomeranz, (1968) demonstrated that acupuncture

in cats, after tlventy-to-thirty mj,nutes, raised the threshold for pain

rvhile af f ecting no other modalíties. Similar ef fecls \../eïe seen in mice

(Pomeranz, €t. 41,, L976). The effects of acupuncture in both cat ancl

mice rvere found to be completely naloxone reversÍble. Llypophysectomy

1ed to abolition of acupuncture analgesia. Acupuncture similarly vias

demonsËrated to cause analgesia in humans (Mayer, êt. a1., 1977).

Sjolund, êt. aL,, (1977) reported that follor.ring acupuncture of the

lor¿er llmb, there is an increase in endorphin levels in the cerebro-

spinal fluid. A recenr srudy by Gang, et. al., (1980) gives eviclence

for the involvement of enkephalins in acupuncture analgesia. They found

a signifÍcant increase in rnet-enkephalin and leu-enkephalin in the hypo-

thalamus and striatum following acupuncture induced analgesia in rabbit

and rat. Intraventricular injection of BacÍtracin, attentuated acupuncture

índuced analgesía with parallel increases in enkephalín content in the

brain. Naloxone at a dose of 2 mgllcg caused significant reversal of

acupunc ture analgesia"

Thus, these studies taken together emphasize the importance of

opioids in acupuncture induced analgesia. Beside reversal of acupuncture

analgesia by naloxone, the slorv onset of this analgesia arrd the sub-

sequent recovery from Ít are consístent rvith a mechanism dependent on

release of a chemical substance.

tr POSSIBLE I"ÍECHANISM OF ENDORPHIN MEDIATED ANALG]ISIA

In the

in the basal

the anterior

rat braln, imnunoreactir¡e ß-endorphin cel1 bodies

tuberal hypothalamus. These cel1 bodies project

periacqueductal gray matter (l3loom, et. al., l97B)

are present

fibers to

. Thus
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it seems reasonable to suggest that electrical stimulation of the peri-

acqueductal gray matter might induce antidromic stimulation of the

$-endorphin fibers rhereby leading to release of ß-endorphin into the

third ventricle. Despite the presence of enlcephalinergic fibers in the

períacqueductal ETay, enlcephalins only produce a transienI analgesia

when injected rcv. Thus, it seems less 1ike1y to be the source of the

profound long-lasting analgesia observed after electrical stimulation.

The relatíonshíp betrùeen endorphins and opiate receptor sites effective

in producíng analgesia is shown ín Table 2.

In animals, analgesia is usually inferred from absence of reflexes

or behaviour usually elicited by noxious stimulation. The two most

common parameters used to measure analgesia are tail flick and hincl paw

rvithdrawal and/or jumping, reflexes that are spinally mediated. i^jhen

applied locally to analgesia producing sites in the brain, the encìorphín

induced analgesia r¡/as revealed to be mediatecl by descending pathürays from

the ventromedial medulla to the spinal cord via the dorsolateral funincu-

lus (nlr') (llasbaum, et. al., 1978). These f ibers terminate on the clorsal

horn of tire spinal cord, an area which contaíns neurons which are max-

imally sensitive to noxious stimuli" This same area contains large

amounts of enkephalinergic neurons (Elde, êt. ar., r9761 Grazier, et.

aI., L979; Hokfelt, êr. al., L977; Sar, er. a1.,1978). The presence

of opíoids and opíate receptors Ín both the periacqueductal gray ancl

superficial layers of the spinal cord raised the question of rvhere

exogenous opiates, such as morphine, act to cause analgesia. rt was

shown lhat naloxone injected into the midbrain reversed the analgesia

coupled by systemically injected morphine (Tsou, êt. aI., L964;

Vigouret, êt. al., 1973). It rvas further demonstrated by Basbaum,
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et. 41., (1977) that lesíons in the DLF abolíshed [he analgesia caused

by systemic injection of exogenous opiates. This demonstrai:ed the

ímportance of DLF as an important pathway j-n mediating stimulation

produced analgesia and opíate induced analgesia.

Based on these studies, Basbaum, €t. al., (1978) have suggested

the following model of endorphín mediated anal_qesia sysrem (pj-g" 4).

The pain suppression system h7âs suggestecl to be organízeð, at three

leve1s: midbraín, medulla and spinal cord. Activation of the peri-

acqueductal gray matter by electrical stimulation, opí_ates or psycho-

logical factors excite the serotonÍnergic neurons of the raphe nucleus

and neurons of tire magnocellular reticular nucleus of the medulla.

These nuclei then transmit. the signal through fibers which pass through

the dorsolateral funinculus and terminate on enkephalin containing

cells in lamÍna Ï and V, in the dorsal horn of the spÍna1 cord. These

enkephalinergic interneurons then inhibit the primary afferent neurons

which predominantly contain substance p (Henry, 1976; Hokfelt, et. al.,

1-976) and transmit information regarcling pain. These primary affere¡t

pain transmitting fibers enter the spÍnal cord at the dorsal horn ancl

ascend to the medulLa. There they split j,nto t\Àlo; one group travelling

medially and the second group travelling 1atera11y. The afferent fibers

travelling rnedially in the medulla s)¡napse with neurons of the magno-

ce11ular retícular nuclei, lvhich j,n turn projecË to miclbrain anci synapse

with ce1ls Ín the periacqueductal, thus establíshíng a negative-feedback

loop. Details of the endorphinergic mediated analgesic system i-s shor,vn

in Figure 5. Peripheral noxíous stimuli excite the primary afferents

which enter the spinal corci. and synapse with fibers from the clorsolatcral

column (a). Here, pain transmíssíon can be inhibited by certain seg-



Figr-rre 4: The Endogenous Pain Control Syslem

(A) Midbrain 1eve1. The periacqueductal gray (PAG) ís rich in

enlcephalins (E) and opiate receptor ancl is the important locus

for stimulation-produced anal-gesia.

(B) Medullary 1evel. Nucl-eus raphe magnus (NRM) and nucleus reticularis

magnocellularís (Rmc) contain serotonergic ( 5HT ) ce1ls.

(C) SpÍna1 level. FÍbers travelling from the NRM and Rmc ín the

dorsolateral funinculus (DLF) termínate on ce1ls in the dorsal

horn of the spinal cord. Pain information is transmitted in

substance P (SP) containing efferents project via the nucleus

reticularis gígantocellularis (Rge) to PAG.

LC - locus ceruleus

SC-PB - subceruleus-parabrachialis

NE - norepínephrine

(Basbaum, et, al,, 1978)
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mental mechanisms which involve the enkephalinergic neurons. These

mechanisms are independent of the l3-endorphinergic periacqueductal gray

mediated paÍn inhibition. Upon reaching the medulla, the irain ínform-

ation in the rnedial tract ínteracts rvirh cel1s for the periacqueductal

and periventricular gray areas, and the subsequent response is formu-

lated. This response*information then descends dor,¡n to the spinal

cord vía raphe nucleus through naloxone-sensítive and naloxone-

insensltive pathlüays. Tiris information is thus relayed on to enkephalin

containíng interneurons. These j-nterneurons then inhil¡it the trans-

mission of pain (Fig. 5b).

The specificíty of this mechanísm of pain inhibition has been

corroborated by various studíes. Since this endogenous analgesic

system operates to limit pain, its dÍsruption should exacerbate pain.

This has been shor¡n to occur. Naloxone has been reported to increase

visceral pain in hot plate and tail-flíck tests in cat and rat (Goldfarb,

eL. aL., L976; Jacobs, êt. aI.,1974). Naloxone was also shown to

enhance postoperative dental pain, relative to placebos (Levine, êt.

al., 1978b). The most ímportant fact about endorphin mediated analgesic

systen ís that it is designed not to transmit afferent information buL

to modulate it. Thus only noxious st,imuli can activate such a system

besides exogenous opiates and psychological factors (Levine, êt. al.,

1978a). Thus íf there is no afferent input to be modulated, there should

be no behavioural or subjective consequences of activation of such an

endorphin-rnediated analgesic system.
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OPIATES

Morphine has been the most widely used substance for medlcinal and

social reasons for centuries" Its prlmary use in medicine has been for

relief of pain. Llorvever, morphine, as morphine, has been knovm for less

than 200 years. Before that the effects of morphine r¡/ere attributed to

opium r,'rhich is the dried powder extracted from the exudate of the unripe

seed capsules of the poppy plant. Morphine comprÍses 10% (by weight)

of this dried powder. Sertü'rner, in 1805, described the isolacion of

a pure alkaloidal base from opium which he called morphine after

Morpheus, the god of sleep.

The discovery of morphine led to extensive research into develop-

ment of rnore potent and less addictive opiaLes. This resulted in

discovery of various structuraLly similar opiate agonists and antagonists.

Despite this, horvever, the complexity in processing of pain in the

central nervous system (CNS) has led to dífficulty in direct measurement

of pain in the laboratory. Instead we can only measure responses to

the noxious stimulí. Hence a change in the response to the noxious

stimuli ís taken as a change in pain sensation. Still, however, opiates

may alter paín responsívity across a rvÍde range of responses, situations

and species. The mechanÍsm of actíon of opiates \^/as not v¡ell undersLood

but two lines of thought orÍginated, opiates interrupt the transmission

of painful information from the periphery to the brain, or opiates

actÍvated an endogenous pain inhibítory system. Opiates were also

thought to alter the interpretation of emotional components of pain"

The recent breakthrough in biochemical iclentification of the pharmac<-r-

logically relevant opiate receptors has provided neru' insight into

understanding of opiate analgesia and pain mechanisms in general.
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Even before the orígÍnal measurements of opiate receptors consider-

able evidence for the presence of specific site(s) for opiate alkaloids

existed. Firstly, it was known that mosL opiates conform to a particu-

lar chemical strucËure (Fig. 6). They usually consist of a phenanthrene

rÍng and a piperidine ring perpendicular to each other with a merhyl

subsËituent and a phenolic hydroxyl. The opíate molecule is usually

T-shaped r'rith trvo broad hydrophobíc surfaces aL right angles. f t was

also noted that the pharrnacological activity r¡/as a product exclusíve1y

of levorotary opiates" The tremendous heterogeneity in pharmacological

potency was also noted. For exampl-e, etorphine is 5000 to 10,000 times

more potent than morphine in relieving paín in man and mammals. Llorvever,

the affinity of etorphine for opiate receptors $/as only 20 tímes that

of morphine (Snyder, et. al., L975). This 1ed to the suggestion rhat

unlike general anestheÈics, opÍates do not act pharmacologically by

altering membrane function in a diffuse nonspecific fashion. The

presence of opiate antagonists which were slructurally similar to

opÍates also argued strongly for the presence of specífic receptors

with whích opiates interact.

A. DEMONSTRATION OF OPIATE RECEPTORS

Ingoglia and Doi-e (f970) were the first to use the observatÍon of

stereospecificity of the opiates in an attempt to i.dentify opíate

receptors. Goldstein, et. al., (1971) rvere the first group, who using

the technique of rngoglia and'Dole, \ùere able to demonstrate stereo-

specific bínding ín mouse brain. They incubated mouse brain extracts
Ilvith [-H]-levorphanol in the presence of large excess of unlabellecl

levorphanol or its inactive enantiomer dextrophan. Thus, stereo-

specifi-c binclíng rvas that portion of rhe toral bincling of I3Hl-
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Figure 6. Structura! comparison of
and antagonists
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Levorphanol which was preventecr by levorphanor but not dextrophan.

Goldstein and coworkers founct thar onLy 27" of the total bindi'g was

stereospecíf ic. Hor'¡ever, pert, et. ar., (rgr3a), simon, et. a1., (7973)

and Terenius (1973a,b) all using a modified Goldsrein technique independ-

ently demonostrated stereospecific saturable bínding to the brain tissue.
since then many other laboratories (Hiller, et. a1., r973; Hitzeman, êr.
al., L973; Klee, er. aL., L974; Lee, eË. a1, 1973; Wong, et. a1., Lg73)

having suggested Èhat the stereospecífic binding of an active narcotic
alkaloid indeed represents specific binding sires to whích opiates bind

in order to produce their pharmacological responses.

Pert, et. a1. , (1973b) further founcl that trrere !/as a crirect

relatíonship betrveen pharmacological potency of various opiates in
produci-ng or antagonizing analgesia and their affinity for binding sites.
That is, the more potent the narcotic opiate is in producing analgesia,

the greater is the affinity for opiate receptors (Tab1e 3). To ensure

specíficity of binding to the opiaËe receptors, Pert and coworicers arso

studied binding affinities of nonopiate drugs to opiaLe receptors. As

can be seen in Table 3, the nonopiarte drugs hacr no affinÍty for the

opiate receptors. A criti-cal demonstration of the specificity of
opiate recepÈor binding came from I^Iilson and coworkers (1975). They

showed that slight alterations in the side-chaín length of a homologous

seri-es of opiates caused a great variation in analgesic potencies and

corresponding opiate receptor binding affiniry (Table 4). rt rvas nored

that for a wide variety of opiates, the affiníty for the opiate receptor
sites is the same in brain and guinea pig intestine (creese, et. al.,
L975) ' rt rvas further demonstrated that there existed a close relation-
ship between stereospecific biuding in the braín ancl the potency of

opiates in inhíbiting intestinal muscle contraction. These stuclies
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thereby suggestecl unifornity of opiate receptor receptor type in the

brain and the intestinal muscle.

B, 1ìPGIONAL DTSTRIBUTION OF OPIATE RECEPTORS IN TI]E BRAIN

The regional distribution of opiate receptor is of extreme import-

ance since it can reveal a relationship betrveen opiate receptor local-

ization and regional brain function. Kuhar, et. al., (1973) and Hiller,

et. al., (1973) did a detailed in vitro binding stucly of regional

distribution of opiate receptor in the brain of monkey (Table 5) and

rnan (Tab1e 6). In general, the arnygdala had the greatest amount of

opíate receptors, wiÈh the anterior amygdala having twice as many as

the posterior amygdala. The periacqueductal gray had the same amount

of opíate receptors as the anterior amygdala. There v/ere no regional

variatíons ín the amount of receptors in the hypothalamus; however, the

thalamus and cerebral cortex has marked regional differences. There is

consÍderable sirnilarity in regional. distribution of opiate receptor in

monkey and man.

Autoradiographic studies have also been used to study regional

distribution of the opiate receptor. Perr, et. aI., (I975) usÍng

tritiated díhydrornorphine, whích is a potent opiate antagonist,

autoradiographically revealed an uneven disrríbution of opí.ate receptors

which at a gross level paralleled regional distribution of opiate

receptor measured by in vitro binding studies. several of the areas

which have been demonstrated to be rich ín opiate receptors thus are

the leading candidates for site of actíon of opiates in causing analgesia.

These sites include the substantia gelatinosa of the dorsal horn of the

spinal cord, Lhe substanËia gelatinosa of the spinal tr:igeminal nucleus,

the íntralaminar nuclei, dorsomedial thalamus, periacciueductal gray
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(Atweh, et. al.,

fourth ventricle

_29_

L977; Pert, et. al.

(Vigourer, êt. ãI.,

, L971) and the floor of rhe

L973).

U. PROPERTIES OF OPIATE BINDING SITES

1. Opiate binding is stereospecific. Levorotary opiates are the

pharmacologically functional opiates. Tl-ris is best exemplified by

Levorphanol (which is levorotary) and dextrophanol (which is dexLro-

rotary). Levorphanol binding affinity is four times that of dextro-

phanoL (PerË, êt. a7., I973a; Simon, êt. al., 1973).

2. The sËereospecific opiate binding is saturable and both agonist

and antagonist bind with high affinity (Stah1, er. aI., 1977).

3. Ilinding of all agonisrs is inhibired by Na+ while rhe binding of

antagonist is enhanced (Pert, et. al., I974a). oÈher a1kali metals suctr

a" K+, Iìb* and C"* have no regulatory effect while Li-F has some effect.

Anions such as F , Cl , Br , I , ,O4-'and SCN-2 all errhance binding of

antagonist. However, Manganese and Magnesium salts depress antagonist

bindíng while enhancing agonist binding (Pasternak, et. arl., 1975a).

4. BÍnding is inhibited by proteolytic enzyrnes (Pasternak, et. al.,

L973; Símon, êt. a7., L973) and a v¡ide varj-ety of protein reagents

including sulfhydryl reagents (Terenius, 1973b). BJnding is also

inhíbited by treatment with phosphoi-ipase A (Pasternak, er. a1., L973)

however phospholipase C had no effect (Simon, et. a1., L973) (Table 7).

5. Binding is temperature sensitive. Ifaximum binding occurs ar 35oC

rvhlle only 10% occuïs at 4oC ancl 0Z at 55oC (Perr, êt. aI., L973a).

6. The optÍrnum pH for opiate binding ranges frorn 6.5 ro 8.0 (pert, et

al., 1973a).
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D. CONFORMATION OF OPIATII RECEPTOR

Tlvo allosteric models of the opiate receptor have been proposed.

Both are based on the- selective actíon of thc sodium ion. Several

studies have reporEed ¿1 positive cooperativity for the binding of both

agonist and antagonist ín brain slices but not in broken cell (homogen-

ized) preparations (Davls, et. al. r 7977; Simon, êt. a1., 1975c). In

line with this Simon, et. al., (L975a) proposed a model of opiate

receptor rvhere the receptor is represerited as a dimer (Fig. 7a). Sodium

ions bind to the allosteric site on the receptor which causes the

receptor to undergo a conformational change. This conformatj-onal change

leads to an alterarion in Ëhe bindíng site which now binds antagonists

with greater affinity than agonÍst. And in tl're absence of sodium íons

agonist bind to the receptor rvith greater affinity. The dissocíation

of the dimeric r:eceptor inËo íts subunits is presented as one possible

explanation for the observation that some "Na*-free" conformer are still

present in the presence of 100 nrM NaCl (Simon, êt. al., 1975d). A

second model is proposed by Pert and coworkers (I974b) (Fíg. 7b). They

take into account the finding that the maximal number of binding sites

remain the same írregardless of whether they are measured by methods

using labelled agonist or antagonist (Creese, eE. al., I975; Pert,

et. al., L974b). Thís 1ed them to propose that there nere actually two

reversible conformations of the receptor l^¿hich existed at equilibrium.

One conformation is preferred in the presence of sodium íons and this

has a greater affinit.y for the antagonist" The other conformation is

preferred in the absence of sodium ions and Ehís has greater affinity

for Ëhe agonist. Thus, in the high sodium in vivo environment, nost

of the receptors would prefer the antagonist, thus relatively high
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amounts of agonist rvould be required Lo have agonÍst binding. Thus

physiological opiate agonÍst bínding results from conversÍon of the

opiate receptor ínto a conformation which can rlo longer bind soclium.

The interconversion of the two opÍate receptors presumably involves

folding, unfolding, aggregation, disaggregation or other modifications

in the protenious structure.

F EVIDENCE FOR MULTIPLE OPIATE RECEPTORS

Lord, et. al., (L977) presented the first evidence thar mulriple

opiate receptors exist. This worlc was later confirmed by Simon, €t.

al., (1980). These studíes demonstrated that naloxone is six tj.mes

more effective in competing rvith 1abelled naloxone than leu-enkephalin,

and opiate agonist. Ilowever, leu-enkephalin is eight times more effect-

ive in binding competitíon with 1abelled 1eu-enlcephalin rhan 1abelled

naloxone. Lord and coworkers (1973) proposed that this was evÍdence for

two types of opÍate receptors; ¡r, rvhich has high affinity for opioid

alkaloids, and ô, which has high affinity for opioicl antagonist.

Evidence for the existence of these trüo receptors is also supportecl by

other studies (Cheng, €t. aI., 1979). However, there are also many

similarities betrveen p and ô receptors. They both contain a single

essentíal SH which is equally accessible to alkylation (Simon, êt. al.,

19751r). They also exhibit símilar sensiEivity to phospholipase A2 from

the venom of Russell's viper and similar restoration of activity is

followed by treatment of membrane with 1Z bovine serum albumin (l,in,

et. al., 1978). The two receptors are found in widely different

ratÍos in different regions of the brain. The caudate nucleus and

the periventricular gray region primarily have 6 receptors. In

thalamus, primarily p receptors are found. The cortex and amygdala



-34-

have relatívely high amounts of ô receptors. Martín (1967) had also

provided evidence for tv¡o classes of receptors, namely Õ and K, in the

dog brain. There is now evidence that there exists heterogeneity even

among U type receptors (Bonnet, êt. a1., unpublished work, from SÍmon,

et. al., 1981).

Pert and coworkers (1981) using a different classificatíon system

have also found heterogeneity among opiate receptors. It has been

previously shown that rtGTP regulatory subunits" couple receptors to

theír effectors (e.g., adenylate cyclase, Dodd, êt. al., 1978) in

the fluid mosaic model of the cell membrane (Singer, et. aI., L972).

Pert and coworkers divided the opiate receptors, in the brain, into

two classes: GTP-sensi-live and GTP-insensitive. Theír dístribution

is sholun in Fígure B and their properties are indexed in Table B.

The GTP-sensítivity is a reflection of the abilÍty of the opiate

receptors to bind to other membrane components. Thus it is quite

plausible to suggest that there is actually only one receptor; however,

the active site of this receptor can undergo numerous cleformations

depending on the proxirniÈy of its association with other membrane

components, as in the case with muscarinic receptors (Birdsta11, et.

aL., 1976) and dopamine receptors (Kebabían, er. aL., 1979).

F. DISCOVERY OF ENDOGENOUS OPIATES

The díscovery of opíate receptors in tire central nervous system

of all vertebrares from hagfish to man 1ed to the search for endogenous

ligands of the opiate receptors.

Murray, et. al., (1960) had first demonstrated the presence of an

opiate like substance in the pituitary. Llowever, it was Hughes (1975a)

who first demonstrated that a peptide present in the braín extract hacl
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Figune 8"
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morphine-like activity on smooth muscle, ancl this peptícle was shown

to compete for opiate binding sites in in vitro studies (pasternak,

eË. a1., 1975b, L976; Terenius, er. ar., L9l5). subsec¡uently Hughes

and cor¡orkers (1975b) isolated, characterized, and synthesizecl two

naturally occurring PenÈapeptides which he collectively namecl "enkeph-

alinstt, which in Greek means "in the head". The tvio enkephalíns were

named met-enkephalin and leu-enkephalin ancl occurred in the ratio
of approximately 3 to 1. The pharmacological actions of these two

peptides are sÍmilar to those of morphine on guínea pig ileum ancl

mouse vas deferens, two tissues whi-ch are known to possess receptor

si-tes. The action of both peptídes r{as reversed by a wide varíety of
opiate antagonists (Hughes, et. ar., r975b) . sequencing studies sub_

sequently revealed that met-enicephalin v/as a N-terminal penLapeptide

of B-LipotropÍn (ß-lrH¡, a peptide of pituirary origin discovered by

Li, G964) in sheep pituitary glands. Du::ing the course of isolation
of melanotropins from camer pltuitary, Li, êt. a1., (rg75) obtained

an untriakontapeptide whose amíno acid sequence rÂras identical to the

c-terminal 31 arníno acid resiclue of ovine fLLpFI (Ll, et. al. , L976a).

B-Endorphin rvas subsequently obtaÍned from porcine pituitary (Braclbury,

et' al., L976a; Graf, êt. ar-,'L976a), sheep pituitary (chretíen, er.
aI., 1976), and from human pi-tuitary gland (Chretien, et. a1., L976;

Li, et. a1., L976b). shortly thereafter various other residues of

ß-LPH were found ín extracts of braÍn and pituitary all of which hacl

some opiate activíty (Fig. g). of all the ß-LpH residues, ß-enclorphin

by far 1s the most potenÈ opioid (Broom, et. ar., 1976; Bradbury, er.

aI ., L976bre; Cox, et. aL., 1976; Graf , êr. aI ., L976b; Loh, êt. â1 .,
I976) ' The regional distríbution of met*enlcepiralin, 1eu-enkepl-ralín a.d
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FiEune $.
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c. Lingç 1977: Ling et a[ " Ig76 a,b
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f, Hughes, et. aL 'N925
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þendorphín, as measured by radioiiÌtrnunoassay, is shorvn in

and 11.

Tables 9, 10,

SYNTIIESIS OF OPIOTD PEPT]DES RELATED TO ß_LP}I

The synthesis of opioid peptides related to ß-LPH is intertrvined

\,;ith synthesis of peptides relateci to ACTH. Eípper and cor¿orkers (1977)

using a double antibody immunoprecipiation procedure demonstrated that

both ACTH and þendorphin were contained wíthín a single 31K precursor

molecul-e. This observation, along rvith several others which demonstrated

a close relationship between ACTH and $-LPFI familíes of peptide (Abe,

et. aL., L969; Gilkes, êt. aI. " 1975; llírata, et. aL", L976; Lowry, êt.

aL., L976; Pelletier, eË. a1., L977; Phifer, êt. aL., T974), has 1ed

to the suggestion that perhaps there is a common biosynthetic precursor

for peptídes of ACTH and ß-LPH families. This conmon precursor is norv

referred to as Pro-opiomelanocortin. Nakanishi and coworlcers (1979)

rvere the first to delineate the amino acid sequence of pro-opiomelano-

cortin in bovine intermediate pituiLary. The structure of pro-opíomelano-

cortÍn is shown in Figure 10. The post-translational processing of pro-

opionelanocortin is shor^m in Figure 11. The clevage sites separating

the 16K fragmenË, ACTH, y-LPH ancl S-endorphin are separated by a pair

of amino acids. The formation of g-endorphin from the precursor molecule

could theoretically occur after a single proteolytic cleavage. However,

this does not occur. Instead ß-LPH is formed first and it is then

cleaved to form y*endorphin and ß-LPH. Since ß-LPil contains the

sequence of met-enhephalin, it had been wídely believed that it is a

cleavaged product of ß-LPH. Hor,¡ever, a groiuing amount of evidence

nov/ suggests that met-enkepiralin is not formed from either g-LPll or

ß-endorphin buË instead has its or{n precursor (Leluis, et. al .,1918;
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Mains, êt. aT., L9l7). The function of the 161( fragment during Post-

translational processing is unlcnown. l{orvever, it has been shown that

the amino terminal region of the 16K fragmenE is highly conserved among

specÍes (Hakanson, êt. al., 1980; I(uelmann, et. aL., I979; Nakanishi,

eE. a1., 1979), thereby suggesting that ir might h¿rve ¿rn importanE

function. The CLIP and y-LPH fragrnents of [he precursor, on the other

hand, exhibit most wide species-specific variation (Eipper, êt. aL.,

1979; Li, et. al., I976c; Lowry, et. aL., 1979).

Sínce ACTH, endorphins and lipotropíns are also present in the

brain, it ís likely that these, as ín the case of the pítuitary origin-

ate from pro-opíomelanocortin. Irlowever, it is lílcely Ehat the post-

translational processing of the precursor rnight be different in the

brain.

H. ELECTROPHYSIOLOGICA.L STUDIES WITTI ENDORPHINS

It has been previously demonstrateil [h¿rt lorv doses of narcotic

alkaloids induce slow r¿ave high vo1[age synchronous EEG and higher

doses lead to slow r,vave hÍgh voltage hypersynchronous EEG in rat

(A1iosi, et. a1.,1980; Cahen, €t. aI., L944), rabbit (A1iosi, et.41.,

1980; Gangloff, et. al- .,7957; Sílvestri, et. a1.,1956) and dog (Chin,

et. al., 1961; Winklero êt. al., 1952).

In the rat, cortical and subcortical EliG recordings have been

found Èo be a highly sensltive inclex of central endorpliin action.

Ionotophoretic application of endorphins reveal that ntost of the

responsive cells in the cerebral cortex, brai,n stem arid thalamus are

inhibited whereas the pyramidal cel-ls in the hippocampus are exclusivcly

excited (U1de, et. al., 1976).
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Aloisi and cor¿orkers (1980) investigated the effects of met-

enkephalin, leu-enkephalin and enkephalin derivatives on llEG from

cortical and subcortical areas ín rat and rabbit-. In both animals

they detected a bi.phasic EEG response. Immediately after TCV infusion

the EEG pattern rvas deslmchronized. TwenEy to thirty minutes 1atel,

there r{as return of synchronized ElìG wÍth some scatteïed spilces

accompanied by a loss of response to noxious stimuli, exopthalamus,

stupourous staLe, catatonia and rigidity. Morphine, administered

ICV, causes similar rnodifications of EEG activity and behaviour.

Havlicek, et. al., (1978) stuclyíng tlte EEG responses to ICV injecred

S-endorphin in rats have noted that 0.1 trfl of B-endorphin lecl to non-

signif icant clepression of EllG polver spcctra ancl 50 1.rg of [ì-enciorpl-rin 1ec] rc-r

EEG hypersynchronyrvith significant increase in poi.ver in all frequencies (Fig. 12)

Several studieS have indicatecl that dopamine interacts rvith

various functions of morphine (Cowan, €t. aL., L975; Ungerstedt, el.

a1., f969). Since morphine is also lcnor^m to increase brain dopamine

level s, it has been suggested by l(eane (1975) chat dopamirlergic

mechanisms in the brain r+ere perhaps nediating the slow ivave high

voltage EEG activity changes following rnorphíne infusion. To test this

hypothesis Neale, êt. â1., (1978) studiecl the EEG activity following

local intracerebral injection of opiates and enkephalins into the

forebrain, a region which envelops the dopamine rich striatum. The

changes in EEG activiLy following injection of met-enicephalin are

shorvn ín Figure 13. There is a significant clepression of IEG activity

at 15 minutes after met-enlcephalin injecEíon" The EEC acEivity sub-

sequently returned to normal by 30 mi.nu[es post-ínjection. Thus,

they noted that narcotic alkaloids generally induce slovr wave high



Figure 12: Dose-response

Admínistrat íon

Changes in

of B-endor

the EEG Por^ier Spectrunt Af ter ICV

hín

A * control

B * 2 ug of $-endorPhín

C - 50 ug of $-endorPhin

Vertical lines indicate S.E"

:t:t p < .01

(Havlicek, êt. 41., f97B)
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Figure 13: EEG Changes Following Injection of 100 ¡rg llet-enkephalin

ínto the Left Caudat,e-putamen

A. at

B. at

C. at

the time of injection

4 rnin. af ter injection

15 urin. after injection

Electrode placements:

LF - left frontal cortex

RF - right frontal cortex

LP - left parieLal cortex

RP - ríght parietal cortex

(Neal, êt. al., 1978)
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voltage EEG whereas the enkephalins produce an initial sfow v/ave state,

which then develops into a very f1at, almost isoelectric IIEG pattern"

In light of this study, it is interesting to note that llavlicek et. al.,

(1978) had noted a similar depression follorving ICV :infusion of a small

dose of B-endorphin in the brain.

I. THE ROLE OF ENDORPIIINS IN ACUTE STRESS

It is well knov¡n thaÈ specifÍc psychological conditions, like

stress and anxiety can modify spína1 excitability (Bathien, I97)_;

Bathien, et. â1., L972,1978) and the perception of paín (Ha1l, er. a1.,

1954; Hi11, et. aL., 1952).

To establish chat endogenous opiates have a significant role ir-r

pain inhibition, the natural stressors tìlat activate them have to be

identified. The most promising evidence coilìes from recent studies that

have demonstrated that various stressors can cause profound analgesía

(Akif, êt. al.,1978; Hayes, et. al-., L976). It is theorized rhac

stressful stimuli recruits pain inhibitory mechanism(s), in the central

nervous system, which are mediated by opiates. The opiates are thought

to mediate the concurrent or subsequent changes in response to stress.

Horveverr direct evi-dence for the involvement of endorphins, is minimal

and controversial. Various researchers (Aki1, et. aI., I97B; Maclden"

et. a1., L977; lùesche, et. aL., L979) have reported that folloling

foot-shock or heat-stress there is an increase irr regional or l,¡trole

brain enkephalin content. However, Rossier, et. aL., (1978) reports

â decrease in enlcephal.in content jn tiie hypothalamu.s. l'ratta, eìL. al. ,

(L977) \^Iere not able to detect any changes in net-enlceptialin content in

the brain after stress. Chance, €t. al., (1c)77, 1978) ancl Bonnet, e[.
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al., (L976) have reported that following psychological srress (i...,

conditioned fear; social isolation) there is an íncrease in brain

opiate receptor occup¿ìncy.

It has previously been shorvn that stress causes release of ß-

endorphÍn from the píLuitary gland (Guil1emín, er. aI., 7977). Amir,

et. â1., (I979) further implicated rhe inporrance of pituitary by

demonstrating that hypophysectomy blocked stress inducecl analgesia.

This led Frata, êt. al., (L977) and Bergland, et, al", (1979) to

suggest that S-endorphin released from Lhe pituitary follovring stress

could travel via the hypophyseal portal system back into tire areas of

the brain that medíate analgesia. rf this \,/as the case, þendorphin

levels should be higher in the brain following stress. Rossier ancl

coworkers (I977b) have reported that follor^ring foot-shockínducecl stress,

there \,ras a six fold increase in plasma p-endorphin levels but brain

$-endorphin levels rurere not altered (i.e., pituitary B-endorphin did

not accumulate ín the brain) and the levels of plasma ß-endorphin are

vre1l belo\,r those needed to produce analgesia wÍth systemic S-endorphin

administraÈion.

Mi1lan, êt. a1., (f9Bl) reported that, in rat, stress induced

release of both brain and pituitary ß-enclorphin. They found a Z0"A

decrease in hyporhalanus aird a 55% decrease in periventricular tissue,

an area which represents the prj-mary projection target of the central

network of þer-rdorphinergic neurons. They dici not detect any alter-

atíons 1n brain enkephalin content. Bodnar, et. al., (1979) have shown

thar some forms of stress analgesia are clisrupted by lesions of the

arcuate nucleus, because the lesion lcacls ro dcpl ct 'ioil of brain f,-

endorphin content. Lewis, êt. al., (1980) have reported that rats which

have developed tolerance to morphine exhibit consiclerably less stress
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induced anal-gesia. This developmentof cross tolerance between morphíne

and stress analgesia provides further evidence that stress induced

analgesia is opÍate mediated.

The above findings taken together provide considerable evidence

that activation of the brain endorphinergic system might be an integral

part of the pain relief mechanism during stress. The endorphins

released from the pituÍtary gland concomitantly v¡ith adrenocortíco-

tropin hormone j-n response to stress may play an important role ín the

global response of the organism Èo stress.

J. OTHER PHYSIOLOGICAT, EFFECTS OF BNDOGENOUS OPIÂTES

Besides having a prominent role in analgesia and paÍn relief

during stress' the endogenous opiocls have various other effects in

the central nervous system. Dírect injection of ß-enclorphin into

ventromedíal hypothalamus leads to food intake in satiated rats

(GrandÍson, et. ar., 7977), rt also led to increased consumption

of liquid diet in rnidly sariared racs (Kenney, eL. al.,1978). ß-

endorphin, in rats, induces a profound epileptic state (Henrilcsen, et.

aL., L97B; Havlicelc, et. a1., 1978). This epileptÍc srare is rhe

result of action of B-endorphin on 1Ímbic structures (French, êt. â1.,

Lg77). Endorphins also affect the "central thermostat" of the body

which is located in the hypothalamtrs. Body temperatuïe is lovrerecl by

o and þendorphins whereas y-endorphin elevates it, Naloxone lilocl<s

these ef f ects (Bloom, eÈ. al. , 1976) . Ilowever, stervart and cor^¡orlcers

(L979) have f ound that direcr inj ection of f3-enclor¡:hin ínro rhe

hypothalamus produces hyperthermÍa. IimoLional iryperthernia in rat-s

is also thought to be mediaEed by enclorphins (Br.asig, er. al., l978).

Naloxone itself hor^¡ever has no effect on thernroregulatory response
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to cold or pyrogen induced hypertherrnia (B1asig, et. af., I979).

Various sLudies have suggested that endorphins rnay play an

ímportant role in mental diseases (Bloom, et. a1., I976; Terenius, et.

a7., I976a). Endorphins have been assocíated rvith mania, depr:ession

and schizophrenia in humans. It is proposed that endorphins mediate

neuronal systems which regulate sa[.isfaction and rewarcì (Stein, €t. al.,

1978). They have been demonstratecl to medíate learning in various

learníng paradígms, e.9., the conditíoned emotional response, prefer-

ence for signaled shock, condiEíoned tasLe aversions ancl learned

helplessness (Riley, et. al., 1980). The central neurotransmitter

is also affected by endorphins. Met-enkephalin inhibits release of

acetycholine (Jhamandas, êt. aL., L977), adrenalin (Taube, et. al.,

L976) and substance P (Jessel, €t. aL,, 7977). ß-Endorphin causes

release of dopamine, increases midbrain serotonin levels (Izumi, êt.

aL., 1977 ) and decrease turnover of acetycholine in cerebral cortex,

hippocampus globus pallidus and nucleus accumbens (Morolí, et. a1.,

f9l7). g-Endorphín also has an effect on hypothalamic and anterior

pituitary hormones. Injected ICV, g-endorphin causes release of growth

hormone, prolacËin (Kato, et. al", 1978) and ACTH (Holaday, er. al.,

L979). Holvever, contradicÈory results have been obtained concerning

the effects of nal-oxone on opioicl mediated release of groruth hormone

and prolactin (Gold, €t. a7", I975; Martin, Êr. aL., L979). Thyrorropin.-

stímulating hormone, luteínízing hormone and folliclc-stimulating hormone

secretíon are depressed by endorphins (Bruni, €t. aL", L976; Domino,

et. al, 1973; Drouva, Êt. at., 1976).
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K. SOMATOSTATIN

Somatostatln r^/as first isolated by Brazeau, Krulick and corvorkers

(1972) from sheep hypothalamus. It has also been isolated from porcine

hypothalamus (Schally, et. al., L916) and its tetradecapeptide structure

determíned (Burgus, €t. aL., I973; Ling, et. a1.r 7973). Subsequenrly,

the presence of immunoreactíve somatostatin was demonstrated Ín extra

hypothalamic brain, pancreas and the gastrointestinal tract (Vale, êt.

aL., L976; Arimura, êt. aL., L975; Kronheim, et. al-., 1976; pate1, êt.

al., 1975). The distríbution of immunoreactive somatostatin in the

rat brain from various st.udies is i-ndexed in Table 12.

a) Role of Somatostatin in Stress

Physiological studies have shov¡n that somatostatin, both in vivo

and in vitro, actively inhibit the release of growth hormone (Brazeau,

et. al., 1973; Martin, et. al., 1974). In addition it is knov¡n ro

inhibit release of thyrotropÍn, prolactin (Va1e, êt. aL., L974) ancl

ACTH from the pituitary (Tyrrell, er. al., 1975), insulín from rhe

pancreas, gastrin from the gut (Bloom, et. aL.r 1974) and a variety

of other exocrine secretions of the pancreas (Boden, êt. aL., I975;

Creutzfeldt, et. a1-", L975) and the stomach (Bloom, €t. aL", 1974).

Various studies have shown that acute or chronic exposure to

stressful stimuli leads Lo inhibilion of growth hormone secretion

(Tacher, er. aL." L97B; Terry, êt. ¿f:? Lg76). This intribirion

of pituitary grohrth hormone secretion was thought to be due to alrer-

ations ín release of hypothalamic hormones (Tache', êt. al. " 1976,1971)

Terry, et. a1., (L976) thus proposed that groh/th hormone secretion,

from the pftuitary, \^ras ínhíbited during stress clue to the release of

growth hormone rel-ease-inhíbiting hormone somatostatin. They demon-
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strated t,l'rat antiserum to somatostaÈín prevented the stress*inducecl

inhibition of growth hormone secretion in rats. Terry, €t. al, (1980)

further ínvestígated the effect of acute stress on regional brain somat-

ostatin content. They found that following acute stress, somatostatin

levels in various brain regions (Tab1e 13) sígnificantly decreasecl.

The exact funcËion of somatostatÍn mediated Ínhibition of grolEh

horrnone secretion ls not known, however, Ít seems possible thac this

might play a role ín the overall defensive response of the organism to

sfres s .

b) Somatostatin and Analgesia

Havlicek, et. al. , (I976) have previously shorirn that somatostatin

and morphlne induced central effects t.h¿-rt had certain sj-mj-lar behavioural

and electrophysiological manisfestations. subsequently Rezek, et. al.,

(L977) demonstrated that somatostat-ín injected ICV produced naloxone

reversible analgesia. Horvever, the potency of somatostatin in in vitro

opiate bínding assays is very minimal. This striking disparity between

in vivo analgesic potency and in receptor assay has raisecl doubts about

the interaction of somatostatin with opiate receptors in vivo.

However, símilar dissociation between in vívo and in vÍtro activÍty

is also observed for androsterone sulfate (Labella, €t. aL", 1977)

and ACTH (Terenius, 1976b). The mechanism(s) that underlie somatosratin-

induced naloxone reversj-ble analgesia are yet unclear. rt Ís possible

Ehat somatostatin interacts with a class of receptors which can in turn

interact with opiate receptors. It might be that somatostaIin evokes

release of endogenous opiales whieh subsequently cause analgesia.
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OBJECTIVES

The objectives of this study were to examine:

1" In Vivo alteraÈion in brain ß-enclorphÍn and somatostatin levels

using protease inhíbitor bacitracin.

2. Electroencephalographic changes followirrg alterations in tþe brain

ß-endorphin leve1.

3. The effect of acute stress on brain g-endorphin and somatostatin

levels.

4. The occurence of analgesía following exposure to a noxious stimuli.



-58-

RATIONALE FOR EXPERIMENTAL APPROACH

Various studies have previously reported the induction of

naloxone reversible analgesía by eíther electríca1 stimulation of

various braÍn sítes, ICV infusion of endogenous opioids or by exposure

to stress. In anímal studies analgesia is usually inferred from the

absence of reflexes or behaviours which are usually elicited by

exposure to noxious stimuli (Table 14). Sínce exposure to noxious

stirnuli itself cause analgesia, a major problem in previous studies

líes in dissociating the analgesia caused by infusion of opioíds and

thaÈ due Èo release of endogenous opioids as a consequence of the

analgesía testing method. In our study of analgesia we chose an

analgesia testing paradigm r¿hich by itself did not lead to analgesia.

Protease inhlbitors are widely used to protect against degrad-

ation of peptides and hormones in in vítro stuclies (Nars, et. a1.,

I972; TrauÈschold, et. aL", 1967). Trasylol (Trautschold, êt. 41.,

L967), L-l-tosylamide-2-phenylethyl chloromethyl ketone, P-tosyl-L-

arginine methyl ester-HCl (Richert, et. al., J-977), t-amino caproic

acid (Parson, et. al., L977), thíorphan (Roques, et. a1.,1980),

puromycin (Schwartz, êt. a1., 1980), catopril (Cushman, et. a1.,

L977), Benzyloxycarbonyl derivaties of amino acid hydroxamates

(Blurnberg, êt. al., 19Bt), Bacitracin (Patthy, et. a1., L977) and

various other (Partington, et. aL., I979; Patey, et. a1.,1981) l)rotease

inhibitors have been ln wi-de use. Parson and corvorlcers (1977, 1979)

have demonstrated thaË protease inhibitors protect subcutaneously

injected peptide hormones against local degradation. Miller, et. al.,

(1977) have shown that bacÍtracin potentiated the effect of enkephalins

in vit,ro. BacitracÍn has also been shor¡ir to decrease biodegradaLion
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Tabåe 1q
Noctc¡¡pr¡vu Sr¡utr¡,¡Ttox ¡x .{xar,r;r:grc,l,¡rsrg

Huir or brigtft' ìlluco-cpit.holiul jrrnctions lllrrrl|rr¡r or r¡rr8tl|, Corne¡¡ lhbbit

.lIe|hod o!
stintula!ìon

.lleclnnicel.
Huir or bristle iikin

S;te o1
atinul¡¿iion specìea lleeponte

Vt'rltrrl rr'¡tolt

Vorl¡rrl rtrPort
llxtongi<ln of locr¡l ¡rr¡csl lrr,¡il

tvith nrrporcrino follou.ing Iir
ttlmin. of rrntlgr,sic

Vocrlizntion, lritin¡¡, rtr.rrggling
Vocnlization, triting, strrrggling

-v-ocelrzation, biting, etrtrggling
Vocalizarion, biting, stru[lling
Voculizltion, triting, 

"t.r,,g[ling

Voc¿rliz.ution, bi t ing, strrrggling

Vorbol rcport.
Slcin trvitch

Vocalization, bit ing, stnrggling
vocallzetion, bit.ing, struggling
Vocalizat ion, biting, st.ruggling

Hrlrrl jtrl<. r'oc¡rlizrrtior¡

Htrrtl jr:r'k, \'ocrr¡¡zûtior
(r'ot.lrtl rtpor.t )

Hourl jrrrk, chorring
Htrxl jorlt
Hcurl jtrrli, r'or:rrliz¡rt i<u:

Vocrilizttion, bit in¡q, xtr rrpgliug
!'linch. jrrrnp, r'oc¡rlizu.tior¡
Voctlizrrtion, lrit ing, str.rr¡1¡;ling

Vt'r'lrrrl rt,¡lort

Vorlrrrl rr.¡rort,

'liril llicli

Do¡'u¡l xkin fli¡rch

Dorurl xkin flinch

f)oruul gkin flinclr

Duncing, licking or blot'ing
on for(.prr$s, (\scllJx\

lleJe renrea

vor¡ l,'rr..r. ( l8t)i, l0:l!), Houl
( I lll0)

Srr.r'r'rs rrr¡rl I,li,ilI.r ( l0ílfl)
Hrlto\'\'(¡051t)

Rnrl¡or¡r ¡rr¡¡l ìt¡rurlr ( l ll2t)l
Þkkly ( lgl8)
Huffncr (t029)
Collio¡ ¿t at. (19ßl)
llft¡lit,or anrl Lrtven (ICJZ),

Frienrl rntl tlnrrir (t94it),
(.'l¡en (t8õ0)

Iìrrglo rrnrl Crrrlron ( l g:i0),
Brorlio ¿! cl. (l0õ2)

von Holrnholtz (l85l)
I)eS¿rlvt tnrl lfont+lt.ont.

( I eû3)
Mæht sntl Mr¡ch¿ (1840)
Burn el ø/. ( t0F0)
Cherpontior ( l0ûta,b, l gtì3)

Koll r¡nrl li('ff..rr ( l03B),
Koll (1852)

liootzl et uI. (11J13,
Srx'hríng r¡n<l fì¡rl¡r.r ( tfl{9)
Borcus nn<l Srrnrllx'rg (tfl55)
Yím et al. (19511
Ììrt lor¡<:o-'fl¡onuu e I n L

( l05ri)
liivrxljian ( l93ri)
Iìr,tns (19{ll)
Cibson el øJ. (lg;'iir), (trllirrs

et ol. (Ur{ií)

(ioklschcirler (l8rt.l). .{lrrrtz
( r807)

Oppcl onrl Flrrnly ( t932),
Hrrly eJ ct. (t1!40, l9tr2)

f)'Arnorrr rrnrl Smith (lg{!),
I)r¡r'ie; ¿.1 al. (194{i)

IÙrcoli ¡rr¡rl lr.u-is ( !${:!},
Caho¡¡ e-r c!. (!941t)

Winrlt.r er al. (1946i)

Åntl¡r'us u¡¡rl \l'orkrru¡¡¡
( u)4r )

Woolftr r¡nrl N{rrerlo¡r¡¡lrl
(l$44), t)rkly e, cJ. (¡gi¡{r).
Hrkly uwl l.*in¡l¡¿eh
( 1953), Ch+n r¡nrl flx.kr¡rln
( r85r )

Ìf¡rn

R¿t
Cut
Mouse, rot
Guinou pig
lHotreo, rut

Rr¡t

llfrn
Rnbbit

Itinch Tail
Pmæure, grocs T¿il
Preaeure, clip Tail, too
Prcæuro, clip Mul¿iplo tæa
Prcærrro, forcops T¿it

Itre*urrro, md

Illectri¡a!
Illcctrcdoa
Electrodqs

Idlcctrodos
Blectrodes
Electrodcs

þ:hr.t r(rh.s

FlLr.truft.s

l.lk.t.trorhs
Flln.trork's
FìIx.t ¡orh.s

l.'loor ( i¡.irl
F ftxrr ( irirl
Hkr.t ¡ orft.¡

1'ltenn¿l
lìr¡rli¡nt l¡rrrt

Il¡¡rlilnl hqrt

llnrli¡¡nt lrr'¡¡l

T¿il

Skin
Skin

'lÌxrt h ¡lr l¡r

'lixrth ¡rrrl¡r

'l'ooth ¡rrrl¡r
'l'ooth ¡lrl¡r
'['ooth ¡rrrl¡r

F tr.t,
I'u.t
[ì ¡'ct r¡r r r

Skin

l'orrrlrrr¡rl ; xkin lrl¡rclicnrll

I'lil

Ilorxrrnr, rìnlrtrr¡l
rlrrrk xkin

Ilo¡rrrnr

Ì'c'ct

Scrotum R¿t
Taíl R¿t
Taíl Rar

I)og

f)og, (rrrrlrr)

l)o¡¡
ll¡rbbit
Grrinru ¡rig

lìnt
Rul.
lì¿t

Þlrrn

Mtn

Iì¿t

ll¿t

(iuinca pi¡¡

Dog

Moueo

ll¡¡rlirrnl l¡r.rrt l)orxrrn¡

lÙrli¡tnl hort

llr¡rlir¡¡rt hr.r¡t

Hot ¡rlalc

(Lfim*et"&E.o f S67Þ
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of p-endorphin in vitro studies (Patthy, êr. aL., L977) by inhibiring

the activity of brain carboxypeptidase(s) and aminopeptidase(s). In

view of the studies with bacitracin, it rvas decidecl to use bacitracin,

in vivo, to alter endogenous ß-endorphin leve1s in the brain. Our

contention was that íf bacitracin could decrease brain g-endorphin

biodegradatíon, it should lead to an increase in B-endorphin content

in the brain. I,Ie could subsequently exarnine if higher levels of brain

$-endorphin could cause or facilitate the occurence of naloxone

reversible analgesia.

To substantiate the biocheinical effects of baciLracin on brain

ß-endorphin content, iÈ was deemed necessary to do an electrophysiolog-

ical study since, at least in the r:aL, cortical and subcortical EEG

recordings have been found to be a highly sensitive Índex of central

endorphin action.

Since, we had decided to use a stress-inducing paradigm which

did not itself cause analgesia (i.e., control rats subjected to this

stressful exposure pattern did not exhibit analgesia), the elevaled

levels of brain S-endorphin in baciÈracin Ínjected rats \,/ould provide

an ideal model for examining the effect of ß-endorphin in inducíng

naloxone reversible opiaËe analgesia.
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I'ÍATERIALS AND MET1IODS

A. PREPARATION OF CM-23 CELI,ULOSII COLUI'IN

a) Activation of CM-23 Cellulose lon-exchangc Material

A weighed amount of cM-23 cellulose (Sigma chemical co.) ion-

exchange materj-al rvas stÍrred in 15 vols. (i.e., volume of liquíd,/d,ry

weight of CM-23) of 0.5 N NaOlI and was allowed to sËancl for 30 minutes.

Then the suPernatant rn/as decanted and the CM-23 cel1ulose ion-exchange

material washed wit.h distÍlled \^zater, in a funnel , until the effluent

\,ras aÈ intermediate pH (i.e., pH = B). Then the cl"I-23 cellulose was

stirred in 15 vols. of 0.5 N HCl ancl allorved to starrd for 30 minutes.

The supernatant ruas then decanted and the Cl"l-23 cellulose ruashecl ruith

disrilled \^rarer until the ef f luent rùas at plt 5.3. The incubation of

Cl'[-23 cellulose wíth 0.5 N HCl and the subsequent rvashing rvas repeatecl .

Then a 0.027. (w/v) concentration solution of NaN, was adctecl to the CM-23

cel1u1ose ion-exchange mateïia1 which ruas then stored at 4oC until use.

b) Packing of CM-23 Cellulose Colr¡mn

A chromatographíc column (0.7 cm i.d. x 20 cm length - Bio-Racl,

Mississauga) was packed rvÍth actívated CM-23 cellulose. This involved

pouring the slurry of cM-23 cellulose j-on_c::change materÍal ínto the

column rvhich had been previously equilibra[e.J al 4oC. The column

rvas then eluted at a rate of 1 drop/5 seconds with 0.002 M ammonium

acetaLe buf f er at pll 4.6 until the ptt of the ef f luent w¿rs within 0.02

pH units of the pll of the buffer.
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B. IODINAT]ON OF ß_ENDORPHIN

Camel $-endorphin rvas radio-iodinated using a modifiecl lacto-

peroxidase method of Thorel and Johannson (1971). To a test tube

containing 5 Ìrg of camel ß-endorphín (Peninsula Labs, san carlos,

california) dissolved in 5 ul of 0.1 M acetic acicl, the following were

added:

1. 25 ul of 0.4 l'1 sodium acetate (pH = 5.6)

2. 25 vL of (1 mci) of tlu125t (New England Nuelear)

3. 25 vL of (25 ug) of lacroperoxidase (calbiochem, La Jolla, calif.)

is díssolved in 0.1 M acetic acid of pLI 5.6)

4. 10 ul of 30% ItrO, ar 1:15,000 diluríon

wait for 1.5 mÍnutes

5. 10 ul of 307. HrO, at 1:15,000 dilurion

wait for 1.5 minutes

6. 1.0 rn1 of 0.002 M ammonium acerate (pfi = 4.6)

7. 50 ul of 5% (w/v) bovine serLrm alburnin (BSA) (Sigma Chemical Co.)

ThÍs reaction mi-xture vras then pourecl into the CM-23 cel1u1ose

ion-exchange column. As soon as the reaction míxture rvas added to the

column, collection of 75-drop fractions rilas begun. Before collection

of fractions, 3 drops of Trasylol (10,000 K.I.U.lnL - Boehringer

Ingelheín, Canada) and 3 drops of. 57. BSA rvere added to the collecting

tubes. Fractíons 1-7 were obtained by elurion of the Cl4-23 cellulose

packed column rvith 0.002 M ammoniuln acetate (pH = 4.6). Fractions

8-26 were obtained by elution of the column with 0.2 M anunonium

acetate (pli = 4.6) and fractions 2r-60 rvere obtained by elu[ion of

the column with 2 M ammonlum acetate (pll = 4"6). The elution profile
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of camel g-endorphÍn iodination reaction mixture is shown

The ÍrnmunoactÍvity of each fraction from the third peak of

rvas deËermined by a double antibody raclioimmunoassay (RrA)

ín Figure 14.

radioactivity

C. RADIOI}1I"II]NOASSAY FOR ß-ENDORPITIN

The R'IA was carried out in glass

The diluent for all reagents \^/as 0.14 M

taíning 25 nl| EDTA and 0.5 per cent BSA,

added to the test tubes:

After incubation for 24 hours at 40C

1.0 ml of 0.14 M sodium phosphate buffer

test tubes (10x75 mm - Fisher)

sodium phosphate buffer con-

pH 7.4. The following was

the final addirive was:

(pll = 7.4)

1. 100 Ul of 0.14 M sodium phosphare buffer (pH = 7.4)

2. 100 ul of 1:2 Trasylol solurion

3. 100 Ul of Camel ß-endorphin standards or sample. Camel [3-enclorphin

standards rvere of the follorving concentrations: 0, 0.1, 0.25, 0.5,

0.75, 1.0, 2.5, 5.0, 7.5, 10, 25, 50, 75, 100, 250, ancl 500 ng/ml

4" 100 ul of 1:10,000 rabbit anti-ß-enclorprrin serum (lst antibody)

To determine nonspecific binding, neither standards nor rabbit

anti-ß-endorphin serum were added to the above reaction ingreclients.

The above mixture was then incubated for 24 hours at 4oc after

which the following was added:

5. 100 ul of 20,000-30,000 cprn of rracer

After another incubation for 24 hours at 4oc the followíng

ingredients \¡rere addecJ, :

6. 100 u1 of 1:15 sheep anri-rabbir serum (2nd antibocly)

7, 100 ul of 1:350 normal rabbir senlm

B.



Figure 14: Elution profile of Camel S-endorphin Todination Reaction

Mixture from CM23 Cellulose Chromatographic Column

The first peak represnts free iodine.

The second peak represents damaged tracer.

The thlrd peak represent.s immunoreactive ß-endorphin tracer.
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This above reaction rnixture r{as t,hen centrÍfuged at 3,200 xg

for 30 mj-nutes. The supernatant rvas then decanted and the pe11et

counted irr an automaEic Becknlan gamma counter for one minute, Specific

binding of greater than 40 per cent and nonspecífic binding of less

than 10 Per cent is considered essenttal for this assay. The sensit-

ivity of thÍs assay ranges from 0.25-0.5 ng/mt as shor,¡n in Figure 15

and the standard curve is linear bet'çveen 0.5 to 40 ng/nr. Anti

camel-$-endorphin-specific ant,ibody vras generated in rabbíts by using

conventional immunological procedures (Yoshimi, et. al., 1978). The

cß-endorphin antiserum generat.ed does not cross-react with c¿- and

y-endorphin, both enkephalins, g-MSH, ACTI-I, vassopressin, insulin,

glucagon, TRH, LH-RH, bombesin, myelin basic proteÍn, growth hormone,

prolactin, morphine and naloxone. However, it has a 50 per cent

cross-reactivity with ovine B-lipotropin (Frg. 16 - Lee, r979; ogawa,

et. al., J-979). The intrassay variation ranges from 3 to 5.5% and

the interassay variation ranges from 15.3 to IB.I"Á (Table 15).

D. IODINATION OF SOI"IATOSTATIN

1Tyr*-somatosÈatin was radio-iodinated usíng a modified lacto-

peroxidase meËhod of Epelbaum, et. a1., (7977). To a test tube

containing 5 Ug of Tyrl-somatostatin (SRIF - Peninsula Labs, San

Carlos, California) dissolved in 5 pl of 0.1 M acetic acid the

follorving were added:

1. 25 vL of 0.4 M sodium acetate (pH = 5.6)

2. 25 ttL (1 rnci) or Nr125t (New itnglancl Nuclear Co")

3. 25 pl (25 fLg) of lactoperoxidase (clissolved in 0.1 M aceric acici)

4. l0 ¡rl of. 307. HrO, at l:15,000 dilution



Figure 15: Standard curve for ß*endorphin RIA. Serial dilutions of

brain extracts yield curves parallel to the standard

CUTVE

Circles: Hypothalamic extracts (dÍ1uted 1:10)

Triangles: l"lidbrain extÍacts
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Table 15. Intraassay and

of Radioinmunoassay

Interassay Variation

for ß-Endorphin

B-Endorphin concentration in ng/ml of samples a, b, and c

Intraassay

a

10.6

IT.2
10.6

9.8

9. .5

r0.7
11.0

9.6

9.9

10.5

10.34

0. 566

5 .42

b

4.4

5.0

4.7

5.1

5.3

4.6

4.7

4.9

5.2

4.8

4.Bl

0.269

5 .57.

c

.19

.80

.83

.76
7cl

"82

.83

.79

.76

.79

0.7 69

0.024

3.OZ

10.4

9.1

11. 6

8.6

12.4

8.6

10. 14

14 .6
o/,

8.69

10. 35

1.BB

LB.L%

Interassay

bc

5. 5 .7r
3.9 . B0

6.1 .69

5. 0 .95

5.4 r.r2
6.2 .75

s. Bs .96

6.1 .68

4 .7 .65

4 .9 .81

5.4 6 0.812

0.831 0.I44

15 . 37" 17 . 7'/.

XS

sD"

CV

XS

SDÞ̂

CV

Mean concentration (ng/ml) of sample

Standard devj-ation of sample mean

Co-effÍcient of variation (Sl"/Is)
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Waít. for 1.5 rninutes

10 u1 of. 307" HrO, at 1:15,000 clilution

I^lait for 1.5 minutes

100 ul of 200 ì-rg/nl sodium azíde solutíon made in 0.002 !l ammonium

acetate solutÍon of pH 4.6

1.0 m1 of 0.002 M ammonium acerate (ptt 4.6)

50 Ul of. 5% (r¿/v) bovine serum albumin

The reaction mixEure \,ras then poured into the chromatographic

column which had previously been packed r¿ith cM-23 cellulose ion-

exchange material . As soon as the reacË1on mixture r./as added to the

column, collection of 75-drop fractions rvas begun. Before collectíon

of fractions, 3 drops of Trasylol (10,000 K.I.U./m1 - Boehringer

Ingelheim, Canada) and 3 drops of 5 per cent BSA were added to the

collecting tubes. Fractíons 1-B were obtained by elution of the CM,-23

ce1lu1ose ion-exchange material packed column r¡ith 0.002 M ammonium

acetate of pH 4.6. Fractions 9*40 were obtained by elution of the

column with 0.2 luf ammonium acetate of pH 4.6. The elution profile
1of Tyr*-somatostatin iodination reaction mixture chromatographed

on CM-23 cel1u1ose is shorvn ín Fig. L7. The specific acrivity of

each fractíon from the second peak of radioactivity was determined

by a double antibody radioimmunoassay.

E. RADIOIMMUNOASSAY FOR SOMATOSTATIN

7.

B.

The diluent for all

containing 25 mM EDTA and

body RIA was carried out

The following rvere added

reagenLs rvas 0.14 M sod j-um phosphate buf fer

0.5 per cent BSA, pll 7.4. The double anci-

in glass test tubes (10x75 mm - Fisher).

to the test tubes:



Flgure 17: EluÈion Profile of Tyr_somaËostatin Iodinat ron ReactionMlxture from CM23 Cellulose Chromaro aphic Column
The

The

fÍrst

second

Peak represents free iodine.
peak represents immunoreactive somatostatin tracer.
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100 ul of 0.14 M sodíum phosphate buffer (pH 7.4)

100 ul of 1:2 Trasylol solution

100 u1 of somatostatín standards or sarnple. Somatostatin standards

r^rere of the folloruing concentrations: 0, 0.1, 0.25, 0.5, 0.15,

1.0, 2.5,5.0, 7.5, L0,25,50, 75,100, 250, and 500 ng/ml

100 pl of 1:10,000 rabbit anti*somatostarin serum (1st antibocly)

To deËermíne nonspecific binding, no standards nor rabbit anËi-

somatost.atin serum were added to the above íngredíents.

The above míxture rvas t,hen lncubated f.or 24 hours at roon tem-

perature aft.er which the following was added.

5. 100 ul of. 20,000-30,000 cpm tracer

After another incubation for 24 hours at room temperature the

follorving ingredients \üere added:

6. 100 u1 of 1:15 sheep anti-rabbit serum

7. 100 trl of 1:350 normal rabbit serum

After incubation for 24 l-rours at room temperature ttte fÍnal

additive was:

B. 1.0 ml of 0.14 M sodium pirosphate buffer (pH = 7.4)

This above reaction mixture rvas then centrifuged at 3 1200 xg

for 40 minutes. The supernatant r^ras then decanted and the pellet

counted in an automaÈic Beckman gamma courìter for one minute. Specific

bíndíng of greater Ehan 40 per cent and nonspecífic binding of less

than 5 per cent is considered to be essential for this assay. The

sensitivity of tliis assay ranges from 0.1 - 0.5 ng/ml as shov¡n in

Figure 18, and the standard curve is linear betr¿cen L - 40 ng/ml.

The antisomatostatin-specifj-c antibody was generated in rabbits by

immunizing them r,lith somatostatiû conjucated v¡ith bovine albumin.

4.



Figure lB: Standard Curve for Tyr-sonaLostatin RIA. Serial Dilutíons

of Brain Extracts Yield Curves Para1le1 to the Standard

Curve

Circles: Hypothalamic extracts

Triangles: CorËical extracts
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This antisomatostatin ant:ibody shorved no crossreactivity with TRH,

LHRH, enkephalins, o-endorphín, ß*endorphin, ß*LPH, ACTll, porcine

glucagon, vassopressin, oxytocin, secreLin, prolactin, growth hormone,

luteínizing hormone and FSH (Havlicelc ant Frj-esen, Lgl9). The intra-

assay variation ranges from 3.0 to 5.2 per cent while the interassay

variation ranges frorn 9.0 - 13.7 per cent (Table 16).

F. PREPARATION OF BRÁ,IN SAMPLES

Animals were placed in a transparent plastic box (5" * 17" x 614")

which was then placed in a micro\,üave oven (Philips model llN1124). The

animalswere sacrificed bymicrorvave irradiation at thepower of.2.2 kw for 15

seconds followed by 1.1 kw for 10 seconds. Tlie brains rvere quickly removed and

when necessary dissected on ice according to modified guidelines of Glowinskí and

Iversen (1966). The method of brain dissection employed is illustrated

in Figure 19. The weight of the whole br¿rín or dissected parts of

the bra:ln rvere determined on a llettler tl51 balance. Indívidual brain

areas were homogenized in 2 url glass hornogen.izers (I'Ísher Insrruments)

and individual whole brains were homogenized in 7 ml glass homogenizers

(Fisher Instruments). The homogenizing solution used v¡as 0.1 N acetic

acid (Table 17). The homogenate rvas then centrifuged at 3,200 xg for

30 minutes. The supernatant was collected .and the pel1eI resuspended

in original homogenizing volume of 0.1 N acetic acid, and centrifuged

again at 3,200 xg for 30 minutes. The second supernatant r^/as combined

with the first for peptide analysis. The brain extt:acts were then

frozen at -70oC and thaÌ,red one weelc later for radíoimmunoassay.
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Table. 16. Intraassay ;rnd Interassay Variation

of Radioimmunoassay for Somatostatin

Somatostatin concentration in ng/ml of samples d, e, f, g, and h

InËrassay

e

4.6

4.9

5.1
côJ.J

5.1

5.6

4.8

5.0

5.2

5.0

5. 08

0.266

5.27,

Interassay

h

9.8

9.6

r0.1
9.9

10.4

9.3

9.7

10. 6

11. 3

9.1

9. 98

0.486

4.87"

f

.84

.80

.81

.79

.85

.76

.81

.80

.Bl

.79

0.806

0.024

2.99"/.

t

13.25

TL.64

L5.36

L6.79

L7.46

L5.73

t4 "25

1B .10

L7 "45
12.B

T5.28

2.L0

L3.77

XS

sDs

CV

X5̂

SD
b̂

CV

3 .1 .84

2 .4 .69

2.6 .7L

2.45 .7 3

2.57 . 89

2.8 . B0

2.7 . 85

2.96 .7L

2.r .79

2.63 .69

2.6Il_ 0.77

0.294 0.697

LL.27" 9.05%

Mean concentratlon (ng/ml) of sample

Standard deviation

Co-efficienr of variarion (SDs/Xs)



a"

Figure 19: Rat Brain Dissection Procedure

cross-sections c, d, and e rüere cut dov¡nr^¡ards from the basal

surface of the brain, Ehereby separating cerebellum, hindbrain,

mid-secLion and frontal brain respcctively. The olfactory bulbs,

located rostrally to Section er \trere removed. CutS wele made at

a t- f and'g to separate sections from hypothalamus. Brain regions

are coded numericallY as follows:

1 - cerebellum
2 - hindbraín
3 - striatum
4 - septal nuclei
5 - amygdala
6 - hypothalamus
7 - thalamus
8 - rnidbrain

9F - frontal cortex
9P - parietal cortex
l0 - hippocampus
11 - pituitarY
12 - nucleus accumbens
13 - pyriform cortex
14 - entorhinal cortex

b. Lateral view of the rat brain indicating location of each brain

region. The frontal section of the brain is designated section

A and the midsection is designated section B'

Cross-sectional víerv of section A as vier,ued front dissection cut d'

Cross-sectional- view of section. IJ as vier'¡ed from dissection cut d'

(Glowínski and lverson, L966)

d.
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Table 17

Volume of 0.1 N Acetic Acid

per Extraction

1.0 ml

1.0

1.0

1.0

1.5

1.5

1.5

1.5

1.5

3.0

1.0

Used

1.

,

t

4.

5.

6.

t.

B.

9.

10.

Brain Region

N. accumbens

N. septalis

Thalamus

Amygdala

Cerebellum

Hindbrain

Hippocampus

s tria tum

Midbrain

Cortex

l{hole brain
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CANNULATTON

1. Preparation of Cannula

The cannulation system consisted of tLre guide cannula, styl-et

and injection cannula, all constructed of slaínless stee1. A 23 g,

1 ínch Yale disposable needle (Fig. 20a) rvas cut on the Dremel emery

wheel to obtain a 18 mrn stainless sreel tube (Fig. 20b). Nexr a 30 g,

3/4 incln dental needle (pie. 20c) was cut ro a lengrh of 22 mm (Fig. 20d)

and fitted inside the guide cannula with 4 mrn protruding frorn the top

end of the guide cannula. Then, by holding the top of the guide

cannula against the emery wheel, a notch (Fig. 20e) rvas cut into the

side of the tubing. The 4 mm of tubing protruding from the top of the

guide cannula was then bent at a 45o angle arvay from the guicle cannula

(Fig. z}f). The opposite end of the guide cannula rvas then bevellecl

sharply to the length of 15 run. The injection cannula was made from

a 30 g, 3/4 incn dental needle whÍch \,,/as cut to a length of 16 mm.

A 5 mm cuff (l'ig. 20h) of Tygon mícrotubing (.020 x .060 cm - Norron

Plastics and synthetics Division) rvas inserted over the tube and glued

in place by RTV translucent adhesive sealent (General Electric Co.).

The top end of the injecting cannula was attached to a.010 x.040

cm tygon microtubing which r^/as then connected to a 50 Ul llamilton

syringe (Sage Instruments, Mass., U.S.A.). The syringe vras placed on

a syringe pump.

2. Implantation of Cannula

l(onig and Klippej" (1967) rat brain sLereoL¿ìxic atlas was

used to locate the co-ordinates for the right lateral ventricle.

Male Sprague-Dawley raIs weighing between 180 - 2.25 grams were
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anesËhetized wÍth sodium pentabarbirol (35 ng/kg - Abbot Labor-

atories, canada) and chloral hydrate (460 
'.glkg - Merck co. Lrd.)

accordlng to doses suggesLed by Valenstein (1961). The rat heacl

rvas firmly placed into the stereotaxíc apparatus lvith ear bars. An

incision rvâs made on the skin directly above the site of implantation

and the skull r¡¡as exposed by reflecting the connective tissue. using

a dental drill, trro partial holes through the skull were made and

two optical screws (5L barrel thread) rvere fixed on the skull. Then,

after locating the sÍte of cranial penetration for the guide cannula

with its inset stylus, a hole was made through the sku1l and the

cannula lowered Èo desired posítion. Then the entire wound was

covered by dental cement to keep the cannula firmly in place.

H. ANALGESIA TESTING PROTOCOL

Rats rvere placed in a 20x21x25 cm cage wirich was equipped rvith

a grid floor to permit detection of changes in fine motor co-ordination.

After an habituation period of 30 minutes two units of Bacítracin

(upJohn co.) were dissolved in 10 u1 of ¿rrrificial csF and infused

over 150 seconds. Controls were injectecl ivith artificial CSF. Afrer

completion of intracerebroventricular (ICV) infusíon, rats were placed

on a Mod 35-D Analgesia meter (rrrc rnc. , New Jersey) set at 55oc t

0.1oc for periods of 30 seconds/tríar. A group of 23 rats rnias placed

on the Analgesia meter 10 times during 30 nrinutes post-infusion periocl.

In this type of analgesia testing procedures rats typically exhibitecj

two distinct behavioural responses; withdrawal of the hindpa\d accom-

panied by vigorous lickii:rg, and jurnping which ultÍmately leads to

escape from the noxious stimuli. i{ence analgesia rüas measurecl by
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recording the time elapsed before the onset of hindpaw liclcing

andf or jumpíng and the number of hindpar,r licks and jumps. ActÍvity,

in terms of diagonal movement otì the surface of the Analgesia meter

was also recorded during the exposure period. various doses (1 mg/kg,

5 mg/kg and 10 mg/kg) of opiare anragonist Naloxone (Encto Labs rnc.,

New York) t+ere injected to detemrine rvhether the observed analgesic

response was mediated by oplates. Naloxone rdas injected intraperitone-

ally one minLlte after completion of bacitracin infusion.

I. STRBSS INDUCING PROTOCOL

Thirty-four rats were infused rvith trvo units of bacitracin

ICV and subjected to prolonged, íntermittent exposure to the ho¡ plate.

Thirty-four control rats were ínfused with artificial CSF. Animals

\^rere exposed for periods of 30 seconds/trial for various intervals

during a 30 minute post-infusíon period. Rats rùcre sacrifÍcecl at

0, 9.5, 15,22, and 30 minutes after completion of infusÍon.

J. ELECTROENCEPHALOGRAPIIIC STUDY

Six male Sprague-Darvley rats weighing 180 - 225 grams $iere

anesthetized rvith sodium pentobarbital (35 mg/ke) and chloral hydrate

(160 ng/kg) according ro doses suggesrecl by Valensrein (f961).

stainless steel electrodes vrere implanted in tire epidural space

over the sensorimotor cortex and fixed in place ivith dental acrylic.

Electroencephalographic (EEG) recordings urere taken for at least 60

minutes before infusíon of bacítracj-n or conIro1 ancl subsequently for

120 nrinutes thereafter. Rats were placed in an electrically shielcled

chamber 20x2lx25 cm which was ecluipped r^iith a grid floor. Bipolar
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recordÍngs \,rere obtained using a Grass Model 7B polygraph rvith

7P511 EEG amplifiers (time consultant 250 msec) and recorded on a

Het¡lett Packard 3960 InstrLrmental IrM tape recorder. The record rvas

divided lnto 11 second Íntervals. Ro[hman's versíon of rhe Fast

Fouríer Transform (FFT) alogriEhm (Rothman, 1968) was used to perform

FFT off-line on a PDPB/E computer. Samples of 10" 24 sec durarion

for each channel of EBG signal were digitized at a frequency of

100 Hz and a 256 point spectrum r^/as generated between 0.10 and 25 Hz

with resolution of 0.098 llz per point. All frequency data generated

was reduced to nine integrated values, eight of which represent one

frequency band each, and the ninth lepresents the total sum

(Table lB).

K. STATISTICAL ANALYSIS

Statistical calculations rÁ/ere clone using:

a) unpaired two sample student I s t test

b) tvro rüay analysÍs of variance ancl Duncan's nultiple range test

for multiple comparisons



Delta 1

Delta 2

Theta I

Theta 2

Alpha I

Alpha

Beta 1

Bet¿r 2

SUM
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Table 18

(Dl.)

(D2 )

(11 )

(rz¡

(A1)

(A2 )

(81 )

(82 )

0.10 - 1.48

1.56 - 3.51

3.61 - 5.51

5.66 - 7.52

7 .62 - 9.47

9.57 - L2.50

12.60 -L7.48

17.58 - 25.0

L.56 - 25.0

Hz
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RESULTS

ß*Endorphin content of whole brain in bacítracin injected rats

I{as generally hígher than controls at 0, 6.5, 9.5, 15 and,22 minutes

¿rf ter completÍon of bacitracin infusion (Fig. 21rr-c.,). llorvever, only

at 15 minutes post-infusion rvas the brain g-enclorphin content sÍgnif-

icantly higher (by 27%) in bacitracin injecred rats (p<.05; stuclenrrs

È test). At 30 minutes post-infusion brain ß-endorphin level in bacitra-

cÍn injected rats returned to control values (Fig. 21d). In bacitracin

injected rats sacrificed aE 6.5 minutes post-ínfusion, ß-endorphin

content was similar to control rats j,n striatum and cortex, lower in

cerebellum and hippocampus and there \ùas a tendency for levels to be

higher in thalamus, hindbrain, sepcal nuclei, midbrain and. hypothalamus

(Fig. 22a-d). However, only ín the Amygdala rvas the ß-endorphin content

higher j-n bacitracln injecred groups (p < .05; stuclent's t test). rn

bacítracin injected rats sacrificecl 15 minutes after completíon of

infusion, there v/as a tendency for ß-endorphin levels to be higher in

most brain areas (except cerebellum, where there h/as a slight clecrease)

(Fíg. 23a-cl). Holever, only in the striatum and Amygdala were ß-endorphin

levels significantly higher. Tn the striatum tirere r,/as a four fold

Íncrease,(p <.05; studentts t tesr) (rig. 23a) ancl a three fold increase

in tlre Anrygdala (p < .01; Studentrs t tesr) (ltig " 23t".).

I^Iheir baci-tracin inj ected rats were testecl .for analgesia, the

followír-rg pattlern of pain thresholcl responsc w¿rs obt¿rinccl (l ig. Z4),

BacÍtracin inj ected rats exhibited a strorlg analgesic response lvhich

was absent in controls. This analgesic respotìse reached a pla[eau 15



Figure 21 : B*Endorphin ConEent of l^lho1e Brains of Rats Sacríficed

at Various Time Intervals After Completion of BaciLracÍn

Infusion

Open Bar: Control (n = 15)

Solid Bar: Bacítracin (n = 15)

rt Difference betr¿een control and bacitracin treated significant at

p < .05 (Studentrs t test)
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Figure 222 g-Endorphln Content of Brain Regions of Rats Sacrificed

6.5 Minutes After Infusion of Bacitracin

Open Bar: Control (n = 8)

Solid Bar: Bacitracin (n = 8)

Means and S.E.M. are shown

:k:l liffg¡ence between control and bacitracin sígnificant at p < .05

(Studentrs t tesÈ)
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Figure 23; ß-Endorphin Contenr of Brain Regions of Rats Sacrificed

15 MÍnutes After Infusion of Bacitracin

Open Bar: Control (n = B)

Solid Bar: Bactracin (n = B)

Means and S.E.M. are showrÌ

¡t Difference betrveen control and bacitracin significant at p < .05

(Studentrs t test)

:t* Dlfference bet\,teen control and bacitracin treated significant

at p < .01 (Studenrrs t test)
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Figure 24: Ef f ect of Bacitracin on Pain Thresholcl of IìaEs lÌxposed

to HoE-Plate

Open Circle: Control (n = 15)

Solid Circle: Bacitracin (¡ = 23)
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mlnutes after compleËion of infusÍon of baci[racin. Hence at 15 minutes

post-infusíon bacitracin injected rats exhibited total analgesia. There

rùas no difference in the actÍvity of bacitracin injected and control

rats during monitoring of the analgesic response (Fig. 25). rnjection

of naloxone (1 mg/kg) signíficantly abolished bacitracin-inducecl

analgesia (Fig. 26). A higher dose of naloxone (10 mg/kg) was less

effective in anÈagonizing this analgesia (Fig. 27). An intermediaEe

dose of naloxone (5 mg/kg) was sti11 not as effective in antagonizing

the analgesic response as 1 mg/kg of naloxone (Fig. 2B). There r^/as no

difference in the activity of bacitracin, naloxone (1 mg/kg), bacitracin

* naloxone (1 mg/kg) injected rats during the monitoring of the analgesic

response. However, bacitracin * naloxone (10 mg/kg) injected rats

exhibited significantly more actlvity than control, bacitracin, naloxone

(1 mg/kg), bacitracin * naloxone (1 mg/kg) and bacitracin * naloxone

(5 mg/kg) injected rats (Fig. 29). Although rhis l-rigtrer degree of

actívity in bacitracín * naloxone (10 mg/kg) Ínjected rats decreased

to a lorver level by 30 minutes post-infusion, it was still significantly

hígher than other groups,

In rats sacrificed at 9.5 minutes post-Ínfusion and 4 intervals

of exposure to stressful stimuli there rrras an indicat.ion that stress

leads to a dec.rease in fl-endorphin content. However, the decrease

following stress at this tíme interval r,vas not significant (Fig. 30).

Rats sacrificed 15 minutes after infusion and 6 intervals of exposure

to acutely stressful stímu1i had significantly lower brain g-endorphÍn

content following acute stress (p<.01; Srudenrts r test) (Fig. 31a).

similarly bacitracin injected stressed rats had lorver g-endorphln



Figure 25; Activity of Rats Exposed to Hot-Plate During 30 Minutes

PosË-Infusion Períod

Open Circle: Control (n = 15)

Solid Circle: Bacítracin (n = 15)

Means and S.E.M. are sho\^rn.
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Figure 26;

Sol-id Circle: Bacitracin (n

Solid Triangles: Bacitracin *

Effect of

Anal- eesia

Naloxone

Duríns 30

(f mg/kg) on Bacitracín Induced

llinute Post*Infusion Period

= 1<\

Naloxone (1 me/kg) (n = 15)
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Figure 27: Comparison of EffecÈs of Naloxone (10 mg/kg) and Naloxone

(1 mgikg) on Bacitracin*induced Analgesia Duríng 30

Minutes Post-Infusion Per:iod

Solid Circle; Bacitracin (¡ = 15)

Sotid Triangle: Bacitracin f Naloxone (1 mg/ke) (n = 15)

Solid Diamond: Bac j-tracin * Naloxone (10 mg/t(g) (¡ = 15)
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Flgure 28: Comparison of Effects of Naloxone (5 mg/kg) and Naloxone

(1"0 nrg/kg) on BacÍl-racln-Induced Analgesia Durlng 30

Minutes Post-Infuslon Perlod

Solid Circle: Bacitracin (n = 23)

Solid Dlamond: ßlcltracfn * Naloxone (10 nrg/kg) (n = 15)

Open Dtamond: Baclrracin * Naloxone (5 mg/kg) (n = B)



Ø J Þ z. C
5 æ a æ
.

ffi ffi
* w l"t
}

IY á^ "{ Lr
.-

!r ü r-
o

C
)\

10
c

þ* q\ ..3
0 
\

T
"'"

."
.;9

n
I 

qp
'r

q \ s s $ s I $ $ \ 6 r \^
¿

O

5t

o 
-*

**
o

.d
-

d

ê {
¿ f

þ o 
þ 

""
""

'""
""

" 
ê

o

a

t

ê

/
f

A (g

\ \ \ \ \ \ \

*o
**

**
o

tl3
. \

\
\

M
¡[

ru
U

T
Ë

S
 P

O
S

î-
gh

JF
U

S
 g 

O
hJ

x2

o*
**

*

w
Æ

x5
 

18
 

21

@

I '.c r-
l

I



Figure 29: Actlvity of Rats During 30 }linutes Post-InfusÍon Analgesiir

Monltorlng Perlod

Solfd Cfrcle: Bacitracln

Open Trfangle: Naloxone (1 mg/kg)

Solfd Trlangle¡ Bacltracln * Naloxone (f me/kg)

Solid Triangle: tsacltracin * Naloxone (10 mg/kg)

Means and S.E.l'Í . are shown.

(n = 15 for each group)

* Difference between bacitracln * naloxone ancl conLrol group:;

(bacitracln and naloxone (f mg/kg) signlficanc at p < .05 (Duncans

I'fultlple Range TesË)

** Dlfference between bacltracin * naloxone group and control groups

(baciEracfn and naloxone (1 mgikg)) significant at p < .01 (Duncans

Multiple Range Test)
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Itigure 30: ß-ltndorptrin Contenr of Whole Ilrains o.[ I(atr; S¡cr-if.iccd ¿rt

9.5 Minutes PosE-Infusion After 4 Intervals of üxposure

to lloE -Plat e

Open Batr: Control

Ttrin Cross-Hatclred llar: S tressed

Solid Bar: Bac i trac in

'I'hick Cross*H¿rEchcd Bar: Bacitracln-sLressed

Ilc:lrns ancl S.[.I{. ¿¿r:c sttowrt

(n = 4 for each group)
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Figure 31 : ß*Endorpirin Content of i^lhole Brains of Rats Sacrif iced

al l-5 Minutes Post-Infusion Afrer Six Intervals of

Exposure to Hot-Plate

Open Bar: Cont.rol

Thin Cross*Hatched Bar: Stressed

Solid Bar: Bacitracin

Thlck Cross-Hatched Ba::: Bacitraci-n-stressecl

Means and S .8.1"1. are shown.

(n = 12 for each group)

,'< Difference between bacitracín and bacitracin-stressed significant

at p < .05 (Studentrs E test)

It¡' Difference between stressed and b¿lcitracin-stressed signíficant

at p <,02 (Studentrs t test)

:t** fiff¿rence between control and stressed significant at p < .01

(Studentrs t test)
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levels (by 22%) than bacitracin injected nonstressed rats (p< .05;

Studentrs t test) (Fig. 31b). Thus bacitracin pretreatment consider-

ably reduced the decrease (by 267.) in ß-endorphin levels observed in the

stressed rats (p <.02i Student's t telsc) (Fig. 3lc). In rats sacrificed

22 minutes after infusion and 9 intervals of exposure Lo stress,

B-endorphin levels, in the brain, rùere lorver but not slgnificantly ín

stressed rats (Fig. 32a-t¿). Bacitracin pretreatment again reduced the

decrease in ß-endorphin levels caused by stress, however, it rtas noL

significant (Ffg. 32c). By 30 mínutes post-infusion and 11 interval-s

of exposure to stressed sËÍmuli, brain B-endorphin leve1s returned to

control values (Fig. 33a-c).

In rats sacrificed 15 minut.es after completion of bacitracin

infusion there \¡/as a signíf icant increase in somatoslatin content in

the septal nuclei (p<.02; Studentrs t test) (Fig. 34b) and hypothalamus

(p < .05; Studentrs t test) (Fig. 34c). Other brain areas demonstrated

no significant changes (Fig. 34a-c). Overall in the ruhole braln there

v¡ere no significant changes in somatostatin content of bacitracin injected

rals (nig. 35a). Stress caused a decrease in brain somatostatin content

in the control group of rats (p<.001; Student's t test) (Fíg. 35b).

Horvever, in bacitracin injected rats stress did not significantly lower

brain som¿rtostatin 1evels (Fig. 35c). Thus bacitracin pretreatment sígnif-

icantly reduced the decrease in brain somatostatin content caused by

stress (p<.05; Studentrs t test) (Fig. 35d). The stress induced decrease

in brain somatostatin conLent was evÍdent even at 22 minutes post-infusion

(p<.02; Studentrs t test) (Fig. 36). Again aL 22 minutes pos[-infusion

bacitracin prevented stress induced decrease of brain somatostatin

content (Fig. 37). By 30 minutes post-infusion and 11 intervals of

exposure Eo stressful stimuli brain somatostatin levels returned to



FÍgure 32: ß-Bndorphin Content of l^lhole Brains of Rats Sacrificed

at. 22 llinutes Post-Infusion After 9 Intervals of Iixposure

to i{ot-PlaÈe

Open Bar: Control

Thin Cross-Hatched Bar: Stressed

Solid Bar: Bacitrac in

Thick Cross-Hatched Bar: Bacitracin-stressed

Means and S.E.M. are shown.

(n = B for each group)
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Figure 33: ß-Endorphin Content of lihole Brains of Rats Sacrificed

at 30 MinuÈes Post-Infusíon After 11 Intervals of Exposure

to Hot-Plate

0pen Bar: Control

Thin Cross-Hatched Bar: Stressed

Solid Bar; Bacitracin

Thick Cross-Hatched Bar: Bacitracin-Stressed

Means and S.E.M. are shown.

(n = l0 for each group)
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Figure 34: Somatostatin Content of Brain lìegions of Rats Sacrificed

15 Minutes After InfusÍon of Bacitracin

Open Bar: Control (n = B)

Solid Bar: Bacítracin (n = B)

Means and S.E.M. are shown.

* Difference between control and bacítracin treated significant at

p < .05 (Studentrs t test)

tc* Difference between control and bacitracin treated significant at

p < .01 (Stu<lentrs t test)
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Ffgure 35: SomaEost¿rcfn ContenL of Whole Brains of RaEs Sacrificed

at 15 Ùlinutes PosE-Infuslon After 6 Intervals of [xposure

to Hot-Plate

0pen Bar: Control

Thln Cross-Hatchecl Bar: SEressed

Solid Bar: Baci Erac in

Thlck Cross-Hacched Bar: Bacitracin-stressed

Means and S.11 ,I'1. are strown.

(n = 8 for each group)

* Difference beEwecn conErol-stressed and b;¡cicracín-strcssed

signfficanE aE p < .05 (Srudenrrs L Èesc)

** Difference between control and conrrol-sE,ressed significanE aE

p < .001 (Studenu¡s t Eest)
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Figure 36; Sornatostatln I.evels fn RaEs Sacrificed at 22 I'linutes Post-

Infuslon After 9 Intervals of Exposurc co .ltot-Plate

Open Bar: Control (n = B)

Thin Cross-Hatched Bar: Stressed (n = B)

Means and S.E.l'1 . are shot¡n.

** Difference betrveen control and stressed significant at p < .Oz

(Studerrtrs t tcst)
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Figure 37: Somatostatin

Po st-Infus ion

of Rats Sacrificed at 22 MÍnutes

sure to Hot-Plate

Levels

Aft er

Solid Bar:

Thíck Cross-Hatched

l"leans and S . E.M. are

9 Intervals of Ex

Baci-tracín

Bar: Bacitracin-stressed

shown.

(n

(n

B)

B)
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control values exccpt for bacitracin-injected stressed raIs whích no¡

had significantly higher levels (p <.05; srudenr's r resr) (Fig. 38).

In another experiment, the pre*bacitracin injection EEG recorcl

\Âras compared wíth the EEG record during 5, 6 rninute epochs after

completíon of bacitracín infusion (during 30 minute post-infusion

period). During the wakeful state bacitracin injected animals dis-

played a depressed desynchronized EEG until lB minutes post-infusíon

(Fig. 39). There l¡ras a significant depression of the EEG por^/er specrra

following bacitracin infusion during this rime (Fig. 40a-c). This

depression of the po\,rer spectra occurred mainly in tl're alpha r and, z,

and beta l and 2 frequency bands" Th:is decrease in the por^/er spectra

of fast frequencies averaged about lr8 per cent. There rvas, however, an

increase, in por.ier spectra of the slower frequencies (i.e., cielta and

theta). These changes in Ëhe EEG power spectra returned to control

values at 30 minutes posr-infusion (Fig. 40d-e). Naroxone (l mg/kg)

abolished the occurrence of depressed desynchronized EEG recorcl in

wakeful, bacitracin-injected rats (Fig. 4I), i.e., there was no depression

of the fast frequencies in the porùer spectra (Ffg. 42).



Figure 38: Somatostat

30 Mínutes

in Content of Whole BraÍns of Rats Sacr:i-ficed

After Infusion of Bacitracin

Open Bar: Control

Solid Bar: Bacitracin

Thin Cross-Hatched Bar: Stressed

Tirick Cross-Hatched Bar: Bacitr¿rcin-stressed

Means and S. E .M. are shown.

(n = 10)

(¡ = 10)

(n = l0)

(n = 10)

:l Dífference betrveen bacitracin-stressed and control, stressed and

baciEracin signíficant at p < .05 (Student's t test)
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Figure 39: EEG Record Pre*and Post-bacÍtracin Infusíon.

EEG record speed is 6 rnm/sec.

l. Prebacitracin wakeful record

2. Post-bacitracin wakeful record is 15 minutes 1>ost-infusíon

(CalibratÍon is ar lower right corner)



-104-

___ __ I SüuV



Figure 40: Power Spectrum of EEG of the Sensorimotor Cortex After

Infusion rvíth Bacitracin

Solid Line: Pre-bacitracÍn wakeful record

Interrupted Line: PosÈ*bacitracin wakeful record

VerEÍcal bars represent sum of the frequency spectrunt

Open Bar: Pre-bacitracin wakeful record

Solid Bar: Post-bacitracin wakeful record

Means and S.E.M. are shown. (n = 6)

A. 0-6 mínutes post-infusion of bacitracin

6-12 minutes post-infusion of bacitracin

12-18 minutes post-infusion of bacitracin

IB-24 minutes post-Ínfusion of bacitracín

24-30 minutes post-infusion of bacitracin

:l:k fiffsaence betrveen pre-bacitracin and post-bacitracin significant

at p < .01 (Duncanrs Multiple Range Test)
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Fígure 4l: EEG Record Pre*bacitracin and Post-bacitracin * naloxone

(1 me/lce) Infusion.

EEG record speed Ís 6 nnn/sec

1. Pre-bacitracÍn walceful record

2. Post-bactracin * naloxone (1 mg/kg) wakeful record at 15 minutes

post infusion

(Calibration is at lor^rer right corner)
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Figure 42: Power Spectrum of EEG of the Sensorintotor Cortex After

Infusion rvith Bacitracin and Inj ection of Naloxone (1 me/kg)

Solid Line Pre-l¡acitracin wakeful recorcl

Interrupted Line: Post-bacitracin * naloxone walceful record

Vertical bars represent sum of the frequency spectra.

Open Bar: Pre-bacitracin rvakeful record

Interrupted Solid Bar: Post.-bacítracin * naloxone wakeful record

Means and S.E.M. are shor¡n. (n = 5)

A. 0-6 minutes post-infusion of bacitracin * naloxone

B. 6-12 minutes post*ínfusion of bacitracin * naloxone

C. 72-LB minutes post-infusion of bacitracin t na1oxone

D. LB-24 minutes post-infusion of bacitracin t naloxone

E. 24-30 minutes posl-infusÍon of bacitracin * naloxone

t'. Difference betr¡een pre-bacitracin and post-bacitracin * naloxone

significant at p < .05 (Duncan's Multiple Range Test)

:t* |iffsrence between pre-bacitracin and post-bacllracin 4 naloxone

significant at p < .01 (Duncants llultiple Range Test)
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DISCUSS ION

^
BACITRACIN AND BRAIN ß-ENDORPHIN LEVIILS

IÈ has been previously reportecl that bacitracin potentiates the

effecË of enkephalins (Miller, êt. al., r977) and decreases bio-

degradation of ß-endorphín (Patthy, et. al. , I97j), in vitro" Our

hypothesis r^las that if bacitracin could decrease peptide biodegradation,

in vivo, it should lead to an increase in braín ß-endorphín content.

Brain B-endorphÍn content r,^/as 27 per cent higher in bacitracin injected

rats than control rats at 15 minutes post-infusíon. The increased

brain ß-endorphin level is most likely due to decrease in metabolic

breakdor'rn of basally secreted ß-endorphin. The gradual decrease in

ß-'endorphin leve1 in bacítracin injected rats to control values at

30 minutes post-lnfusion was understandal¡1e since bacj-tracin itself

is suscepÈible to degradation by brain enzymes.

since the action of bacitracin ís not specific for B-endorphin,

brain levels of another peptide, namely somatostatin, were also

examined. However, lve found no sígnificant changes in brain somatostatin

leveIs following infusíon of bacitracin. trt might be that the basal

rate of secretion of somatostatin is lov¡er than that of ß-enclorphin,

hence there ís an ínsignificant accumulation of somatostatín to be

detected. The sígnificant j-ncreases in ß-endorphin 1evels in the

striatun and Amygdala follolving baciEracin infusion mighr reflect an

increased rate of ß-endorphin turnover in these regions. rt is inter*

esLing to note that rùe cletected this in ti+o reg¡ions of the brain r,vhich

are ineffective siLes for the productíon of analgesi-a, rvhich is the
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most potent funcÈion attributed to ß*endorphin. The íncreasecl turn-

over of ß-endorphin in striatum and Anrygderla might reflect Ehe importance

of endorph:ins in normal everyday regulatory functiorrs of limbic

systems sucir as control of mood and behavíour. Various observations

(Lal, L975: Neal, et. al., LglB) suggesr rhat opiatås, in general,

affect the activíty of the nígrostriatal dopaminergic systems. For

instance, high doses of ß-endorphin cause hypolcinesÍa, catatonia and

muscular rÍgidity, effects which are easily inhibited by dopamine

agonist" The víeiv that action of opiates Ínvolve the dopaminergic

systems in the striatum Ìras been substantiated by evidence that the

striatum is rích in opiate receptors. rhe Amygdala has tl-re greatest

amount of opÍ-ate receptors with the anterior Amygdala having tluice as

many as the posterior Amygd¿rla. V¿rrious ottrer observations have also

suggested a close interaction betvreen ß-endorphin and Amygdala. For

instance, lesions on the pyriform cortex overlying the Arnygdala (Green,

et. aL., 7957 ) and peripheral iujection of enkepl'ra1in or ß-endorphin

(Veith, et. al., 1978) both markedly increase sexual act:lvity. Limbic

structures have long been knou¡n to be involve<l j-n learning behaviour.

Now recent evidence has shov¡n that ß-endorphín also plays a role in the

learning process (Riley, et. at", 1980). Intravenous iniection of

ß-endorphin causes an j-ncrease in movements such as cherving and liclcing

(Catlin, et. al., I97B). Simílar1y increases ín chewing and licking

movements have also been seen fo1lowíng stirnulation of limbic structures

(Ganong, L969). And, of course, Èhe epil.eptogenic effect of S-enciorphin

on limbic structures has been v¡ell documented.
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B. BACITRACIN INDUCED CHANGES IN EEG

The depression of the EEG actívity during the lvakeful state, Ín

bacitracin injected animals further supports our vierv that bacÍtracin

cloes indeed lead to accumulation of endogenous opiates in the brain.

This observation of depression of EEG 15 minutes f01lowing infusion of

bacítracin and the subsequent recovery at 30 minutes post-infusion is

strikingly similar to the depression seen by Nea1e, €t. al., (1978)

follorving local intracerebral injection of met-enkephalin in the basal

ganglia. rt could be that bacitracin leads to an accumulation of

endogenous endorphins in this region whÍch thereby leads to depression

of EEG actívity, as rvas the case in the study done by Neale, êt. â1.,

(1978). Whether the depresslon in EEG acti-vity observed in bacirracin

injected rats is due Èo accumulation of met-enlcephalin, ß-endorphin or

both yet remains uncleat. It is well knorvn that the amount of opiate

required t.o cause electrophysíologica1 changes is much less than that

required to cause behavioural effeccs. Thrrs despj.te the fact that thc

profound analgesia exhíbited by bacitracin injectecl rats is most likely

due to accumulation of ß-endorphin, the EEG changes could be due to

the accumulation of met-enkephalin andfor B-endorphin.

Analysis of the EEG power spectrum revealed that the faster

requencies v/ere depressed in bacÍtracin injected rats. The appearance

of fast frequency alpha v/aves ís dependent on the degree of acti-vity

in eiÈher the brain stem or the thalamic portions of the reticular

activating systeflì. Transection of Èhe fil¡er tracË from the thalamus

to the cortex causes the development of delta Lraves in the cortex.

Thus the delta ü/aves are a result of some independent mechanisms in

the cortex (Guyton, 7976). The depression of the fasrer frequencies
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and the increase in porver spectra of the slower frequencies might be

a reflection of the 1ow activíEy in the reticular activatíng system.

That Ís, the signals from the reticular activating system, which normally

pass through various llnbic structures, on the way to the cortex might

have been depressed in bacitracin injected rats. nàrcotic analgesics,

such as Pethidine, are knor,¡n to depress cerebral activating and waking

mechanísms rvhich are usually medíated by reticular and hippocampal

system (Monnier, êt. aL., L967).

The mechanism by which endogenous opioid might modify spontaneous

EEG becomes apparent \^/hen one correlates (1) the close association of

distribution of opiate receptors and their endogenous ligands in the

limbic st.ructures and (2) the fact that transmission of signals from

the reticular activatir-rg system ís usually through various limbic

strucEures.

C. STRESS AND ß_ENDOTìPHIN

Acute stress clearly leads to a signifi-cant decrease in brain

ß-endorphin content. This is ín agreement with Millanrs work (1981)

who found a similar decrease in ß-endorphin content ín hypothalamus

and períventricular tissue following acute sLress. Llorvever, despite

this release of ß-endorphin in both conLrol and bacitracin injected

stressed rats, relief of pain from the noxious stimuli in the form

of analgesia rvas observed only in the bacitracin ínjected rats. One

possibl-e explanation for this observation is shor^¡n in Iìig " l¡3.

Analgesia is thought to result from bindíng of endogenous opiate

ligands with opiate receptors. Uncier normal physiological condítions

the basal rate of secretion and degradation of opiates is kept at such
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a balance Lhat there isnrt sufficient accumulation of endogenous

opiate peptides to cause analgesia. Holever, this balance betr¿een

p-endorphin syntl-resis and degradation is altered by bacitracin. Thus

in unstressed animals g-endorphin levels are noted to be higher in

bacitracín injecËed rats than control rats at 15 minutes post-infusion

(Fig. 43arb). However, rvi-th repeated exposures to stress, which

causes release of B-endorphin, one rqould expect a larger accumulation

of B-endorphín in bacitracin injected rats than control rats due to

the actj-on of bacitracin in decreasing biodegradation. This is con-

sistent wíth our: results since we find that bacitracin pretreatment

reduced the stress incluced decrease in brain ß-enclorphin leve1s by

26 pet cent. Since iÈ seems reasonable to expect that in both control

and bacítracin injected rats stress caused a similar release of

ß-endorphin, the higher levels of ß-endorphin in bacltracin injected

rats must be of biodegradation (Fig. 43C,D). Thus as a critical

minimum number of opÍate receptors are bound, the onset of analgesia

is observed. As more and more ß-enclorphin accumulates the analgesic

response becomes stronger and stronger until it reaches a plateau

at 15 minutes post-infusion and then begins to subside probably because

bacitracin itself is being degraded. I'iith subsequent stress exposures

there is a paradoxical increase in brain ß-endorphin 1evels of stressecl

rats to equal those Ín unstressed rats (í.e., at 30 minutes post-

infusion and 12 intervals of sËress). Thus it might be that previous

stress exPosures lead to a differential effect on ß-enclorphin levels.

Such a dífferential effect on behaviour and opioicl levels fo11or+ing

stress has also been noted by Madden, et. a1., (L977).



Figure 43: One Hypothetical Model of Bacitracin Action

Letrs suppose ít takes binding of. at least seven molecules of

$-endorphin to opiate receptors to cause analgesia.
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The results follotving acute stress, from this study, provides

clear evidence that (a) acute stress leads to release of g-endorphin

Ín the brain and (b) ttre released ß-endorphin may play a role in

modulation of pain during acute stress.

Tl-re fragmentary or contradictory eviclence orr the role of

endogenous opiates in mediating relief from stress that has been

reported by varíous studíes (see introduction) in our opinion is

due to the fact that differenl studies have used different stress

paradigms. Lewis, êt. a1., (f980) have demonstrated qualitative

and quantitatÍve dÍfferences in stress paradigms used in stress

studies. They clainr that there are two independent substrates which

mediate stress analgesia and only one of these is acted upon by

opioids. The substrate which ís recruited during stress depends on

the temporal properties of the sEressful stÍmu1i: itrs duration and

ilrs pattern (i.e., continuous vs intermittent) " Tl-rey shorved that

inescapable foot-shock caused profound naloxone reversible analgesia

only rvhen the siroclc was deliverecl intermittenÈ1y for: 30 minutes r¿rLher

than continuously for fhree minutes. Another source of contradiction

in results from clifferent sÈudies is due to the fact thaL pain

responsivíty follows a diurnal rhythm. I,Jeshce, êt. a1. , (L979) have

shown that in the morning the levels of braín met-enkephalin in mice

exposed Ëo hot-plate stress increased significantly compared to unstressed

animals. Horuever, in the afternoon hot-plate stress lead to a decLease

ín brain met-enlcephalín conLent.
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D. ß-ENDORPHIN AND ANLGESIA

The occurrence of profound analgesia at tl-ie same time (15

minutes post-infusion of bacitracin) as the endogenous build up of

ß-endorphin conEent in the brain provides striking,eviclence for the

involvement of S-endorphin in analgesia. The slow onset of analgesía,

rvhich reaches a plateau at 15 minutes after bacitracin infusion, is

understandable since even dfrect infusion of ß-endorphin and the

subsequent plateau in the analgesic response occurs at least 15

minutes afLer infusion (Graf, êt. aL., L976b). Even though our

study did not measure levels of met-enkephalin during the analgesic

phase, it is unlikely that met-enkephalin played a significant role

in bacítracin induced analgesia. This is because Graf, et" al.,

(f976b) have shorvn that the analgesic potency of the opiare peprides

is a function of the lengtir of the peptide due to the trigher stabiliry

of the larger peptides to clegradation. That is, rvhereas net-enkephalin,

Ín vj-vo in rat, is relatively ineFficient in producing analgesia,

ß-endorphín and ô-endorphin produce profound analgesía. Since our

antiserum does not cross-react wiÊh the two enkephalins, or alpha-

and gamma-endorphin, we feel that the analgesia observed in rats,

after bacitracj-n infusion, is most líkely due to a genuine increase

in levels of braín B-endorphÍn, and to a nuch lesser degree by

enkephalins.

Since both ß-enclorphin and naloxone have been reported to

have higher affinity for "p" opiate receptors (Lord, €t. aL., J-977),

the arrtagonism of bacitracin induced analgesia by naloxone (1 mg/kg)

further supports our view lhat bacitracin induced analgesia is due
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to elevated 1evels of ß-endorphin.

the use of naloxone was that closes

(i. e. , 5 rng/tcg and 10 ng/lcg) seenì

the observed analgesia. Tliis l.ack

An interesting observation rvith

of naloxone greater than 1 mg/kg

to be less effecLive in anLagonizing

of effectivenss of naloxone at

It has J:eenhigher doses hasbeen observed in many other stuclles.

suggested that naloxone at loi^¡ cioses acts as an opiate antagonist,

while at hÍgher doses naloxone acts as an agonist. There are various

observations ro substantiate this claím (Franks, rg75; Lasagna, L965;

Levine, et. aL., 1979; McMillan, eË. al., Lgl}) irowever the pharm-

acological basis for these observat.ions is not yet well uncierstoocl .

trrle have noticed a significant increase ín the activity of rats i^Jith

higher doses of naloxone (í.e., ar 5 mg/lcg and l0 mg/kg). This

increased movement resulted in ensuring that neither the foreparvs or

the hindpaws touched the surface of the l-rot plate for an extend.ed

length of time. Thus, i,f one v/as not measuríng the activÍty in

such rats but only Ehe latency to the hindp¿rw liclc or jump or the

nunber of jumps' one t,¡ou1d quite understandably recorcl longer latencj-es

for such responses and fewer jumps, as trvas the case ín our str,rcly,

since the animals are receiving some relief from the noxious stimuli

merely l¡ecause Èhey are moving more on the surface of the hot plate.

Horvever, when the activity of these rats ís examined together rvith

their responses to noxíous stimulí, it becomes eviclent that our

observation that naloxone at higl-ier doses j-s l.ess effective in

arLLagotizing bacitrac j-n induced analgesia is so1_ely not correct.

I^le feel that the fragmentary or often contïadlctory eviclence that

exists for the role of naloxone, as an an.tagonist at low closes ancl
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as an agonlst at l-righer doses, is probably due to the fact thal

different studies are using different parameters to measure analgesia,

wlthout giving much consideration to the thought that naloxone itself

has a physiological effect which then might modify the need for

that particular behavioural response rvhich is being monitored.

E. SOMATOSTATIN AND STRESS

This study also revealed that- somatostatín is released during

stress. Since grorvtir hormone secretíon is known to be inhibired

during stress, and the fact th.at somatostatin has been shoivn to

ínhibit release of growth hormone, it seems reasonable to suggest

that somatostatin is at least parc.ly responsible for stress induced

growth hormone suppression. These results are in agreement with

the results of Terry, êt. al., (1980) who have demonstrated similar

decreases in somatostatin levels in various hypothalamic regions

following acute stress. An interesting observation in fhis study

was that continued exposure to stTess paradoxically caused an

increase in brain somatostatin levels of stressed animals to equal

those in unstressed animals (i.e., at 30 mínutes post-ínfusíon and

12 intervals of stress) . The reasons for this differential effect

on brain somatostatin levels remains unlcnown. It night be that the

somatostatin induced growth hormone suppression mcchanj-sm inighr

be operable for onJ-y the initial dur:ation of Che stress and sub-

sequenËly some other grolth hormone suppression mechanísm takes

over, or that an íncrease in somatostati-n s;rrthesis occurs to

correct the deficit created by acute stress.
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DIFFERENCES IN CONTROL VALUES OF ß*ENDORPHIN AND SOMATOSTATIN IN

BRAIN / BRAIN AREAS OF CONTROL R-ATS FRO}I DIFFERENT EXPERIMENTS

rt is quite possible rhat differences in age, body r,reighr (lB0-

250 gm), time of day at ruhich rats Lrere sacrificed.(B-12 p.m.), as

well as j-ntra- and interassay varíation could have contributed to

the variability in both g-endorphin and somatostatin measurements

obtaíned in different experiments (Table 19). In addition variatio¡

in these peptides could also be due to non-specific stress effects

of handling prior to sacrifice. Since this non-specific stress effect

is rat-sPecific, slight variations in the leve1 of stress experienced

could greatly affect brain concentrations.
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