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NEUROPHARMACOLOGICAL STUDIES OF THE INTERACTION OF SOME PUTATIVE PEPTIDE 

TRANSMITTERS WITH THE NIGROSTRIATAL AND MESOLIMBIC DOPAMINE SYSTEMS, 

by Robert Denham Pinnock 

The experiments described in this thesifare an investigation of the inter-

actions of some peptides with dopamine in areas of the rat brain known to 

be components of the ascending dopamine pathways. Most attention was paid 

to drug interactions at the cellular level using conventional iontophoretic 

techniques in three brain regions, the substantia nigra, the caudate nucleus 

and nucleus accumbens. Behavioural studies of the locomotor activity pro-

duced by some of these peptides after injection into the nucleus accumbens 

or ventral tegmentum of chronically cannulated rats were also carried out. 

By using a series of substance P fragments it was found that the 1-9 

N-terminal of the molecule previously found inactive has similar iontophor-

etic effects in the substantia nigra and similar behavioural actions in the 

ventral tegmentum as substance P. Two hypothalamic releasing hormones, TRH 

and MIF and some analogues of them were found to be inactive after ionto-

phoretic application into any of the three brain areas. These compounds 

also failed to potentiate hyperactivity produced by amphetamine. The pep-

tide BWI8OC thought to be an opiate agonist produced inhibitions of cell 

activity in the nucleus accumbens. Behaviourally it caused a long term 

hyperactivity after injections into either the nucleus accumbens or ventral 

tegmentum. None of the effects could be reversed by classical antagonists 

such as nalaxone or putative peptide antagonists. 

By using both atypical neuroleptics and semirigid dopamine analoguos the 

study was extended to find if there was any evidence from iontophoretic 

studies to support a multiple dopamine receptor hypothesis. ADTN was found 

to produce a more powerful inhibition of firing on nigral compact a neuronor. 

than has been reported for other dopamine agonists. The atypical neuro-

leptic sulpiride blocked the effects of dopamine both on these iicuronoG .'uid 

on those in the caudate nuclues. Our results with this and another neuro-

leptic fluphenazine imply that both are acting at a common site. These 

results are discussed with regard to the multiple dopamine receptor thoories. 
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CHAPTER 1. INTRODUCTION 

1.1 SUBSTANCE P 

1.1.1. Isolation and structure 

Substance P is an undecapeptide with the following structure : 

H-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NHg 

Although an impure form which contracts the isolated guinea pig ileum (GPl) 

was first extracted from the horse hypothalamus in 1931 by Gaddum & Von 

Euler, its amino acid sequence was only determined in 1971 by Chang et al. 

Since then its physical properties have been examined. Interactions be-

tween different substance P molecules in solution do not occur readily and 

and the peptide does not possess a secondary structure in aqueous or organ-

ic solvents until high (10 M) concentrations are reached (Mehlis et al 

1975, Mehlis et al 1980). 

1.1.2. Distribution of substance P in the brain 

Substance P is unevenly distributed in the CNS. It was first extracted 

from the hypothalamus. Its distribution has been studied using bioassay, 

radioimmunoassay and immunohistochemistry. The highest concentrations of 

substance P are found in the substantia nigra (11 pmol/mg protein and the 

lowest concentration in the cerebellum (0.02 pmol/mg protein) (Brownstein 

et al, 1976). Substance P positive cell bodies, fibres and nerve terminals 

have been identified by immunohistochemistry (Cuello & Kanazawa 1978). The 

results from these techniques correlates with the distribution by bioassay 

(Lembeck & Zetler 1971). Recently attempts to map substance P containing 

nerve tracts have been made. In these studies specific knife cuts of the 

nerve tracts caused a loss of immunoreactivity or fluorescence in the area 

innervated and a build up of fluorescence on the cell body side of the 

knife cut. Using these techniques several pathways have been proposed 

(Fig. 1.1). A review of these pathways has been published (Emson, 1979). 

A binding study agreed with the distribution of substance P by these methods 

(Nakata et al, 1978). 

1.1.3 Structure activity studies in peripheral preparations 

Peptides which are hypotensive, contract intestinal preparations and have 

sialogogic activity are known as "tachykinins". Structure activity studion 

on tachykinins were begun before the purification of substance F in V/f 1. 

The tachykinin eledoisin was isolated in 1962 by Erspamer & Anasti and 

structure activity studies were performed on it and another tachykinin, 

physalaemin, using sialogogic activity in the rat as a bioassay (De Caro 

— 1 — 



(1966). When the structure of substance P was determined it was realized 

that all tachykinins are structural analogues of substance P. Relative 

potencies of tachykinins using parallel bioassay in eighteen different 

preparations permits an easy discrimination between eledoisin and the am-

phibian tachykinins and even a clear cut distinction between substance P 

and the other tachykinins. Substance P being the least active tachykinin 

in most preparations. This is illustrated in Table 1.1. However, it has 

been observed that variations in experimental design may be responsible for 

different activity ratios to those previously found (Szeli et al, 1977) (see 

Table 1.1). Variations in the relative activity of portions of the sub-

stance P molecule on identical preparations have been reported. For ex-

ample, (Table 1.2) the C-terminal 4-11 octapeptide is less potent 

(Yanaihara, et al. 1977) or more potent than the parent molecule (Bury & 

Mashford, 197^, Bergmann, 197^, Oehme, et al. 1977, Chipkin, et al. 1979). 

There is evidence that the N-terminal of the molecule is important in de-

termining the potency of fragments while the C-terminal hexapeptide is 

thought to be important for binding to the receptor (Oehme, et al. 1977). 

From the peripheral studies mentioned and others it was deduced that the 

C-terminal hexapeptide was necessary to elicit activity comparable to sub-

stance P on peripheral preparations (see Table 1.2) and that generally 

speaking the tachykinins all possess the C-terminal sequence :-

Phe-X-Gly-Leu-Met-NHg, where X = lie, Phe, Tyr or Val, and replacements of 

these amino acids leads either to a reduction or loss of activity (Mroz & 

Leeman, 1978). Finally on the basis of differences of activity in differ-

ent assay systems Mroz & Leeman in their review (1978) conclude that "act-

ual differences in receptors seem likely". 

It is of interest that while removal of the methiomine residue causes a com-

plete loss of activity (Yanaihara, et al. 1977), substance P sulfoxido, 

which is readily formed in dilute solutions, has 36^ of the sialogogic and 

kO% of the hypotensive activity of substance P in the rat, as well as 80% 

and hO% of the immunoreactivity of substance P directed against two differ-

ent antisera, (Floor & Leeman, 1980) which may affect both tissue cstiinateK 

and structure activity studies using these methods. 

1.1.4. Structure activity relationships in the CMS 

The invitro hemisected baby rat spinal cord (Otsuka & Konishi, 197^) was 
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first used for systematic structure activity studies of substance P in the 

CNS. It was found that removal of the 1-5 N-terminal amino acids did not 

cause any serious loss of motoneurone depolarizing activity (Otsuka & 

Konishi, 1977). The potencies of the fragments being roughly in parallel 

with their hypotensive and spasmogenic actions (Table 1.2). Differences 

are apparent between these and earlier studies where the same authors found 

the pyrrolidone carboxylic acid 6-11 fragment to be twelve times less pot-

ent than substance P in the frog spinal cord (Otsuka, Konishi & Takahashi, 

1975) and twelve to fifteen times more potent that substance P in the rat 

spinal cord. An invivo iontophoretic study in the cat spinal cord (Piercoy 

& Einspahr, I98O) agrees with the invitro rat spinal cord studies. How-

ever, the iontophoretic study found the 1-10 N-terminal fragment had some 

activity although it is without effect on the GPI. In a substance P bind-

ing study, substance P displacement by the C-terminal fragments only partly 

correlated with that expected from both peripheral and central studies 

(illustrated in table 1.2). The 6-11 fragment was potent while the 5-II 

and 4-11 fragments were unexpectedly weak. As would be expected from a 

different species, displacement of substance P by either eledoisin or 

physallaemin was very poor (Nakata, et al. 1978). Similarly in frog spinal 

cord preparations the amphibian peptides were more potent in depolarizing 

neurones than substance P (Otsuka, Konishi & Takahashi, 1975). However, 

iontophoretic experiments in the locus coeruleus found that physalaemiri, lilHP 

(an analogue of substance P 6-1I) and substance P were eguipotent in excit-

ing neurones (Guyenet & Aghajanian, 1977). Differences between substance P 

and ERP are apparent, for example a study in the amygdala found dencnnitixa-

tion after repeated application of substance P or ERP, but if ERP was app-

lied after substance P no cross desensitization occurred (Ben Ari, cL al. 

1978). It must be stressed that this type of study is uncommon becaur.o oT 

the technical problems with iontophoreses which make quantitative interpre-

tations difficult. In addition there may be problems of peptides dof'.radinK 

inside electrodes (Gozlan, et al. 1977). 

1.1.5. Metabolism of substance P 

Axons and terminals do not contain ribosomes and hence have little capari l,y 

to synthesise proteins. Substance P is thought to be synthenir.od in I.hp 
O C 

soma. The incorporation of ( S)-methionine into substance P in isolated 

rat dorsal root ganglia is blocked by the protein synthesis inliibi (.in-

cycloheximide, suggesting a conventional ribosomal synthetic prorcr.r; 
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(Harmar, Scliofield& Keen, 1980). The experiments in which substance P 

immunofluorescence accumulates on the soma side of knife cuts of substance 

P tracts (see 1.1.2.) suggest that the peptide is transported down the 

axons and concentrated in vesicular subcellular fractions. Evidence for 

this comes from radioimmunoassay and E.M. cytochemistry studies in rat 

brain (Cuello, et al 19 1 1 ) • 

A calcium-dependent, potassium-stimulated, release of substance P like 

immunoreactivity has been shown to occur from hypothalamic slices and syn-

aptosomes (iversen, Jesse31& Kanazawa, 1976, Schenker, Mroz & Leeman, 

1976). Electrical stimulation of the dorsal root or high potassium also 

causes a calcium dependent release in the isolated rat spinal cord (Otsuka 

& Konishi, 1976). This can be abolished by opiates, an effect which is 

naloxone reversible and does not occur in nigral slices (JesseJl& Iversen, 

1977). 

Once released rapid removal of the peptide occurs. This is believed to be 
125 

by enzymatic degradation rather than reuptake, since using I -Tyr^-

Substance P Iversen, Jesselland Kanazawa (1976) were unable to demonstrate 

uptake of the molecule. There is now general agreement that degradation 

does occur although the exact nature of the enzymes responsible is contro-

versial. Blumberg & Teichberg(1980) suggested a metallo endopeptidase in-

volvement while Lee, Arregui & Iversen (1979) disagree. 

1.1.6. Mechanism of action 

When substance P is applied to neurones in the brain by iontophoresis the 

majority of reports found a slow onset exitatory effect which is of long 

duration (Davies & Dray, 1976, Guyenet & Aghajanian, 1977, Sastry, 1978 and 

Piercey & Einspahr, 198O). The exact ionic mechanism of the response is 

unclear. Otsuka & Konishi (1977) using the isolated spinal cord prepara-

tion found the reversal potential for the excitation to be near zero 

suggesting a sodium event. In cuneate neurones an increase in membrane re-

sistance to potassium orcTaloride occurred (Krnjevic, 1977). This latter 

suggestion is supported by the dorsal root potential studies by Krivoy, ol. 

al. (1979) which indicate a modulatory role in synaptic transmission. 

However, using a similar intracellular recording technique to Krn.jf̂ vif' 

(1977), Zeiglegansberger & Tulloch (1979) could detect no changes in mem-

brane conductance. Using the frog neuromuscular junction (MMJ) Steinackor 

(1976) found substance P had a potent inhibitory effect on synaptic 
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transmission which is calcium dependent, which is of interest since sub-

stance P has been shown to decrease calcium uptake in rat brain synapto-

somes and mitochondria. The high concentration of substance P necessary to 

reduce transmission at the frog NMJ may reflect a different potency in a 

different species. In the tpi substance P may also act by interfering with 

the transport of calcium ions (Szeli, et al. 19T7). Neurochemical studies 

have found that while substance P stimulates adenylate cyclase in rat brain 

homogenates this ability does not correlate well with those areas which con-

tain the highest concentration of peptide (Duffy, Wong & Powell, 1975). 

Studies on identified neurones in the locus coeruleus suggest that it has 

a separate site of action from cholinergics and opiates (Guyenet & 

Aghajanian, 1979) but give no clue to its cellular action. So while it is 

clear that substance P is not acting directly on another known transmitter 

receptor, it is unclear whether or not it has a common mechanism of action 

at the cellular level. 

1.1.7. Possible role of substance P in the CNS 

There is evidence that substance P plays an important role in the trans-

mission of painful sensations. Thus spinal nociceptive units are consist-

ently sensitive to substance P (Henry, 1976). A possible mechanism for the 

pain gate proposed by Melzack & Wall (1965) has been suggested by Jessel & 

Iversen (1977). Their experiments show that the release of substance P 

could be blocked by opiates in spinal cord slices but not in nigral slices. 

Taken in conjunction with the presence of enkephalin interneurones and sub-

stance P terminals in the superficial laminae of the dorsal horn (Hbckfelt 

et al. 1977) Jessel & Iversen proposed that enkephalin interneurones pre-

vent the release of substance P by acting presynaptically, (Fig. 1.2). 

This is supported by experiments in which enkephalin was shown to decrease 

action potential duration and substance P release from sensory neurones 

grown in culture (Mudge, Leeman & Fishbach, 198O). Furthermore, capr-aifiin 

(whose chronic administration renders aniiiialt; insensitive to painful stim-

uli) is capable of producing a calcium dependent release of substance P in 

the spinal cord (Theriault, Otsuka & Jessel, 1979). However, other stud-

ies using iontophoretic techniques could find no effccts of subatartce 1' a I, 

sites in the substantia gelatinosa where met-enkephalin reduces the trans-

mission of nociceptive impulses (Duggan, et al. 1979). 

In the brain the evidence for a function of substance P is again controvpr-

sial. There appears to be a link between substance P and certain ncurologi-

4 
guinea pig ileum 
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al and psychiatric disturbances. A reduction in substance P is found in 

the substantia nigra of post mortem Huntingtons Chorea victims (Kanazawa, 

et al. 1977)• This is also seen in the substantia nigra of rats chronic-

ally treated with haloperidol (Hong, Yang & Costa, 1978). It is of inter-

est that substance P degradation was inhibited by the angiotensin converting 

enzyme inhibitor SQ20881 (Lee, Arregui & Iversen, 1979). Furthermore a re-

duction in nigral angiotensin converting enzyme was found in the substantia 

nigra of early onset schizophrenics (Arregui et al. 1977) and a reduction 

in converting enzyme in both the striatum and substaritla nigra of Hunting-

ton's Chorea victims and rats given intrastriatal kainic acid lesions 

(Arregui, Emson & Spokes, 1978). 

Intraventricular injections of substance P stimulated the turnover of dopa-

mine, noradrenaline and 5HT (Carlsson, et al. 1977) and increased locomotor 

activity (Rondeau, et al. 1978). This stimulation of locomotor activity 

was produced by the C-terminal hexapeptide (Kubicki, 1977). Consistent with 

a role in the substantia nigra, iontophoretic application of substance P 

causes typical slow onset long duration excitations (Davies & Dray, 197^). 

Unilateral nigral injection of a wide range of doses results in contralater-

al rotation (James & Starr, 1977, Olpe & Koella, 1977, Diamond, et al. 

1979). Bilateral injections cause stereotypy which can be blocked by GOIJDA 

lesions of the nigro striatal tracts (Kelley & Iversen, 1979). These find-

ings suggest that substance P activates the ascending dopamine systems. 

Consistent with this suggestion is the observation that infusion of sub-

stance P into the nigra causes an ipsilateral increase in Hdopajiiino re-

lease in the caudate nucleus (Cheramy, et al. 1977, Cheramy, et al. 1978). 

Substance P increased both uptake and release of dopamine by nigral synapto-

somes (Silbergeld & Walters, 1979). Bilateral substance P injections iriLo 

the VTA increase locomotor activity, an effect which can be blockod hy 

60HDA lesions, or infusions of neuroleptics into the nucleus acciimbens 

where the A10 dopamine neurones terminate (Kelley, Stinus & Iverson, 1979). 

Cells in the VTA which receive a substance P input from the habcjnulla 

(Cuello, et al. 1978) are excited by both substance P, acetylcholine FUKI 

electrical stimulation of the habenula (Sastry, 1978, Ogata, 1979). Con-

sistent with the small diameter of substance P fibres the latency of ex-

citation is some 25msec. 

Two techniques were used in the studies with substance P. The first was 
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electrophysiological similar to the iontophoretic study of Davies & Dray 

(1976). The second was behavioural and relies on the locomotor response 

produced by Substance P (Kelley, Stinus & Iversen, 1979). 

The use of a limited number of N and C-terminal fragments of substance P 

enables the structural requirements for substance P in the substantia nigra 

and VTA to be compared with those in the spinal cord and peripheral prepar-

ations. With some of the fragments it may be possible to show if the slow 

onset and long duration of action during substance P iontophoresis is due 

to a breakdown product of substance P. One of the greatest problems in 

substance P research is the lack of a suitable antagonist. Iontophoresis 

of some putative antagonists would show if they are active at the neuronal 

level and would be of use in confirming substance P as the transmitter in 

a striatonigral pathway. 
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Assay system Physalaemin Eledoisin Substance P Author(s) 

Rabbit B.P. 
Guinea Pig Ileum 
Rat Salivation 
Dog Urinary Bladder 

Frog Spinal Cord 

Substance P binding 
(IC50 3.17 X 10-9) 

Iontophoresis (locus 
coruleus) 

GPI max response on 
longditudinal muscles 

Drinking in Pigeons 

100 
100 
100 
100 

100 

100 

100 

100 

25-30 
30-120 
30-UO 

1000-5000 

75 

59 

100 (ERP) 

<SP 

10 X <SP 

120-250 
50-60 
20-25 
50 

10 

317 X 10 

100 

<Phys 

100 

Erspamer, Erspamer 
and Linari, 1977. 

Otsuka, Konishi and 
Takahashi, 1975. 

Nakata et al., 
1978 

Guyenet and 
Aghajanian, 197 f• 

Szeli, et al. 1977. 

Evered, Fitzimons 
and DeCaro, 1977• 

Fable 1.1. Comparison of the effects of three different tachykinins on various test preparations to show 
the differences in potency. Data is modified from the original papers so that Physalaemin 
produces a response of 100%. (ERP) is eledoisin related peptide not the true eledoisin. In 
the case of drinking in pigeons physalaemin was not tested. 



Substance P fragment 

Assay system 1-11 2-11 3-1 4-11 5-11 6-11 T-11 8-11 9-11 1-T 1-10 Author(s) 

Dog femoral a r te ry 
blood f low 
Guinea pig ileum 
Rabbit ear vein 

100 
100 
100 

68 
60 
9^ 

128 
15T 
10T 

l6lt 
201 
128 

104 
126 
98 

65 
108 
48 

4.2 
2.2 
0.9 

0.5 0.4 
— Bury & Mashford, 19T4. 

Guinea pig ileum 100 TO 1T2 264 12T 109 3 — — — - Bergman et al. 19T4. 

Guinea pig ileum 100 - - 130 - - 3 - - 0.3 - Chipkin et al. 19T9. 

Guinea pig ileum 100 100 100 LO 1T0* 200* 1 1 1 0.1 Yanaihara et al. 19TT. 

Frog spinal cord 

Rat spinal cord 

100 

100 6o-
90 

l^o-
100 

T.5 

80-
100 

200-
1200* 

2.5* 

500-
1200* 

0.6 

2 

0.05 

0.02 

0.02 

.008 0.05 

Otsuka, Konishi & Takahashi, 
19T5. 

Otsuka & Konishi, 19TT. 

Iontophoresis in rat 
spinal cord 

100 100 100 100 100 100 «100 «100 • «100 <100 Piercey & Einspahr, 1980. 

Displacement of 
substance P binding. 
(IC50 3. IT X 10r9) 

100 - 0.11 0.8 5T00 250 0.82 - — — - Eakata et al. 19T8. 

Table (1.2). Comparison of the effects of fragments of substance P molecule on different assay systems. Data has 
been modified from the original papers so that substance P produces a 100% response on all assays. 
* indicates that the fragment of substance P has a cyclized glutamine residue at the n-terminus which 
stabilizes the molecule. 
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Figure (1.1 )• Horizontal section through the rat brain to show 
some of the proposed substance P pathways (data from a 
review by Emson, 1979).(Substance P pathway:- ) 
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sp; substance P 
enk:enkephaUn 

Figure(1.2) proposed transmitters at the spinal pain gate 
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1.2. MSH release inhibiting factor (MIF) 

1.2.1. General Pharmacology of MIF 

A tripeptide which inhibited the release of Melanocyte Stimulating Hormone 

(MSH) from the pituitary was first isolated from bovine hypothalamus in 1971 

(Nair, Kastin and Schally). MSH release from the pituitary is thougbtto be 

controlled by tripeptides. The most potent of these contains the C-terminal 

fragment of oxytocin; L-prolyl-L-leucyl-glycinamide (Celis. Taleisnik and 

Walters, 1971), while the C-terminal fragments of lysine and arginine vaso-

pressin (Fig. U.3) also have this property to a lesser degree (Celis, Hase 

and Walters, 1972). In this thesis the tripeptide L-prolyl-L-leucyl-glycine 

amide will be referred to as MIF. An extrahypothalamic role has been proposed 

for MIF. For example in the 1 - 1 0 mg/Kg range MIF will attenuate puromycin 

amnesia in mice (Van Ree and DeWied, 1977), others find low (5Dig/Kg) doses 

potentiate this effect (Muchu and Kalant, 1979)• However most of the litera-

ture deals with an interaction of MIF with dopamine systems in the brain. 

However the topic is contentious as there has been relatively little work on 

this peptide. By using electrophysiological techniques we hoped to clarify 

some of the aspects of the proposed interactions between MIF and dopamine. 

1.2.2. Interactions of MSH and MIF with dopamine 

The MSH activity of rat pituitary glands was decreased by treatment with 

neuroleptics (Kastin and Schally, 1966). Phenothiazines caused pigmenta-

tion to occur in both lizards and man (Carter and Shuster, 1978). One of 

the side effects of neuroleptics during the treatment of psychosis is the 

appearance of extrapyramidal disturbances. Thus, there appears to be a 

relationship between MSH and drugs, such as the neuroleptics which are 

thought to affect dopamine systems in the brain. 

Using a histofluorescence technique to detect changes in activity, it was 

found that MSH will increase the firing rate of dopamine containing calls 

(Lichtensteiger and Lienhart, 1977). More support for a central action of 

MSH comes from studies in which intravenous MSH caused abnormal EEC paLt-

erns and changes in a variety of behavioural and psychological tests in man 

(Kastin, et al. 1966, Kastin, et al. 1975). 

Parkinsons disease is thought to be caused by a loss of dopaminergic func-

tion of the ascending uigrostriatal tracts, in which in conjunction with a 
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reduction in nigrostriatal dopamine levels, a loss of pigmentation in the 

substantia nigra occurs (section 1.1.). 

Dopamine and melanin share the first stages in their synthetic pathways, 

additionally, the tissues containing them are derived from the same embryo-

logical site (Fitzpatrick, Seigi and McGugan, 1961). This prompted Cotzias, 

et al. (1967) to use B-MSH and L-dopa as anti-Parkinsonian agents. However, 

they found while L-dopa was effective, B-MSH excacerbates the condition. 

Since then B-MSH levels have been found to be raised in Parkinsonian pat-

ients (Shuster, et al. 1973) and these authors suggested that both endogen-

ous and exogenously administered MSH caused L-dopa to be converted to mela-

nin thereby worsening the condition. It seemed reasonable to Shuster, et 

al. (1973) that an MSH inhibiting factor could be of potential therapeutic 

value in Parkinsonism. 

Early clinical studies with acute intravenous injections of MIF in conjunc-

tion with L-dopa showed promising results (Barbeau, 1975) which were re-

peated (Gonce and Barbeau, 1978, Schnieder, et al. 1978). Behavioural stud-

ies have supported a synergistic effect on dopamine systems, with MIF (0.1 -

30mg/Kg) greatly potentiating dopamine effects. This effect was present in 

hypophysectomized as well as intact animals, which have normal MSH secre-

tion (Plotnikoff, et al. 1971) thus negating a direct MSH effect (Plotnikoff, 

Minard and Kastin, 197̂ > Voith, 1977). MIF will reverse reserpine sedation 

(Plotnikoff, et al. 1973) and antagonize fluphenazine induced catalepsy 

(Voith, 1977). Oxotremorine induced tremor appears to be abolished with 

low but not high doses of MIF (Bjorkman and Sievertsson, 1977). In animals 

with unilateral 6OHDA lesions of the nigrostriatal tracts, ADH, oxytocin 

and MIF all cause ipsilateral rotation when injected ICV but not when in-

jected directly into the substantia nigra, suggesting an interaction wiUi 

presynaptic dopamine nerve terminals (Schulz, Kovacs and Telegdy, 1979). 

In striatal slices from intact, but not hypophysectomised animals, pretrent-

ed with MIF, a dose dependant increase in dopamine synthesis occurred 

(Friedman, Freidman and Gershon, 1973). Increased brain dopamine levels 

after MIF treatment have been reported by other authors (Pugpl"/ qr/l 

Lippman, 1977). Spirtes, et al. (1976) however, found the rorvpoiino vari-

able. Animals which showed a potential response to L-dopa sometimes fail-

ing to show increased dopamine levels. Furthermore, Plotnikoff, Minard and 
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Kastin, (1974) failed to find any significant changes in brain dopamine 

levels following chronic MIF administration in spite of the animals respond-

ing behaviourally to MIF and L-dopa. This was confirmed in the study of 

Kostrzewa, Kastin and Spirtes (1975) who found no changes in dopamine 

levels or synthesis. One of the possible reasons for these discrepancies 

is the large dose range employed. For example 0.1 mg/Kg potentiated L-dopa 

while 30 mg/Kg is the optimum dose for reversing oxotremorine induced trem-

or. Doses of 0.1 mg/Kg in conjunction with L-dopa have been reported to be 

effective against harmine tremors (Huidoborotoro, Carolis and Longo, 1975). 

Haloperidol catalepsy was reversed by a high (100 mg/Kg) dose of MIF given 

30 minutes before but not after the haloperidol (H. Wheeler personal comm-

unication). It thus appears that the timing of drug administration is sig-

nificant. Chronic but not acute MIF treatment antagonized fluphenazine 

catalepsy (Voith, 1977) and morphine catalepsy (Chiu and Mishra, 1979). 

Thus it is unclear at which point MIF has this anticataleptic action. 

The cellular effects of MIF are unclear. While results measuring changes 

in the cAMP levels are unclear (Christensen, et al. 1976) an increase in 

cGMP was reported in the thalamus after chronic MIF treatment (Spirtes, et 

al. 1978) but no changes were seen in nuclei . containing high densities of 

dopamine terminals. 

There have been few reports on the distribution of MIF in the brain. From 

autoradiographic studies after intravenous -MIF injections, high levels 

of radioactivity were seen in the pineal gland and anterior, posterior and 

intermediate lobes of the pituitary. Although MIF has a plasma half life 

of nine minutes (Redding, et al. 1973) it is possible that low CNS levels 

occurred because only limited amounts of MIF would reach the brain after 

passage through the systemic circulation (Dupont, et al. 1975). In support 

of this suggestion,intra carotid rather than intravenous injection resulted 

in significant amounts of radioactivity in the cerebral ventricles. After 

ICV injections large amounts were taken up into the septum, putamen, globus 

pallidus and hippocampus (Pelletier, et al. 1975). More recently a hinding 

study found a high affinity saturable binding to calf caudate membranes 

(Chium Wong and Mishra, I98O). Since neither technique discriminates be-

tween the intact peptide and its metabolites and since it is not established 

that the tripeptide or a metabolite are responsible for the behavioural 

effects, it is unclear whether or not MIF actually has a receptor. In 
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spite of this a direct effect on the post synaptic membrane of caudate neur-

ones, rather than a modulation of dopamine transmission was favoured by 

those who found no change in amine levels, turnover or uptake (Spirtes, et 

al. 1976, Kastin, Coy and Bymaster, 1979). 

Preliminary clinical studies found low not not high doses of MIF were 

effective in some types of depression (Ehrensing and Kastin, 1978). This 

correlates with the bifasic effects seen in reversing oxotremorine tremor 

(Bjorkman and Sievertsson, 1977). 
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1.3. Thyrotropin Releasing Hormone 

1.3.1. General pharmacology of TRH 

Another tripeptide which has "been isolated from the hypothalamus is 

Thyrotropin releasing hormone or TRH, which has the structure: 

L-pyroglutaanyl-L-histidyl-L-prolinamide. It is thought to be involved in 

the regulation of thyroid hormones. Intravenous TRH causes an increase in 

plasma TSH which can be blocked by simultaneous thyroxine administration. 

(TRH has a plasma g life of ~ 4 min). Its actions have been reviewed by 

Schally, Arimura & Kastin (1973). 

1.3.2. TRH in the CHS 

The distribution of H-TRH has been studied after intravenous injection 

followed by autoradiography. Most of the label accumulated in the pituit-

ary, and smaller amounts were found in the kidney and liver. However, none 

of the label was located in the brain (Dupont, et al. 1972). Apart from 

its function as the regulator of TSH secretion there is evidence for an 

extrahypothalamic role. Indirect immunofluorescence techniques showed high 

levels of TRH-like immunoreactivity located in nerve terminals particularly 

in the dorsal part of the nucleus accumbens, lateral septal nuclei and sev-

eral motor nuclei of the brain stem and spinal cord (Hokfelt, et al. 1975). 

This peptide appears to be present in large granular vesicles approximately 

1000 Xin diameter, (Johansson, et al. 1978). A binding study by Burt and 

Snyder (1975) showed a saturable high affinity component present in brain 

tissue with the exception of the cerebellum. TRH with D substituted amino 

acids was less active than TRH indicating the binding site had some specif-

icity for the native peptide. It has also been found that intracisternal 

60HDA treatment causes a substantial decrease in irnmunoreactive TRIl tnutcvr-

ial in the posterior cortex and forebrain, while other treatments such as 

thyriodectomy or hypophysectomy are without effect (Winokur, et al. 1978). 

Reversal of hibernation in animals can be achieved within three hours of 

injecting TRH into the hippocampus (Stanton, Winokur and Beckman, I980). 

Artificially induced sedation by either barbiturate or ethanol can bo re-

versed by TRH given peripherally or centrally (Prange, et al. 197^, Tache, 

et al. 1977, Carino, et al. 1976). Although no specific mechanism has been 

proposed for this there does appear to be a link between TRH and catechola-

mines in temperature regulation from the following observations 
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If ICV injections are given to animals there is a drop in core temperature 

similar to that produced by imipramine, calcium and noradrenaline (Metcalf, 

197^). It has also been found that TSH potentiates the effects of imipra-

mine in depressed patients (Prange, et al. 19T0) and it was this that 

prompted psychiatrists to use TRH to treat depression. Early clinical 

trials indicated a brief ameliorating effect (Prange, et al. 1972) in this 

and also in some forms of schizophrenia (Wilson and Lara, 1973). Changes 

in blood pressure and EEG after intracisternal injections of 20ng-20yg TRH 

(Beale, White and Huang, 1977) and intraperitoneal administration caused a 

longer latency of onset of REM sleep and changes in spike intervals in the 

MRF and hippocampus (Korany, Whitmoyer and Sawyer, 1977). More significant-

ly after four days TRH treatment (img/kg I.P.) multiple unit activity in 

the brain stem and hypothalamus (recorded with chronic electrodes) becomes 

like that of animals treated with imipramine (Korany, et al. 1976). Intra-

cisternal or I.V. injections of TRH or an analogue MK177 cause changes in 

EMG activity in anaesthetized cats (Yarbrough, McGuffin and Clineschmidt, 

1979) a similar effect occuring in spinalized animals accompanied by an in-

crease in the number of spontaneous motoneurone potentials (Cooper and 

Boyer, 1978). This is confirmed by the intracellular studies on frog moto-

neurone s which show an increase in conductance, possibly to sodium, the de-

polarization rarely reaches threshold suggesting TRH also has a modulatory 

role (Nicoll, 1977). Thus it is possible TRH has a function in the spinal 

cord as well as in the brain. 

Electrophysiological studies using iontophoresis show a variety of effects. 

Predominantly inhibitory effects are seen in the cerebral cortex and hypo-

thalamus (Moss, Dudley and Kelly, 1978, Dyer and Dyball, 197^), ventromed-

ial hypothalamus, cerebral cortex and cerebellar cortex (Renaud, Martin and 

Brazeau, 1975). The acetylcholine response in the cortex is potentiated by 

both TRH and MK177 (Yarbrough, 1977). Winokur and Beckman, 1978, liowfvnr, 

failed to observe this effect in cortex, septum or hypothalamus. They also 

found that the peptide did not alter responses to dopamine 'i'KII did 

have inhibitory action of its own in all three areas (Winokur and Rockman, 

1978). Additionally, in the cortex some investigators found the response 

to glutamate is selectively depressed while the response to acctyleliol ino 

is not, the peptide also inhibits spontaneous activity (Renaud, et al. 1979, 

Renaud, Martin and Brazeau, 1976, Renaud and Martin, 1975). 

The turnover of acetylcholine was increased while the content was decrensnd 
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in the parietal cortex after intracisternal TRH (Malthe S^renssen, et al. 

1978). However, other authors can find no change in acetylcholinesterase 

activity or choline uptake and release from cerebral synaptosomes (Renaud, 

et al. 1979). This latter study leads to the suggestion of an interaction 

between TRH and the glutamate receptor. Chronic administration of TRH for 

ten days produced a dose and time dependent increase in cerebrocortical 5HT, 

dopamine and tyrosine hydroxylase activity but no change in noradrenaline 

levels (Argarwal, Rastogi and Singhal, 1977) while others found an enhance-

ment of cerebrocortical noradrenaline turnover and suggested this is re-

sponsible for its antidepressant activity (Gonstantinidis et al. 197'+)-

A calcium dependent potassium stimulated release of TRH-like-

immunoreactivity has been demonstrated from hypothalamic and septal synapto-

somes. In the hypothalamus but not the septum, dopamine or apomorphine 

stimulated the release of TRH-like material, the response being inhibited 

by phenothiazinets (Schaeffer, Axelrod and Brownstein, 1977!). Slices of ' 

nucleus accumbens will release dopamine in a caleium-depend&nt fashion when 

stimulated with high potassium, TRH will enhance this release while having 
3 . 

no effect on H-dopamine accumulation, dopamine binding or dopamine stimu-

lated adenylate cyclase, indicating that it does not act directly on a 

dopamine receptor. This effect is specific for accumbens tissue since it 

does not occur in caudate slices (Kerwin and Pycock, 1979). In this case 

TRH appears to modulate dopamine release in the accumbens while Schaeffer, 

Axelrod and Brownstein (1977) found the opposite is true. 

Locomotor activity caused by both 1-Dopa and pargyline is potentiated by 

peripheral administration of TRH in normal, thyroidectomized and hypophy-

sectomised rats and mice, implying that the phenomenom is independent of the 

release of thyroid hormones (Plotnikoff, et al. 1972, Plotnikoff, et al. 

197^). TRH given over ten days produces a dose and time dependent increase 

in spontaneous locomotor activity in young rats which is accompanied by an 

increase in cerebrocortical 5HT and dopamine levels (Argawal, Rastogi and 

Singhal, 1977). Acute injections of 10-20nig/kg TRH have been found to 

cause a short term increase in locomotor activity, similar to the effect 

seen if TRH is injected bilaterally into the accumbens but not the caudate 

of chronically cannulated animals. This effect can be blocked by peripher-

al or centrally administered neuroleptics (Miyamoto and Nagawa, 1977) or 

6OHDA lesions (Green and Heal, 1978). TKHndoes not produce rotation in 

animals with unilateral nigrostriatal lesions, nor does it enhance 
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amphetamine turning (Heal and Green, 1979) while both amphetamine and TRH 

increase the release of tritiated dopamine from accumbens slices (Miyamoto, 

et al. 1979) suggesting that in this area it acts by releasing dopamine 

rather than by direct stimulation of the post synaptic dopamine receptors. 

Thus there is evidence that both MIF and TRH interact with nigrostriatal 

and mesolimbic dopamine pathways. While dopamine receptors are located on 

the postsynaptic membrane of the target neurones in the caudate nucleus and 

nucleus accumbens, presynaptic receptors occur on the nerve terminals and 

also on the cell body, it is assumed that the receptors on the cell body 

are the same as those on the terminals. We therefore decided to undertake 

iontophoretic experiments in the substantia nigra, caudate nucleus and 

nucleus accumbens with TRH and MIF to see if dopamine responsive cells were 

also affected by these compounds and the MIF analogues which were available 

to us. Behavioural experiments were also carried out to see whether or not 

peripheral administration of either TRH or MIF affected the response to the 

catecholamine releasing agent amphetamine administered either directly into 

the nucleus accumbens or peripherally. The effect of MIF pretreatment on 

the loss of spontaneous exploratory behaviour caused by haloperidol was 

also observed. 
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1.^. Opioid peptides 

I.U.I. Opioid peptides in the CNS 

Opidd peptides are those which, in one or more invitro assay systems, share 

actions with opiate alkaloids. The actions of both opioid peptides and alka-

loids are reversed by antagonists such as naloxone. The opidd peptides in-

clude B-endorphin and the pentapeptides methionine and leucine enkephalin. 

There is good evidence for these peptides as putative transmittersin the 

"brain. Synthesis of these peptides is by a conventional ribosomal process. 

The enkephalins are present in nerve terminals, are unevenly distributed in 

the brain with high concentrations in the globus pallidus and substantia 

gelatinosa and low concentrations in the cerebellum. Pathways from stria-

tum to the substantia nigra and also from amygdala to the striaterminalis 

have been proposed. Enkephalin containing interneurones are thought to 

occur elsewhere in the CNS. Calcium dependent release of enkephalins foll-

owed by hydrolysis occurs from enkephalin nerve terminals. This evidence 

is adequately reviewed by Emson (1979). Iontophoresis of enkephalins in 

most brain regions causes inhibition of neuronal firing. The iontophoretic 

data has been reviewed recently by North (1979). Opiates are stereo spec-

ific, for example the (-) isomer of Naloxone reverses the iontophoretic 

effects of enkephalins while the (H) isomer is inactive (Gayton, Lambert and 

Bradley, 1978). Behavioural responses to enkephalins include analgesia 

akinesia and wetdog shakes. These have been reviewed by Emson (1979) and 

Lord, et al. (1977). 

While there is a great deal of literature on the various opidd peptides and 

their fragments the work in this study was concerned with interactions of 

opiates with dopamine systems. 

1.4.2. Interactions between dopamine and opiates 

The highest concentrations of opiate receptors are found in the limbic and 

extrapyramidal systems and there appears to be a close overlap between 

dopamine and enkephalins, (Kelley, Stinus and Iversen, 1980, review by 

Emson, 1979). Following 60HDA pretreatment there is a decrease in caudate 

opiate binding suggesting that the opiate receptors may be located presyn-

aptically on the dopamine nerve terminals (Pollard, Llorens-Cortes and 

Schwartz, 1977, Pollard, et al. 1978). This is supported by experiments 

which show that while morphine has no effect on dopamine sensitive adeny-

late cyclase in vitro, it does produce an increased cyclase activity in rats 

chronically pretreated with morphine. This suggested that morphine blocks 
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dopamine transmission, which leads to dopamine supersensitivity (Iwatsubo, 

1977). Single cell recordinggfrom the locus coeruleus show that intraven-

ous morphine inhibited cell firing (Korf, Bunney and Aghajanian, 197^), 

while in the substantia nigra intravenous morphine caused excitation of 

dopamine compacta cells (iwatsubo and Cluoet, 1977) and inhibits reticulata 

cells (Finnerty and Chan, 1979). All of these effects are reversed by 

(-)-naloxone. Peripheral administration of narcotic analgesics has been 

found to increase locomotor activity while decreasing brain catecholamine 

content (Rethy Smith and Villarreal, 1971). The VTA and the nucleus accum-

bens are the two mesolimbic areas thoughtto be involved in the hyperactiv-

ity response to opiates. If morphine or d-Ala metenkephalin (DALA) are 

infused into the accumbens a naloxone reversible hyperactivity occurs (Pert 

and Sivit, 1977), sometimes preceded by a period of hypoactivity (Costall, 

Fortune and Waylor, 1978). Self stimulation was increased after VTA mor-

phine injections (Broekkamp, Van Dongen and Van Rossum, 1977) and an in-

crease in locomotor activity was seen after bilateral VTA injections of mor-

phine or enkephalins (iversen, et al. 1978, Broekkamp, Phillips and Cools, 

1979). These effects could be reversed by naloxone or 6OHDA pretreatment 

(Kelley, Stinus and Iversen, I98O). a, and B endorphins have similar 

locomotor effects to enkephalins when injected into the VTA, naloxone or 

6OHDA pretreatment abolished these responses (Stinus, et al. I98O). These 

facts are taken as evidence than an intact dopamine system is required for 

the locomotor response. 

While there have been studies on the conformation of opiod peptides (Smith 

and Griffin, 1978) details of the conformation of enkephalins at the recep-

tor site are complicated by the possibility that there may be throe types 

of receptors. These respond to three different drug types and have been 

classified accordingly, p (morphine),k (ethylketocyclazocine), 6 (N-

Allylnorphenazocine). This classification was suggested by the difrcronccs 

in pharmacological responses to different types of narcotic analgesics and 

their inability to substitute for each other in the suppression of withdraw-

al symptoms in the addicted chronic spinal dog preparation (Martin, el. al. 

1976). The possibility of different receptor types is of importance in ex-

plaining the differences observed between enkephalins and endorphins (Lord, 

et al. 1977) and differences between various synthetic morphine drugs. 

With the synthetic morphine drugs for example, EEC and behavioural paramet-

ers showed a nearly linear relationship between increasing central excitat-

ory activity and diminishing analgesia (Labella, Pinsky and Havlicek, 1979). 
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It is assumed from studies on peripheral preparations that the guinea pig 

ileum (GPI) has mostly y while the mouse vas deferens (MVD) contains more 

<5 than V enkephalin receptors, since in the latter preparation enkephalin 

effects are less easily reversed than morphine effects by opiate antagon-

ists. While the GPI contains more k receptors than the MVD it is unclear 

what role k receptors have (Lord, et al. 1977, Waterfield, et al. 1978). 

While both y and <S sites have been detected in the dorsal root and spinal 
3 3 2 5 cord by the use of ( H)-nalorphine and ( H)-d-Ala -d-Leu enkephalin 

(Fields, et al. 1980), there was no evidence for k sites. However, the 
3 

binding of ( H)-ethylketocyclazocine, a specific k agonist, follows the 

distribution of other opiates in the brain (Miller and Simon, 1979). 
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1.3. DOPAMINE 

1.5.1. Dopamine - Distribution, pathways in the CNS 

Dopamine was first discovered as an intermediate in the synthetic pathway 

from phenylalanine to noradrenaline. Subsequently there has been consider-

able evidence to show that dopamine is a neurotransmitter with a physio-

logical role different to that of noradrenaline. Dopamine appears to have 

specific actions in both the periphery and central nervous system (review 

by Ungerstedt, 1978). In the brain there is good evidence for several 

dopamine pathways, however the only ones considered in detail here are the 

nigrostriatal and mesolimbic projections. 

In the early studies on catecholamine containing cell bodies it was found 

that there were high densities of fluorescence in cells in areas A9 and A10 

in the rat brain, (Dahlstrom and Fuxe, 1965). Although there was no clear 

borderline between the two groups of cells it was proposed that the nigro-

striatal pathway arose from the A9 area whereas the mesolimbic and meso-

cortical projections arose from the A10 area. A more recent study using a 

combination of histochemical techniques suggest that the A9 and A10 cells 

form a single nuclear group. In contract to the noradrenergic innervation 

which is relatively homogenous and distributed in a fairly even plexiform 

manner in most areas, the dopamine neurones have a highly topographical 

organized projection but there is no clear distinction between VTA (AIO) 

and substantia nigra (A9) dopamine cells (Fallon and Moore, 1978, Simon, 

le Moal and Galas, 1979, Beckstead, Domesick and Nauta, 1979, Guyenet and 

Aghajanian, 1978). The actual soma of the dopamine neurones are non spher-

ical, having a very large dendritic tree extending into the reticulata of 

the nigra (Juraska, et al. 1977, see figure 1.3). 

1.5.2. Biochemistry of dopamine release, receptor binding and postsynaptic 

actions 

A potassium stimulated release of dopamine has been shown to occur from 

striatal but not nigral synaptosomes (Hardy, et al. 1980). A similar re-

port has found that while caudate dopamine terminal preparations will re-

lease dopamine after potassium or amphetamine stimulation, nigral dendrite 

preparations will only release dopamine if amphetamine is also preseiiL 

(Hefti and Lichtensteiger, 1978). This supports the hypothesis that iiiKi" I 

dendrites release dopamine when the cells depolarize. Thus when the cells 

fire dopamine may act on both somatic and pre and post synaptic reccpLors. 
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Dopamine receptors have been studied using radioligand binding assays. 

Specific saturable binding of tritiated dopamine was reported by Seeman, 

Chau-Wong and Lee in 197^. More recently H-ADTN has been used as a dopa-

mine agonist ligand (Davis, Woodruff and Poat, 198O, Roberts, Woodruff and 

Poat, 1977). Antagonists such as (+)-butaclamol, ( H)-spiroperidol and 

( H)-sulpiride will also bind to dopamine receptors (Burt, et al. 1979, 

TherodoroUjBt al= 1979). Dopamine receptor binding has proved a useful 

method of screening potential agonists and antagonists. A review of dopa-

mine receptor binding has recently been published (Titeler and Seeman, 

1979). 

After interaction with a receptor a change in biological parameters occurs 

which leads to a change in membrane permeability. How this actually happ-

ens is a controversial topic which will not be dealt with in detail here, 

but it has been suggested that adenosine -3, ^-monophosphate (cAMP) func-

tions as the second messenger in the action of dopamine. An adenylate 

cyclase which was specifically stimulated by dopamine was first shown to 

be present in homogenates of rat striatum by Kebabian, Petzhold and Green-

gard (1972) and subsequently in other areas in the CNS. The dopamine sens-

itive adenylate cyclase has proved to be a useful model of post-synaptic 

dopamine receptors (Iversen, 1975). While most studies have used homogen-

ates the dopamine sensitive adenylate cyclase has also been demonstrated 

in slices from the rat striatum (Munday, Poat and Woodruff, 197^). The 

activity of the cyclase remains after surgical or chemical lesions (6OHDA) 

of the ascending dopamine neurones, suggesting the enzyme is located post-

synaptically (Krueger, et al. 1976). 

1.5.3. lontophoretic dopamine pharmacology in the caudate nuclcus and 

nucleus accumbens 

Dopamine was first found to inhibit neuronal firing in the cat caudate nu-

cleus by Bloom, Costa and Salmoiraghi (1965). In a detailed study of the 

nigrostriatal pathway it was found that cells which respond to nigral sLiiii-

ulation with a slow latency inhibition were also inhibited by dopamine 

(Feltz, 1969). The response to dopamine was increased in cats with 6OHDA 

lesions (Feltz and De Champlain, 1972). A monosynaptic excitatory response 

to nigral stimulation was also found on cells which were not affected by 

dopamine (Feltz, 1969, Feltz and McKenzie, 1969). This excitation was noL 

affected by 6OHDA lesions (Feltz, 1972), but was abolished by perfusions of 

haloperidol over the caudate nucleus (Feltz, 1971) and was absent in animalF 
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anaesthetized with barbiturate (Feltz and Albe-Fessard, 1972). This is of 

interest since Bloom, Costa and Salmoraighi (1965) found that intravenous or 

iontophoretic barbiturates abolished the excitatory responses to acetyl 

choline. Thus the evidence suggests that there is more than one nigro-

striatal pathway. Extracellular studies such as these, generally found 

that dopamine inhibited either spontaneous or glutamate induced firing, and 

was reversed by neuroleptics (Bunney and Aghajanian, 1976, Woodruff, 

McCarthy and Walker, 1976, Bevan, et al. 1978, Skirboll, Grace and Bunney, 

1979). In contrast to this, intracellular studies usually found dopamine 

produced a depolarization (Koscis and Kitai, 1978, Bernardi, et al. 1978, 

Herrling and Hull, I98O). This depolarization is accompanied by a reduc-

tion in the number of action potentials, thus the extracellular studies do 

actually correlate with the intracellular studies. However, the mechanism 

by which a depolarization leads to a decrease in firing rate is unclear, 

and it is uncertain which ions are involved. Recently a comprehensive re-

view of nigrostriatal neuropharmacology has been published (Dray, 1979) in 

which some explanations have been offered. 

1.5.4. Effect of drugs on the cell bodies of the nigro-striatal tract 

It was logical to assume that drugs which block postsynaptic dopamine re-

ceptors might cause an increase in the firing rate of dopamine at the post 

synaptic receptors. Conversely drugs which are dopamine agonists or stimu-

late dopamine release, such as apomorphine or amp$hetamine would be expect-

ed to inhibit the neurones by a feedback mechanism. These changes in fir-

ing rate occur as expected when single cell recordings were made from dopa-

mine containing cells in the substantia nigra or VTA. The changes in fir-

ing rate correlated with variations in dopamine metabolism measured by 

altered DOPAC levels (Bunney, et al. 1973). The inhibitory response to 

amphetamine is blocked by the tyrosine hydroxylase inhibitors an effect 

which is reversed by 1-dopa (Bunney, Aghajanian and Roth, 1973). 

It is possible that the inhibitory responses to intravenous drugs could be 

mediated by presynaptic dopamine receptors. The possible presence of these 

presynaptic receptors was demonstrated in the following way. If the im-

pulse flow in dopamine neurones was stopped by several acute procedures, 

such as cutting the tract or administration of S-hydroxy butyrate, there 

was an increase in striatal dopamine synthesis in dopamine nerve terminals. 

This synthesis could be reversed by administration of apomorphine which is 

thought to act particularly potently on dopamine pre-synaptic receptors 
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(Walters and Roth, 19T6). These presynaptic receptors are thought to be 

present on the soma of the dopamine containing neurones where they have been 

called "autoreceptors" (Aghajanian and Bunney, 1977). They are thought to 

be dopamine receptors rather than other receptors from iontophoretic stud-

ies in both the A9 and A10 areas where the response to dopamine was blocked 

by trifluoperazine or fluphenazine, but not by the a-blocker piperoxane or 

the ̂ -blocker solatol. Noradrenaline was equipotent with dopamine in pro-

ducing inhibition of the neurones, while the ̂ -agonist isoprenaline the a 

agonist clonidine and 5HT were inactive and amphetamine was only weakly 

active. Both GABA and glycine inhibitions were unaffected by dopamine 

antagonists (Aghajanian and Bunney, 1977, Collinbridge and Davies, 1979, 

Ruffieux and Schultz, 1980). There is some electrophysiological evidence 

that the soma-dentritic autoreceptor is more sensitive to both intravenous 

apomorphine and iontophoretic dopamine than the postsynaptic receptors in 

the striatum (Skirboll, Grace and Bunney, 1978). A close relationship be-

tween reticulata and compacta cells has been demonstrated. lontophoretic 

dopamine was found to excite reticulata cells, possibly indirectly via com-

pacta cells (Ruffieux and Schultz, 198O). Additionally using simultaneous 

recordings from bothareas it has been shown that when GABA inhibits a ret-

iculata cell there is a corresponding increase in compacta activity. 

Glutamate causes the opposite effect, suggesting the compacta receives an 

inhibitory GABA input from the reticulata (Grace and Bunney, 1979). 

1.5.5. Electrophysiology of the mesolimbic and nigrostriatal pathways 

As would be expected from the histological studies, which show the ascend-

ing dopamine pathways are morphologically similar, electrophysiological 

characterization gives a similar result. After electrical stimulation of 

the caudate nucleus antidromic spikes are seen in two different types of 

cell in the ipsilateral substantia nigra compacta. These can be easily 

distinguished. The first type are dopamine cells of the type classed by 

Bunney, et al. (1973) with a long extracellular AP. They can be antidrom-

ically identified from various locations along the nigrostriatal tract, Lhc 

conduction velocity is very slow (0.5m/s), typical of unmyelinated fibrcn 

and frequently only the axonal component of the antidromic spike occurs. 

These cells are inhibited by iontophoretic dopamine, intravenous apomorphino 

and are absent after 6OHDA lesions of the nigrostriatal tract (Guyenet and 

Aghajanian, 1978). A second type of antidromically activated cell have also 

been found, these have a much faster conduction velocity. These cells 

which appear to be nondopaminergic were still present after 6OHDA treatment 
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(Gioyenet and Aghajanian, 1978). In the VTA similar antidromic spikes to 

those found in the compacta dopamine neurones are found. While there app-

ears to "be a branching of neurones in the caudate and accumbens there are 

few cases of a neurone projecting to both the caudate and the accumbens from 

a single cell in either A9 or A10. Similar to the nigrostriatal system 

there appears to be a faster conducting nondopaminergic projection from the 

VTA to the cortex, accumbens and rostral striatum (Deniau, Thierry and 

Feger, 198O, German, Dalsass and Kiser, 198O, Yim and Mogenson, 198O). 

Intrastriatal injections of Kainic acid which cause a loss of cell bodies 

but do not destroy axons or terminals, do not cause a loss of the antidrom-

ic spikes (NeLkamura, et al. 1979, Kondo and Iwatsubo, 198O) although there 

appears to be less post stimulus inhibition of cell firing than is normally 

seen. An inhibition of firing in nondopamine cells is seen after striatal 

stimulation, this can be blocked by picrotoxin or bicucullLne (Grossman, 

Woodruff and Walker, 197^'^vFelt971, Davies, Dray and Tongroach, 1978) 

suggesting a striato nigral feedback inhibition. 

Electrical stimulation of the substantia nigra produces a variety of eff-

ects in the ipsilateral striatum including a slow latency inhibition on 

cells inhibited by dopamine (Feltz, 1969) and a slow latency excitation 

which is absent in barbiturate anaesthetized animals (Feltz and Albe-

Fessard, 1972). 

Thus there is still uncertainty over how many striato nigral and nigro 

striatal pathways there are, it has not been made easier by the use of 

different species of animals in many of these studies. 

1.5.6. Behavioural effects of dopamine 

Pijnenberg, Woodruff and Van Rossum (1973) first discovered a possible in-

volvement of the nucleus accumbens in the control of locomotor activity. 

These authors found that bilateral injections of ergometrine into the nu-

cleus accumbens of conscious rats produced a strong and longlasting loco-

motor stimulation. This was abolished by haloperidol or pimozidc buL iiul 

by a tyrosine hydroxylase inhibitor (a-methyl-p-tyrosine). Shortly after-

wards a similar effect was observed with dopamine in MAO I treated ratr, 

(Pijnenberg and Van Rossum, 1973). Very similar but more potent, longer 

lasting stimulations were seen with the conformationally restricted ana-

logue of dopamine ADTK (Elkhawad and Woodruff, 1975). The locomotor 
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component of hyperactivity manifested by the nucleus accumbens is important 

in another behaviour pattern. It was found that after unilateral striatal 

lesions of dopamine terminals, an intact mesolimbic system was required for 

the contralateral rotation produced by amphetamine. Additionally, the ipsi-

lateral rotation caused by apomorphine was enhanced after bilateral de-

struction of mesolimbic dopamine terminals. Thus the nigro striatal lesion 

produced an assymetry while the mesolimbic system dictated the degree of 

rotational response (Kelly and Moore, 1976, Kelly and Moore, 19TT, Pycock 

and Marsden, 1978). 

Certain neuropathalogical disturbances appear to be related to dopamine dys-

function. Amongst these are Parkinsonism and Schizophrenia. In Parkinson-

ism there is thought to be a loss of nigrostriatal dopamine neurons 

(Hornykiewicz, 1979) which results in postsynaptic supersensitivity (Lee, 

et al. 1978). L-dopa treatment produced therapeutic results in this cond-

ition (Cotzias, et al. 1967). In schizophrenia overactivity of the meso-

limbic dopamine systems is thought to occur. The evidence for this is 

mostly pharmacological, as the one property shared by neuroleptics is their 

ability to block dopamine receptors (reviews by Snyder, et al., 197^ and 

Carlsson, 1978). 

The antipsychotic drugs are derived from several different parent molecules 

(see table 1.3). A new class of antipsychotic drug, the substituted ben-

zamides, have been introduced recently. An example of these is sulpiride. 

Sulpiride has only a partial spectrum of activity of the classical neuro-

leptics. In particular it does not block striatal dopamine stimulated 

adenylate cyclase which has been widely used as a model for post-synaptic 

dopamine receptors (Elliot, et al. 1977, Trabucchi, et al., 197'̂ ). While 

it was thought that the substituted benzamides produced less catalepsy than 

classical neuroleptics (review by Jenner and Marsden, 1979) this effect may 

be due to the impermeability of the blood brain barrier. Since the earlier 

work it has been shown that sulpiride administered intra-cerebroventricularly 

was almost as potent a catalaptogen as haloperidol (Honda, et al. 1977) and 

will block ADTN hyperactivity when injected into the nucleus accnrnbr>nR as 

potently as fluphenazine (Woodruff and Andrews, 1979). 

Partly on the basis of the lack of effect of sulpiride on adenylate cyclase 

it has been suggested that there is more than one type of receptor for dopa-

mine. These have been classed as DAI which are post synaptic linked to the 
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cyclase, and DA2 which are pre and not linked to the cyclase (review by 

Kebabian and Calne, 1979). Other invitro studies support a two receptor 

hypothesis. In 1978 Titeler et al. suggested from experiments which showed 

that binding of tritriated dopamine agonists and antagonists was bi phasic, 

that they were possibly binding to two high affinity sites. Later studies 

in which kainate lesions were shown to decrease striatal cAMP values to a 

greater degree than tritiated neuroleptic binding sites, suggested that 

butyrophenones are preferentially labelling presynaptic (DA2) receptors 

(Schwarczet al. 1978). These haloperidol binding sites were located mainly 

on the terminals of afferents from the cerebral cortex. A diagram of these 

different DA sites is given in fig. 1.4. 

The structure of dopamine at its receptor sitehas been the subject of much 

work. The principle of free rotation about single carbon-carbon bonds 

means that dopamine is a flexible molecule. In solution it can exist in 

extended, or anti, and folded, or gauche forms (Bustard and Egan, 1971, 

Rekker, Engel and Nys, 1972). One approach to the problem of the conforma-

tion of dopamine at its receptor site has been the use of rigid dopamine 

analogues. The drug norsalsolinol contains the folded form of dopamine. 

As a result of studies on invertebrate dopamine receptors, using norsalsol-

inol and a variety of substituted phenylethylamine derivatives, it was 

suggested (Woodruff, 1971) that the active conformation of dopamine was con-

tained in the molecule 2-amino-6,7-dihydroxy 1,2,3,4 tetrahydronaphthalene 

(ADTK). In the extended form, dopamine can exist in the a or g rotomeric 

extremes corresponding to 2 amino, 5,6-dihydroxy (5,6 ATN) and 2-amino-6, 

7-dihydroxy 1,2,3,4 tetrahydronaphthalene respectively. Since the original 

proposition that ADTN was the active molecule it has been shown to bo a 

potent dopamine agonist, whereas 5,6 ATN and norsalsolinol have been found 

to be less active or inactive in behavioural, biochemical and electrophysio-

logical assays (Woodruff, et al. 1977, Woodruff, et al. 1979, Woodruff, 

McCarthey and Walker, 1976). ADTK can itself exist in two enantiomeric 

forms as it has an ayssymetric carbon atom next to the nitrogen atom. It 

has been shown that the R-(+)-enantiomer is the more potent of the two in 

behavioural, biochemical (Andrews, et al. 1978) and invertebrate prepara-

tions (Batta, Woodruff and Walker, 1979). 

The experiments described in this thesis were intended to show whether 

sulpiride would affect dopamine responses mediated via auto receptors or 

post synaptic receptors in the striatum. In addition by using both 
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substituted and rigid analogues of dopamine such as ADTN, the structural 

requirements for the somatodendritic autoreceptors could be determined. 
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Drug class and 
drug 

Relative affinity for 
muscarinic receptors 

T/lC50 

Frequency of 
extrapyramidal 
side effects 

Clozapine 385.0 1 (v. lov) 

PIPERIDINE PHENOTHIAZINE 

Thioridazine 66.7 2 (low) 

ALKYLAMINO PHENOTHIAZINE 

Promazine 5-2 

Chlorpromazine 10.0 

Trifluopromazine 10.0 

(medium) 

PIPERAZINE PHENOTHIAZINE 

Acetophenazine O.9I 

Perphenazine 0093 

Trifluoperazine 0.91 

Fiupiienazine 0.91 

^ (high) 

BUTYROPHENONE 

Haloperidol 0.21 5 (v. high) 

SUBSTITUTED BENZAMIDE 

Sulpiride no data 2 (low) 

Table 1.3. Different classes of antipsychotic drugs, data modified from 
Snyder et al. 197^-
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CHAPTER 2. METHODS 

2.1. Electrophysiology 

2.1.1. Preparation of animals 

Male albino wistar rats weighing between 150 and 200 g: were anaesthetized 

with urethane 1.5-2g/kg, or chloral hydrate 350mg/kg. In the latter case 

the animals were cannulated via the left or right femoral vein for the ad-

ministration of more anaesthetic or other drugs. In many cases the chloral 

hydrate anaesthetized animals were maintained on 1-2% halothane in 100% 0^. 

This allowed a lighter level of anaesthesia to be used during the experi-

mental period. To enable the electrodes to be accurately positioned in 

their respective brain areas, the rat's head was secured in a Narishige 

stereotaxic frame and the micromanipulators zeroed on the skull landmark 

Lambda. It was found that the animals maintained their body temperature if 

lightly anaesthetized. The skin on the animal's head was parted and the 

skull overlying the area to be studied was removed with a dental drill. The 

dura was carefully removed and the exposed cortex was covered in 0.9% sal-

ine to prevent drying of exposed tissue. Co-ordinates used for the brain 

areas studied were taken from the stereotaxic atlas of the rat brain by 

Konig and Klippel (1963) and corrected for the weight of the rat. Co-

ordinates for the following areas in a 150gm rat were: substantia nigra 

A 1.8-2.2, L 1.6-2.2, D 6.4-8.0, ventral tegmental area A 1.6, L 0-0.6, 

D 6.8-7.8, nucleus accumbens A 8.9-9.8, L 0.8-2.0, D 5.0-6.2, caudate nu-

cleus A 6.5-9.6, L 1.0-3.8, D 2.0-6.2, the depth D being measured from the 

surface of the brain. 

2.1.2. Recording and iontophoresis 

Extracellular recordings and iontophoresis were achieved by the use of 

specially constructed six or eight barrel microelectrodes. The construc-

tion of these has been previously described (Grossman, Woodruff and Walker, 

197^) but in this study several modifications were employed. Prefibred 

pyrex glass tubing (Clarke Electromedical GCI5O-15, 1.5mm o.d., 0.86mm 

i.d.) was cut into 7cm lengths. Seven lengths of electrode glass were then 

held together with heat shrink tubing (R.S. 4.8mm) in a manner shown in the 

figure 2.1 (A) where the tubes were held together with wire springs. The 

bundle of glass tubing was mounted in a Narishige vertical electrode puller. 

The central section of the glass was heated to softness, the heating coil 

was left on while the bottom chuck of the electrode puller was rotated 

through 180 degrees to fuse the individual barrels together. The glass was 

allowed to cool and then the electrode was pulled in the usual manner to 
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the appropriate dimensions by adjusting the heating current and magnetic 

pull. The seven barrels were then held together permanently by placing some 

super epoxy adhesive round the base of the shaft (fig. 2.1, B). The elec-

trode tip was then broken back under microscopic control with a clean glass 

rod to produce the desired tip diameter and shape, approximately Ty dia-

meter (fig. 2.1, D). The shafts of six of the seven barrels were then bent 

outwards over a fine flame to accomodate the iontophoretic leads (fig. 2.1, 

C). A single barrel electrode was pulled from the same type of glass and 

two right angle bends were made near the shaft by using a small flame, so 

that its shape roughly corresponds to the outline of the multibarrel elec-

trode. The two microelectrodes were held in micromanipulators and under 

microscopic control were brought alongside one another with the tip of the 

single barrel electrode protruding some 10-20p beyond the multibarrel 

assembly tip. The tips of the electrodes were secured together by applying 

super epoxy adhesive along their length. When this was set after approx-

imately ten minutes, super epoxy adhesive was applied around the base of 

the two shafts, firmly holding them together, the finished electrode tip is 

shown in fig. 2.2. 

Figure 2.3 illustrates the equipment used for recording and displaying 

action potentials. Extracellular recordings were made through the protrud-

ing barrel of the microelectrode, which was filled with 2% pontamine sky 

blue dye in 0.$M NaCl. A silver wire was inserted into this recording 

barrel and connected to a differential field effect transistor which acts 

as a voltage follower. The signal was then increased by a Tektronix 122 

low-level preamplifier, passed through a 50IIz filter and displayed on a 

Tektronix 502A oscilloscope. The signal was then passed through variable 

high and low pass filters to remove as much high and low frequency back-

ground noise as possible before passing through a spike processor (Digi-

timer D 130). The digital output from this was displayed on a servosci'ibe 

penrecorder as a continuous ratemeter recording. An output was fed into a 

loudspeaker to assist in finding neurones and also into a polygraph (Grass 

79 D) or camera (Nikon Komden Kogyo Co. Ltd., Continuous Recorder PC 2A) for 

continuous spike records. When required permanent recordings of the extra-

cellular potentials were made on a Racal Thermionic Store U tape recorder, 

such data could then be processed at leisure. 

Of the iontophoretic barrels one always contained one of the following, 1.5M 

NaCl, 0.02M Wa Acetate, 0.02M Na Tartrate. These were used to balance the 
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net current at the electrode tip to zero, or to expel ions in order to 

check for the effects of iontophoretic currents. The remaining barrels each 

contained one of the drugs which are listed in table 2.1 with the concentra-

tion and pH used in the experiments. D, L-Homocysteic acid and L-Glutamate 

were ejected as anions. All other drugs were ejected as cations, as it was 

assumed from their structures that at low pH they would be positively charg-

ed. Catecholamines were dissolved in 8mM tartaric acid to prevent degrada-

tion during iontophoresis. MIF was dissolved in either tartaric acid {3mM), 

acetic acid (20mM) or distilled water. TRH, enkephalin analogues, substance 

P and analogues were dissolved in 20mM acetic acid. All other drugs used 

for iontophoresis were dissolved in distilled water. The pH of drug solu-

tion was adjusted to the appropriate value by the addition of small quantit-

ies of 0.1M HCl or WaOH. Drugs given intravenously were dissolved in 0.9% 

saline and the pH adjusted to 7-^ if necessary. 

The resistance of the electrodes varied between 10 and lOOMfJ and were some-

times greater than this. In spite of this it was often found that current 

balancing was unnecessary in the substantia nigra although in the nucleus 

accumbens and caudate nucleus it was required. Retaining currents of 5-1OnA 

were used to keep drugs in the electrodes. Ejecting currents were usually 

in the 30-90nA range. When comparing the potencies of drugs regular pulses 

were used to overcome the "warm up" effects due to the removal of drug from 

the tip of the electrode by the retaining currents (Bradshaw, Roberts and 

Szabadi, 19T3). The iontophoretic currents were monitored on ammeters and 

controlled by a custom built 5 channel iontophoresis unit. 

2.1.3. Release of drugs from microelectrodes 

While it is known that peptides such as substance P are released from ionto-

phoretic electrodes (Krnjevic and Morris, 197^), it is uncertain whether 

the tripeptide MIF is. In view of this uncertainty it was necessary to toHi 

for release. Four multibarrel electrodes were constructed as previously de-

scribed. Five barrels of each electrode were filled with MIF (50mM) the pH 

having been adjusted with HCl prior to filling the electrode. The recording 

barrel of the electrode remained empty. This enabled a maximum drug current 

of 500nA to be passed from each electrode, lOOnA through each barrel. In 

order to eject nMole quantities of drug an ejection time of h-') hours war, 

thought to be sufficient. As there is no sensitive bio or immunoassay the 

peptide was measured chemically by amino acid analysis and thin layer chroma-

tography. 
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Four different combinations of drug solution and current polarity were used: 

Electrode 1, MIF pH 4.5 500nA eject 5 hours 

" 2 " U.5 " retain " 

" 3 " 7.0 " eject " 

4 " 7.0 " retain " 

The MIF was iontophoresed into 1ml of distilled water in a Quickfit MF 2k/O 

tube, a silver earthing wire was immersed into the distilled water while 

the iontophoretic leads were inserted into the electrode barrels. The sam-

ples were freeze dried in their individual tubes and analysed for peptides 

(N. Fetter, ICI Ltd.). All glass was cleaned with chromic acid before use. 

The release of noradrenaline and dopamine from iontophoretic electrodes was 

also measured. These experiments were performed in conjunction with Dr J.A. 

Poat of the Dept. of Physiology and Pharmacology, Southampton University. A 

mixture of %-dopamine (6.2 Ci/mmole)and cold dopamine (0.2M) was made up and 

injected into one barrel of a multibarrel electrode. The electrode was low-

ered into a 2ml volume of tartaric acid (0.5mg/ml, 3mM) while a constant 

lOnA retaining current was being applied to the filled barrel. Three diff-

erent ejection currents were then applied for the following times with a 

sixty second retaining period between each ejection current, a one minute 

period was allowed for changing the sample tubes for different current inten-

sities. 

60nA 

30nA 

15nA 

U X 1 min 

4 X 1 min 

10 X 1 min 

Between each ejection a retaining current of lOnA was applied to stop spon-

taneous leakage of drug. The quantity of dopamine ejected into the 2\\\\ oC 

tartaric acid was then found with a scintillation counter and the averayo 

quantity released per nA of ejecting current worked out. This value was 

compared by the students t-test with the value for noradrenaline obtained 

by an identical method. 

2.1.4. Stimulation and identification of neurones 

Bipolar stainless steel electrodes (Rhodes Medical Instruments, SNKX 100) 

with a tip separation of 0.25mm and a coaxial configuration were stereo-
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taxically positioned into the required areas using the stereotaxic atlas 

of the rat brain (Konig and Klippel, 1963). For the caudate nucleus of a 

150 gm rat the electrode was inserted at an angle of 15° in the coronal 

plane and the following co-ordinates were used, D being measured from the 

surface of the brain: L 4.6, A 6.0-8.5j D 2.8-5.5. For the substantia 

nigra the electrodes were positioned vertically at the following co-

ordinates in a 150 gm rat: A 1.8-2.2, L 1.6-2.2, D 6.4-8.0. 

The stimulation pulses were generated by a Devices gated pulse generator 

2521, timed by a Devices digitimer 3290 and delivered to the stimulating 

electrode by a Devices isolated stimulator 2533. By using the digitimer 

single pulses or trains of pulses could be given at regular intervals. The 

effects of stimulation were monitored on a storage scope DM35A triggered by 

the digitimer. The stimulus current was indirectly measured by recording 

the voltage of the stimulus and dividing it by the resistance of the stimu-

lating electrode. The parameters of stimulation were single square wave 

pulses of 0.1-1mA, 0.1-0.5msec duration delivered at between 0.1 and 100Hz. 

A block diagram of the apparatus is given figure 2.3. 

Identification of neurones was achieved by monitoring the size, shape and 

latency of extracellularly recorded action potentials on a DM35A Tektronix 

storage oscilloscope. Antidromic potentials and orthodromic excitatory 

potentials could be easily detected with this system, however orthodromic 

inhibitions were less easily seen. 

2.1.5. Analysis of Data 

Electrophysiological data was presented in three different ways. Post-

stimulus evoked responses were photographed from the storage oscilloscope. 

Spike records were made either on continuously moving film or on a poly-

graph. Rate meter recordings were made in three different form3, nurnbor of 

spikes per one, four or ten seconds. An example of the three different 

types of ratemeter recording are shown in figure 2.5. 

2.1.6. Verification of electrode positions 

In order to verify that the recordings were made from the correct brain 

areas pontamine sky blue was ejected, as an anion, from the recording barr-

el by passing a 5 yA current for ten minutes (Hellon, 1971). The brain was 

fixed at the end of the experiment by perfusing the rat through the aorta 

with 10^ formol saline. The position of the dye spots was verified 
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histologically by examining serial slides of the brain which had been cut 

on a freezing microtome. 

For verification of the position of the stimulating electrode, electrolytic 

lesions were made at their tips by passing a current of 2mA for 10 seconds. 
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Table (2.1.). List of drugs used and their source. The concentration and pH of sol-
utions used for iontophoresis is given. Details of drugs given peripherally or centr-
ally are given in the text. The structures of drugs are given in the appendix unless 
otherwise stated. 
Drug Concentration 

Acetylcholine chloride 200mM 

ADTN:2-amino-6,T-dihydroxy-1, 
2,3,4-tetrahydronaphthalene 

HBr. itOmM 

d-Amphetamine sulphate 

Angiotensin II 2TinM 

Apomorphine HC1 

BW180C;d-leu^,met ̂ -enkephalin 10OmM 

Chlorpromazine 

CRM221 ̂methylated TRH 50inM 

Chloral Hydrate 

Dopamine HC1 200inM 

3,^-dihydroxy nomifensine 20mM 

139^62 50mM 

Fluphenazine HC1 lOOmM 

GABA;gamma»-amino'butyric acid 200mM 

L-glutamate 200inM 

Haloperidol 

Halothane (Fluothane) 

His-Pro;histidyl-proline 60inM 

D L H;D,L-homocysteic acid 200mM 

MIF;MSH releasing factor 50inM 

96955 50inM 

96956 50mM 

96957 50mM 

Nomifensine maleate lOOmM 

t-Noradrenaline hitartrate 200mM 

Sagatal 

Substance P (SP) 
SP1-2 
SP1-9 
SPk-9 
SP5-9 
SP6-11 
SP6-IIpyr©glutamyl analogue 

spant 

erp 

0.08mM 
O.TmM 
O.ImM 
0.2mM 
0.2mM 

saturated soln. 

it—5 

k-5 

U-5 

5 

î -5 

k—5 

3-h 

3-h 

3-h 

n-5 

8-9 

^-5 

8-9 

3-5 

3-5 

3-5 

3-5 

2-3 

4—5 

3-k 
3-lt 
3-h 
3-k 
3-k 

3 
3 

Source 

B.D.H. 

Dr.J.D. McDermed 

S.K.F. 

CIM Geigi 

MacFarlane Smith Ltd. 

Burro ugh SWellcome 

May and Baker 

Reckitt and Coleman Ltd. 

B.D.H. 

Koch-Light 

Hoechst 

Dr. J.S. Merely 

Squibb 

B.D.Il. 

B.D.H. 

Janssen-Pharmaceutical 

I.C.I. 

Dr. B. Morgan 

Koch -Light 

Sigma 

J.S. Morley 

J.S. Morley 

J.S. Morley 

Hoechst 

Koch -Light 

May and Baker 

Beckman 
J.S. Morley, I.C.I. 
structures in figure 

(4 .3) 
t? 

t f 

f f 

f f 

f f 

ft 
f f 



Table (2.1) continued. 

(t),(+),(-)-sulpiride 

TKii-thyrotropin releasing 
hormone 

p-tyraraine HCL 

Concentration 

lOOmM 

50inM 

200mM 

pH Source 

5.5 Ravizza s.p.A. 

4-5 Sigma 

U-5 Koche Light 



Figure 2.1. Stages in the construction of a multibarrel electrode, 
text for details, from S. Batta, Ph D thesis. 

see 

10pm 

Figure 2.2. Magnified photograph of the tip of a recording and iontophor-
esis electrode. The recording barrel protrudes some 20u, from 
Grossman, Woodruff and Walker, 197^.b 
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2.2. Behaviour 

2.2.1. Preparation of animals for chronic cannulae 

Intracerebral injections into the nucleus accumbens and ventral tegmental 

area of conscious rats were achieved via permanently-implanted cannulae. 

The cannulae were made to the design shown in figure 2.6. Male wistar rats 

weighing between l80 and 200 gm were anaesthetized with Halothane in 100% 

Og and their heads secured in a stereotaxic frame (David Kopf 900). A 

saggital incision was made in the scalp and the skin retracted to expose 

the skull. The surface of the skull was thoroughly cleaned to remove conn-

ective tissue and allowed to dry. The features on the skull surface were 

then easily visible. The co-ordinates for the cannulae to be aimed at were 

worked out using the stereotaxic atlas of the rat brain by Konig and 

Klippel (1963) and corrected for the weight of the rat. Co-ordinates for 

the following areas in a 15O gm rat were: nucleus accumbens A 9.^, L 1.2, 

D 6.0, ventral tegmental area A 1.6, L 0.6, D 6.8, the depth D being meas-

ured from the surface of the brain. In order to avoid puncturing major 

blood vessels and to permit easier placement of cannulae, the cannulae were 

implanted at an angle of 12° to the vertical plane. Thus the co-ordinates 

on the skull surface for the nucleus accumbens cannulae were: 9.kmm anter-

ior from the lambda and 2.4mm from the saggital suture, for the VTA cannu-

lae I.Tmm from the lambda and 2.3mm from the saggital suture. In both 

accumbens or VTA cannulated animals a similar procedure was adopted for im-

plantation of cannulae. Using a 1.0mm dental steel burr, two holes were 

drilled in the skull approximately 4mm anterior from lambda and 1mm either 

side of the saggital suture. A 1/8 inch stainless steel screw was placed 

into each of these. The purpose of these two screws was to secure the sub-

sequently applied dental cement to the skull. After placing the screws in 

these holes two further holes were drilled through the skull at the appro-

priate co-ordinates for either accumbens or VTA cannulae. The dura beneath 

these holes through which the cannulae were to bo inserted wan punf;l.ur(>(l 

with a sterile hypodermic needle. A cannula, sterilized in absolute alco-

hol and dried, was attached to the holder on the frame and slowly J.owered 

at an angle of 12° into one of the holes. The cannulae was then fixcrt nn 

position using acrylic dental cement (DeTrcy) and after allowing Lhe (;oin«iil. 

to set for 15 minutes, the cannulae holder was carefully unscrewed and 

withdrawn. The procedure was repeated to implant the cannulae on the oLher 

side and cement was applied liberally around both cannulae and the screws 

so that there were no sharp points to cause irritation to the animal. The 

cement was allowed to harden for 20 minutes, the cannulae holder was re-

moved and the stylets were inserted into the cannulae. A small smount of 
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antibiotic powder (Cicatrin) and local anaesthetic (Lignocaine) was then 

applied, and the incision closed with cotton sutures. This prevented in-

fection and reduced irritation in the immediate post operative period. The 

rats were allowed to recover in a warm room. Over the next few days they 

were accustomed to handling and were ready for use within one week of sur-

gery. 

2.2.2. Intracerebral and peripheral injections 

Drugs were injected into the nucleus accumbens or VTA (ventral tegmentum) 

of the conscious, manually restrained animal via the previously implanted 

cannulae. A 5 yl glass microsyringe (Hamilton) fitted with a length of 

polythene tubing (Portex PPIO) and a 30 gauge needle (90° flat cut tip) was 

used for this. It was necessary for the tip of the injection needle to pro-

trude from the end of cannulae by a certain distance depending on the brain 

area. As the cannulae were of standard dimensions, this was achieved by 

fitting a plastic sleeve to the needle of a length such that the exposed 

portion extended below the cannulae tube by a distance placing the needle 

tip at the correct injection site. The drug was delivered in a 0.5 pl vol-

ume of CSF over a period of 10 seconds. The cannulae stylets being replac-

ed immediately after injections. A period of kS hours between injections 

was allowed. 

Peripheral injections were given either Intraperitoneally (I.P.) or subcu-

taneously (S.C.). Drugs were dissolved in 0.9% saline. A list of the 

drugs used and their source is contained in figure 2.U. 

2.2.3. Experimental proc edure 

With the exception of one group of experiments, animals were placed in 

their activity cages at least half an hour before drug administration, so 

that they could become acclimatized to a new environment. The activity 

cages work on the same principle as animex cages. Eight animals were plac-

ed in eight activity cages, four were injected with drugs, the remaining 

four with control vehicle. Activity was counted every five minuter, ;i n hol.li 

horizontal and if necessary vertical planes and printed both numerically 

and as a punched tape. The length for which activity was counted Oopond'-il 

on the drug being used. Short acting drugs such as amphetamine were moni-

tored for 12 hours whereas longer lasting drug effects such as those pro-

duced by BWlSOC were monitored for h hours. Further drug adrninistral.iotis 

could be carried out during the period of recording, the counts during thm 
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injection period being discarded. 

2.2.4. Analysis of data 

The data stored on punched tape could be run through a computer terminal 

and processed by computer, to give either a table or a graph of the mean, 

standard error and significance of the treatment verses control data (stu-

dents unpaired t-test). Due to the inflexibility of the program this could 

not be used for all data. When this was the case data was sorted manually 

and then the statistical analysis was calculated using a programmable 

Hewlett-Packard calculator. Results were presented as histograms or graphs 

of horizontal movements against time. 

2.2.5. Histological procedures 

The rats were anaesthetized with a lethal dose of barbiturate,. 

Once anaesthetized the histological procedure was identical to that used in 

section 2.1.6. 
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CHAPTER 3. RESULTS 

3.1. Electrophysiology and iontophoresis 

When recording from the substantia nigra it was usually unnecessary to use 

either glutamate or DLH filled electrodes in order to excite cells as most 

neurones were found to be spontaneously active. The firing rates of cells 

varied quite markedly. Cells in the zona compacta thought possibly to be 

dopaminergic (SNCD cells) fired at between 2 and 8 Hz and had wide action 

potentials up to 5msec in duration as previously reported (1.5.2.). In the 

mesencephalic reticular formation immediately above the nigra and in the 

zona reticulata itself neurones had activities between 0.1 and 60Hz, these 

cells had a shorter action potential and a much faster rise time than com-

pacta neurones. In spite of the high density of cells in the zona compacta, 

it was usually only possible to record from one or two compacta cells in a 

single electrode tract. However, these compacta neurones always gave a very 

stable baseline firing rate which rarely varied by more than 10^ in the 

absence of drugs. Reticulata neurones also gave stable baseline firing 

rates but these were more variable. 

In the caudate nucleus and nucleus accumbens spontaneously active units were 

rarely encountered, making up less than 5^ of units used. In these two 

areas an iontophoretic channel releasing either glutamate or DLH continuoijsjy 

or in brief pulses was a prerequisite for extracellular recordings. Fre-

quently neurones would become overdepolarized if either excitant was contin-

uously applied and cells would disappear. If this occurred excitants were 

applied in brief pulses and a reduction of the size of a glutamate or DJill 

induced burst of firing was taken as an indication of an inhibitory action 

by another drug such as dopamine. When this technique was used, the timi 

of the pulses of excitants applied to the neurones had to be at regular in-

tervals. During the continuous application of excitants the inhibitory re-

sponses to drugs such as dopamine were usually of fast onset and Bhurt dur-

ation compared to a more leisurely action on spontaneously active neurones 

in the reticular formation and substantia nigra. Different types of neur-

ones in specific areas of the caudate and acuumbens were not readily appar-

ent, thus all neurones in their respective nuclei were considered LogeLher. 

3.1.1. Iontophoresis of substance P and analogues 

Substance P had an excitatory effect which was of slow onset and long dura-

tion on neurones in the substantia nigra. Wlrien applied with positive ojrcl, -

ing currents from 20mM Acetic acid solutions a total of Uo out of 115 cells 
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in the substantia nigra were excited by substance P. In the nucleus accum-

bens of ten cells on which substance P was tested five were not affected. 

Of the remaining five neurones in this area it is possible that the firing 

rate of three was increased while the other two were inhibited. The uncer-

tainty over these results is due to their being obtained from neurones with 

poor spike size in which responses were either mimicked by current controls 

or were not reproducable. Substance P was not tested on neurones in the 

caudate nucleus. A summary of these results is given in table 3.1. 

The substance P analogues were only tested iontophoretically in the sub-

stantia nigra. Of the analogues, only one was seen to possess similar act-

ivity to substance P. Thus it was found that substance P 1-9 excited 29 

neurones while "JO were unaffected. Only neurones excited by substance P 

were similarly affected by substance P 1-9 (fig. 3.1), this was tested on 

12 neurones. A cross tachyphylaxis between substance P and substance P 1-9 

was seen on three cells on which this was tested. The large number of 

neurones on which substance P and the 1-9 fragment gave positive results 

but were not tested against each other is due to both of these drugs being 

used as controls in the testing of the other fragments of substance P and 

the putative antagonists. 

When testing any substance P fragment either substance P or substance P 1-9 

was included in one of the iontophoretic barrels to ensure that the cells 

on which fragments were found to be inactive would actually respond to the 

parent molecule. Thus it was found that the N-terminal fragments of sub-

stance P, substance P 1-2, U-9 and 5-9 were without effect on 20, 31 and 18 

neurones respectively, (see figure 3.2). The C-terminal fragment of sub-

stance P, substance P 6-11 and its pyroglutamyl analogue were found to be 

inactive on 5 and 4 cells respectively. Similarly an eledoisin related pep-

tide containing a similar C-terminal sequence to substance P, Arg-Ala-Phc-

Ile-Gly-Leu-Met-NHg, was also inactive on 20 cells, and while it did excite 

one cell this cell was not excited by substance P. A pyroglutamyl analogue 

of substance P, l40l43» modified to give the following structure, pyroGlu-

Phe(pNH2)-Phe-Gly-Leu-Met-NH2, was tested on 9 cells as an antagonist of 

substance P. Not only did it fail to change the response to substance P on 

any of these cells but it did not produce any response on its own. Similar-

ly a modified amino acid, 1^0975> which has antagonist properties on the 

guinea pig ileum was without effect on the response to substance P or its 

1-9 fragment on 5 cells. However, it did cause a similar excitation to 
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substance P on threi cells after which the response to substance P was 

slightly reduced. A summary of the results obtained with fragments of sub-

stance P is given in table 3.2. 

Substance P has been found to cause behavioural effects suggesting an acti-

vation of the ascending nigrostriatal and mesolimbic dopamine pathways. 

However, when applied to neurones in the SNC thought to be the cell bodies 

of the dopamine pathways (SNCD cells) no consistent effects were observed. 

Of the 4 cells on which dopamine had an inhibitory effect, 2 were excited 

by substance P, 70nA, 60 seconds and 2 were not affected by long applica-

tions. Additionally, on these latter 2 neurones substance P 80nA applied 

for 5^0 seconds failed to modify the response to a submaximal dose of dopa-

mine, illustrated in figure 3.3. 

3.1.2. Substance P behavioural studies 

10 pg (6.6 nmole) substance P was dissolved in 0.5 yl artificial CSF and 

injected bilaterally into the ventral tegmentum (VTA) of chronically cannu-

lated rats over a 60 second period. The animals were then returned to 

their activity cages. The activity counts obtained during the first five 

minutes were discarded. Substance P was found to produce a short term in-

crease in locomotor activity when compared with CSF treated control animals. 

This is illustrated in figure 3.^. Thus when comparing the potencies of 

substance P fragments (using the students t-test) locomotor counts measured 

during the first twenty minutes were added together and plotted as a histo-

gram. Thus it can be seen (fig. 3.5) that 3 and 10 pg (2 and 6.6 ninoles) 

of substance P cause a significant increase in locomotor activity while 1 pg 

(0.66 nmoles) does not. 10 pg (7.4 nmoles) of substance P 1-9 also pro-

duces a significant increase in locomotor activity while substance P h-9 

(10 nmoles) and substance P 5-9 (12 nmoles) do not. The response to sub-

stance P and substance P 1-9 was still present after a series of seven 

different injections in the same group of rats, although it appears to be 

slightly reduced, see figure 3.5, last two columns. 

Bilateral injections of 5 Pg of the modified C-terminal fragment of sub-

stance P, l40l43, (5 nmoles) did not change the activity of any of the 

rats. The modified amino acid lU6l25 was injected intraperitoneally (l.]\) 

as it dissolved only in absolute ethanol, UO mg/kg caused a slight non sig-

nificant reduction in the locomotor response to bilateral injections of 

substance P, 10 pg/Side. 
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To summarise, it was found in both behavioural and iontophoretic studies 

that substance P 1-9 had similar actions to substance P, while substance P 

1-2, k-9 and 5~9 were without effect. Of the putative antagonists, the 

modified peptide l40l43 was devoid of activity while the amino acid l46l25 

caused a non significant reduction in substance P hyperactivity and the 

amino acid l40975 had a partial agonist action when iontophoretically app-

lied to neurones in the substantia nigra. 
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3.2.1. Effects of MIF on the firing rate of neurones 

The tripeptide MIF was dissolved in either distilled water, 20 mM acetic 

acid or 3 mM tartaric acid and the pH adjusted to between U.5 and 7. The 

final concentration of MIF was 55 mM. Iontophoresis of MIF onto neurones 

was carried out in the substantia nigra, caudate nucleus and nucleus accum-

bens as these are areas where dopamine is thought to have a physiological 

function. In the substantia nigra recordings were made from spontaneously 

active neurones. These included cells in the reticulata (SNR), compacta 

(sue) and also in the mesencephalic reticular formation (MRF) immediately 

above the SNC. 

MIF was without effect on cells in the SNC which responded to dopamine, as 

is clearly seen in figure 3.6. Similar results were obtained in the SKR 

and MRF where neurones do not respond to dopamine but aresersitive to GABA. 

MIF was tested on a total of 57 cells in the SNC, SNR and MRF with currents 

up to 100 nA for periods of between 20 and l80 seconds and in no cases did 

it produce consistent or reproducable effects. 

In the caudate nucleus and nucleus accumbens most of the cells encountered 

were driven by DLH or glutamic acid applied with negative currents of be-

tween zero and 50 nA. MIF was tested on 22 and 35 units in the caudate and 

accumbens respectively. Using similar currents for similar periods of time 

to those used in the substantia nigra no consistent or reproducable changes 

in the firing rate of neurones in either the caudate or accumbens were 

observed. This is clearly illustrated in figure 3.7 which is a ratemeter 

recording from a cell in the caudate nucleus driven by DLH. This neurone 

like many others was inhibited by dopamine. 

To see whether MIF has an indirect action on dopamine responses MIF was cont-

inuously applied with high currents of 80 to 100 nA during pulses of dopa-

mine which had been previously found to be threshold doses. MIF was with-

out effect on a threshold dose of dopamine on four cells in the caudate 

nucleus and five cells in the nucleus accumbens. This is illustrated in 

figure 3.8 which is a rate meter recording from a spontaneously active neur-

one in the nucleus accumbens. 

Drugs which cause a change in the metabolism of dopamine in the brain have 

been shown to change the firing rate of neurones in the SNC (see section 

I.5.). To see if MIF is acting indirectly on the dopamine systems, it was 
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injected intravenously while recording from a cell presumed to be a cell 

body of the ascending dopaminergic nigro striatal tract (SNCD cell). No 

change in the firing rate of these neurones was observed over a wide range 

of doses of MIF although apomorphine still inhibited these neurones and 

fluphenazine or chxorpromazine reversed this inhibition. This is illustra-

ted in figure 3.9- A similar lack of effect with intravenous MIF was seen 

on two other SEC neurones. 

To ensure that the apparent inactivity of iontophoretically applied MIF was 

not due to it;being broken down after release before it reached a receptor, 

three metabolically stable a-aza analogues of MIF were tested on lU, 6 and 

11 neurones in the substantia nigra, caudate nucleus and nucleus accumbens 

respectively. This is illustrated in figure 3.10 which is a ratemeter re-

cording from a SNC neurone which is inhibited by dopamine. A summary of 

the results obtained with MIF and the three analogues in the substantia 

nigra, caudate nucleus and nucleus accumbens is given in table 3.3. 

Therefore we can conclude that in the experimental conditions we used MIF 

is released with positive currents from microelectrodes. However, it does 

not appear to have an acute effect on the firing rate of neurones in the 

substantia nigra, caudate nucleus and nucleus accumbens. Neither does it 

have an acute indirect effect on dopamine responses or neurones and this 

lack of effect is unlikely to be due to rapid metabolism of the peptide. 

3.2.2. MIF, behavioural studies 

To observe whether the behavioural effects reported after peripheral admin-

istration of MIF were mediated by systems in the brain intimately involved 

with catecholamines, MIF was given to animals which had been pretreated with 

amphetamine. To see if the nucleus accumbens was involved in the response 

MIF was also administered to rats in which a hyperactive response had been 

induced by bilateral intraaccumbens injections of amphetamine. 

A 2 mg/kg dose of amphetamine in 0.2 ml of 0.9^ saline given intrapor.i l.on-

eally (I.P.) was found to produce a significant hyperactivity without much 

stereotypy. MIF was administered subcutaneously (S.C.) 20 minutes after in-

jection of amphetamine, at this point the amphetamine hyperactivity had pass-

ed its peak. Thus any amphetamine potentiating property of MIF would bo 

manifest as a partial or complete return to peak hyperactivity values. SC 

administration of 100 mg/kg MIF in 0 .4 ml saline failed to change the shape 
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of the hyperactivity curve produced by 2 mg/kg amphetamine. Neither did 

MIF change the activity of control animals treated with 0.2 ml of saline 

instead of amphetamine. 

10 ug amphetamine per side injected bilaterally into the nucleus accumbens 

in a 1 pi vol of 0.9% saline was found to produce a submaximal locomotor 

response which was significantly different to that produced by identical 

volumes of saline (see figure 3.11). SC injections of 100 mg/kg MIF given 

simultaneously with the intraaccumbens injections of amphetamine produced 

no change in the shape of the hyperactivity curve produced by amphetamine 

(see figure 3.12). 

MIF is reported to be effective in the treatment of Parkinsonism, one of 

the side effects of neuroleptic drugs is iatrogenic Parkinsonism (section 

U.5.1.)- In experimental animals one of the effects of neuroleptics is sed-

ation, thus the spontaneous exploratory activity of rats placed in a new 

cage can be reduced by neuroleptics such as haloperidol. We attempted to 

abolish this sedation with MIF to see if this has a common mechanism of 

action to the Parkinsonian side effects of neuroleptics. 

Rats pretreated with 0.5 mg/kg haloperidol I.P. half an hour before being 

placed in the activity cages exhibited no spontaneous exploratory activity 

(see fig 3.13) while those treated with 0.25 mg/kg showed a slight non sig-

nificant reduction in activity. The loss of exploratory activity was not 

affected by simultaneous injection of 1, 3, 30 or 100 mg/kg MIF given SC. 

A summary of the results is given in table 3.U. 

We can conclude that MIF at the doses we used has no effects on the hyper-

activity produced by amphetamine given either I.P. or bilaterally into the 

nucleus accumbens. Furthermore, over a wide range of doses over which it 

was reported to be behaviourally active (section 1.2) it failed to reverse 

the hypoactivity caused by haloperidol. 
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3.3.1. TRH, iontophoretic studies 

The tripeptide TRH was applied to neurones in the substantia nigra, caudate 

nucleus and nucleus accumbens as there is some evidence that it interacts 

with dopamine in these areas as well as possessing actions in other areas 

of the brain (section 1.3.2.). The peptide was dissolved in distilled 

water, 20mM acetic acid or 3mM tartaric acid and the pH adjusted to 4.5. 

The final concentration of TRH in the microelectrode was USmM. 

In the substantia nigra TRH was applied to cells in the zona compacta (SNC), 

zona reticulata (SNR) and mesencephalic reticular formation (MRF) immediate-

ly above the SMC. Currents of up to lOOnA for periods of l80 seconds failed 

to change the firing rate of 40 cells in these areas, although other drugs 

such as dopamine and GABA did have effects suggesting the microelectrodes 

were intact and functioning correctly. 

As previously mentioned, in the caudate nucleus and nucleus accumbens most 

cells were silent and had to be driven by continuous application of amino 

acid excitants. TRH was without effect on 33 neurones in the caudate nu-

cleus and k2 neurones in the nucleus accumbens. This is illustrated in fig-

ure 3.7 which is a ratemeter recording from a silent cell in the caudate 

nucleus. The effect of long applications of TRH, 80-100nA for l80 seconds 

was tested on the response to a threshold iontophoretic dose of dopamine on 

two neurones in the caudate nucleus and four neurones in the nucleus accum-

bens. Again no effects with TRH were observed, this is illustrated in fig-

ure 3.8. 

A similar procedure to that used with MIF was used to record the offccta of 

intravenous (l.V.) TRH on the firing rate of presumed dopamine neurones in 

the compacta of the substantia nigra and ventral tegmentum (VTA). This was 

carried out on only one cell in each area due to the scarcity of TRH. A 

slight increase in the firing rate of neurones in both areas was seen which 

was of relatively short (two minutes) duration. These cells responded to 

dopamine agonists and antagonists in the usual manner. It has been 

ed that a methylated TRH derivative, CRM221/3, or a dipeptide breakdown 

product of TRH, ̂ -His-Pro-̂ , might have actions in the CNS. These two com-

pounds and TRH were iontophoretically applied to eight neurones in the sub-

stantia nigra of which three responded to dopamine and were identified as 

being nigrostriatal neurones by antidromic spikes following electrical stim-

ulation of the ipsilateral caudate nucleus. The three drugs were also 

-



applied to 11 and 13 neurones in the caudate nucleus and nucleus accumbens 

respectively with high currents of lOOnA for up to l80 seconds. None of 

these drugs, TRH, CRM221/3 or ̂ His-ProJ affected the firing rate of neur-

ones in any of the areas in which they were tested, this is illustrated in 

figure 3.15, and a summary of the results is given in table 3.5. 

In addition to injecting TRH intravenously (10 mg/kg), CRM221/3 was also 

injected intravenously (10 mg/kg) while recording from a presumed dopamine 

containing cell in the SNC. A similar result to that obtained with TRH was 

obtained, that is a short duration increase in firing rate, illustrated in 

fig. 3.14. The increase in firing rate of the neurone was also accompanied 

by a visible rise in respiration rate which was not quantified. 

Thus we can conclude from the electrophysiological studies that we have 

carried out that iontophoretic application of TRH, a stable methylated ana-

logue CRM221/3, and a breakdown product ̂ His-Pro-I does not affect the fir-

ing rate of neurones in either the substantia nigra, caudate nucleus or nu-

cleus accumbens. Additionally, the response to dopamine in the latter two 

areas was not affected by TRH. However, an increase in firing rate of pre-

sumed dopamine neurones in the SNC is seen following I.V. injections of TRH 

and CRM221/3. 

3.3.2. TRH, behavioural studies 

TRH is reported to have behavioural effects after peripheral administration. 

To see if these are mediated via catecholamine systems TRH was injected into 

animals pretreated with the catecholamine releasing agent amphetamine. An 

identical procedure to that used in the behavioural experiments with MIF was 

used. After the response to a peripheral injection of amphetamine (2mg/kg) 

had passed its peak TRH was injected subcutaneously. TRH was also injected 

peripherally into animals which had been stimulated by bilateral injections 

of amphetamine (10 pg/side) into the nucleus accumbens to see if this nuclcun 

was important in the response. 

In these experiments we found that TRH failed to modify the response to 

amphetamine, injected into the nucleus accumbens. However it did cause a 

return to peak amphetamine values after peripheral injection. This is iKI-

ustrated in figure 3.16. However, in contrast to previous reports (Miyamoto 

and Nagawa, 1977) we could find no stimulation of locomotor activity after 

peripheral administration of TRH alone. 
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3.^. Angiotensin II, iontophoretic studies 

High levels of angiotensin converting enzyme have been detected in the sub-

stantia nigra (section 1.1.7. and 4.1.) and there appears to be similari-

ties in the metabolism of angiotensin and substance P (section 4.1.). In 

view of these reports angiotensin II was iontophoretically applied to neur-

ones in both the zona compacta (SKC) and zona reticulata (SNR) of the sub-

stantia nigra from 0.02M solutions of acetic acid. Of 15 neurones on which 

angiotensin II was tested l4 were not affected by high (100 nA) currents 

for long (l80 second) periods. While one neurone was excited the result 

was poor and could possibly be due to electrical artifacts. Cells on which 

angiotensin II was inactive responded to dopamine, acetylcholine and GABA 

implying that the electrodes were functioning normally. A summary of the 

results is given in table 3.1. 
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3.5.1. Opidd. peptide, behavioural studies 

Injection of opiate drugs into either the nucleus accumbens or ventral teg-

mentum (VTA) has been shown to cause hyperactivity (section 1.4.1.). There 

is some evidence that the pentapeptide (BWI8OC) is a more potent agonist 

at 6 than y receptors in peripheral preparations (section 4.4.) and that 

the modified peptide 139462 is a fairly selective antagonist at 6 receptors. 

In addition it has been proposed that ethylketocyclazocine is a potent agon-

ist at k receptors. 

The chronically cannulated rats used in this study were placed in their 

activity cages half an hour before commencing the experiment to familiarise 

them with their new surroundings. Bilateral injections of BWI8OC, 5 Wg/ 

side (10 nmoles), in O.5 yl artificial CSF were made into the VTA. The loco-

motor stimulation that followed appears to consist of two components. Imm-

ediately after injection there is a short duration hyperactivity. This is 

followed by a period of hypoactivity which gives way to a low level but con-

tinuous hyperactivity starting some 40 minutes after the BWI8OC injection 

and continuing for a further 60 minutes. This is illustrated in figure 3.IT. 

Therefore when analysing the data, activity during the first 15 minutes was 

summed and compared with CSF values. A similar procedure was adopted for 

the activity between 50 and 100 minutes. Injections of naloxone (2mg/kg SC) 

were made immediately before BWlSOC injection and 4o minutes after as the 

antagonist actions of this opiate antagonist are reported to be brief. The 

modified peptide 139462 (5 yg/side) was injected simultaneously in the same 

volume of CSF as the BWI8OC. Neither naloxone nor 139462 changed the init-

ial hyperactive response to BWI8OC. Both naloxone and BWI8OC caused a non-

significant reduction in the second slow onset long duration period of 

hyperactivity. Peripheral administration of naloxone or 139462 alone caus-

ed no change in the spontaneous locomotor activity of the rats. A summary 

of the results is given in table 3.6. 

Bilateral injections of BWI8OC (10 yg/side (20 nmoles) in 0.5 yl of artific-

ial CSF) into the nucleus accumbens resulted in a potent stimulation of loco-

motor activity. This commenced some 20 to 30 minutes after the injection of 

BWI8OC and continued for a further TO minutes. This is illustrated in fig-

ure 3.18. Simultaneous administration of 139462 (5 yg/side) bilaterally in-

to the accumbens or peripheral injections of naloxone (2 mg/kg) failed to 

change the shape of the hyperactivity curve. Activity was summed between 
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30 and 50 minutes to make statistical comparisons with CSF control injec-

tions. A histogram of the results is given in table 3.7- Ethylketocycla-

zocine which has been proposed as a k receptor agonist produced no effect 

on locomotor activity after bilateral injections of 10 yg/side in 1 yl of 

artificial CSF into the nucleus accumbens. 

3.5.2. Opiod peptides, iontophoretic studies 

In a continuation of the above study we attempted to block the iontophor-

etic effects of BWI8OC on neurones in the nucleus accumbens with concurr-

ent iontophoresis of the modified peptide 139^62. BWI8OC was tested on 26 

neurones of which 20 were inhibited. The inhibition was fast in onset and 

of short duration, the inhibition ending soon after ending application of 

the drug. All 10 of the cells inhibited by BWI80C on which dopamine was 

also tested were also inhibited by dopamine. However, four cells inhibited 

by dopamine were net inhibited by BWI8OC. Long applications (2U0 seconds) 

of the modified peptide 139^62 with high currents (100 nA) failed to change 

the inhibitory response to BWI8OC on all 20 cells on which it was tested. 

An example of this failure to antagonise BWI8OC is given in figure 3.19. 

There is some behavioural evidence that opiates interact with dopamine 

systems. Changes in the activity of the dopamine systems can be monitored 

by measuring the firing rate of cells in the substantia nigra presumed to 

be the cell bodies of the ascending dopaminergic nigro striatal tract. The 

effect of intravenous ebhylketocyclazocine, a drug said to be a potent k re-

ceptor agonist, was tested on these cells. Three different doses, 1, 3 and 

10 mg/kg, were tested consecutively on three separate neurones in the sub-

stantia nigra compacta. No changes in firing rate were seen while morphine 

produced the expected increase in firing rate which has been previously re-

ported (sections 1.U and 4.4.). 

To briefly summarise the results obtained in the studies with opiates. The 

peptide BWI8OC was found to produce hyperactivity when injected bilaterally 

into the nucleus accumbens or ventral tegmentum (VTA). Ethylketocyclazo-

cine had no such effects when injected bilaterally into the nucleus accum-

bens. The putative peptide antagonist 139462 and naloxone caused a non 

nificant reduction in the hyperactivity produced by BWI8OC in the VTA, how-

ever no such effect was seen on the hyperactivity produced by BWI8OC in the 

nucleus accumbens. BWI8OC inhibited cells in the nucleus accumbens, this 

inhibition was not affected by 139462. Ethylketocyclazocine was without 

effect on the firing rate of cells presumed to be dopaminergic while mor-

phine increased their firing rate. 
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3.6.1. lontophoretic studies with dopamine agonists and antagonists in the 

substantia nigra 

In the zona compacta of the substantia nigra there are a group of neurones 

which can be readily distinguished from surrounding cells by their unusu-

ally long action potential duration. These have been suggested as the cell 

bodies of the ascending nigrostriatal dopamine pathway (section 1.5 and 4.5) 

They have been abbreviated in this study to SNCD cells on some occasions. 

In addition they can be antidromically identified after electrical stimula-

tion of the ipsilateral striatum. lontophoretic or intravenous administra-

tion of dopamine agonists depresses the firing rate of these cells, an 

effect which is reversed by antagonists such as haloperidol. 

The effects of several drugs known to act on dopamine systems was tested on 

these neurones. Dopamine was tested on 65 of these neurones. Of these, 60 

were inhibited in a dose dependant manner (figure 3.20). Five were not 

affected by dopamine even at high currents (100 nA, 120 seconds). Dopamine 

never excited this type of neurone. Dopamine had been tested many times in 

the course of our peptide studies and these cells are not included in this 

section. 

The substituted benzamide sulpiride was tested on the inhibitory response 

to dopamine on 12 neurones. Sulpiride was applied with currents of 20-50 

nA. It showed dopamine antagonistic activity which was apparent 2-U min-

utes after commencing application. This was rapidly reversible, complete 

recovery of the dopamine response returning within 10 minutes of ending sul-

piride application. During the antagonism of the dopamine response the 

baseline firing rate of the cell increased slightly, returning to normal 

with the return of Uhe response to dopamine. This is illustrated in fig-

ure 3.21. There are two optical isomers of sulpiride, d or + and 1 or 

Both were tested on neurones using similar currents and application times 

as were used for the racemate. The d isomer of sulpiride antagonised the 

response to dopamine on seven of the 11 cells on which this was tried. 

1-sulpiride antagonised the response to dopamine on all 11 cells on which 

it was tested. On four cells on which 1-sulpiride completely reversed the 

response to dopamine, d-sulpiride was inactive. Additionally the inhibit-

ory response to GABA on these neurones was not affected by either isomer of 

sulpiride, figure 3.22. 

GABA (20-80 nA, 15-30 seconds) inhibited all eight cells on which it was 
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tested. The response remained during the application of sulpiride which an-

tagonized dopamine in all these neurones. 

Noradrenaline (30-60nA, 15-30 seconds) was applied to nine neurones which 

responded to dopamine. Noradrenaline produced a similar reduction in fir-

ing rate to dopamine, however the inhibitory effect was of shorter duration 

(figure 3.23). On3 cell identified by antidromic stimulation to be a SNCD 

cell was unaffected by either dopamine or noradrenaline. Both (-)-sulpiride 

and the racemate antagonised the noradrenaline response in a total of four 

cells. 

lontophoretic application of p-tyramine inhibited six cells which also re-

sponded to dopamine but failed to affect two other cells which were affect-

ed by dopamine. The response to p-tyramine was weak with low quantities 

{60nA, 20 seconds) (figure 3.23). However when higher currents were app-

lied for longer periods of time (lOOnA, 90 seconds), a weeik but long last-

ing inhibition of firing rate was apparent. Sulpiride antagonized the 

effects of p-tyramine on all four cells on which it was tested. A summary 

of the results is given in table 3.8. 

It is of interest that all drugs which caused a decrease in the firing rate 

of the cells frequently caused an increase in the extracellularly recorded 

spike size (fig. 3-2k). Excitants often cause a reduction in spike size. 

2-amino,6,7-dihydroxy,1,2,3,^-tetrahydronaphthalene (ADTN) has been propos-

ed as a dopamine agonist (section 1.5.). After obtaining a standard res-

ponse to iontophoretically applied dopamine (60nA, 20 seconds), an empty 

barrel of the microelectrode was filled with ADTN while applying a lOnA re-

taining current. ADTN was then applied (60nA, 60-120 seconds) onto the 

neurones. On all six cells on which ADTN was tested it caused a ^0-100% 

depression of firing rate accompanied by an increase in the spike size. The 

response to dopamine was immediately lost. The depression of firing rate 

slowly recovered to about 10% of its original value over an hour. However, 

no further responses to either dopamine or ADTN could be obtained using 

large currents (lOOnA, 120 seconds). This is illustrated in figure 3.25. 

GABA was only tested on two cells on which ADTN was tested. On these cells 

the response to GABA appeared to be unaffected by ADTN. Sulpiride (60nA 

for 4 minutes) applied immediately before ADTN on two cells did not appear 
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to antagonise the ADTN response. 

3,^-dihydroxy nomifensine has also been proposed as a dopamine agonist. It 

was tested on 10 dopamine type cells in the SKC. Of these six were not aff-

ected while the remaining four were only very weakly inhibited by large curr-

ents of lOOnA for 120 seconds. Furthermore, there was no loss of the re-

sponse to dopamine. 

Nomifensine, 80nA for 120 seconds, produced no response on all seven cells 

on which it was tested. It did not appear to potentiate the response to 

dopamine on three cells on which this was tested, suggesting it does not 

block dopamine reuptake in this brain region. However when injected intra-

venously (l.V.) while recording from three dopamine containing cells it did 

appear to inhibit the firing rate. The ED50 being I.Uj ± 0.24 rag/kg (illus-

trated in figure 3.26). 

It is well documented that drugs which may act on dopamine receptors will 

change the firing rate of neurones in the substantia nigra compacta thought 

to be dopaminergic (SNCD cells) (sections 1.5 and U.5). Apomorphine was in-

jected in logarithmically increasing doses during stable recordings from 

three SNCD cells, A dose response relationship was obtained (fig. 3.27) 

with the ED50 being between 3 and 50 yg/kg (15.4 ± 8.3 yg/kg). Many more 

of these SNCD cells were tested with single 10.30 or 100 yg/kg doses in 

other experiments to confirm that the cells being examined would respond to 

intravenous dopaminergic drugs. During the inhibition caused by any dose 

of apomorphine the spike size often increased, returning to normal as the 

ratemeter recording returned to its original baseline level. 

Isoapomorphine was tested intravenously over a wide range of doses on three 

cells. No change in the firing rate of these cells was seen while a.pomoj— 

phine produced its expected inhibition of firing (Fig. 3,28), 

The neuroleptics chJorpromazine and fluphenazine (0,5 mg/kg) reversed the 

inhibitory effect of 100 yg/kg apomorphine on three cells on which they wore 

tested (fig, 3.9). However, no reversal of the effects of apomorphine 

could be achieved by kO mg/kg of sulpiride, a dose which antagonises the be-

havioural effects of apomorphine, or other dopamine agonists. 

After iontophoretic application of ADTN to SNCD cells they were insensitive 
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to further iontophorevtic application of dopamine or ADTN. IV apomorphine 

(100 pg/kg) produced the usual depression of firing in two of four cells on 

which this was tested. On the other two cells a slight increase in firing 

rate was seen as the dose of apomorphine was logarithmically increased 

(fig. 3.29). 

3.6.2. lontophoretic action of sulpiride in the caudate nucleus 

The majority of the cells in this area of study were silent. With contin-

uous application of excitants such as DLH the cells tended to become over-

depolarized and would go into "depolarization block". Thus it was necessary 

to apply excitants in pulses. Reduction in the size of the resulting burst 

of firing induced by simultaneous administration of another drug was taken 

as an inhibitory effect of this other drug. While most of the neurones were 

in the rostral caudate, some were in the dorsoventral accumbens. However 

no distinction has been made between them in this study. 

0-20 nA of DLH or glutamate was found sufficient to drive most silent cells. 

Twenty-nine cells were found which did not respond to dopamine. Three of 

these were orthodromically activated following electrical stimulation of 

the ipsilateral substantia nigra. The remaining 37 cells encountered were 

inhibited by iontophoretic application of 30-80 nA dopamine applied for 

30-60 seconds. 30-60 nA sulpiride antagonised the response to dopamine on 

five cells but was without effect on the response to dopamine on lU neur-

ones. The antagonism followed a similar time course to that in the sub-

stantia nigra, being apparent within four minutes of starting the sulpiride 

application and rapidly reversible. 

On three neurones the response to dopamine was blocked by both sulpiride 

and fluphenazine (50 nA, 5 minutes) while on a further two neurones neither 

antagonised dopamine. Thus there appears to be an iontophoretic action of 

dopamine which is insensitive to neuroleptics. 

The (+)-isomer of sulpiride at similar currents to the racemate reversed 

the response to dopamine on one out of five neurones, (-)-sulpiride aiiLaf;-

onised dopamine on two out of six neurones (fig. 3.30). These preliminary 

results indicate that the (-) enantiomer is the more potent of the two. 

A summary of the results with sulpiride is given in table 3.9. 
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3.7.1. Electrical stimulation of the substantia nigra 

Electrical stimulation of the substantia nigra IO-6OV, 0.1-0.5 msec dura-

tion, 0.1-50 Hz) produced a single spike excitation in the 11 cells in the 

ipsilateral striatum (fig. 3.31). Similar results were obtained with all 

the different stimulus parameters used. The latency of the spike was some 

15 msec, suggesting a conduction velocity of 1.0 ms ^. The single spike 

excitation was of remarkably constant latency not usually varying by more 

than 1-3 msec. However it was presumed to beorttodromic because collision 

of spikes did not occur when these normally silent cells were induced to 

fire by DLH. None of these cells could be inhibited by iontophoretic dopa-

mine. The average conduction velocity of the spikes was 1.1 ± 0.07 ms. 

Occasionally other cells were seen to be affected by stimulation of the sub-

stantia nigra. A slow latency inhibition was seen on two cells which also 

responded to dopamine, however it is probable that many more could have been 

found using a post stimulus time histogram (PSTH). 

3.7.2. Electrical stimulation of the striatum 

Following electrical stimulation of the 'strl&tum • ^ four different 

effects were seen. In the zona compacta of the nigra (SNC) two types of 

neurone were found to be activated. The first type were rarely encountered 

(two cells). These exhibited a constant latency spike. The latency was be-

tween 2 and 3 msec. However, these could not be identified as antidromic 

spikes as they were silent cells (fig. 3.32). The second type of cell was 

more frequently found. These have a firing pattern and action potential 

shape typical of those neurones said to be the soma of the ascending dopa-

minergic nigrostriatal tract (SWCD cells). Some 30 of these neurones were 

found which could be activated by stimulating the ipsilateral striatum. They 

have a slow latency of between 15 and 30 msec, the conduction velocity being 
- 1 

< 1.0 ms , typical of small diameter unmyelinated fibres. The siiriulus para-

meters usually required to activate these neurones were a stimulus of 0.3-

0.5 msec duration, delivered at less than 50 Hz with voltages of 10-60 V 

(0.5-3.0 mA). Frequently only the initial segment of the spike was appar-

ent (fig. 3.33). The spikes were shown to be antidromic by their absence 

through collision if a spontaneous action potential occurred in a period be-

fore or after the striatal stimulus equal to or less than the latency of the 

antidromic spike (fig. 3.3^). Rapid repetitive stimulation (50 Hz) of the 

striatum caused a slight reduction in the conduction velocity on the four 

cells on which this was tried (fig. 3.35). On a further 2 cells two ex-

tracellular ly recorded antidromic spikes after one stimulus pulse had been 
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applied to the striatum were seen. This did not occur after every stimulus, 

however when it did occur these double spikes were present only as the init-

ial segment (fig. 3.36). Both these and single antidromic spikes were ab-

sent on some occasions due to collision with spontaneous action potentials 

if these occurred in the period immediately before or after the stimulus 

which was less than the latency of the antidromic spikes. In addition to 

antidromic spikes, two orthodromic spike patterns are seen after electrical 

stimulation of the ipsilateral striatum. In the zona reticulata (SNR) an 

inhibition of spontaneous firing is seen between 10 and 100 msec after stim-

ulation of the striatum. This was found on nine cells (fig. 3.37). 

In the mesencephalic reticular formation immediately above the SNC more than 

30 neurones were found which were excited by striatal stimulation. The lat-

ency of this excitation varied between five and 12 msec (fig. 3.38) and was 

usually followed by a period of inhibition lasting some 100 msec. No stat-

istical analysis was carried out on the latencies of excitation or inhibi-

tion on this particular group of neurones. The stimulus parameters for 

these orthodromic effects were similar to those for antidromic stimulation 

of the SNCD cells. 

3.7.3. Position of stimulating and recording electrodes in the brain 

At the end of an experiment a 5 pA current was passed through the recording 

electrode to deposit Pontamine Sky Blue dye at the position of the neurone 

which was last recorded from. The animals were then perfused through the 

aorta with 10^ formal saline and sectioned. Histological examination con-

firmed that the electrode was at the expected co-ordinates. This is illus-

trated in fig. 3-39 and 3.^0. To mark the position of the stimulating elec-

trode a 10 mA current was passed across its tip. The position was marked 

by a small hole in the brain tissue (fig. 3.39 and 3.b0). 

3.7.^. Position of cannulae in the rat brain 

The animals were killed and the brains examined by a similar procedure to 

that for the stimulating electrode. The cannulae can be seen to be in 

either the nucleus accumbens or the ventral tegmentum (fig. 3.'H and 3.'t''). 
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3.8.1. Release of drugs from micropipettes 

Amino acid anal̂ atj* of peptide released from multitarrel electrodes contain-

ing MIF found it was released with positive currents. At pH 4.$, 0.3 pmol/ 

nA/min and at pH 7.0, U.5 pmol/nA/min of MIF was released. 

Measurement of tritiated noradrenaline and dopamine from electrodes found 

that 1.02 - O.lb pmol/nA/min of dopamine and 1.25 - 0.13 pmol/nA/min of nor-

adrenaline were released with positive currents. There is no significant 

difference between these two quantities. 

3.9.1. Potency of substance P fragments and putative antagonists 

This work was carried out by J. Growcott, I.C.I. Pharmaceuticals Ltd. The 
—A 

putative peptide antagonist 1U01U3 has an IC50 value of 3.0 x 10 M. IC50 

values for the two amino acid derivatives 1^6125 and 1^0975 are 7.^ x 10 ̂  
-5 

and 3.2 X 10 M respectively. These values were obtained from 
experiments on the isolated guinea pig ileum. 

The eledoisin related peptide 81U95 has 0.1% of the potency of substance P 

in the ileum. Substance P fragment 13^135 (SPI-9) was tested on three peri-

pheral assays. It was found to be at least 1,000 times less active than 

substance P on all three. See table 3.10, 

3.9.2. Potency of opiate agonists and antagonists on peripheral prepara-

tions 

This work was carried out by J. Shaw, I.C.I. Pharmaceuticals Ltd. A summ-

ary of the results is given in table 3.11. 

These values were obtained from 
experiments on isol3.t6d mouse vtis deferens and guinea T)ig 
ileum. 
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PEPTIDE Substantia nigra 

AREA OF BRAIN 

Caudate nucleus Nucleus accumbens 

+ 0 - + 0 - + 0 -

Substance P ItO 75 0 NT 0 0 0 3? 5 2? 

Angiotensin II 1? ll+ 0 NTO 0 0 NTO 0 0 

TRH 0 Uo 2? 0 33 1? 0 h2 2? 

MIF 0 57 3? 0 22 2? 0 35 0 

TRH + DA NTo 0 0 0 2 0 0 1+ 0 

MIF + DA 1^70 0 0 0 U 0 0 5 0 

Table (3.1). Summary of the results of the iontophoretic studies with different types of peptides in different 
brain areas. 
+ = increase in firing rate 
- = decrease in firing rate 
0 = no change in firing rate. 
Cells were in both the compacta and the reticulata of the substantia nigra, mainly the rostral 
part of the caudate nucleus and the medial part of the nucleus accumbens. 
? indicates that these results are of poor quality due to poor action potentials, mimicking of the 
response by current controls, additionally they were not confined to the particular region of the 
area under study. 

NT ; Not tested 



Peptide fragment Response 

0 

SP ko 75 0 

SP 1-2 0 20 0 

SP k-9 0 31 0 

SP 5-9 0 18 0 

SP 1-9 29 70 0 

SP 6-11 0 5 0 

SP 6-11 pyroglu 0 U 0 

ERP (81I+95) 1 20 0 

Table (3.2). Summary of the number of cells on which the substance P fragments 
were iontophoretically tested. 
- : increase, 
0 : no change 
- : decrease in firing rate. 



Peptide Substantia nigra 

Area of brain 

Caudate nucleus Nucleus accumbens 

+ 0 - + 0 - + 0 — 

MIF 0 57 3? 0 22 1? 0 29 2? 

96955 21 8 0 0 h 1? 0 11 0 

96956 0 lit 0 0 3 0 0 8 0 

96957 0 9 0 0 6 0 0 h 0 

Table (3.3). Table of results with alpha-aza analogues of MIF in the substantia nigra, caudate nucleus and 
nucleus accumbens. 
+ : increase in firing rate, 
0 : no change in firing rate, 
- : decrease in firing rate, 
? : indicates uncertain results, due to poor potentials, these were not repeatable. 
Cells were in both zona compacta and reticulata of the s. nigra, the rostral part of the 
caudate n., and the medial part of the n. accumbens. 



the effect of 

Table (3'4). Histogram to shew t h a ^ threshold dose of talo per idol (Hal 05mg/kg) is not 
reversed by between 1,3 JO ,30 and TOO mg/kg MIF(both drugs given 30m;nutes 
before placing the animals in their activity cages. 
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Area of Brain 

Drug Substantia Nigra Caudate and Accumbi 

+ 0 - + 0 -

TRH 0 ho 0 0 75 0 

-His-Pro- 0 8 0 0 19 0 

CRM221/3 0 8 0 0 22 2 

Dopamine 0 5 3 - - -

DLH - - — 2k 0 0 

Table (3.5). Summary of the results of TRH and analogues in different brain 
areas. 
+ : increase in firing rate, 
0 : no change, 
- : decrease in firing rate. 
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Drug Number of cells Antagonised by sulpiride 

- 0 + ( ± ) (+) ( - ) 

Dopamine 37 k 0 12/12 7/11 io/io 

GABA 8 0 0 - 0/g 0/g 

Noradrenaline 9 1 0 2/2 2/2 

p-tyramine 6 2 0 — — 

Table (3.8). Summary of the number of cells in the substantia nigra compacta 
inhibited by dopamine, GAM, noradrenaline and p-tyramine. 
- : inhibition of firing, 
0 : no change, 
+ : increase in firing rate. 
The right hand section of the table indicates the effects of 
the different enantiomers of sulpiride on the inhibitory responses 
to the different drugs. 



Effect of dopamine iontophoresis 

Electrically excited from s. nigra 

Effect of sulpiride on dopamine 
response 

Effect of sulpiride and fluphenazine 
on the same dopamine response 

Effect of d-sulpiride on dopamine 
response 

Effect of 1-sulpiride on dopamine 
response 

excite 

0 

antagonism 

5 

2 

1 

no change 

29 

10 

partial 
block 

0 

0 

0 

inhibition 

37 

0 

no change 

2 

k 

k 

Table (3.9). Summary of the results with dopamine antagonists in the caudate nucleus. The 
top part of the table indicates how many cells were affected by dopamine and if 
they were excited by electrical stimulation of the ipsilateral substantia nigra. 
The lower half of the table indicates the number of cells on which the inhibit-
ory response to dopamine was antagonised by sulpiride and fluphenazine and 
which isomers were tested. 



Assay SP 1-9 SP 

Guinea pig ileum _ 

EC 50 >10 moles U.8 x 10 moles 

Rat salivation 

ED 50 > 2.5mg/ks I.V. Twg/kg I.V. 

Hypotension 
ED 50 > lOmg/kg I.V. 1.3yg/kg I.V. 

Table (3.10). Summary of the results obtained with substance P (SP) and substance 
P 1-9 (SP 1-9) on three different substance P sensitive peripheral 
assays. 



Comparison of Guinea Pig Ileum and Mouse Vas Deferens Preparations 

Agonist Potency 
(x Leu-enkephalin) 

Antagonism by 
Naloxone (Ke.riM) 

Ileum Vas Ileum Vas 

Leu-enkcphali n 1 1 1.74 21.4 

Met-enkephalin 2.1 0.28 1.94 28.3 

B-Endorphin 8.9 0.14 2.53 30.5 

Normorphine 4.5 0.07 1.83 4.75 

In vitro comparison of naloxone and ICI 139^62 

Agon i St Mouse vas deferens Guinea pig ileum 
Naloxone 

Leu-enkephalin 21 .4 ± 4.04 1.74 ± 0.21 

B-endorphin 30.5 ± 2,11 2.53 ± 0.27 

Normorphine 4.75 ± 0 . 5 9 1 . 8 3 ± 0 . 1 8 

IC I 139462 

Leu-enkephalin 234.7 + 42.5 1 5 6 0 ± 230 

B-endorphin 1050 + 200 2200 (n = 

Normorphine 3600 ± 560 3270 570 

Figures represent Ke values (nM) 

Table Summary of data on peripheral assays for opiate agonists and 
antagonists. 
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on the firing rate of two neurones in the substantia nigra 
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B: Effect of substance P and the 1-9 fragment on the seme cell 
in the substantia nigra. 



n 

F i g u r e 3 . 2 . E x c i t a t o r y e f f e c t o f subs tance P on a s u b s t a n t i a n i g r a r e t i c 
u l a t a neu rone w h i c h i s n o t a f f e c t e d b y s u b s t a n c e P 1 - 2 , k - 9 
and 5 - 9 . 



Substance P, 80n A 

Dopamine ,50 n A. 

t ime 180 sec •-

Figure (3.3).Ratemeter recording from a zona compacta neurone of the substantia nigra,The cell is 

inhibited by 50nA of dopamine (DA),but unaffected by 80nA of substance P applied for 540 seconds. 

The response to dopamine does not appear to be modified by substance P. 



^ 3pg SP/s ide, n=4. 

J 0.5^CSF/si side, n=4 

10 15 
minutes. 

F i g u r e 3.4. E f f e c t o f b i l a t e r a l i n j e c t i o n s o f subs tance P i n t o t h e VTA 
on t h e spontaneous l o c o m o t o r a c t i v i t y o f c o n s c i o u s r a t s . 
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F i g u r e 3 . 6 . F a i l u r e o f MIF t o a f f e c t a s u b s t a n t i a n i g r a compacta neurone 
w h i c h i s i n h i b i t e d by dopamine (DA) and e x c i t e d b y g l u t a m a t e 
( g l u ) . 

60s.it<me) 

DA,60nA DLH, 3f%A DA.60nA 

F i g u r e 3 . 7 . F a i l u r e o f TRH and MIF t o a f f e c t a neu rone i n d u c e d t o f i r e 
by c o n t i n u o u s a p p l i c a t i o n o f DLH w h i c h can be i n h i b i t e d by 
dopamine (DA) . 
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F i g u r e 3.8. F a i l u r e o f MIF o r TRH t o a l t e r t h e t h r e s h o l d i n h i b i t o r y r e -
sponse t o dopamine (DA) on a n u c l e u s accumbens neu rone . 
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F i g u r e 3 . 9 . F a i l u r e o f i n t r a v e n o u s l y a d m i n i s t e r e d MIF t o change t h e f i i ^ 
i n g r a t e o f a n i g r a l compac ta n e u r o n e , i n h i b i t i o n o c c u r s v i t h 
a p o m o r p h i n e (APO) a j id can b e r e v e r s e d b y c h l o r p r o m a z i n e (CPZ). 
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F i g u r e 3 . 1 0 . Ra temete r r e c o r d i n g f r o m a s u b s t a n t i a n i g r a compacta neu rone 
w h i c h i s i n h i b i t e d b y dopamine (DA) , b u t i s u n a f f e c t e d b y 
t h r e e MIF a n a l o g u e s . 



§ lOpg amphetamine / side 
^ 1/jl/saline side. 

Time (minutes). 

Figure(3'11)Eftect of bilateral intra accumbens 
injections of d~amphetamine.(n= 3.). 
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Figure(3.13).Effect of haioperidolon spontaneous 
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Figure(3.16). Potent ia t ing a c t i o n of TRH on the loco-
motor response to a m p h e t a m i n e . 
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F i g u r e 3 . 2 3 . I n h i b i t o r y e f f e c t o f 60nA o f t y r a m i n e ( T y r ) , dopamine (DA) 
and n o r a d r e n a l i n e (NA) on t h e f i r i n g r a t e o f a s u b s t a n t i a 
n i g r a compacta n e u r o n e . 
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Figure 3.25. Ratemeter recording from a substantia nigra compacta neurone 
i n h i b i t e d by ADTN, following which the response to dopamine 
i s also lost. 
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Figure 3.27. Effect of intravenous apomorphine on the firing rate of a 
compacta neurone. 



I 

Figure 3.28. Failure of intravenous isoapomorphine to change the firing 
rate of a compacta neurone. Apomorphine is still active. 
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Figure 3.29. Excitatory effect of intravenous apomorphine on a neurone in 
the substantia nigra compacta which has been desensitised to 
dopamine by ADTN. 
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Figure 3.30. Antagonism of the inhibitory effects of dopamine by the - and 
• enantiomers of sulpiride on a caudate neurone. The neurone 
was not induced to fire continuously as this resulted in a de-
polarization block of firing. 



Figure (3.31). Single spike excitation in the caudate nucleus 
following electrical stimulation of the ipsilateral substantia 
nigra. The stimulus, 20V, 0.2msec duration was given 50msec 
after the oscilloscope beam had started its sweep. Each trace 
is a single sweep. 

Figure (3.32). Single spike in a substantia nigra compacta 
neurone of the non dopaminergic type following electrical stimu-
lation of the ipsilateral caudate nucleus. The stimulus, 25V, 
0.5msec duration was delivered 3msec after the beam had started 
its sweep. Each trace is a single sweep. 

Figure (3.33). Antidromic spike in a dopamine type of neurone 
in the compacta of the substantia nigra following electrical 
stimulation of the ipsilateral striatum. The stimulus, 30V, 
0.5msec, was delivered 5msec after the beam had started its 
sweep. Each trace is a single sweep. The top trace shows a 
full spike, the bottom trace an initial segment only. 

Figure (3.3^). Collision of ortho- and anti-dromic spikes in a 
dopamine neurone in the compacta of the substantia nigra follow-
ing electrical stimulation of the ipsilateral striatum. The 
antidromic spikes are initial segments only. The stimulus, 30V, 
0.5msec, was delivered 50msec after the beam had started to 
sweep. Each trace is a single sweep. The antidromic spike is 
absent if an orthodromic spike occurs in a period before or 
after stimulation which is less than the latency of the anti-
dromic spikes. 
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Figure (3 .35) . Increasing latency of antidromic spikes in a 
dopamine type neurone in the compacta of the nigra during rapid 
repetitive (200Hz) stimulation of the ipsilateral striatum. The 
stimulus, 40V, 0.5msec was given 50msec after the beam had start-
ed to sweep, each trace is an individual sweep. The latency of 
the antidromic spike increased by 3msec. Only every tenth stim-
ulus was recorded. 

Figure (3.36). Double antidromic spikes in a dopamine type neur-
one in the compacta of the nigra following stimulation of the ip-
silateral striatum. Details of the stimulus are identical to 
those for the previous figure. 

Figure (3.37). Inhibition of a neurone in the reticulata of the 
substantia nigra following electrical stimulation of the ipsi-
lateral striatum. The stimulus, 50V, 0.1msec was given 1msec 
after the beam had started to sweep. Twenty sweeps are super-
imposed on top of each other. The inhibition is apparent 7msec 
after stimulation and lasts some 20msec. 

Figure (3.38). Excitation of a neurone in the MRF immediately 
above the substantia nigra following electrical stimulation of 
the ipsilateral striatum. The stimulus, 25V, 0.1msec was deliv-
ered 3msec after the beam had started to sweep. Ten sweeps are 
superimposed on top of each other. 
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Figure (3.39). Coronal sections through a rat brain. The pontamine sky 
blue dot marking the recording electrode position can be seen (arrow) in 
the centre of the caudate nucleus. The tip of the stimulating electrode 
at the end of the electrode tract is located in the coinpacta of the sub-
stantia nigra. 
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Figure (3.^0). Coronal sections through two different rat brains. The 
recording electrodes were located in the zona compacta of the substantia 
nigra (arrows). The stimulating electrodes were in the centre of the 
caudate nucleus (arrows mark the electrode tracts). 



Figure (3.4l). Coronal section through an accumhens cannulated rat. The 
tips of the cannulae can be seen to terminate immediately above the nucleus 
accumbens. 



Figure (3U42). Coronal section through a VTA cannulated rat brain. As 
the sections are not exactly vertical the cortex through which the cannu-
lae passed appear to be intact. 



CHAPTER U. DISCUSSION 

U.I. Substance P 

Iontophoresis of substance P produced a characteristic increase in the fir-

ing rate of cells in both the substantia nigra and the mesencephalic reticu-

lar formation (MRF) immediately above the nigra. These observations are 

similar to those obtained in 1976 by Davies and Dray. On the other hand, 

cells in the nucleus accumbens were not excited by substance P. Although 

the number of cells tested in this area was small this result is consistent 

with the small queintitiy of peptide present in the accumbens terminals. 

The substantia nigra can be divided into two regions, the zona compacta and 

the zona reticulata. Electrophysiological evidence suggests the slow fir-

ing cells in the compacta are the soma of the ascending nigrostriatal dopa-

mine neurones (Guyenet and Aghajanian, 1978), although the dendrites pene-

trate into the reticulata (Juraska, Wilson and Groves, 1977) see fig. 1.3. 

While substance P excited cells in the MRF and reticulata it did not have a 

consistent effect on the dopamine containing cells in the compacta either 

on its own or on the response to dopamine. Some consistent effect of the 

peptide might have been expected if substance P was acting directly on dopa-

mine cells, as is suggested by the behavioural (Kelley and Iversen, 1979, 

Olpe and Koella, 1977, James and Starr, 1977, Diamond, et al. 1979) and bio-

chemical evidence (Cheramy, et al. 1978). In these reports rotation, ster-

eotypy and an increase in ipsilateral striatal dopamine release are caused 

by infusions of substance P into the nigra. Thus it is unclear how sub-

stance P causes these effects, or by analogy the locomotor stimulation 

after infusion of substance P into the VTA (Kelley, Stinus and Iversen, 

1979) whose dopamine cells are morphologically part of the same structure 

as the nigral dopamine cells (Fallon and Moore, 1978). 

Iontophoresis of the 1-2, 4-9 and 5—9 fragments of substance P produced no 

effects on any cells, which is consistent with the activity residing in the 

C-terminal hexapeptide. However, iontophoresis of the 1-9 nonapeptide did 

produce a very similar effect to substance P on cells which were substance 

P sensitive. A cross tachyphylaxis was seen between substance P and sub-

stance P 1-9 suggesting a common effector for the response. A similar 

effect has recently been reported for the 1-10 fragment of substancc P in 

the spinal cord (Piercey and Einspahr, 1980). These results are surprising 

since neither fragment (1-9 and 1-10) contain the methionine residue which 

was found to be essential for tachykinin activity (Yanaihara, et al. 1979). 
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The significant increase in locomotor activity caused by injection of 3 yg 

of substance P bilaterally into the VTA is in accord with previously re-

ported work which suggests activation of the ascending dopamine systems 

(Kelley, Stinus and Iversen, 1979). Substance P 1-9 also produced a simi-

lar increase in locomotor activity, while 1-2, k-9 and 5-9 fragments were 

without effect at a similar dose to substance P. 

There are several possible explanations for the unexpected activity of the 

1-9 N-terminal fragment. For example substance P receptors in the nigra 

may not require the C-terminal for activity. This seems unlikely as in a 

behavioural study it was reported that substance P or ERP caused similar ro-

tation (Olpe and Koella, 1977). A mixed population of receptors is poss-

ible as it has been reported from an iontophoretic study in the amygdala 

that while desensitization occurs after repeated applications of substance 

P or ERP, cross desensitization does not occur if ERP was applied after 

substance P desensitization had occurred (Ben Ari, et al. 1978). The 

N-terminal end of the substance P molecule does have activity, as in cult-

ured neuroblastoma tissue addition of substance P or its 1-U fragment in-

creased cAMP levels within 20 minutes and caused neurite extension within 

2k hours (Narumi and Maki, 1978). One of the most feasible explanations 

is that the 1-9 and 1-10 fragments are acting indirectly to inhibit a de-

gradative enzyme, preventing the breakdown of endogenous substance P. 

Studies on the inactivation of substance P in which the C-terminal octapep-

tide and substance P are degraded at a much slower rate than the C-terminal 

hepta and hexapeptide, suggest that this N-terminal tetrapeptide stabilizes 

the rest of the molecule, protecting it from degradation by aminopoptidar.oa 

(Blumberg and Teichberg, 979). A recent report by the same authors on the 

kinetics of a "post-proline cleaving enzyme" isolated from cow brain shown 

that substance P interacts with this enzyme with a high affinity and is 

cleaved at the Pro-Gin^ bond to yield the C-terminal hexapeptide and the 

N-terminal tetrapeptide. Substance P is a potent competitive inhibitor of 

this enzyme (Blumberg, et al. 1980). These authors suggest that "breaking 

the Pro-Gin^ bond is the first step of a mechanism to regulate the synaptic 

lifetime of the peptide". A summary is shown in figure 4.2. Gome supporl. 

is given to this as while the 1-9 fragment of substance P does have an 

effect in the isolated rat spinal cord preparation (I. Briggs, ICI personal 

communication) this effect has not been reported in several studies, poss-

ibly due to the presence of protease inhibitors and also because these 

invitro systems (Otsuka and Konishi, 1977) may not be tonically active. 
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However if such a metabolic effect is the total explanation of the 

activity of the 1-9 and 1-10 activity it would be anticipated that ionto-

phoretically or behaviourally substance P h-9 would have activity. This 

was not found to be the case. In addition when applied iontophoretically 

we have found the peptides TRH, MIF and angiotensin II were inactive in the 

substantia nigra and surrounding areas. All of these peptides would be sub-

strates for the degradative enzyme. The broad specificity of the degrada-

tive enzyme was shown in the study of Hersh and McKelvy (1979) who demon-

strated that the enzyme from bovine and rat brain would metabolise substance 

P, TRH and LHRH and is potently inhibited by TRH (Rupnow, Taylor and Dixon, 

1979). The properties of the post proline cleaving enzyme are very similar 

to those found in renal enzyme which cleaves the post proline bond in insu-

lin, oxytocin, vasopressin and angiotensin I and II (Koida and Walter, 

1976) (see figs, k.2 and 4.3) suggesting the ubiquitous nature of proteoly-

tic enzymes. It must be stressed that the mechanisms for peptide metabol-

ism are far from clear. For example the snake venom peptide SQ2088l is an 

inhibitor of angiotensin converting enzymes (Oparil, 1977) and inhibits sub-

stance P degradation (Lee, Arregwi and Iversen, 1979) while substance P in-

hibits angiotensin converting enzyme (McGeer and Singh, 1979). Angiotensin 

converting enzyme is decreased in both the striatum and nigra in Huntingtons 

Chorea (Arregui, Emson and Spokes, 1978) as is substance P (Kanazawa, et al. 

1979), and angiotensin converting enzyme is also reduced in some types of 

schizophrenia (Arregui, et al. 1978). This may suggest a link between angio-

tensins and substance P or their metabolism. Infusions and iontophoresis of 

other K-terminal fragments of substance P and enzyme inhibitors such as 

SQ2088I might throw some light on the role of the substance P N-terminal. 

Structure activity studies (1.1.3) sugceot that the C-terminal hoxnpepl-ido 

is the essential fragment of the substance P molecule. Therefore it was some 

surprise to find that this peptide, its pyroglutamyl analogue and an eled-

oisin analogue (8l495, see fig. 4.3) were without effect on any cells in Llie 

substantia nigra when applied by iontophoresis. This result is in contrast 

to an iontophoretic study in the spinal cord where the 6-11 fragment is 

equiactive to substance P (Piercey and Einspahr,I98O). Other studies in Ltm 

locus coeruleus have found ERP and physalaemin are as active as substance P 

(Guyenet and Aghajanian, 1977). Additionally, the behavioural effects of 

substance P are the same as those of substance P 6-11 (Olpe and Koella, 

1977, Kubicki, 1978). However a likely explanation of this lack of activ.il..y 

is apparent when considering the limitations of the iontophoretic technique. 
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The technique is dependant upon the production of an ionizable current 

carrying molecule being expelled from the micropipette into the brain tiss-

ue. Substance P is a triacetate which will dissociate to give charged mole-

cule, see fig. U.U. At pH i+-5 it has been shown to be expelled from micro-

pipettes with positive currents (Henry, Krnjevic and Morris, 197^, Guyenet 

and Aghajanian, 1978). At higher pH, electrophoretic mobility studies show 

it smears rather than moves in a discrete band (Mroz and Leeman, 1978). The 

charge is carried at the N-terminal. Hence peptides lacking the N-terminal 

tripeptide carry considerably less charge and while they may contain polar 

groups, are less soluble, than substance P by a factor of 10-100. The 

pyroglutamyl 6-11 fragment is soluble only after first dissolving in abso-

lute alcohol. Thus it seems probable that in these cases where C-terminal 

sequences were inactive, sufficient quantities of the peptides were not ex-

pelled from the electrodes, most of the charge being carried by hydrogen 

ions. The currents in our system required to produce a substance P response 

are in the order of 50-100nA, hence a decrease in potency of 10 would re-

quire currents of 500-1000nA, which is beyond the capacity of the present 

system and furthermore, at the lower end of the range of electrical curr-

ents required to stimulate whole brain nuclei. For example the eledoisin 

related fragment (8l495) was 1,000 x less potent than substance P on the 

ileum (J. Growcott personal communication) even though it was water soluble, 

hence a current of 10,000nA would be required to produce an effect compar-

able to substance P, thus it was no surprise to find no effect in our ex-

periments . 

It must be added that some authors do not find charge of the molecule of 

great importance, both ERP and substance P being effectively ejected from 

l6mM NaCl solutions (Piercey and Einspahr, 198O, Wright and Roberts, 1978, 

Le Gal La Salle and Ben Ari, 1977) although Guyenet, et al. (1979) find 

this causes the transport number to fall by a factor of 10. 

It has been suggested that as shorter analogues are degraded faster than 

longer ones (Blumberg and Teichberg 1979) they never reach a rocoptor aft.cr 

being ejected. This seems unlikely in view of Picrcey and Kinr.paVir'n re-

sults (1980) which found that the 6-11 fragment has a similar potency and 

time course of action to substance P. However the extremely poor .solubil-

ity of this fragment in acetate solutions prevented us from achieving any 

meaningful results. Guyenet and Aghajanian (1977) found substance P anil 

ERP, an analogue of the C-terminal hexapeptide, have similar iontophovpl. ic 
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effects in the locus coeruleus. The fact that most substance P solutions 

may contain up to 100% Substance P sulfoxide (Floor and Leeman, I98O) and 

substance P breaks down in microelectrodes (Gozlan, et al. 1977) means that 

quantitative interpretations are difficult with the iontophoretic technique. 

The low solubility of the C-terminal 6-11 fragment and low potency of the 

eledoisin peptide 8li+95» made testing of these analogues in the behavioural 

system impractical. The volume of CSF required as solvent was greater than 

the volume of the VTA itself leading to the possibility that structures out-

side the VTA may be affected by the analogues. The use of strong acids, 

bases or organic solvents would increase the solubility of the fragments 

but would then be expected to produce side effects. For these reasons it 

was decided not to test the fragments in this system. 

A substance P antagonist may have analgesic activity and would be of use in 

studying the function of substance P in the brain. Studies with putative 

antagonists on peripheral preparations have been inconclusive. Pinas, 

Poulos and Theodro (1979) have suggested that the N5 dimethyl glutamine ana-

logue of the C-terminal hexapeptide is an antagonist or partial agonist. 
7 

However, Growcott and Petter (198O) found from their studies with D-Phe -

Substance P that tachyphylaxis rather than antagonism is a more likely ex-

planation of the putative ajitagonists. A modified C-terminal analogue of 

substance P, 140143 (structure in appendix) and two modified amino acids 

have been found to reduce or abolish substance P responses in the GPI 

(j. Growcott personal communication). If a substance P response can be 

blocked by iontophoretic application of one of these antagonists, it should 

be possible, by stimulating the appropriate substance P pathway, to satisfy 

one of the criteria for identification of putative neurotransmitters. That 

is, the antagonism of an evoked response. Therefore we used all three puta-

tive antagonists even though the structures of the amino acids are not 

known. 

However, the peptide lU0l43 was inactive in both behavioural and iontophor-

etic studies and the amino acids produced inconsistent effects. Thus no 

firm conclusions can be drawn. Again it must be stressed that any partial 

or even complete antagonist effect would be barely detectable unless it pro-

duced more than a 25% reduction in substance P response. 

We have confirmed the previously described behavioural (Kelley, Stinus and 
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Iversen, 1979) and iontophoretic effects of substance P (Davies and Dray, 

1976). In spite of the scarcity of peptides and their poor solubility, we 

have evidence, through the use of N-terminal fragments of substance P, that 

there is a difference between the central and peripheral pharmacology of 

substance P. This may involve receptor specificity, metabolism or a combin-

ation of both. 
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H.2. MSH Release inhibiting factor. MIF 

The electrophysiological and behavioural changes observed after iontophor-

etic application and peripheral injection of MIF were no different from con-

trols. Direct effect of the tripeptide on neurones would be very easily 

seen in our iontophoretic studies in any of the three areas in which these 

were tried, (substantianigra, caudate nucleus and nucleus accumbens), as 

would a modulating effect on the postsynaptic dopamine reponse if these 

occurred with acute administration. Neither electrophysiological nor behav-

ioural changes occurred. This disagrees with reports which suggest a sep-

arate postsynaptic site for MIF, as the peptide had no effect on dopamine 

metabolism, turnover or uptake (Spirtes, et al. 1976, Plotnikoff, Minard 

and Kastin, 1979). Chiu, Wong and Mishra (1980) describe the binding of 

^H-MIF to calf caudate membrane preparations while Kostrzewa, et al. (1976) 

found that MIF did not alter the binding of H-dopamine. This suggests a 

separate MIF receptor. If this was so our studies would have shown at 

least a small percentage of the cells to respond to direct application of 

the peptide in at least one of the areas, in spite of the fact that the num-

ber of cells encountered in the caudate nucleus and nucleus accumbens was 

small. It is possible that while applying an excitatory substance such as 

DLH to silent cells a variable to the normal neuronal function may be in-

troduced. The number of spontaneous cells encountered in the caudate and 

accumbens was so low that they may represent a select population and hence 

introduce a bias problem. Thus it is possible that a "MIF effect" is mask-

ed. A further possibility is that MIF acts in another brain area not ex-

amined in this study. Kostrzewa, Kastin and Spirtes (1975) for example, 

reported raised noradrenaline levels in the mid brain but not hypothalamus 

or striatum after MIF treatment. 

Some authors have reported changes in dopaminergic function following MIF 

treatment, for example Friedman, Friedman and Gershon (1973) found ohanfrof; 

in dopamine levels after MIF administration. In view of literature whicfi 

suggests that MIF might interact with dopamine systems (1.2.2.) the "lack oT 

reponse to MIF reported in this thesis is very surprising. It is posnibin 

that the failure to observe a response might be due in part to cxpcridicnl.n I 

design and procedure. If MIF were acting presynaptically to modulate the 

release of dopamine our inability to obtain any effects could be due t,o 

dopamine pathways being inactivated by the anaesthetic we used. 

If the activity of the dopamine pathways was depressed a presynaptic afr-

eet would be masked as our electrophysiology system measures changes in 
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firing rate at the post synaptic membrane. However this is unlikely since 

using the same anaesthetic both ourselves and others (Bunney, et al. 1973) 

have demonstrated an increase in the firing rate of the dopamine neurones 

with increasing doses of anaesthetic. Additionally, in the behavioural ex-

periments the animals were treated with a submaximal dose of amphetamine, 

to ensure active dopamine metabolism during MIF administration. Furthermore 

in untreated conscious animals showing none of the classical symptoms of 

dopaminergic depression such as catatonia or Parkinsonian like symptoms 

again MIF was without effect, vfeen a recording is made from the dopamine cell 

bodies of the nigro-striatal tract, a very stable baseline firing rate is 

obtained. The activity of these cells is extraordinarily sensitive to 

drugs which interact with dopamine (section 1.5.^.). A wide range of MIF 

doses injected intravenously while recording from such neurones produced no 

change in firing rate. Using this experimental approach the system is sens-

itive to 3 Pg/kg apomorphine, a dose which is at least ten times lower than 

that required to produce a stereotyped behavioural effect. It seems fair 

to conclude that a compound which has similar actions would produce at 

least some effect at 10,000 times this dose of apomorphine. If the MIF 

effect is long term rather than short term as is suggested by the experi-

ments in which MIF is given chronically, it would be hard to detect in our 

system, as it is unusual to record from a neurone for periods of more than 

one hour and results over such a period are difficult to interpret. 

There seems to be an increasing volume of literature which demonstrates the 

inability of MIF to affect systems other than those involved in MSH release. 

It has been observed that in the original clinical trials where MIF had 

therapeutic actions, the effects may be largely placebo. This is suggested 

from a study using identical conditions to those originally used by Barbeau 

in 1975. In this latter study no change was seen in the total disability 

score, intellectual function and dopa-induced excretion of anterior pituit-

ary hormones in Parkinsonian patients concurrently receiving L-dopa therapy 

(Carenceni, 1979). However, Gonce and Barbeau (1978) have been able to re-

peat their original results. It has also been found that neither MSH, mela-

tonin or MIF caused a change in general locomotor activity in hypoptiysccto-

mized or normal rats, nor any change in food or water intake (Kastin, et al. 

1973). Sandman and Kastin (1978) found that B-MSH but not MIF potcnLiaL'xl 

the effect of amphetamine in rats. In a very thorough study. Cox, Kastin 

and Schmieden (1976) found that in addition to its inability to potentiate 

amphetamine or apomorphine, MIF failed to produce stereotyped behaviour in 
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the same way as amphetamine, apomorphine or amantadine, neither did it have 

the same effect as L-dopa in rats treated with MAO inhibitors, nor did it 

antagonise chlorpromazine induced loss of activity, (a similar result to 

ours with haloperidol) which could be reversed by amphetamine, apomorphine 

or amphetamine. The only effect produced by MIF seemed to be a slight an-

tagonism of apomorphine. Similar results to these have been found in other 

laboratories (T.P. Blackburn personal communication). MIF also failed to 

abolish TRH induced tremor in rats (Schenkel-Hulliger, et al. 197^) and 

recent reports have cast doubts on the reproducibility of experiments in 

which MIF reversed oxotremorine tremor, fluphenazine cataleps^y and potent-

iated amphetamine hyperactivity (Bjorkman, Lewander and Zetterstrom, 19^0). 

Electrophysiological experiments in a sensitive invertebrate system under 

control of a dopaminergic cholinergic balance (which shows a striking simi-

larity to the extrapyramidal system) found that neither acute nor chronic 

administration of MIF has either dopaminergic or anticholinergic properties 

(Carolei, Margotta and Palladini, 1977). lontophoretic application of MIF 

to neurones has been attempted in the cortex where it was without effect 

(Yarbrough, 1978). It is possible that strain differences in animals could 

account for these negative results, for example we use an albino rat which 

has a defective pigmentation system. However it is significant that there 

are very few reports on MIF release, uptake, microscopic distribution or 

mimicry of an electrophysiological event, all essential criteria for puta-

tive transmitters. It is possible that MIF only has effects in the Parkin-

sonian state, as it is known that the substantia nigra is only pigmented in 

primates (quoted in review by Dray, 1979). Thus we have found that MIF has 

no effect when applied iontophoretically to neurones in the substantia 

nigra, caudate nucleus and nucleus accumbens. This was not due to a fail-

ure to release MIF from micropipettes. Peripheral administration of MIF 

did not potentiate the locomotor response to a submaximal dose of ampheta-

mine administered either peripherally or into the accumbens, nor docn ! I, 

change the firing rate of dopamine containing cells. Finally it does not 

antagonise the effect of haloperidol on spontaneous exploratory behaviour 

in rats. 
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4.3. Thyrotropin releasing hormone (TRH) 

Another tripeptide which is thought to have extrahypothalamic actions is 

TRH. Previously discussed literature (1.3.2.) has suggested that there is 

a link between this tripeptide and dopaminergic function. Thus it was sur-

prising that it had no effects either applied iontophoretically or in be-

havioural experiments. When recordings were made from spontaneously active 

dopamine containing cells in the substantia nigra or VTA both TRH and a 

stable methylated analogue CRM 221/3 (Structure in the appendix) produced 

a slight increase in baseline firing rate of the dopamine cells. This may 

be in accord with a regulation of dopamine release as suggested by Heal and 

Green (1979). However, a drug which causes dopamine release, as these 

authors propose, would be expected to decrease rather than increase the fir-

ing rate of presynaptic neurones. It is possible that TRH could be acting 

at some other site either centrally or peripherally as the increase in 

neuronal firing was accompanied by a rise in respiration rate. Other lab-

oratories have found that peripheral stimuli changed the firing rate of 

these neurones (Chiodo, et al. 1980). The negative results with iontophor-

etic TRH may be caused by several factors. Although Renaud, Martin and 

Brazeau (1976) have shown that TRH is released iontophoretically, we did 

not. It is of course possible that the iontophoretically released TRH 

could be metabolized before reaching its receptors. It should be noted, 

however, that the stable TRH analogue, CRM 221/3 was similarly inactive. 

While a negative result with TRH from the substantia nigra and caudate 

nucleus was not unexpected, the lack of effects in the accumbens is, in view 

of the stimulatory role suggested from the literature previously discussed 

(1.3.2.). Previous literature reports have found TRH inhibits most cells 

with a very rapid onset and short duration of action similar to that of GABA 

in the preoptic area and septum. These areas are densely innervated by dopa-

mine fibres. In these experiments no potentiation of dopamine response by 

TRH was observed (Winokur and Beckman, 1978). This is similar to our re-

sults where no dopamine potentiation was apparent. 

It has been suggested that the effects of TRH are caused by 'His-Pro', a 

breakdown product of the tripeptide. This metabolite is produced by the 

action of pyroglutamyl peptidase rather than by post-proline aitiidasc which 

yields the acid-TRH metabolite (Prassad, Matsui and Pelerkofsky, 1977). 

However, these reports have not been substantiated (B. Morgan personal 

communication). In our hands '-His-Pro-̂  was inactive also. 
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other authors have found TRH to be active when applied iontophoretically 

into many brain areas which we did not examine. For example Renaud, Martin 

and Brazeau (1976) found it to be inhibitory, even in the cerebellum, an 

area devoid of TRH-like material (Hokfelt, et al. 1975). Cortical cell fir-

ing induced by glutamate but not acetyl choline was found by Renaud, et al. 

(1979) to be depressed by TRH. On the other hand, Yarbrough (1978) report-

ed that TRH and the TRH analogue MK 177, caused a potentiation of Ach re-

sponses, but had no effect on glutamate evoked excitations. However, it is 

important to note that the experiments of Yarbrough (1978) were performed 

in animals anaesthetized with barbiturates. These are known to supress Ach 

responses in other brain areas (Bloom, Costa and Salmo:iragtii 1965). 

There is also some question over the action of MK 177. In common with TRH 

it produces an increase in rat fore and hind limb EMG valves after intra-

cisternal injection. However, when dose response curves of the two agon-

ists are plotted, the lines are not parallel (Yarbough, McGuffin and 

Clineschmidt, 1979). It has been suggested that the barbiturate reversing 

properties of TRH reported by Prange, et al. (197^) are due to the excitat-

ory effects of the peptide on medullary neurones (Briggs, 1979). These 

arousing properties are centainly not mediated via the locus coeruleus neur-

ones where iontophoretic TRH is inactive, although both substance P and 

enkephalins have effects (Guyenet and Aghajanian, 1977). 

Although TRH has been reported to cause hyperactivity after peripheral or 

intra-accumbens injection (Miyamoto and Nagawa, 1977, Heal and Green, 1979, 

Miyamoto, et al. 1979) it was inactive in our hands. Others have been un-

able to repeat these observations (Costall»et al. 1979). Other negative 

results with TRH have been obtained in experiments in which the substance 

was tested for its ability to potentiate amphetamine or reverse motor de-

pression caused by neuroleptics (CostaU, et al. 1979). This is in agree-

ment with behavioural studies reported in this thesis. Here TRH was found 

to have no effect on hyperactivity, and did not potentiate a submaximal dose 

of either peripherally administered or intra accumbens amphetamine. 

It is possible that our failure to find TRH responses in either behavioural 

or electrophysiological tests could be caused by the hormonal state of the 

animal. It has been reported that after ©estradiol pretreatment, a reduced 

response to TRH on medial preoptic neurones occurs (Moss and Dudley, 1978). 

In addition, TRH decreased MAO activity in the median eminance of male rats 
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while it increases it in female rats (Wirz-Justice and Lichitsteirier, 1977} 

Other evidence indicates there may be different species responses to TRH. 

For example TRH causes a change in REM sleep onset in rats (Korany, 

Whitmoyer and Sawyer, 19TT) while no changes are seen in man (Nakazawa, et 

al. 1979). Furthermore, there are now doubts whether the therapeutic eff-

ects of TRH originally reported in depression (Schalch, et al. 1972) "were 

merely a placebo effect" (Benkert, Gordon and Martichke, 197^0' This is 

supported by evidence where it was found that TRH will not cross the blood 

brain barrier in significant quantities (Dupont, et al. 1972). Finally and 

more significantly, there is evidence that immunoreactive TRH is not the 

same as true TRH. Molecular species other than TRH were capable of dis-

placing tracer TRH, a common problem with the immunohistochemical tech-

niques. Lipids have been shown to interfere non competitively with the 

tracer TRH (Youngblood, Lipton and Kizer, 1978). This has important impli-

cations for distribution studies which show over JO^ of the immunoreactive 

TRH is extrahypothalamic (Hockfelt, et al. 1975). 

We have found that iontophoretic application of TRH, CRM 221/3 a stable 

methylated analogue and 'His-Pro' produced no change in the firing rate of 

cells in the substantia nigra, caudate nucleus and nucleus accumbens. The 

inhibitory response to iontophoretically applied dopamine was unchanged by 

TRH in either the caudate or the accumbens. A slight increase in the fir-

ing rate of dopamine cells in the VTA and substantia nigra was seen after 

intravenous injections of TRH or CRM 221/3. Neither peripheral nor intra 

accumbens amphetamine induced hyperactivity was changed by TRH. These re-

sults suggest that the stimulant actions of TRH may not be intimately in-

volved with dopamine. 
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4.4. Opiod peptides 

It is thought that enkephalins act more selectively on 6 than p receptors 

(reviewed "by Lord, et al. 1977). A particularly potent 6 receptor agonist 

is D-Ala^-d-Leu^-enkephalin (BWl80C) (J. Shaw personal communication). 

The classical opiate antagonists such as naloxone, are thought to act more 

selectively on y receptors than 6 receptors, however, little is known about 

^ receptor antagonists. A pentapeptide protected at its N-terminal by 

blocking groups, 139^62, whose structure is not known, has been found to be 

the most selective 6 antagonist on 6 receptors in the mouse vas deferens 
2 5 

(MVD). It has been reported that bilateral injections of d-Ala -met -

enkephalin (DALA-enk) into the VTA cause a naloxone reversible hyperactiv-

ity (Broekkamp, Phillips and Cools, 1979). 

We repeated these experiments and tried to block the hyperactive response 

with either naloxone or 139^62, in an attempt to determine whether y or d 

receptors are the predominant forms in this area. Similar experiments were 

carried out in the nucleus accumbens where opiates induced hyperactivity 

after bilateral injection (Pert and Sivit, 1977). In the VTA it was found 

that BW180Cproduced an initial short latency and duration hyperactivity, 

followed by a period of quiescence. This was followed by a long lasting 

but relatively low intensity hyperactivity. This result is not entirely in 

agreement with previously reported enkephalin effects where 2pg/side (DALA-

end) produced a continuous effect lasting for over 90 minutes (Broekkamp, 

Phillips and Cools, 1979). This descrepancy may be due to the dose inject-

ed, as Kelley, Stinus and Iversen (198O) found 2yg/side produced a maximum 

response, while increasing the dose to 5mg/side produced a period of in-

activity followed by a lower level hyperactivity, peaking some 90 minutes 

after injection (Kelley, Stinus and Iversen, I98O). A similar effect was 

observed with high doses of g-endorphin, where a period of immobility is 

followed by hyperactivity, in contrast to the continuous locomotor activity 

seen with low doses (Stinus, et al. I98O). Although both short and Jong 

duration locomotor effects after BV/I8OC injections into the VTA were part-

ially reduced by 2mg/kg naloxone or 5pg/side 139^62 the effects were not 

statistically significant. Neither naloxone nor 139^62 had any cffcct% wli«ni 

administered alone. The failure to observe antagonism may be due to the 

proportionately low doses of antagonists used. It has been found l.linl. 

Img/kg naloxone will block hyperactivity caused by O.O6 nmol B-endorp)iin 

while it is without effect on 1.5 nmol (Stinus, et al. 198O). It seems a 

wide range of both antagonists and agonists must be tried if this study is 
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to be extended. 

These results are different from our results with substance P, where a 

short duration hyperactivity is produced. There appears to be a long term 

interaction between opiates and dopamine neurones in that the response to 

amphetamine is reduced for some hours following DALAenk infusions into the 

VTA (Kelley, Stinus and Iversen, 1980). They suggest that opiates have a 

presynaptic inhibitory action on the terminals of inhibitory neurones, 

thereby causing an increase in the firing of dopamine containing cells, as 

opposed to the direct stimulant action they propose for substance P. Cer-

tainly these effects are different from those at the "pain gate" in the 

spinal cord. 

A slow onset hyperactivity of greater magnitude than that already described 

was observed following infusion of BWI8OC into the nucleus accumbens. This 

is in agreement with the previously reported work of Pert and Sivit (19TT). 

The hyperactivity commences some 20-30 minutes after injection and contin-

ues for a further 70 minutes. It is unlikely that the effect is caused by 

the peptide diffusing from the injection site to a different brain area as 

injection of 0.5ul of pontamine sky blue into the VTA and nucleus accumbens 

three hours before fixing with \Q% formol saline indicates the drugs remain 

in the area of injection. However in contrast to the previous report we 

were unable to show any decrease in locomotor activity with naloxone or 

139^62. Again neither antagonist had any effect when given alone. As 

already discussed larger dose ranges must be employed if a distinction be-

tween different receptors proposed in the VTA and nucleus accumbens are to 

be detected. 

lontophoretic application of BWI8OC inhibited both caudate and accumbens 

neurones in a similar manner to that reported for leu and met-enkephalin 

(McCarthy, Walker and Woodruff, 1977). The peptide 139^62 was without 

effect on its own or on the inhibition produced by BWI8OC. Naloxone was 

similarly without effect. The enkephalin effects were shown by McCarthy, 

Woodruff and Walker (1977) to be reversed by naloxone but only after lunff 

application. Additionally, the possibility that 139^62 may not be reloaRprl 

from the electrodes was not checked in these experiments. Tt ir. also or 

interest that Naloxone has been reported to have non specific GABA antagon-

ising properties under iontophoretic conditions (Dingledine, Iversca and 

Breuker, 1978). 
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While there are k receptors in the periphery there do not appear to be any 

in the brain or spinal cord. The k receptor agonist ethylketocyclazocine 

has a similar binding distribution to the other opiates (Hiller and Simon, 

1979). Additionally, it does have antinociceptive activity even though it 

does not substitute for morphine in the morphine dependant monkey (reviewed 

by Lord, et al. 1977)• Thus it was somewhat surprising to find that bilat-

eral infusions of lOpg of ethylketocyclazocine bilterally into the nucleus 

accumbens produced no increase in spontaneous locomotor activity, although 

as previously discussed enkephalin analogues will do so. Intravenous in-

jections of 0.1 - lOmg/Kg ethylketocyclazocine had no effect on the firing 

rate of substantia nigra compacta dopamine neurones, while morphine increas-

ed the firing rate in a similar manner to that reported by Iwatsubo and 

Cluoet (1977). These results suggest that ethylketocyclazocine does not 

act on these systems in the same way as some other opiate drugs. 

The experiments presented here were carried out in an attempt to discrimin-

ate between the three proposed opiate receptors, y, 6 and k. While the pre-

liminary results of this study suggest there are no k receptors and that 

the identity of the receptor mediating either hyperactivity or cell inhib-

itory responses is unclear it must be noted that the study is incomplete. 

Wide ranges of both agonists and antagonists need to be used. Finally, it 

is possible that the receptors in the peripheral assays may not be the same 

as those in the brain. 
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4.5. Dopamine 

Dopamine is thought to have an important neurotransmitter role in the basal 

ganglia and mesolimbic system. In addition it may have a function in the 

retina and control of pituitary hormone release. 

There is good evidence that dopamine dysfunctions are involved in the path-

ology of Parkinsonism and Schizophrenia (1.5-6.). Side effects of any 

drugs limit their therapeutic value, thus L-Dopa therapy, while alleviat-

ing Parkd^onian symptoms can produce hyperkinesia and hypotension. Neuro-

leptics on the other hand may lead to iatrogenic Parkinsonism (reviewed by 

Hornykiewicz, 1979). 

One of the problems in the testing of dopamine agonists and antagonists is 

the lack of an easily studied peripheral preparation which contains specif-

ic dopamine receptors. The most commonly studied peripheral preparation is 

the dog renal vasculature which was first used by Goldberg, et al. in 1968. 

CNS dopamine preparations are most numerous and have received most atten-

tion. These include the dopamine sensitive adenylate cyclase (1.5.2.) and 

receptor binding techniques using labelled dopamine receptor agonists or 

antagonists (1.5.2.) and review by Titeler and Seeman (1979). Behavioural 

models include rotation in rats with unilateral lesions of the nigrostriat-

al tracts and locomotor stimulation after bilateral drug injections into 

the nucleus accumbens. However, these techniques have several associated 

problems. For example, the adenylate cyclase is thought to be linked to a 

post synaptic receptor (reviews by Iversen, 1975, and Krueger, et al. 1976) 

thus presynaptic effects are ignored. The binding of ligands to dopamine 

receptors is complicated by factors such as the spec i& city of the ligand, 

the association rate of the receptor-ligand complex (Titeler and Seeman, 

1978) and most importantly the use of crude preparations containing pre and 

post synaptic binding sites. Behavioural responses to drugs arc extremely 

complex as generally the end response measured is far removed from the in-

itial receptor response and mediated by other factors. For example, drugs 

such as opiates can produce similar behavioural results, such as catalepsy 

and hyperactivity, Vihich are produced by dopamine antagonists and agonists, 

indicating the complexity of the responses. 

Electrophysiology is a good alternative for studying the effect of drugs at 

the cellular level. However, the techniques have inherent problems. One 

of the most satisfactory models originally used for dopamine structure act-

ivity studies by Woodruff and Walker in 1969 was cells in the brain of the 
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snail Helix Aspersa. A mammalian system has certain advantages, hence the 

use of iontophoresis. Unfortunately, the areas of the mammalian brain in-

nervated by dopamine, such as the caudate nucleus and nucleus accumbens, 

contain a largely silent population of neurones in the anaesthetized ani-

mal (Bloom, Costa and Salmoiraghi, 1965, Feltz and McKenzie, 1969). Add-

itionally, the extracellular recording techniques which the majority of 

studies have used cannot distinguish between a pre and post synaptic drug 

effect very easily. 

In the substantia nigra the dopamine containing cell bodies of the ascend-

ing nigrostriatal tract can be easily distinguished from other neurones by 

their characteristic action potential shape and duration (Bunney, Aghajan-

ian and Roth, 1973) and by antidromic activation from the ipsilateral stria-

tum (Guyenet and Aghajanian, 1978). The firing rate of these cells in 

chloral hydrate or halothane anaesthetised rats is exceptionally stable. 

The cells fire at 2 to 10 Hz, this rate rarely changing by more than 10^ 

over many minutes. This property makes them ideal for extracellular record-

ing and iontophoresis. These cell bodies are thought to have dopamine re-

ceptors on them and these receptors may be the same as the presynaptic re-

ceptors on the terminals. The evidence for this came from both electrophys-

iological and biochemical studies. While a dopamine sensitive adenylate 

cyclase was found in the nigra, it was thought to be present on cellular 

elements other than dopamine neurones. Thus 6OHDA lesions of the nigro 

striatal tract did not affect the cyclase activity in either the nigra 

(Kebabian and Saavedra, 1976) or the striatum (Kreuger, et al. 1976). 

Intrastriatal kainate lesions did not reduce striatal dopamine content (Di 

Chiara, et al. 1977) nor did it affect the inhibitory response of nigral 

neurones to iontophoretic dopamine or intravenous apomorphine. However, it 

did significantly reduce the response to the dopamine releasing drug amphet-

amine (Bunney and Aghajanian, 1978, Baring, Walters and Eng, 1 9 8 O ) . Further 

support for dendro-dendritic synapses rather than an interneuronal involve-

ment came from autocorrelation studies on spike trains of substantia nigra 

neurones (Wilson, Young and Groves, 1977). Anatomical evidence found that 

the only post synaptic elements engaging in monoaminergic synapses in the 

substantia nigra were dendrites of medium sized pars compacta neurones 

(Wilson, Groves and Fifkova, 1977). Additionally, an autoradiographic elec-

tron microscopic study found H-dopamine localized on the dendrites of 

nigral compacta neurones (Cuello and Kelly, 1977). 
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Thus when using the substantia nigra compacta neurones we are probably look-

ing at the effects of drugs on a specific population of dopamine receptors. 

It is probable that both dendrodendritic or "autoinhibition" and a stria-

tonigral feedback control the firing rate of dopamine containing neurones. 

Certainly, both have a relevance in the clinical treatment of dopamine dis-

orders as post firing inhibition was found to be decreased by haloperidol 

(Wilson, Fenster,Young and Groves, 1979) and iontophoretic trifluoperazine 

reduced the post antidromic spike inhibition usually seen (Nakamura, et al. 

1979). Striatal lesions with kainic acid also produced a decrease in post 

stimulus firing rate (Kondo and Iwatsubo, 1980, Nakamura, et al. 1979). 

Feltz (1971) and Grossman/Walker,Woodruff (I97̂ )t>have both reported an in-

hibition of cell types corresponding to reticulata cells after electrical 

stimulation of the ipsilateral striatum. 

In the present study it was found that iontophoretic application of nor-

adrenaline to dopamine containing cells in the nigra caused a similar de-

crease in firing rate as dopamine. This is in agreement with previously 

reported literature (Aghajanian and Bunney, 1977, Collingridge and Davies, 

1 9 8 0 ) . However, in contrast to these reports the duration of noradrenaline 

action was much shorter than that of dopamine. This discrepancy cannot be 

accounted for as we have also shown that the amount of tritiated noradrena-

line or dopamine released with identical iontophoretic currents was very 

similar. P-tyramine had little effect when applied to neurones at the same 

current for the same length of time as dopamine, but when applied with high 

currents for long periods it had a weak but long lasting effect. The struc-

ture activity requirements for dopamine at its receptor site were first 

systematically tested on two preparations. These were the dog renal vascu-

lature (Goldberg, Sonneville and M.G Way, I 9 6 8 ) and neurones in the brain OF 

the snail Helix Aspersa (Woodruff and Walker, 1969). In both of these 

preparations L-noradrenaline and p-tyramine had very weak or no dopatuinc-

like activity. These requirements have subsequently been shown to be very 

similar to those for stimulation of the dopamine sensitive adenylate cycJaKO 

in both the striatum (Munday, Poat and Woodruff, 1976) and nucleus accumbens 

(Munday, et al. 1977, Watling. Woodruff and Poat, 1979). Thus the tyramino 

and noradrenaline effects may have been due to a releasing action on the 

tonically active system rather than a direct effect on dopamine receptors. 

The use of tyrosine hydroxylase inhibitors, uptake inhibitors and substitu-

tion of calcium ions could possibly throw some light on this. Dopamine, 

noradrenaline and tyramine effects were blocked by iontophoretically applied 
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sulpiride (discussed later), while the response to GABA was not changed, 

which suggests a common effector for the response to amines. 

On the basis of the original studies with the snail preparation it was pro-

posed that the molecule 2 amino, 6, 7-dihydroxy, 1, 2, 3, U-tetrahydronaph-

thalene (ADTN) would contain the active form of dopamine (Woodruff, 1971). 

As previously mentioned the dopamine molecule can reside in extended and 

folded conformations. In the extended conformation, rotation about the 

dihydroxyphenyl moiety can lead to the possibility of two rotomeric extremes 

which have been designated a and 3 by Cannon (1975). The a rotomer corres-

ponds to 2-amino, 5, 6- dihydroxy 1, 2, 3, tetrahydronaphthalene (5, 6 

ATN) while the g rotomer corresponds to ADTN. There are some similarities 

between 5, 6 ATN and apomorphine which has been suggested as a potent dopa-

mine agonist on the basis of behavioural tests. In the present study the 

effects of ADTN were tested with dopamine on substantia nigra dopamine neur-

ones identified by antidromic spikes, and compared with the effects of 

intravenous apomorphine. It was found that iontophoretic application of 

ADTN produced a very potent (50-100%) and longlasting inhibition of firing 

rate during which the extra-cellularly recorded spike size increased. The 

response to dopamine was lost after application of ADTN and did not return 

after one hour. By this time the firing rate of the cell had returned to 

some 70^ of its baseline value. This result could be explained by a desens-

itisation of the dopamine receptors by ADTN application. The desensitisa-

tion caused initial technical problems in the testing of ADTN. For example 

if the iontophoretic barrel was prefilled with ADTN in the normal fashion, 

many of the dopamine cells located were very slow firing or silent (ideniti-

fied by antidromic stimulation) and did not respond to iontophoretic dopa-

mine. This is presumably due to spontaneous leakage of ADTN and subsequent 

desensitisation of the cells, even with the normal lOnA retaining currents. 

This was overcome to some extent by increasing the retaining currant to 20nA. 

Even so, the response of the cells to dopamine was very weak. This problem 

was eventually solved by leaving one barrel of the microelectrode empty. A 

cell producing consistent responses to dopamine was then located. After 

this had been achieved the ADTN was injected into the empty barrel via a 

previously inserted length of PP10 portex tubing. A lOnA retaining current 

was applied throughout filling. In this way the cell recording was not dis-

turbed. Then a pulse of ADTN, usually 60nA for 60 seconds was applied dur-

ing the sequence of dopamine pulses (60nA 15 sec at 2 or 3 min intervals). 

The inhibition produced by ADTN was 100 to 1000 times greater than that 
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produced by dopamine. However, quantitative comparisons are difficult as 

the amount of ADTN released must be small. Even using a prefilled ADTN elec-

trode guantitization would be difficult as to retain the drug a high current 

is needed and hence the tip concentration is low. This means that several 

ejection pulses are needed before a constant quantity of drug is released. 

Only one pulse of drug can be given during the experiment as the effect is 

so long lasting and it is unusual to record from one cell for more than 120 

minutes. For these reasons relative potencies of different ADTN derivatives 

would have to be made on different cells in different rats. In fact our own 

results show that the iontophoretic application of ADTN produces a similar 

inhibitory effect on the firing rate of dopamine SNC cells as 3-30 yg/Kg 

apomorphine. Interestingly it has been found that iontophoresis of 

apomorphine will produce a long lasting inhibition of dopamine containing 

neurones (Aghajanian and Bunney, 1977). This inhibition was of shorter dura-

tion than that found with ADTN suggesting that apomorphine is less potent on 

dopamine receptors than ADTN. 

The long lasting effects of ADTN are in agreement with other work which 

shows that ADTN is a potent dopamine agonist in receptor binding, stimula-

tion of adenylate cyclase and behavioural tests (Woodruff, et al. 1977, 

Munday, et al. 1977, Woodruff et al. 1979, Watling, Woodruff and Poat, 

1979). In addition ADTN has been shown to be more potent than 2 amino 5, 6 

dihydroxy 1234 tetrahydronaphthalene in hyperpolarizing snail neurones (re-

view by Woodruff, 1979) and depolarising other snail neurones (Batta, 

Woodruff, Walker unpublished). ADTN has also been found to be a potent 

dopamine agonist in decreasing G.P. blood pressure (Woodruff, Elkhawad and 

Finder, 197^) and in dilating renal and mesenteric blood vessels (Crumly, 

et al. 1976). ADTN contains an assymetric carbon atom at the 2 position 

of the tetrahydronaphthalene nucleus. Thus optical isomers exist. Recent-

ly it has been found that R-(+)-ADTN is 10 times more potent than S-(-)-

ADTN in both binding assays and in stimulating the dopamine sensitive adeny-

late cyclase. In stimulating locomotor activity after intra accumbens in-

jections the R(+) enantiomer was again more potent than the S(-)-enantiomer 

but only by a factor of 13 (Andrews, et al. 1970, Woodruff, et al. 1979). 

The specificity was also apparent in invertebrate preparations where there 

is a 100 fold difference in the relative potency of the two enantiomors 

(Batta, Woodruff and Walker, 1979). 

It is known that as amino tetralins have a substituted a-carbon atom they 
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are not substrates for MAO. Additionally, they do not readily pass through 

the blood brain barrier and have been shown to remain within discrete brain 

areas for several hours (Westerink, et al. 1 9 8 O ) . The long duration of 

action of ADTW seen both in our iontophoretic experiments and in producing 

locomotor stimulation (Woodruff, Elkhawad and Finder, 197^) may be caused 

by reuptake and re-release, as has been reported by Horn (197^) and Davis, 

Roberts and Woodruff (1978). Although 6OHDA lesions do not affect the dura-

tion of the hyperactivity response (C.D. Andrews personal communication). 

This impermeability of the blood brain barrier to aminotetralins also may 

be the reason why several substituted aminotetralin derivatives tested as 

antagonists, do not affect apomorphine rotation in rats while they will 

abolish emesis in dogs (Rusterholz, et al. 1978). While a logical step 

would be the quantitative assessment of several aminotetralins the problem 

of desensitization limits the use of iontophoresis to one test compound per 

electrode. However, a prodrug of ADTN, the d-ibenzoylester has been found 

to pass from the systemic circulation into the brain (Horn, et al. 1978). 

Intravenous injections of this and analogues while recording from dopamin-

ergic compacta neurones similar to Bunney and Aghajanian (1973) might prove 

a useful method of comparing the potencies of different amino tetralins. 

In addition to ADTN, nomifensine and a dihydroxy derivative were tested on 

the firing rate of dopamine containing neurones in the nigra. Nomifensine 

is a recently introduced anti-depressant drug which has been found to have 

potent inhibitory effects on the neuronal uptake of noradrenaline and dopa-

mine (Samanin, et al. 1975). Nomifensine was shown to possess dopamine-

like behavioural effects including the ability to induce ipsilateral rota-

tion in rats with unilateral 6OHDA lesions of the nigro striatal tract 

(Costall and Waylor, 1975). Nomifensine iontophoretically administered to 

dopamine containing cells did not change the firing rate, nor did it pot-

entiate the inhibitory response to dopamine. This may be partly due to the 

poor solubility of the drug. At the low pH required to dissolve nomifensine 

more protons rather than drug may be released, hence insufficient drug is 

reaching the neurones. Furthermore, intravenous injections of nomifensine 

did cause relatively short lasting inhibition of firing of dopamine neur-

ones at similar doses to those produced by amphetamine (Aghajanian and 

Bunney, 1977). Thus it is possible that nomifensine has a greater dopamine 

releasing effect at dopamine terminals rather than at dendrites. 
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Some metabolites of nomifensine are known, these arise from hydroxylation 

and methylation of the phenyl ring. The U-hydroxy phenyl (Ml) and the 3 

methoxy-4-hydroxyphenyl (M2) metabolites of nomifensine produced sterotypy 

in a similar manner to nomifensine while the 3-hydroxy-U methoxyphenyl (MB) 

derivative was inactive. Following direct intracerebral injections only 

the Ml metabolite showed dopamine-like activity (Costall and Naylor, 1977). 

It was suggested by Woodruff (1977) that a dihydroxy derivative of nomifen-

sine, 3, 4-dihydroxynomifensine, may have direct effects on dopamine recep-

tors since it bears a striking resemblance to the dopamine structure con-

tained in ADTK. This was found to be the case, with dihydroxynomifensine 

having a similar potency to dopamine (Woodruff, et al. 1979, Poat, Woodruff 

and Watling, 1978) in biochemical tests. Thus it was some surprise to find 

that iontophoresis of 3, U-dihydroxynomifensine produced a very weak or no 

effect on the firing rate of dopamine sensitive cells in the substantia 

nigra. This is in contrast to the potent effects one would expect if the 

compound was acting in a similar manner to ADTN which we have shown to be 

very active on these cells. 

It is of interest that when injected bilaterally into the nucleus accumbens, 

3, 4-dihydroxynomifensine has a much weaker effect than ADTW although it is 

still a fairly potent drug (Woodruff, et al. 1979). Furthermore, on a peri-

pheral preparation which is thought to have similar structure activity re-

quirements for dopamine at the adenylate cyclase and snail brain preparation 

(Goldberg, Bonneville and McNay, 1968) it was found that 3, H-dihydroxynomi-

fensine had partial agonist properties which resembled those of apomorphine 

(Kohli and Goldberg, 1980). 

The firing rate of dopamine containing neurones in the substantia nigra has 

been shown to be inhibited by intravenous injections of dopamine agonists 

(Bunney, et al. 1973). As little as 3 Pg/Kg apomorphine produces a signifi-

cant depression of firing rate (Guyenet and Aghajanian, 1978). In this 

study we found that 3-30 yg/Kg apomorphine produced a 50% inhibition whilo 

large doses of isoapomorphine were without effect. The fact that apomor-

phine is a dopamine agonist in some systems (Bunncy, et al. 1973) is sur-

prising since it does not have the same configuration as ADTN. It has been 

suggested that apomorphine binds preferentially to presynaptic dopamine re-

ceptors (Titeler and Seeman, 1979) although others disagree (Snyder, et al. 

1978). There is some electrophysiological evidence to suggest that apo-

morphine may have more potent actions on pre than post synaptic receptors 
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(Skirboll, Grace and Bunney, 1979)• Oiir own results are not inconsistent 

with this suggestion. For example after iontophoretic administration of 

ADTN the dopamine containing cells in the nigra were inhibited, the firing 

rate gradually increased but never reached more than TO^ of the original 

baseline. The inhibitory response to dopamine or further application of 

ADTW was lost. If apomorphine was given intravenously during this partial 

recovery phase on 50^ of cells an increase in firing rate was observed 

rather than an inhibition. On the other 50^ of cells the usual inhibition 

of firing with a low dose of apomorphine was encountered. The excitatory 

effect of apomorphine could possibly be explained in the following way. If 

apomorphine has more effect on presynaptic rather than post synaptic recep-

tors then at low doses intravenous apomorphine would cause a decrease in 

dopamine release at the terminals. The feedback pathways from the caudate 

would tend to cause the dopamine neurones to fire faster to compensate for 

this lack of dopamine release. In the normal animal this effect would be 

masked by the direct inhibitory action of apomorphine in the cell body dopa-

mine autoreceptors. However, where ADTN has been applied to the cell the 

dopamine receptors are densensitised and the cell will not respond directly 

to apomorphine hence an increase in firing is seen. In the case of a cell 

which has had ADTN iontophoretically applied but still responds to apomor-

phine, it is possible that the ADTN has not densensitised the whole receptor 

population as they cover the dendrites which extend far into the reticulata 

of the nigra. Thu^ intravenous apomorphine which reaches all of the recep-

tors can cause inhibition of the neurone by acting on receptors not desensit-

ised by ADTN. This does not imply that apomorphine is more potent than ADTN 

on these receptors, it may suggest apomorphine is more potent on pre than 

post synaptic receptors. 

Apomorphine has behavioural actions which are believed to be due to a dir-

ect stimulation of postsynaptic dopamine receptors. It has been found that 

intra accumbens injections produce a stimulation of locomotor activity 

(Grabowska and Anden, 1976) sometimes or depression (Pijnenberg, et al. 

1976). When the dopamine terminals have been destroyed with 6GHDA (Kelly, 

Seviour and Iversen, 1975) if the level of dopamine depletion was suffic-

ient to abolish amphetamine induced responses the response to apomorphine 

was potentiated. However, on the dopamine sensitive adenylate cyclase in 

the striatum and nucleus accumbens, apomorphine behaves as a partial agon-

ist producing a maximum response that is only about 50^ of that produced by 

dopamine (Kebabian, PetzKoli and Greengard, 1972, Watling, Woodruff and Poat, 
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19T8)- Furthermore, on the dog renal vasculature which as already discuss-

ed has similar structural requirements for dopamine to the adenylate cyc-

lase apomorphine behaves as a partial agonist (Crumly, et al. 1976). It 

has been suggested that in these peripheral dopamine receptors apomorphine 

and 3, U-dihydroxy nomifensine are acting in a similar manner (Kohli and 

G o l d b e r g , , 1980). 

Several studies have shown that neuroleptic drugs are potent antagonists of 

the effects of dopamine on the dopamine sensitive adenylate cyclase. There 

are some discrepancies between the clinical efficacy of these drugs and 

their ability to inhibit the dopamine sensitive cyclase. Thus the corre-

lation is good for phenothiazines and thioxanthenes. The butyrophenones 

are much weaker than would be expected (Seeman, 1977). Another class of 

drugs some of which have antipsychotic properties are the substituted ben-

zamides. One of the most studied is sulpiride (Haase, Floru and Ulrich, 

197k). The major difference between sulpiride and the classical neurolep-

tics is that sulpiride does not block the effects of dopamine (Trabucchi, 

et al. 1975, Elliot, et al. 1977) or of ADTM (Woodruff, et al. 1979) on rat 

brain adenylate cyclase. Sulpiride is also particularly potent in stimula-

ting the release of prolactin, whose secretion is controlled by a dopamine 

receptor system not coupled to adenylate cyclase (review by Kebabian and 

Calne, 1979). 

Partly on the basis of differences in behavioural phenomena (Cools and Van 

Rossum, 1976) differences in the binding of agonists which have monophisic 

and antagonists which have biphasic curves, (Titeler, et al. 1970) and on 

the ability of atypical neuroleptics such as sulpiride to block dopamine 

stimulated adenylate cyclase (Kebabian and Calne, 1979) different types of 

receptors for dopamine have been proposed. Kebabian and Calne have suggest-

ed two, which are DAI for postsynaptic receptors, thought to be linked to 

an adenylate cyclase, and DA2 for presynaptic receptors which are not cy-

clase linked. DA2 or presynaptic receptors could be located in three placon 

in the nigro-striatal system. These are, the terminals of the cortical 

afferents to the striatum (Schwarcz^et al. 1978), the terminals of the nigro 

striatal neurones and on the cell body of the nigro striatal neurones 

(Kebabian and Calne, 1979) illustrated in Fig. I.U. Recording from the sutiia 

of the nigro striatal neurones and iontophoresis of drugs is thus a good 

system for looking at autoreceptors presumed to be DA2 receptors while ion-

tophoresis in the caudate nucleus and nucleus accumbens is more appropriate 
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for examining DAI receptors. It must be added that both receptor types are 

apparent in both areas even though they are on different neural elements. 

We found (±)-sulpiride to be a potent antagonist of the inhibitory response 

produced by dopamine in the substantia nigra. The antagonism took several 

minutes to appear and persisted for a short period after application. GABA 

inhibitions on these cells were not affected by sulpiride. 

Sulpiride is an optically active molecule. A wide range of potencies for 

the enantiomers have been reported. (-)-sulpiride has been found to be 100 

times more potent than (+)-sulpiride in the displacement of haloperidol bind-

ing (Spano, Govoni and Trabucchi, 1978). Given directly into the nucleus 

accumbens (-)-sulpiride is more potent than (+)-sulpiride and fluphenazine 

(Woodruff, et al. 1919)• Clinical trials also suggest the (-)-enantiomer 

is also more active (Hoffman, et al. 1979) and while the (+)-enantiomer has 

not been tested, (-)-sulpiride blocked the inhibitory effects of dopamine 

on snail neurones (Batta, Woodruff and Walker, 1979). In agreement with 

these results we found that (-)-sulpiride was more potent than (+)-sulpiride. 

However, the difference between the two enantiomers in blocking the inhibit-

ory effects of dopamine in the substantia nigra was less than a factor of 

10. In the striatum the inhibitory response to dopamine was only blocked 

by iontophoretically applied sulpiride on less than 20% of neurones. Flu-

phenazine was active on the same neurones as sulpiride. The failure to an-

tagonise dopamine effects on all cells is unclear. However, a similar eff-

ect has been found by other workers, who could find no effect of intraven-

ous haloperidol on dopamine inhibitions in the striatum (Skirboll and Bunney, 

1979). On a few cells it was possible to test the two enantiomers of sul-

piride. Similar results to those in the substantia nigra were obtained with 

the difference in potency being less than a factor of 10. Thus our results 

are not entirely in agreement with biochemical studies since difference in 

potencies between the two enantiomers is not great and sulpiride has actionn 

in the striatum where dopamine has both pre and post synaptic action. 

These results are similar to those on the renal vasculature (Munday, et ai. 

in press). Furthermore, other evidence suggests that sulpiride is an ex-

tremely potent antagonist of ADTN-induced hyperactivity, a reaponuc which 

is believed to be mediated by postsynaptic receptors (Woodruff and Andrews, 

1979, Woodruff, et al. 1979). Additionally on the renal vascular doimtni itf-

receptor (which has very stringent agonist requirements) sulpiride is more 

potent than other neuroleptics (Goldberg, et al. 1978). Hypotension in t.lie 

guinea pig produced by ADTN was also found to be reversed to sulpiride 
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(Woodruff and Andrews, 1979)• 

The inability of substituted benzamides to antagonise dopamine sensitive 

adenylate cyclase has been interpreted as evidence for two dopamine recep-

tors. One which is sulpiride sensitive and not linked to the cyclase and 

one which is sulpiride insensitive and cyclase linked. There is an increas-

ing body of evidence to suggest that such a classification needs re-

evaluation. Sulpiride binding shows a similar specificity towards agonists 

and neuroleptics as classical neuroleptic binding (Freedman,Poat,& Woodruff 

1 9 8 0 ) . Furthermore nucleotides such as GTP decrease the affinity of agon-

ists for sulpiride binding sites (Freedman, Poat and Woodruff, 1980) an 

effect usually suggestive of cyclase linkage. It has been suggested that 

other factors such as lipid solubility (Woodruff, Freedman and Poat, I98O) 

or linkage to an ionophore (Batta, Walker and Woodruff, 1979) might in part 

explain the lack of cyclase sensitivity to sulpiride. Intracellular stud-

ies and examination of reversal potentials in mammalian systems could make 

this clearer. 

A useful model for predicting the therapeutic efficacy and incidence of ex-

trapyramidal side effects of antipsychotics has been proposed by Bunney and 

Aghajanian (1979). They found that mepazine, a drug which has extrapyramid-

al side effects but no antipsychotic activity, would reverse the inhibitory 

effects of intravenous amphetamine on the substantia nigra but not the VTA 

dopamine containing neurones. Classical neuroleptics, which have side 

effects, increase the baseline firing of these neurones. Drugs which have 

few side effects, such as clozapine, do not do so. Both drug types will re-

verse the effects of amphetamine. Thus while sulpiride did not affect the 

baseline firing of dopamine containing cells as expected for a neuroleptic 

with few side effects, it failed to block the effects of low doses of apo-

morphine, although both fluphenazine and chlorpromazine did so at similar 

doses to these used by Bunney, et al. (1973). This failure is most surpris-

ing as the doses used are similar to those found necessary to reduce ADTN 

hyperactivity (Woodruff and Andrews, 1978). It must be emphasised that many 

drugs and stimuli other dopamine agonists or antagonists will also alTecL 

the firing rate of the dopamine containing neurones (Chiodo, et al. 19OO, 

Eaja and Guyenet, I 9 8 O ) . Thus we observed that increasing the concenti'a-

tion of halothane in the anaesthetic gas increased the firing rate of some 

dopamine containing neurones in the substantia nigra. 
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Concluding remarks on Dopamine Receptors 

While there is much evidence which is difficult to rationalize in terms of 

one dopamine receptor, the evidence for two receptors still rests on incom-

plete and increasingly confusing biochemical evidence, particularly with 

respect to the action of sulpiride (Kebabian and Calne, 1979). Neurolep-

tics are notorious for their properties aside from dopamine antagonism such 

as antimuscarinic and anti alpha adrenergic blocking activity (reviews by 

Snyder, et al. 1974, Carlsson, 1978), hence studies using them usually re-

quire cautious interpretation. Additionally, sulpiride has been found to 

block dopamine in preparations which have similar structure activity re-

quirements to the adenylate cyclase such as Helix Aspersa (Munday, Poat and 

Woodruff, 197^) and the dog renal vasculature (Goldberg, et al. 1978). The 

ADTN hyperactivity in 60HDA treated animals is also abolished by sulpiride 

suggesting a post synaptic action. Our results of inhibition of dopamine 

response in the striatum support a post synaptic effect and although sulpir-

ide blocked dopamine at the autoreceptors in the substantia nigra as would 

be expected for a non cyclase linked receptor, the autoreceptor may well 

have very similar structure activity requirements to the cyclase. The evi-

dence for this is incomplete, however, while we have found intravenous in-

jections of apomorphine potently inhibit the firing of dopamine containing 

neurones in the substantia nigra, the iontophoretic effect of ADTN we ob-

tained is far greater (10-100 times) than the response obtained with ionto-

phoretic apomorphine by other workers (Aghajanian and Bunney, 1977). The 

fact that intravenous isoapomorphine and 3, U-dihydroxynomifensine were in-

active could possibly be explained by steric hindrance, as suggested by 

Goldberg, et al. (1978). In conclusion, this study using the benzamide 

sulpiride has produced little evidence to support the classification of two 

dopamine receptors on the nigro striatal tract and it has further shown ADTN 

to be a very potent dopamine agonist at the cellular level on the autorecep-

tors in the substantia nigra. 
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k.6. Identification of the nigrostriatal and striatonigral neurones 

Electrical stimulation of the substantia nigra has been shown to produce a 

single spike excitation in silent cells in the ipsilateral striatum. This 

excitation was suggested to be orthodromic because its latency increased 

during rapid stimulation and an epsp was seen if intracellular recordings 

were made. These cells are not affected by iontophoretic dopamine. There 

is another population of neurones, encountered mostly in the lateral and 

more superficial parts of the head of the caudate nucleus. This second 

population of neurones is spontaneously active and inhibited by electrical 

stimulation of the ipsilateral substantia nigra with a slow onset latency 

(Feltz and Albe-Fessard, 19T2). 

In the present study we have found similar excitations on silent cells 

which do not respond to iontophoretic dopamine. The inhibitory responses 

to stimulation were difficult to detect without a PSTH although they are 

sometimes apparent in spike records. While short latency excitations foll-

owing electrical stimulation of the ipsilateral substantia nigra, which are 

said to be mimicked by short pulses of dopamine have been reported (Kitai 

and Koscis, 1978) we could detect none of these. Furthermore it has been 

suggested by Moore and Bloom (1978) that the iontophoretic currents used by 

Kitai and Koscis (;978) were too short to release sufficient quantities of 

dopamine. Furthermore, the dopamine neurones of the nigrostriatal tract 

have been shown to have a conduction velocity of less than Im/s (discussed 

below), hence the orthodromic spikes reported by Kitai and Koscis (1978), 

which have a conduction velocity of more than Im/s are unlikely to be the 

same neurone population. These faster conducting fibres could be another 

nigrostriatal pathway or a pathway whose axons pass through the nigra, a 

detailed review has been written by Dray (1979). 

The dopamine containing neurones in the substantia nigra were identified 

as such by antidromic spike patterns following electrical stimulation of 

the ipsilateral striatum (Guyenet and Aghajanian, 1978). We have obtained 

similar results in this study. As previously found, frequently only the 

initial segment of the spike appears. This is probably the axonal component, 

of the spike. Best results were obtained by stimulating the rear or caudal 

parts of the striatum, these parts probably contain more axons than termin-

als of the dopamine tract. The conduction velocity was slow, less than 1m/n, 

typical of unmyelinated axons. These antidromically identified neurones 

were inhibited by iontophoretically applied ADTN, dopamine and intravenous 
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apomorphine. The antidromic spikes were not abolished, nor was the latency-

changed by any of these agents. These results are in accord with an event 

which does not involve dopamine receptors. 

There was some evidence of branching of neurones within the caudate nucleus 

from collision experiments. This has previously been reported by Deniau, 

Thierry and Feger ( 1 9 8 O ) . These authors, using similar electrophysiological 

techniques have found that occasionally a single neurone from either VTA or 

substantia nigra innervates areas of both the caudate nucleus and nucleus 

accumbens. 

Two other phenomena were occasionally noted in our study. One was a vari-

able latency to the antidromic spikes during rapid repetitive stimulation. 

A similar increase in latency has been seen in the noradrenergic systems in 

the brain and is thought to be caused by a change in ion concentration 

along unmyelinated fibres (Aston-Jones, Segal and Bloom, 1 9 8 O ) . The other 

observation was that occasionally one stimulus pulse produced two antidrom-

ic spikes of slightly different latencies simultaneously. When this occurr-

ed both spikes were recorded as initial segments only. As it is not poss-

ible without intracellular recordings to see if both spikes originate from 

the same neurone the following interpretations are highly speculative. It 

is possible that with these neurones the axon divides immediately after the 

axon hillock sending two or more parallel axons to the target area. Thus 

action potentials evoked in this target area travelling antidromically 

would not collide and cancel out until they reached the coll body, where 

they would appear extracellularly as two slightly different latency axonal 

spikes. 

Thus we have confirmed that there is an excitatory response in the caudate 

nucleus following electrical stimulation of the ipsilateral substantia nip-

ra. Neurones in the pars compacta of the substantia nigra which are thought 

to be the cell bodies of the ascending nigro striatal tract can be antidrom-

ically identified by electrical stimulation of the ipsilateral striatum. 

Thus when looking at drug responses on cells in both areas it is punsiblc 

to include or exclude them from identified populations of neurones. 
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1: ADTN. 2: Isoapomorphine. 

3 : 5,6dihydroyJ,2,3,4 
t et ra hyd rona phth alene. 

4 : Apomorph ine. 

Figure (4-1 )• Dopamine is conta ined in 1 &2 in t he p 
ro tomer ic ex t reme a n d t he (x ro tomer i c extreme in 
3 & 4 . 
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Figure (b.2) Proposed substance P degradation by "post 
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SP 5-90Me 119883 
SP 1-90Me 134135 
SP 6-11 135455 
SP 6-1Ipg 135456 

ERP 81495 
ERP (Sigma) 

SP antagonist ? 

TRH: 

MIF: 

Angiotensin II: Asp-Arg-

LH-RH: pGlu-His-Trp-Ser-

1 2 
Arg-Pro-
Arg-PrO' 

3 4 
-Lys-Pro-
-0CH3 

Pro-

Arg-Pro-Lys-Pro-

5 6 7 8 
Gln-Gln-Phe-Phe-

Gln-Gln-Phe-Phe-
Gln-Gln-Phe-Phe-
-Gln-Gln-Phe-Phe-

Gln-Phe-Phe-
p-Glu-Phe-Phe-

Arg-Ala-Phe-Ile-
H-Lys-Phe-Ile-

9 10 11 
Gly-Leu-Met-NH2 

Gly-0CH3 
Gly-0CH3 
Gly-0CH3 
Gly-Leu-Met-NH2 
Gly-Leu-Met-NH2 

Gly-Leu-Met-NH2 
Gly-Leu-Met-NH2 

p-Glu-Hi s-Pro-
Pro-

ADH: 

Oxytocin; 

SQ20881: 

Cys-
S-

•Val-Tyr-Ile-

Tyr-Gly-Leu-

Tyr-Phe-Gln-

-His-Pro-

-Arg-Pro-

-Cys-Pro-
-S 

p-Glu-Phe-Phe-Gly-Leu-Met -NII2 
(pNH2) 

•NH2 

•Leu-Gly-NH2 

-Phe-OH 

•Gly-WH2 

•Arg-Gly-NH2 

Cys-
S-

-Tyr-Ile-Gln 

pGlu-Trp-Pro-Arg-Pro-Gln-Ile-Pro-Pro-NH2 

•Cys-Pro-Leu-Gly-NH2 
-S 

Figure (4.3). Amino acid sequence of the peptides used in this study and ft. 
sequence of substrates for post-proline cleaving enzymes. 



H^N-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-CONHg 

+ + H + H p p H H H H H p 

Figure {k.k). Probable distribution of charge on the substance 
P molecule in 20mM acetic acid solution. 
+ : positive charge 
p : polar non charged 
H : hydrphobic non charged. 



SUMMABY 

1. Extracellular recordings were made from neurones in the mesencephalic 

reticular formation, substantia nigra, caudate nucleus and nucleus 

accumbens of the anaesthetised rat. Drugs were applied by iontophor-

esis to single neurones or intravenously via a femoral cannula. 

2. Drugs were bilaterally injected via chronically implanted cannulae into 

either the nucleus accumbens or ventral tegmentum of conscious animals. 

The locomotor activity of these animals was monitored immediately after 

injections. The actions of peripherally administered drugs was also 

studied. 

3. lontophoretic application of the tripeptide MIF was without effect on 

the firing rate of neurones in the substantia nigra, caudate nucleus 

and nucleus accumbens. The response to a threshold iontophoretic dose 

of dopamine was not changed by MIF. Intravenous injections of MIF did 

not change the firing rate of identified neurones of the nigro striatal 

tract. Peripheral injections of MIF failed to change the hyperactivity 

caused by amphetamine given into the nucleus accumbens or peripherally 

and the hypoactivity produced by haloperidol. lontophoretic applica-

tion of metabolically protected analogues showed the negative results 

were not due to rapid breakdown and measurement of release from micro-

electrodes confirmed positive currents were necessary. 

4. TRH was similarly inactive to MIF when iontophoretically applied to 

neurones in the substantia nigra, caudate nucleus and nucleus accum̂ -

bens. A more stable analogue, CRM221/3, and a metabolite -His-Pro-

were similarly inactive iontophoretically. Peripheral injection of 

TRH potentiated the effect of peripheral but not intra accumbens am-

phetamine. 

5. The putative 6 opiate agonist BWI8OC was found to produce a long last-

ing hyperactivity after bilateral injection into the nucleus accumbens. 

Bilateral injection into the ventral tegmentum caused a short and long 

term hyperactivity. A non significant reduction in this last hyper-

activity was apparent after peripheral injection of the y receptor 

antagonist naloxone or the central injection of a putative peptide 6 

antagonist 139^62. The other hyperactivity responses were completely 

unaffected by these treatments. The opiate k receptor agonist ethyl-

ketocyclazocine produced no hyperactivity when injected into the nu-

cleus accumbens. These results are discussed with respect to multiple 

opiate receptors. 
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6. Substance P was found to excite neurones in the substantia nigra. Neur-

ones in the compacta identified as dopaminergic were not consistently 

affected by substance P and responses to dopamine were not modified. 

Neurones in the nucleus accumbens were unaffected by substance P. Bi-

lateral injections of substance P into the ventral tegmentum produced a 

short term hyperactivity. These results are discussed with respect to 

possible dopamine, substance P interactions. 

T. Using a series of substance P analogues it was found that the N 1-9 

fragment was equipotent with substance P in both behavioural and elec-

trophysiological systems while other N-terminal fragments were not. 

C-terminal fragments were unexpectedly inactive. The putative peptide 

antagonist 1U01U3 was without effect in either system. The putative 

amino acid antagonists produced inconsistent results. These results 

are discussed with regard to the metabolism of substance P and to prob-

lems in quantifying release of uncharged molecules from microelectrodes. 

8. lontophoretic application of noradrenaline to identified nigrostriatal 

neurones in the substantia nigra compacta caused similar but shorter 

lasting inhibitions of firing. p-Tyramine was much weaker than dopa-

mine. The inhibitory responses to these amines was antagonised by sul-̂  

piride while the inhibitory response to GABA was unaffected. The 

rigid dopamine analogue ADTN produced a very potent long lasting in-

hibition of firing with densensitization to dopamine. 3, 4-dihydroxy 

nomifensine and nomifensine were both inactive when iontophoretically 

applied. Intravenous injections of nomifensine or apomorphine inhib-

ited cell firing while isoapomorphine failed to do this. These results 

are discussed with respect to the structural requirements for dopamine. 

9. Inhibitions produced by dopamine on identified neurones in the sub-

stantia nigra compacta were antagonised by both - and - enantiomers of 

sulpiride. The - enantiomer was 2 times more potent than the - isomer. 

In the caudate nucleus sulpiride and fluphenazine antagonised dopamine 

inhibitions on the same cells. However a large population of neurones 

could be inhibited by dopamine although the responses were not blocked 

by either sulpiride or fluphenazine. These results are discussed in 

terms of a cyclase and a non cyclase linked dopamine receptor. 

10. Neurones in the zona compacta of the substnatia nigra were identified 

by antidromic spikes following electrical stimulation of the ipsilater-

al striatum. Some cells in the zona reticulata could be identified by 

orthodromic inhibition following similar stimulation. Cells in the 

caudate nucleus which did not respond to dopamine were orthodromically 
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excited following electrical stimulation of the ipsilateral nigra. 

Neurones in the nucleus accumbens were not identified by these methods. 
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APPENDIX 

1. Amino acid sequence of peptides 

Angiotensin II 

BWI8OC 

ERP ( 8 1 U 9 5 ) 

MIF 

Substance P 

SP 1-20Me, 11+1937 

SP U-90Me, 119884 

SP 5-90Me, 1 1 9 8 8 3 

SP 1-90Me, I3U135 

SP 6-11, 1351+55 

SP 6-1ipg, 1 3 5 U 5 6 

SP antagonist 1I+OIU3 

TRH 

His-Pro 

CRM221/3 

Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-OH 

Tyr-DAla-Gly-Phe-DLeu 

Arg-Ala-Phe-Ile-Gly-Leu-Met-NHg 

Pro-Leu-Gly-NHg 

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH^ 

Arg-Pro-OCH^ 

Pro-Gln-Gln-Phe-Phe-Gly-OCH^ 

Gln-Gln-Phe-Phe-Gly-OCH^ 

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-OCH^ 

Gln-Phe-Phe-Gly-Leu-Met-NHg 

pGlu-Phe-Phe-Gly-Leu-Met-NHg 

pGlu -Phe(pNHg)-Phe-Gly-Leu-Met-NH^ 

pGlu-His-Pro-NHg 

'-His-Pro-' 

Pyr His If 1 

ZT CH-
CONHn 
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2. S t ruc tu res of non pep t ide drugs 

ACETYLCHOLINE 

A 0" 

'N — 

ADTN 

HO 

HO 

H 
NH, 

AMPHETAMINE 

NH. 

APOMORPHINE 

o 
o 
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CARBACHOL 

CHLORPROMAZINE 

DL HOMOCYSTEIC ACID 

3 / DIHYDROXY NOMIFENSINE 

Q 

Q 

89 -



DOPAMINE 

H2 

FLUPHENAZINE 

GABA 

GLUTAMATE. 

H O ^ ^ O 
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HALOPERIDOL 

o o 

MORPHINE 

HO 

Q 
H 

NALOXONE 

HO 

Q 
0 
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NOMIFENSINE 

NH' 

NORADRENALINE 

SULPIRIDE 

H g N O ^ 

o 

TYRAMINE 

HO 

N H 2 
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