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ABSTRACT

The Spontaneously Diabetic Wistar B.B. Rat (SDR) is
considered to be a genetically determined animal model of human
Type-1 diabetes. The overall cbjective of this thesis was to
elucidate the behavioral and neurochemical profile of the SDR.

ThJ.S objective was attained using various pharmacological,
behavioral and neurochemical approaches. The course of the
changes was followed sequentially, at discretely defined time
frames (0-2, 2-8 and 8-12 months duration of diabetes), to
explore and characterize the contended dysfunctions.

Overall, it was found that the insulin treated SDR exhibited
a significantly attenuated locomotor and rearing response to the
systemically administered dopamine agonists d-amphetamine and
amfonelic acid. In the case of d-amphetamine, it was found that
the attenuated response was robust and chronic as it persisted
across all three time frames. The attenuated response Qf the
insulin tyeated SDR (5-6 months diabetic) to amfonelic acid
demonstrated that the behavioral deficit could also be elicited
by a dopamine agonist with a different mechanism of action frdm
d-amphetamine.

In a nonpharmacological experiment, it was found that the
jnsulin treated SDR manifested a significantly attenuated -
nocturnal locomotor and rearing response, particularly to
transitional photoperiodic cues (i.e. lights on and off). This
deficit in responding was chronic and robust as it was observed

across all three time frames.
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The possible neurochemical substrates of the aforementiocned
effects were investigated. A post-mortem neurochemical analysis
of the region specific basal levels of (NS catecholamines and
metabolites, in the insulin maintained and deprived SDR, was
undertaken. There were no significant differences between the
insulin maintained SDR and non-diabetic littermates or
genetically distinct controls. The cessation of insulin
administration to the SDR for four consecutive days resulted in
significant increases in the levels of norepinephrine in the
f:orteﬁ: and hypothalamus, dopamine in the hippocampus, and
homovanillic acid in the striatum.

" The neurochemical response of the insulin treated SDR was
assessed following a pharmacological challenge. The SDR was
exposed to a single dose of (1.0 mg/kg, i.p.) amfonelic acid. The
SDR exhibited a significantly greater reduction in the
post-mortem levels of dopamine in the striatum, midbrain, and
olfactory bulbs as well as striatal norepinephrine.

The behavioral effects elicited by d-amphetamine and
amfonelic acid are believed to be dopamine mediated. Thus, it was
hypothesized that one source of the observed neurochemical and
behavioral deficits may be related to an impairment of
dopaminergic neurotransmission. Therefore, the concomitant
measurement of spontanecus nocturnial locomotor activity and
levels of interstitial dopamine from the ventral striatum was
measured using in vivo microdialysis. No significant differences

between the insulin treated SDR and controls were found. The SDR
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did exhibit significantly lower levels of locomotor activity.
There was no significant correlation between interstitial
dopariine levels and locomotion in both groups.

In a different vein, the behavioral response of the insulin
treated SDR was assessed following exposure to environments
varying in degree of novelty. It was found that the SDR exhibited
a heightened behavioral response to novelty-stress. This
heightened response was chronic as it was cbserved across all
three time frames.
| The insulin maintained SDR manifested a greater aversion to
the anxiogenic regions of the cpen field and elevated plus maze
whilst being treated with chicrdiazepoxide. The anxiolytic
effects of this drug were significantly attenuated in the SDR
when compared to controls.

In essence, it would appear that the SDR when treated with
jnsulin and unchallenged by: 1) withdrawal of insulin treatment,
2) pharmacological stimulation or, 3) environmental stimulation,
is able to maintain relatively stable baseline levels of brain
catecholamines and behavior. It is only under challenging
conditions that the SDR manifests abnoxmal behavioral and
neurochemical responses. These results may have clinical
jmplications, in the realm of neuroendocrinological and/or
behavioral complications associated with insulin dependent
diabetes mellitus.



INTRODUCTION

Diabetes

Diabetes Mellitus is a diagnostic texm that embraces a
variety of disorders and syndromes that have one common feature:
chronic elevation of blood glucose concentration {hyperglycemia) .
Disbetes is often defined in terms of insulin deficiency.
Although, insulin does act to lower blood glucose concentration,
the insulin deficiency hypothesis may be misleading. Namely,
because insulin replacement does not necessarily reinstate normal
blood. glucose levels. Regulation of blood glucose is a complex
process involving numercus hormones and metabolic processes in
addition to insulin secretion. Thus, it is best to describe
diabetes as chronic hyperglycemia and realize that the causes are
complex and multifactorial. |

Diabetes is often categorized according to a numbex of
clinical criteria (National Diabetes Data Group, 1879). Diabetes
mellitus can be of primary (that is of unknown cause) or
secondary (a feature of some other known disease process) cause.
Primary diabetes mellitus represents a heterogenous group of
disorders that are difficult to classify on the basis of
etiology. The present classification system (National Diabetes
Data Group, 1979) distinguishes between Type-I (insulin
dependent) and Type-II (non-insulin dependent) diabetes mellitus.
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Type-I diabetics usually have an onset of diabetes before the age
of 30 and are at or below normal body weight and are prone to
develop diabetic coma (ketocacidosis). Type-I11 diabetics usually
have an onset after the age of 40, are overweight to obesé, and
develop ketoacidosis only under states of extreme physical
stress. This thesis will focus on an animal model of Type-1
diabetes.

The etiology of Type-I diabetes wellitus clearly involves
genetic, immumnologic, and infectious factors {(Atkinson & McLaren,
1991; Craighead, 1978). One of the better accepted formulations
at. present for the pathogenesis of Type-I diabetes is that a
person with genetic susceptibility acquires a non-specific viral
infection. As a part of the course of the infection, the pancreas
becomes inflamed, resulting in damage to the beta cells. The
body's immune system then generates specific antibodies that are
directed against components of the beta cell, which eventually
destroy most or all of these cells (Atkinson & McLaren, 1991;
Craighead, 1978). The result is a termination of the production
of insulin, which ultimately may have dire consequences. Insulin
aids most cells of the body in utilizing biological fuels, of
which one is glucose. In the absence of insulin, an excess of
glucose becomes evident within the body. In an attempt to
corcpensate' and regulate this excess, the body becomes dehydrated
as the kidneys are overworked trying to filter the excess glucose
and excrete itr through the urine. Unable to use glucose, the
cells of the body begin to breakdown their stores of fat and



protein in an effort to supply more fuel to the body. In the
extreme, the breakdown of fat may be so severe that acidic
by-products, ketones, accumulate. These ketones, combined with a
dehydrated condition, can result in a coma and possibly death.
Treatment with exogenously administered insulin can prevent the
aforementioned sequence of events. Insulin treatment alone,
however, cannot halt the progressive long-term deterioration
caused by the many complications associated with the diabetic
condition.

Research in the field of diabetes is diverse and as a
consequence, multifaceted. Two areas of diabetes reseaxch which
are particularly gexmane are; 1) the status of central nexvous
system (CNS) functioning in the diabetic (DeJong, 1977; Bischoff
& Zimmerman, 1979; Pozzessere, 1988) and 2) the psychological and
behavioral status of the diabetic (Suxrwit et al, 1983; Wilkinson,
1981; Fisher et al, 1.982) -

In recent years, growing attention has focussed on the role
of the CNS in diabetes (Pozzessere et al, 1988). This trend has
not always been a central factor in studies concerning diabetes.
In fact, it had been suggested that diabetes was a disease
primarily of the peripheral nervous system and thus, the CNS had
1ittle role, if amy, in the pathophysiology of diabetes (Warren &
LeCompte, 1952; Williams, 1960} . The former view reflects a
perspective on CNS-diabetes research which has been discounted by
both human and animal research in the last two decades.

A growing body of research in recent years has provided

13
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evidence linking uncontrolled diabetes (Type-1 and Tvpe-1I) with
pehavioral deficits (Lozovsky et al, 1981; Trulson & Himmel,
1985; Rowland et al, 1985; Rowland & Bellush, 1989). Moreover,
this research has indicated that a possible source of many of
these deficits may be due to a dysfunction in CNS
neurotransmission (Rowland & Bellush, 1989; McCall, 1992). With a
few exceptions this research literature has almost exclusively
pbeen drawn from animal models of diabetes.

Animal models provide us with a viable option in the
jinvestigation of possible diabetes related CNS alterations.
Animal models are important simply because they provide for a
greater degree and range of experimental manipulation which is
not always possible in humans. In fact, the majority of
information obtained on (NS alterations in the human have been
derived from either, post-mortem measures (Lakovic et al, 1991),
or the use of non-invasive techniques such as; neuro-
psychological evaluations (Holmes et al, 1983), evcked potentials
(Cirillo et al, 1984) or electro-encephalographic (EEG)

measurements (Haumont et al, 1977} .
animal Model £ Dial

The use of animal models in the study of diabetes is well
documented (Shafrir & Reynolds (eds), 1984) . Initial studies
imvolved the use of techniques such as pancreotectomy to induce
dizbetes in dogs and also rats. Later studies employed chemicals



such as alloxan or streptozotocin (STZ) (Rerup, 1570) . These
pancrectoxins were found to selectively damage the insulin
producing pancreatic f-cells (Rerup, 1970). STZ gained extensive
use when it was found that multiple low doses of STIZ is
accompanied by insulitis and also immune system alterations, two
important characteristics of Type-1 insulin dependent diabetes
rellitus (IDDM) in humans (Kolb, 1987; Rossini et al, 1978). STZ |
was originally isolated as an antibiotic, and its toxic effects
on the p-cells was first recognized in 1963 (Rakieten et al,
1963) . As a pancreotoxin, it is primarily administered
systemically as a single, high dose causing complete p-cell
necrosig ‘and consequently hyperglycemia twenty-four hours -
following administration. The toxicity of STZ to B-cells is
thought to stem from its capacity to accumulate specifically and
rapidly in these cells (Kolb, 1987).

Hyperglycemia can also occux spontanecusly in animals. The
majority of these species and strains exhibit a syndrome which
more closely resembles Type-II diabetes. There are several models
of IDDM which manifest varying degrees of similarity to the human
condition, the Chinese Hamster (Gerritsen, 1982), the Non Obese
Diabetic (NOD) mouse (Toyota et al, 1984) and the Spontanecusly
Diabetic Wistar BB rat (SDR) (Nakhooda et al, 1977). The Chinese
Hamster although being :msulopem.c and ketosis prone, develops a
syndrome different in several respects from that of man. The NOD
mouse demonstrates wany symptoms homologous to the human IDDM;
however, there are some discrepancies. For example, there is a



much higher incidence of IDDM in females (85%) as compared to
males (15%) and a late onset of diabetes (approximately 6-7
months of age) . The SDR has been recognized as an animal model of
Type-1 diabetes most closely resembling the human condition
(Maxliss et al, 1982).

: |y Disbetic Wi

The Spontanecusly Diabetic Wistar B.B. Rat (SDR) was
discovered serendipitously in 1974, amongst outbred, non-cbese,
Wistar-Furth rats at a commercial. breeding facility (BioBreeding
Laboratories, Ottawa, Ontario) (Chappel & Chappel, 1974). The
overt clinical syndrome occurs abruptly and manifests itself
usually between 60 to 140 days of age (Marliss et al, 1982). The
initial symptoms include rapid loss of weight, hyperglycemia,
glycosuria, polyuria, and polydipsia. Within 3-5 days of the
overt syndrome, hyperglycemic values of 400 to 500 ng/dL are
evident . The normal blood glucose range in the rat is 80-150
mg/dL. Twenty-four hour urine volume increases dramatically from
15 to greater than 100 wl, and extraordinarily high urine glucose
values (10 g/dL) arise (Sima, 1985). The hyperglycemia is also
associated with hypoinsulinemia and hyperglucagonemia. The
pancreas of such rats usually shows less than 0.1% of normal
insulin content and 2% of normal, in insulin-treated rats
(Nakhooda et al, 1978). Marliss et al, (1982) reported that the
pancreatic morphological features of the SDR diabetic syndrome,



are "strikingly" similar to those found in the pancreases of
Type-1 diabetic patients early after diagnosis. Specifically, the
pancreatic p-cells have disappeared, the islets of Langerhans are
at an end stage, consisting only of glucagon, somatostatin, and
pancreatic polypeptide producing cells (Nakhooda et al, 1978) .

Tt is not clear how the SDR inherits Type-1 diabetes.
However, there are diabetes susceptibility genes associated with
the major histocompatibility complex in the SDR, similar to that
observed in man (Crisa et al, 1992). The exact nature of the
inheritability is controversial and still under intensive
investigation (Crisa et al, 1992}. There is no doubt that a
critical component in the development of diabetes in the SDR is
autoimmme (Crisa et al, 1992). This hypothesis has received
support from the finding that immme-interventions can ameliorate
and even prevent the onset of the disease (Crisa et al, 1992).
Naji et al, (1981) demonstrated that neonatal bone marrow from
normal Wistar rats, implanted into diabetes susceptible SDR,
prevented the development of diabetes in the SDR. Like et al,
(1979), demonstrated that the incidence of Type-1 diabetes
decreased in the SDR injected with high doses of a rabbit anti-
rat-lymphocyte.

, Despite the clear similarities between the form of diabetes
exhibited by the SDR and that exhibited by hmans, there are also
some differences. The SDR does not exhibit islet cytoplas/mic
antibodies, is inbred, and has a much higher incidence of
diabetes (30790%) within its populétion. Overall, however, there



are many affinities between human Type-1 diabetes and the
diabetes in the SDR.

Despite the existence of the SDR since 1974, the majority of
studies investigating the CNS and behavior have been undertaken
using the chemically diabetic rat. The relative paucity of
research investigating the CNS and behavior in the SDR may be due
to a number of factors such as: 1) limited availébility‘ of the
SDR, 2) lack of appropriate facilities for the care and
maintenance of the SDR, 3) lack of a research history on the SDR,
brain and behavior.

In the context of this thesis, it is important to review the
1iterature concerned with the CNS and/or behavior in the
chemically diabetic rat, as it has vielded some important
research findings and trends. Thus, the following discourse will
focus on the chemically diabetic xat. |

: s ) Diai

A mumber of researchers in recent years have been exploring
region specific alterations in catecholamine levels and their
receptor status in the diabetic rat brain. The majority of these
studies have focussed on the post-mortem CNS analysis of the
acute chemically diabetic condition, typically untreated with

The chemically-induced state of diabetes mellitus has been
reported to be accompanied by a nunber of dysfunctions in CNS
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neurotransmission. Bitar et al, (1985) reported that uncontrolled
STZ induced diabetes in male Sprague-Dawley rats {10-30 days
diabetic) was associated with significant disturbances in brain
monoamine metabolism. Specifically, the activity of tyrosine
hydroxylase (TH) was decreased and the concentration of
norepinephrine (NE) was increased in several brain regions,
including the thalamus, hypothalamus, medulla, and midbrain.
These cbservations are concordant with those of Trulson and
Himmel (1985), who furthexr reported that a single dose of insulin
reversed the manifested alterations. In the Bitar study (1985),
concentrations of dopamine (DA) and serotonin (5-HT) remained
unaltered, but the levels of their metabolites 3,4-dihydroxy-
phenylacetic acid (DOPAC) and S-hydroxyindoleacetic acid (SHIAAZ)
were lower in the diabetic animals. Trulson et al, (1986), also
reported a decrease in the synthesis and twmover of 5-HT as
measured by SHIAA activity in STZ treated rats 4-6 weeks
diabetic. '

Chu et ai, (1986), reported increased levels of DA in the
corpus striatum of STZ male Sprague-Dawley rats (2 weeks
diabetic) . These researchers also reported significantly lowered
jevels of catecholamines (epinephrine (E), NE, and DA) and S5-HT
in the hypothalamus. Again, the observed deficits were reversed
by acute insulin administration. Kulikov et al, (1986), found a
significant reduction in NE in the neocortex and caudal portion
of the brainstem in alloxan diabetic male Wistar rats, 1-2 weeks
diabetic. In contrast, Kolta et al, (1986), found no significant
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alterations in the levels of DA in the whole brain of alloxan
diabetic rats (0-2 weeks diabetic). In 1987, Heric-Oliver et al,
reported alterations in the turnover rate of E, DA, L-DOPA and
Vanilmandelic acid in discrete hypothalamic regions of the
insulin treated female STZ diabetic rat. In that study, it is
interesting to note that alterations occurred while the diabetic
animals were waintained on insulin replacement therapy. Wesselman
et al, (1988), described the early effects of alloxan-induced
diabetes (6 days of duration) on central catecholamine
concentrations in the male Lewis rat. These researchers reported
a significant increase in cerebellar NE in comparison to non-
diabetic controls and insulin treated diabetic controls. No
alterations were found concerning DA, DOPAC or NE in the
striatum, pons-medulla, or the remaining brain. In contrast,
Shimomra et al, (1988), found a significantly lower twrnover
rate of DA in the striatum of STZ treated rats, 3 weeks diabetic.

In an attempt to assess the effects of insulin, Bellush and
Reid (1991) measured DA, DOPAC, S-HT and SHIAA in the CNS of
insulin treated, insulin withdrawn and insulin naive STZ diabetic
rats. Tt was found that DA turnover was significantly lower in
the striatum and hypothalamus of all diabetic groups. 5-HT |
turnover was significantly reduced in the chronically
hyperglycemic qroup in the frontal cortex, hypothalamus, striatum
and brainstem. 5-HT twrnover was also found to be reduced in the
frontal cortex of the insulin withdrawn group. Insulin treated
STZ rats had normal 5-HT turnover rate. Insulin trxeatment
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however, did not normalize the cbserved DA alterations.

Lakovic et al, (1990}, undertock an investigation of the
duration of diabetes and CNS alterations in the STZ and alloxan
diabetic rats. In essence, it was found that in the whole brains
of the non-insulin treated, chemically diabetic rats there was an
increase in the levels of NE, Da,and S-HT at 12 and 40 weeks
duration of diabetes. Whereas, there was a gradual decrease in
the metabolites SHIPA and HVA with the duration of diabetes.
Furthermore, an analysis of discrete brain structures revealed a
decrease in hypothalamic NE content in the alloxan diabetic rat
with 1 week duration of diabetes followed by an increase in NE
and DA levels 13 weeks later. In an important extension of this
study, Lakovic and colleagues (1990) measured post-mortem
menoamine concentrations in 11 brain regions in chronically
diabetic msulm dependent humans, with no record of chronic dxug
use, psychiatric, neurologic, or endocrine disease. It was found
that there was an increase in the content of 5-HT in the medial
and lateral hypothalamus, of DA in the medial hypothalamus,
putamen, and medial and lateral pallidus and of NE in the lateral
pallidus. There was a decrease of the content of NE in the
nucleus accumbens and claustrum.

In a different vein, Forman et 21, (1986), reported that STZ
induced diabetes (8 weeks in duration) resulted in a significant
reduction in the levels of the endogenous cpioid peptide
p-Endorphin. These reductions were found in the hypothalamus,
pituitary and plasma. Also, Williams et al, (1988) found

-
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jncreased hypothalamic neurcpeptide Y concentrations in the STZ
treated Wistar rat (1-14 weeks diabetic). No changes in six other
peptides (bombesin, galanin, neuromedin B, substance P,
somatostatin, and vasoactive intestinal peptide) were found.

In summary, there exists an accumilation of data derived
from a diversity of sources: diversity in terms of _duration of
diabetes, strain of xat used, CNS site(s) studied, and
pancrectoxin used. There exist some commonalities in the research
literature. The majority of the studies are concexmed with an
acute duration of uncontrolled diabetes (i.e. 0-3 weeks) with the
exception of Bitar et al, (1985) and Lakovic et al, (1990). Also,
dynamic alterations appear to be occurring with NE levels and
metabolism in the hypothalamus, between 0-13 weeks duration of
disbetes. The status of CNS DA is less clear. Alterations in DA
metabolism appear to be occurring between a period of 0-13 weeks
in a variety of CNS regions. In terms of levels of DA, it is
difficult to ascertain zny consistent trend(s). Lakovic et al,
(1990) have suggested that varying degrees in the duration of
diabetes may be an important determinant in accounting for some
of the discrepancies in the literature. It is also important to
note that alterations are occurring in S-HT metabolism, and
p-Endorphin levels over a duration of 4-8 weeks of diabetes. In
conclusion, there are widespread alterations in terms of CNS

neurotransmission in the chemically diabetic brain.
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Metabolic Factors and Receplox Alterations

Although it is difficult to ascertain the precise causal
factors regarding CNS changes in the diabetic brain, one ight
hypothesize that alterations in enzymatic and metabolic activity
may be consequential in altering the availability of the
neurotransmitter(s) . In fact, studies have shown that the
inhibition of TH by pharmacological agents (i.e. a-methyl-p-
tyrosine) or physiological states (i.e. age) can result in a
marked decrease in the levels of NE and/or DA (Brodie et al,
1966) . Bitar et al, (1985) reported that during uncontrolled
diabetes, the activity of TH was decreased. This finding was
further supported by Kwok and Juorio (1986). These researchers
reported significant reductions in the striatal concentration of
p-tyrosine, DOPAC and HVA, in rats treated with STZ, with a
duration of diabetes of 1-2 weeks. Kwok and Jueorio (1986)
reported that the acute administration of insulin ameliorated the
deficits. It has also been found by Mayanil et al, (1982) that
there was a reduction in the activity of monoamine oxidase (MRO)
activity in the non-insulin treated alloxan diabetic rat. The
activity of MRO is an important enzymatic factor in the
metabolism and hence the availability of catecholamines.

In light of these findings, it might be hypothesized that
the aforementioned alterations in neurctransmitter levels could
result in a decreased presynaptic release of the neurochemicals
{i.e. catecholamines, indoleamines) at the respective terminals.
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Such a change could be expected to be accompanied by a
compensatory change at the level of the receptor(s). In this
context, Lozovsky et al, (1981) reported a significant increase
in the binding of [*H] spipercne to the striatal membranes in 6
week STZ and alloxan diabetic rats. These researchers reported
that the acute administration of insulin "normalized" the DA
receptor sensitivity. Concordant with the findings of Lozovsky et
al, (1%81), Trulson and Himmel (1983), reported a significant
increase in DA receptor binding in the striatum and limbic
forebrain in the STZ diabetic rat (4-6 weeks diabetic) untreated
with insulin. Trulson and Himmel (1983) also found that the acute
administration of exogenous insulin reversed the cbsexved
deficits. In addition to the above findings, Serrxi et al, (1985),
reported that in the alloxan diabetic rat (4 weeks diabetic)
there was a significant increase in the number of DA binding
sites in the striatum, but not in the anterior pituitary, as
measured by [*H] spiroperidol binding. Serri et al, (1985), also
found that although, there was increase in receptor murber in the
striatum, the affinity of the DA receptor itself appeared to be
unaltered when challenged in vivo with DA, bromocriptine and
" haloperidol.

Tn contrast to the studies outlined above, Rowland et al,
(1985), reported that in the STZ male Sprague-Dawley rat (3 weeks
diabetic) no significant increase in the [PH] spiroperidol
binding in the striatum and other brain regions was found. In
fact, Rowland et al, suggested that there was a strong trend
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rowards decreased specific binding. The findings of Rowland et
al, have yet to be explained in light of other research reports.

In summary, it would appear that dynamic alterations are
occurr:mg at the level of the DA receptor, specifically between a

3-6 week duration of diabetes. Three out of four of the studies
| ocutlined above report a significant increase in DA receptor
binding in the striatum. Fuxtherwore, it appears that the
exogenous administration of insulin can reverse the alterations
observed at the level of the DA receptor.

Given the mulitude of neurochemical and receptor changes
observed in the diabetic brain, it is not surprising that
behavioral alterations have also been observed in the chemically
diabetic rat. In the following section, the recent literature
concerning disbetes and behavior in the chemically diabetic rat
will be reviewed.

Dial 3 Behavi
There are relatively few reported studies focussing on the

issue of diabetes and behavior. Despite this, there are a number
of research trends which have developed in the last two decades.

; Jogical o :

Given the reported alterations cbsexrved in DA turnover, and
at the level of the DA receptor, it is not surprising that

;
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behavioral alterations have also been cbserved in diabetic rats

following pharmacological challenge with DA agonists.

Tn 1976 and 1978 Marshall et al, reported that rats with
alloxan-induced diabetes manifested a "greatly diminished”
behavioral response to the DA agonist d-amphetamine.
Specifically, they reported a significant reduction in locomotor
activity, stereotyped behavior and anorexia following a wide
range of doses of d-amphetamine, in the diabetic rat (5-6 weeks
duration). The alterations in stereotyped and anorectic behavior
were restored to contxol levels following 10 days of insulin
treatment. Marshall and colleagues hypothesized that the obhserved
alterations could be related to a dysfunction(s) in CNS DA
functioning. Furthermore, Marshall et al, drew a parallel between
the behavior of the disbetic animals and those with
phaxmcologicélly or lesion-induced depletions of brain
catecholamines.

Expanding upon the findings of Marshall et al, Rowland et
al, (1985), reported that rats made diabetic with STZ manifested
decreased stereotyped behavior following the administration of d-
amphetamine or apomorphine. Again the administration of insulin
resulted in an amelioration of the cbserved deficits.
Importantly, these researchers reported that reduced tissue
access by d-amphetamine or apomorphine was not evident, giving
Further credence to other diabetes mediated factors. In a recent
investigation, Bellush and Reid (1991) assessed the effects of
jnsulin on d-amphetamine-induced stereotyped behavior in the SIZ
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diabetic rat. It was found that stereotyped behavicr was
attenuated in insulin naive diabetic rats but normalized in
insulin treated diabetic rats. In rats acutely withdrawn from
insulin, an attenuated stereotyped response was also cbserved,
but not to as great an extent as that cbserved in the insulin
naive diabetic group.

In contrast to these studies, Chu et al, (1986) reported an
increased sensitivity of the STZ-diabetic xat to the locomotor
stimmlant effects of a single dose (15 ng/kg) of
d-amphetamine. These researchers suggested that the enhanced
d-anmphetamine induced hyperactivity in the diabetic ccndition is
due to an enhancement of brain DA receptor activity. Considering
the extremely high dose of d-amphetamine used in the Chu et al,
(1986) study, it is interesting that the occurrence of
stereotyped behavior was not reported.

Finally, Bjorenson and Quock (1988), investigated the
responsiveness of alloxan-treated male Sprague-Dawley rats
(approximately 3 weeks diabetic) to apomorphine induced
hypothermia. They found that alloxan diabetic rats experienced a
significantly greater hypothermic response to a single dose of
apomorphine (0.5 mg/kg) than did controls. It was hypothesized by
Bjorenson and Quock, that the enhanced hypothermic responée in
the diabetics, could be linked to a decrease in DA activity and
an increase in DA receptor binding, inherent to the diabetic

condition.
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In sumary, it appears that pharmacological interventions at
both the level of the pre- and post-synaptic DA receptor(s),
results in an altered behavioral responsiveness in the non-
insulin treated diabetic rat. Furthermore, it appears that at
Jeast some of these alterations may be centrally mediated.
Support for this view comes from the aforementioned cbsexvations
of altered behavioral activation following the administration of
either d-amphetamine or apomorphine. Atleast in the case of d-
anphetamine, the decreased behavioral activation may be the
result of an inability of the non-insulin treated diabetic rat to
sustain high levels of DA release. Evidence for this hypothesis
is tentatively supported by an in vitro study in which
synaptosomal release of DA was reduced by the addition of glucose
to the medium (Dorris, 1978). It has also been demonstrated that
glucose loads, in normal rats, reduce the intensity of
anphetamine induced stereotyped behaviors (White & Blackburm,
1986) .

The behavioral results concerning apomorphine are enigmatic
when compared to the receptor binding studies in the untreated
dizbetic rat. Given the reliable increases in DA receptor binding
in the diabetic brain, a concomitant enhanced behavioral
responsiveness to apomorphine would be expected. However, this
does not ‘seem to be the case. Rowland and Bellush (1990}, suggest
that perhaps deficits exist at the level of postreceptor events.
Indeed, a reduced sensitivity of adenylate cyclase to NE
stimilation of the cerebrum and to both NE and DA in the retina,
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was demenstrated in rats 8 weeks diabetic after STZ treatment
(Palmer et al, 1983). Also, Gawler et al (1987) demonstrated that
the insulin treated STZ rat manifested an overall reduction in
adenylate cyclase activity in hepatocytes.

Finally, when drugs are administered systemically one must
always consider whether adequate penetration across the blocd
brai: barrier has occurred. Knudsen et al, (1986) have
demonstrated alterations in the permeability of the blood brain
barrier in the STZ rat untreated with insulin. As mentioned
earlier, Rowland et al, (1985) demonstrated that the tritiated
uptake of d-amphetamine was not compromised by the diabetic
condition. An alternative approach would be to employ
pharmacodynamic techniques such as in vivo microdialysis to
assess both behavioral and direct (NS neurochemical alterations
in synchrony. This approach would circumvent possible confounds
associated with blood brain barrier deficits.

Another factor that must be considered is the possibility
that the diabetic condition alters drug metabolism. In this
regard, Ackerman et al, (1975) and Ackerman (1976), demonstrated
that altered drug metabolism often observed in conjunction with
chemically induced diabetes is due to a lack of insulin. These
researchers concluded that 'a lack of insulin results in a rise in
hepatic cyciic AMP which in turn causes the release of an
inhibitor of drug metabolism in the liver cytosol. Such a result
might account for the amelioration of the altered behavioral
~ response to drugs such as d—arr@hetaminé , following insulin



administration. This finding stresses the importance of
behavioral measurements in the insulin treated diabetic rat. Such
an approach would aid in differentiating between the effects of

hyperglycemia versus the insulin treated state of diabetes.

‘i 1 the Rod

Despite contimuous referrals in the human literature to a
possible relationship between diabetes and stress (Danowski 1963;
Linn et al, 1983), there exists relatively few animal studies
investigating the interaction between stress, diabetes and QNS
functioning.

As suggested by Bellush et al, (1991), many of the hormonal
and neurochemical alterations exhibited by the diabetic rodent
are consistent with the state of chronic stress. Thus, it is not
surprising that the diabetic rodent exhibits an altered
biochemical and behavioral response to various stressors.

Bellush and Rowand (1989) reported that memory for a passive
avoidance task (i.e. footshock) was enhanced in diabetic rats. A
similar finding was reported in STZ-dizbetic mice by Leedom et
al, (1987) and Meehan and TLeedom, (1986). Moreover, these
reseaxchers reported a significant increase in the submissive
behavior of the diabetic mice (Meehan et al, 1986). Flood et al,
(1987) reported that active avoidance was impaired in STZ
diabetic mice. In light of the aforementioned studies, the
findings of Flood et al, (1987) are puzzling. However, they do
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indicate that the stress response of the diabetic rat may be
subject to a complex interaction between response and activity
(Bellush & Rowland, 1989).

In terms of plasma catecholamines, Bellush and Rowland
(1989) reported elevated Jevels of plasma NE and E in diabetic
rats subjected to a passive avoidance task. Lee et al, (1988),
documented that both alloxan and STZ diabetic rats (2 weeks
disbetic) manifested a significant elevation in plasma
catecholamine levels following iootshock, when compared to
controls. It has also been found that STZ treated wmice (Ramei et
al, 1991) manifested a lower analgesic threshold as induced by
the stress of footshock.

It is irnpqrt:ant to note, that physiological alterations in
corticostercne have been reported in the diabetic rodent.
Tornello et al, (1981) reported that increased levels of plasma
corticosterone in STZ diabetic rats were accompanied by a down
regulation of corticostercne réceptors within the hippocampus.
ILeedom et al, (1987) reported elevated levels of plasma
corticosterone in diabetic mice in response to a moderate
intensity footshock. Bellush et al, (1991) demonstrated that the
STZ diabetic rat exhibited elevated corticosterone responses when
subjected to restraint stress. These findings have important
implications glve.n the nown role of the corticoéi:eroids in
mediating the stress response.

In a different vein, Bellush and Henley (1990), measured the
biochemical response of the non-insulin treated STZ rat to 24 hrs
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of cold or hypobarbic hypoxia. It was found that the STZ rat when
exposed to cold exhibited a significantly reduced level of
adrenal NE and significantly elevated levels of urinary NE and E.
The STZ-rat response to hypoxia yielded elevated urinary levels
of NE as compared to controls. There was also a significant
attenuation in the response of 5-HT in the brainstem.” In an
assessment of the functional significance of biochemical
alterations, in the non-insulin treated-STZ diabetic rat (3 weeks
Juration of diabetes), Bellush et al, (1991} measured the
neurochemical and behavioral response following restraint stress.
Tt was found that the diabetics exhibited a smaller (but
statistically non-significant) increment in 5-HT turnover
following restraint. No alterations were cbserved in DA turnovex
following restraint. In terms of behavior, it was found that
restraint stress suppressed exploratory activity to a greater
extent in the diabetics. Behavioral suppression was also observed
in the diabetics following exposure to a novel environment. In
this regard, Levine et al, (1984) also demonstrated an altered
behavioral response of the STZ diabetic mouse to the stress of a
novel emviromment. Specifically, novelty-stress modulated the
suppressive effect of naloxone on feeding in the STZ diabetic
rat. ] _

In summary, the available litexature indicates that the
chemically diabetic rat manifests an altered behavioral and/or
biochemical responses to various stressors. Moreover, there
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exists the possibility that the behavioral dysfunctions may be

mediated by alterations in (NS functioning.
Raticpale

As can be ascertained, the use of pancreotoxins to produce
an animal model of IDDM has enabled diabetologists to investigate
- a variety of hypotheses concerning the interaction between the
diabetes, CNS and behavior. There are however, some
considerations which must be attended to when using pancreotoxin-
based diabetic animals. The primary concern, is the inability of
these models to mimic the genetic and salient immunological
facets of Type-1 diabetes. As referred to earliex, STZ when
administered repeatedly and in low doses, can produce
jmmunological changes in the rodent; however this has not been
the methodology of choice in the literature reviewed. Other
concerns include, variations in the dose of the pancreotoxin used
and the route of administration. These factors may affect the
severity of the disbetes produced and also the degree and
nonspecificity of the lesion, perhaps contributing to some of the
variability cbserved between studies in'the literature. Indeed,
Rowland and Bellush, (1990) have suggested that the nonspecific
effects of the pancreotoxins (particularly high doses) may
influence outccomes. | ‘

The use of insulin replacement therapy mist be addressed
when discussing the pancreotoxin-based models. As alluded to
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earlier, the use of exogenous insulin replacement in human Type-l
diabetes is standard; however in the case of the STZ or alloxan
diabetic animals, insulin replacement is often not considered in
the daily maintenance routine of the animal. Moreover, when
insulin is used, it is done on an acute basis, often without a
procedure for titrating the dose according to changes in the
diabetic condition. The raticnale concerning the absence of
insulin therapy may stem from an attempt to maximize the
hyperglycemia-related changes or to avoid an interaction between
insulin and drugs administered. Moreover, it is clear that the
majority of studies do have as their main thrust the
investigation of hyperglycemia per se. |

another issue which needs to be addressed is the relative
lack of information on the effects of duration of diabetes on
behavior. Most studies have focussed simply on the acute
hyperglycemic condition. It is important to address this issue
due to the possibility that observed effects may be related to a
particular time frame in the progression of the diabetic
condition.

Nevertheless, use of the SDR, offers a unique perspective on
investigations of brain and behavior. Bs outlined earlier, there
exists a paucity of research on the SDR'S behavior and
neurochemistry. Due to its inherent uniqueness e homology
to the human diabetic conéiition, ‘reseaxch on the SDR, CNS and
behavior, needs little justification.
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biecti

The main hypothesis addressed by this thesis is that the
state of diabetes in the SDR, may be associated with altexed CNS
functioning, which may be reflected in an altered behavioral
and/ox neurochemical profile.

The overall cbjective of this thesis was to test the above
hypothesis using a multifaceted approach. The course of the
contended changes was followed sequentially, at discretely
defined time frames (0-2, 2-8 and 8-12 months duration of
diabetes), to exploxe and characterize possible dysfunctions.



EXPERIMENT 1: Amphetamine-induced behavioral changes: effects of
duration of diabetes. '

Introduction

Tt has been suggested that centxal DA systems may play a
role in the behavioral and neurochemical dysfunctions observed in
the SDR (Merali et al, 1988). One of the indications of a
possible DA dysfunction is an altered behavioral responsiveness
of the SDR to systemically administered d-amphetamine an indirect
DA agonist (Merali, et al, 1988). It was found that the insulin
treated SDR (2-4 months duration of diabetes) demonstrated a
shift to the right in their behavioral dose-response curve,
indicating a éecreased sensitivity of the SDR to the behavioral
(Locomotor, rearing) effects of d-anmphetamine (Merall et al,
1988) . In this context, animals made hyperglycemic with the
pancreotoxins alloxan or STZ also display an altered behavioral
response to the systemic administration of d-amphetamine
(Marshall, 1976, 1978; Rowland et al, 1985).

Tt is clear that whether chemically or genetically _
diabetic, both conditions are associated with a reduced potency
of behavioral activation. Although, the aforementioned studies
have established an altered response, they did not consider as a
factor the time course of the disorder. Despite treatment,

diabetes is a progressive disease, therefore it is possible that
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the altered responsiveness to d-amphetamine may vary as a
function of the progressiocn of the diabetic condition.

The purpose of the present study was to examine the
behavioral responsiveness of the insulin treated male SDR and
matched controls to -systemically administered d-amphetamine,
across the following time frames; acute (0-2 wonths) ,
intermediate (2-8 months), and long-texrm (8-12 months) durations
of diabetes. In all experiments, we investigated the effects of
d-amphetamine on the locomotor and rearing components of behavior
in an attempt to gain a more comprehensive behavioral profile of
the SDR response to d-amphetamine.

General Methods

animals

All experiments were conducted on male Wistar rats from the
following three groups: 1) SDR; 2) Non-Diabetic Wistar BB-Rats
which are the genetic littermates of group 1 but have failed to
develop diabetes (non-diabetic controls); 3) genetically distinct
Wistar rats (controls). The SDR were cbtained from the Health
Protection Branch, Ministry of Health and Welfare, Ottawa,
Ontario and/or bred at the University of Ottawa. A special note
of consideration must be given to the use of the non-diabetic
littermates. These animals were used as controls in some
experiments but not others. The reasons were: 1) availability and
2) susceptibility of these animals to develcoping diabetes.
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Marliss et al, (1983), reported that non-diabetic littermates may
exhibit a subclinical form of diabetes and therefore, may not
always be appropriate as controls. In this study, the non-
diabetics used were continuously tested for urine glucose, weight
loss and water consumption to ensure that the integrity of the
non-diabetic status was maintained.

All animals were housed individually, with free access to
food and water. The environment was waintained at a consistent
temperature of 24° C, a relative humidity of 60% and a 12/12 hr
light/dark cycle (lights on from 6:00 AM to 6:00 PM). Unless
otherwise stipulated all diabetic rats wexe waintained on insulin
therapy in accordance with the guidelines outlined by Health and
Welfare Canada, Animal Resources Division (1985).

Mai f Dishetic Animal
As the SDR neared the onset of sexual maturity, they were
closely monitored for symptoms of diabetes (glucosuria,
polydipsia, polyurea, and loss of 10 g of body weight) . Upon
detection of cne or more of these symptoms, animals were
immediately tested for glucosuria using the Beckman Glucose
Analyzer II. If the values exceeded 25 mg/DL, a regimen of daily
insulin replacement therapy immediately ensued. The
administration of protamine zinc insulin (P.Z.I.) (Connaught
Laboratories, Toronto), in 1.0 I.U. increments began until
euglycemia (7-25 wg/DL, urine glucose) was achieved. The dose of
P.7.T. was titrated according to alterations in glucosuria and
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body weight. Urine glucose values were cbtained daily and
maintained at a level of 2% urine/glucose content, using Tes Tape
(Eli Lilly). Weekly urine glucose values were also assessed using

the Beckman Glucose Analyzer II.

bavioral Monitors

2All animals were assessed on the basis of three behavioral
parameters; locomotion, rearing duration and rearing frequency.
Unless otherwise specified, all analyses were based on 1 hr of
behavioral monitoring, which was conducted using a modification
of the procedure described by Merall et al, (1985). Each
behavioral cbservation chamber consisted of an inner clear .
polycarbonate cage identical to the home cage, and an outer frame
that projected an array of 10 strategically placed infrared light
beams through the immer cage. A grid of 5 beams located 1 cm
above the floor was utilized to time the locomotor activity of
the animal (see Teble 1 for definitions). A curtain of foux
beams, located 14 cm above the floor detected the frequency and
duration of rearing activity for each animal (see Table 1). A
Z-80 micyoprocessor interfaced with custom designed software
performed the timing and scoring functions. The system consisted
of 12 chambers, with all beams being sampled once every second.
Simultanecus cbservations by humen rateré were conducted from an

adjacent room through a one-way mirror.
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Table 1. Operational definitions of behaviors

Behaviors Definitions

= ‘ h__—_.~--—-——-————-—___
Locomotion Nurber of quadrants entexed

and/or number of cm traversed.

Rearing -~ - The time spent rearing by the
Duration animal. ”
Rearing The numbexr of times the animal
Frequency reared.

I

. . s

The data were analyzed using the statistical package GBSTAT.
A two-way repeated measures analysis of variance ANOVA (Groups x
Dose) was used and post hoc analysis was undertaken using Tukey
tests when necessary-

Results

Experiment 1.1

The behavioral effects of d-amphetamine on the diabetic rat
with 0-2 months duration of diabetes.

Procedure

A group of SDR (n=8) and controls (n=8) were used in this
study. Every third day, both groups received one of the following
doses (0.0, 0.3, 0.5, and 1.0 mg/kg i.p.) in a randomized order.
Behavioral monitoring ensued 10 min later and lasted for 60 min.
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ZAnalysis

Statistical analyses revealed a significant group effect
(SDR vs control) for each behavioral parameter: loéarxotion, '
F(1,14)=160.17, p<.0l; rearing duration F(1,14)=22.57, p<.0l;
rearing frequency F(1,14)=34.99, p<.01. & significant dose effect
was also cbtained for each behavioral parameter: locomotion
F(3,42)=89.3 p<.0l; rearing duration; F(3,42)=9.15; rearing
frequency F(3,42)=45.20, p<.01l. A& significant interaction of
experimental condition (SDR Vs control) and dose of d-amphetamine
was obtained for each behavioral parameter: locomotion
F(3,42)=48.40, p<.0l; rearing duration F{3,42)=6.21, p<.0l;
rearing frequency F(3,42)=59.05, p<.0l. In each case, the
interaction appeared to be largely due to the reduced
responsiveness of the SDR to d-amphetamine. This pattern of
responding is illustrated by Fig. 1 (uppermost panel) . The
controls displayed a dose-dependent increase in locomotor
activity, the stimulation being statistically significant at
doses of 0.3 mg/kg and higher. The SDR animals also responded to
the stimulatory effects of d-amphetamine however; they displayed
significantly lower locomotor activity, particularly at the doses
of 0.5 and 1.0 wg/kg doses, when compared to contxols (Tukey,
p<.01) . In the case of rearing frequency and rearing duration,
the stimilatory effects of d-amphetamine did not induce a dose
dependent increase in behavior in the SDR (see Fig. 2). There was
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Fig. 1. The effects of d-amphetamine on locomotor activity of the
diabetic rat. The locomotor-activity by the rats over 1 hr
following various doses—or d-anphetamine is shown. Each column
represents the mean + S.E.M. T Significantly different from
respective baseline (0.0) at p<.05. * Significantly different
from matched control group value at p<.05.
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however, a dose dependent increase in the behavior of the control
animals. Furthermore, in both rearing duration and frequency, at
the doses of 0.5 and 1.0 mg/Kg, there was a significantly
diminished respense by the SDR when compared to controls. These
patterns of responding are depicted in Fig. 2 and 3 (uppermost
panels), respectively. The SDR rearing frequency at the 0.3 mg
dose was significantly greater than the controls (Fig 3,
uppermost panel) . It is difficult to explain the enhanced SDR
rearing frequency response in light of the diminished response of
_the SDR (relative to controls) at the higher dosages.

Experiment 1.2
The behavioral effects of d-amphetamine on the diabetic rat
with 2-8 months duration of diabetes.

Procedure

'A.group of SDR (n=12) and non-diabetics (NDR) (n=12)} were
used in this study. Every thixd day both groups received one of
the following doses of d-amphetamine (0.0, 0.1, 0.3, 0.5, 1.0,
3.0 mg/kg i.p.) in a randomized order and behavioral monitoring

- ensued as described in Experiment 1.

Znalysis

A two-way ANOVA repeated over the factor dose revealed a
significant éroup (SDR vs NDR) effect for each behavioral
parameters: locomotion F(1,22)=174.23, p<.0001; rearing frequency
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Fig. 3. The effects of d-amphetamine on rearing frequency of the
diabetic rat. The number of rears by the rats over 1 hr following
various doses of d-amphetamine is shown. Each column represents
the mean + S.E.M. T Significantly different from respective
baseline (0.0) at p<.05. * Significantly different from matched
control group value at p<.05.
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F(1,22)=20.51, p<.0001; rearing duration F(1,22)=30.72, p<.0001.
A significant dose effect was also cbtained for each behavioral
parameter: locomotion F(5,110)=371.66, p<.0001; rearing frequency
F(5,110)=110.65, p<.0001; rearing duration F(5,110)=58.85, p<.0l.

In all three behavioral parameters a significant interaction
of experimental condition (SDR vs NDR) and dose of d-amphetamine
was obtained: locomotion F(5,110)=25.45, p<.0001; rearing
frequency F(5,110)=6.25, p<.0001; rearing duration
F(5,110)=7.51, p<.0001. In each case, the interaction was
largely an aspect of the decreased response of the SDR group at
the moderate (0.5 and 1.0 mg/kg) and/or high (3 mg/kg) but not at
the lower (0.1-0.3 mg/kg) range of ‘d-amphetamine doses. This
pattern of responding is 3.llustrated by Fig. 1 (middle panel).

The MDR exhibited a dose-dependent augmentation in locomotor
activity, whiE:h was statistically significant at doses of 0.5
mg/kg or greater. BAlthough, the SDR also responded to locomotor
stimmlatory effects of d-amphetamine, there was a shift to the
right of the dose response curve. The SDR displayed a
significant stimulation only at doses of 1.0 mg/kg or greater.
ar the doses of 0.5 and 1.0 mg/kg the SDR group displayed a
significantly lower level of locomotor activity in comparison to
the NDR group (Tukey, p<-01).

An analogous pattern of responding was obtained for rearing
frequency. Again the greatest differential response ocurred at
the doses of 0.5 and 1.0 mg/kg (Tukey, p<.0l). However, at the
highest dose (3 mg/kg), a near normal response occurred. In the
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case of rearing duration, significant differences were not
obtained at the doses up to 0.3 mg/kg. As illustrated in Fig. 2
(middle panel), the SDR spent significantly less time rearing
than the NDR, at the doses 0.5, 1.0 and 3.0 mg/kg (Tukey, p<.05).

Experiment 1.3
The behavioral effects of d-amphetamine on the diabetic rat
with 8-12 months duration of diabetes.

Procedure

A group of SDR (n=8) and control rats (n=8) was used in this
study. Every third day each group received one of the following
doses (0.0, 0.1, 0.3, 0.5 mg/kg;i.p.) of d-amphetamine in a
randomized order. Behavioral monitoring ensued for a duration of

1 hr as described in Experiment 1.

2nalysis

The statistical analyses revealed a significant group effect
for each behavioral parameter: locomotion F(1,14)=41.70, p<.0001;
rearing duration F(1,14)=16.44, p<.001; rearing frequency
F(1,14)=6.24, p<.05. A significant effect of dose was also
btained for each behavioral parameter; locomotion
F(3,42)=153.62, p<.0001; rearing duration F(3,42)=59.60, P<.0001;
rearing frequency F(3,42)=45.19, p<.0001.

A statistically significant interaction between group and
dose was obtained for each behavioral parameter: locomotion
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F(3,42)=26.02, p<.0001; rearing duration F(3,42)=6.22, p<.001;
rearing frequency F(3,42}=5.45, p<.005. In each case, the source
of the interaction was derived from the differential response
between the SDR and centrols. Multiple post hoc comparisons
revealed that in two of the three behaviors assessed, the SDR
response was significantly attenuated at the doses of 0.3 and 0.5
mg/kg, when compared to the controls ('I‘ukey, p<.01) . This pattemmn
of responding is illustrated in Figs. 1 and 2 (bottom panels).
The exception to this pattermn of responding was rearing frequency
(see Fig.3, bottom panel) where the SDR achieved a similar level.
of responding to the controls at the 0.5 dose of
d-amphetamine.

Summaxy

This study examined the effects of duration of insulin
treated disbetes on the behavioral effects of systemically
administered d-amphetamine, a drug which is reputed to cause the
release of stored DA and retard its uptake (Beninger, 1983).
Specifically, three duration time frames were examined, acute
(0-2 months), intermediate (2-8 months) and long-term (8-12
months) diabetes. Overall, the SDR demonstrated a significant
attenuation in d-amphetamine stimulated behavior across all three
time frames, when compared to controls.

In the first experiment the behavioral responsiveness of the
acutely diabetic, insulin treated SDR, was examined. It was found

-
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that the SDR displayed a significantly attenuated behavioral
response (locomotor and rearing) to specific doses of
d-amphetamine (0.5 and 1.0 wg/kg) . The results of Experiment 1.1,
are concordant with those of Merali et al, 1988. Moreovér, the
findings in Experiment 1.1 demonstrated that the altered
behaviofal response of the SDR to d-anmphetamine occurs proximal
to the development of the diabetic syndrome in the SDR.

In Experiment 1.2, we examined the behavioral responsiveness
of the SDR during the intermediate duration of diabetes. Given
the results obtained from Experiment 1.1, the dose range was
expanded in this experiment. The results of this experiment,
confirmed and replicated those reported by Merali et al, 1%88. In
essence, the SDR manifested a shift to the right in their
behavioral dose-response curve, indicating a reduced sensitivity
to the stimulatory effects of d-amphetamine. This deficit in
responding endured from a period of 2-8 months, a time period not
previously examined in the response pattern of the SDR to d-
amphetamine. For the most part, the pattern of response by the
SDR was qualitatively similar to that observed during the acute
time frame. In both experiments, the SDR manifested a diminished
behavioral response between the doses of 0.5 and 1.0 mg/kg. In
Experiment 1.2, the addition of the 3.0 mg dose demonstrated that
the SDR could be sufficiently stimilated to higher levels of
locomotor and rearing be‘navior,‘ and in the case of rearing
frequency and total activity, achieve near normal levels of
’responding. In this context, it appears that with sufficient
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pharmacological stimulation, the SDR may be able to overcome the

deficiency experienced when being stimulated at a specific dose

rangé. Tt should also be noted that the non-diabetic littermates
| of the SDR were used as controls in Experiment 1.2. The
behavioral response of the non-diabetic control group was
essentiaily similar to the genetically distinct contxol group
used in Experiment 1.1.

In Experiment 1.3, we examined the response of the SDR with
long-term (8-12 months duration) diabetes. Again, the SDR
ranifested an attenuated response to d-amphetamine when compared
to controls, particularly the 0.3 and 0.5 mg doses.
Interestingly, in Experiments 1.1 and 1.2 there wexe no
statistically significant differences cbserved between the SDR
and controls at the 0.3 mg dose. However, there was a significant
attenuation in the SDR response to the 0.3 mg dose at the