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CHAPTER I

INTRODUCTION

Nature of the Problem

The pioneering work of Selye (1950) on the role played by the
pituitary-adrenal system as part of an organism's response to stress
has stimulated psychologists and neuroendocrinologists to investigate
whether pituitary and adrenal hormones affect the behavior as well as
the physiology of animals in stressful situations. Research on this
problem has focused on the relationship of the pituitary hormones,
adrenocorticotrophic hormone (ACTH), melanocyte stimulating hormone
(MSH) and vasopressin, and the adrenal corticosteroids to the perfor-
mance of rats on a variety of aversively motivated conditioning tasks.
Largely through the systematic research of de Wied and his colleagues
(de Wied, Bohus & Greven, 1968), it has been established that pituitary
and adrenocortical hormones affect avoidance performance in opposite
ways, particularly during extinction. When given exogenously, ACTH,
MSH and vasopressin prolong the process of extinction while cortico-
steroids shorten it. Most important is the fact that these hormones
seem to exert their effect directly on specific brain structures rather
than via peripheral endocrine systems (for comprehensive reviews see
Di Guisto, Cairncross & King, 1971; de Wied, 1969a, 1969b; de Wied,
van Delft, Gispen, Weijnen & van Wimersma Greidanus, 1972b; Levine,

1968; Smith, 1973).



There are a few clues as to how pituitary hormones influence
avoidance behavior. For instance, it is known that fragments of the
ACTH molecule increase the incorporation of 3H—leucine into brain
proteins (Reading, 1972; Versteeg, Gispen, Schotman, Witter & de Wied,
1972) and increase the polysome content of the brain stem (Gispen,
de Wied, Schotman & Jansz, 1971) in hypophysectomized rats. In normal
rats, ACTH fragments increase the levels of gamma-amino butyric acid
and serotonin in the midbrain and increase the turnover of norepine-
phrine, while decreasing the turnover of serotonin (Leonard, 1974).
MSH has been reported to increase the occurrence of EEG frequencies
in the theta range (Sandman, Denman, Miller, Knott, Schally & Kastin,
1971). However, it has not been possible to identify which physiological
effects of these peptides are related to avoidance behavior. Neither
is it known how or why ACTH and MSH, hormones of the anterior and
intermediate lobes of the pituitary, should have effects on avoidance
similar to those produced by vasopressin, a posterior lobe hormone.
MSH and ACTH have similar effects on behavior presumably because of
their structural similarity and the resulting similarity of biological
activity, but their structure and known biological functions are quite
unlike that of vasopressin.l

The purpose of this investigation was to study the avoidance
behavior of rats of the Brattleboro strain. These rats, derived from
Long-Evans (LE) stock, inherit hypothalamic diabetes insipidus; rats
homozygous for this trait (DI) have a total deficiency of vasopressin,

while heterozygous rats (HE) demonstrate only a partial vasopressin

1The amino acid sequence of selected peptides is given in Appendix

I. This includes pituitary hormones or their synthetic analogues.



deficiency (Valtin, Sawyer, & Sokol, 1965). It was thought that the
performance of DI rats on active and passive avoidance would provide
an indication of the role of endogenous vasopressin in normal rats.

HE rats of the same age served as controls, but in several experiments
normal LE rats were also included. 1In addition, the effect of ACTH

on the passive avoidance of these rats was investigated to test the
hypothesis that the effects of ACTH on avoldance are mediated by the
release of endogenous vasopressin, The effect of vasopressin replace-
ment therapy on the passive avoidance and the physiological condition
of Brattleboro rats was also observed.

The remainder of the introductory section is divided into three
parts, First, the role of ACTH and vasopressin in avoidance behavior
is reviewed to indicate similarities and differences in their action.
Second, the endocrine and physiological data on the Brattleboro strain
are reviewed in order to evaluate the hypothesis that the hypothalamic
defect in Brattleboro rats directly affects only the synthesis and
release of vasopressin and not other pituitary hormones. Third, an
outline of the experiments and methodological considerations are pre-

sented,

The Role of ACTH and Vasopressin

in Avoidance Behavior

ACTH

Hypophysectomized and adenohypophysectomized rats are profoundly
impaired in the acquisition of conditioned avoidance in the shuttlebox.
De Wied discovered that ACTH, or a mixture of cortisone, testosterone
and thyroxin improved the avoildance learning of these rats (de Wied,

1964, 1969a) and that growth hormone was similarly effective in



hypophysectomized rats (de Wied, 1969b). It might be argued that the
beneficial influence of these hormones could be explained by their
ability to improve the physical condition of these animals. However,
alpha- and beta-MSH or fragments of the ACTH molecule, in small doses,
all facilitate acquisition by hypophysectomized rats (de Wied, 1969a;

de Wied, Witter & Lande, 1970; Greven & de Wied, 1973) and are without
significant corticotrophic or general metabolic effects (de Wied, 1969b).

In intact rats ACTH, MSH or ACTH fragments usually do not enhance
acquisition performance of shuttlebox or pole jump avoidance, but they
dramatically delay extinction of these tasks when administered during
extinction (Bohus & de Wied, 1965; de Wied, 1966a; de Wied & Bohus,
1966). An extra-adrenal site of action for these peptides seems certain,
for the ability of ACTH to delay extinction in the shuttlebox is not
reduced in adrenalectomized rats (Bohus, Nyakas & Endrdczi, 1968). In
addition, intracerebral implants of ACTH 1-10 are able to prolong the
extinction of a pole jumping response only when placed into specific
brain regions (van Wimersma Greidanus & de Wied, 1971). The amino acid
sequence of ACTH and MSH which possesses the same potency as the parent
molecules in inhibiting the extinction of pole jump avoidance is the
core heptapeptide ACTH 4-10 (Greven & de Wied, 1967).

A role for endogenous ACTH in passive avoidance has been
suggested by an experiment in which hypophysectomized rats, which lack
ACTH and other pituitary hormones, showed shorter passive avoidance
latencies than normal rats, whereas adrenalectomized rats which have
high basal and stress levels of ACTH and lack adrenal hormones showed
longer passive avoidance latencies than normal rats (Weiss, McEwen,

Silva & Kalkut, 1969, 1970a). The hypothesis that ACTH or a similar



peptide was involved in this experiment is further supported by the
finding that injections of ACTH or MSH in saline prolong passive
avoidance when given to normal rats before either training or
extinction trials (Dempsey, Kastin & Schally, 1972; Guth, Seward &
Levine, 1971; Sandman, Kastin & Schally, 1971).

These findings are in contrast to those found in experiments
in which ACTH in gelatin has been used. ACTH gel shortens passive
avoidance latencies when given before training or extinction trials,
although this effect is blocked if ACTH is given before both training
and testing (P. Gray, 1975). J. Gray (1971b) reported that the pro-
longed extinction produced by ACTH gel in a food rewarded runway task
was blocked by treatment with the ACTH gel prior to training on the
first day. Since the ACTH gel in the P. Gray (1975) study had a similar
effect on passive avoidance to that reported for dexamethasone (Pappas
& P. Gray, 1971), a potent synthetic corticosteroid, it is likely that
the effect of the ACTH gel on extinction behavior in these studies is
related to the release of corticosteroids from the adrenal. The pattern
of effects for dexumethasone and ACTH in gel is characteristic of drugs
which induce state~dependent learning (Overton, 1966).

Results of experiments using synthetic ACTH fragments are much
more significant than those using the full ACTH molecule, for the
following reasons, First, the use of ACTH fragments directly rules
out the participation of adrenal corticosteroids because these fragments
do not have significant corticotrophic activity (de Wied, 1969b).
Adrenal steroild hormones have been shown to have opposite actions to
that of ACTH on avoidance behavior (Bohus & Lissdk, 1968; de Wied,

1966b; Weiss et al., 1969). Second, the effect of 'purified' ACTH on



behavior in one study has been traced to the presence of vasopressin
in the preparation (Lande, Flexner & Flexner, 1972). Finally, the
N-terminal fragments of ACTH are less likely to initiate non-specific
changes 1in arousal or motivation through peripheral influences on
blood pressure (Bailey, 1973), fat metabolism or blood glucose (Engel
& Lebovitz, 1966) than the full ACTH molecule because most extra-
adrenal actions of ACTH, except for its melanocyte stimulating activity,
increase as the peptide chain is lengthened from the N-terminal. With
respect to non-specific arousal, the peptide fragments ACTH 1-10 and
ACTH 4-10 do not affect open field activity (Bohus & de Wied, 1965;
Weijnen & Slangen, 1970) in contrast to ACTH (Ley & Corson, 1973), nor
do they increase the sensitivity of rats to footshock (Gispen, van
Wimersma Greidanus & de Wied, 1970) as has been reported for ACTH
(Paré & Cullen, 1971).

In summary, the anterior pituitary hormones ACTH and MSH, as
well as a number of ACTH fragments, overcome the impaired active avoid-
ance performance of hypophysectomized rats and consistently prolong
the extinction of active and passive avoidance in intact rats, pre-
sumably independent of adrenal steroidogenesis. These findings are
compatible with the hypothesis that the release of ACTH in response to
the avoidance situation is necessary for normal acquisition and

extinction.

Vasopressin
In contrast to the severe acquisition deficit imposed by adeno-
hypophysectomy or hypophysectomy, removal of the intermediate and

posterior lobes of the pituitary in combination (neurohypophysectomy)



does not affect acquisition of shuttlebox avoidance, but does produce
rapid extinction (de Wied, 1965). Since the lesion is a combined one,
it is not possible to conclude that the rapid extinction is a conse-
quence of MSH deficiency or vasopressin deficiency, or both. Treat-
ment with alpha-MSH delays extinction, and replacement therapy with
pitressin tannate, a long acting posterior pituitary extract, or
purified lysine vasopressin, either during acquisition or extinctionm,
normalizes extinction in these animals (de Wied, 1965). A small
pharmacological dose, .06 U, of synthetic lysine vasopressin2 during
training improves the shuttlebox avoidance of hypophysectomized rats
(Bohus, Gispen & de Wied, 1973) and prolongs the normally rapid
extinction of hypophysectomized rats that are given cortisone, testo-
sterone and thyroxin during acquisition (de Wied, 1969b).

The treatment of normal rats with lysine vasopressin or a
synthetic vasopressin analogue also affects avoidance. One U of
pitressin tannate every two days prolongs extinction in the shuttlebox
equally well whether it is given during acquisition or during extinction
(de Wied & Bohus, 1966). Lysine vasopressin also prolongs extinction
of pole jump (Bohus, Ader & de Wied, 1972; de Wied, 1971; de Wied,
1973) and passive avoidance tasks (Ader & de Wied, 1972; Bohus et al.,
1972, Lissak & Bohus, 1972; Thompson & de Wied, 1973). The active
component of a porcine pituitary extract which restores the ability
of hypophysectomized rats to perform in the shuttlebox has been

identified as desglycinamide lysine vasopressin (Lande, Witter & de Wied,

2The estimated concentration of vasopressin in rat eye plexus
blood after passive avoidance testing is between .00034 and .00063 U/ml
(Thompson & de Wied, 1973).



1971). Desglycinamide lysine vasopressin (D-LVP) has been synthesized
and also found to prolong the extinction of pole jump (de Wied, Greven,
Lande & Witter; 1972a; Wang, 1972). It is noteworthy that D-LVP has
little of the antidiuretic, pressor or corticotrophic releasing factor
potency of lysine vasopressin (de Wied et al., 1972a).

For vasopressin to be most effective in prolonging the extinction
of passive avoidance or pole jump avoidance it must be administered
within one hour before or after training or extinction trials; when
administered six hours before or after a trial it has no effect (Bohus
et al., 1972; de Wied, 1971). If vasopressin is administered before
either passive or pole jump avoidance extinction sessions on the same
day, there is no generalization of its effect from one task to the other
(Bohus et al., 1972).

These findings suggest that vasopressin and D-LVP affect active
and passive avoidance in much the same way as do ACTH, ACTH fragments,
and MSH., This similarity of action would seem to indicate that these
hormones influence behavior through a common mechanism. It has been
argued, however, by several investigators that anterior and posterior
pituitary hormones affect behavior in different ways (Ader & de Wied,
1972; Lissdk & Bohus, 1972). They note that the change in performance
produced by ACTH or MSH on acquisition persists only a short time after
treatment, 4-48 hours, while pitressin or lysine vasopressin delay
extinction for long periods, 72 hours-35 days, whether given during
acquisition or extinction (Bohus et al., 1973; de Wied & Bohus, 1966;
Thompson & de Wied, 1973). Moreover, bilateral lesions of the para-
fascicular area of the medial thalamus abolish the prolongation of

extinction in the shuttlebox by alpha-MSH or very low doses of ACTH



4-10, while that produced by lysine vasopressin is little affected by
these lesions (Bohus & de Wied, 1967; van Wimersma Greidanus, Bohus

& de Wied, 1974)., Evidence from stereotaxic implantations of ACTH
1-10 also implicate the parafascicular area as the main site of action
of ACTH peptides on avoidance (van Wimersma Greidanus & de Wied, 1971).
The possibility that vasopressin mimics the effects of ACTH merely
because of its ability to stimulate the release of ACTH3 is contra-
dicted by the finding that lysine vasopressin facilitates acquisition
(Bohus et al., 1973) and prolongs extinction in hypophysectomized rats
(de Wied, 1969b). While this evidence suggests that ACTH and vaso-
pressin act independently, it is still possible that the effect of
exogenous ACTH is mediated by the release of endogenous vasopressin.
Although direct evidence for this latter hypothesis is scanty, several
points suggest its consideration. First, hypophysectomized rats or
rats minus only the posterior and intermediate lobes of the pituitary,
are still capable of producing and releasing small quantities of vaso-
pressin and oxytocin. Vasopressin and oxytocin are synthesized in the
supraoptic and paraventricular nuclei, respectively, and transported
down the neurchypophyseal tract to the posterior pituitary where they
are stored prior to release, Within a short time after removal of the
posterior lobe a new minature neurohypophysis is formed which is
sufficiently functional that only a mild diabetes insipidus develops
(Nagy, Czakd, Durszt & L&szl6, 1972). Therefore, ACIH could influence

avoidance responding via release of vasopressin or similar peptides

3Vasopressin is very similar in structure to corticotrophic
releasing factors found in the hypothalamus (Guillemin, 1964).
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even in hypophysectomized, adenohypophysectomized, or neurohypophy-
sectomized rats. The shorter duration of action of exogenous ACTH
relative to exogenous vasopressin could be accounted for by the limited
quantity of vasopressin available for endogenous release by ACTH.
Second, there is evidence that both ACTH 4-10 and D-LVP facilitate the
release of vasopressin in a passive avoidance test (Thompson & de Wied,
1973). Rats shocked after entering a darkened box received ACTH 4-10,
D-LVP or placebo injections one hour before an extinction trial the
following day. Groups of control rats that were similarly handled and
exposed to the apparatus but received no shock were given comparable
injections and also tested for extinction. Passive avoidance latencies
and antidiuretic activity of eye plexus blood sampled after the first
passive avoidance extinction trial were greater in ACTH 4-10 treated
rats than in placebo injected rats only if the rats had received shock
on the training trial the previous day. In non-shocked rats, ACTH 4-10
affected neither antidiuretic activity nor passive avoidance latency.
Although D-LVP increased the antidiuretic activity of both shocked and
non-shocked rats, the antidiuretic activity and extinction latencies
were significantly higher in the shocked rats that had received D-LVP
than in similarly treated non-shocked rats. In other experiments it was
shown that both the antidiuretic activity of blood and passive avoidance
retention latencies increased monotonically in response to increases in
the shock intensity on the training trial (Thompson & de Wied, 1973).
Thus, the antidiuretic material, presumably vasopressin, released by
footshock or by ACTH and D~-LVP may be responsible for changes in passive

avoidance latency.
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ACTH 8 1-39, B 1-24, and B 1-16 have been found to show depressor
effects similar to vasopressin, using the cock's blood pressure assay
for detecting posterior pituitary contaminants in preparations of ACTH
(Jaques, 1965). The release by these peptides or a non-specific action
may be responsible for this finding.

The only data that do not fit the above analysis are that D-LVP
wvas found not to affect extinction of running for food in a straight
runway, although porcine ACTH, ACTH 8 1-24 and ACTH 4-10 did prolong
extinction (Garrud, Gray & de Wied, 1974). 1f D-LVP and ACTH both
stimulate the release of vasopressin or if D-LVP acts like endogenous
vasopressin, both peptides should prolong extinction. Furthermore, the
effect of D-LVP might be expected to be greater or more long lasting
than that of ACTH peptides.

In summary, deficiencies of anterior pituitary hormones caused
by adenohypophysectomy or hypophysectomy impair active and passive
avoidance, presumably because of the absence of ACTH. Neurohypophy-
sectomy shortens shuttlebox extinction, but the relation of this finding
to a vasopressin deficilency is in doubt because this operation also
removes the intermediate lobe which secretes MSH. The literature
suggests that injections of ACTH, MSH and vasopressin affect active
and passive avoidance in a similar but not identical fashion. The
argument that ACTH and vasopressin affect behavior in different ways
is based upon differences in the length of time over which they
influence performance and in their ability to overcome the effect of
medial thalamic lesions. Other findings, however, support the hypo-
thesis that ACTH may affect behavior indirectly, even in hypophysec-

tomized, neurohypophysectomized, or adenohypophysectomized rats, by
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stimulating the release of endogenous vasopressin. Thus, injections
of ACTH and vasopressin may differ in the magnitude but not in the

final mechanism of their effects on behavior.

Endocrine Physiolcgy of the Brattleboro Rat

The Brattleboro strain of rats 1s of LE ancestry4 and has been
studied by physiologists and endocrinologists because of the herita-
bility in this strain of hypothalamic diabetes insipidus. The defect
appears to be an autosomal recessive trait occurring with homozygosity
of recessive genes at either locus of a single pair of loci, and may be
associated in some pedigrees with albinism and the frequent occurrence
of runts, stillbirths, and newborn mortality (Saul, Garrity, Benirschke
& Valtin, 1968). Assays of the hypothalamus and pituitary in DI rats
homozygous for this trait indicate that these structures contain no
biologically active or immunoreactive vasopressin (Miller & Moses, 1973;
Valtin, Sawyer & Sokol, 1965); and their urine output is 16 times that
of normal rats (Swabb, Boer & Nolten, 1973). Pituitary levels of
oxytocin are about 1/3 that of normal animals but this depletion is
brought about by the continual release of oxytocin from the pituitary
in response to the mild but chronic state of dehydration found in these
animals, and it is reversed by vasopressin therapy (Valtin et al., 1965).
HE rats have normal levels of oxytocin in the pituitary, while the
levels of vasopressin in the hypothalamus and pituitary are 2/3 to 1/7
of those found in normal rats, indicating a partial impairment in the

synthesis (Valtin et al., 1965) and release of vasopressin (Miller &

4LE rats are not known to have any disorders of hypothalamo-
pituitary function. Unless otherwise noted, references to normal rats
will designate LE rats.
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Moses, 1971; Moses & Miller, 1970). Despite the partial vasopressin
defect in HE rats their urine volume is only 1 1/2 to 2 times greater
than normal and serum osmolarities are not different from normal (Moses
& Miller, 1970; Swabb et al., 1973).

The hypertrophy of the hypothalamo-neurohypophyseal system
which occurs in DI rats together with histological (Scott, 1968; Sokol
& Valtin, 1962) and enzymatic evidence of enhanced neurosecretory
activity (Swabb et al., 1973) might indicate the synthesis of a defec-~
tive vasopressin molecule. Harrington & Valtin (1965) originally pro-
posed this hypothesis because DI rats required 28 days of vasopressin
replacement therapy before they were able to produce urine as concen-
trated as that of normal rats, and the production of an inactive anal-
ogue of vasopressin competing for binding sites in the kidney might
inhibit the antidiuretic effect of injected vasopressin, Later, however,
Valtin discovered that the pituitary of DI rats does not contain any
substance other than oxytocin capable of inhibiting the kidney response
to vasopressin (Sawyer & Valtin, 1965). It is more likely, then, that
the hyperactivity of the hypothalamo-neurohypophyseal system in DI
rats is related to the production and rapid release of neurophysin,
the carrier-protein for vasopressin. Neurophysin is not found in the
pituitary of DI rats, but the serum concentration is much higher than
in normals, while the serum neurophysin levels of HE rats are inter-
mediate between those of DI and normal rats (Cheng, Friesen & Martin,
1972). The hypertrophy and evidence of enhanced neurosecretory activity
of the hypothalamo-neurohypophyseal system might therefore reflect an
inability to produce biologically active vasopressin in spite of

continued osmoreceptor stimulation (Valtin, 1967).
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The most plausible explanation for the refractoriness of DI
rats to vasopressin therapy is that their kidneys have been damaged
by a chronic deficiency of potassium. Mshring, Dauda, Haack, Homsy,
Kohrs & Mohring (1972a) have shown that DI rats are hypokalemic, and
that the occurrence and severity of kaliopenic nephropathy increased
with age. Pitressin tannate injections increase the retention of
potassium by DI rats but do not affect potassium balance in normal
rats (Mdhring, Schtmig, Brekner & MBhring, 1972b).

While no explanation was offered for the potassium deficiency
of DI rats in the above investigations it is almost certainly caused
by the loss of salts associated with the large volumes of urine ex-
creted, and perhaps, by changes in the extra-renal distribution of
sodium, potassium and water assoclated with the relative dominance of
adrenal mineralocorticoids in the absence of vasopressin (Friedman,
Scherrer, Nakashima & Friedman, 1958). Just as the behavioral changes
which follow ablations of a specific brain structure do not reflect
the function of the excised tissue, so it is with an experimentally
or genetically induced deficiency of vasopressin which is more ade-
quately characterized as a syndrome of adrenocortical hyperactivity.
In rats with diabetes insipidus, hypokalemia, excessive renal loss of
potassium (Mohring et al., 1972a), slight hypernatremia (Valtin &
Schroeder, 1964) and diminished extracellular fluid volume (Harrington
& Valtin, 1968), suggest aldosteronism or the relative dominance of
similar mineralocorticoids (Tepperman, 1968).

Although DI rats are not known to have any genetic neurophypo-
physeal deficiency other than that affecting vasopressin, some studies

suggest that deficiencies of adenohypophyseal hormones may be present
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in these animals. Most lmportant to the present investigation 1is the
observation that Brattleboro DI rats as well as neurohypophysectomized
rats show a diminished pituitary~adrenal response to weak but not strong
stresses. For instance, DI rats show normal increases in plasma corti-
costerone after histamine, hypoxia or large doses of ACTH, but a
diminished response to noise or brief ether exposures (Yates, Russell,
Dallman, Hedge, McCann & Dhariwal, 1971). Arimura, Saito, Bowers and
Schally (1967) found no difference between HE rats and DI rats in their
corticostercne response to ether, histamine, vasopressin or acetyl-
choline, but in response to an i.p. injection of saline, DI rats did
not secrete as much corticosterone as normals. McCann found that
restraint and etherization for blood sampling elicited subnormal corti-
sterone responses from DI rats one minute after the initiation of
stress, and similar results were obtained on later testing even after
dehydration was reduced with several weeks of pitressin tannate treat-
ment (McCann, Antunes-Rodrigues, Nallar & Valtin, 1966). These experi-
ments suggest that the diminished corticosterone response of DI rats
to mild stresses may be related either to a subnormal corticotropin
releasing factor (CRF) response, or to a reduced pituitary ACTH response
to CRF. It has been suggested that another reason why the stress
response of the DI rat may be reduced under some circumstances is that
vasopressin may normally sengitize the ACTH producing cells of the
pituitary to CRF (Yates et al., 1971).

The adrenal glands of DI rats are less sensitive to small
quantities of ACTH than normal controls, but after chronic adminis-
tration of vasopressin beginning at four days of age, the cortico-~

sterone responses of the two groups were not significantly different.
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Both normal and DI rats given chronic vasopressin treatment, however,
showed only small corticosterone increases to stress in comparison to
untreated rats (Wiley, Pearlmutter & Miller, 1974). These data imply
that the inability of McCann et al. (1966) to reverse the deficient
stress response of DI rats with vasopressin can be explained by the
lack of a normal vasopressin treated control group and an insufficient
dose and duration of treatment with vasopressin.

In order to reconcile these disparate findings it should be noted
that neurophypophysectomized rats also show a subnormal corticosteroid
response to weak stresses (Arimura, Yamaguchi, Yoshimura, Imazeki &
Itoh, 1965; de Wied, 1961, 1968; Miller, Yueh-Chien, Wiley & Hewitt,
1974). Therefore, if a CRF or ACTH deficit does exist in DI rats it is
probably secondary to a deficiency of vasopressin rather than genetic
in origin., Second, in both DI and neurohypophysectomized rats, the pro-
duction of corticosterone by the adrenal might be expected to be reduced
because of the demands placed upon the adrenal to produce mineralocorti-
coids, and both glucocorticoid and mineralocorticoid hormones require
the same steroid precursors. Thus, the decreased output of cortico-
sterone in response to mild stresses in DI and neurohypophysectomized
rats might not be related to a defect at the hypothalamic or pituitary
level, but to a decrease in adrenal sensitivity caused by the chronic
diversion of precursor resources into the production of mineralocorti-
coids.

A further pituitary deficiency of the DI rat which is almost
certain to be confirmed by future experimental studies is that of
growth hormone, DI rats are reported to be smaller than similar aged

normal or HE rats (Valtin et al., 1965). Chronic vasopressin therapy
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to DI rats for two months after weaning increased body weight relative
to peanut oil injected DI rats but did not bring their weight up to
normal nor did it increase tail length. Growth hormone treatment,
however, did normalize both body weight and tail length after five
months, without affecting water intake (Sokol, 1973). As thyroid
function i1s reported to be normal in DI rats (Galton, Valtin & Johnson,
1966) a genetic abnormality of growth hormone secretion may be respon-
sible for the smaller size of DI rats. Another possibility is that
pre- and post-natal malnutrition associated with an unusual drain of
the mother's metabolic resources and body salts by DI rats, and to a
lesser extent by their HE littermates could produce irreversible
stunting of growth and lowered growth hormone levels (Nitzan & Wilber,
1974). Regardless of the cause of the stunted growth of DI rats, im-
pairment of growth hormone release is not likely to affect behavior
insofar as the response to acute stress assocliated with behavioral
testing is concerned, as it has been shown that in the rat, unlike

man, growth hormone levels decrease in response to stressful situations
(Schalch & Reichlin, 1968; Takahashi, Daughaday & Kipnis, 1971; Mitchell,
Smyrl, Hutchins, Schindler & Critchlow, 1972).

This review of the endocrine physiology of the Brattleboro strain
indicates that DI rats have disturbances of other hormonal systems in
addition to an absolute deficiency of vasopressin. A reduced pituitary-
adrenal responge to mild stress seems to be characteristic of DI rats,
but this may be attributed to a decreased sensitivity of th: adrenal
to ACTH. DI rats are hypokalemic and this and other alteratiuns in
electrolyte distribution are in part related to the relative dominance

of mineralocorticoid hormones in the absence of vasopressin. The
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stunted growth of DI rats is likely to be caused by a deficiency of
growth hormone, but it is not known whether a genetic factor is
involved. Finally, the synthesis and release of oxytocin may be
increased in DI rats but can be normalized by vasopressin adminis-
tration.

HE rats have often been considered as normal controls for DI
rats in physiological studies even though they are known to have a
slight defect in the synthesis and release of vasopressin. The use of
the HE rat as a control in behavioral studies is perhaps even more
important as it is not known what genetic factors other than those
responsible for a vasopressin deficiency may be peculiar to this strain.
Thus, until further data are available on the significance of a slight
disturbance in vasopressin capability or other characteristics of the
HE rat, it is desirable to use both HE and normal rats as controls
wherever possible.

Although the DI rat may not be a perfect model of a selective
deficiency of vasopressin, it is still the best available. Other
models have greater limitations. Neurohypophysectomy produces a
relatively minor vasopressin defect, removes the source of MSH, and
results in alterations of pituitary-adrenal function like those found
in DI rats. Complete lesions of the supraoptic nucleus where vaso-
pressin is synthesized are difficult to obtain and lesions of the
hypothalamo-neurohypophyseal tract at the level of the median eminence
produce incidental damage to hypothalamic centers regulating the
secretion of other pituitary hormones including ACTH. Thus, the DI
rat has disturbances of hormonal systems other than vasopressin but
most seem to be a direct or indirect consequence of a deficiency of

vasopressin.
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Experimental Plan and Methodological Considerations

If the presence or release of vasopressin plays an important
role in establishing or maintaining avoidance, then alterations of
performance might be expected in DI rats. It is not easy to predict,
however, whether a deficiency of vasopressin will result in a change
in avoidance opposite to that produced by the administration of exo-
genous vasopressin. Since changes in other hormonal systems occur in
response to a deficiency of vasopressin, the difference between a normal
rat and a DI rat is probably much more than the difference in their
ability to synthesize vasopressin. One of the most important of these
secondary changes, in terms of the interpretation of avoidance data,
is the reduced sensitivity of the pituitary-adrenal system to stress,
Therefore, careful consideration was given throughout the experiments
to the relevance of this as well as to changes in other hormonal
systems. Consideration was also given to the possibility that HE rats
were not the best controls by which the performance of DI rats should
be judged. Because HE rats have a partial vasopressin defect, normal
LE rats would seem preferable; however, it is not known what genetic
differences exist between Brattleboro and LE rats other than those
relating to the synthesis and release of vasopressin. Therefore, both
HE and LE rats were tested with DI rats whenever possible.

It is on extinction that the effects of pituitary hormones on
avoidance are most evident (de Wied et al., 1972b). Therefore, DI and
HE rats were compared on the extinction of passive avoidance (Chapter
I11). Brattleboro rats and LE rats of the same age were observed on a
single open field test to determine whether general activity levels

were related to passive avoidance (Chapter III). The effect of
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potassium supplementation on the open field activity of another group

of Brattleboro rats is also presented in Chapter III. Since the vaso-
pressin deficiency of the neurohypophysectomized rat has been reported
to affect the extinction but not the acquisition of shuttlebox avoid-

ance, DI and HE rats were compared on active avoidance in the shuttle-
box (Chapter 1IV). ‘

To test the hypothesis that ACTH affects avoidance indirectly
by stimulating the release of vasopressin, the effect of ACTH 4-10 on
the passive avoidance of Brattleboro and LE rats was observed (Chapter
V). If this hypothesis is true, then the passive avoidance of DI rats
should be unaffected by ACTH 4-10. 1In the last experiment vasopressin
was administered to DI rats and its effect on passive avoidance was
measured (Chapter VI). Additional data were gathered on the rats in
this experiment including the levels of dopamine beta hydroxylase and
corticosterone in serum and norepinephrine in brain.

The difficulty of breeding and maintaining a large number of
Brattleboro rats made it necessary to use these animals in more than
one experiment. The sequence of experimentation was planned, however,
so that interaction between experiments was minimized. For instance,
one group of Brattleboro females was observed in the open field
(Chapter III - Open Field Test 2), tested 2 1/2 months later on
passive avoidance (Chapter II), and finally retested on passive avoid-
ance 4 1/2 months later (Chapter V - Experiment ACTH 1). Except for
the open field (Chapter III - Open Field Test 1) and passive avoidance
experiments (Chapter V - Experiment ACTH 2) on age matched Brattle-
boro and LE rats which were separated by only two weeks, all experi-

ments on the same animals were conducted at least two months apart.
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Some data were amenable to standard parametric statistical
analyses, e,g. open field activity. Other data, however, like
latency scores in passive avoidance experiments and defecation
measures were summarized by medians and analysed with non-parametric
tests described by Siegel (1965). This was necessary because of the
occurrence of skewed distributions, indeterminate values, and the
small number of rats in each condition. 1In some cases the power of
these tests was apt to be low with standard confidence levels, and
often the importance of a Type I and a Type II error was judged
approximately equal. Winer (1962, p. 13) has advised that lower
confidence levels are desirable in such circumstances, and therefore
confidence levels as low as .20 were given consideration as indicated

in the text.
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CHAPTER I1I

PASSIVE AVOIDANCE

The influence of pituitary hormones on active avoidance in
normal rats is most evident during extinction (de Wied et al., 1972b).
It is, therefore, not surprising that exogenous ACTH 4-10 and vaso-
pressin are able to prolong extinction of passive avoidance (Bohus
et al., 1973; Thompson & de Wied, 1973). On the other hand, the
hypophysectomized rat, with deficiencies of all pituitary hormones,
has been reported to extinguish faster than normal rats in passive
avoidance (Weiss et al., 1969, 1970a). Since DI rats are similar in
several respects to hypophysectomized rats in that they have distur-
bances of vasopressin, ACTH or corticosteroids, and probably growth
hormone, it might be expected that DI rats would show rapid extinction
of passive avoidance. In this experiment DI rats were compared to HE
rats on a step-through passive avoidance task. In addition, two groups
of LE rats, one similar in weight to the DI rats, the other similar in
weight to the HE rats, were tested separately from the Brattleboro rats
to determine if differences in weight per se would affect avoidance

performance.

Method
Subjects. Seven month old male (9 DI & 7 HE) and female (11 DI
& 13 HE) rats were used in this study. They were bred from HE females

and DI males obtained from the National Institutes of Health. At one
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month of age the pups were separated from the mother and housed in wire
cages, 4-5 rats in each cage. Food and water were available ad libitum,
Overhead fluorescent lighting was on from 0800 to 2000 hours each day.
At two months of age DI rats were identified on the basis of their
24 hour water intake, and all rats were marked by ear punches. One
HE male, three HE females and one DI female were albino mutants. At
4 1/2 months of age all participated in an open field experiment which
will be described in Chapter III. Passive avoidance training was
started at age seven months,

Two groups of LE female rats weighing 130-140 g and 190-200 g,
respectively, were obtained from Blue Spruce Farms, Altamont, N.Y.,
so that after 7-10 days in the animal colony their weights would
approximate those of the Brattleboro females. Unlike the Brattleboro

rats, these LE rats were not tested in the open field.

Apparatus. Passive avoidance conditioning was carried out in
the step-through apparatus described by Weiss et al. (1970a) and is
shown in Fig, 1. The apparatus was located in a small semi-darkened

room a short distance from the animal colony.

Procedure. On the first day of the experiment each rat was
placed in the small chamber facing away from the larger adjoining com-
partment, As the rat turned around, the door between the small and
large compartment was opened and a timer started. As soon as the rat
was within the large compartment, the timer was stopped, the door
closed, and a 1.0 ma a.c. scrambled grid shock was administered for
2 gsec. The rat was removed from the compartment 15 sec after termi-

nation of shock and returned to its cage. Single retention trials
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were gilven on the second and third day. On these and subsequent trials
no shock was administered and rats not entering the large compartment
within 360 sec were returned to their cages. Retention was tested in
the same way on the fourth and fifth days except that the three day old
sawdust underneath the grids was removed, the clear plexiglas walls
were covered with white paper and the grid floor was covered with white
paper over cardboard. This procedure has been shown to increase the
sensitivity of the passive avoidance test to differences in hormonal
status (Weiss et al., 1969) and was used in all subsequent passive
avoidance experiments. Step-through latencies were timed to the nearest
1/10 sec with a stopwatch and the boluses excreted by each rat were
counted and removed., After completion of the experiment on day 5, the
animals were weighed. About 2 1/2 weeks after the experiment the
Brattleboro rats were transferred to individual cages in the colony
room and water intake, estimated from changes in weight of the water
bottles, and urine volume were measured. Urine osmolarity was deter-

mined with a Fiske osmometer.

Results

The median step-through latencies on all five days for 15
Brattleboro males and 22 females are shown in Fig. 2 and Fig. 3,
respectively. One DI male and two HE females were not included in
the data analysis because of procedural error or equipment failure.
On the first day all animals quickly entered the large compartment
and there were no significant differences between the latencies of HE
and DI rats, but on the following days both male and female DI rats

displayed passive avoidance extinction deficits in comparison to HE
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Fig. 2. Passive avoidance of Brattleboro males.
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rats. On days 2 to 5 only one of the seven HE males entered the com~
partment within the cutoff latency of 360 sec. Although half of the
DI males did not step out on days 2 and 3, on days 4 and 5 all but one
or two entered the compartment and their latencies were shorter than
HE rats as determined by two-tail Mann-Whitney tests (day 4, p = .02;
day 5, p = .014).

The data for the females are similar to those for the males
except that the median latencies of the DI females appear shorter than
DI males. On each of the four days of extinction, DI femaies stepped
into the shock compartment faster than the HE females (p = .02 on each
trial, Mann-Whitney tests). Male and female DI rats excreted fewer
boluses than HE rats on day 4 and day 5, and fewer DI females defecated
on day 5 than HE females (p = .05, Fisher-Yates test).

There were significant differences in body weight between HE and
DI rats of the same sex and between sexes, as can be seen in Table 1.
Males were heavier than females, and HE rats were heavier than DI rats.
There was little overlap in the distribution of male HE and DI weights--
only one HE male weighed less than 325 g, while only on DI male weighed
more than 291 g. No overlap was observed in the weight distributions of
HE and DI females. Sokol (1973) has also observed that DI rats are
smaller than HE rats. Table 1 also shows that DI rats consistently
drank more water, and excreted larger and less concentrated amounts of
urine than did HE rats. The 6:1 ratios of urine osmolarities for HE
and DI rats wcre simila~ to those reported by Valtin et al. (1965) and
Swaab et al. (1973). The absolute osmolarities observed in this study
were higher than they reported, however, because of urine evaporation

during the 24 hour collection period and because of a two week delay



TABLE 1

PHYSICAL CHARACTERISTICS OF DI AND HE RATS

Body Weight Water intake Urine volume Urine osmolarity
(g £ s.,e.m.) (g/day t s.e.m,) (ml/day % s.e.m.) (mOsm/kg + s.e.m.)
Males
HE (n=7) 363 £ 23 385 711 3985 + 237*
DI (n=7) 270 £ 11 233 £+ 15 196 + 15 607 + 40
Females
HE (n=11) 219 t 5 41 £ 2 8 t 1% 5483 + 284%
DI (n=11) 160 % 4 200 £ 6 156 = 7 941 + 30%*

*Data of one subject were lost.

6¢
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before the osmolarity of the samples could be measured.

The mean weights of the two LE groups were 186 + 4 g and 230 + 7 g
which are to be compared to the DI animals weighing 160 + 4 g and to the
HE animals weighing 219 + 5 g in the previous experiment. Both LE
groups were somewhat heavier than the two Brattleboro groups but there
was approximately the same range of body weight between them as between
DI and HE rats. The median latencies of the 186 g group appeared to be
slightly longer than those of the heavier 230 g group on days 3 and 4
of extinction (Fig. 4). Mann-Whitney tests (two-tail), however,
revealed that there were no significant differences. The median bolus
count for each group was zero on all days.

Comparisons of the median latencies of the six lightest animals
in the 186 g group (mean weight = 178 g) vs the six heaviest animals
in the 230 g group (mean weight = 239 g) did not reveal differences any
greater than those obtained with the whole group comparisons, even
though the mean weight difference between the six lightest and the six
heaviest LE females was similar (61 g) to that observed between the DI

and HE females (59 g).

Discussion

The data show that both male and female DI rats are more likely
to enter the compartment where they previously received shock than HE
rats. The shorter passive avoidance latencies of DI rats cannot be
explained by the hypothesis that lighter rats are less sensitive to
shock, as lighter rats have been found to be more sensitive to foot-
shock than heavier ones (Gibbs, Sechzer, Smith & Weiss, 1973; Paré,
1969). HE rats tend to defecate more than DI rats, suggesting that

HE rats are more fearful (J. Gray, 197la; Weiss et al., 1970a), but
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this may be a necessary consequence of the fact that HE rats spent
more time in the apparatus (Pinel, Malsbury & Corcoran, 1971). Since
the differences in water intake, urine volume, and urine osmolarity
between DI and HE rats were similar to those reported by Valtin et al.
(1965), it was assumed that DI rats in the present study were also
unable to synthesize vasopressin.

The passive avoidance latencies of DI females (Fig. 3) appeared
shorter than LE females (Fig. 4) on the last two days of extinction,
as might have been expected; however, the latencies of HE females were
much greater than those of LE females. If HE and LE rats are similar
except for the slight vasopressin defect in HE rats, then it would seem
that the latencles of HE females should be slightly below those of LE
females. Although part of the difference between HE and LE females
might be explained by the fact that HE females were four or five months
older than LE females, the magnitude of the differences in latency

suggests that HE rats differ in more than one way from normal LE rats.
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CHAPTER III

ACTIVITY IN THE OPEN FIELD

The previous experiment demonstrated that DI rats returned to a
compartment in which they received footshock much sooner than did HE
rats. Although differences in body weight per se did not explain this
difference in performance, it is still possible that differences in
activity or exploratory tendencies could account for the findings. If
DI rats show stronger exploratory or activity tendencies than HE rats
they are more likely, therefore, to enter the shock compartment on
extinction trials. In this regard, Endrdczi (1972) reported that
activity levels in a maze-type open field were inversely related to
the rate of learning of a passive avoidance response. To evaluate the
possibility that differences in passive avoidance performance of DI and
HE rats were related to differences in their characteristic levels of
activity or exploratory tendencies, observation was made of their
behavior during a single open field test. The behavior of the rat in
response to a brief exposure to an open area, particularly ambulation
and defecation, is interpretated as indicating either activity,
'emotionality' (Whimby & Denenberg, 1967) or fearfulness (J. Gray,
1971a).

Two open field studies were carried out. Open Field Test 1 was
designed to compare HE and DI rats with each other and with age-matched
normal LE rats. The comparison of HE and LE rats was of interest

because the synthesis and release of vasopressin in HE rats is partially
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impaired (Miller & Moses, 1971; Moses & Miller, 1970; Valtin et al.,
1965). The purpose of Open Field Test 2 was to determine the role of
hypokalemia in the open field activity of DI rats. If it is hypo-
kalemia rather than a primary deficiency of vasopressin that affects
the activity of the DI rat, then it should be reversed by potassium

supplementation.

Open Field Test 1

Method

Subjects. Ten DI (4 male & 6 female) and twelve HE (6 male &
6 female) Brattleboro rats were obtained from the National Institutes
of Health at two months of age. At the same time, 12 male and 12 female
LE rats of the same age (+ one day) were obtained from Blue Spruce Farms,
Altamont, N.Y. All animals were housed under the same conditions pre-
viously described. Both strains had been used in passive avoidance
experiments with ACTH 4~10 10 days previously (males), or 14 days
previously (females) described in Chapter V. At the time of open

field testing the rats were a little over three months old.

Apparatus. The open field was a 120 cm square plywood box
painted flat black with walls 39 cm high. The floor of the field was
divided into 24 cm squares outlined in black enamel. The apparatus
was placed at one end of the animal colony room to avoid unnecessary

handling of the rats during transport to and from the cage.

Procedure. Each rat was placed in the center of the open field,
and the number of squares crossed and rearings on hind legs were

recorded at one minute intervals. A stopwatch was used for timing, and
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tally counters for cumulating crossings and rearings. After three
minutes of observation the rat was returned to its cage, the number

of boluses recorded and the field wiped clean with paper towels. An
effort was made to minimize the influence of one rat on another:

males were tested three days after females; before each experiment

the field was prepared by a DI, HE and LE rat of the same sex from the
animal colony; and the rats were run in randomly ordered groups with
the constraint that each group contained one HE, one DI and one or two

LE rats.

Results
Activity. The mean number of crossings and rearings for HE, DI

and LE groups of each sex is shown in Fig. 5. Both DI and HE groups of
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Fig. 5. Open field activity of Brattleboro and Long-Evans rats. The
bars represent mean crossings and rearings * s.e.m. observed
in these groups. Numbers in parentheses indicate the number
of animals included in each mean.
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each sex were very much less active than the LE groups, making about
half as many crossings. Comparisons of the effects of genotype and
sex on crossings were made by analysis of variance (Table 2). Geno-
type but not sex differences were significant and Newman-Keuls com-
parisons indicated that while DI and HE rats did not differ between
themselves in the number of crossings, each made significantly fewer

crossings than the LE rats.

Table 2

ANALYSIS OF VARIANCE OF CROSSINGS: GENOTYPE VS SEX

Source of Sum of Mean
’ variation squares df square F P
’ Between subjects
Genotype (G) 8666.87 2 4333.43 15.42 <.01
Sex (S) 860.93 1 860.93 3.06 n.s.
GS 216.45 2 108.22 <1 n.s.
Within cell 10962.31 39 281.08

An analysis of the crossings by male rats of each group during
each of the three minutes of the test indicated that over-all differences
between the LE and Brattleboro groups were in part related to a decline
in the activity of Brattleboro groups on the second and particulary the
third minute while a constant level of activity was exhibited by LE

rats during the entire test:.S

5See additional open field data, Appendix II.
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The failure to find significant sex differences for the DI and
HE rats is not surprising, given the overlap in their standard errors,
but this was not the case for LE rats. The F statistic, however, is
known not to be as powerful as the method of individual comparisons
when the means obtained from treatment distributions are not normally
distributed, e.g. the means for several treatments fall close together,
at some distance from other treatment means (Winer, 1962, p. 78).
Because the mean number of crossings for DI and HE rats were similar
and considerably below those of the LE rats, pairwise comparisons of
all group means were made using the Newman-Keuls procedure. The results
are exactly the same ac with the above analysis except that the LE
females were found to have made significantly more crossings than the
LE males (p <.05).

Except for the HE males, who made relatively few rearings,
Brattleboro and LE rats of both sexes reared about equally often (Fig.
5). No differences between groups or between males and females were

statistically significant (Table 3),.

Table 3

ANALYSIS OF VARIANCE OF REARINGS: GENOTYPE VS SEX

Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 496 .87 2 248.43 2,46 n.s.
Sex (S) 257.89 1 257.89 2.55 n.s.
GS 232.39 2 116.20 1.15 n.s.
Within cell 3836.45 38 100,96
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Defecation. HE males excreted slightly more boluses (Mdn = 4)
than either the DI (Mdn = .5) or LE (Mdn = 0) groups, but these dif-
ferences did not reach statistical significance. Among females, the
HE rats (Mdn = 2.5) excreted more boluses than DI rats (Mdn = 2.0) and
LE rats (!gg = 0) but Mann-Whitney tests (two-tail) indicated that only

the difference between DI and LE rats was significant (p = .05).

Open Field Test 2

Method

Subjects. Ten DI and seven HE male, and twelve DI and fourteen
HE female rats, all 4 1/2 months old and previously described in Chapter
I1 were employed in this experiment. For a two week period prior to
open field testing, one half of both groups of rats were supplemented

with 1% potassium chloride (KCl) solution ad libitum.

Apparatus. The open field was described earlier.

Procedure. The general procedure was like that of Open Field
Test 1 with the following exceptions. Male and female rats were all
tested on the same day in the early afternoon. The males were observed
first and the field was thoroughly cleaned with water and dried before
the females were observed. HE and DI rats were run in random order

but no special preparation of the field was made before testing.

Results

Activity in KC1 supplemented rats. Analysis of the data indi-

cated that there was no consistent effect of KCl administration on the

mean number of crossings by HE or DI rats. KCl treated rats seemed,
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however, to rear slightly less often than control rats (Table 4).

Table 4
OPEN FIELD PERFORMANCE OF DI AND HE RATS:

EFFECT OF KC1 SUPPLEMENTATION

Fo—— — —— - —
Crossings Rearings
Group % t s.e.m. X t s.e.m.
Control KC1 Control KC1

Males

DI (n=5) 54 £ 10 66 £ 3 25 £ 6 16 £+ 3

HE (n=3) 35 £ 11 62 + 4 27 t 4% 20+ 7
Females

DI (n=6) 58 5 62 t+ 4 25 £ 4 20 £ 4

HE (n=7) 55 ¢+ 2 52+ 6 26 t 4 23 + 2

*Rearings not recorded for one animal in this group.

Analyses of variance on total crossings and rearings of female rats did
not reveal any significant differences even with a p value of .10
between HE and DI rats, or between rats who received or did not receive
KCl supplementation (Tables 5, 6).

The data for male rats were not similarly analysed because only
three of six HE males received KC1l, and rearings were not recorded for
one HE male receiving KCl. The number of crossings made by each of the
three HE-KCl males were all higher than those recorded for the HE-
control males, The number of rearings of the two HE-KCl males was

within the range of rearings observed in the HE-control males. Among
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TABLE 5

KC1 EFFECT--FEMALES

40

Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 347.63 1 347.63 2.25 n.s
KC1l (K) 12.33 1 12.33 <1 n.s
GK 158.54 1 158.54 1.02 n.s.
Within cell 3404.19 22 154.74
TABLE 6
ANALYSIS OF VARIANCE OF REARINGS: KCl EFFECT--FEMALES
Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 46.79 1 46.79 <1 n.s.
KC1 (K) 125,42 1 125.42 1.83 n.s
GK 10.29 1 10.29 <1 n.s
Within cell 1508.47 22 68.57

DI males there was no significant difference between KC1l and control

animals in the mean number of crossings or rearings (crossings, t = 0.26;

rearings, t = 0.57, df = 8).

As no effect of KCl supplementation on

open field activity was demonstrated, except in HE males, the data for

control and KC1 gupplemented animals in DI and HE groups were combined
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in the remaining analyses.

Activity in KCl and control groups combined. Fig. 6 shows the

open field activity of male and female HE and DI rats. Analysis of

Crossings Rearings
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Fig. 6. Open field activity of Brattleboro rats. The bars represent
mean crossings and rearings t+ s.e.m. observed in these groups.
Numbers in parentheses indicate the number of animals in-
cluded in each mean.

variance comparisons of genotype (HE or DI) and sex effects on crossings

were not significant (Table 7). In the analysis of variance of rearings

the mean square for genotype was significantly less (p <.01) than the

within cell mean square (Table 8). As genotype did not have a signi-

ficant simple effect in either males or females considered separately,
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the explanation for this might lie in some difference in the experi-

mental situation between the female and male open field tests which

might have decreased the size of the mean square for genotype relative

to the mean square for the interaction.

ANALYSIS OF VARIANCE OF CROSSINGS:

TABLE 7

GENOTYPE VS SEX

Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 823.77 1 823.77 3.83 n.s
Sex (S) 86.40 1 86. 40 <1 n.s
GS 37.34 1 37.34 <1 n.s,
Within cell 8174.27 38 215.11
TABLE 8
ANALYSIS OF VARIANCE OF REARINGS: GENOTYPE VS SEX
Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) .19 1 .19 1/F=454 <.01
Sex (S) 39.23 1 39.23 <1 n.s
GS 56.99 1 56.99 <1 n.s
Within cell 3024.18 37 81.73
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Minute by minute comparisons of crossings and rearings over
three minute test period showed that there were no significant differ-
ences between DI and HE rats either in the over-all level or in the

distribution of open field activity over time.6

Defecation., The median number of boluses recorded for DI males
(3) was higher than for HE males (0; p = .001, Mann-Whitney test, two-
tail). Among the females, the bolus count was greater for DI rats than

for HE rats (Mdn = 1), but this difference was not significant.

Discugsion

The behavior of DI and HE rats in the open field was quite
similar in both Open Field Tests 1 and 2. This suggests that the marked
differences in passive avoidance behavior observed in Chapter II cannot
be explained indirectly by characteristic differences between DI and
HE rats in activity level or exploratory drive. The ambulation of DI
and HE rats in Open Field Test 1 was much lower than in Open Field
Test 2. The indication from the second open field test that DI males
excreted more boluses than HE males was not evident in the first test.
These differences between the open field tests are probably not related
to the differences in the ages of the rats in these experiments, because
defecation and ambulation in the open field have been reported not to
change appreciably between the age of two and six months (Candland &
Cambell, 1962).

The main finding of the open field experiments was that DI and

HE rats made less than half the number of crossings made by normal LE

6See additional open field data, Appendix II.
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rats, but reared equally often (Open Field Test 1). When approached

at the end of the testing period the Brattleboro rats froze or remained
quiet in contrast to the LE rats that ran away from the experimenter's
hand. The lower activity level of Brattleboro rats may reflect dimin-
ished active escape behavior or a weaker exploratory tendency. The
lower activity and generally higher defecation rate of Brattleboro rats
also might indicate that they are more fearful or emotional than LE
rats. Gray and others have argued that fear inhibits exploration (J.
Gray, 1971a; Montgomery, 1955; Russell, 1973b), and a review of many
open field studies concluded that ambulation and defecation in the open
field are negatively correlated (Archer, 1973). Whatever the nature of
the difference between the response of the LE and Brattleboro rats to
the open field, it is important to consider what variable may be
responsible. One possibility is that genetic differences unrelated to
those responsible for the defect in vasopressin metabolism are involved.
Another, is that the open field activity of the LE and Brattleboro rats
may reflect differences in their early handling and life history
(Denenberg, 1967). For instance, the greater urine volume of HE and DI
pups required that the breeding cage be frequently changed, so that they
may have received more handling than LE pups.

Except for HE males, the provision of a 1% potassium chloride
solution to DI and HE rats did not affect open field activity. Potas-
sium treated HE males made more crossings than HE control males but the
small number of animals in these groups and the substantial variation
in the scores of both DI and HE male rats suggests that further verifi-
cation of an effect of potassium chloride in HE males is necessary.

Potassium supplements to hypokalemic DI rats did not, however, affect
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their open field behavior. This indicates that the difference between
DI and LE rats observed in Open Field Test 1 may not be directly

related to differences in their potassium balance. It is possible,
however, that extra potassium provided to DI rats may not be effectively

absorbed or utilized in the absence of vasopressin.



46

CHAPTER IV

ACTIVE AVOIDANCE

Hormonal factors are believed to affect the acquisition and
extinction of shuttlebox avoidance. From the work of de Wied it
appears that the impaired acquisition of shuttlebox avoidance by
adenohypophysectomized and hypophysectomized rats may be related to a
deficiency of ACTH (de Wied, 1964, 1969a, 1969b). On the other hand,
the rapid extinction of neurohypophysectomized and hypophysectomized
rats treated with cortisone, testosterone and thyroxin during acqui-
sition, as compared to normal or adenohypophysectomized rats, suggests
that posterior or intermediate lobe hormones may be important in main-
taining the avoidance response once it has been acquired. The differ-
ential involvement of anterior pituitary hormones in shuttlebox
acquisition, and posterior or intermediate lobe hormones in extinction
is also suggested by the fact that the acquisition of shuttlebox avoid-
ance by neurohypophysectomized rats is not different from normal animals
(de Wied, 1965).

In this experiment, DI and HE rats were compared on shuttlebox
avoidance to determine whether these rats would show similar acquisition

and extinction.

Method
Subjects. Subjects were 8 DI and 7 HE male rats aged 8 1/2

months who had participated in the passive avoidance experiment (Chapter

11).
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Apparatus. The shuttlebox was a clear plexiglas box 30 x 30 x
25 cm divided into two halves by a barrier 5 cm high. The unconditioned
stimulus (US) was a 0.6 ma d.c. shock which was passed through a
mechanical scrambler and delivered to the animal through the stainless
steel grid floor of the shuttlebox. The floor of each half of the box
was independently hinged so that whenever the animal stepped on it a
microswitched closed; a response was recorded when one microswitch opened
and the other closed as the animal moved from one side of the box to the
other. The conditioned stimulus (CS) was a 1000 Hz tone of 80 db
1ntensity.7 Stimuli were presented and responses recorded automatically

by an electromechanical control system.

Procedure. Just before the first trial, the animal was allowed
a three minute adaptation period in the box; thereafter only 30 sec
were allowed each day before training. If the rat did not cross to
the opposite side of the box within five sec after the onset of the CS,
the US was administered and both the CS and US remained on until escape
occurred or until 23 sec had elapsed. Ten trials per day were given
until a criterion of 80% avoidance on three consecutive days was
reached. Animals that did not reach criterion between 120-140 trials
were not tested further. For the others, 10 extinction trials were
given on each of four days following criterion performance. The pro-
cedure was the same as during acquisition except that the CS was termi-

nated after five sec and no US was given.

7Sound pressure level (SPL) measurements re 20 uN/m2 were made
with a sound survey meter (Type 1555-A, General Radio Co.). Ambient
SPL was about 50 db and the variation of the SPL of the CS at various
locations within the box was less than 10%.
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Results

Only two out of eight DI rats reached criterion within 140
trials. In contrast, five of seven HE rats were able to reach this
criterion. The difference in the number of animals reacihing criterion
was not significant (Fisher-Yates test, p >.05). Although DI rats
made slightly fewer avoidances than HE rats during the first days of

acquisition (Fig. 7), analyses of variance on the number of avoidances
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Fig. 7. Acquisition of shuttlebox avoidance by Brattleboro males.

(Table 9), number of consecutive avoidances (Table 10) or number of

intertrial responses (Table 11) using the transformation /X + _/ x¥I
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TABLE 9

ANALYSIS OF VARIANCE: ACQUISITION OF SHUTTLEBOX AVOIDANCE

Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 1.86 1 1.86 <1 n.s
Subjects w.g. 80.65 13 6.20
Within subjects
Days (D) 374.96 9 41.66 26.88 <01
GD 8.04 9 .89 <1 n.s
D x subjects w.g.]181.68 117 1.55
TABLE 10
ANALYSIS OF VARIANCE: CONSECUTIVE AVOIDANCES
Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 5.96 1 5.96 <1 n.s
Subjects w.g. 99.59 13 7.66
Within subjects
Days (D) 437.43 9 48.60 10.92 <. 01
GD 15.80 9 1.76 <1 n.s.
D x subjects w.g. 521.05 117 4,45
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TABLE 11

ANALYSIS OF VARIANCE: INTERTRIAL RESPONSES

Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 7.75 1 7.75 1.37 n.s.
Subjects w.g. 73.36 13 5.64
Within subjects
Days (D) 427.82 9 47,54 19.02 <.01
GD 15.85 9 1.76 <1 n.s.
D x subjects w.g. 292,48 117 2.50

to achieve homogeneity of variance did not reveal any significant dif-
ferences between them on these measures. Examination of the performance
of individual animals in each group, however, suggested that the per-
formance of the DI rats deteriorated, did not continue to improve or
became quite variable after 10 or 11 days. The median escape latencies
of both DI and HE rats were in the range of 1.0 - 1.5 sec on all but
the first three days of training. On these three days the escape
latencies of HE rats, 12.5, 8.0 and 7.5 sec; and DI rats, 9.5, 6.5 and
6.0 sec were long but not significantly different (Mann-Whitney tests).

During the course of 40 extinction trials there was no deterio-
ration of avoidance responding for the five HE (mean avoidance/day =
8.5) or the two DI rats (mean avoidance/day = 9.1) that reached

criterion.
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Discussion

It was difficult to decide whether the avoidance performance
of the DI rats resembled that of HE rats. Only a few DI rats were
eventually able to reach criterion, but their performance during the
first 100 trials was not very much below that of HE rats. No conclu-
sion could be reached about extinction as avoidance by both DI and HE
rats continued at criterion level for 40 trials; a difference may well
have appeared if more extinction trials had been run. The data do
suggest, nevertheless, that under the conditions of this study, the
avoidance capability of rats entirely without vasopressin is more like
that of normal or neurohypophysectomized rats (de Wied, 1965), than
hypophysectomized or adenohypophysectomized rats (de Wied, 1964, 1969a,
1969b).

It is tempting to speculate that the failure of most DI rats to
improve in the last days of training could be related to difficulty in
developing sufficient motivation from the presentation of the CS alone,
without the stronger stress provided by UCS presentations. Thus,
sufficient release of ACTH and corticosteroids with the stress of shock
would allow adequate performance until the point where the rat would
not be receiving enough shocks to maintain pituitary-adrenal activation.
Another possibility is that the less robust and weaker DI rats--
muscular weakness is a symptom of potassium deficiency--were not able
to withstand the exertion and stress associated with daily active
avoldance training over long periods of time. Because the escape
latencies of DI and HE rats, however, were so similar it 1s reasonable
to assume that the responsiveness of DI rats to shock was not a major

factor in accounting for their failure to reach criterion.



52

CHAPTER V

EFFECTS OF ACTH 4-10 ON PASSIVE AVOIDANCE

The short passive avoidance latencies of DI rats described in
Chapter 11 may have been related either to a deficiency of vasopressin
or to changes in the activity of other hormonal systems in the absence
of vasopressin. For instance, if the release of ACTH was impaired,
then short passive avoidance latencies might also be predicted, as
Welss et al. (1969, 1970a) have suggested that the relatively short
passive avoidance latencies of hypophysectomized rats are mainly
related to a deficiency of ACTH. A straightforward method of deter-
mining the hormonal basis for the passive avoidance behavior of the
DI rat would be to compare the effects of ACTH and vasopressin treatment;
the hormone that increases DI latencies to the level of HE rats would
presumably indicate the relevant hormone deficiency. However, in
normal rats ACTH 4-10, MSH and vasopressin all prolong passive avoid-
ance in a similar fashion when administered before training or extinc-
tion trials (Ader & de Wied, 1972; Bohus et al., 1972; de Wied, 1973;
Dempsey et al., 1972; Guth et al., 1971; Sandman et al., 1971b), so it
is conceivable that any of these hormones would be able to raise the
passive avoidance latencies of DI rats to the level of HE rats.

The passive avoidance response of DI rats to ACTH may, never-
theless, be relevant to the hypothesis that ACTH influences avoidance
by stimulating the release of vasopressin, which in turn affects per-

formance. As ACTH 4-10 in a dose of 30 ug/100 g has been reported to
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increase the antidiuretic activity of eye plexus blood and to prolong
passive avoidance when administered one hour prior to an extinction
trial (Thompson & de Wied, 1973), it is possible that the release of
endogenous vasopressin rather than a direct effect of ACTH 4-10 was
involved. If ACTH 4-10 increases passive avoidance latencies via the
release of vasopressin, then the latencies of DI rats that are unable
to synthesize vasopressin should be unaffected by ACTH.

In Chapter II it was suggested that the longer passive avoidance
latencies of HE females relative to control LE females of similar or
smaller size might indicate that HE rats are not 'normal' in spite of
the fact that their water balance is in some respects similar to that
of normal LE rats (Moses & Miller, 1970). The hypothesis was further
justified by the marked difference in the response of the Brattleboro
and LE rats to the open field (Chapter III). This raised the possi-
bility that DI and HE rats might not respond to ACTH like normal LE
rats, and in fact, a number of studies have reported 'paradoxical’
effects of ACTH or MSH in animals that are 'hypoactive' or when moderate
to high footshock levels are used (Korinyi, Endroczi, Lissak & Szepes,
1967; Ley & Corson, 1971la, 1971b; Stratton & Kastin, 1974).

In this chapter two experiments are described in which ACTH 4-10
was administered to Brattleboro rats, In the first experiment ACTH
4-10 or vehicle was given to DI and HE rats before each extinction
trial. The second experiment was a replication of the first experiment
except that ACTH 4-10 or vehicle was administered before the first
trial as well as before the extinction trials, and two groups of LE
rats were also tested. One group consisted of LE rats matched in age

with the Brattleboro rats. Injections before both training and
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extinction were given in order to determine whether the effects of
ACTH 4-10 in the first experiment would be reversed by the adminis-
tration of ACTH 4-10 before the training trial on day 1, as has been
reported by P. Gray (1975) for large doses of 'purified' ACTH adminis-

tered in a gelatin vehicle.

ACTH Before Extinction Trials (Experiment ACTH 1)

Method

Subjects. The subjects were 14 DI and 17 HE female rats that
had prior experience on open field and passive avoidance tests. All
rats were 11 1/2 months of age except for four HE and two DI rats that
were 10 months of age. The mean weights of the DI and HE rats were

183 £+ 4 g and 230 + 5 g, respectively.

Apparatus. The passive avoidance apparatus described in Chapter

I1 was used.

Procedure. To insure that previous passive avoidance experience
would not interfere, all rats were handled daily for one week and then
given a two minute exposure to the shock compartment of the apparatus
on three successive habituation days, followed by a single measurement
of their step-through latencies into the shock compartment without
administering shock (pre-test). Except as noted below, the testing
procedure was the same as in Chapter II. An extra day of testing was
given before changing the apparatus on the last two days, so that
extinction trials were given on days 2 through 6. On the first day
of the experiment each rat received a two sec 0.5 ma shock in series
with a one megaohm resistor after stepping into the large compartment.

The resistor was added to the shock circuit to further reduce the effect
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of variations in resistance between rats on the current actually
received. One hour before testing on the second through sixth days,
8 HE and 7 DI rats selected at random were injected subcutaneously
with 30 ug/100 g of ACTH 4-10. The remaining 9 HE and 7 DI rats were
injected with an acidified saline vehicle prepared as described by
Orias & McCann (1972).

The ACTH 4-10 was synthesized by the solid-phase method and
thoroughly purified and assayed for in vitro lipolytic activity
according to the procedures of Draper, Merrifield & Rizack (1973).

One batch of ACTH 4-10 was prepared for the first three days of the
experiment and another for the remaining three days. Loss of activity
with dilution was minimized by preparing the injection solutions at a
concentration of 400 ug/ml. Because ACTH 4-10 is readily adsorbed to
glass surfaces it was prepared in a plastic beaker and injected with
plastic disposable syringes. Between injections the ACTH 4-10 was pro-
tected from light and both ACTH 4-10 and vehicle were kept on ice.

The solutions were stored in the dark at 3°C overnight.

Results

The mean number of rearings and median defecation counts
recorded during the habituation days were similar for both DI and HE
rats (Table 12). On the passive avoidance pre-test the distribution
of their step-through latencies was quite similar (Mdn = 3.0 sec for
both groups).

Whereas on the first day of the passive avoidance experiment
the median latencies of the treatment groups were not significantly

different from one another, differences between treatment groups did
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TABLE 12

REARING AND DEFECATION DURING HABITUATION

TO THE SHOCK COMPARTMENT

Rearings Boluses
Habituation 2 + s.e.m. Mdn
day
HE DI HE DI
(n=17) (n=16) (n=17) (n=16)
1 15 + 4 19 + 5 0 0
2 16 + 5 17 £ 5 0 1
3 13+ 3 17 £ 5 0 0

occur during the five days of extinction testing (Fig. 8). The laten-
cies of DI-ACTH rats appeared shorter than DI-VEH rats on every day of
extinction, and Mann-Whitney tests (two-tail) indicated that confidence
levels approached significance on day 2 (p = .10), day 5 (p = .13) and
day 6 (p = .18)., However, the true difference between the latencies

of DI-ACTH and DI-VEH rats may well have been greater if a longer cut-
off latency had been used. The latencies of the DI-ACTH rats were
shorter than HE-ACTH rats on day 2 (p = .04), day 4 (p = .07) and day 5
(p = .01), but this may in part be due to a slight but not significant
elevation of latencies by ACTH 4-10 in HE rats, compared to HE-VEH
rats, on the first three days of extinction.

The median number of boluses left in the apparatus each day was
one or less for all groups except on day 2, when the DI-VEH animals
left more boluses (Mdn = 3) than the HE-ACTH (Mdn = 2, p = ,05), the
DI-ACTH (Mdn = 1, p = ,06), or the HE-VEH rats (Mdn = 0, p = .05) as

determined by Mann-Whitney tests (two-tail).
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Effect of ACTH 4-10 on passive avoidance of Brattleboro
females. One hour before extinction trials on days 2-6
rats received injections of 30 ug/100 g of ACTH 4-10 or
saline vehicle.

ACTH Before Training and Extinction Trials

(Experiment ACTH 2)

57

Subjects. Two groups of rats were tested: the first consisted

of 10 three month old LE females obtained from Blue Spruce Farms,

Altamont, N.Y.; the second consisted of 4 DI, 6 HE and 12 LE males,

and 6 DI, 6 HE and 12 LE females previously described in Chapter III.

The mean weight of the LE females was 250 + 5 g.

In the second group,
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male DI, HE and LE rats weighed 187 + 14 g, 274 + 7 g and 374 + 7 g,
and the female DI, HE and LE rats weighed 127 + 2 g, 183 ¢+ 4 g and
218 + 4 g, respectively., These rats were just under three months of
age and had not yet been run in the open field test. During the week

prior to the experiment all rats were handled every other day.

Apparatus. The passive avoidance apparatus described in

Chapter II was used.

Procedure, The rats in the first and second groups were tested
as described in Experiment ACTH 1 except that: half of each group was
injected with ACTH 4~10 or vehicle before the training trial on day 1
as well as before each of the four extinction trials; the dosage of
ACTH 4-10 was the same as before, 30 ug/100 g for the first group; but
slightly lower, 28 ug/100 g for the second group and the rats in the
second group were run each day in randomly constituted groups contain-
ing one HE, one DI and one or twc LE rats. Male rats were tested one

week after the females

Results

Group 1--LE females. ACTH 4-10 treated female rats exhibited

longer median passive avoidance latencies than females receiving
vehicle (Fig. 9). Step-through latencies on day 1 were not affected
by ACTH 4-10, but avoidance latencies on the first three extinction
trials were longer in rats than had received ACTH 4-10. The latency
distributions overlapped slightly so that confidence levels between
.075 - .111 were obtained (Mann-Whitney tests, one-tail). There was
no difference between ACTH 4-10 or vehicle injected rats in the number

of boluses excreted.
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Fig. 9. Effect of ACTH 4-10 on passive avoidance of Long-Evans
females. Rats received daily injections of 30 ug/100 g
of ACTH 4-10 or saline vehicle one hour before testing.

Group 2--HE, DI and LE females, ACTH 4-10 reduced the passive

avoidance latencies of DI females especially on day 3 (p = .20) and
day 4 (p = .20)., The latencies of HE females appeared slightly lower
when treated with ACTH 4-10. It should be noted, however, that the
differences between ACTH 4-10 and vehicle treated females in HE and
DI groups were obscured by the celling effect of the cutoff latency,
so that the magnitude of the effect of ACTH 4-10 in DI and HE groups
is probably greater than is suggested by the latencies shown in Fig.
10. Another indication that ACTH 4-10 shortened the latencies of DI
females was that the latencies of DI-ACTH females were shorter than

those of HE-ACTH females on day 4 and day 5 (Mann-Whitney tests, two-
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Fig. 10. Effect of ACTH 4-10 on passive avoidance of Brattleboro and
Long-Evans females. Rats received daily injections of
28 ug/100 g of ACTH 4-10 or saline vehicle one hour before
testing.

tail, p = .05). The effect of ACTH 4-10 on the latencies of LE females
was opposite to its effects in Brattleboro rats. LE females treated
with ACTH 4-10 displayed longer passive avoidance latencies on day 2
(p = .039), 3 (p=.047), 4 (p=.013) and 5 (p = .008) as well as on
day 1 (p = .047), the training day (Mann-Whitney tests, one-tail).
Differences were found between vehicle and ACTH treated HE,
DI and LE groups, independently of the effect of ACTH 4-10; HE-VEH
rats seemed to have longer latencies than DI-VEH rats, particularly on

the last two extinction trials; and both DI-VEH and HE-VEH rats had
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longer latencies than LE-VEH rats on the last four days of extinction
testing (Mann-Whitney tests, two-tail, p = .10). It should be noted
that the LE-VEH rats did not really avoid the shock compartment on
extinction trials as their latencies were similar on most days to
those on the training day before they received shock.

The median number of boluses excreted by ACTH 4-10 and vehicle
treated females within each group were quite similar on all days. There
were, however, marked differences between Brattleboro and LE rats. The
median number of boluses excreted by LE rats was zero on all five days,
but the median number of boluses excreted by DI and HE females was
higher and quite similar for both groups (overall Mdn = 4, range 1-6).
Fisher-Yates calculations of the probabilities associated with the
number of rats defecating each day in the HE and LE groups indicated
that proportionally more DI than LE females defecated on day 2 (p = .005)
and on day 4 (p = .025). Mann-Whitney tests suggested similar con-
clusions.

Group 2--HE, DI and LE males. 1In contrast to the relatively

long latencies displayed by female rats in this passive avoidance
situation, the latencies of male rats were surprisingly short (Fig. 11).
Because of the small number of DI males and because the range of
latencies for ACTH 4-10 and vehicle treated DI males overlapped con-
siderably, these rats have been grouped together in Fig, 11 and in the
statistical analyses of the data. ACTH 4-10 did not significantly
increase the latencies of HE males or seem to affect DI or LE males,
The reason why ACTH 4-10 did not affect the performance of LE males is
not clear, but it may be that the level of footshock was not high

enough to affect rats of this size.
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Fig. 11. Effect of ACTH 4-10 on passive avoidance of Brattleboro and
Long-Evans males, Rats received daily injections of
28 ug/100 g of ACTH 4-10 or saline vehicle one hour before
testing,

The passive avoidance latencies of DI and LE-VEH males, or HE-
VEH and LE-VEH males were not significantly different on any day, but
the latencies of DI males appeared shorter than those of HE-VEH males
on day 1 (p = .056), 3 (p = .11), and 4 (p = .11).

No differences were noted in the number of boluses excreted by
ACTH 4-10 or vehicle injected rats or in the number of rats in each
group that defecated. A greater number of Brattleboro rats defecated
during testing than LE rats; more HE rats defecated than LE rats on
day 2 (p = .025), day 3 (p = .05), and day four (p = .025), while more

DI rats defecated on day 5 (p = .06) than LE rats.
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Discussion

In both experiments the passive avoidance latencies of DI
females injected with ACTH 4-10 were shorter than either those of DI
females injected with vehicle or those of HE females injected with
ACTH 4-10, Although the confidence levels were not high because of
the limitation set by the cutoff latency, the fact that the same
result was obtained with rats of different ages and experimental
histories and even different ACTH 4-10 treatment conditions is note-
worthy. While ACTH 4-10 did not seem to greatly affect HE females,
it did increase the passive avoidance latencies of both groups of LE
females (Experiment ACTH 2)., This confirms the findings of Thompson
& de Wied (1973) and in addition demonstrates that an ACTH peptide
affects behavior in female as well as male, and hooded (LE) as well as
albino rats. An effect of ACTH 4-10 was observed in LE females in
Group 2 even before they received shock; the latencies of the LE-ACTH
group (Mdn = 7.6 sec) were significantly greater than those of the LE-
VEH group (Mdn = 3.3 sec). Although the slight effect of ACTH 4-10 in
these rats on the first trial was not great enough to explain its
effect on postshock extinction latencies, it is consistent with the
report of Weilss et al. (1969) that adrenalectomized rats that have
high circulating levels of ACTH show greater reluctance to enter a
compartment where rats have been shocked than normal or hypophy-
sectomized rats, although there is no difference between these groups
i1f no animal had previously been shocked in the compartment.

If ACTH 4-10 treatment of the DI rat is regarded as substitution
therapy for a deficiency of ACTH, then the expected effect of exogenous

ACTH on passive avoidance will vary depending on whether its action in
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DI rats is compared to that in HE or LE controls. If HE rats are con-
sidered the relevant control, then ACTH 4-10 should have increased
latencies; on the other hand, if normal LE rats are considered to be
relevant controls, then ACTH 4-10 should have decreased latencies,

as was observed. It is helpful to consider that the effect of ACTH
4-10 on passive avoidance seemed to depend upon the general level of
performance of the rats to which it was administered. When given to
rats with low to moderate latencies (LE females in Experiment ACTH 2;
HE females in Experiment ACTH 1) as judged by vehicle controls, it
increased latencies; but when given to rats with long latencies (HE

& DI females in Experiment ACTH 2; DI females in Experiment ACTH 1),
ACTH 4-10 decreased latencies. Although no effect of ACTH 4-10 could
be demonstrated in male rats in Experiment ACTH 2, it may be that this
level of footshock was not strong enough to establish passive avoid-
ance in animals of this size.

Since ACTH 4-10 modified the performance of DI rats, that have
no vasopressin, it cannot be argued that this peptide requires the
presence or release of vasopressin to affect avoidance. On the other
hand, the 'vasopressin competence' level of the rat does seem to in-
fluence the behavioral action of ACTH 4-10. As the 'vasopressin
competence' levels of the rats are placed in descending order, normal,
HE, and DI; ACTH 4-10 increases, does not affect, and decreases passive
avoidance latencies in that order.

The fact that the effect of ACTH 4-10 on DI rats was similar
whether injected before extinction trials (Experiment ACTH 1) or before
both training and extinction trials (Experiment ACTH 2), suggests:

(a) that the effects of ACTH 4-10 or similar fragments of ACTH do not



65

depend upon what stage of the experiment the peptide is administered
(Dempsey et al., 1972; Guth et al., 1974; Sandman et al., 1971b) and
(b) the state-dependent learning effects reported for large doses of
purified ACTH gel (P. Gray, 1975) on a similar passive avoidance task,
are probably related to the corticotrophic effects of this preparation.
An unexpected finding was that the passive avoidance latencies
of LE-VEH rats were quite short. In fact, the LE-VEH females did not
really demonstrate any passive avoidance at all. Although the 0.5 ma
shock used in these experiments is quite low in comparison to many
other passive avoidance studies, it has been reported that passive
avoidance can be established with a 0.25 ma shock under similar con-
ditions (Ader, Weijnen & Moleman, 1972), The failure to establish
passive avoidance in LE-VEH females in the present study was not because
the shock was below detection threshold, because all rats reacted
noticeably to the shock. A similar failure to obtain noticeable
conditioning in vehicle injected rats, but large increases in latency
in vasopressin treated rats has been reported by Bohus et al. (1972).
It was also found that the avoidance latencies of LE-VEH
females were shorter than those of both DI-VEH and HE-VEH females,
and that the latencies of DI males were shorter than those of HE-VEH
males (Experiment ACTH 2). It might be that the shorter latencies of
LE females reflect the reduced sensitivity to shock of heavier rats
(Gibbs et al., 1973; Paré, 1969), but the ranking of HE, DI and LE
females in order of passive avoidance latencies did not correspond to
the ordering of their respective body weights, For example, HE
females had slightly longer latencies than DI females and yet they

were on the average 56 g heavier. Furthermore, Gibbs et al. (1973)
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have shown that there are no differences in the flinch, jump or
vocalization thresholds of male Sprague-Dawley rats weighing 177 g or
243 g, a range which includes the 47 g spread in Experiment ACTH 1,
and the 35 g spread in Experiment ACTH 2 between DI and HE females.

Since explicit controls for differences in body weight were not
run in these experiments, however, it 1s possible that some of the
groups differed slightly in their shock sensitivity for this reason.8
As the weight differences between HE and DI females, or HE and LE
females were relatively small, 50 g, the only group differences which
might have been affected were females, LE-DI = 91 g, and males: HE-DI =
87 g; DI-HE = 100 g; and LE-DI = 187 g. Thus, the short passive avoid-
ance latencies of males in comparison to females might in part be
accounted for by higher shock thresholds associated with their greater
body weight. The low shock level used in these experiments may not
have been sufficient to elicit substantial passive avoidance 1in rats
of this size,

The poor passive avoidance of the LE strain relative to the
Brattleboro strain may be linked to the great differences in their
activity in the open field situation (Chapter II1), One may hypothe-
size that the much greater activity level, exploratory drive or escape
tendency displayed by the LE rat in the open field was also manifested
on passive avoidance extinction trials. The LE rat was more active
than the Brattleboro rat and was therefore more likely to cross into

the shock compartment.

8A check on the resistance between the hind feet of HE, DI and
LE female rats did not result in significant differences and what
differences there were, were not in keeping with the results of the
passive avoidance tests.
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The observation that HE and DI rats are perhaps more similar
to one another than to LE rats in their passive avoidance strengthens
the hypothesis that neither DI or HE rats are like normal LE rats in
this regard. Other data supporting this hypothesis are that the
latencies of HE rats in these experiments and in a previous experiment
(Chapter 1I) were considerably longer than those of LE rats. Finally,
HE rats and DI rats were both considerably smaller than LE rats of the
same age. Although DI rats have proved to be smaller than HE rats in
previous studies, the finding that HE rats are smaller than LE rats
has not been noted before.

The 'paradoxical' effect of ACTH 4-10 on passive avoidance that
was observed in DI and to a lesser extent in HE rats can be related to
the data of Koranyi et al. (1967). They found that the passive avoid-
ance of mice classified as 'hypoactive' or 'hyperactive' in the open
field was differentially affected by ACTH; the latencies of 'hypoactive'
mice were reduced, but those of 'hyperactive' mice were increased. In
view of these findings it may be helpful to consider that the factor(s)
that account for differences in passive avoidance between DI and HE
rats, which seem not related to activity level, may not be the same
factor(s) which account for differences between Brattleboro and normal
LE rats.

The passive avoidance latencies of DI-VEH females were not
shorter than HE-VEH females as was observed in Chapter II, possibly
because of their prior passive avoidance testing, However, in Experi-
ment ACTH 2 the DI-VEH rats of both sexes had slightly shorter passive

avoidance latencies than HE-VEH rats.
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The amount of defecation by DI, HE and LE groups on extinction
trials seemed to be related to their passive avoidance latencies.
Although rats spending the most time in the apparatus tend to defecate
more, it was observed in this study that most defecation occurs during
the first minute or two after the rat is placed in the apparatus and
that differences in bolus counts were noted even when the latencies
of the groups were almost identical, e.g. in Experiment ACTH 2 the DI
rats defecated more than LE rats on day 5 and their latencies were
similar. An increase in defecation with an increase in passive avoid-
ance latency in this experiment may indicate that Brattleboro rats are

more fearful than LE rats.
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CHAPTER VI

EFFECTS OF VASOPRESSIN REPLACEMENT THERAPY ON THE

PASSIVE AVOIDANCE AND PHYSIOLOGY OF DI RATS

In previous experiments it was shown that DI rats have shorter
passive avoidance latencies than HE rats (Chapter II, Chapter V),
and that the latencies of DI rats were further reduced by the adminis-
tration of ACTH 4-10 (Chapter V). 1In this experiment DI rats were
injected daily with pitressin tannate starting three days before and
continuing a few days after passive avoidance testing, to determine
how vasopressin replacement therapy affected their passive avoidance.
Pitressin tannate contains partially purified vasopressin in a tannate
complex, but ACTH and MSH are present as impurities. Although it
would have been better, for this reason, to use a synthetic vasopressin
preparation, long acting tannate complexes of synthetic vasopressin
are not available. Vasopressin is only effective for a few hours
unless slowly released from a depot vehicle.

Following passive avoidance testing, water intake was measured.
Body weight and tail length were also measured in order to confirm the
observation of Sokol (1973) that the body structure of DI rats is
smaller than that of HE rats. The rats were then sacrificed to obtain
data on levels of corticosterone and dopamine beta hydroxylase (DBH)
in serum, and norepinephrine (NE) in brain. The corticotrophic effect

of vasopressin therapy was estimated by measuring serum corticosterone.
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The fraction of serum corticosterone which is not bound to serum pro-
teins was measured, as it 1s this unbound steroid which is physio-
logically active (Daughaday, 1967).

When NE 1s released from peripheral sympathetic nerves the
enzyme DBH, which catalyses the formation of NE from dopamine, is also
released (Weinshilboum, Thoa, Johnson, Kopin & Axelrod, 1971). Since
the serum levels of DBH are not affected by adrenomedullectomy, it is
thought that serum DBH primarily measures the release of NE from blood
vessels (Weinshilboum & Axelrod, 1971). The high level of DBH found
in the serum of hypophysectomized and DI rats probably reflects an
increase in peripheral sympathetic activity in response to a diminished
extracellular fluid volume (Lamprecht & Wooten, 1973). It has also
been shown that pitressin tannate therapy is effective in lowering DBH
levels in hypophysectomized rats when administered in doses of 2.5 - 5 U
b.i.d. for four days (Lamprecht & Wooten, 1973). In the present experi-
ment a 0.5 U dose of pitressin was administered daily for 10 days to
determine what relationship, if any, there was between the effect of
this dose of pitressin on passive avoidance and its ability to reduce
peripheral sympathetic activity in DI rats as measured by serum DBH.

It was decided to measure the level of NE in the brain as Weiss
et al. (1970a) found that the turnover of NE was increased in adrena-
lectomized rats and decreased in hypophysectomized rats. These investi-
gators hypothesized that alterations in the NE metabolism of these
animals were related to the prolonged passive avoidance latencies
observed in adrenalectomized rats and the shorter passive avoidance
latencies of hypophysectomized rats. If changes in passive avoidance

are related to alterations of NE metabolism, then the activity of NE
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neuronal systems might be affected in DI rats and would manifest itself
as a decreased turnover of NE. ACTH 4-10 increases and glucocorticoids
decrease the turnover of NE in the brains of normal rats (Fuxe, Hokfelt,
Jonsson & Lindbrink, 1973; Leonard, 1974), and it has been postulated
that changes in avoidance behavior produced by manipulation of the
pituitary-adrenal system are mediated by central noradrenergic activity
(Funxe et al., 1973). 1In the experiment described here the NE level,
not turnover, was measured because of the small number of animals

available.

Method
Subjects. The subjects were seven HE and eight DI males aged
13 months that had participated in passive avoidance tests 8 1/2 months

(Chapter II) and shuttlebox avoidance 5 1/2 months before (Chapter IV).

Apparatus. The passive avoidance apparatus described in Chapter

I1 was used,

Behavioral procedure. Before beginning passive avoidance testing

all rats were given two two-minute periods of habituation to the shock
compartment two days apart. The number of rearings and the number of
boluses excreted were recorded each day. On the day following the
second habituation period, each rat was placed into the small chamber
and step-through latencies into the shock compartment were measured.
Pagsive avoidance testing began the next day as previously described in
Chapter V.

Beginning on the first habituation day and continuing until

two days after passive avoidance testing, half of the DI rats received
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subcutaneous injections of 0.5 U of pitressin, while the remaining DI
and all HE rats received an equivalent volume of peanut oil (.1 ml).
Injections were given two to three hours after testing each day. It
was decided to give the injections after testing so as to prevent any
immediate effects of the injection, e.g. vasopressin pressor effects,
from affecting performance. After the last extinction trial the rats
were weighed and transferred to individual cages for measurements of

24 hour water intake.

Biochemical procedure. On the third day after testing (18 hours

after the last injection) the rats were quickly removed from their cages
in random order and decapitated. Trunk blood was collected in centri-
fuge tubes and stored on ice for DBH and corticosterone measurements.
The brain was rapidly removed from the skull and the hypothalamus,
brain stem and mesencephalon, and telencepalon9 were dissected on a
chilled plate, and frozen in dry ice for later determination of NE,
Tail length was measured to the nearest mm.

Serum was separated from the clotted blood by centrifugation
for 10 minutes at 10,000 r.p.m. at 4°C, and stored at -20°C., A 50 ul
aliquot of serum was assayed for DBH by Dr. T. Joh at Cormell University
Medical School according to a new method which he has developed (Joh,
Ross & Reis, 1974).

The method used for the determination of brain NE was that

described by Pohorecky (1974).

9Te1encephalon consisted of whole brain minus hypothalamus
brainstem, mesencephalon and cerebellum.
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Results

Behavioral data. The median number of rearings on the first

and second days of habituation are shown in Table 13. DI rats given

TABLE 13

MEDIAN REARINGS DURING HABITUATION TESTS

Group Habituation day

1 2

HE-vehicle (n=7) 4 9
DI-vehicle (n=4) 9 17.5
DI-vasopressin (n=4) 10 12.5

vehicle or vasopressin reared more frequently than HE rats, and these
differences proved to be significant on both days (Mann-Whitney tests,
two-tail, p = .06) or better. Pre-test step-through latencies were
similar for HE (Mdn = 5.6 sec), (DI-VEH (Mdn = 5.2 sec) and DI-VP
(Mdn = 5.3 sec) groups. Few rats defecated on either habituation day
or on the pre-test day, and no group differences were noted. The
habituation data did not correlate with later passive avoidance per-
formance.

The results of the passive avoidance experiment are shown in
Fig. 12. On the first day of the experiment all rats had short step-
through latencies as on the pre~test except for one DI-VEH rat that
had an extremely long latency, 340 sec, and its data had to be dis-
carded for this reason. The DI-VP rats had shorter passive avoidance

latencies than HE rats on day 2 (p = .024) and day 3 (p = .024). 1In
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Fig. 12, Passive avoidance of DI males receiving vasopressin replace-
ment therapy.

fact, passive avoidance was not observed in DI-VP rats; only one of

these four rats showed any increase in step-through from the training

trial on day 1 to the first extinction trial on day 2. There was no

overlap in the distribution of DI-VEH and DI-VP latencies on day 3

(p = .056), but on day 2, 4, and 5 there was overlap in the observed

latencies.

On day 2, no boluses were left by DI-VP rats, but two of the
three DI-VEH rats left boluses (Mdn = 3.5) and five of the seven HE
rats left boluses (Mdn = 3) in the apparatus. In fact, no DI rat
injected with vasopressin excreted any boluses except on day 4 when

three of the four rats defecated (Mdn = 2.5). None of the DI-VEH rats



75

and only one of the seven HE rats defecated that day. Too few boluses

were excreted by any group to be analysed on any other day.

Biochemical data. As shown in Table 14, vasopressin was effec-

tive in reducing the water intake of DI rats, but not to the level of
HE rats. DI-VEH and DI-VP rats were of similar weight but both were
lighter than HE rats. The tail lengths of the DI-VEH rats were shorter
than those of the HE rats (t = 2.30, p <.025, one-tail) as were those
of DI-VP rats. The latter group, however, contained one rat with a

tail longer than any other DI or HE rat.

TABLE 14

PHYSICAL AND BIOCHEMICAL DATA

Groups
HE DI-VEH DI-VP
(n=7) (n=4) (n=4)
Body weight () 424 + 28 333 & 12 337 £ 14
x t s,e.m.
Water intake (g) 35+ 8 251 t 46 75 t 20
Mdn t s.i.q.r.
Tail length (cm) 20.9 £ .5 19.3 + .4 20.7 ¢ .8
X +s,e.m.
Serum
dopamine beta
hydroxylase 18.0 £ 8.6%* 29.8 £ 9.9 31.1 + 4.8
(umoles/prod/hr)
Mdn t s.i.q.r.
Serum
corticosterone 1.8 £ 1.2 2.1 £ 1.4 10.2 + 9.1
(ug/100 ml)
Mdn + s.i.q.r.

*Data from three animals were discarded--see text.
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The serum DBH levels were higher in DI rats than HE rats (p =
.017, one~tail). Two HE rats had to be excluded because of their
abnormally low DBH values and another because of a reagent induced
artifact, Large quantities of lipids were observed in the serum of the
first two animals. Other animals may have had, however, significant but
less noticeable quantities of serum lipids. Such quantities of lipids
interfere with the assay, producing lower DBH values, and therefore the
absolute DBH values, may not be accurate, although the DBH values of
HE rats were in the normal range (T. Joh, personal communication).

Resting levels of unbound cortisterone in the rat have been
reported by Knigge and Hoar (1963) to be close to zero. The levels of
unbound corticosteroid in HE and DI-VEH rats in this experiment were
quite low, but it is possible that they were above zero because the
rats were sacrificed in the afternoon when resting levels begin to rise,
towards the end of the light period. The steroid level of DI~-VP rats
appeared higher than HE rats (p = .06) or DI-VEH rats (p = .10).

The NE assay data are shown in Table 15. The concentration of
NE in the hypothalamus of DI-VEH rats was lower than in HE-VEH rats
(p = .034)., In the telencephalon, the NE levels of DI-VEH rats were
higher than HE-VEH rats (p = ,072). Pitressin treatment of DI rats
appeared to slightly increase the NE levels of the hypothalamus, and
decrease the levels in the telencephalon towards those of HE rats, but
these effects were not statistically significant. In the mesenecephalon
and brainstem regions the NE levels of all three groups were similar,
The brain weights of DI-VEH, DI-VP and HE-VEH rats were 1.44 + .03 g,
1.55 + .02 g and 1.57 £ .04 g, respectively. As expected the brains of

the small DI-VEH rats were lighter than HE rats (t = 2.26, df =9,
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TABLE 15
CONCENTRATION OF NOREPINEPHRINE (ng/g) IN BRAINSTEM +

MESENCEPHALON, HYPOTHALAMUS AND TELENCEPHALON

Region
Group
BS + Mes Hypothal Tel
Mdn (range) Mdn (range) Mdn (range)
HE-VEH (n=7) 449 (379-561) 1407 (792-1637) 387 (298-427)*
DI-VP (n=4) 417 (376-516) 926 (838-1253)* 395 (356-424)
DI-VEH (n=4) 453 (449-544)* 838 (648-916)%* 437 (398-532)

*Data from one animal discarded--inadequate recovery of NE.

p <.025, one-tail), but vasopressin treatment increased the weight of
the DI-VP rat brains (r = 2.28, df = 6, p <.05, two-tail) possibly
because of an increase in brain water. It might be argued that group
differences in the concentration of NE expressed as ng/g of tissue
could have arisen because of differences in their regional brain
weights. However, this was not found to be true, for group differences
were also evident in the total amount of NE recovered. Unless other-
wige noted, all comparisons were made with two-tail Mann-Whitney tests.
The results of NE determinations on several samples had to be discarded

because of the inadequate recovery of NE.

Discussion

Pitressin treatment dramatically reduced the step-through
latencies of DI rats on all retention trials. In fact, these rats did
not seem to display any passive avoidance. Several explanations were

considered. The most obvious was that pitressin therapy was effective



78

in normalizing the physiological condition of these rats which in turn
might have led to an increase in their vigor and activity. The short
latencies of the DI-VP rats seemed similar to those of normal LE rats
in previous experiments, and it was suggested that the poor passive
avoidance of LE rats might be associated with their higher activity
level, Other data, however, may not be consistent with this explanation.
Pitressin treatment did not seem to affect the rearings of DI rats
during the habituation days. If a dramatic increase in general activity
had been produced by pitressin, an increase in rearings should have been
observed. In addition, there was little evidence that pitressin improved
the physical condition of DI rats. Pitressin reduced their water intake,
but water intake was still more than twice that of HE rats. This was
not unexpected; other investigators have found that 1.0 U/day of pitres-
sin may be required to return the water intake of DI rats to normal
(Harrington & Valtin, 1965). The high serum DBH levels observed in the
DI rats reflect intense peripheral sympathetic activity. This confirms
the observation of Lamprecht & Wooten (1973). The 0.5 dose of pitressin
used in the current experiment, which only slightly ameliorated the
water balance of DI rats, was not effective in reducing sympathetic
vascular activity, as the serum DBH levels in treated and untreated DI
rats are the highest yet reported (T. Joh, personal communication). It
should be noted that a small part of the increased serum concentration
of DBH in DI rats can be attributed to a smaller extracellular fluid
volume associated with dehydration.

It is interesting to note that the passive avoidance of DI rats
was not directly related to their characteristically high level of

peripheral sympathetic activity, as pitressin reduced passive avoidance
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latencies without affecting serum levels of DBH. It is possible,
however, that pitressin may have affected peripheral tissues without
necessarily reducing serum levels of DBH. If the elevated passive
avoidance latencies of Brattleboro rats relative to LE rats were
associated with an increased sensitivity to shock, pitressin might
have returned sensitivity to normal. A greater release of catechola-
mines from the adrenal in Brattleboro rats might be expected to in-
crease their shock sensitivity, as both Gibbs et al. (1973) and Paré
& Cullen (1971) have suggested that epinephrine increases shock
sensitivity.

DI rats were found to be lighter in weight and have shorter tails
than HE rats. The difference in weight between DI and HE rats is
partially explained by the fact that DI rats are leaner and this is
correctible by long term vasopressin therapy from birth. The smaller
body structure of these animals is not affected by pitressin therapy
but can be corrected by long term treatment with growth hormone (Sokol,
1973). 1In the present experiment no effect of pitressin on tail
length was found and the dose and duration of pitressin were insuf-
ficient to grossly affect body weight. However, the retention of only
a few grams of water would be expected to improve their water balance.
In summary, the administration of 0.5 U/day of pitressin to DI rats for
10 days did not dramatically improve their general physical condition;
water intake was still twice that of HE rats and peripheral sympathetic
vascular activity was not reduced. Although the data indicate that
pitressin did not significantly reverse abnormalities of vascular and
kidney function, it is possible that the brain and other tissues may

have responded to the dose of pitressin given in this experiment or to
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even smaller doses.

Since pitressin therapy elevated serum levels of unbound corti-
cogterone in DI rats, it 1s possible that the corticotrophic effects
of the injections were responsible for the observed suppression of
passive avoidance. Corticosteroids have been shown to shorten passive
avoidance. Corticosteroids have been shown to shorten passive avoid-
ance latencies, and a state-dependent learning effect has been proposed
to explain tkis fiA&ing (Pappas & P. Gray, 1971). On the other hand,
prolonged stimulation of the adrenal by vasopressin or peptide impuri-
ties like ACTH in the pitressin may have rendered the adrenal less
responsive to stress., This kind of pharmacological effect may also
be the reason that DI and HE rats chronically treated with pitressin
show a smaller pituitary-adrenal response to stress than would be
ordinarily expected. A reduction of adrenal steroid synthesis by
cyclohexamide to the stress of a single passive avoidance training
trial has been shown to produce severe passive avoidance defecits which
can be normalized by the administration of hydrocortisone at the same
time as cyclohexamide (Nakajima, 1973).

Another explanation for the poor passive avoidance performance
of pitressin treated DI rats was suggested in this study by the data
on brain NE levels. It is admittedly speculative in nature but is
presented because it may be of value in interpreting and integrating
some of the puzzling findings of this experiment and those reported
by others.

The level of NE in the telencephalon of DI-VEH rats was higher
than that of HE-VEH rats, but in the hypothalamus NE levels were lower.

Since data on the turnover of NE in these regions were not available,
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the assumption was made that low levels of NE were assocliated with

an increase in the activity of NE neurons, while higher levels reflect
reduced activity of NE neurons, as measured by turnovet.lo Given this
assumption we can speculate that the low levels of NE in the DI hypo-
thalamus are associated with an increase in the activity of NE neurons
such as might be expected if these neurons are relaying osmoreceptor
activity to the supraoptic nucleus (Bridges & Thorm, 1970), or if they
are involved in the inhibitory regulation of peripheral sympathetic
activity, as suggested by studies on the spontaneously hypertensive rat
(Yamori, Lovenberg & Sjoerdsma, 1970). Thus, the relatively weak effect
of pitressin in reducing the water intake and peripheral sympathetic
activity of DI-VEH rats is reflected in the small increase in the con-
centration of NE in the hypothalamus which occurred in pitressin
treated DI rats.

According to the previous assumption, the high levels of NE in
the DI telencephalon reflect the reduced activity of NE neurons in this
region. Weiss et al. (1970a) found that the activity of NE neurons, as
measured by the turnover of NE, was lowered in the brain of hypophy-
sectomized rats. Since the tissue considered as telencephalon in this
experiment comprised about 65% of the tissue analysed, the NE level of
this region is probably similar to that which would have been obtained
for the whole brain. It is reasonable, then, to state that the assumed
lowered turnover of NE in the telencephalon of DI rats in the present
study is comparable to the finding by Weiss et al. (1970a) of a reduced
turnover of NE in whole brain samples of hypophysectomized rats. That

vasopressin therapy would reduce the telencephalic NE levels of DI rats

10J. Weiss and L. Pohorecky have found this relationship in rats
exposed to stressful situations (personal communication, 1974),
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towards those of HE rats is what might be expected if the ACTH and
MSH contaminants of the pitressin increased the turnover of NE as
has been shown for ACTH 4-10 and ACTH 8 1-24 in normal rats (Fuxe et
al,, 1973; Leonard, 1974), However, it seems that the reduced turn-
over of NE in hypophysectomized rats is not affected even by large
doses of ACTH (Fuxe et al., 1973). Therefore, we might hypothesize
that the reduced turnover of NE in hypophysectomized rats, and assumed
for DI rats in the present study, is related to a deficlency of vaso-
pressin, not NE, and that vasopressin would be able to affect the turn-
over of NE in hypophysectomized rats in a manner similar to that
suggested in this study for the telencephalon of DI rats.

The above speculations can be summarized as follows. The lower
NE level in the hypothalamus of DI rats may primarily reflect the peri-
pheral disturbances of these animals, e.g. decreased extracellular fluid
volume and plasma hyperosmolarity, which were little affected by the
small dose and short duration of vasopressin therapy in this study.
Elevated levels of NE in hypophysectomized rats and the telencephalon
of DI rats are also related to a vasopressin deficiency. Although one
might expect that the turnover of NE in the hypothalamus and the
telencephalon of DI rats should be similarly affected by vasopressin,
it is known>that these structures are innervated by anatomically
separate ascending NE pathways arising in the reticular formation; the
cortex and hippocampus receive fibers from the dorsal NE bundle, while
the hypothalamus and subcortical limbic areas receive fibers from the
ventral NE pathway (Ungerstedt, 1971).

As pitressin could be more effective in altering brain NE levels

than peripheral sympathetic activity, it 1is possible that the reduction
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of passive avoidance latencies by pitressin was associated with an
alteration 6f NE activity or possibly other neurotransmitters. If

this is true, then the poor passive avoidance of pitressin treated

DI rats might be related to a change in their level of activity,
arousal, or stress. The regulation of arousal and psychomotor activity
has been associated with NE and dopamine (Chan & Webster, 1971; Gordon
& Shellenberger, 1974; Moore & Rech, 1969; Rech, Borys & Moore, 1966;
Rech & Moore, 1971), while both physical and psychological stress have
been shown to affect the metabolism of NE (Thiérry, Javoy, Glowinski

& Kety, 1968; Weiss, Stone & Harrell, 1970b).
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CHAPTER VII

GENERAL DISCUSSION

Passive Avoidance

Comparison of HE and DI rats

The passive avoidance of Brattleboro rats homozygous for diabetes
insipidus (DI) was shown to be inferior to that of heterozygous (HE)
rats (Chapter II; Chapter V). A number of explanations were considered.
Since DI rats were found to be considerably lighter than HE rats, it
seemed possible that their poor passive avoidance may have been a
function of their reduced body weight--perhaps lighter rats are less
sensitive to footshock. Control experiments, however, indicated that
the difference between DI and HE females in passive avoidance was not
a simple function of body weight, as weight differences of similar
magnitude did not affect the passive avoidance of LE females (Chapter
I1), Moreover, several studies have shown that lighter rats are more
sensitive to footshock (Gibbs et al., 1973; Paré, 1969) so that one
would have expected better, not poorer, passive avoidance by DI rats.

It has been shown that the poor passive avoidance of female
rats relative to male rats 1is largely accounted for by the higher
levels of exploratory activity of female rats (Denti & Epstein, 1972),
and that the exploratory activity of males in a maze-type open field
is inversely related to their passive avoidance learning (Endrdczi,
1972). However, the poor passive avoidance of DI rats could not be

accounted for on the basis of a higher level of exploratory activity
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as the activity of DI and HE rats was similar on open field tests
(Chapter I1I).

Since Weiss et al. (1969, 1970a) have attributed the shortened
passive avoidance latencies of hypophysectomized rats to a deficiency
of ACTH, it might be argued that the reduced pituitary-adrenal response
to weak but not strong stress (Arimura et al., 1967; McCann et al.,
1966; Wiley et al., 1974; Yates et al., 1971) is involved. If this is
so, DI rats should demonstrate a weaker pituitary-adrenal response and
shorter passive avoidance latencies to a weak than to a strong foot-
shock on the training day. A comparison of the responses of DI females
to a 1,0 ma (Chapter II) and a 0.5 ma footshock (Chapter V) suggests
that this is not the case.11 In fact, the reverse was true--the
latencies of DI females were shorter when trained with strong as com-
pared to weak footshock. Another indication that DI rats release
normal quantities of ACTH is the finding by Wiley et al. (1974) that
the decreased pituitary-adrenal response to weak stresses may derive
not from a hypothalamc-pituitary defect, but from the insensitivity of
the DI adrenal to ACTH. Finally, if the poor passive avoidance was
related to a deficiency of ACTH, then the administration of ACTH 4-10
should have increased rather than decreased passive avoidance latencies
of DI rats (Chapter V).

It seems unlikely, therefore, that the poor passive avoidance of
DI rats, as compared to HE rats, observed in these experiments could be

attributed to weight related differences in shock sensitivity, general

11A similar comparison for male DI rats was difficult to make
because of indeterminate latency scores in Chapters II and VI, and the
unusually short latencies of all male rats in Chapter V.



86

level of activity, or a pituitary deficiency of ACTH. Instead, the
weight of the evidence points to the deficlency of vasopressin as the
factor responsible. DI rats are totally deficient in vasopressin,
whereas HE rats have only a mild deficiency of vasopressin. It must
be remembered, however, that a deficiency of vasopressin over a period
of time may lead to secondary changes in the activity of other endo-
crine glands such as the adrenal. For instance, DI rats show hypo-
kalemia and other symptoms of aldosteronisn (Mdhring et al., 1972a).
Although potassium supplementation did not influence the open field
activity of DI rats, it 1s possible that a quite indirect disturbance
of metabolism initiated by vasopressin deficiency may affect the passive

avoidance of DI rats.

Comparison of Brattleboro to LE rats

The better passive avoidance of Brattleboro rats, especially HE
rats, as compared to LE rats in Chapter V was totally unexpected. How
was it possible that rats partially or totally deficient in vasopressin
could outperform normal animals? On the behavioral level, a likely
explanation is that Brattleboro rats engaged in less exploratory
activity as compared with LE rats and therefore were not as likely to
enter the shock compartment on extinction trials. A related inter-
pretation of the better passive avoidance of Brattleboro rats in terms
of the open field data is based upon the hypothesis that Brattleboro
rats are generally more fearful than LE rats (Chapter III). There is
considerable evidence that fear inhibits exploratory behavior (J. Gray,
1971a) and thus the low level of open field activity of Brattleboro

rats may indicate that they are more fearful than LE rats. Since
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defecation by the rat under these conditions represents an uncon-
ditioned response to fear stimuli (J. Gray, 1971a), this hypothesis
is also supported by the observation that during both open field
(Chapter II —Open Field Test 2) and passive avoidance (Chapter V -
Experiment ACTH 2) both male and female Brattleboro rats tended to
defecate more often and excrete more boluses than LE rats., Although
Brattleboro rats may have defecated somewhat more often than LE rats
in the passive avoidance apparatus because they were usually in the
apparatus for a longer period of time, this was not the case in the
open field experiments. The low defecation level of LE rats was
perhaps all the more surprising in view of the fact that heavier rats
might be expected to have a higher basal defecation rate as they have
more fecal material available (Russell, 1973a).

In spite of the above analysis which suggests the usefulness of
concepts such as activity or fearfulness in explaining the differences
between the passive avoldance of Brattleboro and LE rats, the possi-
bility exists that both DI and HE rats may be more sensitive to foot-
shock than LE rats because they are lighter, or for reasons that are
unrelated to differences in body weight. One possibility is that
Brattleboro rats release greater amounts of catecholamines from the

adrenal which renders them more sensitive to shock.

Active Avoidance

In the shuttlebox no great differences were observed between DI
and HE rats until the late stages of training when the avoidance per-
formance of DI rats waned and few were able to reach criterion. This

may have been due to weakness associated with potassium deficiency and
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the stress of prolonged testing. An additional consideration is that
since DI rats were lighter than HE rats and therefore, perhaps, more
sensitive to shock, their performance may have been impaired; it has
been shown that acquisition of shuttlebox avoidance by normal rats
becomes more difficult as the intensity of the footshock is increased
above 0.4 ma (Stratton & Kastin, 1974). In view of the observation
that the passive avoidance latencies of DI females were shorter at
1.0 ma than at 0.5 ma, it may be that a severe acquisition deficit
would have been apparent earlier in shuttlebox training if a more
intense footshock had been employed.

The impaired acquisition of DI rats might seem to contrast with
the normal acquisition of shuttlebox avoidance by neurohypophysectomized
rats (de Wied, 1965), but the severity of the vasopressin deficiency
may be important--the deficiency of vasopressin is absolute in DI rats,
while in neurohypophysectomized rats it is relatively mild (Nagy et al.,
1972). The avoidance deficit, however, did not seem to be as great as
that reported for hypophysectomized or adenohypophysectomized rats
(de Wied, 1964, 1969a, 1969b). Unfortunately, too few DI rats reached
criterion, and extinction was not continued long enough to determine
whether the extinction of DI rats would have been shortened as reported

for neurohypophysectomized rats (de Wied, 1965).

Ef fect of ACTH 4-10 on Passive Avoidance

In LE females, ACTH 4-10 was found to increase passive avoidance
latencies (Chapter VI). This confirms the report by Thompson & de Wied
(1973) who used male Wistar rats. On the other hand, ACTH 4-10 seemed
to have little effect on HE females and actually reduced the passive

avoidance latencies of DI rats relative to vehicle injected DI rats
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and HE rats injected with ACTH 4-10. This finding mitigates against
the hypothesis that ACTH 4-10 exerts its behavioral effects only in
the presence or through the release of endogenous vasopressin, Never-
theless, it seems that ACTH 4-10 does not have the same behavioral
action in rats deficient in vasopressin as it does in normal rats.

This is not the first time that ACTH or MSH has been reported
to exert paradoxical effects. Stratton & Kastin (1974) compared rats
injected with MSH to saline injected controls. The rats injected with
MSH performed better in the shuttlebox with a low intensity footshock
of 0.3 ma, but more poorly with footshock of moderate intensity, 0.9 ma.
On a shock motivated brightness discrimination task in a Y-maze, rats
injected with 1.0 U of ACTH made more avoidances 1f they were classified
as 'hypoactive' when tested with a 0.2 ma footshock, but those
classified as 'hyperactive' were not affected. At a higher shock level
of 0.4 ma, ACTH increased the errors of 'hyperactive' rats without
affecting their avoidance performance (Ley & Corson, 1971a). A similar
effect was reported by Koranyi et al. (1967) who noted that ACTH
increased the passive avoidance of mice who were 'hyperactive' in the
open field but decreased that of mice who were 'hypoactive'. It has
been proposed that the effects of ACTH of MSH in these and other
experiments involve an increase in behavioral excitability or arousal
(Koranyi et al., 1967; Kastin, Miller, Nockton, Sandman, Schally &
Stratton, 1973; Weiss et al., 1969, 1970a). This is consistent with
the evidence reviewed by Kastin et al. (1973) which indicated that
MSH increases arousal in both rats and humans. If ACTH 4-10 influenced
passive avoidance in the present experiments by increasing arousal,

then its seemingly paradoxical effects in DI rats could be explained
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by the deleterious effects of ‘'overarousal'. The relationship between
arousal and performance on a variety of tasks has been described by

an inverted U-function (Duffy, 1962). The tendency of LE rats to
actively explore the open field, to show short passive avoidance
latencies, and defecate infrequently in these stressful situations
suggested that they were not especially fearful. An increase in
arousal induced by ACTH 4-10 in the presence of fear stimuli might
have raised their low fear levels and improved passive avoidance
(Weiss et al., 1969, 1970a)., In HE rats, whose low ambulation and
high defecation scores suggested that they were more aroused or fear-
ful than LE rats, a further increase in arousal by ACTH 4-10 had little
effect on their passive avoidance--perhaps because their fear level,
even at a low shock intensity, placed them close to the top of the
inverted U-function. A further increase in arousal might slightly
increase their latencies to a maximum or even decrease their latencies
slightly if greater than optimal arousal were produced. If the arousal
level of DI rats was above that of HE rats during these experiments,
then their poor passive avoidance may be related to the descending
portion of the arousal-performance function. Thus, treatment of DI
rats with ACTH 4-10 might well be expected to shorten their latencies
as was demonstrated in Chapter V.

The effect of ACTH 4~10 in the passive avoidance experiments
may also be related to the "law of initial value," which relates the
initial value of a physiological function to the magnitude of its
response to stimulation. When initial levels are low, stimulation
can produce large increases, but when initial levels are high, small

changes or even decreases may occur in response to the same stimulation



91

(Wilder, 1957).

Effect of Vasopressin on Passive Avoidance

The poor passive avoidance of DI rats treated with pitressin
is difficult to explain. It may be that a corticotrophic effect of
vasopressin or other peptide impurities in vasopressin adversely
affected performance through a state-dependent decrement in performmence
such as described by P. Gray (1975) and Pappas & P, Gray (1971). Or,
the administration of a dose of vasopressin which was relatively large
with respect to tissues other than the kidney, may have produced an
overarousal like that suggested as an explanation for the paradoxical
effect of ACTH 4-10 in DI rats. Several points argue against this
interpretation., First, the latencies of vasopressin treated DI rats
were more like those of normal LE rats than those of DI rats injected
with ACTH 4-10 (Chapter V). Second, no vasopressin treated rat
defecated in the apparatus, except on the fourth day when fear cues
were reduced by a change in the visual and olfactory characteristics
of the apparatus. Again, the low defecation scores of these rats are
more like those of LE rats than DI rats injected with ACTH 4-10.
Although it could be that vasopressin induced a much greater arousal
than ACTH 4-10 because it was administered in a preparation which was
active for a longer period of time, there is another possible expla-
nation. It was proposed that vasopressin therapy might be effective
in lowering the high levels of NE and increasing the turnover of NE
in the telencephalon of DI rats relative to that of HE rats. However,
the passive avoidance latencies of DI rats injected with vasopressin

were shorter than HE or DI rats injected with vehicle. Thus, the
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levels and turnover of NE in HE rats might also be greater than in
normal LE rats. If we take the levels of NE in the cortex of male
albino rats, 290 ug/g,l2 as a benchmark then the NE levels of both DI
and HE rats are high. By lowering NE levels and increasing turnover,
vasopressin might be able to shorten the passive avoidance latencies
of both HE and DI rats to the level of normal LE rats. This inter-
pretation would be consistent with the hypothesis that vasopressin
reduces the passive avoidance latencies of DI rats by reducing their
arousal or fearfulness,

Without further behavioral and biochemical data, however, it is
difficult to decide whether an alteration in the NE levels of DI rats
and their passive avoldance deficiencies produced by pitressin would
be associated with an increase or decrease in arousal. In view of this
problem, the suggestion that ACTH 4-10 produced an 'overarousal' in
DI rats must be considered a tenetative explanation, it is possible
that while ACTH 4-10 and similar peptides may increase arousal in
normal rats, the abnormal functioning of neuronal systems involving
NE or other neurotransmitters in Brattleboro rats may be such that
these peptides decrease arousal. Nevertheless, the data permits the
speculation that the marked reduction of passive avoidance in DI rats
by pitressin may be associated with alterations in the level and

possibly the turnover of brain NE in the telencephalon or hypothalamus.

12w. H. Bailey, unpublished observations, 1974.
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CHAPTER VIII

SUMMARY AND CONCLUSIONS

It is known that exogenous ACTH, MSH and vasopressin improve
the impaired active avoidance of hypophysectomized rats and prolong
extinction of both active and passive avoidance (Bohus et al., 1972;
Bohus et al., 1973; Dempsey et al., 1972; de Wied, 1969b ; Guth et al.,
1971). While there is evidence that endogenocus levels of ACTH may
play a role in acquisition and extinction of avoidance (de Wied et al.,
1972b) it is not known whether endogenous levels of vasopressin are
of similar importance.

In the present investigation, the active and passive avoidance
of rats of the Brattleboro strain, with a total genetic deficiency of
vasopressin associated with hypothalamic diabetes insipidus (DI rats)
were compared to rats heterozygous for this trait (HE rats). Since HE
rats also have a slight defect in the synthesis and release oI vaso-
pressin (Moses & Miller, 1970), rats of the Long-Evans (LE) strain
from which Brattleboro rats were derived were included in some experi-
ments as an additional control.

Passive avoidance of DI rats was found to be impaired when
compared to HE rats at shock levels of 0.5 and particularly at 1.0 ma.
A control experiment indicated that differences in passive avoidance
latency were not directly related to weight differences between

DI and HE rats. Nor was the difference in passive avoidance
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related to a difference in the general activity level of DI & HE rats,
as theilr behavior during open field tests was quite similar.

Passive avoldance latencies of both HE and DI rats were longer
than those of age matched LE rats, when a 0.5 ma shock was used and
the latencies of HE rats were longer than those of weight matched LE
rats when a 1,0 ma shock was used. The superior passive avoldance of
Brattleboro rats might in part be related to an increased sensitivity
to shock as Brattleboro rats are considerably lighter than LE rats and
therefore, more sensitive to shock--Gibbs et al., 1973; Paré, 1969.
The comparison of Brattleboro and LE rats on open field tests, how-
ever, indicated that Brattleboro rats defecated more, were consider-
ably less active and seemed more fearful than LE rats. Thus, the
less active and more fearful Brattleboro rats might not be as likely
to re-enter the shock compartment on extinction trials as would LE
rats, independent of considerations of shock intensity.

The effect of ACTH 4-10 on the passive avoidance behavior of
Brattleboro rats was also studied, The hypothesis that the effect of
ACTH on avoidance is mediated by the release of endogenous vasopressin
was disproved, since ACTH 4-10 affected the passive avoidance of DI
rats. However, in two experiments ACTH 4-10 had a 'paradoxical'
effect on the passive avoidance of DI females. When administered prior
to both training and extinction trials, or just prior to extinction
trials, ACTH 4-10 shortened passive avoidance latencies in DI rats
and did not affect HE rats. This is in contrast to the longer passive
avoidance latencies which ACTH 4-10 produced in LE females.

Although most passive avoldance studies have reported that

ACTH 4-10 or MSH treated rats have longer passive avoidance latencies
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(Dempsey et al., 1972; Guth et al., 1971; Sandman et al., 1971b;
Thompson & de Wied, 1973), it has been noted that ACTH or MSH may have
paradoxical effects on avoidance at moderate to high shock levels when
given to hypoactive rats or mice (Koranyi et al, 1967; Ley & Corson,
1971a, 1971b; Stratton & Kastin, 1974)., These studies suggest that
the arousal or activity level of the animal affects its response to
ACTH, Thus, Brattleboro rats might not be expected to respond to ACTH
in the same way as LE rats in these experiments.

When compared on active avoidance in the shuttlebox, DI rats
did not perform as well as HE rats, particularly during the last stages
of training. This suggests that the avoidance impairment of DI rats
may well be a general one, as both active and passive avoidance were
affected. While the weight of the evidence suggests that the differ-
ences between DI and HE rats on active and passive avoidance were
related to the absence of vasopressin in the DI rat, it is likely that
other hormonal or physiological changes secondary to a vasopressin
deficiency were also involved. For instance, it has been shown that a
reduced pituitary-adrenal response to stress is assoclated with
deficiencies of vasopressin in the DI and neurohypophysectomized rat
(de Wied, 1961; Wiley et al., 1974). Although a reduced pituitary-
adrenal response might have affected the performance of the DI rat,
the results suggest that other aspects of vasopressin deficiency were
involved.

When pitressin injections were given to DI rats as vasopressin
replacement therapy, short passive avoidance latencies were observed,
hardly greater than those observed before shock, while DI and HE rats

receiving vehicle injections displayed quite long passive avoidance
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latencies, The NE levels in the telencephalon of DI rats were higher
than in HE rats, but in the hypothalamus of DI rats the levels of NE
were lower than in HE rats. Since the 0.5 U dose of vasopressin did
not normalize water intake or reduce the increased peripheral
sympathetic activity of the DI rat, the hypothesis was advanced that
the effect of vasopressin on passive avoidance was assoclated with
alterations in the level and turnover of brain NE or other neuro-
transmitters.

The fact that the behavior and size of HE rats was quite dif-
ferent from LE rats indicates that HE rats are not normal, or that
there are differences between Brattleboro and LE rats apart from those
involving vasopressin. It should be considered in future investi-
gations that differences between Brattleboro and LE rats may be
genetic in origin, or may be related to nutritional or environmental

factors differentially affecting their early development.



APPENDIX I

AMINO ACID SEQUENCE OF SELECTED PEPTIDES

Peptide Amino Acid Sequence

1 2 34 5 6 7 8

ACTH 1-39 H-Ser-Tyr-Ser| Met-Glu~His~Phe~Arg-T
(Human)

ACTH B 1~24 Ac-Ser-Tyr-Ser|Met-Glu-His-Phe-Arg-T

8-MSH H-Asp-Ser-Gly-Pro-Tyr-Lys{ Met-Glu-His-Phe-Arg-T
(Bovine)

a-MSH CH3CO-Ser-Tyr—Ser Met -Glu-His~Phe-Arg~T

ACTH 1-10 H-Ser-Tyr-Ser| Met-Glu-His-Phe-Arg-T

ACTH 4-10 H {Met-Glu-His-Phe-Arg-T

1 2 3 4 5 6
Arginine Vasopressin Cys-Tyr—Phe-Glu(NHz)-Asp(NHZ)—Cys
Lysine Vasopressin Cys~-Tyr-Phe-Glu (NH2 )-Asp (NH2 )-Cys

Desglycinamide Vasopressin Cys—Tyr-Phe—Glu(NHz)—Asp(NHZ)—Cys

Oxyvtocin Cys-Tyr-Ileu-Glu(NHz)-Asp(NHZ)—Cys

*All interspecies differences occur in this sequence.

9 10 {11 12 1:
ry-Gly|{Lys-Pro-Ve

ry-Gly|{Lys-Pro-Ve

ry-Gly| Ser-Pro-P1

ry-Gly|Lys-Pro-Va

ry-Gly|OH

ry-Gly| OH

7 8 9
Pro-Arg-Gly(NHz)

Pro-Lys-Gly(NHz)

Pro-Lys

Pro-Leu—Gly(NHz)



kmino Acid Sequence

FTry~Gly

-~

9 10 |11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Lys~Pro-Val-Gly-Lys-Lys-Arg~Arg-Pro-Val-Lys-Val-Tyr-Pro-Asp-Ala—-Gly-Glu

-Try-Gly|Lys-Pro-Val-Gly-Lys-Lys-Arg-Arg-Pro-Val-Lys-Val-Tyr-Pro-OH

-Try~Gly| Ser-Pro-Pro-Lys~Asp-OH

-Try~Gly|Lys-Pro-Val-NH

2
-Try-Gly|OH
~Try~Gly| OH
6|7 8 9
ys Pro—Atg-Gly(NHz)
ys Pro-Lys-Gly(NHz)
ys| Pro-Lys

ys

e o oGt o

Pro-Leu-Gly(NHz)

Phe

Pro

Leu

Glu

Phe

OH

29

30

31

32

33 |
34
35
36
37
38

39
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APPENDIX II

Open Field Test 1

Tabulations of crossings for each of the three minutes of the
open field test were only made for male rats (Table 16). Unfortunately,
the distribution of crossings in each minute was not recorded for one

of the DI rats. DI rats made slightly more crossings than HE rats

TABLE 16

CROSSINGS DURING EACH MINUTE OF THE OPEN FIELD TEST

Crossings
Minute Xt s.e.m.
D1 HE LE
(n=3) (n=5) (n=11)
1 14 £ 3 8§ 1 1921
2 8 +2 611 l6 £ 1
3 7+%2 00 16 £ 1

during all three minutes, and in both groups their crossings declined
over time. LE rats made the most crossings in each of the three
minutes and their crossings had not declined very much at the end of
the test. Because the data from only three DI rats were available,
these rats were not included in the analysis of variance comparisons
of genotype vs minutes (Table 17). As both factors as well as the
type x minutes interaction were significant, differences between HE

and LE rats were evaluated at each of the three minutes, and differences
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TABLE 17

ANALYSIS OF VARIANCE OF CROSSINGS OVER TIME: MALES

Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 1590.31 1 1590.31 12.67 <. 01
Subjects w.g. 1757.84 14 125.56
Within subjects
Minutes (M) 128.17 2 64.08 13.10 <.01
GM 72.38 2 36.19 7.40 <.01
M x subjects w.g.| 136.78 28 4.89

between minutes evaluated separately for HE and LE rats. Only in the
third minute did the LE rats make significantly more crossings than HE
rats (p <.0l1) and that was because only one of the six HE rats made any
crossings in that minute. Significant differences between minutes were
found only for HE rats (p <.0l1); Newman-Keuls comparisons indicated
that the crossings made by HE rats in each of the first two minutes

were significantly greater than in the third minute (p <.01).

Open Field Test 2

As can be seen in Table 18, the mean number of crossings
declined over the three minute period for all groups. An analysis of
variance confirmed that there was no significant effect of sex or
genotype but there were differences between minutes (Table 19).

Individual comparisons using the Neuman-Keuls procedure revealed that
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the number of crossings made by all animals in the first minute were

significantly greater than the second (p <.0l or third minute (p <.01).

TABLE 18

CROSSINGS AND REARINGS DURING EACH MINUTE OF THE OPEN FIELD TEST

Crossings Eearings
X £ s.e.m. X + s.e.m.
Minute Males Females Males Females
HE DI HE DI HE DI HE DI
(n=6) | (n=10) | (n=13) | (n=12) | (n=5) | (n=10)] (n=13) | (n=12)
1 19 +#1(27+£2124+1}261+2([7+1|5%+1]| 8¢%1 611
2 18+ 4118+ 3{15+2)18t2[|9+2]|8+1]10+1 8+1
3 11+ 4716 £ 3} 16 +2116+1 7+ 117+1] 8¢1 8+1
TABLE 19
ANALYSIS OF VARIANCE OF CROSSINGS OVER TIME
Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 28.95 1 28.95 <1 n.s
Sex (S) 25.30 1 25.30 <1 n.s.
GS 23.83 1 23.83 <1 n.s
Subjects w.g. 42445,81 37 1147.18
Within subjects
Minutes (M) 1655.40 2 827.70 11.11 <.01
GM 165.13 2 52.56 <1 n.s.
SM 128.93 2 64.46 <1 n.s.
GSM 44,69 2 22.34 <1 n.s,
M x subjects w.g. 5513.58 74 74.51
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Rearings increased from the first to the second minute and
then declined for all groups except for the DI females. An analysis
of variance (genotype vs sex vs minutes) did not indicate any signi-
ficant differences between DI and HE rats but the minutes factor and

the sex factor were significant (Table 20). Since the F-ratio for sex

TABLE 20

ANALYSIS OF VARIANCE OF REARINGS OVER TIME

Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 14.00 1 14.00 <1 n.s.
Sex (S) .09 1 .09 1/F = 2226 <.01
GS 19.66 1 19.66 <1 n.s.
Subjects w.g. 7213.12 36 200.36
Within subjects
Minutes (M) 74.30 2 37.15 5.15 <,01
GM 1.65 2 .82 <1 n.s.
SM 15.57 2 7.78 1.08 n.s.
GSM 12.53 2 6.26 <1 n.s.
M x subjects w.g. 519.42 72 7.21

was significantly less than unity and none of the Newman-Keuls com-
parisons between minutes were significant although the overall F-ratio
for minutes was significant, analysis of variance comparisons between
HE and DI rats were carried out separately on males and females to

determine the source of the constriction (Tables 21, 22). In
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TABLE 21
ANALYSIS OF VARIANCE OF REARINGS OVER TIME: MALES
Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 6.39 1 6.39 4 n.s
Subjects w.g. 461,61 13 35.50
Within subjects
Minutes (M) 46.53 2 23.26 8.25 <. 01
GM 2.08 2 1.04 <1 n.s
M x subjects w.g. 73.39 26 2.82
TABLE 22
ANALYSIS OF VARIANCE OF REARINGS OVER TIME: FEMALES
Source of Sum of Mean
variation squares df square F P
Between subjects
Genotype (G) 16.69 1 16.69 <1 n.s.
Subjects w.g. 545.23 23 23.70
Within subjects
Minutes (M) 39.68 2 19.84 2.63 n.s
M 21.41 2 10.70 1.42 n.s.
M x subjects w.g. 346.91 46 7.54
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confirmation of the previous analysis, there were no significant dif-
ferences between DI and HE rats of either sex. There was no signi-
ficant difference in the number of rearings made by female rats over
the three minutes, but the minutes factor was significant for males
and Newman-Keuls comparisons revealed that the number of rearings by
males was significantly greater in the second (p <.0l1 and third

minutes (p <.05) than in the first minute.
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