increases in serum prolactin concentra-
tions in women than in men (/9).

Our recent observation of a close cor-
relation between the prolactin response
to TRH and the concentration of pitui-
tary TRH receptors (5) can probably of-
fér a partial explanation for the results
obtained. However, the almost complete
reversal of the inhibitory effect of dopa-
mine by E, clearly shows an important
effect of E, on dopamine receptor action
in the anterior pituitary gland. Since
dopamine receptors are not only in-
volved with prolactin secretion but ap-
pear to have a role in the modulation of
mood and behavior (20), and in some dis-
eases (21), the present data indicate that
the control of prolactin secretion in ante-
rior pituitary cells in culture could well
be used as a model system for studies of
the effects of peripheral hormones on do-
paminergic action.
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Striatal Nondopaminergic Neurons: Possible Involvement

in Feeding and Drinking Behavior

Abstract. Intracaudate injections of kainic acid destroy striatal neurons contain-
ing acetylcholine and y-aminobutyric acid but leave dopaminergic nerve terminals in
this brain region intact. Rats injected with the drug are aphagic and adipsic, and
have other behavioral abnormalities strikingly similar to those seen in animals with
lesions in the dopaminergic nigrostriatal bundle.

Brain dopaminergic neurons whose
cell bodies originate in the pars com-
pacta of the substantia nigra and whose
terminals form synapses with cells in the
neostriatum (/) play an important role in
feeding and drinking behavior (2). How-
ever, little is known about the roles of
other neurons in the caudate nucleus that
may form synapses with this dopaminer-
gic afferent system. The striatum con-
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Fig. 1. Daily body weight changes and food
and water intake after bilateral intracaudate
injections of 1.0 ug of kainic acid or 0.7 ug of
an iso-osmotic control solution of a-methyl-
aspartic acid. All values are the means * stan-
dard error of mean (S.E.M.) (N = 14).
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tains relatively large concentrations of
many putative neurotransmitter com-
pounds—acetylcholine, vy-aminobutyric
acid (GABA), serotonin, and substance
P—in addition to dopamine (3); how-
ever, it is difficult to study these other
types of striatal neurons separate from
the contribution of the dopaminergic af-
ferent system, because of their relatively
close proximity to one another.

Kainic acid (2-carboxyl-3-carboxy-
methyl-4-isopropenylpyrrolidine), a rigid
cyclic analog of glutamic acid, is a pow-
erful neuroexcitant when it is iontopho-
retically applied to brain or spinal cord
neurons ), and has neurotoxic effects
on cells in the striatum after intracaudate
injections of larger doses (5). Although
these latter injections destroy striatal
cholinergic or GABAergic nerves, nigro-
striatal dopaminergic nerve terminals
projecting into the caudate nucleus are
apparently left intact.

Using intracaudate injections of kainic
acid, we now report that rats become
aphagic and adipsic after the treatment,
and also have other behavioral abnor-
malities and permanent feeding and
drinking regulatory impairments pre-
viously seen only in animals with elec-
trolytic (6) or chemical (2) lesions of the
nigrostriatal bundle.

Male albino rats (175 to 200 g; Charles
River Laboratories, Wilmington, Mass.)
had free access to food (Purina rat chow)
and water, and were housed under a con-
stant light-dark cycle (12:12 hours; lights
on at 0800). Under Nembutal anesthesia,
different groups of rats were stereo-
taxically injected with various doses of
kainic acid or an iso-osmolar control so-
lution (a-methylaspartic acid, 0.7 pg/ul

1175



dissolved in 0.9 percent saline). The uni-
lateral or bilateral intracaudate drug in-
jections were administered in a constant
volume (1.0 ul in 1 minute) (7). Animals
were housed individually in hanging wire
cages with free access to food and water
after surgery. Body weight and food and
water intake were measured daily.

Other groups of animals were injected
unilaterally with 1.0 ug of kainic acid or
its diluent and were killed 2, 4, 7, or 60
days after injection. The caudate nuclei
were rapidly dissected out, weighed, and
assayed (8) for dopamine, GABA, or
protein concentrations, and for choline
acetyltransferase or glutamate decar-
boxylase, the brain enzymes catalyzing
the synthesis of acetylcholine or GABA,
respectively.

In contrast to rats receiving the con-
trol solution of a-methylaspartic acid,
animals injected unilaterally or bilateral-
ly with kainic acid became aphagic and
adipsic, with the duration and severity of
both behaviors related to the dose of the
drug administered. Eighty-seven percent
of the animals injected unilaterally with
1.0 wg of kainic acid were aphagic and
adipsic on the first postinjection day, but
ate food and drank water by the third day
after injection. All animals receiving bi-
lateral intracaudate injections of 1.0 ug
of kainic acid were aphagic and adipsic
on the first day after treatment, 33 per-
cent ate food or drank water by 3 days
after injection, and only 70 percent even-
tually recovered normal food and water
intake patterns (the remaining animals
died of inanition within the first 6 days
after treatment) (Fig. 1). Although ani-
mals surviving the initial phase of apha-
gia and adipsia after this dose regained
their preoperative body weights within 1
week, they weighed less than the control
injected animals for as long as 60 days
after injection (the longest time point
measured). After bilateral injection with
the highest doses of kainic acid (2.5 or
5.0 ug), rats never ate food or drank wa-
ter spontaneously, and died from in-
anition within 1 week unless they were
kept alive through intragastric force-
feeding (9).

Animals injected bilaterally with kai-
nic acid had crouched and humpback
postures, walked gingerly on the tips of
their toes, showed marked piloerection,
and failed to groom themselves normal-
ly. These symptoms were evident only
during the period of aphagia and adipsia,
and were not caused by the inanition
(normal animals deprived of food and
water do now show these abnormalities).
Similar postural and grooming abnormal-
ities also occur in other animals with bi-
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lateral lesions of the nigrostriatal bundle
(9). Animals with unilateral intracaudate
injections of kainic acid (1.0 or 2.5 ug)
showed pronounced contralateral rota-
tional behavior for 1 to 2 days after treat-
ment; however, this turning preference
was absent in animals tested later (/0).
Kainic acid injected unilaterally into
the caudate nucleus markedly reduced
the activities of the enzymes choline ace-
tyltransferase and glutamate decarboxyl-
ase, but did not alter striatal dopamine
concentrations (Fig. 2). In addition,
GABA concentrations were reduced in
the ipsilateral striatum and substantia
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Fig. 2. Changes in dopamine concentration,
glutamate decarboxylase, and choline acetyl-
transferase activities after intracaudate injec-
tion of kainic acid. Male albino rats were in-
jected unilaterally with kainic acid (1.0 ug) or
with a control solution of a-methylaspartic
acid and were Kkilled 2, 4, 7, or 60 days after
treatment. Individual striata were dissected
out and assayed for dopamine, glutamate de-
carboxylase, or choline acetyltransferase en-
zyme activity. The stippled area in each panel
represents the values obtained from animals
injected with the control solution and killed at
the indicated times. No significant differences
were found in any control injected animals,
and they have been combined. All values are
the mean percentage change from control val-
ues = S.E.M. in kainic acid-treated animals.
Control values were dopamine, 6.0 = 0.6 ug
per gram of tissue; glutamate decarboxylase
activity, 9.6 = 5.1 nm of CO, per milligram
of protein per hour; and choline acetyl-
transferase activity, 102.8 = 9.2 nm of acetyl-
choline per milligram of protein per hour.

nigra as long as 60 days after injection
(GABA levels in the striatum and sub-
stantia nigra of kainic acid-treated ani-
mals were only 50 and 52 percent, re-
spectively, of control values) (/7). Taken
together, these data replicate the neu-
rochemical results of others (5) and sug-
gest that kainic acid permanently dam-
ages striatal acetylcholine-containing in-
trinsic neurons and caudate GABA-
containing nerves whose axons and ter-
minals project to the substantia nigra
(12). In contrast to these neurotoxic ef-
fects, intracaudate kainic acid injections
apparently do not adversely affect do-
paminergic nerve terminals in this brain
region (5). These latter observations are
critical, inasmuch as they suggest that
the aphagia and adipsia seen in the kainic
acid-treated rats most likely result from
damage to striatal neurons, and are not
simply the result of an action of the drug
on the dopaminergic nigrostriatal af-
ferent bundle.

Hence, intracaudate injections of kai-
nic acid produce long-term feeding and
drinking behavior deficits, motor re-
sponse impairments, and postural abnor-
malities that are strikingly similar to
those observed in animals with unilateral
or bilateral lesions of the ascending do-
paminergic nigrostriatal bundle. Since
kainic acid appears to destroy only neu-
rons whose cell bodies, but not axons or
terminals, are in close proximity to the
injection site (5), we conclude that the
behavioral impairments seen in these an-
imals are the result of damage to neurons
that may normally be directly or in-
directly innervated by nigrostriatal do-
paminergic nerves. Similar injections of
kainic acid also destroy substance P-
containing neurons of the striatonigral
pathway (13) as well as striatal choliner-
gic and GABAergic nerves. Thus, it is
too early to speculate about the precise
types of striatal neurotransmitter sys-
tems involved in the kainic acid-induced
behavioral abnormalities. However,
kainic acid should prove useful as a
neuroanatomical tool that may allow us
to completely map a brain neural circuit
important for complex responses such as
consummatory and motor behaviors
3).
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Receptors for Giucocorticoids in the Lens Epithelium of the Calf

Abstract. The calf lens epithelium contains a specific cytoplasmic receptor for
glucocorticoids. This binding protein has a high affinity for dexamethasone (average
dissociation constant, 8 X 107 mole per liter), a low capacity (average, 550 femto-
moles per milligram of protein), extreme heat sensitivity, and exhibits a pattern of
competition similar to that of glucocorticoid receptors in other tissues. This provides
direct biochemical evidence that these tissues may function as a target organ for

glucocorticoids.

Glucocorticoids have been shown to
induce posterior subcapsular cataract in
man following both topical and systemic
administration (/). It is not known, how-
ever, whether the steroid hormones pro-
duce this effect by a direct action on lens
tissue or through some secondary altera-
tion of metabolism at another site. Since
the primary action of a steroid hormone
is its binding to a cytoplasmic receptor
protein, we have initiated a search for

glucocorticoid receptors in lens tissue.
We report here on the presence of a
glucocorticoid receptor in calf lens epi-
thelium, which provides direct biochemi-
cal evidence that these cells may func-
tion as a target organ for glucocorticoids.

Calf lens was used since large amounts
of tissue were readily available (2). For
each experiment we-used extracts pre-
pared from 20 to 50 anterior capsules
with adhering epithelial cells (3). The
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Fig. 1. Binding of various concentrations of dexamethasone to extracts of lens tissue. (A) Total
amount of steroid bound (closed symbols) and amount of nonspecifically bound steroid (open
symbols) for extracts from the lens epithelium (circles) and the lens nucleus (triangles). (B)
Nonspecifically bound steroid has been subtracted from the total, and the specifically bound
steroid is expressed in femtomoles per milligram of protein in the extracts. (C) Scatchard plot of
the specifically bound dexamethasone. The equilibrium constant for the dissociation of the
bound steroid, Ky, calculated from the slope, is 6 X 10-904. The protein concentrations in the
extracts were: lens nucleus, 4.7 mg/ml, and lens epithelium, 1.26 mg/ml.
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