extensible throat fan supported by
hyoid cartilages. The dewlap is second-
arily reduced or lost in several un-
related species groups (/2). Among the
species of the monticola group Anolis
christophei has a large dewlap and uni-
form squamation and lacks a bold body
pattern, all characters suggesting that
it is the most primitive species of the
group (I13); A. christophei again has
the 2n = 36 karyotype. Anolis monti-
cola has a reduced dewlap, non-uniform
squamation, and a bold ocellate body
pattern, It is clearly a highly derived
form.

The diploid number of 48 observed
in A. monticola could be derived from
the primitive 2n =36 karyotype by
centric fission of the metacentric mac-
rochromosomes. The telocentric mor-
phology of many of the macrochromo-
somes in the 4. monticola karyotype is
compatible ‘with a fission hypothesis.
That the alternative explanation—the
monticola karyotype is a retained prim-
itive condition—is implausible can be
seen in Fig. 2, If the high diploid num-
ber is ancestral, at each point marked
by an X there must have been an
independent evolution of a diploid
number of 36. Even if this event
occurred the requisite 12 times, it is
extremely unlikely that the resulting
karyotypes would be as uniform in
chromosome morphology as they are
known to be. If the diploid number of
36 is accepted as ancestral (10, 14, 15),
then fission need be invoked at only
two points in the phylogeny, marked

- by a +. Non-telocentric chromosomes

in the karyotype of A. monticola are

easily interpreted as fission products

modified by pericentric inversion. The
polymorphism for diploid number in
A. monticola can be interpreted as sec-
ondary centric fusion or incomplete
stabilization of a fully fissioned karyo-
type.

Single or multiple fissions have been
advanced as the probable evolutionary
pathway to a number of lizard karyo-
types. Included are members of the
families Teiidae (15), Anguidae (16),
and Iguanidae: Plica plica (10), Anolis
oculatus (7), and Sceloporus gram-
micus (17). The occurrence of multiple
fissions in the evolution of the karyo-
type of A. monticola strengthens these
interpretations.

T. PRESTON WEBSTER
WiLLiam P, HALL
ERNEST E. WILLIAMS
Museum of Comparative Zoology,
Harvard University,
Cambridge, Massachusetts 02138
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Dopamine: Mediator of Brain Polysome

Disaggregation after L-Dopa

Abstract. The disaggregation of brain polysomes which is produced by giving
large doses of L-dopa to rats is not reproduced by administering its metabolite,
3-O-methyldopa, by giving D-dopa, which also depletes the brain of S-adenosyl-
methionine but is not converted to catecholamines, or by giving the L-dopa after
a decarboxylase inhibitor. Polysome disaggregation is potentiated by the prior
administration of a monoamine oxidase inhibitor, indicating that formation of a
catecholamine is an obligatory requirement. These observations suggest that the
mechanism by which L-dopa disaggregates brain polysomes involves its conversion
to dopamine within the majority of brain cells.

Administration of L-dopa (500 mg per
kilogram of body weight, intraperi-
toneally) to rats is followed between 40
and 60 minutes by the disaggregation of
polysomes obtained from whole brain.
This disaggregation is unaccompanied
by a decrease in the concentrations of
any free amino acid; brain tryptophan
levels actually increase significantly
).

We have attempted to identify. L-dopa
or one of its metabolites as the agent
causing disaggregation of brain poly-
somes. Administered L-dopa is trans-
formed by the brain to the catechola-
mines dopamine and norepinephrine,
and their metabolites, and to the amino
acid 3-O-methyldopa (Fig. 1) (2). The
O-methylation of exogenous dopa,
catalyzed by catechol O-methyltrans-
ferase, depletes the brain of S-adenosyl-
methionine (3). To identify which of
the compounds formed or utilized after
administration of dopa is involved in
polysome disaggregation, we examined
the state of polysome aggregation in
animals given (i) 3-O-methyldopa; (ii)
D-dopa, which forms 3-O-methyldopa in
the brain but does not undergo decar-

boxylation to dopamine; (iii) r-dopa
along with an inhibitor (R04-4602) of
its decarboxylation to dopamine; (iv)
L-dopa along with an inhibitor (pheni-
prazine) of monoamine oxidase; or (v)
intracisternal dopamine or norepineph-
rine. Changes in whole brain poly-
some aggregation were correlated with
alterations in the concentrations of
dopa, 3-O-methyldopa, S-adenosyl-
methionine, dopamine, and norepi-
nephrine in the brain,

Male Sprague-Dawley rats (Charles

River Laboratories) weighing approxi-

mately 50 g were exposed to light from
9 am. to 9 p.m. daily. They were
housed four per cage and given free
access to Purina Chow and water. L-
Dopa, 3-O-methyldopa, and p-dopa
(Hoffmann-LaRoche, Inc.) were dis-
solved in 0.05N HCI and administered
intraperitoneally; control animals re-
ceived only the acidic diluent. The de-
carboxylase inhibitor RO4-4602 (Hoff-
mann-LaRoche, Inc.) and the monoa-
mine oxidase inhibitor pheniprazine (JB
516; Lakeside Laboratories, Inc.) were
dissolved in water and administered in-
traperitoneally. Dopamine hydrochloride
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The number of determinations in each group is given in parentheses. If two determinations were made for a group, the two values are given in brackets. Abbreviations: i.p., intra-

Table 1. Effects of L-dopa and related drugs on brain polysome profiles and dopa metabolism of 50-g male rats. Data are presented as mean and standard error of the mean. Significance of differences was eval-
peritoneal; i.c., intracisternal.

uated by Student’s t-test.
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ever, it is not converted to catechola-
mines (8). One hour after intraperi-
toneal injection of 500 mg of p-dopa or
of L-dopa per kilogram, the concentra-
tions of brain dopa in the two groups
were similar (Table 1), and comparable
brain concentrations of 3-O-methyldopa

were formed, accompanied by similar’

depletions of S-adenosylmethionine. On
the other hand, p-dopa failed to raise
dopamine and norepinephrine concen-
trations (8), whereas L-dopa elevated
brain dopamine concentrations to four
times those of the controls and raised
norepinephrine slightly. p-Dopa failed
to disaggregate brain polysomes (Table
1), which implies that the formation of
catecholamine metabolites from dopa is
prerequisite to disaggregation.

The conversion of L-dopa to dopa-
mine was blocked by administration of
large doses (800 mg/kg) of RO4-4602.
In rats treated only with this inhibitor,
brain dopa concentrations rose (Table
1), thus confirming that the decarbox-
ylase was actually inhibited. When the
rats were given 500 mg of L-dopa per
kilogram 30 minutes after the decarbox-
ylase inhibitor, brain dopa attained con-
centrations four times greater than
those obtained with L-dopa treatment
alone (Table 1). In accordance with the
known action of the inhibitor, this ex-
tensive increase in brain dopa was ac-
companied by a decrease in the con-
centrations of dopamine and norepi-
nephrine to below normal values. In the
presence of the decarboxylase inhibitor,
L-dopa also failed to disaggregate the
brain polysomes, confirming the hy-
pothesis that a high brain concentra-
tion of rL-dopa is not by itself direct-
ly responsible for polysome disaggre-
gation.

Thus either dopamine or one of its
metabolites must be responsible for the
phenomenon. Norepinephrine is a less
likely candidate, since only relatively
few neurons can transform exogenous
dopa to this catecholamine. Moreover,
the effect of r-dopa on brain norepi-
nephrine is slight (Table 1). In order
to prove that the subsequent metabolism
of dopamine and norepinephrine to
deaminated products is not responsible
for the polysome disaggregation, pheni-
prazine, an inhibitor of monoamine
oxidase, was administered prior to L-
dopa. The inhibitor alone caused the
concentrations of dopamine and norep-
inephrine to rise (see Table 1). When
L-dopa was given in graded doses 2
hours after the inhibitor, the concentra-
tions of dopamine achieved with small
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Fig. 1. Metabolism of L-dopa and p-dopa in rat brain. COMT, catechol-O-methyltrans-
ferase; AAAD, aromatic L-amino acid decarboxylase; DBO, dopamine-g-oxidase; MAO,
monoamine oxidase; TRANS, dopa transaminase; and SAMe, S-adenosylmethionine.
The decarboxylase inhibitor was RO04-4602; the monoamine oxidase inhibitor was

pheniprazine.

doses of L-dopa (50 to 100 mg/kg)
equaled those induced by much larger

doses (for example, 500 mg/kg) in rats-

not treated with the inhibitor. This ac-
cumulation of dopamine at a low dose
of L-dopa following treatment with
pheniprazine was accompanied by ex-
tensive polysome disaggregation, a
phenomenon not obtained when the
same dose of L-dopa was given to
animals that did not receive the enzyme
inhibitor (Table 1).

This correlation of increased concen-
trations of dopamine and norepineph-
rine with polysome disaggregation
prompted us to apply these compounds
directly to the brain, since neither
readily crosses the blood-brain barrier.
Fifteen minutes after injecting 100 ug
of dopamine intracisternally, rats had
brain dopamine concentrations at least
as high as those after intraperitoneal
injection of L-dopa (Table 1). By 45
minutes after intracisternal treatment,
dopamine had fallen to near control
values. At 15 and 45 minutes after in-
jection. of 100 ug of norepinephrine,
brain norepinephrine concentrations re-
mained very high. Rats receiving either
catecholamine intracisternally failed to
exhibit disaggregated polysomes (Table
1 (9).

The failure of intracisternal adminis-
tration of catecholamines to cause poly-
some disaggregation does not neces-
sarily exclude these compounds as ef-
fector substances: The cerebrospinal
fluid route may distribute the active
agent only to superficial brain cells,
leaving the major cell population unex-
posed (10); alternatively, the catechola-
mines placed in the cisterna magna may

be so effectively concentrated within
catecholaminergic neurons as to be un-
available to the other cells in the brain
(11). Another of our studies (/2) indi-
cates that the accumulation of brain
dopamine after administration of L-dopa
is not significantly decreased in rats
whose central catecholamine-containing
neurons have been largely destroyed by
prior intracisternal administration of 6-
hydroxydopamine; hence dopamine
probably is formed from exogenous L-
dopa in all brain cells, even glia. It
seems likely that, for the extensive poly-
some disaggregation to occur after the
administration of rL-dopa, the majority
of brain cells, neurons and glia, must
participate. In this connection, catechol-
amines have recently been shown to
influence adenyl cyclase activity in glia
(13).

Disaggregation of polysomes is us-
ually evidence of . disturbed protein
synthesis; however, it remains to be
demonstrated that the r-dopa-induced
disaggregation described here and
earlier (I) is actually associated with
changed synthesis of brain proteins. The
ability of catecholamines formed in-
tracerebrally from exogenous rL-dopa
to disaggregate brain polysomes raises
the possibility that catecholamine neu-
rotransmitters released at synapses may
also exert some of their effects by
modifying brain polysome function.

BETTE F. WEIss
HamisH N. Munro
Luis A. ORDONEZ
RICHARD J. WURTMAN
Department of Nutrition and Food
Science, Massachusetts Institute of
Technology, Cambridge 02139
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Neuroanatomical Correlates of Morphine Dependence

Abstract. Naloxone hydrochloride, an opioid antagonist, was applied to several
discrete brain regions of morphine-dependent rats to precipitate abstinence. Severe
withdrawal signs were elicited after administration in the thalamus but not in
neocortical, hippocampal, hypothalamic, or tegmental areas of the brain.

Physical dependence on morphine is
manifested by a highly characteristic
behavior when morphine intake is
abruptly terminated or when a morphine
antagonist is administered (Z). The
neuroanatomical areas related to the
abstinence syndrome have not been
clearly defined. Kerr and Pozuelo (2)
reported that withdrawal signs, pre-
cipitated by opioid antagonists in the
morphine-dependent rat, were sup-
pressed or reduced when a major part
of the ventromedial nucleus of the
hypothalamus had been lesioned. Herz
and his associates (3) postulated that
structures in the caudal brainstem,
most probably in the floor of the fourth
ventricle, are important substrates for
the development of dependence on mor-
phine. In experiments in which crystal-
line naloxone hydrochloride was applied
to discrete brain areas of the morphine-

dependent rat, we find that the thalamus
is one of the, if not the most sensitive,
regions for precipitating withdrawal.
Male Sprague-Dawley rats (180 to
250 g) were used throughout these ex-
periments. A 20-gauge stainless steel
guide cannula, filed to a predetermined
length, was stereotaxically implanted in-
to the left hemisphere of the rat brain.
Ether anesthesia was used for surgery.
From 1 to 5 days after implantation of
the guide cannula, dependence on mor-
phine was induced by the subcutaneous
implantation of a morphine pellet (4).
To precipitate withdrawal, naloxone hy-
drochloride was applied to the brain
70 to 76 hours after pellet implanta-
tion. An inner cannula, 0.5 mm longer
than the guide cannula, was tamped in
crystalline naloxone hydrochloride and
inserted into, the guide cannula. This
procedure was repeated twice to ensure

Table 1. Areas of precipitated abstinence in morphine-dependent rats.

Medial-lateral Exhibiting
Anatomical Number extension of Rats severe
areas in Fig. 1 area (No.) abstinence
(mm) (No.)
Neocortex 1 0-2.0 9 1
Hippocampus 2 0-3.0 12 0
Medial thalamus 3a 0-2.5 41 . 29
Lateral thalamus 3b 3.0-42 10 0
Diencephalic-mesencephalic V .
junctures 4 0-2.0 20 13
Mesencephalon 5 0-2.5 16 0
Hypothalamus 6 0-2.0 7 0
616

that a sufficient amount of naloxone
contacted the brain tissue. The total
amount of naloxone hydrochloride in-
serted into the guide cannula ranged
from 0.04 to 0.2 mg. While the precise
amount of naloxone delivered to brain
tissue cannot be ascertained, the treat-
ment was uniformly administered to all
animals, and the procedure successfully
discriminated between brain areas of
relative sensitivity. The methods and
the problems associated with the ap-
plication of chemicals to brain tissue
have been discussed (5).

The abstinence syndrome precipi-
tated by application of naloxone to the
brain is similar to that observed after
systemic administration, of naloxone in
morphine-dependent rats and will be
described elsewhere (6). In brief, ab-
stinence signs which are dose-depen-
dent on naloxone, such as diarrhea, ear
blanching, abnormal posturing, ptosis,
teeth chattering, escape attempts, and
wet shakes (7), appear within 10 min-
utes after cerebral application of nalox-
one in sensitive areas. Other abstinence
signs such as seminal emissions and
chromodacryorrhea may also be ob-
served. Only salivation and licking
movements during abstinence appear
less intense when the cerebral, rather
than the systemic, route of naloxone
administration is utilized. Under identi-
cal experimental conditions, cerebral ap-
plication of naloxone hydrochloride to
the thalamus of six nondependent rats
or repeated insertions of empty can-
nulas into morphine-dependent rats did
not induce the abstinence syndrome.

The precipitated abstinence syndrome,
as described above, was observed under
standardized procedures. Rats were
weighed and placed in 1-gallon mayon-
naise jars, and naloxone hydrochloride
was applied after a 10- to 15-minute
adjustment period. Leaping attempts to
escape from the jar and wet shakes are
distinctive abstinence behavior and re-
flect a high degree of physical depen-
dence. If a rat made two or more escape
attempts or had three or more wet
shakes within 10 minutes after cerebral
application of naloxone it was consid-
ered to have undergone precipitated
withdrawal and classified as exhibiting
severe abstinence. This classification is
based on experiments (6) which show
that the median effective doses of nal-
oxone for precipitating wet shakes and
escape attempts are approximately five
times greater than for other abstinence
signs such as ear blanching, diarrhea,
ptosis, swallowing movements, and teeth
chattering. The anatomical correlates of
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