graphs of the posterior pituitary but in
those of the supraoptic and para-
ventricular nuclei as well (Fig. 1D). In-
travenous administration of other a-ad-
renergic blocking agents, such as phen-
tolamine and yohimbine, produced sim-
ilar results, whereas B-adrenergic block-
ing agents had no such effects (I1).

A more likely explanation for the ap-
parent discrepancy in the metabolic re-
sponses of the hypothalamic nuclei and
their projection areas in the posterior pi-
tuitary to stimulation by dehydration
may be in their anatomical properties.
The surface-to-volume ratios of the
nerve terminals in the posterior pituitary
are considerably greater than those of
the cell bodies in the supraoptic and
paraventricular nuclei, and equivalent
impulse activity would therefore be ex-
pected to lead to greater increases in en-
ergy metabolism in the nerve terminals
than in the cell bodies (/12, 13). Indeed,
the energy metabolism of any region may
represent primarily the metabolic activi-
ties of the nerve terminals and synaptic
elements within it. For example, the glu-
cose utilization in the hypothalamic nu-
clei may reflect mainly the synaptic input
and interneuronal activity of these nuclei
and not its output (that is, the magno-
cellular neurons’ firing rates). Indeed,
the metabolic activation produced by
high doses of phenoxybenzamine in the
supraoptic and paraventricular nuclei
may be a reflection of increased synaptic
activity rather than a direct activation of
the perikarya. There is already evidence
from studies of the visual system of the
monkey that it is the neuropil of layer 4
that has the highest rate of glucose utili-
zation in the striate cortex and is the por-
tion most metabolically responsive to al-
terations in visual input @). The ex-
cellent correlation between functional
activity and glucose utilization in the
posterior pituitary, which is also com-
posed primarily of small unmyelinated
axons and nerve terminals (/3), in con-
trast to the poor correlation in the cell
bodies of the pathway in the hypothala-
mic nuclei may represent another ex-
ample of the same phenomenon.

On the basis of this reasoning, the
[**C]deoxyglucose method may provide
a unique approach for the study of af-
ferent pathways in the mammalian brain.
In any neural pathway where the site of
input (nucleus containing the cell bodies
and dendrites) and the site of output (re-
gion containing the nerve terminals) are
known, it should be possible to electri-
cally stimulate specific, putative afferent
pathways and evaluate whether [“C]-
deoxyglucose uptake increases at the in-
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put site. Increased ['*C]deoxyglucose
uptake at the input site would then pro-
vide evidence for the presence of the af-
ferent pathway, and evaluation of
[**C]ldeoxyglucose uptake changes at the
output site would provide information on
whether the specific afferent pathway is
inhibitory or excitatory.
WILLIAM J. SCHWARTZ
CAROLYN B. SMITH, LESLIE DAVIDSEN
HELEN SAvAKI, Louls SOKOLOFF
Laboratory of Cerebral Metabolism,
National Institute of Mental Health,
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Lead Enhancement of Lithium-Induced Polydipsia

Mailman et al. (I) concluded in the ab-
stract of their report that their data were
‘‘evidence that there may be permanent
neural changes induced by postnatal ex-
posure to lead that are manifested by
pharmacological challenge with lithium.”
The report documents that massive oral
doses of lead administered postnatally
lead to subsequent enhancement of lith-
ium-induced polydipsia. Urine osmolal-
ity was not given so that we have no idea
of the role of antidiuretic hormone in this
syndrome. Sodium excretion and free
water clearance are similarly unre-

corded. Moreover, no information is giv-
en about renal histology or lead content.
The report documents only that the poly-
dipsia was not due to changes in the re-
nin-angiotensin system.

Acute lead intoxication in the young is
well known to produce a proximal tubu-
lar transport defect (2). This could lead
to proximal renal sodium wasting which
might show up in the final urine as an in-
creased sodium supply to the diluting
segment of the distal nephron or as na-
triuresis. In either case the polydipsia
would be the result of lead nephropathy
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which could be discerned histologically
or physiologically, or both (3). Lithium is
known to inhibit antidiuretic responsive-
ness of the collecting duct resulting in
nephrogenic diabetes insipidus ). Be-
fore the hypothesized neural mechanism
of polydipsia is accepted the direct renal
effects of lead should be ruled out.
RicHARD P. WEDEEN
Veterans Administration Hospital,
East Orange, New Jersey 07019
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16 October 1978; revised 28 March 1978

There are important implications in-
herent in Wedeen’s comments (/) that
we attempted to address in our report
(2). First, to say that we administered
“‘massive oral doses of lead” (I) does
not allow for the fact that only a portion
of this dose was absorbed by the rats, as
manifested by the fact that blood lead
levels 24 hours after the last dose were
usually between 90 and 150 wg/dl. The
dose of 200 mg per day used in our model
of administration to the neonate was
chosen because it was the highest one at
which we found no difference in body
weight between treated and control rats
when the animals were 60 days old (2).
At the cessation of lead treatment (30
days of age), there was ample evidence
of lead exposure in treated animals. Free
erythrocyte protoporphyrin (FEP) val-
ues were more than doubled, and there
appeared to be a small, but significant,
increase in urine production and water
consumption. As expected, there were
large increases in blood and renal lead
concentrations. Morphologically, there
were increases in both numbers and size
of vacuoles in the proximal convoluted
tubules in the lead-treated animals, but
there were no observable lead inclusion
bodies.

However, within 30 to 60 days after
cessation of lead treatment, these altera-
tions disappeared, or were significantly
attenuated. Basal water consumption
and urine production did not differ be-
tween groups [see (2)], nor did urine pro-
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tein, pH, specific gravity, or urobilino-
gen. FEP was still slightly elevated
(about 20 percent) at 60 days as were
concentrations of lead in the blood (20
wng/dl for the treated rats as opposed to 6
ung/dl for controls). Renal lead concen-
trations, which were 8.8 parts per million
(ppm) at 30 days of age, were less than 4
ppm at 60 days of age. This is interesting
because it was demonstrated (3) that
aminoaciduria and renal edema do not
occur until renal lead levels exceed 10
ppm.

As we reported (2), lithium administra-
tion caused greater increases in water
consumption in the 60-day-old (or older)
lead-treated rats, with concomitant in-
creases in urine production. However,
there were similar increases in urine pro-
tein and pH and decreases in urine spe-
cific gravity in both lead-treated and con-
trol animals. Prior to lithium administra-
tion, there were also no differences be-
tween 60-day-old (or older) lead-treated
and control rats in water consumption
(2), or urine production or composition.
Further, light or electron microscopic
evaluation of lead-treated and control
animals at 60 days of age revealed no dif-
ference in renal morphology.

These data demonstrate that no alter-
nation occurred in kidney function that
would directly explain the increased lith-
ium-induced polydipsia (LIP). The in-
creased LIP in neonatally lead-treated
rats persisted unattenuated for at least
180 days, at which time neither blood nor
soft tissue lead content differed between
control and treated groups (2). In con-
trast, in recent experiments when we ad-
ministered still greater quantities of lead
to older rats (lead given from postnatal
days 30 to 60) we found no evidence of
increased LIP when the animals were
tested at 90 days of age ). These data
clearly demonstrate that the change re-
sponsible for altered LIP is permanent,
and that the ‘“‘lesion’” must occur during
early postnatal development. Further,
since the 30- to 60-day exposure would
also be expected to cause kidney dam-
age, it appears that altered renal function
is not the most likely mechanism. Until a
precise locus for effects of lead on LIP is
found, we cannot rule out the possibility
that lithium administrations cause a la-
tent kidney pathology. However, since
renin secretion from the kidney is an im-

portant homeostatic step in the mainte-
nance of fluid and electrolyte homeo-
stasis, the fact that we found no dif-
ferences in plasma renin activity (PRA)
or angiotensin I or II concentrations be-
tween lead-treated and control animals,
either before or after lithium challenge
@), provides further evidence that dif-
ferences in kidney function were prob-
ably not the causal mechanism for our
observation. Both the control and the
lead-treated rats showed the expected
large increases in PRA after lithium
treatment (2), but they did not differ from
each other.

We therefore think that our statement
that ‘‘there may be permanent neural
changes induced by postnatal exposure
to lead” is reasonable and is the most
probable explanation for our results. We
are aware of the many unanswered ques-
tions related to lithium actions in the
central nervous system, as well as the
peripheral-central interactions involved
in fluid-electrolyte homeostasis. Addi-
tional research will be necessary to an-
swer definitively the interesting ques-
tions raised by this action of lithium in
rats treated with lead as neonates.
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