large doses of r-dopa had no effect on
shock thresholds (Table 2) (13). Trypto-
phan injections produced dose-related in-
creases in the concentrations of brain tryp-
tophan, serotonin, and 5-HIAA among
animals consuming either the corn or the
casein diets; however, brain tryptophan
and 5-HIAA were increased to a greater
extent in corn-fed animals. These differ-
ences have been observed previously (/4)
and may reflect increased transport of
tryptophan into the brain, perhaps result-
ing from differences in the concentrations
of plasma tryptophan relative to the other
neutral amino acids that normally compete
with it for transport from the plasma into
the brain (/).

Our results indicate that animals con-
suming tryptophan-poor diets that de-
crease brain serotonin will become hyper-
algesic to electric shock. A similar correla-
tion between brain serotonin and pain sen-
sitivity has been noted by others using
various pharmacological or surgical tech-
niques for reducing brain serotonin (4-6).
When viewed together, these findings sug-
gest that brain neurons containing seroto-
nin may suppress the sensitivity or reactiv-
ity of rats to painful stimuli. We believe
that our results are the first that relate be-
havioral changes that follow dietary ma-
nipulations directly to a change in a puta-
tive brain neurotransmitter. These nutri-
tion-induced changes in brain neurochem-
istry and behavior can be reversed by
dietary or pharmacological manipulations;
by feeding animals diets adequate in
tryptophan or injecting them with replace-
ment doses of the amino acid, their re-
sponse thresholds to electric shock can be
restored almost to normal (/5). These be-
havioral changes appear to be related spe-
cifically to alterations in brain neurons
containing serotonin.

Loy D. LYTLE, RiTA B. MESSING
LAUREL FISHER, LEE PHEBUS
Department of Nutrition and Food
Science, Massachusetts Institute of
Technology, Cambridge 02139
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Trigeminal Lemniscal Lesions and the

Lateral Hypothalamic Syndrome

Bilateral lesions in the region of the lat-
eral hypothalamus result in profound be-
havioral impairments. Rats with such le-
sions become aphagic and adipsic, show se-
vere sensory and motor impairments, and
often starve to death within 6 to 10 days. If
kept alive by intragastric intubation of lig-
uid nutrients, some animals are eventually
able to maintain themselves on lab chow
and water. Nevertheless, persistent deficits
in their feeding and drinking responses to
acute nutritional needs indicate that recov-
ery of function is not complete. The initial
disabilities, progressive recovery, and en-
during residual deficits together form what
has become known as the “lateral hypo-
thalamic syndrome” (I).

Although the critical effect of these le-
sions has traditionally been attributed to
destruction of cell groups within the hy-
pothalamus, increasing attention has re-
cently been paid to the possible role of
damage to fiber bundles which traverse this
region. Zeigler and Karten (2) have now
reported that in the rat, lesions of the tri-
geminal lemniscus, which courses through
the diencephalon, produce functional defi-
cits which they find reminiscent of the lat-

eral hypothalamic syndrome. While this is
an interesting extension of Zeigler’s im-
portant work on trigeminal deafferenta-
tion in the pigeon (3), we believe that they
overstate their case when they suggest that
“many of the deficits previously subsumed
under the rubric of the ‘lateral hypotha-
lamic’ syndrome are actually the result of
incidental damage to the trigeminal lem-
niscus’ (2). Although their lesioned rats
did become aphagic and adipsic in the
immediate postoperative period, (i) it is
difficult to attribute these impairments to
the bilaterally damaged tissue alone, since
the lesions were markedly asymmetrical
and included considerable nonspecific
damage; (ii) the animals did not show any
of the other early symptoms of lateral
hypothalamic damage, such as akinesia,
catalepsy, and general sensory neglect (4);
(iii) the median duration of adipsia was
only 2 days, whereas it commonly lasts
several weeks after lateral hypothalamic
lesions (1); (iv) aphagia seemed to continue
beyond recovery from adipsia, whereas
this never is observed after lateral hypo-
thalamic lesions (/); and (v) no evidence
was presented regarding any of the residu-
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al deficits seen after hypothalamic lesions
with the exception of increased food wast-
age and reduced body weight, neither of
which necessarily reflect trigeminal dam-
age.

For these reasons, we believe that the
syndrome described by Zeigler and Karten
(2) bears only a superficial resemblance to
the lateral hypothalamic syndrome. As
such, their findings may be contrasted with
accumulating evidence that the critical ef-
fects of lateral hypothalamic lesions can be
‘reproduced by extensive damage to the as-
cending dopaminergic neurons which tra-
verse this area (5). For example, lesions
placed at extrahypothalamic sites along
these projections produce aphagia, adipsia,
and akinesia that may last several weeks or
longer (6, 7), and similar results also have
been obtained following the administra-
tion, at the same intracerebral sites, of 6-
hydroxydopamine (6-HDA) (7), a drug
which can be used to destroy -cate-
cholamine-containing neurons while pro-
ducing minimal damage to adjacent fibers.
In addition, these rats show the same pat-
terns of gradual recovery from aphagia
and adipsia, as well as most of the residual
deficits, that are seen in rats with lateral
hypothalamic lesions (8). Interestingly,
among the few deficits that 6-HDA-
treated rats do not share with “recovered
laterals” is an increased food wastage.
While this may represent a contribution of
lemniscal damage to the lateral hypotha-
lamic syndrome (9), it is also possible that
lateral hypothalamic lesions interrupt de-
scending fibers to the salivary motor nuclei
in the brainstem.

We do not question the possible impor-
tance of sensory factors to feeding and
drinking behaviors, or the possibility that
sensory function is impaired by lateral
hypothalamic lesions. On the other hand,
we believe that many of the observed sen-
sorimotor deficits may not result from
damage to primary afferent or efferent
pathways but from destruction of dopami-
nergic neurons which serve to gate the
transmission of sensory and motor signals.
Thus, although the absence of consum-
matory behaviors may be the alterations
that are most conspicuous to the investiga-
tor and are of gravest consequence to the
experimental animals, their impairments
are not limited to motivated ingestive be-
haviors but seem to include any voluntary
activity that demands orientation to sen-
sory stimuli and sustained alertness (5).

EDWARD M. STRICKER
NEIL ROWLAND
MICHAEL J. ZIGMOND
Psychobiology Program, Departments of
Psychology and Biology, University of
Pittsburgh, Pittsburgh, Pennsylvania 15260
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In our report (/) we reached three con-
clusions: (i) central trigeminal structures
play an important role in the control of
ingestive behavior in two vertebrate classes
—birds and mammals; (ii) the character-
istic lateral hypothalamic (LH) lesion
is likely to produce incidental damage to
central trigeminal structures; (iii) com-
ponents of the LH syndrome are attribut-
able to trigeminal damage. Stricker et
al. do not challenge the validity of
these conclusions, merely their impli-
cations (2). For reasons which we hope
to make clear we consider their criticisms
to be irrelevant to the main thrust of our
report. Nevertheless, they deserve substan-
tive comment.

Briefly, Stricker et al. contend that dam-
age to central dopaminergic neurons is,
while damage to trigeminal structures is
not, followed by “critical” features of the
LH syndrome. We would comment as fol-
lows.

1) Catalepsy, akinesia, and general sen-
sory neglect, although they may be charac-
teristic of both the LH and 6-hydroxydo-
pamine syndromes, can only confound the

analysis of deficits specific to the control of
eating and drinking. Indeed, their last sen-
tence seems to imply that injections of 6-
hydroxydopamine do impair a wide variety
of integrated behavior patterns. We are
aware of no evidence that dopaminergic
neurons (as contrasted with cholinergic or
adrenergic neurons) ‘“‘gate the transmission
of sensory and motor signals.” Even if
true, this statement is hardly a recommen-
dation for the use of 6-hydroxydopamine
injections as an analytic technique for the
study of ingestive behavior mechanisms.
The fact that trigeminal lesions produce
aphagia, adipsia, and a specific (namely,
trigeminal) sensory “‘neglect” in otherwise
alert and active animals suggests that the
trigeminal system makes a relatively spe-
cific contribution to the control of ingestive
behavior.

2) Damage to peripheral trigeminal
structures (nerve and ganglion) also pro-
duces a syndrome including aphagia,
adipsia, spillage, and increased latency to
feed. The extent and persistence of the
deficits in feeding are a function of the tex-
ture and palatability of the diet (3).

3) Conclusions as to residual deficits af-
ter trigeminal lesions must await com-
pletion of our long-term studies. However,
Stricker and Zigmond have themselves re-
ported that rats injected with 6-hydroxydo-
pamine “showed some but not all of the re-
sidual deficits of recovered laterals™ (4).
We did not suggest that the LH syndrome
should be attributed solely to trigeminal
damage. To attribute so disparate a collec-
tion of deficits to any single causal factor
would be an unwarranted inference from
the available data. Zigmond and Stricker
have noted elsewhere (5) that rats made
aphagic by injections of 6-hydroxydopa-
mine may resume feeding despite an al-
most total depletion of striatal dopamine.
Not surprisingly they suggested that
*‘damage to pathways other than the nigro-
striatal system can be important in the LH
syndrome” (4).

That we should be debating the “criti-
cal” features of the LH syndrome—surely
a semantic rather than an empirical prob-
lem—suggests we have lost sight of the
substantive issues. As Epstein notes,
“The(se) systems for the initiation of in-
gestive behavior are not centered in the lat-
eral hypothalamus, except in the sense that
an unusually large number of their partial
components are focussed there. An obvi-
ous task now is the identification and anal-
ysis of these partial components” (6). It is
from the perspective of this passage that
we view the criticisms of Stricker et al. as
irrelevant to our findings. Our study was
not an attempt to account for the LH syn-
drome. It was a logical extension of our
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previous work on the role of trigeminal
mechanisms in the control of vertebrate in-
gestive behavior (7).

For this reason our study involved le-
sions of a specific sensory pathway rather
than damage to a large number of dience-
phalic structures or massive depletion of
regional neurotransmitters. We obviously
think it significant that so restricted a le-
sion should have such disruptive effects.
Nevertheless, given the relative specificity
of the trigeminal lesion we are not sur-
prised that there should be significant dif-
ferences between the trigeminal and the
LH syndromes. It is precisely such differ-
ences that are of greatest interest, because
they enable us to identify the unique con-
tributions of the trigeminal system to the
control of ingestive behavior.

The fact that both trigeminal and neu-
rochemical lesions produce some of the
same deficits suggests that they may oper-
ate upon common substrates. We hope fu-
ture research from both our laboratories
will clarify the relation between central do-
paminergic and central neurosensory pro-
cesses in the control of eating and drink-
ing.
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3. Moreover, section of the infraorbital branch of the
trigeminal nerve (vibrissae denervation) produces
the hunched posture and lowered snout seen after
electrolytic or neurochemical lesions in the rat. Be-
cause these deficits involve peripheral manipula-
tions of trigeminal sensory structures they rein-
force our conclusion that the syndrome we de-
scribed is of trigeminal rather than nigrostriatal
origin (A. Marwine and H. P. Zeigler, paper
presented at the meeting of the Eastern Psycholog-
ical Association, held in New York City, April
1975).

Aerosols and Polar Temperature

Reck (1) considers that some workers (2,
3) have incorrectly attributed surface cool-
ing at high latitudes to increases in atmo-
spheric dust there. She concluded “that
aerosol particles over the polar regions
have not been responsible for the ice mass
increase in the Arctic, since they always
have a heating effect.”

Her conclusion was predestined, how-
ever, by her decision to consider a dust lay-
er introduced “‘in the lowest 0.75 km of the
atmosphere,” an unrealistic way to consid-
er the effect of global dust. In polar regions
such dust is introduced near the top of the
troposphere and deposited with snow at
the surface, not vice versa. I would agree
with her result as applied to dust generated
at the surface, but this is a relatively rare
occurrence at high latitudes.

WAYNE L. HAMILTON
Post Office Box 294,
Springdale, Utah 84767
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The original choice of a low-lying aero-
sol layer (1) was based on the results of
balloon soundings by Hofmann et al. (2)
for 85°N, 3 December 1971 and 6 Decem-
ber 1972. Hofmann et al.’s measurements
indicated that aerosol abundances at alti-
tudes lower than 4 to 5 km were as much as
five times greater than abundances at high-
er altitudes.

We have performed additional calcu-
lations for 85°N in July with a high-alti-
tude aerosol layer. For the present back-
ground aerosol abundance (turbidity cor-
responding to an optical density of 0.065)
and also for ten times the amount, heating
is obtained when the aerosol layer is lo-
cated near the tropopause (between 8.4 and
12.1 km).

RutH A. RECK
Physics Department,
General Motors Research Laboratories,
Warren, Michigan 48090
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