Facilitation of Recovery by a-Methyl-p-Tyrosine
after Lateral Hypothalamic Damage

Abstract. Rats with bilateral lateral hypothalamic lesions die of starvation in
approximately 7 days after surgery. Rats that were treated with a-methyl-p-
tyrosine for 3 days prior to lateral hypothalamic surgery spontaneously eat, drink,
and gain weight after surgery. These data suggest that recovery of function after
lateral hypothalamic damage involves denervation supersensitivity.

Bilateral lesions of the lateral hy-
pothalamus in the rat produce a well-
known syndrome of aphagia and adipsia
(1). If kept alive by intragastric tube
feedings for several days after surgery,
lateral hypothalamic rats may eventual-
ly recover the ability to spontaneously
eat and drink (I, 2). Berger, Wise, and
Stein (3) suggested that recovery of
feeding after lateral hypothalamic le-
sions is dependent on recovery of a
noradrenergic reward system. Accord-
ing to a denervation supersensitivity
model (4) suggested to account for other
recovery phenomena (5), time-depen-
dent supersensitivity of partially dener-
vated neurons to other intact inputs
would mediate recovery. Lateral hypo-
thalamic lesions might result in removal
of intrahypothalamic connections to re-
maining tissue. If the recovery process
involves supersensitivity of noradrener-
gic neurons and if such neurons were
functionally denervated and made
supersensitive at some time prior to
lateral hypothalamic damage, then
facilitation of recovery after the latter
might be expected. Using a-methyl-p-
tyrosine, a drug that selectively inter-
feres with catecholamine synthesis, we
now present data supporting this hy-
pothesis.

Fourteen rats (6) under methohexi-
tal anesthesia received bilateral lesions
in the lateral hypothalamus by a direct

anodal current of 2 ma for 30 seconds.
Coordinates were 0.8 to 1.0 mm an-
terior to bregma, 2.5 mm lateral to the
midline, and 2.0 mm from the base of
the skull (7). Three sham-operated
controls had the electrodes lowered but
did not receive lesions. All of the rats
with lesions were treated prior to sur-
gery (pretreated) with either saline or
pL-a-methyl-p-tyrosine  methyl ester
hydrochloride («MT). Pretreatment be-
gan 3 days before surgery and con-
sisted of two injections (0.5 ml per
injection) per day (9:00 a.m. and 5:00
p.m.) for 2 days and one injection on
the third day (9:00 a.m.). Surgery was
conducted 1 day after the last injection.
Four rats were pretreated with saline,
three with 10 mg/kg of aMT, three
with 75 mg/kg of aMT, and three with
100 mg/kg of aMT, Three rats simi-
larly treated with injections of 150
mg/kg of «MT all died several hours
after the fourth injection. All rats were
weighed prior to the operation during
drug administration and on each day
after the operation, Rats were allowed
free access to food and water, both
prior to and after the operation. Purina
laboratory chow (pellets only) were
always present on the floor of the cage
of each rat. No special procedures
after the operation for maintaining the
rats were conducted. The rats were
killed (death was considered imminent)

Table 1. Mean weight changes (percent of weight prior to surgery) after lateral hypothalamic

lesions.
Body weight change (% of weight prior to surgery)
Poureery " Lesions Lefons — Leioms  Lefos  shm
saline (10 mg/kg) (75mg/kg) (100 mg/kg) operate
i 86.8 86.2 89.3 87.5 99.2
2 80.9 80.4 87.3 85.2 101.8
3 75.0 74.6 85.9 83.6 103.8
4 70.1 69.7 83.6 84.1 105.6
5 65.2 65.0 81.8 88.7 108.1
6 61.4 61.6 79.8 90.5 110.0
7 # 58.6 80.1 92.2 1113
8 # * 823 95.3 111.2
9 * * 84.4 95.6 111.8
10 # * 859 96.0 114.1

# Group means were computed only for days-on which all rats of a group were still surviving.
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when a righting response and locomo-
tion could not be elicited by a tail
pinch (8).

The results of pretreatment with
aMT were quite clear. Rats with lateral
hypothalamic lesions alone were always
aphagic and adipsic and died in ap-
proximately 7 days (mean = 7.4). Rats
pretreated with 10 mg/kg of aMT were
also always aphagic and adipsic and
died in 7.9 days. All of the rats pre-
treated with either 75 or 100 mg/kg
of aMT (9) recovered. Such rats were
aphagic and adipsic for 2 to 6 days
after surgery and then' began  eating,
drinking, and gaining weight (/0) be-
fore being killed for lesion verification.
Percent weight changes after lateral
hypothalamic lesions are shown in
Table 1 (11).

After this experiment, three rats
were again pretreated with 100 mg/kg
of aMT as well as two rats with saline.
However, instead of conducting sur-
gery a day after the fifth injection,
these rats were killed at that time. We
extracted the brains and then assayed
them for the concentration of norepi-
nephrine (12). The brains of rats treat-
ed with «MT had approximately 50 per-
cent less norepinephrine than the saline
controls, The oMT dosage regimens
used to facilitate lateral hypothalamic
recovery should then have had signifi-
cant effects on the activity of central
catecholamine neurons.

Our data are therefore consistent
with the initial denervation supersensi-
tivity hypothesis, Administration of
aMT should have pharmacologically
produced a partial denervation of neu-
rons subserving recovery. In the ab-
sence of any preliminary treatment, it
would normally take many days for
rats with bilateral hypothalamic lesions
to recover from the aphagia and adip-
sia. And such recovery would occur
only if such rats were initially kept
alive with tube feedings (). The du-
ration of this recovery period would be
a function of the number of remaining
neurons involved in eating and drink-
ing and the degree of the supersensitiv-
ity to remaining inputs. Indeed, rats
with extremely large lesions would not
be expected to recover under any cir-
cumstances (2). By administering aMT
prior to surgery, the neurons subserving
recovery should be sufficiently super-
sensitive sooner after surgery for re-
covery to occur, Termination of drug
treatment before surgery should allow
intact inputs remaining after surgery to
become functional again. The time
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course of the entire process is thereby
facilitated.

Although this investigation began
with the premise that noradrenergic
neurons were involved in the lateral
hypothalamic syndrome (3), evidence
suggests that the same syndrome may
be all, or in part, attributable to inter-
ruption of a dopaminergic pathway
involving the substantia nigra and the
corpus striatum (I13). Evidence imply-
ing that denervation supersensitivity
follows lesions of this pathway has also
been reported (/4). Our data may,
therefore, have also demonstrated the
significance of supersensitivity for re-
covery of a dopaminergic system. Fur-
ther studies should help to clarify the
relative importance of noradrenergic
and dopaminergic neurons in the early
deficits as well as the later recovery
after lateral hypothalamic lesions.
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Reflection Spectra of Lunar Dust Grains

- with Amorphoué Coatings

Bibring et al. (I) report that a sig-
nificant fraction of grains of lunar fines
are coated with a low-density, amor-
phous substance about 500 A thick,
which is probably host grain material
metamictized by solar wind bombard-
ment. In one portion of their report
Bibring et al. suggest that the low al-
bedos and reddish spectra of the fines
may be due in part to the coatings. In
support of this suggestion they calculate
the Fresnel reflection coefficient as a
function of wavelength for an electro-
magnetic wave vertically incident on the
plane surface of a semi-infinite, non-
absorbing substance with index of re-
fraction n, = 1.98, coated with a layer
of material 500 A thick with n,=1.80.
The calculated reflection spectrum su-
perficially resembles the lunar spectrum.
Unfortunately, the calculation is irrele-
vant to the problem of the lunar albedo
because it ignores the refracted ray. Al-
though the coatings are very interesting,
it can be shown that they have only a
marginal effect on the lunar reflectivity.

The reflectivity R of an optically thick
powder, consisting of grains with single-
scattering abedos wy, is given to a first
approximation by the Kubelka-Munk,
or two-stream, expression (2):

R=1[1— (1 —w)*)/[1 + (1 —wo)*]
For the moon, R is .07, so that the
effective, average, grain albedo is
wo = .25. Contributing to w, are both
rays that are reflected directly from

the surface of the grain (the so-called
regular or specular component of re-
flection) and rays that are refracted into
the grain to be partially absorbed and
volume-scattered so that they leave the
grain in arbitrary directions. For sili-
cates, with typical indexes of refraction
around 1.6, the rays reflected from the
surface contribute only about .06 to w,,
and thus the refracted rays must ac-
count for the remaining .19. Coating
the grains will decrease the intensity of
the rays reflected from the surface in
the manner discussed by Bibring et al.,
but will increase the intensity of the re-
fracted rays because of smaller internal
reflection on exiting, so that R will be
only slightly affected.

The relative contributions of the sur-
face-reflected and volume-scattered rays
may also be estimated from polariza-
tion measurements on the lunar fines,
In green light the maximum polariza-
tion of Apollo 11 fines is approximately
16 percent (3). Since the diffusely
scattered ray is only weakly polarized,
the polarization is due primarily to the
surface ray, which is almost completely
polarized near the Brewster angle. Thus,
it may be deduced that surface scatter-
ing can account for only about 16 per-
cent of the light reflected by the fines.

The minor role of the specular com-
ponent can be further illustrated by the
following example: TiO, and H,O ice
have indexes of refraction of 2.6 and
1.3, respectively, and thus specular re-
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