less and require less than 50 pl of serum.
It is expected that cell lines expressing
the surface antigens of infectious agents
can be configured into simple chloro-
metric tests that could be performed in a
physician’s office or a clinical labora-
tory. In principle, the strategy we have
described could be applied to any situa-
tion where the expression of a membrane
protein is desired.
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thé Localization of

amorng others, found that ventilation rate
increased in proportion to the strength of
electrical stimulation at many wide-
spread sites in this area. It thus seems
unlikely that the hyperpnea can be as-
cribed specifically to stimulation of the
subthalamic locomotor region.

The second issue is whether a causal
or functional relation between evoked
hyperpnea and evoked locomotion can
be assumed. One or both responses
could have arisen from stimulation of
fibers of passage, from an overlapping
spatial distribution of structures subserv-
ing locomotion with those subserving
cardiac and respiratory functions (6), or
from current spread to adjacent struc-
tures (7). For instance, urination can be
evoked in conjunction with locomotion
by brainstem stimulation (8), even
though these two responses are not func-
tionally related. A functional relation
may be suggested under the circum-
stances if, regardless of stimulus
strength and location, the locomotion
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and hyperpnea could not be dissociated.
However, hyperpnea was induced in the
complete absence of locomotion in the
experiment of Eldridge et al., leaving the
question of the physiological role of the
evoked hyperpnea entirely open.

By way of illustration, during the
course of experiments in which electrical
stimulation of the mesencephalic reticu-
lar formation was sometimes used (9), 1
obtained the usual pressor response, pu-
pillary dilation, and neocortical desyn-
chronization during the passage of cur-
rent. In addition to these arousal-related
responses, eye movements were elicited
when the stimulating electrodes passed
near the oculomotor nucleus. The inten-
sity of the eye movements and pressor
response was often proportional to stim-
ulus intensity. In this case, it was unlike-
ly that the pressor response was part of a
feed-forward mechanism that anticipated
the rise in. oxygen consumption from
activity in the extrinsic muscles of the
eye. However, Eldridge et al. made this
exact argument for an analogous finding
obtained during electrical stimulation of
the subthalamic locomotor region.

Eldridge et al. mentioned that one
decorticate paralyzed animal had sponta-
neous intermittent locomotion and an
associated hyperpnea. In contrast to the
findings on evoked hyperpnea, this ob-
servation does support the idea that lo-
comotion-related hyperpnea is not due to
peripheral feedback. However, this was
an isolated observation for which no data
were presented. Even if this finding was
consistent and well documented in a
series of animals, thus demonstrating a
central mechanism requiring no feed-
back, such observations would still not
support the localization of the hyperpnea
to the hypothalamus. That the hypothal-
amus may be unnecessary for exercise
hyperpnea was shown by Shik ez al. (8).
They obtained hyperpnea during loco-
motion by stimulating the midbrain of
cats whose hypothalamus had been re-
moved.

Loyp L. GLENN
Laboratory of Neural Control,
National Institutes of Health,
Bethesda, Maryland 20205
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In his first sentence, Glenn states one
of the findings of our report (/). He then
states our conclusion and attacks that
conclusion as though it were based sole-
ly on the experiments in which electrical
stimulation was used.

Glenn has misquoted several of the
references that he uses to show that
hyperpnea can be evoked from a wider
area of the brain than the subthalamic
locomotor region (2). Nevertheless, we
recognize the validity of the question and
we are not in disagreement about the
first issue he raises, that of the general
problems of interpretation of electrically
evoked responses.

However, we feel that the point is
moot in relation to the second issue, the
functional relation between locomotion
and hyperpnea. In his criticism, Glenn
has neglected to point out that many of

our animals developed locomotion spon-

taneously and that respiration and arteri-
al pressure increased when this oc-
curred. He also failed to note that the
speed of locomotion, respiratory re-
sponses, and pressor responses in-
creased proportionately in an animal that
walked spontaneously at two different
treadmill speeds. These findings, which
were essentially the same as those with
electrical stimulation, indicate that
Glenn’s concern about fortuitous stimu-
lation of unrelated structures subserving
locomotion and respiration is not war-
ranted.

Glenn does agree that the develop-

ment of spontaneous fictive locomniotion
and hyperpnea in a paralyzed animal (a
finding that we have observed in several
experiments subsequent to our report)
supports our conclusion. He then at-
tempts to dismiss this finding by quoting
Shik et al. (3) to the effect that the
“hypothalamus may not be necessary
for exercise hyperpnea.” However,
Glenn is apparently unaware, although
we noted it in our report, that the hypo-
thalamus is essential for the develop-
ment of spontaneous locomotion (4) and
that Shik ez al. (3) made their observa-
tions in mesencephalic cats requiring
electrical stimulation to induce locomo-
tion.

Glenn makes the additional point that
hyperpnea occurred in the absence of
locomotion [see figure 2 of our report
(1)]. We believe that this does not negate
our conclusion, for at rest one of the
effector systems (respiration) is above
threshold and one (locomotion) is below
threshold. A small activation of a com-
mon driving mechanism would thus have
a demonstrable effect on the above-
threshold system but might fail to bring
the otheér to threshold. Our study shows
that once both systems are above thresh-
old, further increases of drive affect both
in a demonstrably similar manner.

FreDERIC L. ELDRIDGE
DavID E. MILLHORN
Tony G. WALDROP
Departments of Medicine and
Physiology, University of North
Carolina, Chapel Hill 27514

References and Notes

1. F. L. Eldridge, D. E. Millhorn, T. G. Waldrop;
Science 211, 844 (1981).

2. J. F. Vibert et al. [Neurosci. Lett. 11, 29 (1979)]
did not use electrical stimulation or generate
evoked hyperpnea. J, Orem and R. Lydic [Sleep
1,49 (1978)] used electrical stimulation of rostral
pons and caudal mesencephalon, but did not
obtain hyperpnea, that is, an increase in both
rate and amplitude of respiratory activity. L. M.
N. Bach [Am. J. Physiol. 171, 417 (1952)]
showed that bulbar stimulation evokes only ap-
neas, either inspiratory or expiratory, and did
not demonstrate the development of hyperpnea.

3. M. L. Shik, F. V. Severin, G. N. Orlovskii,
Biophysics (USSR) (English translation) 11, 756
(1966). This is the same as Glenn’s reference (8),
which is the original Russian language version.

4. 1. C. Hinsey et al., Arch. Neurol. Psychiatry 23,
1 (1930); G. N. Orlovskii, Biophysics (USSR)
(English translation) 14, 1154 (1969).

7 March 1983

SCIENCE, VOL. 222





