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gesponses of Single Neurons in the Olfactory
ulbs of Rabbits, Dogs, and Cats to X-Rays!

e}:?“?f exposure to X-rays has been shown to produce
o aviora] arousal®? and electroencephalographic (EEG)
fouzlfgcm-umza‘cic-n‘-5 in sleeping rats. Garcia et al.®
Stim lthat X-rays were more effective as a conditioned
ro“ Us when a small-diameter X-ray beam passed
bulbugh the region of the head containing the olfactory
thro and anterior brain than when the beam passed
Oo“gh other parts of the head. Both HuLL et al.? and
ab] PER and KiMELDORF® reported that olfactory bulb
shoat}ons greatly diminished the number of sleeping rats
diag‘vmg EEG desynchronization in response to X-irra-
on. Cooper and KiMeLDoRF? further showed that
bl;fgys evoked responses in single neurons of the olfactory
ah 10 anesthetized rats. Since such responses could be
Olished temporarily by the perfusion of saline through
effe Nasal cavities, or permanently by alcohol perfusion, an
et of X-rays on olfactory receptors was implicated.
Perlfs ¢onclusion was reinforced by the report!® that the
Usion of argon or nitrogen through the nasal passages
spotraﬂheotomized rats depressed or abolished the re-
Inse of most olfactory bulb neurons to X-irradiation.
een Such investigations as those cited above, the rat has
\Vasn US(?d almost exclusively. The present experiment
OIfaccarned out to determine whether responses of single
Tﬂbbfcery bulb neurons to X-rays could be obtained in
et ‘tS, dogs, and cats. In addition to the inherent in-
SOS In obtaining an answer to this question, there was
in & Ppractical reason for undertaking the experiment.
Van?ce each species has its own advantages and disad-
Sil‘ab?ges for experimental purposes, it was deemed de-
o ¢ to have available a variety of species whose olfac-
X?’ l‘eceptors had been proven capable of responding to
Inecays'-m order to facilitate further research into the
ansm underlying such responses.
0Methocis. 10 New Zealand white rabbits, 5 mongrel
altis’ and 5 cats were used. All animals were adults,
ang, C‘Eugh. their exact ages were unknown: Rab'bits were
Witls1 hetized with 1.0 g/kg of urethar}, given i.p.; dogs
witp, 35 mg/kg of sodium pentobarbital iv.; and cats
Surt 30 mg/kg of sodium pentobarbital i.p. The dorsal
ace of the olfactory bulb was surgically exposed in
to 1ts. In dogs and cats a dorsal approach to the olfac-
i::y b‘ﬂ.b was made, but the bulb was not exposed to
eECt Vision. During radiation exposure trials animals
the Placed, individually, in a stereotaxic instrument
‘C}} was located within an electrically shielded cage. A
tiﬂenstmghouse X-ray machine (250 kVP; 15 mA; filtra-
o1 1 mm Aland 0.5 mm Cu; half-value layfzr equivalent
thro.ss mm Cu) was oriented to pass a horizontal beam
g d“g_h the shielded cage. Whole-animal exposures were
sk € 1n all cases. The dose rate, measured in air at the
T surface of the head, was 1.0 R/sec. The duration of
ablgﬂsure routinely used was about 2 sec, but varied from
st O 0.5 t0 5.0 sec. Stainless steel microelectrodes, con-
dia,n?ted by the method of GrEENY, and having tip
e Z‘_ﬁers of 0.5-2.0 u, were used for making extracellular
am li Ings from olfactory bulb neurons. A Grass P-6 pre-
ep ifier, with cathode follower, was used for amplifying
tia,lssPlke potentials. Graphic recordings of spike poten-
gra, }‘:’el‘e made with a Honeywell 906-C Visicorder oscillo-
Ileup - An alteration in the discharge frequency of a
on 01 during X-ray exposure of at least 259, repeated
fo at least 2 separate trials, was the arbitrary criterion
¢ rra: TeSponse to irradiation. Sham irradiation trials were
the ‘;“'(d out by placing a 1/,-inch-thick lead plate between
“Tay machine and the animal, and operating the

T Y
4y unit in the usual manner.

Specialia

137

Results and Discussion. The Figure shows the responses
to irradiation of a single olfactory bulb neuron in each
of the 3 species examined in this experiment. In each case
the record represents a response to irradiation which is
near the maximum response frequency observed for that
species. As can be seen in the Figure, the spike frequency
increases in order from the dog, through the rabbit, to
the cat, which had the highest response frequency. It
should be pointed out that the amount of data obtained
in this study does not permit a rigorous quantitative
statement regarding these response frequencies. Further-
more, the thickness of the skull and overlying tissues is
different for the various species of animals used, so that
the effective radiation exposure rate at the level of the
olfactory receptors and olfactory bulb no doubt varied
considerably between species; this may very well be
responsible for the differences in response. However,
within these limitations, it may be stated that the maxi-
mum increase in firing rate (spike frequency during irra-
diation minus the spike frequency before radiation) ob-
served for the dog was 20-25 spikes/sec, for the rabbit
35-50 spikes/sec, and for the cat 50-70 spikes/sec. In-
creases in firing rate of 80-100 spikes/sec have been ob-
served in the rat at a radiation exposure rate of 1 R/sec.
The firing rate of 1 neuron in the dog and 2 neurons in the
cat was depressed during irradiation.
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The responses of single olfactory bulb neurons to X-irradiation in
the cat, rabbit, and dog. In each record the arrow pointing upward
indicates the beginning of irradiation and the arrow pointing down-
ward the cessation of irradiation. Calibration: 1 mV and 100 msec,
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The Table shows the number of units tested in each
species, and the number and percentage of such units
which responded to irradiation. Here again, reservations
concerning these values must be made because of the
relatively small number of units studied. Also, no attempt
was made to record from homologous areas of the olfac-
tory bulb in the various species; sampling of units was
random. It would appear, however, that a greater per-
centage of olfactory bulb neurons in the dog responded
to irradiation as compared with the rabbit and cat.
Previous work? resulted in percentages for the rat which
are approximately the same as those observed for the
rabbit and cat in this study.

All previous work on the response of olfactory bulb
neurons to X-irradiation has been done on the rat.
Similarly, rats have been used exclusively in behavioral

The total number of olfactory bulb neurons studied in the rabbit,
dog, and cat arc shown, along with the number and % of such units
which responded to X-irradiation

No. of No. of % of
neurons neurons neurons
tested responsive responsive
to X-rays to X-rays
Cat 95 16 17
Rabbit 128 19 15
Dog 71 17 24

Survival of Stressed Rats Following
Experimental Cardiac Necrosis

It has been demonstrated that isoproterenol produces
infarct-like myocardial necrosis in rats®, The functional
capacity of such hearts, as measured by cardiac output
and work during overloading produced by polyvinylpyr-
rolidone infusion, is greatly reduced? The present study
was initiated to observe the effect of stress on the survival
of rats with myocardial necrosis.

Male albino rats of the Carworth CFN strain were used.
Weanlings were maintained on a normal chow diet, except
for one group on a high fat diet® All the animals weighed
350-400 g. Isoproterenocl was injected at 3 mg/kg s.c. for
2 days and the rats were stressed on the third day. Stress
consisted of hypoxia in a covered glass jar, swimming in
10°C water or restraint by tying in a supine position for
24 h. All animals were autopsied at death, or 24 h after
surviving the experimental procedure, and the hearts
examined by a previously described method?.

Isoproterenol produced grossly evident myocardial
damage in each rat, while stress alone, or with the high
fat diet plus restraint, did not result in myocardial in-
jury, However, there was no significant difference in the
length of survival between isoproterenol-treated and con-
trol animals following hypoxia, swimming or restraint
(Table), indicating that the presence of myocardial dam-
age did not increase the myocardial sensitivity to cellular
anoxia sufficiently to affect survival. No animals died
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studies which have demonstrated the ability of X-12y®
to arcuse animals from sleep. With the exception of a#
experiment by TsypiN and GRIGOR'YEV??, in which f?b'
bits were used, rats have been used in studies showing
immediate EEG changes as a result of brief exposure t0
low-dose ionizing radiation. The present study demo®”
strates that olfactory bulb neurons of the dog, rabbits
and cat, as well as those of the rat, are capable of respond'
ing to X-irradiation. On the basis of previous work don®
on the rat®9, it is probable that these responses are the
result of an effect of X-rays on olfactory receptors.

Zusammenfassung, Die durch Réntgenstrahlen (1 R/seC)
erzeugten clektrischen Impulse einzelner Nervenzellen (-_16’7
Geruchszwiebel wurden in narkotisierten Katzen, Kan?
chen und Hunden gemessen. Als typische Reaktion wur' °
eine kurzfristige Erhohung der elektrischen Impulse :o4
funden. Somit sind die von Réntgenstrahlen ausgeloste?
elektrischen Impulse des Geruchsystems kein artspes”
fisches, sondern vielmehr ein allgemeines Phinomen.

G. P. CoopEr and D. J. KimgLpoRf
Physiology-Psychology Branch, U.S. Naval Radiologica!

Defense Laboratory, San Francisco (California 94735,
USA), August 29, 7966.
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The effect of stress on the survival of isoproterenol-treated ratf
Treatment No. of Survival
rats {range)
Isoproterenocl 20 None dead
Isoproterenol + hypoxia 6 109 min®
{90-136)
Hypoxia 6 112 min
(92_118)
Isoproterenol + swimming (10 °C) G 17 min®
(13-25)
Swimming (10°C) 9 20 min
(17-25)
Isoproterenol + restraint 18 Nonedesd
Restraint 18 Nonedé?
Isoproterenol + high fat diet + restraint 14 3 dead”
High fat diet + restraint 12 None ded

s Not significantly different from stress alone at P = (.05 using ‘he
Student ¢ test. b Animals died 12, 15 and 22 h after the end of ©°
straint.
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