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feature of the long-lived animals was a pro-
gressive change in the cellular type of reaction
from an early infiltration of mononuclears
with little cytoplasm to a stage of consolida-
tion with epithelioid cells and finally to a
“regressive” type of mononuclear reaction in
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which lesions decreased in size, epithelioid
cells were few and mononuclears with little
cytoplasm predominated.
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In the course of an extended study of the
electrical response of the cochlea of the guinea
pig to pure tones and to clicks we have col-
lected incidental observations on the condi-
tions of survival of these responses. Since
these conditions are pertinent to any theory
of the origin of the aural microphonic or *‘co-
chlear response” we present them herewith.
Our report concerns only the aural micro-
phonic, which apparently is closely related to
the physical movements of the basilar mem-
brane or some closely adjacent structure, and
not the action potentials of the auditory nerve
(or spiral ganglion) which are usually recorded
with the microphonic. In general the action
potentials fail equally with or before the mi-
crophonic. We have never yet observed the ac-
tion potentials under conditions where the
aural microphonic could not also be elicited,
although sometimes a greater intensity of
stimulus is necessary to make the microphonic
visible on the oscilloscope.

Our sound-generating system and our pick-
up amplifiers and oscilloscopes follow con-
ventional design and will be described in de-
tail elsewhere. We make electrical contact
with the cochlea through a tiny wick applied
to the round window and through fine copper
or silver wires passing through or fitted like
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a cork into small holes drilled through the
bony shell of the cochlea. A reference elec-
trode is connected to the edge of the wound
in the neck.

Mere placement of an electrode on the
round window membrane does not necessarily
cause a reduction of the aural microphonic
over a period of many hours or even 2 or 3
days. Neither does the anaesthetic per se
(dial in urethane), provided the dose is light
enough to allow reflex muscular movements
and circulation and respiration remain ade-
quate. Fall in body temperature sometimes
seems to cause a reversible reduction of the
microphonic, but no more than can reasonably
be explained by the associated fall in meta-
bolic rate and changes in circulation and res-
piration. Such effects of temperature have
been more prominent in our experiments on
cats than in guinea pigs.

It is well known that the aural microphonic
falls off sharply when the animal dies, but that
it persists for many hours after death at a few
per cent of its original strength.® In the guinea
pig, when respiration gradually fails from too
much anesthetic, the microphonic falls to this
low level before the heart stops. The failure
is partly reversible. If the animal takes a
few gasping breaths the microphonic may
double its voltage (and action potentials re-
turn) as the heart beats faster and more regu-

1 Wever, E. G., Bray, C. W., and Lawrence, M.,
Ann. Otol., Rhinol., and Laryngol., 1941, 50, 317.
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TABLE 1.
Changes in Threshold (Decibels) for 20 Mierovolt Response at Round Window (1000 Cycles)
following Deliberate Injury.

Time after injury

Exp. No. Injury 1hr 2 hr 3hr 21 hr
60 Turn 3; all 3 sealae + 4 -3 — -7
63 ) 3; PR B +14 +13 _ -
66 ?7 25 large hole in seala media 0 — — —
67 >7 35 all 3 scalae, hole enters the modiolus -2 — — —
68 ’? 3; amputation 4+ 2 + 4 +12 —
70 ’7 3; amputation -4 -4 — —

Positive values indicate rise in threshold, negative a fallt -

See Fig. 1A for Experiment No. 60, 1B for No. 67.

larly. It is our clear impression that there are
two mechanisms underlying the microphonic,
one of which is quite sensitive to lack of oxy-
gen and the other sufficiently hardy to persist
(at a low level) for hours after death.
Frequently, but not always, as respiration
and circulation fail and as the microphonic
approaches the postmortem level, the micro-
phonic undergoes half-wave rectification. The
phase of the microphonic in which the scala
media and scala vestibuli are relatively more
positive and the scala tympani more negative
is depressed much more than the opposite half
of the pattern. The phase which is most de-
pressed corresponds to condensation in the ex-
ternal canal. This effect is most dramatic
on the oscilloscope when clicks are used as
stimuli, because the quiet base-line before the
click gives an obvious reference level; but rec-
tification can be clearly seen with pure tones
also. The rectification is almost instantly re-
versible if the animal takes a few good breaths.
At this stage rather strong stimuli, 30 or 40
db stronger than are necessary for a fresh
preparation, are required to obtain clear re-
sponses and the maximum responses are rarely
more than 10 microvolts. Action potentials
always fail when or before rectification begins.
There are several sufficient conditions for
failure of the microphonic, including lack of
oxygen, overstimulation, certain chemicals
applied to the round window (including the
orthophosphoric acid we use in mixing the
dental cement that attaches our electrode
wires to the edge of the surgical opening into
the bulla.) Gross injury, such as rupture of
the round window membrane with outpouring
of perilymph and perhaps entrance of air bub-

bles, also abolishes all responses.

Milder surgical injury associated with drill-
ing a hole 300 p in diameter and deliberately
rupturing Reissner’s membrane and the basi-
lar membrane does not necessarily cause any
deterioration of electric response over several
hours exceot for a narrow band of frequencies
associated with the actual site of injury. (See
Table and Figure). In two experiments com-
plete amputation of the 3d and 4th turns
caused very little change in two hours of the
stimulus necessary to yield at the round win-
dow a 20 microvolt response to medium and
high tones. Small holes (60 n) at the apex
without rupture of the endosteum seem quite
innocuous. We have not detected any effects
that we must attribute to a moderate “escape
of endolymph” or to “serous labyrinthitis.”

Two general conditions are important, and
they may reduce ultimately to one. They are
1) a general factor associated with progressive
deterioration of the preparation in a long ex-
periment. The electrical responses may grad-
ually fall and thresholds rise. High tone re-
sponses are usually more depressed than
low. 2) Local oxygen supply, which may
be reduced by failure of circulation or by in-
adequate respiration. For example, the re-
sponses fail within a few seconds of cessation
of respiration under pure nitrous oxide and
return quite or nearly to normal promptly
when breathing is resumed. The general fac-
tor suggested above may be nothing more than
cumulative irreversible or slowly reversible
effects of prolonged partial anoxia.

The stability of the responses in the pres-
ence of holes drilled into the cochlea opens
the way for more intimate approach to the
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Fi1e. 1.
A, Exp. 60. Large hole and deliberate injury
in Turn 3. Reissner’s membrane and bagilar mem-

brane torn. Beneath the large hole is the outer
end of a small hole that entered Turn 2, scala
media.

B, Exp. 67. Hole entering modiolus in Turn 3.
Axis of hole is perpendieular to plane of section.

nervous structures in labyrinth and modiolus.
Summary. The aural microphonic of guinea
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pigs was recorded from the round window and
from copper wires applied to or passing
through tiny holes drilled through the bony
shell of the cochlea. When the guinea pig’s
respiration fails gradually, the microphonic
falls to a few percent of its original strength
before the heart stops. The failure is partly
reversible if respiration improves.

Frequently near the postmortem level the
microphonic undergoes partial or complete
half-wave rectification. The phase corres-
ponding to condensation in the external canal
is more depressed than the phase correspond-
ing to rarefaction. This effect also is tempor-
arily reversible.

Extensive surgical injury including ampu-
tation of the two apical turns may cause little
or no change in the microphonic (1000 cycles
per second) at the round window over several
hours.

Received March 29, 1949, P.S.E.B.M,, 1949, 71.

Differences in Hemagglutination by Strains of Influenza Virus in

Presence of Egg White and Normal Serum.*

H. BernkopF.t  (Introduced by Thomas Francis, Jr.)

From the Department of Epidemiology and Virus Laboratory, School of Public Health,
University of Michigan, Ann Arbor, Mich.

Substances of various origin have been
shown!-1¢ to inhibit the hemagglutination re-
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