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Effects of Procaine as Compared with those of Dimethyl Sulfoxide on
the Endocochlear DC Potential in Guinea-Pig

Junshi Yamakawa

Endocochlear DC potential (EP) is composed of two components ; the positive
component provided by the active Na*—K* pump on the marginal cells and the
negative component produced by the electrochemical potential across the basilar
membrane. I have already reported that dimethyl sulfoxide (DMSO) demonstrated
an initial transient increase in EP due to reduction in the negative component and a
late sustained decrease which resulted from a decrease in the positive component. In
the present study, the effects of procaine were investigated using the perilymphatic
perfusion method and they were compared with those of DMSO for the purpose of
evaluating their effect on the negative component of EP.  Guinea pigs weighing
250—450g were anesthetized by intraperitoneal injection of pentobarbital sodium
(30mg/kg). Perilymphatic perfusion through the scala tympani with 1.0 w/v%
procaine caused an initial transient increase in EP of 7mV, which was followed by
a late sustained decrease toward +10 mV. A similar observation was made during
DMSO perfusion. The initial increase was considered to be caused by reduction in
the negative component, which could be attributed to an increase in the membrane
resistance of the basement membrane, while the late decrease was produced by
inhibition of the Na*—K* pump. Even when the positive component had been
previously abolished by treatment for anoxia, both procaine and DMSO were seen to
increase EP as a result of reduction in the negative component. When both chemicals
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were introduced to the scala tympani after EP had fallen below 0 mV following
anoxia loading, they produced an increase or a partial recovery of EP. This result
suggests that the positive and negative components operate independently from each
other. There were differences, however, between the effects of procaine and DMSO
on EP recovery. First, the degree of EP recovery from a fall during anoxia was
greater with procaine than that with DMSO. Secondly, the degree of EP recovery
with procaine was dependent on timing or the level of the falling phase of EP caused
by anoxia loading. If procaine was applied at the early phase of anoxia, the final
recovery levels were around +20 mV, whereas they were +40mV if procaine was
applied at the later phase of anoxia. These results altogether indicated that procaine
not only reduced the negative component but also facilitated the transmission of the
positive component depending on the activity of the Na*—K* pump, while DMSO
only reduced the negative component. The indirect effect on EP of dilation of the
blood vessels of the stria vascularis rather than the direct effect on the positive
component was involved in the greater recovery of EP by procaine. (Accepted on June
3, 1992) Kawasaki Igakkaishi 18(2) : 93—100, 1992
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Changes in EP during perfusion with 0.2 w/v %
procaine.

Mark 1 indicates the period of perfusion

with the perilymphatic solution containing procaine and

HH5ERY b TOERB LTS
WL T o BUMA LERL
To. NTHY vk L, 130
mM NaCl, 5mM KCl, 1mM
CaCl, 2mM MgCl,, 0.1mM
NaH,PO,, 10mM NaHCO;, 5

—— does the period of perfusion with the standard
perilymphatic solution.

During the period indicated

, perfusion was interrupted due to the exchange of
perfusing pipettes.
electrode was withdrawn from the scala media. The
potential of + 2mV indicates that a DC drift was neg-
ligibly small in the course of experiment.

At the end of the experiment the
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Fig. 2.

Table 1.

Reversible change in EP caused by the application
and washout of 0.2 w/v % procaine. Marks — , —
and ------ are the same as those in Fig. 1.

Initial transient rise and final steady value of EP at
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Fig. 3.
procaine.

previous figures.
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Changes in EP during perfusion with 1.0 w/v %
Procaine perfusion started at time 0.
of — 3 and ------ indicate the same periods as those in
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Changes in EP caused by anoxia and 0.2 w/v %

procaine perfusion. Anoxia loading starts at time 0 and = =

lasts throughout the end of recording.

Marks of ——

and ------ indicate the periods same as those in the previ-

ous figures.
record means a small drift.

The potential of 2mV at the end of the
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Fig. 5.

Changes in EP by perilymphatic perfusion applied
at the later stage of anoxia. Anoxia was loaded at the
time 0.75 min throughout the end of recording.
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BT L EHES»IIL:. 1
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b3z m L DMSO 12 &k 32—

Eight Bk BR EBEOET &, % Ok

min after that, scala tympani was perfused with 0.2 w/
v % procaine, during the period indicated by a mark
C—3. Thesmall downward deflection at the beginning
of perfusion was due to a mechanical artefact of per-
fusate flow. The drift of the electrical potential before

FRREEEDIL 727

EP FR{ERIOBFIZ OV TH,
Nat—K* pump {#iZ & % posi-
tive component D& &

and after the experiment was —2mV.

32 EP O ¥ DV ~Iz 8T Procaine DEBR
ZBIA L 7200 Z DD EP & Procaine EEFRHD
EP X OBHRIZ DWW T DEEE % Table 2 IR L
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for 2 min,

Changes in EP caused by the simultaneous procaine
perfusion with anoxia loading. First, anoxia was loaded
and meanwhile EP fell to —9 mV and
recovered back to the original level of +72mV after
interruption of anoxia. Then, at time 0, anoxia loading
and procaine perfusion were simultaneously imposed.
The decay of EP was observed to be partially inhibited
by 0.2 w/v % procaine. Marks of —— and
the periods the same as described in the previous figures.
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finally attainable EP component DD L3 Z L R2E

control EP at which procaine final EP I 2Lw2 5. DMSO BT

EP perfusion was started mna yEIETH-72. LU, Procaine
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during anoxia.

absence of drift in the electrical potential.
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Changes in EP caused by 5% DMSO perfusion
Anoxia was loaded at the time 0, and
thereafter perfusion with 5% DMSO was performed
throughout the period indicated by a mark ==
Anoxia loading was preserved to the end of the record-
ing. The potential at the end of the record means an
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