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Electrical stimulation with direct current (DC) can lead to the generation of electrochemical 
products, resulting in a pH shift and subsequent damage to biological tissue. The present study 
was designed to examine the relationship between pH change and stimulus parameters both in 
vitro and in vivo, in order to increase our knowledge of the mechanisms underlying production of 
pH change in neural prostheses. Guinea pigs were anaesthetized with ketamine (40 mglkg i.p.) 
and xylazine (4 mglkg i.p.) and implanted with scala tympani Pt electrodes. Charge balanced 
biphasic pulses with stimulus intensities from 0.08 to 0.68 jlC/phase and stimulus rates from 
62.5 to 2000 pulses/sec were delivered to Pt electrodes in vitro (saline, phosphate buffered saline 
or saline containing human serum albumin) or in vivo (scala tympani). The pH level was 
recorded using pH microelectrodes or pH indicator (Phenol red). While electrical stimulation with 
charge-balanced biphasic pulses at stimulus intensities within the clinical range induced a 
minimum pH shift, intensities above these clinical limits induced clear pH changes both in vitro 
and in vivo. These pH changes increased with stimulus rate, intensity, and charge density. In 
addition, pH change was closely related to the residual DC level. As expected, stimulation with 
capacitive coupling induced little DC and :l minimal pH shift. No pH shift was observed when an 
alternating leading phase train with stimulus intensities up to 0.68 jlC/phase and 1000 pps was 
used, indicating that this waveform is efficient at minimizing electrochemical effects. Such 
stimulus waveforms have important clinical implications. 
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Delay analysis is a method for analysing phase-locked responses to periodic stimuli which 
is widely used in the study of auditory cells, as it provides an estimate of the delay present 
in a system from steady-state data. While the usual formulation utilises the assumption that 
the delay is constant across frequencies, in the auditory system delay varies with frequency. 
In this paper two new formulations of delay analysis are introduced, and are applied to the 
analysis of auditory temporal coding. In rats anaesthetised with urethane (1.3g/kg i.p.), in 
vivo extracellular recordings were made in the auditory nerve, cochlear nucleus and 
trapezoid body using glass microelectrodes filled with 1M potassium acetate (50-70MQ). 
Data were obtained from 511 units with mean delays (with standard error) computed for 
these locations: 2.42±0.06 ms; 3.20±O.04 ms; and 3.59±O.06 ms. The computed delays 
were found to correlate with another estimator of delay, click response latency (r=O.71). 
Using the introduced techniques, an analysis of the temporal code at these locations can be 
carried out, involving the vector strength, delay and phase of response. Our method of 
delay approximation and its correlation with click latency allows a more accurate measure 
of delay than previously possible. Using this method, deviations from the constant delay 
approximation can be assessed. 
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