
states, especially since the identification 
of a peripheral dopamine receptor-
blocking agent, domperidone, which 
eliminates emetic and other peripheral 
side effects of dopamine agonists (77). 
Schizophrenia has recently been found 
to be dramatically improved by the ad
ministration of low, sedative doses of 
apomorphine (18). Since the underlying 
neurochemical defect of schizophrenia 
has been viewed as overactivity of dopa
mine neurons, apomorphine may exert 
its therapeutic action through pre
synaptic inhibition of dopaminergic neu
rotransmission. Therefore, as a selective 
presynaptic dopamine receptor agonist, 
TL-99 provides a pharmacologically 
unique alternative to classical neurolep
tic therapy not only of schizophrenia, 
but also of other disease states, such as 
Huntington's chorea (5), hyperkinetic 
disorders (4), and tardive dyskinesias 
(19) where dopaminergic neuronal hy
peractivity is the pathophysiological al
teration. 
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For these in situ experiments, mice 
were anesthetized with urethan and pre
pared for recording as previously de
scribed (8). Spontaneous discharge of 
Purkinje neurons, identified by their 
characteristic pattern of single and com
plex spikes, were recorded by use of 
multibarreled micropipettes (9). Ethanol 
was administered locally by pressure 
ejection from an adjacent barrel of the 
micropipette; release of substances from 
such pipettes is linearly related to ejec
tion time and pressure (10). Effects of al
cohol were considered reliable only if 
they could be obtained at least twice, 
with recovery of control values in each 
case. Rate-meter records of electro
physiological changes were quaiititated 
with a digitizing tablet and computer 
(11)< 

The most striking finding in this study 
was the marked difference in sensitivity 
of cerebellar Purkinje cells to ethanol in 
the different lines of mice (Fig. 1). For 
each of the 87 neurons suitable for analy
sis and shown in the bar graph, we se-
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Electrophysiological Correlates of Ethanol-Induced 
Sedation in Differentially Sensitive Lines of Mice 

Abstract. Acute electrophysiological effects of ethanol were studied in two lines of 
mice that differ markedly in their response to the soporific effects of systemic alcohol 
administration. Cerebellar Purkinje neurons from the genetic line that had long sleep 
times were one to two orders of magnitude more sensitive to the depressant effects of 
locally administered ethanol than those from the line that had short sleep times. The 
data suggest that there are genetically determined specificities in the acute effects of 
ethanol on central neurons and that such specificities might be used to determine 
which regions of the cerebellum participate in differences in behavioral responses to 
this substance. 
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Fig. 1. Effects of acute ethanol 
administration by micro-
pressure ejection on spontane
ous activity of Purkinje neu
rons in situ. The number of 
neurons is plotted against the 
minimum ethanol dose in 
pounds per square inch x sec- m 
onds required to elicit signifi- | 
cant depression (30 to 70 per- | 
cent inhibition). The difference ® 
between the mean ethanol dose | 
needed to produce roughly a 
half-maximal depressions of 1 
spontaneous Purkinje cell fir- ° 
ing in SS mice (888 ± 147 | 
psi-seconds; average depres- g 
sion, 52 percent) and LS mice 
(29 ± 5.5 psi-seconds; aver
age depression 54 percent) was 
significant at P < ;001. Non-
linearity of abscissa permits 
display of LS and SS data 
on the same graph. (Inset) Representative rate-meter records of spontaneous firing from 
single Purkinje cells. There is a reproducible depression with repeated ethanol application 
at 5 psi-seconds for the LS neuron. Acute tolerance of response to ethanol at 300 psi-seconds is 
shown for the SS neuron; the first depressant response is half-maximal, the second response is 
just threshold, and subsequent ethanol applications elicited no depression. 

Ethanol dose (psi -seconds) 

lected an ethanol dose sufficient to elicit 
a 30 to 70 percent inhibition of spontane
ous Purkinje cell firing. Threshold or su
pramaximal responses were not used for 
these calculations to avoid problems in 
interpretation (12). The doses needed to 
produce similar effects in the two lines 
differed by at least 1.5 orders of magni
tude, with SS neurons requiring a mean 
of 888 psi-seconds (pounds per square 
inch x seconds) compared to 29 psi-sec
onds for LS neurons. This difference was 
highly significant (P < .001). Moreover, 
often only the initial response of cells 
from the SS mice could be used, since 
many cells showed rapid onset of toler
ance (13) to the effects of ethanol after 
several applications (Fig. 1, rate-meter 
inset). No tolerance was seen in any Pur
kinje neuron from LS mice (Fig. 1, rate-

meter inset). Pressure ejection of sa
line or of 670 mM sucrose in saline from 
another barrel of the pipette, at similar 
times and pressures, did not alter Pur
kinje cell discharge in either LS (Fig. 2) 
or SS mice. Moreover, in a number of 
cases, cells from LS and SS animals 
were alternately recorded, with ethanol 
ejected from the same multibarreled mi-
crbpipette, to ensure that differences in 
ethanol release were not involved in the 
differential sensitivity to this substance. 

The correlation of behavioral dif
ferences between the two mouse lines 
to cerebellar electrophysiological dif
ferences suggests that the behavioral 
depressant effects of ethanol are due 
to direct effects in the central nervous 
system. The amount of ethanol admin
istered by micropressure ejection would 

be insufficient (70) to influence periph
eral metabolism. Moreover, since the 
two mouse lines had similar time courses 
of changes in the alcohol content of the 
blood after parenteral injection, simple 
pharmacokinetic differences are unlikely 
(2). 

The previously reported differences in 
ethanol-induced behavioral depression 
in LS and SS mice are reflected in pro
found differences in electrophysiological 
activity of Purkinje neurons. If ethanol 
has a direct action on the molecular 
structure of protein or lipid constituents 
in excitable membranes (13), then a dif
ferential distribution of such ethanol-
sensitive elements must exist in LS and 
SS mice. Biochemical studies of the 
cerebellum in these lines of mice may 
provide definitive answers as to the locus 
of ethanol action at the macromolecular 
level. 
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Fig. 2. Rate-meter records showing a comparison of the effects of pressure ejection of ethanol 
(ET), saline (SA), and sucrose (SU) on Purkinje cell discharge. Traces A to D are from four 
different LS mice; the duration of ejection is indicated by the single or double bar over each 
trace, and ejection pressure (pounds per square inch) is given by the underlying number. Note 
that, in each case, ethanol elicits a potent depression of spontaneous activity whereas normal 
saline or a sucrose solution isotonic to the ethanol (9), administered from an adjacent barrel, has 
no effect. 
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Osmolality and Potassium Ion: Their Roles in 
Initiation of Sperm Motility in Teleosts 

Abstract. Spermatozoa that are quiescent in electrolyte and nonelectrolyte solu
tions isotonic to seminal plasma show motility when the semen is diluted with hypo
tonic solution in freshwater teleosts (four species tested) and with hypertonic solu
tion in marine teleosts (five species tested). Decrease or increase, respectively, in 
osmolality of the environment may be the factor initiating sperm motility in these 
species. The motility of chum salmon spermatozoa in a sodium chloride solution 
isotonic to seminal plasma is completely suppressed by approximately 10 millimoles 
of potassium per kilogram; top minnow spermatozoa, however, were immotile in a 
nonelectrolyte solution, and motility was induced by electrolytes, especially potas
sium. Thus ions, rather than osmolality, may be an essential determinant of sperm 
motility in salmonid and viviparous teleosts. 
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to a total tip diameter of 5 to 6 /jan. The record
ing barrel was filled with 5M NaCl. The barrels 
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In many animals, hypotonicity is 
harmful to sperm structure and sperm 
motility. Sperm heads of marine in
vertebrates swell immediately after im
mersion in media hypotonic to seawater. 
Diluted Ringer solution causes the sperm 
tails of mammals to spiral and cease mo
tility (7). In salmonids, the life span of 
spermatozoa is longer in 20 percent sea-
water than in freshwater (2). In teleosts, 
spermatozoa that are immotile when nor
mally suspended in a seminal plasma 
having an osmolality of about 300 to 350 
mosmole/kg in freshwater or marine spe
cies (3) or containing high concentrations 
of potassium ion in Salmonidae (4) be
come exposed at spawning to environ
ments that are hypotonic, hypertonic, or 
low in K+ , respectively. 

In a freshwater teleost, the goldfish 
Carassius auratus, and in a marine tele
ost, the puffer Fugu niphobles, the 
sperm were immotile when the semen (5) 
was mixed with 100 to 200 volumes of ei
ther an electrolyte (150 mmole/kg NaCl 
or KC1) or a nonelectrolyte (300 mmole/ 
kg mannitol) solution isotonic to the 
seminal plasma (300 mosmole/kg) (Fig. 
1, a and b). Motility occurred only when 
the semen was diluted with a solution 
(electrolyte or nonelectrolyte) of lower 
osmolality for the freshwater species or 
higher osmolality for the marine species. 
Thus, the experimental conditions paral
lel the natural conditions in which sperm 
motility is suppressed by the osmolality 
isotonic to the seminal plasma in the tes
tis and initiated by a decrease or an in
crease in the osmolality of the environ
ment surrounding the spermatozoa at 
spawning. Duration of sperm motility in 
the goldfish increased with a decrease in 
osmolality in both NaCl and mannitol so
lutions, reaching a maximum motility at 
100 mosmole/kg before decreasing. This 
decrease in amount and duration of 
sperm motility is probably the result of 
disruption of sperm structure by hypoos-
motic shock, since swollen sperm heads 
and fragmented tails were noted. Be

cause spermatozoa have a longer life 
span at an osmolality between 100 and 
200 mosmole/kg, they must reach 
spawned oocytes within a short period in 
an environment constituted by the mix
ture of seminal plasma and freshwater. 
In fact, the duration of sperm motility of 
teleosts—including goldfish—is relative
ly short, and generally the mature male 
of many fishes approaches the female 
and releases spermatozoa immediately 
after oviposition. In the puffer, the dura
tion of sperm motility reached a maxi
mum at 400 mosmole/kg and then de
creased with further increase in osmolal
ity. The spermatozoa ceased to move at 
osmolalities (1200 mosmole/kg) above 
that of seawater (1000 mosmole/kg). 

Sperm motility was induced in other 
freshwater teleosts—Cyprinus carpio, 
Carassius carassius, and Tribolodon 
hakonensis—by reducing the osmolality, 
and in other marine teleosts—the cod 
Gadus morrhua macrocephalus and the 
flounders Limanda yokohamae, Micro-
stomus achne, and Kareius bicolo-
ratus—by increasing the osmolality. In 
the seawater teleosts, sperm motility 
ceased at an osmolality greater than 1200 
mosmole/kg. 

Spermatozoa of the chum salmon On-
corhynchus keta, which belongs to a 
primitive group of Teleostei, the Salmon
idae, were motile in NaCl solutions be
tween 0 and 500 mosmole/kg (Fig. lc); 
osmolalities of 300 to 400 mosmole/kg, 
which are similar to that of the seminal 
plasma of chum salmon (4), did not in
hibit motility. The seminal plasma of the 
rainbow trout Salmo gairdnerii contains 
a high concentration of K+ , which inhib
its sperm motility, and K+ is also a major 
constituent of the seminal plasma of 
chum salmon (4). In our study, sperm 
motility in chum salmon and rainbow 
trout (6) did not occur at any KC1 con
centration examined. When ion concen
tration was increased by adding various 
concentrations of KC1 to 100 mmole/kg 
NaCl, sperm motility ceased, although 
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