Pharmacology Biochemistry & Behavior, Vol. 20, pp. 195-200, 1984. © Ankho International Inc. Printed in the U.S.A.

Efficacy of Choice Testing to Predict
Chronic Ingestion of Drinking Solutions
Adulterated with Chemicals’

MARY JEANNE KALLMAN? AND GEORGE L. KAEMPF

Department of Pharmacology and Toxicology, Medical College of Virginia
Virginia Commonwealth University, Richmond, VA 23298

Received 12 April 1983

KALLMAN, M. J. AND G. L. KAEMPF. Efficacy of choice testing to predict chronic ingestion of drinking solutions
adulterated with chemicals. PHARMACOL BIOCHEM BEHAV 20(2) 195-200, 1984.—The feasibility of using a measure
of palatability in a 2-bottle choice paradigm to determine detriments in fluid intake when unpalatable solutions containing
drugs or chemicals were provided as a sole source of fluid was examined. Palatability measures obtained from testing
various concentrations of quinine with water in a two-bottle choice paradigm were compared with intake of these same
solutions when they were the sole fluid source for 20 consecutive days. Mice were observed to significantly avoid quinine
solutions at concentrations as low as 0.0001 mg/ml in a choice situation while fluid intake was reduced in a forced drinking
situation only at a concentration of 0.1 mg/ml. Palatability altered forced fluid intake only when quinine solutions com-
prised 20% or less of total intake in a choice situation. This approach was successfully employed to predict whether various
concentrations of halogenated hydrocarbons could be administered in a repetitive forced drinking situation without reduc-

ing total fluid intake of mice.
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OUR laboratory has been involved in research to predict the
potential for behavioral toxicity of selected water contami-
nants. To provide data which directly addresses the problem
of drinking water exposure we have employed either gavage
or drinking water exposure, when possible. for the com-
pounds evaluated. Drinking water exposure is preferred
since it produces the closest approximation to the normal
human exposure, it produces a more graded exposure across
a 24-hr period and it produces the least trauma to the test
animal.

Exposing animals to potentially hazardous materials via
drinking water may produce several problems which interfere
with safety assessment. The most overt problem is reduced
body weight when a threshold for behavioral toxicity would
be desired at exposure levels which do not result in body
weight reductions. Another problem is the direct effect of
dehydration which may alter behavioral respénses such as
locomotor activity [4,5] or enhance the toxicity of a com-
pound by increasing absorption from the gut or decreasing
elimination of the chemical from the body [4.8].

Other investigators have attempted drinking water expo-
sure to various chemicals and drugs. The most extensive
literature exists on the repetitive oral adminisfration of nar-
cotics. Many different procedures have been' employed to
produce intake levels which would result in' dependence.

Some investigators have employed saccharin or sucrose
[3,10] to camouflage the aversive taste of narcotics while
others have resorted to more complicated and time-
consuming approaches as limited access to sucrose solutions
or condensed milk containing the drug [12, 14, 15, 16] or
schedule-induced polydipsia protocols [1]. In all of these in-
vestigations the major variable of interest was narcotic expo-
sure level and the resulting dependence rather than a con-
cern for the reduction in normal fluid intake which typically
occurred. None of these previously used procedures were
applicable to our situation because of the absence of normal
fluid intake.

Reductions in fluid intake of drinking water adulterated
with a novel substance can result because of two properties
of those solutions [1,14]. The first property that is important
is palatability or taste of the solution. If a solution is aversive
or unpalatable, immediate reductions in fluid intake result
with some gradual return toward normal levels observed as
dehydration ensues [10). Kare and Pick [7] have reported
that, at least for fowl, relatively severe changes in taste are
necessary to reduce forced intake of fluids. The other impor-
tant variable is the degree of postingestional malaise or toxi-
cosis that is produced. The presence of the latter factor in the
absence of palatability problems results in delayed reduc-
tions in fluid intake with the onset of reduction delayed less
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when the toxicosis is more severe [14]. This second phenom-
enon of delayed reduction in intake might be an interesting
indicator of general toxicosis in an evaluation but early re-
ductions in fluid consumption and the consequent reduction
in exposure level could necessitate termination of an investi-
gation.

This investigation was conducted to determine the utility
of two-bottle choice testing [9] to assess the taste quality of a
chemical and to define the relationship between degree of
aversiveness and fluid intake in forced drinking situations.
Choice testing was selected to evaluate palatability since it is
a more sensitive indicator of acceptability [7,9] and this pro-
cedure would also provide data on the aesthetic quality of
contaminants in drinking water which would be useful in-
formation in an evaluation of contaminants. To our knowl-
edge, two-bottle choice testing has never been used to pre-
dict forced exposure to chemicals or drugs in drinking solu-
tions at concentrations which would not alter fluid intake.
The ability to predict prior to the onset of a 90-day sub-
chronic exposure study whether drinking water exposure
was feasible without producing severe reduction in total fluid
intake during the exposure period would be time saving.

GENERAL METHOD
Subjects

Male, CD-1 mice weighing 26 to 28 g, obtained from
Charles River Laboratories (Wilmington, MA), served as
subjects for these experiments. All mice were group housed
4/cage in plastic cages (28.5%16.5x12.0 cm) with sawdust
bedding. Selection of a 4 mice/cage housing unit was due to
our interest in predicting chemical solution intakes in sub-
chronic toxicity evaluations where housing was under these
same conditions. Unpublished observations in our labora-
tory indicated that absolute fluid intakes vary depending on
whether mice are housed singly or in groups. Purina lab
chow and tap water were available ad lib. except where
specified. Illumination in the colony room was varied on a
12-hr light/dark cycle and temperature was maintained at
22.5x1°C. Mice were allowed a minimum of one week to
adapt to the colony environment prior to initiation of the
experiments.

Chemicals

The quinine sulfate (Lot No. 792199) used as a standard
for taste testing was obtained from Fisher Scientific
(Pittsburgh, PA). All quinine concentrations were calculated
on the salt. The 1,2-dichloroethane (DCE-1,2), Lot No.
120487, purity 99+%; 1,1,2-trichloroethane (TCE-1,2), Lot
No. 061197, purity 95%; and 1,1,1-trichloroethane (TCE-
1,1), Lot No. 5708DE, purity 97% (inhibited with 3%
p-dioxane) were obtained from Aldrich Chemical Corpora-
tion (Milwaukee, WI} and the chloral (CHL), Lot No.
925086, purity 99+9%, was obtained from J. T. Baker Chemi-
cals (Phillipsburg, NJ). Quinine, CHL and DCE-2 were
found to be stable for 3-4 days when dissolved in deionized
water while the less soluble compounds, DCE-1,2, TCE-1,2,
and TCE-1,1, were suspended in a vehicle of 1 part Emul-
phor (EL-620, GAF, NY, NY) to 99 parts deionized water.

Solutions for taste comparisons and forced drinking ex-
periments were prepared twice a week and placed in amber
water bottles (250 ml) with rubber or cork stoppers and stain-
less steel drinking tubes. No corrections for spillage were
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made since mice in each study were always housed on one
rack; therefore spillage was assumed to be relatively con-
stant.

EXPERIMENT I—AVERSIVE PROPERTIES OF QUININE

Taste preference curves for quinine have not been well
defined in CD-1 mice, therefore Experiment 1 examined
taste thresholds for quinine in a two-bottle choice paradigm.
Since quinine is a widely used bitter substance in investiga-
tions on taste psychophysics, it was selected as a model for
predicting intake difficulties.

Procedure

Eighty mice, housed 4/cage, served as subjects for taste
threshold determinations for quinine. For choice testing, two
bottles with rubber stoppers fitted with stainless steel drink-
ing spouts were placed on the wire cage top with food avail-
able between the bottles. All the mice were given a minimum
of two weeks to adapt to the colony and the exposure to tap
water availability from two bottles. Twenty-four hr fluid in-
takes were measured (to the nearest 0.1 ml) at the same time
daily (about 11 a.m.) and the bottles were refilled and re-
placed on the cage. Mice were exposed to two-bottle choice
comparisons between deionized water and seven concentra-
tions of quinine: 0.10, 0.03, 0.01, 0.003, 0.001 mg/ml. The
order of choice presentations were determined from a Latin
square. Each cage of animals was tested on each of the seven
comparisons twice, once with the quinine on the left and
once with the quinine concentration on the right, to control
for position preference. On any given day, the quinine solu-
tion was presented on the left for half of the animals and on
the right for the other half of the animals. Between each two
days of choice testing was interspersed two non-choice days
when deionized water was available in both bottles to de-
crease carryover effects from the prior taste comparison.
Body weights were recorded daily. Total volume consumed
from each bottle was recorded daily and quinine aversion
values were calculated as (quinine intake/quinine intake +
water intake) x 100%. Quinine aversion values were
analyzed by a one-way analysis of variance to determine the
significance (p=<0.05) of quinine concentration of fluid in-
take. The concentration effect was further examined by
Dunnett’s multiple comparisons to determine quinine con-
centrations which significantly reduced intake when com-
pared to control intake levels determined when two bottles
of water were available immediately prior to quinine com-
parisons.

Results

Figure 1 illustrates the preference values obtained when
each of the 7 concentrations of quinine was presented with
water for 48 hr in the two-bottle choice situation. Each data
point represents the mean of two data points for 20 cages of
mice (4/cage) =S.E.M. As was expected, mice responded to
the typically aversive quality of quinine solution by signifi-
cantly reducing the proportion of total intake consumed from
quinine solutions as the concentration of quinine increased,
F(7,133)=50.64, p<0.01. Dunnett’s multiple comparisons
indicated that all concentrations of quinine significantly
(»=0.05) altered fluid ingestion from control levels.

EXPERIMENT 2—FORCED EXPOSURE TO QUININE SOLUTIONS
Experiment 1 demonstrated that CD-1 mice could taste
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FIG. 1. The effect of varying quinine concentrations on percent of
total intake consumed of quinine when mice were presented with
one bottle containing quinine and one bottle containing tap water.
Each data point is a mean for 20 cages of mice (4/cage) tested for 2
consecutive days on the comparison. All mice were adapted to fluid
availability from 2 bottles prior to choice testing. Vertical bars rep-
resent =S.E.M. for each data point. The data point labeled C repre-
sents the water — water control value.

quinine when the quinine was presented in various concen-
trations and they responded by lowering quinine intake as a
function of concentration. We were then interested in de-
termining the highest percentage decrease in guinine drink-
ing in a two-bottle test that would result in no effect in a
single bottle, repeated-forced drinking situatipn. Thus, Ex-
periment 2 examined the effect of forced expodure to various
concentrations of quinine on total fluid intake.

Procedure

One hundred and forty mice, housed 4/cage (N =35 cages)
served as subjects for this experiment. All mice were given 2
weeks to adapt to the colony and to establish stable fluid
intake levels of about 9 ml/cage of 4 mice. Mice were ran-
domly assigned to one of the following forced, drinking con-
ditions (n=7 cages/treatment): deionized water, 0.10, 0.01,
0.001 or 0.0001 mg/ml quinine for 20 consecutive days. Fluid
bottles were removed from the cage at apprpximately the
same time daily (11 a.m.) and the volume of fluid consumed
was recorded. Bottles were then refilled and ré¢placed on the
cage. The data for each cage were divided by the number of
subjects housed per cage [4] to provide fluid intake per
animal. These values were analyzed by a ;mixed factor
analysis of variance [13] to determine the;effgct of quinine
concentration and length of exposure. Significant effects
(p=<0.05) were further examined by Dunnett’s individual
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FIG. 2. The effects of various concentrations of quinine on ad lib.
fluid consumption when quinine solutions were the sole source for
fluid consumption. Each data point is a mean for 7 cages of mice
(d4/cage).
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comparisons to determine significant (p<0.05) shifts in fluid
intake from control intake levels.

Results

Mean fluid intake for each group across the 20 days of
forced exposure is presented in Fig. 2. When mice were
exposed to varying concentrations of quinine as their sole
fluid source, total fluid consumed was affected by the con-
centration administered, F(4,30)=28.20; p<0.01. A Dun-
nett's multiple comparison was used to compare fluid intake
levels of each quinine exposure group to intake levels in the
deionized water group. Only the highest quinine concentra-
tion tested, 0.10 mg/ml, significantly (p <0.05) reduced fluid
intake from normal levels. The reduction in intake was
greatest on the first day of forced quinine exposure as indi-
cated by a decrease in fluid intake to about 30% of normal
levels. Some return toward normal intake levels was ob-
served by day 2 of forced exposure but fluid consumption
remained at about 70% of normal levels for the remainder of
the 20 days of quinine forced exposure.

EXPERIMENT 3—PREFERENCE TESTING WITH
HALOGENATED HYDROCARBONS

Experiment 2 suggested that concentrations of quinine
which constituted only 20% or less of total intake when pre-
sented in a choice-test situation would produce a reduction
in total fluid intake when the same quinine concentration was
available as the sole source for fluid intake. Quinine concen-
trations which were ingested more (>20% total consump-
tion) in choice testing did not alter total fluid consumption
when these were the sole fluid source. These findings
suggested that short-term choice testing might be used to
predict chemical concentrations which would reduce total-
fluid intake in forced-drinking exposure. Moreover, these
data would provide information about the aesthetic quality of
a specific chemical solution which would have utility in set-
ting standards for acceptable drinking water levels. There-
fore, several halogenated hydrocarbons which were sched-
uled for subchronic toxicity evaluation were also tested in
the 2-bottle choice procedure. The dosage levels for the sub-
chronic studies were not based upon palatibility although no
chemical concentration above a daily exposure of 1/10 of the
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TABLE |
PREFERENCE VALUES FOR 2-BOTTLE COMPARISONS*
% of Total Consumptiont
Compound Concentration (Mean =+ S.E.M.)
CHL 0.70 mg/ml! 359 + 3.2
DCE-1,2 0.20 mg/ml 156 = 1.9
TCE-1.2 0.20 mg/ml 423 + 1.9
TCE-1.,1 0.50 mg/ml 41.7 + 2.4
5.00 mg/ml 333 - 1.6

*All mice were adapted to drinking from 2 drinking tubes prior to
initiation of 4 days of choice testing.

*Percent of total intake consumed from contaminant solution
across 4 days of exposure.

LD,, would be evaluated in subchronic toxicity studies. Ul-
timately, our question was whether daily exposure by drink-
ing water at a daily level as high as 1/10 of the LD;, was
feasible without seriously decreasing fluid intakes. Several
problems were encountered because of the compounds that
were to be evaluated. First, some of the compounds were
insoluble in water and therefore were suspended in a 19
Emulphor and water vehicle. Also, all of these compounds
are solvents and thus would dissolve rubber stoppers and
they could be degraded by light. These problems necessi-
tated the use of amber drinking bottles fitted with cork rather
than rubber stoppers.

Method

Thirty-two male mice, housed 4/cage, served as subjects
for each taste comparison study. All mice were exposed to
the availability of water from two bottles for two weeks prior
to initiating choice testing. Since we hoped to work with a
smaller number of mice, we decided to measure preferences
across 4 days rather than two days as was assessed in Exper-
iment 1. Therefore, each preference comparison was made
on naive mice across 4 days of exposure to the choice situa-
tion. The cage position of the bottle containing the contami-
nant was counterbalanced in an ABBA order for each cage
across the 4 days of exposure to control for side preferences.
The following taste comparisons were made: (1) 0.70 mg/ml
CHL vs. deionized-distilled water; (2) 0.20 mg/ml DCE-1,2
vs. deionized-distilled water; (3) 0.20 mg/ml TCE-1,2 vs.
Emulphor vehicle; (4) 5.0 or 0.50 mg/m]l TCE-1,1 vs. Emul-
phor vehicle. TCE-1,1 was tested initially at two concentra-
tions because the concentration which produced a daily ex-
posure at a level 1/10 of the LD;, was higher than all other
concentrations of interest. Actual concentrations for chemi-
cal solutions were based on average body weights (39 g) and
previously determined daily fluid intakes for mice housed
4/cage (9 ml/day).

Total fluid consumed from each bottle was recorded daily
for the four days of baseline and the four days of comparison
testing. A preference measure was computed for preference
test days as (total contaminant intake/total intake) x 100%.

Results

Preference scores for each two-bottle comparison were
computed as the mean for all cages tested across the 4 days
when the two bottles of fluid were available for 24 hr ad lib
consumption. Table 1 illustrates the preference values that
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were observed for each of the comparisons made. The con-
centrations tested in the two-bottle choice paradigm
produced little aversion with the exception of DCE-1,2. A
mean preference score of 15.6% was observed when mice
were exposed to 0.2 mg/ml DCE-1,2 solutions. The observed
preference value was significantly less than the level of ran-
dom intake measured during the 4-day baseline prior to
DCE-1,2 exposure, 1(7)=13.0; p<0.01. On the basis of the
data collected in Experiments 1 and 2, a mean preference
value of 15.6% indicated that this concentration of DCE-1,2
would reduce fluid intake in the forced-drinking situation
since this value was below the 20% cut-off observed to re-
duce fluid consumption in forced-drinking of quinine. Fluid
consumption was predicted to be normal for forced-drinking
exposure to all of the other chemicals at or below the con-
centrations tested.

EXPERIMENT 4—FORCED FLUID INTAKE OF
HALLOGENATED HYDROCARBONS

All of these halogenated hydrocarbons were evaluated for
subchronic toxicity with drinking water as the route of expo-
sure. Fluid intakes were measured throughout the sub-
chronic exposure period. Other measures of toxicity were
also made on these mice after exposure was terminated, but
those data are reported elsewhere. The measure of interest
(total fluid intake) was examined to ascertain the efficacy of
preference testing to identify difficulties with fluid intake
when mice were forced to drink contaminant solutions.

Method

Naive, CD-1 mice were used to examine the effects of
forced fluid intake of adulterated solutions on total fluid con-
sumption. Mice were housed 4/cage and adapted to the lab
colony for at least one week prior to exposure to the con-
taminant solutions. Mice were then exposed to one concen-
tration of a chemical continuously for 90 days. Different
groups of mice (N=8 cages, 4 mice/cage) were exposed to
each of the following solutions: 0.7 or 0.70 mg/ml CHL.; 0.02
and 0.20 mg/ml TCE-1,2; 0.5 and 5.0 mg/m]l TCE-1,1 and 0.02
and 0.20 mg/ml DCE-1,2. All compounds were suspended
with the same vehicle as described for two-bottle choice test-
ing. Total fluid intake was measured biweekly when fresh
solutions were provided. CHL stability as determined by GC
with head space analyses indicated that all of these chemical
concentrations were stable at a level >902% when contained
in amber water bottles with cork stoppers for 4 days. Mouse
body weights were also determined weekly at the time drink-
ing solutions were changed during the 90-day exposure
period.

Results

Table 2 summarizes the effects of exposure to each chem-
ical concentration for 90 days on total fluid consumed. As
can be seen in the table, most of the chemicals did not de-
crease fluid consumption from the volume of tap water con-
sumed by control mice. The highest concentration of DCE-
1,2, 0.20 mg/ml, did reduce fluid intake as was predicted
from two-bottle choice testing with this concentration of
DCE-1,2. Total fluid consumption was reduced to about 75%
of control volumes. Actual DCE-1,2 exposure was calcu-
lated from intake values and these mice received about half
of the intended DEC-1,2 exposure (49.0 vs. 24.0 mg/kg/day).

Figure 3 illustrates the effect of forced exposure to solu-
tions adulterated with DCE-1,2 across three 30-day intervals
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TABLE 2

EFFECT OF ADULTERATING DRINKING WATER WITH HALOGENATED HYDROCARBONS
ON FLUID INTAKE*

Exposure Intended Fluid Actual Body
Compound Concentration} Exposurei Intake$ Exposure? Weight (g)
CHL 0 0 85=03 0 39.8 = 0.8
0.07 14.4 7.3 %03 15.7 = 0.6 38.0 = 0.7
0.70 144.0 7.7+ 0.2 159.8 + 3.8 37.5 = 0.8
TCE-1,2 0 0 8.2 + 0.1 0 36.7 = 0.6
0.02 3.8 7.8+ 0.1 44+ 0.1 36.5 = 0.8
0.20 38.0 7.6 +0.2 45.6 + 1.2 37.1 = 0.6
TCE-1,1 0 0 7.7 = 0.1 0 414 = 0.6
0.5 100 7.7 0.1 103 = 20 41.2 = 0.5
5.0 1000 8.0+ 0.1 1041 =+ 16.0 41.2 = 0.6
DCE-1.2 0 0 5.1+ 0.1 0 40.2 * 0.5
0.02 49 5.5+0.1 35+ 0.1 41.1 = 0.6
0.20 49.0 39 +0.1 240 = 0.7 38.9 = 0.5
*Tabled values represent means = S.E.M. for 8 cages of mice housed 4/cage.
tmg/ml.
img/kg/day.
§ml/mouse.
of the 90-day study. Control mice consumed more fluid dur- ® - control

ing the first 30 days of exposure than during the remaining 60
days. This observed shift in normal fluid intake is typical of
mice of this age which are developing rapidly and require
more fluid and food during this period. Adulteration of drink-
ing solutions with 0.02 mg/ml DCE-1,2 produced no decrease
in fluid consumed or a slight increase while adilteration with
the higher concentration of 0.20 mg/ml reduced fluid intake
across the entire 90 days of exposure as was predicted from
choice testing in Experiment 3. The greatest reduction in
fluid intake occurred during the first 30 days of exposure to
0.2 mg/ml DCE-1,2 when fluid consumption was reduced to
81% of the normal level. In no case did reductions in fluid
consumed compromise body weight but these reductions did
produce concomitant reductions in daily exposure to DCE-
1,2. Reduction in DCE-1,2 exposure ranged fifom 71-34% of
the intended exposure of 49 mg/kg/day.

GENERAL DISCUSSION

Exposure to aversive substances does alter total fluid in-
take in a forced exposure situation. The taste quality of
quinine concentrations as determined by twa-bottle choice
testing indicated concentrations which would produce re-
duction in total fluid intake when quinine solutions were the
only available source of drinking fluid. Quinine concentra-
tions which were ingested less than 20% in a choice situation
were observed to reduce forced intake to about 70% of nor-
mal levels. Observed sensitivities to quinine ¢oncentrations
were within the same range as those observed for the rat (9].
The relationship between palatability and forced ingestion
for a bitter solution (quinine) was also observed with the
halogenated hydrocarbons tested, suggestingthat this rela-
tionship is not peculiar to quinine but rather isi characteristic
of unpalatable solutions in general.

Concentrations of both quinine and the four halogenated
hydrocarbons administered in forced exposure were ac-
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FIG. 3. The effects of various concentrations of DCE-1,2 in the
drinking water on total fluid intake when the contaminant solutions
were the sole source of fluid. Data are presented for each 30-day
segment of the total 90-day exposure period. Fluid intakes are based
on biweekly measures for 8 cages of mice housed 4/cage. Vertical
bars represent =S.E.M. for each data point.
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cepted by the mice when preference scores were above 20%.
When preference values were below 20%, fluid intakes were
reduced when mice were exposed to the concentration in a
forced drinking situation. Thus, conducting 2-bottle choice
testing can be used to predict concentrations for forced
drinking water studies which will not result in significantly
lowered fluid intake. When greater than 20% of total intake is
of the flavored solution in the choice test, then these concen-
trations should not lower overall fluid intake during a 90-day
forced drinking study. Conversely, concentrations of a test
compound which do result in less than 20% consumption in a
2-bottle choice situation may not be readily administered in
drinking water for 90-day studies. Forced exposure to adul-
terated solutions appears to be relatively insensitive to
palatibility factors as determined in choice situations.

The reported aversion to DCE-1,2 at a concentration of
0.20 mg/ml seems to result from an innate taste aversion.
When DCE-1,2 and other halogenated hydrocarbons were
examined to determine their ability to produce learned aver-
sions in the classical conditioned taste aversion paradigm,
DCE-1,2 did produce conditioned aversions but a bolus ga-
vage of 300 mg/kg was required to produce a significant ef-
fect [6]. The data reported are based on a 24-hr exposure to
DCE-1,2 or approximately 24 mg/kg, therefore it would seem
unlikely that acquired aversions were responsible for the re-
jection of forced exposure to the DCE-1,2 solution.
Moreover, none of the drinking solutions accepted in the
forced drinking situation have been observed to produce ac-
quired aversions [6] at the exposure levels tested in this in-
vestigation. Although these data support the lack of learned
aversions, reduction in fluid intake in other forced drinking
situations might result from innate and/or learned aversions.

Choice testing with water contaminants can provide other
information in addition to the feasibility of subchronic drink-
ing water exposure. In the event of palatability problems,
choice testing could be used to access potential camouflage
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approaches. Secondly, choice testing provides information
about the aesthetic quality of drinking supplies contaminated
with a specific chemical. Certainly, contaminants which re-
duce fluid consumption because of smell and taste factors
should be identified. Finally, choice testing might also iden-
tify highly palatable solutions which would cause increases
in fluid intake. Although the latter situation has a low
probability in most situations, this event could lead to ele-
vated exposure of the population solely as a function of in-
creased intake. Enhancement of fluid intake can be produced
in the lab by providing sapid drinking solutions. Rats have
been reported to increase their intakes 3-4 fold when pre-
ferred solutions are freely available for ingestion (2, 11, 12].
Alternatively, a third approach that might be considered is
one used by Zenick and his colleagues {15,16] to simulate
oral exposure to alleviate the problems associated with ga-
vage. Their approach has been to maintain rats on limited
fluid availability. Typically, the chemical solution is avail-
able from 6 p.m.-8 a.m. daily in a restricted volume and then
unrestricted tap water is available for the next four hr to
prevent fluid deprivation. This approach has been successful
in producing total ingestion of an adulterated solution within
a limited time period. As Zenick ¢ al. [16] have pointed out,
circadian behaviors may be altered by disrupting the normal
drinking pattern. Moreover, by isolating the environmental
variables associated with chemical exposure, one may in-
crease the likelihood of avoidance of the adultereated solu-
tion, especially when the chemical exposure produces toxic
consequences.
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