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and sperm cells. 

Evidence suggests that sperm exhibit 
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and possibly other products of the MHC. 
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concentration of saccharin and glucose. 

It is widely recognized that many verte- 
brates have a "sweet tooth," and the evi- 
dence is clear that sweet-tasting substances 
reinforce behavior by virtue of their direct 
sensory effect (1). No example of this sweet 
preference is so profound as that described 
by Valenstein et al. (2). The normal fluid 
intake of rats was increased by nearly a 
logarithmic unit when the animals were of- 
fered a mixture of glucose and saccharin. 
Each liter of fluid in this standard mixture 
contained 1.25 g of sodium saccharin and 
30 g of glucose (S + G solution). The con- 
sumption of this S + G solution in a 24- 
hour period occasionally exceeded the rat's 
body weight, which would be equivalent to 
an adult human male drinking more than 
80 liters of fluid per day. 

One concludes from the report of Valen- 
stein et al. that the S + G solution is con- 
sumed in large quantities because it tastes 
good. They described the fluid as highly 
palatable, possessing a minimum of post- 
ingestional inhibiting factors. Many inves- 

tigators (3) have subsequently used the 
standard S + G solution for its polydipsic 
effects in various experimental designs, 
but, as far as we know, no study has yet 
been reported that would clearly explain 
the basis of this highly unusual drinking 
behavior. 

In an effort to delineate the basis of the 
synergistic action, Valenstein et al. con- 
ducted several experiments. Using male 
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rats, we have replicated in this laboratory 
all of the experiments described in the 
study of Valenstein et al. (2) with essen- 
tially the same results. In support of their 
contention that the maximum contribution 
is from taste inputs and a minimum contri- 
bution is from postingestional factors, Val- 
enstein et al. demonstrated that rats show 
no time delay in developing a high rate of 
consumption of S + G solution. The rats 
that Valenstein et al. used consumed an av- 
erage of 10.3 ml of the solution in the first 
30 minutes of contact. Our first experiment 
makes this point even more emphatically. 
Using the electronic lick circuits described 
below, we plotted cumulative licking for 10 
minutes with 20 rats on their initial ex- 

posure to saccharin or the standard S + G 
solution. The characteristic neophobia or 
hesitation in drinking saccharin (4) demon- 
strated by rats on their first contact with 
the solution is eliminated when the glucose 
is added. The difference in cumulative lick- 
ing between saccharin and the standard 
S + G solution is clear within the first 1 or 
2 minutes of exposure. Although local lick 
rates did not vary between the two solu- 
tions, the steady licking (that is, the elimi- 
nation of pausing) of the standard S + G 
solution led to increased consumption 
within the 10-minute session. Our con- 
clusion was similar to that of Valenstein et 
al.; that is, the standard S + G solution is 

very palatable to the rat. 
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The results of a second experiment by 
Valenstein et al. (2), however, were more 
difficult to understand. They stated that 
rats drink far more of the standard S + G 
solution than "equivalent solutions of glu- 
cose and of saccharin presented in separate 
bottles." They presented 13 male rats with 
0.125 percent (by weight) saccharin and 3 
percent (by weight) glucose in separate 
bottles and observed no excessive intake; 
that is, the total fluid consumption never 
exceeded 65 ml over 24 hours. There are 
two possible explanations of why the rats 
did not consume saccharin and glucose 
separately as they did the standard S + G 
solution. (i) Rats tend to have discrete 
drinking bouts in which they drink either 
the glucose or the saccharin solution, and 
these were probably separated by minutes, 
perhaps even hours. Therefore, they would 
not normally mix these two solutions. (ii) 
If the rats did mix the 3 percent glucose 
and the 0.125 percent saccharin solutions, 
these concentrations used by Valenstein et 
al. would result in a weak S + G solution, 
in fact, one that would be half as concen- 
trated as the standard S + G solution. 

In our second experiment we attempted 
to determine if a 6 percent glucose solution 
and a 0.25 percent saccharin solution 
presented in separate bottles (a 1: 1 mix- 
ture of these two solutions results in the 
standard S + G solution) would result in 
the polydipsia described by Valenstein et 
al. If the excessive drinking of the standard 
S + G solution were based on taste fac- 
tors, it seems possible that in this two- 
bottle test the taste of the saccharin may 
linger long enough to interact with glucose 
drinking or vice versa, so that the synergy 
would be formed. 

For our experiments 20 male Charles 
River albino rats were housed in individual 
cages and given Purina Chow freely. 
For 11 days the rats were given a choice 
between 0.125 percent saccharin and 3 per- 
cent glucose. The bottles were removed 
from the cages, washed, and refilled with 
fresh solutions each day. After this test and 
4 days of unlimited water, the rats were 
tested for 9 days on 6 percent glucose and 
0.25 percent saccharin solution simulta- 

neously presented in two bottles. Another 
4 days of unlimited water followed, and fi- 

nally the rats were given a choice between 
the standard S + G solution and water. In 
all the tests the positions of the bottles 
were reversed daily to allow for any posi- 
tion preferences. The total fluid consump- 
tion for each day was determined for each 
rat and averaged over the 11-, 9-, and 10- 
day test periods. The median total intake 
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Rapid Oral Mixing of Glucose and Saccharin by Rats 

Abstract. Within 5 minutes after initial contact rats show excessive consumption of a 
mixture of saccharin and glucose solutions. With a glucose solution in one bottle and the 
saccharin solution in another, a combination of which matches the above mixture, the 
rats also show large intakes. The pattern of drinking from the glucose and the saccharin 
bottles indicates that the rat mixes the solutions in rapid order, producing the preferred 
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median intake of the standard S + G solu- 
tion was 251 ml. An analysis (Friedmann) 
(5) over these three groups yielded a signif- 
icant F (< .01), and a subsequent test re- 
vealed that the test with the standard 
S + G solution and the test with 0.25 per- 
cent saccharin and 6 percent glucose were 
not different (P > .05). These results in- 
dicate that, if the rat is given 6 percent glu- 
cose in one bottle and 0.25 percent saccha- 
rin in a second bottle, the characteristic 
S + G synergy is apparent. 

To be sure that the sequence of presenta- 
tion of the solutions did not affect the out- 
come, eight more rats were tested. Half re- 
ceived the 6 percent glucose and 0.25 per- 
cent saccharin solutions first; the other half 
received the 3 percent glucose and 0.125 
percent saccharin first. The results in- 
dicated that order of presentation had no 
effect on the results, and the statistical 
analysis of the results for these eight rats 
was identical to that of the original 20 sub- 
jects. Since the rats drank approximately 
equal quantities of the 6 percent glucose 
and the 0.25 percent saccharin solutions, it 
appears that they were mixing the two 
solutions and essentially receiving the 
standard S + G solution. 

In our final experiment we attempted to 
observe the rat's pattern of drinking the 6 
percent glucose and the 0.25 percent sac- 
charin to see if there was any tendency for 
the rat to show an alternation between the 
glucose and saccharin during a drinking 
bout. Special individual home cages were 
constructed so that each rat had access to 
either one of two sipper tubes. These tubes 
were inserted partially in slots 3.5 cm long 
by 0.95 cm wide. In either slot the rat's 
tongue interrupted an infrared beam with 
each lick. The infrared receptors, in turn, 
through electronic circuits, operated high- 
speed relays which controlled the pens of 
two event recorders. The paper drive of 
one recorder operated at a speed of 7.6 
cm/min and the other at 10.2 cm/sec. 

More than 20 rats have been tested, and 
half of them demonstrate a pattern of 
drinking never before reported in the liter- 
ature. During a drinking bout these rats al- 
ternate between the two sipper tubes, es- 
sentially mixing the standard S + G solu- 
tion in the mouth. Figure 1 shows a typical 
drinking bout recorded at 7.6 cm/min 
which lasted 3 minutes 48 seconds. During 
this bout the rat switched from one bottle 
to the other 35 times. Data from the high- 
er-speed recorder made it possible to count 
individual licks during these bouts. Seldom 
did a rat lick one tube more than 20 times 
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individual licks during these bouts. Seldom 
did a rat lick one tube more than 20 times 
(or about 4 seconds) before changing to the 
other tube. There is no consistent differ- 
ence in lick rate on the glucose or the sac- 
charin tubes. The rat shown in Fig. 1 con- 
sumed a slightly larger volume of glucose 
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Minimal brain dysfunction (MBD) in 
children is one of the most common and 
difficult problems in present-day pediat- 
rics. Conservative estimates indicate that it 
affects 5 to 10 percent of the elementary 
school population and is a major cause of 
school learning and behavior problems. 
Clincially the disorder is characterized by 
a constant involuntary hyperactivity that 
completely surpasses normal, short atten- 
tion span, impulsivity, and a variety of cog- 
nitive and perceptual problems (1). We 
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Fig. 1. Reproduction of an event recording of a drinking bout showing a pattern of rapid alternation 
by the rat between 0.25 percent saccharin solution (top) and 6 percent glucose solution (bottom). 

0 20 40 60 80 100 120 140 160 180 200 220 240 

Time (seconds) 

Fig. 1. Reproduction of an event recording of a drinking bout showing a pattern of rapid alternation 
by the rat between 0.25 percent saccharin solution (top) and 6 percent glucose solution (bottom). 

than saccharin (although the amounts of 
each solution consumed varied with each 
rat tested). 

Alternation appears to be a robust phe- 
nomenon. Rats which had demonstrated 
the alternating behavior with glucose and 
saccharin solutions and were then given a 
choice of standard S + G solution versus 
water in two tubes failed to exhibit the al- 
ternating pattern with the new two-bottle 
system. However, when the saccharin and 
glucose solutions were reintroduced, the al- 
ternating behavior reappeared. Since rats 
which develop the alternating pattern con- 
sistently drink more glucose and saccharin 
than nonalternators, it seems that these an- 
imals are in essence "mixing a cocktail" on 
their tongues. 

Valenstein et al. have emphasized the 
value of the standard S + G solution for 
experimental purposes requiring consump- 
tion of large volumes of fluid. Our own 
studies have shown its additional utit.;vy in 
view of the fact that the animals show a 
marked reduction of neophobia. The alter- 
nating behavior manifests a potential for 
even broader application in taste research 
and raises many questions relative to the 
observation of consumption of other taste 
substances. 

In the design of two-bottle preference 
tests the results presented here point to the 
necessity of examining not only the con- 

than saccharin (although the amounts of 
each solution consumed varied with each 
rat tested). 

Alternation appears to be a robust phe- 
nomenon. Rats which had demonstrated 
the alternating behavior with glucose and 
saccharin solutions and were then given a 
choice of standard S + G solution versus 
water in two tubes failed to exhibit the al- 
ternating pattern with the new two-bottle 
system. However, when the saccharin and 
glucose solutions were reintroduced, the al- 
ternating behavior reappeared. Since rats 
which develop the alternating pattern con- 
sistently drink more glucose and saccharin 
than nonalternators, it seems that these an- 
imals are in essence "mixing a cocktail" on 
their tongues. 

Valenstein et al. have emphasized the 
value of the standard S + G solution for 
experimental purposes requiring consump- 
tion of large volumes of fluid. Our own 
studies have shown its additional utit.;vy in 
view of the fact that the animals show a 
marked reduction of neophobia. The alter- 
nating behavior manifests a potential for 
even broader application in taste research 
and raises many questions relative to the 
observation of consumption of other taste 
substances. 

In the design of two-bottle preference 
tests the results presented here point to the 
necessity of examining not only the con- 

sumption but also the patterns of drinking 
to ascertain that the mixing of solutions 
has not contributed to the amount con- 
sumed. Whereas it has been found that 
some animals develop a clear pattern of al- 
ternation as early in their exposure to sac- 
charin and glucose as day 1, some take sev- 
eral days to acquire the pattern and some 
(less than 50 percent) fail to exhibit this be- 
havior after 10 days of exposure. We hy- 
pothesize that a forced-learning type of de- 
sign might facilitate acquisition of this un- 
usual behavior. Clearly, the alternation 
phenomenon presents a model of an ex- 
pressly unique pattern of drinking behav- 
ior. 

JAMES C. SMITH 

DIANE P. WILLIAMS 

SALLY SHORT JUE 

Department of Psychology, Florida State 
University, Tallahassee 32306 
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eral days to acquire the pattern and some 
(less than 50 percent) fail to exhibit this be- 
havior after 10 days of exposure. We hy- 
pothesize that a forced-learning type of de- 
sign might facilitate acquisition of this un- 
usual behavior. Clearly, the alternation 
phenomenon presents a model of an ex- 
pressly unique pattern of drinking behav- 
ior. 

JAMES C. SMITH 
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SALLY SHORT JUE 
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have produced an experimental model in 
developing rats that is strikingly similar to 
the clinical syndrome of MBD. The model 
is effected by the intracisternal administra- 
tion of 6-hydroxydopamine (6-OHDA) to 
neonatal rat pups, resulting in a rapid and 
profound depletion of brain dopamine. 

We demonstrate that rat pups treated 
with 6-OHDA as neonates are significant- 
ly more active than their littermate con- 
trols during the period of behavioral arous- 
al that occurs between 2 and 3 weeks of 
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