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Abstract: This study was conducted to assess the primary taste discrimination in 18 h
water deprived control and alloxan diabetic rats for a period of 60 min duration by
using two bottle choice paradigm. Different concentrations of sodium chloride, sucrose,
urea and hydrochloric acid were used for salty. sweet, bitter and sour taste sensations
respectively. Alloxan diabetic rats showed loss of discrimination for sucrose and urea
solutions, increased sensitivity for low concentration of hydrochloric acid and no change
in sodium chloride taste sensitivity.
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INTRODUCTION

Taste sensitivity is one of the determinants of
feeding patterns. Palatability of food can be increased
with diet sweetened with glucose (1). Nutritional state
may selectively affect gustatory sensitivity in rats (2).
Blood glucose level is also known to affect sensitivity
of sweet taste in rats (3).

Insulin dependant diabetes mellitus is
characterised by insulin deficiency, hyperglycaemia
and other metabolic changes. Considering the importance
of diet in the control of diabetes, a number of studies
have been undertaken to determine the taste threshold
in diabetic patients. Hardy et al (4) and Schelling et al
(5) have reported decreased taste acuity for sweet,
salt and bitter tastes in diabetic patients. A number of
reports i~ diabetic rats suggest that altered taste
thresholds may be responsible for food preferences
in these animals (1, 6). Gastric preloading can
influence palatability of food by altering taste sensitivity
(7).

Two bottle choice paradigm has been extensively
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utilised in rats to evaluate preferences/aversions for
various tastes (I, 8, 9). In these experiments, 24 h
intake of testants like sucrose, dextrose, saccharin and
other substances have been used.

The present study was designed to assess primary
taste sensations in rats deprived of water by limiting
the access time to testant solutions in the two bottle
choice paradigm. Further, the study was extended by
induction of diabetes in the same animals.

METHODS

Institute bred Wistar rats (n=12) of either sex
with body weights ranging from 125-170 g were used
in this study. Each animal was housed in a separate
plastic cage and received food (rat chow) and tap water
ad lib. 18 h prior to the discriminatory testing, the
animal was deprived of water.

Experimental procedure for discriminatory testing:
Discriminatory testing was conducted by presenting
each animal simultaneously with a test solution and
distilled water contained in two identical stock bottles
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of 100 ml capacity. The identical drinking spouts

attached to the stock bottles were placed 10 cm apart
10 avoid chance licking uf anyone of the spouts and at
the same height from the 1100r of the cage. At the end
of 60 min, volumes of testant solutions and distilled
water were measured accurately to determine their
consumption for 60 min.

The concentration (in mM) of testants used were
as follows:

1. Sodium chloride: i) 25; ii) 100; iii) 200;
iv) 300 and v) 400.

2. Sucrose: i) 5; ii) 100; iii) 400; iv) 1200; and
v) 1600.

3. Urea: i) 18; ii) 32; iii) 100; iv) 320 and
v) 560.

4. Hydrochloric acid: i) 2.5; ii) 5; iii) 10; iv) 20
and v) 40.

For discrimination testing, each animal in a group

of 4 rats (total groups=3) was exposed to anyone of
the (i, ii and iii) concentrations of four tesLants each
day and the testing was continued for four consecutive
days in a week so that 4 values for the first three
concentrations of every testant solution could be
collected. In the first week, 4 values for first three

concentrations of the 4 substances were recorded from
the twelve rats. In the next week, the procedure was

continued to obtain values for the fourth and fifth
concentrations of each testant by exposing at random
all the animals.

It was thus possible to derive average values for
all concentrations of the four testants in 2 weeks from
each animal.

confirmed, the animal was maintained on insulin

(4 iu/rat) daily.

Insulin was withdrawn 24 h prior to discriminatory
testing. Because of high mortality without insulin
substitution, each rat received its dose of 'nsulin after
testing was over. The same procedure was used for the
control group. The test was repeated to collect values
of consumption for all concentrations of the four

tesLants. Two animals died in the first week after the
alloxan administration. This loss was made good by
induction of 2 additional rats of similar body weights.
The testing of experimental group commenced one week
after adminisu'ation of alloxan.

Blood glucose concentration was estimated by
using O-toluidine method from the samples obtained
from heart. Additional seven rats were included for
glucose estimation as control (n=4) and diabetic animals
(n=3).

RESULTS

The results are given in Figs. 1-4 and Tables
I-IV.
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Fig. 1: Intake of different concentrations of sodium chloride before
and after the induction of diabetes.

Values are means ± SEM.

Induction of alloxan diabetes: All the rats
were made diabetic with IP alloxan monohydrate
(12 mg/IOO g, bw) administered as 1% solution in
normal saline. Diabetes was confirmed by glycosuria
(Benedict's test). As soon as the diabetes was
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Fig. 2: Intake of different concentrations of sucrose before and after
the induction of diabetes.

Values are means ± SEM.

•• P<0.02 for 400 mM vs 5 mM

·P<O.05 for diabetes vs control
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Fig. 4: Intake of different concentrations of HO before and after
the induction of diabetes.

Values are means ± SEM.

·P<O.05 for 10 mM vs 2.5mM;

····P<O.OOI for 20 mM vs 2.5 mM;

+P<0.05 for diabetes vs control;

++P<O.02 for diabetes vs control.
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On the basis of intake of various concentrations
of testants, it is evident that the control rats showed
maximum consumption of the testant at one
concentration. For sodium chloride and sucrose, this

Intake of different concentrations of urea before and after
the induction of diabetes.

Values are means ± SEM.

... P<O.Ol for 320 mM vs 18mM

·P<O.05 for diabetes vs control

Concentration (mM)

25 100 200 300 400

C 57.4 96.4 73.8 91.5 22.5
±19.5 ±3.6 ±24.6 ±5.9 ±8.9

D 87.5 65.3 67.0 67.2 61.4+
±1.2 ±21.6 ±14.8 ±12.2 ±12.0

TABLE I: Percentage (%) intake of various concentrations of
NaO solution over the total liquid intake in I h.

maximum discrimination was exhibited at 200 mM and
400 mM respectively. At lower as well as higher
concentrations, the intake decreased. For urea and
hydrochloric acid the maximum intake for control
animals was at higher concentrations of 320 and
20 mM respectively.

After induction of diabetes, there was a drastic
change in the sensitivity for sucrose and urea. Even
with increasing concentrations of surcrose and urea,
diabetic animals failed to show similar tendency of

Values are mean ± SEM before (C) and after (0) the induction of
diabetes.
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Fig. 3:
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TABLE II: Percentage (%) intake of various concentrations of
sucrose solution over the total liquid intake in I h.

Concentration (mM)

5 100 400 1200 1600

C 50.0 100.0 95.0 90.6 47.5
t28.9 to.O t3.4 t9.4 t18.9

D 90.0 96.2 62.9 66.0 62.0
tlO.O t3.9 t17.5 t14.2 ±ll.O

Values are mean t SEM before (C) and (D) the induction of diabetes.

TABLE IH: Percentage (%) intake of various concentrations of urea
solution over the total liquid intake in I h.

Concenlration (mM)

18 32 100 320 560

C 67.9 50.0 45.0 96.2 60.3
t23.6 t28.9 t26.3 t3.9 t19.3

D 83.3 74.4 45.0 82.5 85.7
t16.7 t18.9 t18.9 tll.8 t8.3

Values are mean t SEM before (C) and after (D) the induction of
diabetes.

TAB LE IV : Percentage (%) intake of various concentrations of
HCI solution over the total liquid intake in I h.

Concentration (mM)

2.5 5 10 20 40

C 40.5 83.3 68.8 100.0 29.9
±2l.2 t16.7 t18.8 to.O t4.5

D 95.5+ 92.9 52.5 70.7*+ 95.0-
t4.6 t7.2 t20.6 t12.3 t5.0

Values are mean t SEM before (C) and after (D) the induction of
diabetes.

+P<O.05; -P<O.OI D vs C

*P<O.0520 mmol vs 2.5 mmol in D

maximum discrimination as in the control group. In
respect of hydrochloric acid, the diabetic animals showed
maximum discrimination at the two lowest
concentrations which are significantly different from
corresponding values in control rats. In regard to sodium
chloride, there was no significant difference in
discrimination between the control and diabetic animals.

Distilled water consumption (control) for the period
of 1 h was found to be related to the concentration of

testants and was maximum for highest concentration.
Percentage intake of test solution over the total liquid
intake shows that the induction of diabetes elevated
the intake of NaCI and HCI at the highest concentrations
(fable I to IV). This is mainly due to failure of diabetic
animals to elevate the water intake at the maximum
concentration of testants namely NaCl and HCI.

Blood glucose levels in control and diabetic groups
were 62.2 ± 2.49 and 294.2 ± 69.25 mg% respectively.
The body weight of the experimental group was not
different from that prior to induction of diabetes.

DISCUSSION

In this study we have evaluated the taste
discrimination by recording 60 min intake of the testants
and distilled water after initial water deprivation. Earlier
studies in animals have interpreted preferences by
estimating 24 h intake of food or testants in solutions
(I, 8, 9).

From our results, it is evident that the rats with
alloxan diabetes exhibit significant changes in their
taste sensations. These animals refrain from ingesting
sucrose (sweet) and urea (biuer) solutions thereby
showing loss of descriminatory sensitivity for these
primary taste sensations.

The diabetic animals show increased
descriminatory sensitivity for low concentration of
hydrochloric acid. It is likely that the sensitivity for
sour taste is enhanced in diabetes. Previous studies in
streptozotocin-induced diabetic rats have demonstrated
loss of preference for sucrose and saccharin (10).
Such changes in taste preference were documented in
diabetic rats which avoid flavoured food mixed with
glucose solution (1) and rats with bile duct ligation
showing decreased preference for sucrose and sodium
chloride solutions using 24 h two bottle choice tests
(8, 12).

Most of the earlier studies (I, 6, 8, 10) tried to
correlate these taste alterations with food preferences.
Besides hyperglycaemia, diabetes is associated with
other metabolic changes. Extreme perturbations in
metabolism are not expected in our animals as insulin
was given always after experimental procedure. It is
likely that hyperglycaemia also contributes to the
changes in taste sensitivity (3). Since the duration of
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diabetes was short, neuropathic disturbances in the
sensory neurons are less likely to be the cause of this
altemtion (11).

Whether hormonal disturbances like insulin lack,
hyperglucagonaemia etc. alter the threshold sensitivity
of taste buds is not known. In animals, the sensation of
taste may predominantly determine the intake of food
or fluid. Hence, these disturbances in taste sensations

may be essential for the adaptation to metabolic
disturbances.

This study also raises the possibility of differences
in mechanisms controlling sodium chloride and other
taste sensations. It is worth noting that after the induction
of alloxan diabetes, taste descrimination for sodium
chloride was not altered whereas the descrimination
for other three testants was altered.
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