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Abstract. Taste preferences for NaCl and KCl were studied in rats reared from weaning 
on pyridoxine-deficient or control diets. After 30 days on the diet, the deficient rats showed 
a markedly enhanced preference for KC1 (80.1 vs 32.4%). But there was no significant 
increase in NaCl preference (85.9 vs 77.6%) which was already high in control rats. The 
increased KCl preference, along with previous reports of enhanced NaCl preference, re- 
duced sodium secretion, and adrenal hypertrophy is suggestive of possible hyperaldo- 
steronism in pyridoxine deficiency. 

The most fully documented instance of a 
single vitamin deficiency producing alter- 
ations in taste sensitivity is that of vitamin 
A (1) where the loss of taste sensitivity has 
been associated with increased keratiniza- 
tion of the lingual papillae and adjacent 
structures. Further work (2) indicated that 
the retinoic acid derivative of vitamin A 
was sufficient to maintain the functional 
integrity of the lingual epithelium by pre- 
venting keratinization. Of the water soluble 
vitamins, only pyridoxine (vitamin B6) defi- 
ciency has systematically been studied with 
reference to taste (3). Vitamin &deficient 
rats displayed an increased preference for 
both 0.1 and 0.3 M NaCl, but alterations in 
their preference for sodium saccharin, 
quinine sulfate, or HCl was not observed at 
any of the concentrations used. The B6- 
deficient animals had normal plasma levels 
of both Na and Zn and reduced urinary 
excretion of Na  along with a significant 
hypertrophy of the adrenal glands. The 
threshold for tympanic nerve response to 
NaCl was not altered by the B6 deficiency 
(4). Consistent with the enhanced NaCl 
preference in pyridoxine deficiency is the 
earlier report by Kare and Henkin (5) that 
D-penicillamine also produces a significant 
increase in NaCl preference. Penicillamine, 
a vitamin B6 antagonist, inactivates pyri- 

The paper was written during the senior author's 
(C.N.S.) tenure as Visiting Scientist at the Monell 
Chemical Senses Center, Philadelphia, Pa. The re- 
search was supported by the Committee on Grants, 
Franklin and Marshall College. 

doxal phosphate by forming the thiazol- 
idine derivative (6). 

The present investigation reports the ef- 
fect of B6 deficiency on preference for both 
sodium and potassium chloride solutions 
using prolonged preference tests which 
allow the animals ample opportunity to ex- 
perience the postingestional consequences 
of ingesting a particular substance. If as has 
been suggested by Hsu et al. (7), adequate 
B6 intake is essential for the maintenance of 
Na and K balance in rats, then there is good 
reason to expect alterations in K as well as 
Na preference in the deficient animals. 

Materials and Methods. Weanling male 
rats2 (CD) (49-61 g) were housed individu- 
ally in stainless steel cages at constant tem- 
perature (21 -22") under a 12-hr lighudark 
cycle. From the day of weaning (21 days) 
animals were fed either a &-deficient (N = 

The rats were offspring from CD rats purchased 
initially from the Charles River Laboratories, Wil- 
mington, Mass. 

Composition of the diet: (dl00 g) vitamin-free ca- 
sein 22.0; sucrose 69.0; corn oil 4.0; salt mixture No. 
446 (H. Spector, J Biol Chem 173:659, 1948) 4.0; vita- 
min fortification mixture (pyridoxine-free), l .O. The 
vitamins were provided at the following level (per 100 
g diet): (in mg) thiamin hydrochloride 2.2, riboflavin 
2.2, nicotinic acid 9.9, calcium pantothenate 6.6, 
paraaminobenzoic acid 11  .O, i-inositol 11  .O, choline 
chloride 165.0, ascorbic acid 99.0, a-tocopherol 11  .O, 
menadione 4.9; (in pg) vitamin BI2 2.98, folic acid 198, 
biotin 44; (in U.S.P. units) vitamin A acetate 1984, 
vitamin D2 220. The control diet was supplemented 
with 3 mg pyridoxine hydrochloride per 100 g diet. 
These diets were prepared in our laboratory using 
components purchased from ICN, Cleveland, Ohio. 
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10) or control diet3 (N = 10) ad libitum. 
Body weights were recorded weekly. 
Pair-feeding was not employed since it has 
been shown that pair-fed animals do not dif- 
fer from ad libitum controls in their taste 
preferences (3). During the preweaning pe- 
riods, pups and dams were fed Purina Lab 
Chow ad libitum. 

Preference testing was initiated after the 
animals had been fed the diets for 30 days. 
Five deficient and five control animals were 
given a choice between 0.15 M NaCl vs 
distilled water and the remaining five defi- 
cient and five control animals were given 
the choice between 0.15 M KCl and dis- 
tilled water. Preference testing which ex- 
tended over nine successive 24-hr periods, 
was conducted in metal test chambers (38 x 
31 x 24 cm) with 20-cm lateral separation 
between drinking tubes. Bottles were 
weighed at the beginning and end of each 
period in order to determine the volume of 
fluid consumed and the positions of the two 
bottles were alternated according to a right, 
left sequence at this time. The percentage 
preference for each solution was calculated 
and expressed as volume of taste solution/ 
volume of taste solution plus volume of 
distilled water consumed per 24-hr periods. 

Because the animals in this particular 
study were intended for use in another in- 
vestigation, they could not be sacrificed for 
biochemical measures. However, there is 
ample published data to indicate that the 
diet used produces severe deficiency (8)  
after 6-8  weeks. 

Results and Discussion. The effect of 
the B6 deficiency upon the growth of the 
animals is shown in Fig. 1 which indicates 
that an asymptote of growth was reached 
after 4 weeks on the deficient diet with the 
control-diet animals continuing to grow up 
to the end of the study. By the end of 2 
weeks on the diet (35 days of age) there was 
no overlap between the body weights of the 
two groups. 

Taste preferences for NaCl (0.15 M) vs 
distilled water expressed as the mean per- 
centage of NaCl ingested over the 9 days of 
testing are shown in Fig. 2. Both groups 
showed a very strong preference for this 
concentration of NaCl. With a strong pref- 
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FIG. 1 .  Mean body weight as a function of age for 
control ( N  = 10) and pyridoxine-deficient (N = 10) 
rats. Each point represents the mean * SEM. The 
animals were fed the respective diets from weaning (21 
days of age). 

erence present in the control animals, 
there was less likelihood of an enhanced 
preference for NaCl being detected in the 
deficient animals. The mean percentage 
NaCl preference across the 9 days was 85.9 
2 5.7 (SEM) for deficient and 77.6 k 4.7 
(SEM) for controls, a difference which was 
not significant (t(8) = 1.15, P > 0.05). 

The mean percentage of 0.15 M KC1 in- 
gested over 9 days of testing for the defi- 
cient and control animals is shown in Fig. 3. 
It is apparent that a strong preference for 
KCl is present in the deficient animals from 
Day 1 of testing whereas the control 
animals show a moderate initial preference 
which disappears by Day 3 of testing. The 
mean percentage KCl preference across 9 
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FIG. 2. Mean percentage NaCl(O.15 M )  ingested for 
control (N = 5) and pyridoxine-deficient (N = 5) rats. 
Each point shows mean k SEM for the day indicated. 
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FIG. 3. Mean percentage KCl (0.15 M) ingested for 
control (N = 5) and pyridoxine-deficient (N = 5 )  rats. 
Each point shows the mean 2 SEM for the day indi- 
cated. 

days of testing was 80.1 * 2.0 (SEM) for 
deficient and 32.4 2 1.8 (SEM), a difference 
which was highly significant ( t (8)  = 17.58, 
P < 0.001). KCl a t  the concentration 
used (0.15 M) is not normally preferred by 
rats (9). 

The enhanced preference for NaCl re- 
ported previously (3), along with the 
marked increase in KC1 preference re- 
ported here, is consistent with the hypothe- 
sis of Hsu et d. (7) that B6 intake is essen- 
tial for the maintenance of Na and K bal- 
ance in rats. The failure to find an increased 
NaCl preference could perhaps be related 
to the fact that although the differences 
were in the predicted direction, the control 
rats in this study drank more 0.15 M NaCl 
(77.6%) than those in the previous investi- 
gations (65.6%) using pyridoxine deficiency 
(3, 4). Also, only a single concentration of 
NaCl was used in the present study. As 
suggested by Chan and Kare (3), the en- 
larged adrenal glands in B6 deficiency may 
reflect an impairment of the physiological 
control of Na turnover. Although adrenal 
gland weight was not determined in this 
study, previous studies have shown that the 
diet used does produce adrenal hyper- 
trophy (8), and the enlargement is a well- 
established component of the deficiency 
state (10). On the basis of the behavioral 
data, i.e., an enhanced NaCl preference re- 
ported previously (3) and an enhanced KC1 
preference in this study, it is reasonable to 
speculate that the adrenal hypertrophy may 
reflect increased aldosterone secretion and 

that the hypertrophy may be found in the 
zona glomerulosa. 

Increased aldosterone activity would be 
consistent with the decreased urinary Na 
secretion reported by Chan and Kare (3) 
and would also explain the enhanced NaCl 
preference they found. As suggested by 
Ramsay and Ganong (1 l), this hormone, in 
addition to promoting the retention of Na 
by the kidney, may also act on salivary 
glands to increase reabsorption of Na from 
saliva causing the taste buds to detect the 
low Na content of the saliva, signalling for 
an increase in Na intake. Administration of 
aldosterone has been reported to increase 
Na consumption in rats (12). Thrasher and 
Fregly (13) have shown that the Na prefer- 
ence threshold decreases with lower sali- 
vary concentration of this substance. Also 
consistent with increased aldosterone ac- 
tivity is the enhanced K intake to compen- 
sate for the increase in K clearance by the 
kidneys (14). Direct evidence in support of 
the hypothesis that there is a hyperaldo- 
steronism associated with B6 deficiency is 
not available. A detailed histological study 
of the adrenal cortex in B6 deficiency, mea- 
surement of blood levels of aldosterone, 
and salivary levels of Na and K would ap- 
pear to be appropriate. 
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