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Introduction
2,3,7,8-Tetrachlorodibenzo-P-Dioxin (TCDD) is a highly toxic 

man-made chemical found ubiquitously in the environment. Maternal 
exposure to TCDD during pregnancy has been reported to induce 
deficits in higher brain functions of off-spring, such as working 
memory in a radial arm maze, operant responding in running wheels or 
two-lever chamber, and discrimination reversal learning [1-4]. We also 
reported that perinatal TCDD exposure influenced emotional learning, 
such as active avoidance learning, in young offspring rats [5]. Recently, 
Nguyen et al. investigated the effects of prenatal TCDD exposure on 
socio-emotional behaviors in offspring rats and found TCDD exposure 
induced social-interaction deficits in the male rats, and hyperactivity in 
female rats [6].

Male reproductive behavior is organized during sexual 
differentiation of the brain in the perinatal period, and it is suspected 
that TCDD exposure in utero may affect brain development, because 
of its endocrine effects. Other sexually demographic behavior such 
as play preference of sweet solution is also organized via hormonal 
influence. Amin et al. reported that perinatal TCDD and dioxin-like 
PCBs exposure altered expression of saccharin preference behavior 
in adult female rat offspring [7]. Decreased sweet preference was also 
observed in female rat offspring exposed to non-dioxin-like PCBs 
during perinatal period [8].

Amino acids preference can be altered by amino acid composition 
and quantity of protein in diet to maintain adequate protein intake 
for life. However, previous studies have suggested that not only 
dietary change but also central nervous system, especially Lateral 
Hypothalamic Area (LHA) could regulate amino acid intake [9,10]. 
Kondoh et al. reported that histidine preference was increased during 
specific Alteration of Rhythm of Environmental Temperature (SART) 
stress, in which spontaneous neuron activity was higher in the LHA, 
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a feeding center [11]. However, effects of prenatal TCDD exposure on 
taste preference for sapid stimuli such as amino acids have not studied.

In the present study, we compared the ingestive behaviors for 
amino acid solutions between TCDD exposed and control offspring to 
investigate the influence of prenatal TCDD exposure on taste preference 
in rat offspring. 

Materials and Methods
Dams and TCDD exposure during pregnancy

Seven virgin Wister female rats aged 10 weeks old (body weight: 
190-224 g) were mated with male rats of same species. The following 
day, their conception was confirmed by detecting vaginal plugs or 
sperm in their smears, and that day was denoted Gestational Day (GD) 
0. On the GD 15, pregnant rats were assigned to the TCDD exposed
group (n=4, mean ± standard deviation of body weight (BW)=279.4 ± 
16.3 g) and control (n=3, 280.2 ± 5.0 g) group. The appropriate volume 
(1.3-1.5 ml) based on body weight of TCDD solution dissolved in 
corn-oil to be 1.0 μg/ml, was administrated to the dams of the TCDD 
exposed (1.0 μg/kg BW) group, by single intragastric injection using 
an oral cannula. The control group received only corn-oil in same way. 
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This protocol of TCDD exposure, a single oral dose of 1.0 μg/kg b.w. on 
GD 15, has been confirmed in previous studies to increase level of pup’s 
brain tissue at low level and to cause adverse developmental effect on 
endocrinal function in the brain[12]. We also have applied this protocol 
for Wister rats and reported adverse neurodevelopmental effects in our 
previous studies [5,6].

All experimental procedures and experimental design were 
approved by Ethical Review Board at Kanazawa Medical University.

Offspring and Procedure of preference test

Both the exposed and control off-springs were fed with ad libitum 
access of maternal breast milk after birth, and weaned at the 21 day after 
birth (P.D. 21). After weaning, each offspring rats of TCDD exposed 
group (16 males and 14 females) and control group (17 males and 12 
females) was housed individually in a plastic cage and free access to 
food as well as seven chemical solutions (0.15 M NaCl, 0.4 M threonine, 
0.5 M glycine, 0.15 M monosodium glutamate (MSG), 0.2 M lysine 
HCl, 0.05 M histidine, 0.05 M arginine) and distilled water in a choice 
paradigm for 2 weeks from P.D. 22 to P.D. 35. These six amino acids 
were used, since these chemical structures are similar, but their tastes 
are different; NaCl for salty taste, threonine and glycine for sweet taste, 
MSG for umami taste, and lysine, histidine, and arginine for bitter taste. 
NaCl was used for control solution of MSG, because of MSG has salty 
taste, too. This set of these solutions were showed their usefulness to test 
taste preference in previous reports, and the concentration of solutions 
used in the present study were reported to be most preferred when rats 
were fed a 5% purified whole-egg protein diet [10,11,13]. Offspring rats 
were housed in a room where temperature (24 ± 1°C), relative humidity 
(55 ± 10%) and light (8 a.m-8 p.m.) were controlled. Daily intake (ml) 

of each solution and food intake and body weight was measured at 
5-6 p.m. every day. After recording daily intakes, the location of each 
solution cylinder was randomly changed every day to avoid the animal’s 
choice of place.

Statistical analysis

The statistical package SPSS (ver.11.0) was used for statistical 
analysis. The differences in the daily intakes of food, total fluid, and 
each solution were examined between dioxin exposure and control 
groups by gender using student t test. Means of weekly fluid intake rate 
(each solution intake/total fluid intake) for each solution in each gender 
were compared by 2-way ANOVA with 2 fixed factors; TCDD exposure 
groups and early and later childhood, P.D. 22-28 and P.D. 29-35. Post-
hoc test was performed by tests of simple main effect. The statistical 
criterion was P<0.05. 

Result
Body weight and food/fluid intakes

Daily total fluid and food intakes (mean ± standard error; SE) for 
2 weeks from P.D. 22 to P.D. 35 were compared between the TCDD-
exposed and control groups in each gender (Figure 1). In the males, 
there was no significant difference in total fluid intake between TCDD 
exposure and control groups (Aa). However, in the females, total fluid 
intake was lower in the TCDD-exposed group during P.D. 32-34, with 
significant decrease on P.D. 33 compared with the control group (Ab). 
Daily food intake tended to be lower after P.D.28 in the male TCDD-
exposed group, and food intake on P.D. 33 was significantly lower than 
that in the controls (Ba). However, no significant difference in daily 
food intake was found in the females (Bb). In addition, there was also 
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Figure 1: Comparisons of daily total fluid intake (A) and food Intake (B) between TCDD and control groups in males (a) and females (b). Means and standard errors 
were shown.
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no significant difference in body weight measured everyday between the 
TCDD-exposed and control groups in both genders (data not shown).

Daily amino acid solution intakes

Generally, daily consumption of glycine and MSG solutions, around 
30-60% of total fluid intake, was higher than that of other solutions. 
In the males, glycine solution intake was constantly maintained at the 
highest value in both the TCDD-exposed and control groups without 
difference between these two groups. In the females, glycine solution 
intake was decreased after P.D. 28 in both the TCDD-exposed and 
control groups, but no difference in glycine solution intake was found 
between these two groups (data not shown). 

Figure 2 shows daily intakes (mean ± SE) of NaCl and MSG 
solutions in both genders. In both genders, NaCl solution intakes were 
relatively constant, and no difference was found between the TCDD-
exposed and control groups (Aa,b). Although, in the males, daily MSG 
intake was gradually increased during experimental period with no 
difference between the TCDD-exposed and control groups (Ba), MSG 
intake was increased in the control group compared with the TCDD-
exposed group after P.D. 29 in the females, with significant differences 
between the two groups on P.D. 32-34 (Bb). On 35th, MSG intake 
of control females was still high, but no significant difference was 
observed, because of a little bit increased MSG intake of the TCDD-
exposed females.

Daily lysine intakes (mean ± SE) tended to increase in the TCDD-
exposed group more than control group in females after P.D. 28-33 
(Figure 3Ab), but there was no significant difference between the 
TCDD-exposed and control groups. Histidine intake in the males 
were always little during the experiment, and there was no significant 
difference between the TDCC-exposed and control groups (Figure 
3Aa). However, in females, the histidine intake on P.D. 34 was 

significantly higher in TCDD-exposed offspring rats than the controls 
(Figure 3Bb).

Average amino acid solution intake rates of TCDD and 
control groups in early and later childhood

Adjusted mean weekly fluid intake rates of each solution with 
adjusted SE between TCDD exposed offspring rats and controls by 
observation periods, early (P.D. 22-28) and later period (P.D. 29-35), are 
shown in Figure 4A for the males and Figure 5A for the females. Also, 
adjusted mean weekly intake rates between early and later periods by 
TCDD exposure groups are shown in Figure 4B for the males and Figure 
5B for the females. In the males (Figure 4), there was no difference in 
any amino acid solution intake rates between the TCDD-exposed and 
control groups after adjusting two periods (A), but MSG intake rate was 
significantly increased in later period (B) compared with early period. 
In the females (Figure 5), MSG intake rate was significantly decreased 
in the TCDD-exposed group compared with the control group (A). In 
contrast, lysine intake rate was significantly increased in the TCDD-
exposed female group (Figure 5A). Histidine intake rate also tended 
to increase in the TCDD-exposed females, but the difference between 
the TCDD-exposed and control groups was not statistically significant 
(Figure 5A). In later childhood MSG, intake rate was significantly 
increased compared with early period in females (Figure 5B), as well 
as male offspring rats.

Discussion
Effects of TCDD on taste preference

In the present study, we examined effects of the perinatal TCDD 
exposure on taste preference in the rat offspring. Effects of perinatal 
TCDD exposure on taste preference were more evident in the 
females than the males. Particularly, MSG intake, which increased in 
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later childhood in controls, was not increased, but lysine intake was 
increased in the TCDD-exposed females.

Intake of highly palatable fluids or foods have been shown to increase 
during stress in rats, but intake of “salty” or “sweet” fluids or foods has 
been reported to be unchanged in any forms of stress [14-17]. Consistent 
with these reports, preference of NaCl (salty taste) and glycine (sweet 
taste) were not changed in the present study. MSG has not only salty 
taste but also “umami” taste, which reflects preference protein intake 
[18]. In the present survey, offspring rats preferred to take MSG in later 
childhood (P.D. 29-35) compared with that in early childhood (P.D. 22-
28) in both sexes, suggesting that they develop taste preference for their 
growth and maturity. Particularly, the control female rats preferred 
to MSG most of all solutions in later childhood; more than glycine 
which was the most preferring solution in early childhood. However, 
TCDD-exposed female rats took significantly less amount of MSG 

solution, although daily MSG intake was gradually increased in later 
childhood. These results suggest that change of taste preference in the 
TCDD-exposed females is late than the control females because of late 
maturity. However, there was no significant difference in body weight 
measured everyday between the TCDD-exposed and control groups in 
both genders. These findings suggest that changes in preference of MSG 
solution in the TCDD-exposed females were not ascribed to changes in 
body size between the TCDD-exposed and control females. Moreover, 
maturity starts generally later in males compared with females. This fact 
might be one reason for gender difference of TCDD exposure effect on 
taste preference of offspring rats. Because, glycine solution was the most 
preferred solution for male offspring rats in both TCDD exposed and 
control groups in all observation periods, albeit their MSG intake was 
increasing in the later childhood.

Kondoh et al. reported that rats preferred histidine solution (bitter 
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taste) under the SART stress (changes in environmental temperature). 
Lysine has also bitter taste, and intake of lysine solution tended to 
increase in the SART stressed rats, consistent with the present study. 
It has been reported that spontaneous neuronal activity was higher 
in the LHA (a feeding center) in the SART stressed rats [11]. These 
findings suggest that the changes in preference might be ascribed to 
activity changes in the brain areas such as the LHA. However, further 
neurological studies are necessary to clarify the changes induced TCDD 
exposure in the brain areas including limbic system.

Decreased sweet preference indicating by increased saccharin 
solution intake has been reported in female adult rat offspring exposed 
to TCDD or dioxin-like PCBs or non-dioxin-like PCBs during perinatal 
period [7,8]. Sweet preference is known as a sexually dimorphic 
behavior, and these alterations in female offspring were suspected to 
be caused by anti-estrogenic or anti-androgenic effects of TCDD or 
PCBs [7,8]. However, in the present survey, no preference difference 
was found in intakes of glycine and threonine with sweet taste, although 
alteration of taste preference was dominant in the females compared 
with the males. Consistent with the present results, allelic variation of 
Tas1r3 gene, which encodes the T1R3 receptor protein, affected taste 
responses to saccharin and sucrose, but did not affect responses to 
threonine and glycine [19]. These results suggest that neural coding of 
sweet tastes might be heterogeneous, and that TCDD does not generally 
affect all sweet tastes.

Possible biological mechanisms of dioxin effects

In our previous study using the same protocol of TCDD exposure, 
perinatal TCDD exposure induced increased Ca2+/calmodulin-
dependent protein kinase IIα (CaMKIIα) activity in the limbic system 
involved in taste preference and motivation in the female rat offspring 
[6]. Furthermore, the levels of total(t)-N-methyl-D-aspartate (NMDA) 
type glutamate receptor subunit 1 (NR1) and phosphorylated(p)-
α-amino 3-hydroxy 5-methyl 4-isoxazole propionate (AMPA) type 
glutamate receptor subunit 1 (GluR1) in the amygdala, and p-GluR1 and 
p-synapsin 1 (Syn 1) in the hippocampus were significantly increased 
in the TCDD-exposed females. These results suggest that activity in the 
pre- and post-synaptic membrane was increased in the limbic system 
of the TCDD-exposed females. These results are consistent with the 
idea that synaptic activity as well as CaMKIIα activity was increased in 
the limbic system of female rat brains in response to TCDD exposure. 
Furthermore, over activation of CaMKIIα disturbed synaptic plasticity 
in the limbic system of the rat brain [20]. In addition, it is reported 
that activity of CaMKII in the brain is modulated by estradiol, and that 
development of brain regions including the amygdala, hippocampus, 
and cortical regions with estrogen/androgen receptors and aromatase 
are medicated by sexual steroid hormones [21-24]. Therefore, 
alterations in sexual hormones in later childhood (adolescence), which 
occur earlier in females than males due to perinatal TCDD exposure, 
might alter CaMKII and synaptic activity in the limbic system, leading 
to change in taste preference in TCDD exposed offspring. 

Conclusions
Perinatal TCDD exposure affected development of taste preference 

of offspring female rats. More studies using animal offspring are 
necessary to confirm effects of TCDD exposure on taste preference.
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