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Summary
Biotin belongs to the one of the water-soluble vitamin B groups, and it is a cofactor of carboxylase, such as acetyl-CoA

carboxylase (ACC), pyruvate carboxylase (PC), propionyl-CoA carboxylase (PCC) and 3-methylcrotonyl-CoA carboxylase

(MCC). 3-Hydroxyisovaleric acid (3-HIA) which is a metabolite of leucine catabolism is a kind of organic acid in urine.

The leucine degradation pathway often works to create acetyl-CoA and acetoacetate. When biotin is deficient, an alter-

native metabolic pathway produces 3-HIA. In this study, when the activity of 3-methylcrotonyl-CoA carboxylase de-

creased, 3-HIA excretion increased in the urine. The urinary excretion of 3-HIA was determined by HPLC. Feeding an

additional two-fold increase of leucine had no effect on urinary 3-HIA but urinary biotin was increased due to the leu-

cine. In addition, leucine had effects on relative weight and biotin levels in some tissues. From these findings, although

3-HIA is a sensitive indicator of biotin deficiency, we have to pay attention when evaluating biotin deficiency.
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Fig.1 Catabolism of leucine.
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The leucine degradation pathway often works to create acetyl-CoA and acetoacetate. However,
when 3-methylcrotonyl-CoA carboxylase (MCC) activity has decreased during biotin deficiency,
an alternative metabolic pathway produces 3-methylcrotonylglycine, 3-hydroxyisovaleryl-carni-
tine and 3-hydroxyisovaleric acid (3-HIA). 3-HIA is also made by isovaleryl-CoA.
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Table 1 Composition of the biotin-deficient diet.

Ingredient (g/kg diet)
cornstarch 397.486
egg white (dried) 200.000
o —cornstarch 132.000
sucrose 100.000
soybean oil 70.000
cellulose 50.000
mineral mix (AIN-93G-MX) 35.000
vitamin mix (AIN-93-VX) 10.000
L-cystine 3.000
choline bitartrate 2.500
tert—butylhydroquinone 0.014

Diets of the C and CL groups were made by adding biotin (1.71 mg/kg diet)
to a biotin-deficient diet.

Diets of the DL and CL groups were made by adding leucine (20.7 g/kg
diet) to a biotin-deficient diet.

Mineral and Vitamin mixed (absent of biotin) compositions were based
on AIN-93G.
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Fig. 3 The representative biotin deficient mice.
Hair loss was observed in the biotin deficient group.
(A:control group, B:biotin deficient group)
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Fig. 2 Changes of body weight in biotin deficiency and leucine Fig. 4 Changes of dietary intake in biotin deficiency and leu-
addition mice. cine addition mice.
Values are mean * SEM. Values are mean = SEM.
“t-test (0-8wk) : 5-8wk. p < 0.05. *t-test (0-8wk):1-2, 4wk. p < 0.05.
Post hoc test after two-way ANOVA repeated measures (9-12wk): Post hoc test after two-way ANOVA repeated measures (9-12wk):
There was no interaction between biotin and leucine. Biotin de- There was no interaction between biotin and leucine. Biotin de-
ficiency groups (D and.tEL) sftlovlved statiS(gcallz_f1 éigliﬁc?r(l)togiffer» ficiency groups (D and EL) shO\{ved stati(s(t:icallgf ngniﬁcag(t)sdiffer-
ences in comparison with control groups (L an - p < UY. ences in comparison with control groups (C an . p <0.05.
*Values in biotin deficiency groups (D and DL) and Control Values in biotin deficiency groups (D and DL) and Control groups
groups (C and CL) are significantly different (p <0.05) at the (C and CL) are significantly different (p < 0.05) at the same point.
same point. Every point has shown a significant difference. (D Every point has shown a significant difference. * (D and DL vs. C
and DL vs. C and CL:9-12wk.) and CL:9-12wk)
Table 2 Relative weight in biotin deficiency and leucine addition mice.
) ) Dietary groups Two—-way ANOVA
Relative weight (/gh) L i .
DL C CL Biotin Leucine Interaction
Liver 454 + 0.14° 408 + 0.15° 342 + 0.06° 3.61 % 0.06° * n.s. *
Kidney 235 =012 201 £+ 0.07 1.68 = 0.10 1.70 = 0.05 * n.s. n.s.
Heart 0.58 =+ 0.01 052 + 0.03 044 + 0.02 043 = 0.01 * * n.s.
Soleus 1.12 = 0.03 1.18 = 0.09 1.09 = 0.03 113 = 0.04 n.s. n.s. n.s.
Testis 0.80 + 0.03° 0.80 = 0.02° 0.75 = 0.03° 0.62 + 003" * * *
Brain 0.99 £+ 0.07 0.89 % 0.02 0.77 £+ 0.02 0.77 = 0.02 * n.s. n.s.
Pancreas 0.58 =+ 0.08 0.62 * 0.05 0.53 = 0.01 052 # 0.02 * n.s. n.s.
Spleen 0.29 = 0.04 0.26 &= 0.05 0.21 = 0.02 0.20 &= 0.01 n.s. n.s. n.s.
Lung 0.54 £ 0.01 051 = 0.01 046 + 0.02 044 = 0.01 * n.s. n.s.

Values are mean = SEM.

Each sample was analyzed by two-way ANOVA. *p < 0.05. In the liver and testis, there were interactions between biotin and leucine. Hence, each group was

analyzed by multiple comparisons. ** p < 0.05.
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Fig. 5 Urinary 3-HIA in biotin deficiency and leucine addition mice.

Values are mean + SEM.

*t-test (0-8wk):1, 4, 6wk. p<0.05.

Post hoc test after two-way ANOVA repeated measures (9-12wk):
There was an interaction between biotin and leucine. Hence,
each group was analyzed by repeated measures of ANOVA and
multiple comparisons. The D group showed statistically signifi-
cant differences in comparison with the DL group and control
groups (C and CL). p<0.05.

Each groups’ values are significantly different at the same point.
(p<0.05)

*(D vs. DL:9wk, D vs. C:9, 11-12wk, D vs. CL:9-12wk)
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Fig. 6 Urinary biotin in biotin deficiency and leucine addition mice.

Values are mean + SEM.

*t-test (0-8wk):0-8wk. p <0.05.

Post hoc test after two-way ANOV A repeated measures (9-12wk):
There was an interaction between biotin and leucine. Hence, each
group was analyzed by repeated measures of ANOVA and mul-
tiple comparisons. The D group showed statistically significant
differences in comparison with the DL group and control groups
(C and CL). p<0.05.

Each groups’ values are significantly different at the same point.
(p<0.05)

*(D vs. DL:9-12wk, D vs. C:9-12wk, D vs. CL:9-12wk)
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Table 3 Biotin concentration of tissues in biotin deficiency and leucine addition mice.

Dietary groups

Two—way ANOVA

Biotin D DL (6] CL Biotin Leucine Interaction
Liver (ug/g) 0.24 + 002° 044 + 0.04° 0.75 =+ 0.05° 0.60 =+ 0.02 * * *
Kidney (ug/g) 0.40 =+ 0.06° 0.80 == 0.07° 132 =013 1.20 = 0.08° * n.s. *
Heart (ug/g) 0.34 £ 0.06° 0.46 =+ 0.10™ 0.63 =+ 0.04*° 0.74 = 0.10° * n.s. *
Soleus (ug/g) 0.05 == 0.01 0.06 = 0.01 0.06 = 0.00 0.06 == 0.00 n.s. n.s. n.s.
Testis (ug/g) 0.14 = 001 0.25 =+ 0.02 0.24 + 003 0.30 = 0.02 * * n.s.
Brain (ug/g) 0.24 + 002 0.31 =+ 0.04 0.32 = 001 0.28 =+ 002 n.s. n.s. *
Pancreas (ug/g) 0.37 £ 0.05° 0.93 = 0.08° 117 = 0.10° 1.11 % 0.06° * * *
Serum (pg/mL) 0.05 = 0.00 0.05 = 0.00 0.06 = 0.01 0.05 = 0.01 n.s. n.s. n.s.

Values are mean = SEM.

Each sample was analyzed by two-way ANOVA. *p <0.05. In the liver, kidney, heart, brain and pancreas, there were interactions between biotin and

le(}lcline. Hence, each group was analyzed by multiple comparisons.
a-d. ab
*"p < 0.05.
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