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Fig. 1. Urine G3P (A, C and E) and glyceral (B, D
and F) levels in controls versus patients with citrin
deficiency by age. All subjects were divided into
three age categories. 0-11 months (A and B), 1-9
years (C and D) and greater than 10 years (E and
F). The data for control subjects and citrin
deficient patients are shown as box-and-whisker
plots (outlier values are shown as an ‘X’), with
the number of samples examined per age category
being shown in parentheses. Significant differences
between controls and patients within each age
category were evaluated by the Mann-Whitney U
test (*p<0.05, **p<0.01).
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Fig. 2. Intake [A] of and preference [B] for varied
concentrations of a sucrose solution.

Mice were provided two bottles, one containing water,
and the other containing either a 1, 5, 10 or 20% sucrose
solution. [A] Intake of each mouse was determined by
weighing the bottles each day and averaged over a
two-day period. [B] Preference (%) was calculated as 100
x (g of test solution)/[(g of test solution) + (g of water)].
White circles denote wt mice; grey, Ctrn-KO mice;
striped circles, mGPD-KO mice; black circle,
Ctrn/mGPD double-KO mice. Data on each group of
mice are expressed as mean + SD (n = 6-8). Differences
among the mice were evaluated by ANOVA followed by
the Tukey-Kramer test. Mean values with the same
character are not different at p<0.05.
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Fig. 3. Intake ([A] and [C]) of and preferences ([B] and
[D]) for varied concentrations of glycerol ([A] and [B])
and ethanol ([C] and [D]).

Oral intake and preference of the mice were determined
as indicated for Fig. 1. Concentrations of the test
solutions are shown. The symbols for each group of mice
are as indicated in Fig. 1. Data on each group of mice are
expressed as mean + SD (n = 6-9). Differences among
the mice were evaluated by ANOVA followed by the
Tukey-Kramer test. Mean values with the same character

are not different at p<0.05.
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Fig. 4. Changes in the hepatic G3P [A] and citrate [B]
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levels following oral administration of various
concentrations of sucrose, ethanol or glycerol solutions.
One hour after an enteral administration of a test solution
(either 0.9 % saline, 20 % or 10% sucrose, 9 % ethanol,
or 5% or 10% glycerol) at a standard dose of 20 ml/kg by
gastric tube to the fed mice, mice were sacrificed, a
neutralized, perchloric acid-extracted liver homogenate
was prepared and analyzed as described in Materials and
Methods. White column denotes wt mice; grey column,
Ctrn-KO mice; striped column, mGPD-KO mice; black
column, Ctrn/mGPD double-KO mice. Mean values with
the same character are not different at p<<0.05. * and **
denote p<0.05 and p<0.01, respectively, from the basal
levels of each genotype.
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Fig. 5. Changes in the hepatic citrulline, glutamate and
lysine (Lys) levels following the oral administration of
various concentrations of sucrose, ethanol or glycerol
solutions.

The experimental procedures are described in the legend
of Fig. 4. The hepatic amino acid levels were determined
by liquid chromatography/mass spectrometry, as
described in Materials and Methods. Mean values with
the same character are not different at p<0.05. * and **
denote p<0.05 and p<0.01, respectively, from the basal
levels of each genotype.
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Fig. 6. Changes in the hepatic ATP levels

following the oral administration of various con
centrations of sucrose, ethanol or glycerol soluti
ons.

The experimental procedures are described
in the legend of Fig. 4.. * and ** denote p<0.05
and p<0.01, respectively, from the basal levels of
each genotype.

Table 1. Relation between aversion and ,etabolite
changes in the liver of mice

Treatment Mouse Aversion G3P ATP

20% Wt no Inc nc

Sucrose Ctrn-KO no nc nc
(49/kg) mGPD-KO no nc Dec
Double-KO Yes Inc Dec

9% Wt no Inc nc
Ethanol Ctrn-KO Yes Inc Dec
(1.49/kg) mGPD-KO Yes Inc Dec
Double-KO Yes Inc Dec

5% Wt no nc nc
Glycerol Ctrn-KO Yes Inc Dec
(19/kg) mGPD-KO Yes Inc Dec
Double-KO Yes Inc Dec

10% Wt no Inc nc
Glycerol Ctrn-KO Yes Inc Dec
(29/kg) mGPD-KO Yes Inc Dec

Double-KO Yes nt nt

Dec, decreased; Inc, increased; yes and no, presence (score>2)
and absence (score<l) of aversion; nc, not changed; nt, not
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tested. Grey highlights indicate coincidence of aversion and the
two metabolic changes, and yellow, metabolic changes without
aversion.
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