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Specific determination of threonine in biological samples by gas
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Abstract

Threonine was oxidized into acetaldehyde at 0◦C for 30 min with periodic acid. The acetaldehyde formed was converted to a hydrazone
with 2,4-dinitrophenyhydrazine. The hydrazone was extracted withn-heptane and quantified by gas liquid chromatography with electron capture
detection. An internal standard, 2-amino-3-hydroxyhexanoic acid, was used. The calibration curve of threonine was linear up to 200 nmol in 200�l
sample solution and the determination limit of threonine was 1 nmol in 200�l sample solution. The recoveries were 100.0, 94.0 and 100.0% from
h ine in tissues
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omogenates of octopus tentacles and blood plasma and rat livers, respectively. This method was applied to the determination of threon
f rats given threonine and starved octopuses. This threonine determination method has been used for studies on the metabolism ofd-lactate.
2005 Elsevier B.V. All rights reserved.
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. Introduction

In the past, we have studiedd-lactate metabolism. During
he course of these studies, we found that the best precursor for
-lactate formation in cell-free homogenates ofOctopus vul-
aris tentacle tissue was threonine[1]. Subsequently, we studied
hreonine metabolism in Japanese quail liver and reported that
hreonine is metabolized as a ketogenic amino acid in the quail
iver, whereas it is glucogenic in rat liver[2]. Recently, we
eported that in octopus and especially in starved octopus,d-
actate is produced actively from methylglyoxal, which, in turn,
s formed via aminoacetone from threonine[3]. For these studies,
he threonine concentration in animal tissues had to be measured.
herefore, we established a method for the specific determina-

ion of threonine. The method is the subject of this report. At this
ime, there is only one principal reaction for the specific deter-
ination of threonine. This reaction is the oxidative degradation
f threonine to acetaldehyde by periodate solution. In a report
y Winnick, acetaldehyde was trapped by sodium bisulfite, the

excess bisulfite oxidized with iodine, the bisulfite addition p
uct dissociated to acetaldehyde and bisulfite, and, finally
bisulfite titrated with standard iodine solution[4]. Through this
method micromole levels of threonine could be determine
another procedure, acetaldehyde is treated with aldehyde
drogenase. The NADH formed was determined fluorometric
Threonine could be determined at the nanomole levels usin
method[5]. This threonine determination method was applie
only rat blood plasma. In the method presented here, ace
hyde is converted to 2,4-dinitrophenylhydrazone, which is d
mined by gas chromatography with electron capture detec
The sensitivity of method was 1 nmol and was applied to s
biological experiments.

2. Experimental

2.1. Materials

Periodic acid solution (37%), butyraldehyde, glycine, sod
bisulfite and 2,4-dinitrophenylhydrazine (DNPH) were p
chased from Wako Pure Chemical Industries, Ltd. (Os
∗ Corresponding author. Present address: 7038207 Okayama-Gion, Gion 14-5,
apan.

E-mail address: ohmori shinji@yahoo.co.jp (S. Ohmori).

Japan).l-Threonine was purchased from Kanto Chemical Co.,
Inc. (Tokyo, Japan). A modification of the method described
by Okawa and Sato[6] was used to prepare 2-amino-3-
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hydroxyhexanoic acid. Okawa and Sato synthesized threonine
from glycine and acetaldehyde on the basis of a condensa-
tion reaction. Cupric glycinate (9 g), sodium carbonate (2.3 g),
butyraldehyde (20 ml) and 23 ml water were placed in a 125 ml
flask and heated at 50◦C for 1 h with stirring. After the reac-
tion mixture was acidified with 2 M hydrochloric acid, it was
filtered. The filtrate was applied to a column (5 cm× 20 cm)
of Dowex 50W-X2 (H+) (100–200 mesh). After washing with
500 ml of water, the column was eluted with 500 ml of 2 M NH3.
The eluate was evaporated to dryness under reduced pressure.
The residue was dissolved in about 5 ml water and evaporated
to dryness; this procedure was repeated two times, in order to
convert the ammonium form to the free form. The residue was
dissolved in a minimal amount of water and alcohol was added
to the solution. This recrystallization procedure was repeated
three times. The yield was about 5 g. TheRf value was 0.71 on
silica gel TLC inn-butanol/acetic acid/water (4:1:1, v/v/v). In
order to confirm the purity and to approximately determine the
yield of the product, glycine was also subjected to TLC. TheRf
value of glycine was 0.45 in the same system.

2.2. Administration of threonine to rats

Male Wistar strain rats, aged 4 weeks, were divided into two
groups. One group was given a single dose of threonine (1 g/kg
body weight) orally. The second group was the control. The
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2.5. Calibration curve of threonine

Various amounts of threonine (5, 10, 15 and 20�l 1 mM
threonine), 20�l 1mM 2-amino-3-hydroxyhexanoic acid as an
internal standard, 100�l 0.5 M disodium hydrogen phosphate,
100�l 0.05 M periodic acid and 200�l water were pipetted into
a 5 ml vial. The reaction mixture was allowed to stand for 30 min
on ice. After the oxidation reaction, 100�l 0.3 M NaHSO3 was
added and then 0.5 ml of a solution consisting of 7 M DNPH
and 6 M HCl was added to the reaction mixture. The mixture
was reacted at 40◦C for 60 min and extracted twice with 2 ml
n-heptane for 30 min using a shaker. The heptane layer (3.5 ml)
was transferred to a 5 ml vial and evaporated using a Savant
Vac concentrator (Model SVS-100H, New York, NY, USA) at
room temperature for 20 min. The residue was dissolved in 1 ml
n-hexane. The hexane layer was diluted withn-hexane before
injection into gas chromatography if necessary.

2.6. Recovery test

For the purpose of applying this procedure to biological sam-
ples, recovery tests were carried out. Various amounts (5, 10,
15 and 20 nmol) of threonine were added to 6000× g octo-
pus tentacle homogenates, rat blood plasma and 6000× g rat
liver homogenates from normal rats. The amount of threonine
contained in these samples was determined by method A as
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nimals were decapitated 1 h later and the organs were rem
mmediately and used for the determination of threonine.

.3. Starved octopus

Octopus ocellatus Gray were collected near the Ushima
arine Laboratory located on the coast of the Inland Se

apan and maintained in the laboratory aquarium at 9± 1◦C.
or a starvation experiment, 16 octopuses were divided into
roups. One group was starved for 17 days and a second
as starved for 32 days. The remaining two groups serv
ontrols. The control groups were fed withCharybdis japonica
or 17 and 32 days. These experiments were carried out fo
urpose of studying threonine metabolism[3].

.4. Gas chromatography

All samples were analyzed on a Shimadzu GC14A
hromatograph (Kyoto, Japan) equipped with a Ni-63 elec
apture detector. A Hi-Cap CBPI-M25-025 capillary colu
rom Shimadzu (25 m× 0.25 mm i.d.; film thickness, 0.25�m)
as used. The electron capture detector was maintain
80◦C. The column temperature was raised automatically
00 to 200◦C at a rate of 20◦C/min, the temperature w

hen maintained at 200◦C for 5 min, after which the co
mn temperature was raised to 220◦C at a rate of 5◦C/min,
nd finally increased to 265◦C at a rate of 30◦C/min. The

njector block temperature was adjusted to 270◦C. The flow
ate of carrier gas (nitrogen) was approximately 1.5 ml/
nd the pressure was 1 kg/cm2. The injection technique wa
plitless.
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escribed below.

.7. Analytical procedure for the determination of
hreonine in biological samples

Method A: Fresh octopus tentacles and rat livers were hom
nized. Three milliliters methanol was added to 1 ml of
upernatant. After standing the mixture at−20◦C for 30 min,
he mixture was centrifuged at 1700× g for 10 min. The precip
tate was washed with 4 ml of a methanol/water mixture (70
/v). The methanol and wash supernatants were allowed to
t −20◦C for 2 h and subsequently centrifuged at 1500× g

or 10 min. The extracts were applied onto a Dowex 50W
H+, 100–200 mesh) column (5.0 cm× 0.9 cm i.d.), which wa
ashed with 20 ml water and eluted with 20 ml 2 M NH3. The
luate was concentrated to dryness under reduced pressur
rotary evaporator. The residue was dissolved in 1 ml wat
lasma sample (0.2 ml) from heparinized rat blood was de

einized with 2 ml methanol and centrifuged at 1700× g for
5 min. The precipitate was suspended in 1.5 ml 70% meth
methanol/water, 70:30, v/v) and centrifuged as above. The
ined supernatants were treated as described in Section2.5.

Method B: Fresh octopus tentacles (2.5 g) were amput
nd cut into small pieces with a scissors. The minced t
as homogenized in 12.5 ml water with a Potter-Elveh
omogenizer at 0◦C and 10,000 rpm for 5 min and then c

rifuged at 4◦C and 6000× g for 15 min, 1 ml 1.2 M perchlori
cid was added to l ml of the supernatant. The mixture
llowed to stand for 30 min in ice and centrifuged at 4◦C and
500× g for 15 min. The supernatant (1 ml) was mixed w
00�l 2 M dipotassium hydrogen phosphate. After standin
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0◦C for 10 min, the precipitate was removed by centrifugation
at 1500× g. The supernatant (200�l) was treated as described
in Section2.5.

3. Results and discussion

3.1. Reaction conditions for oxidation

Threonine (36 nmol) was dissolved in a mixture of 100�l
0.5 M Na2HPO4 and 100�l 0.05 M HIO4 and reacted at 40◦C
for different time intervals up to 120 min. Afterwards, 100�l 3%
NaHSO3 was added to the reaction mixture. Acetaldehyde was
converted to the hydrazone and determined by gas chromatog-
raphy. The amount of acetaldehyde available for conversion to
hydrazone decreased with increasing reaction time (87, 79 and
69% at 15, 30 and 60 min, respectively) and, after 120 min, was
about half of what was at the starting point. To determine the
optimum reaction temperature and time, the above experimen-
tal procedure was carried out at 0, 20, 30 and 40◦C for 10 and
30 min. From these experimental results, it was decided that the
oxidation should be performed at 0◦C for 30 min.

3.2. Calibration curves

Various amounts of threonine (20, 40, 60 and 80 nmol) were
oxidized with periodic acid, derivatized to the hydrazone, and
t tio (
o alde
h l to
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i
T

sample solution. Since an aliquot (1�l) from 1 ml of the hexane
solution containing the sample was injected to the gas chro-
matograph, the absolute limit corresponds to 1 pmol. Generally
speaking, gas chromatographic determination is highly sensi-
tive, real sensitivity is not so high, because injection amount into
gas chromatography is limited. Winnick reported a determina-
tion method for threonine. The method was based on oxidation
of threonine with periodate and microdiffusion of the acetalde-
hyde formed. The determination limit of this method was at the
micromole level[4]. Nishida et al. reported a specific method
for the determination of threonine after an oxidative reaction to
acetaldehyde. Acetaldehyde was then oxidized to acetate with
aldehyde dehydrogenase, and the NADH formed in the reac-
tion was determined fluorometrically. By this method, 10 nmol
in 0.5 ml aqueous solution could be quantified[5]. They esti-
mated the threonine content only in rat blood plasma.Fig. 1
shows the gas chromatograms of authentic and biological sam-
ples obtained from the present method. As described in the
previous paper, the hydrazones of aldehyde appeared as two
peaks in the chromatogram[7]. The peak area was automatically
calculated.

3.3. Recovery test and comparison of results obtained by
the present method to those obtained by amino acid analysis

Recoveries of 100.0± 7.19%, 94.0± 3.30% and 100.0±
6 s, rat
b spec-
t ica-
t
W od B,
t

F PH ( PH
( d pla
t ed as
hen measured by gas chromatography. The peak area ray)
f the hydrazone compared to the peak area of the butyr
yde from the internal standard was exactly proportiona

he threonine concentration (x, nmol) up to at least 200 nm
n 200�l of the sample solution:y = 0.00898x (r2 = 0.992).
he lower determination limit was 1 nmol in 200�l of

ig. 1. Gas chromatograms of hydrazones of aldehydes (ADPH). (a) AD
derived from threonine in the plasma of normal rat): Deprotenized bloo
hreonine in the liver homogenate of normal rat): The liver (2 g) was treat
-
.57% were obtained for octopus tentacle homogenate
lood plasma and rat liver homogenates using method A, re

ively. All the experiments were carried out with three repl
ions of each assay. Detailed results are shown inTables 1–3.

hen octopus tentacle muscle was prepared using meth
he recovery was 84.8%.

authentic): 1�l of a 1 nmol/ml standard solution of ADPH was injected. (b) AD
sma of rat (1 ml) was treated as described in Section2.4. (c) ADPH (derived from
described in Section2.4.
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Table 1
Recovery of threonine from 6000× g supernatant of octopus foot homogenate

Threonine Recovery (%)

Added (nmol) Found (nmol)

0 1.4
5 6.5 102.5

10 10.4 90.4
15 15.9 97.1
20 23.4 110.0

Average± S.D.: 100.0± 7.19 (n = 3).

Table 2
Recovery of threonine from rat plasma

Threonine Recovery (%)

Added (nmol) Found (nmol)

0 9.1
5 14.0 98.3

10 18.6 94.8
15 23.1 93.5
20 26.9 89.2

Average± S.D.: 94.0± 3.30 (n = 3).

Table 3
Recovery of threonine from 6000× g supernatant of rat liver homogenate

Threonine Recovery (%)

Added (nmol) Found (nmol)

0 3.8
5 9.2 109.6

10 14.0 102.3
15 18.1 95.5
20 22.3 92.6

Average± S.D.: 100.0± 6.57 (n = 3).

Threonine in various rat tissues was determined by the presen
method and by amino acid analysis. The results are show
in Table 4. These results demonstrate that the present metho
yielded essentially the same values as those obtained by amin
acid analysis.

Table 4
Threonine content of various rat tissues after giving the animals threonine p.o
as determined by the present method and amino acid analysis

Tissues Control group
(�mol/g tissues)

Threonine content

Present method
(�mol/g tissues)

Amino acid analysis
(�mol/g tissues)

Liver 0.067± 0.04 2.05± 0.31 2.04
Muscle n.d. 1.67± 0.06 1.56
Kidney n.d. 3.94± 0.32 n.d.
Brain n.d. 1.05± 0.02 n.d.
Plasma 0.055± 0.02* 1.33± 0.09* n.d.

Threonine content was measured using method A (n = 3). * denotes the unit for
plasma content:�mol/ml.

Table 5
Threonine content of the tentacles and mantle of fed and starved octopuses

Days Fed group
(�mol/g.w.w.)

Starved group
(�mol/g.w.w.)

Tentacle 17 0.876± 0.15 0.385± 0.06
Mantle 32 0.582± 0.14 0.448± 0.04

Mantle 17 0.897± 0.11 0.581± 0.09
32 0.803± 0.17 0.584± 0.02

Threonine content was measured using method B (n = 3).

3.4. Threonine contents in various rat tissues after
threonine administration

As shown inTable 4, orally administered threonine was taken
up and transported to various tissues in rats within one hour. All
the experiments were carried out with three replications of each
assay. The amino acid was accumulated at concentrations 30 and
24 times higher than that normally found in the liver and kidney,
respectively. In 1989, Semon et al.[8] and Soemitro et al.[9]
reported the contents of free amino acids in blood plasma, brain,
liver and muscle of Sprague–Dawley albino rats. They reported
the relationship between dietary protein intake and amino acid
levels in tissues of rats. The concentrations of most amino acids
in the tissues were proportional to protein intake. The threonine
levels in rat tissues in the present report were similar to those
reported by Semon et al.[8] and Soemitro et al.[9].

3.5. Threonine concentration in the tentacles and mantle of
octopus after starvation

In a previous paper, we reported that threonine was a keto-
genic amino acid in quail liver and a glucogenic amino acid in
mammals[2]. More recently, we reported that in octopus, espe-
cially in starved octopus,d-lactate was actively produced from
methylglyoxal, which is formed via aminoacetone from threo-
nine and glycine[3]. In connection with these experiments, we
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etermined the content of threonine in the tentacles and m
f octopus. As can be seen fromTable 5, when octopuses we
tarved, the concentration of free threonine decreased in
issues. This means that threonine was used for energy pr
ion during starvation[3]. As can be seen fromTable 4, when
xcess amounts of threonine were administered to rats, i
ccumulated in the tissues. This accumulation of excess t
ine in rat tissues contrasts with the decrease of the amino

evel in starving octopuses.
In conclusion, data presented here show that threonine

n several organs were exactly measured with good reco
nd sensitivity. The determination method could apply to
iochemical and nutritional research.
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