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Determination of Liothyronine and Levothyroxine in Dietary
Supplements by HPLC Using a Pre-column Derivative
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A new method to identify liothyronine (T3, 3,3’,5-triiodo-L-thyronine) and levothyroxine (T4, L-thyroxine),
which are thyroid hormones, in dietary supplements by high-performance liquid chromatography was developed
using a pre-column derivative with 4-fluoro-7-nitrobenzofurazan (NBD-F), without using liquid chromatography
(LC)/MS. T3 and T4 in a dietary supplement were extracted with 10% ammonia water. The extract was treated
with a polyvinylpolypyrrolidone (PVPP) column. The T3 and T4 adsorbed on the PVPP were eluted with 60%
acetonitrile. T3 and T4 present in the eluate from the PVPP column were then derivatized with NBD-F. The
reaction of T3 and T4 with NBD-F was complete after 30 min at 60°C. These derivatives were measured by HPLC
using an octadecylsilane (ODS) column with a fluorescent detector. 0.1% Phosphoric acid was added to 630 ml of
acetonitrile to a final volume of 1000 ml, and the mixture was used as the mobile phase. The excitation wavelength
on the fluorescent detector was 470 nm, and the emission wavelength was 530 nm. The stability of the peak area of
T3-NBD and T4-NBD was maintained for 12 hr. The linearity of T3 and T4 as a coefficient of the correlation value
was 0.9999, and the quantitation limit of T3 and T4 was 0.002 ug/ml. The results confirmed that T3 and T4 were
added to eight dietary supplements. The recovery rate was in the range of 80.4—-103.7% for T3 and 79.8-101.5%
for T4, and the precisions, as measured by the standard deviation, were within 4.8% and 4.3%, respectively.
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INTRODUCTION

Liothyronine (T3, 3,3’,5-triiodo-L-thyronine)
and levothyroxine (T4, L-thyroxine) are thyroid
hormones administered to patients with thyroid de-
ficiencies such as myxedema and cretinism. The
serious side-effects of thyroid hormones include
shock, angina pectoris, and hepatic dysfunction,
and thus, thyroid hormones must be administered
with discretion. Some of the pharmacological ef-
fects include increased basal metabolic rate, oxy-
gen consumption, and carbohydrate metabolism."
Recently, thyroid hormones have been detected in
dietary supplements. The dietary effects of these
hormones are mediated by their pharmacological ef-
fects. However, the health of people who used di-
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etary supplements containing thyroid hormones was
impaired. Between 2002 and 2010, there have been
28 cases where thyroid hormones have been found
in dietary supplements according to administrative
tests in Japan. In some cases, dried thyroid was
found in the dietary supplements and results sug-
gested that thyroid hormones originated from the
dried thyroid. There is a possibility that dried thy-
roid and thyroid hormones are dispensed in dietary
supplements because they have dietary effects. Thy-
roid hormones can be measured by HPLC with a
UV detector.”~® However, it was very difficult to
identify and determine peaks of T3 and T4 in dietary
supplements using previously reported methods be-
cause of many interfering substances and the fact
that UV detection has poor sensitivity and speci-
ficity. Therefore, liquid chromatography (LC)/MS
was developed.”® Although LC/MS is highly sen-
sitive and specific, it is expensive, and the cost of
maintaining the equipment is more expensive than
that for a standard HPLC. Thus, smaller laborato-
ries, like official institutions examining dietary sup-
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Sample 100 mg
Add 10% ammonia water 2 ml
Shake and centrifuge

Residue
Add water 5 ml
Shake and centrifuge

Supernatant
| Add 1 mol/ acetic acid 15 ml
Extract
Load to PVPP column
Wash with water 10 ml

Make to 20.0 ml with water as eluate
E]luate 0.2 ml
Add phosphate buffer (pH 8.5) 0.2 ml
Add 1 mmol/l NBD-F 0.2 ml
Heat at 60°C for 30 min
Cool in ice water for 5 min
Measured by HPLC

Elute with 60% acetonitrile 10 ml and 9 ml

<4— Polyclar VT 05 ¢g
W <—Glass wool

PVPP column

Fig. 1. Flow Chart of Recommended Procedure

This method requires three steps: T3 and T4 are extracted from dietary supplements, adsorbed onto the PVPP column, and derivatized with NBD-F.

plements, do not often have LC/MS machines. In
the present study, in order to identify and deter-
mine the amount of T3 and T4 dispensed in dietary
supplements without using LC/MS, we developed a
new method that uses high-performance liquid chro-
matography with a pre-column derivative with 4-
fluoro-7-nitrobenzofurazan (NBD-F). The develop-
ment of a method to analyze T3 and T4 in dietary
supplements leads to the selective analysis of T3
and T4 originating from dried thyroid.

MATERIALS AND METHODS

Materials —— L-Thyroxine sodium salt pentahy-
drate was used as a reference standard for T4 and
3,3’,5-triiodo-L-thyronine sodium salt served as a
reference standard for T3. Polyclar VT was used as
polyvinylpolypyrrolidone (PVPP). Their reagents
were purchased from Wako Pure Chemical Indus-
tries (Osaka, Japan). NBD-F was purchased from
Dojindo Laboratories (Kumamoto, Japan). All
other chemicals used were HPLC or reagent grade.
The NBD-F solution was dissolved in acetonitrile to
make a 1 mmol/I solution. A reference standard was
dissolved in 50% methanol to make 50 ug/ml stan-
dard stock solution. Each standard stock solution
of T3 and T4 was mixed and diluted with water as

standard solution, and spiked solution for recovery
tests.

Recommended Procedure —— The flow chart of
the method used is shown in Fig. 1. T3 and T4 were
extracted from dietary supplements, adsorbed onto
the PVPP column, and derivatized with NBD-F.
Extraction of T3 and T4 from Dietary Supple-
ments —— First, 100mg of sample and 2.0 ml of
10% ammonia water were added into a screw-
capped culture tube. The tube was tightly
capped, mixed for 10 min, centrifuged for 5 min at
2000 rpm, and the supernatant was separated. Next,
5 ml of water was added to the residue in the tube,
and the solution was mixed and centrifuged. The su-
pernatant was then added to a previous supernatant.
Treatment with PVPP Column —— First, 0.5 g of
Polyclar VT was packed into a 10 ml disposable sy-
ringe, which served as a PVPP column. The PVPP
column was previously saturated with 3 ml of water.
Next, 15 ml of 1 mol/l acetic acid was added to the
supernatant to produce a pH 5.1 loading solution,
which was then loaded onto the PVPP column. The
column was washed with 10 ml of water. The T3
and T4 adsorbing on the PVPP were eluted twice
with 10 and 9ml of 60% acetonitrile. The eluate
was diluted to 20.0 ml with water.
Derivatization of T3 and T4 with NBD-F
Here, 0.2ml of the eluate from the PVPP col-
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umn, 0.2ml of 0.1 mol/l phosphate buffer con-
taining 20 mmol/l EDTA (pH 8.5), and 0.2ml of
1 mmol/l NBD-F were added into a 1.5 ml glass vial
for HPLC. The vial was tightly capped, mixed, and
heated at 60°C for 30 min. Then the vial was cooled
for Smin in ice water, and the solution was mea-
sured by HPLC.

Conditions of HPLC——A L-column ODS
[150 x 4.6 mm internal diameter (i.d.), 5 um, Chem-
ical Evaluation and Research Institute, Tokyo,
Japan] was used in these experiments. The column
temperature was maintained at 40°C. 0.1% Phos-
phoric acid was added to 630 ml of acetonitrile to
make up 1000 ml and the mixture was as the mobile
phase. The flow rate was 1.0 ml/min, and the in-
jection volume was 30 uL.. The HPLC system con-
sisted of a Shimadzu LC solution version 1.02 sys-
tem equipped with a Shimadzu RF-10AXL fluo-
rescence detector (excitation wavelength: 470 nm,
emission wavelength: 530 nm), Shimadzu (Kyoto,

Japan).
Recovery test of T3 and T4 from Dietary
Supplements —— A spiked solution containing

1.0 ug/0.1 ml of T3 and T4 was prepared and 0.1 ml
of this spiked solution was added to 100 mg of a
dietary supplement that did not contain thyroid hor-
mones. This dietary supplement spiked T3 and T4
was used as a sample. The sample was extracted,
adsorbed onto the PVPP column, derivatized with
NBD-F, and measured by HPLC. Each standard
stock solution was mixed and diluted with water
to make a 0.05 ug/ml solution, and then derivatized
with NBD-F as a standard solution. The recovery
rate was calculated using the peak areas of the stan-
dard solution and the sample solution by HPLC.
A standard calibration curve was prepared by plot-
ting peak area versus twelve different concentra-
tions over the range of 0.002-0.2 pg/ml, and the lin-
earity of the plot line was examined. The recovery
rate, precision of recovery rate, and the specificity
of this method were measured using these samples
and the standard solution.

RESULTS AND DISCUSSION

Condition of PVPP Column Treatment

The effect of pH of the loading solution on the
PVPP was examined. First, 1.0ml of standard so-
Iution (1.0 ug/ml) and 2ml of 10% ammonia wa-
ter were mixed and 9-16 ml of 1 mol/l acetic acid
was added. The solution was loaded on the PVPP
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Additive Amount of 1 mol/l Acetic Acid (ml) and the pH of Loading Solution

Fig. 2. Relationship between the Recovery Rates of T3 and T4
and the pH of the Loading Solution Used on the PVPP
Column

Here, 1.0 ml of a standard solution of T3 and T4 (1.0 pg/ml), 2 ml
of 10% ammonia water, and 9—16 ml of 1 mol/I acetic acid were added.

The solution was loaded on the PVPP column using 60% acetonitrile

as the eluting solvent, and the substances were derivatized with NBD-F

and measured by HPLC. Each point was the average of three experi-
ments.

column, derivatized with NBD-F, and measured by
HPLC. The relationship between the recovery rate
and the pH of the loading solution on the PVPP col-
umn is shown in Fig. 2. The recovery rate of T3 and
T4 from the PVPP column was influenced by the pH
of the loading solution. The recovery rate of T3 and
T4 was stable in the pH range of 5.0-5.2. Thus, it
was decided that 15 ml of 1 mol/l acetic acid should
be added to the extract from a sample to increase
the recovery rate. Next, the effect of the solvent
used and its concentration was examined to choose
the best eluting condition. Methanol, ethanol, iso-
propanol, acetonitrile, acetone, and tetrahydrofuran
were examined as eluting solvents for the PVPP col-
umn. Acetonitrile yielded the maximum recovery
rate of T3 and T4 from the PVPP column. The re-
lationship between recovery rate and the concentra-
tion of acetonitrile is shown in Fig. 3. The recovery
rate was stable when 50-70% acetonitrile was used.
These results indicate that 60% acetonitrile should
be used as the eluting solvent for the PVPP column.
Eluting twice with 10 ml and 9 ml of 60% acetoni-
trile was necessary to achieve a high recovery rate.

Conditions for Derivatization of T3 and T4 with
NBD-F

The optimum conditions were examined for the
derivatization of T3 and T4 with NBD-F. First,
the pH of a 0.1 mol/l phosphate buffer containing
20 mmol/l EDTA on the derivatization of T3 and T4
was examined in the pH 6.5-10.5 range. Further-
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more, the effects of the temperature (50, 60, 70°C)
and reaction time (5, 10, 20, 30 min) were exam-
ined. As a result, the optimum conditions for NBD-

110
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Recovery Rate of T3 and T4 (%)
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30 40 50 60 70 80 90

Concentration of Acetonitrile for Elution from PVPP Column (%)

Fig. 3. Relationship between the Recovery Rates of T3 and
T4 and the Concentration of Acetonitrile on the PVPP
Column

In these experiments, 1.0 ml of a standard solution of T3 and T4
(1.0 pg/ml), 2ml of 10% ammonia water, and 15 ml of 1 mol/l acetic
acid were added. The solution was loaded onto a PVPP column using
different concentrations of acetonitrile for elution, and the substances
were derivatized with NBD-F and measured by HPLC. Each point was
the average of three experiments.

95 mM_(x100)

F derivatization occurred at pH 8.5, 60°C, and at
a reaction time of 30 min, as derived on the basis of
the peak area of the derivatized T3 and T4 (T3-NBD
and T4-NBD). The peak areas of T3-NBD and T4-
NBD were stable for a minimum of 12 hr.

Recovery Test of T3 and T4 from Dietary Sup-
plements

Example HPLC chromatograms for a dietary
supplement spiked with T3 and T4 are shown in
Fig.4. The chromatogram [A] is a chromatogram
of dietary supplement No. 2 of Table 1, and had the
greatest number of interfering peaks. T3-NBD and
T4-NBD were eluted around 15 min and 21 min. No
other peaks that interfered with both NBD-thyroid
hormones were present on the chromatograms of all
samples tested, so specificity was confirmed. The
recovery rates of T3 and T4 from dietary supple-
ments are shown in Table 1. The control sample
demonstrates the recovery rate of a spiked solution
without a dietary supplement. The recovery rate of
the control sample was approximately 100%, and
its standard deviation was very small. Both recov-

[A]

V_(x100)

125 15.0 175 20.0 min

2.5
2.0
1.5
1.0
0.5
0.0

[B]

25 WV (x100;

0. 2.5 5.0 7.5 10.0

12,5 15.0 17.5 20.0 min

Fig. 4. HPLC Chromatogram of Dietary Supplements Spiked with T3 and T4

[A]: 100 mg of a dietary supplement spiked with 1.0 ug of T3 and T4 was measured by this method. [B]: 100 mg of a dietary supplement that did
not contain T3 and T4 was also measured by this method. [A] and [B] are the samples of the dietary supplement No. 2 of Table 1. [C]: A standard
solution containing T3 and T4 (0.05 pg/ml) was derivatized with NBD-F without PVPP column treatment. The retention times of T3-NBD and T4-NBD

were 15 min and 21 min, respectively.
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Table 1. Recovery Rates of T3 and T4 from Dietary
Supplements

Dieray Supplement Recovery rates (%)®

T3 T4
1 101.5+4.8 100.4 +£4.3
2 80.4+1.4 79.8+2.4
3 103.7+3.3 101.5+34
4 97.6+0.2 98.7+0.8
5 98.1+3.3 96.0+3.2
6 100.0+£2.2 100.9£2.6
7 99.0+4.1 98.9+3.5
8 90.2+29 80.7+1.2
Control 100.3+1.3 98.3+2.1

a) Mean = S.D. (n = 3). Dietary supplements spiking 1.0 ug
of T3 and T4 were measured by this method.

ery rates for T3 and T4 were in the range of 79.8—
103.7%, and their standard deviations were within
4.8%. The recovery rates of T3 and T4 from dietary
supplements were also satisfactory. The linearity
was good in the 0.002-0.2 pg/ml range, and the co-
efficients of the correlation values were 0.9999 in
both cases. The regression equation of T3 was Y
= 3986438X — 70045, while the regression equa-
tion of T4 was Y = 4191474X — 137756. The
quantitation limit of both thyroid hormones was
0.002 pg/ml, and the reproducibility at the concen-
tration of the quantitation limit was 2.84% for T3
and 7.57% for T4; this was verified by 6 experi-
ments. The amount of T3 and T4 at the quantita-
tion limit corresponds to 0.04 ug per 100 mg in a
dietary supplement. The maintenance doses of T3
and T4 are 24-72 ug and 87-350 ng, respectively,
per day. Therefore, this quantitation limit value was
sufficiently low and verified that this method was
highly sensitive.

Thyroid hormones in dietary supplements can
be measured by LC/MS when they are prepared
either by extraction with ethyl acetate or solid-
phase extraction.”® In this study, because PVPP
adsorbs polyphenols, we hypothesized that T3 and
T4, which are phenolic substances, might be ad-
sorbed onto PVPP. In the field of chemical analy-
sis, PVPP is used to adsorb and remove interfering
substances including polyphenols from extract so-
lutions. Here, the target substance of analysis is not
adsorbed and passes through PVPP, allowing for a
pure sample solution to be made after a pretreatment
step that occurs prior to analysis.’~'?) However, the
use of PVPP has not been previously reported as an
analytical method that a target substance of analysis
was adsorbed and eluted with PVPP. In this study,

it was confirmed that T3 and T4 could be adsorbed
onto PVPP and eluted using a 60% acetonitrile so-
lution. PVPP was useful, allowing for identifica-
tion and determination tests of T3 and T4 in dietary
supplements. The peaks of T3 and T4 were buried
in HPLC chromatograms because of many interfer-
ing substances when PVPP treatment was not used.
Therefore, this method may be useful in the analy-
ses of other phenolic substances.

NBD-F forms derivatives with primary and sec-
ondary amines that exhibits fluorescence at an emis-
sion wavelength of 530nm and excitation wave-
length of 470nm.'*"!'” T3 and T4 are primary
amines, so we investigated the derivatization of
T3 and T4 in terms of specificity and sensitivity.
The peaks of T3-NBD and T4-NBD were iden-
tified on HPLC chromatograms with PVPP treat-
ment and were not obscured by other substances.
Given that the NBD-derivatives produce unique
chromatograms, if thyroid hormones are dispensed
in dietary supplements at concentrations that pro-
duce pharmaceutical effects, they can be identified
and analyzed by this method. We are developing a
new method to identify the thyroid hormones that
originate from dried thyroids added to dietary sup-
plements using this method.

REFERENCES

1) Jiho (Ed.) (2008) Drugs in Japan: ethical drugs
2009. Jiho, Tokyo, Japan, pp. 2690, 2781-2782.

2) United States Pharmacopeial Convention (2008)
The United States Pharmacopoeia-National Formu-
lary, USP31, NF36, Port City Press, Baltimore, pp.
3398-3400.

3) Smith, D. J., Biesemeyer, M. and Yaciw, C. (1981)
The separation and determination of liothyronine
and levothyroxine in tablets by reverse-phase high
performance liquid chromatography. J. Chromatogr.
Sci., 19, 72-78.

4) Rapaka, R. S., Knight, P. W. and Prasad, V.
K. (1981) Reversed-phase high-performance liquid
chromatographic analysis of liothyronine sodium
and levothyroxine sodium in tablet formulations;
preliminary studies on dissolution and content uni-
formity. J. Pharm. Sci., 70, 131-134.

5) Richheimer, S. L. and Jensen, C. B. (1986) Determi-
nation of liothyronine and levothyroxine in thyroid
preparations by liquid chromatography. J. Pharm.
Sci., 75,215-217.

6) Vieja, A., Calero, M., Santisteban, P. and
Lamas, L. (1997) Identification and quantitation



52

Vol. 57 (2011)

7)

8)

9

10)

1)

of iodothrosines and iodothyronines in proteins us-
ing high-performance liquid chromatography by
photodiode-array ultraviolet-visible detection. J.
Chromatogr. B Analyt. Technol. Biomed. Life. Sci.,
688, 143-149.

Kosaka, T. and Hamada, H. (2002) Analysis of thy-
roid hormones in health foods by LC/MS. Food Hyg.
Saf. Sci., 43, 225-229.

Minowa, K., Moriyasu, T., Nakajima, J., Shigeoka,
S., Kishimoto, K., Kamimura, H. and Yasuda, I.
(2003) Determination of thyroid hormone in di-
etary supplements by solid phase extraction. An-
nual Report of Tokyo Metropolitan Institute of Pub-
lic Health, 54, 74-77.

Nakakuki, H., Horia, H., Yamaguchi, Y. and Kohata,
K. (1999) Rapid analysis of methylated xanthines in
teas by an improved high-performance liquid chro-
matographic method using a polyvinylpolypyrrori-
done pre-column. J. Chromatogr. A, 848, 523-527.
Horie, H., Nesumi, A., Ujihara, T. and Kohata, K.
(2002) Rapid determination of caffeine in tea leaves.
J. Chromatogr. A, 942, 271-273.

Gokmen, V., Acar, J. and Sarioglu, K. (2005) Lig-
uid chromatographic method for the determination
of patulin in apple juice using solid-phase extrac-
tion. Anal. Chim. Acta, 543, 64—69.

12) Laborde, B., Moine-Ledoux, V., Richard, T., Saucer,

13)

14)

15)

16)

17)

C., Dubourdieu, D. and Monti, J. (2006) PVPP-
Polyphenol complexes: A molecular approach. J.
Agric. Food Chem., 54, 4383—-4389.

Yamaguchi, Y., Nakamura, A., Kohno, I., Hatanaka,
K., Kitai, M. and Tanimoto, T. (2008) Quasi-flow in-
jection analysis for rapid determination of caffeine
in tea using the sample pretreatment method with
a cartridge column filled with polyvinylpolypyrroli-
done. J. Chromatogr. A, 1177, 190-194.

Imai, K. and Watanabe, Y. (1981) Fluorimetric de-
termination of secondary amino acids by 7-fluoro-
4-nitrobenzo-2-oxa-1,3-diazole. Anal. Chim. Acta,
130, 377-383.

Imai, K. (1988) High-performance liquid chro-
matography with photochemical fluorimetric detec-
tion of tryptophan based on 4-fluoro-7-nitrobenzo-
2-oxa-1,3-diazole. Anal. Chim. Acta, 205, 7-14.
Watanabe, Y. and Imai, K. (1983) Liquid chro-
matographic determination of amino andimino acids
and imino acid and thiols by postcolumn derivatiza-
tion with 4-fluoro-7-nitrobenzo-2,1,3-diazole. Anal.
Chem., 55, 1786-1791.

Toyo’oka, T., Watanabe, Y. and Imai, K. (1983) Re-
action of amines of biological importance with 4-
fluoro-7-nitrobenzo-2-oxa-1,3-diazole. Anal. Chim.
Acta, 149, 305-312.



