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RAPID SEPARATION AND DETERMINATION OF THYROMIMETIC
IODOAMINO ACIDS BY GRADIENT ELUTION REVERSE PHASE LIQUID
CHROMATOGRAPHY WITH ELECTROCHEMICAL DETECTION

M. R. Hadj-Mohammadi, Jimmje L. Wardl, and John G, Dorsey*
Department of Chemistry
University of Florida
Gainesville, Florida 32611

ABSTRACT

The usefulness and capabilities of gradient elution techniques
with electrochemical detection are shown with a rapid separation of
D,L-tyrosine (Tyr), 3-iodo-L-tyrosine (MIT), 3,5-diiodo-L-tyrosine
(DIT), D,L-thyronine (T,), 3,5-diiodo-D,L-thyronine (T2), 3,3",5-
triiodo-L-thyronine (T3), and L-thyroxine (T4) by reverse phase
liquid chromatography. A rapid (five minute) isocratic separation
of To, T2, T3, and Ty is also reported. Limits of detection are in
the sub-nanogram range with a linear dynamic range to 500 ng for T
and T3, and 1000 ng for Ty. Analysis of levothyroxine sodium tab-
lets and injectable intravenous samples is described.

INTRODUCTION

The mechanism of action of the thyroid hormones, T3 and TA’ is
of considerable interest in part because of the amazing diversity
of thyroid hormone effects. These agents influence the metabolism
of almost every class of food stuff. They exert profound effects
on many enzymes and on almost all organ systems, and they play an
integrai role in the complex bioclogical processes involved in

growth and differentiation (1). The time consuming procedures in

1Present address: The Proctor and Gamble Co., Winton Hill Techni-
cal Center, 6060 Center Hill Road, Cincinnati, Ohio 45224.
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USP monographs have been used for analysis of levothyroxine sodium
tablets (2) and liothyronine sodium tablets (3). The assay of the

major thyroid hormones T, and T4 also is done by wet analysis

(4-6), radioimmunoassay ?7—10), chemical derivatization followed
by gas chromatography with electron capture detection (11,12),
thin layer chromatography (13-15), paper chromatography (16,17),
electrophoresis (18), and gas chromatography/mass spectrometry
(19). The thin layer and paper chromatography as well as the
electrophoretic procedures do not have good limits of detection
for this kind of analysis., Although the gas chromatographic pro-
cedures are sensitive, they require the isolation of the iodoamino
acids in a pure form, which must then be converted to a volatile
derivative for chromatographic analysis. The radioimmunoassay
procedures are impractical for a small number of samples and have
the added problem of disposal of the radicactive wastes.

Liquid chromatography would normally be the method of choice
for these analyses because of the poor volatility of the com—
pounds. In fact, HPLC methods for separation of pure iodoamino
acids have appeared in the literature (20-24). Recently T3 and 'I.‘4
tablets have been analyzed by reverse phase LC using UV detection
(25) and a gradient elution separation of sixteen thyromimetic
iodoamino acids has been reported (26). However, the low molar
absorptivity of these compounds at 254 nm precludes their determi-
nation at trace levels. Detection at 220 nm improves this situa-
tion somewhat (26) and a clever catalytic post—column detection
scheme has also been shown (27). Most recently, application of
amperometric electrochemical detection to these compounds has been
shown to give excellent limits of detection {(28), as has dansyl
derivatization and subsequent fluorescence detection (29).

The purpose of this study was to demonstrate the usefulness
of gradient elution techniques with electrochemical detection for
the separation of seven thyromimetic iodoamino acids. A rapid iso-
cratic separation of TO’ TZ’ T3, and TA’ as well as analysis of T4

both in tablets and injectable intravenous samples is presented.
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EXPERIMENTAL

Cyclic Voltammetry System

To find an approximate active potential for the thyromimetic
iodoamino acids, a CV-1lA cyclic voltammetry instrument and an
electrochemical cell made by BioAnalytical Systems, Inc. (West
Lafayette, IN) were used, The working and reference electrodes
were glassy carbon and Ag/AgCl, respectively. Before running the
CV experiments, the sample solutions were purged for 20 minutes
with helium. Cyeclic voltammetry was then carried out in an inert
He atmosphere., A Plotamatic MFE-715 (MFE, Salem, NH) X-Y recorder

and digital voltmeter were used to record the cyclic voltammograms.

Liquid Chromatography System

Either a Waters 6000A (Waters Associates, Milford, MA) iso-
cratic solvent delivery unit with an Altex 210 (Altex Scientific,
Berkeley, CA) injection valve with 5, 10 and 20 pL loops, or an
Altex model 322 gradient liquid chromatograph with two model 100A
pumps were used in conjunction with an Altex Ultrasphere octyl
column, 250 x 4.6 mm, or an Altex Ultrasphere ODS, 150 x 4.6 mm,
both having 5 ym particle diameters. For isocratic elution, the
mobile phase was CH3OH:H20:H3PO4 (70:30:0.2), while for gradient
elution, solutions of 0.15% H3P04 in H20 {solvent A) and 0.20%
H3PO4 in CH30H (solvent B) were used. The mobile phase was de—
gassed with He during chromatographic runs. Phosphoric acid was
used as background electrolyte and also to suppress the ionization

of the thyromimetic iodoamino acids (30).

Electrochemical Detector

An LC-4 amperometric controller and electrochemical cell from
BioAnalytical Systems, Inc., were used. The working and reference

electrodes were glassy carbon and Ag/AgCl, respectively.

Standard Solutions

The compounds Tyr, MIT, DIT, TO’ T2, T3, and T4 were pur-
chased from Sigma Chemical (St. Louis, MO) and were stored in a

freezer. Standard solutions were prepared by dissolving appropri-
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ate amounts of each compound in methanol containing 17 ammonium

hydroxide and were stored in a refrigerator.

Preparation of T, Tablet Solution and Injectable T4 Sample

Twelve tablets (1.5676 g) containing levothyroxine sodium
were dissolved in 20 mL of 0.0l M sodium hydroxide using an ultra-
sonic bath. The sample solution was heated at 60°C for 3 minutes,
shaken for 3 minutes, and then filtered through F2406-9 (S/P) fil-
ter paper. Before chromatographic injection this solution was
again filtered with a Rainin (Rainin Instruments, Woburn, MA) HPLC
sample filter syringe using a 0.45 um nylon-66 membrane filter.
The injectable sample was present as a powder and was prepared by
dissolving in 5 mL 0.9% sodium chloride solution. This resulted
in a clear solution which was then filtered with the sample filter

syringe.

RESULTS AND DISCUSSION

Gradient Elution LC/EC

Amperometric electrochemical detectors are generally consid-
ered incompatible with gradient elution techniques (31,32), The
necessity of the presence of a background electrolyte and the
dependence of the charging or residual current on the exact compo-
sition of the mobile phase has discouraged attempts to use this
powerful liquid chromatographic technique., Changes in the polar=-
ity and dielectric constant of the mobile phase during a gradient
program yield steeply sloping beselines from the ever changing
charging current. Indeed, to our knowledge the only published re-
port of gradient elution LC/EC used a gradient of only 36-607%
methanol (33).

Initial attempts were made using equal concentrations of
background electrolyte in beth the water and methanol reservoirs.
During a gradient from O to 100%Z methanol a large negative shift
in background current was noted, so the background electrolyte
concentration was increased in the methanol reservoir. This then

increases the concentration of the background electrolyte in the
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mobile phase as the gradient progresses and somewhat lessens the
effect of the decreasing polarity and dielectric constant on the
residual current. Figure 1 shows the baseline change during a
blank injection and a gradient from O to 90% methanol with a back-
ground electrolyte concentration of 0.15% H,PO, in water and 0.20%

3774
H,PO, in methanol. It should be stressed that the potential of

tﬁa :orking electrode during this gradient program was +1.4 V and
that lower working potentials should show even less baseline
shift. Also, no extraordinary efforts were made to purify the
water used, and some of the peaks observed are undoubtedly from
trace organic compounds which had adsorbed at the top of the col-
umn. Other common background electrolytes have not yet been tried
but should behave in a similar manner.

Figure 2 shows the rapid gradient elution separation of the
7 thyromimetic iodoamino acids which are shown in figure 3. The
peak at 3.5 minutes is from the ammoniacal methanol used to dis-

solve the sample., This chromatogram demonstrates the potentially

powerful applications of gradient elution LC/EC.

Isocratic Separations

To maximize the signal-to-noise ratio of an electrochemical
detector, the applied potential should be held at the minimum val-—
ue at which the current reaches the limiting current plateau of

the analyte (E ). This potential can be quickly estimated

plateau
from cyclic voltammetry (34) and can then be determined precisely
from an electrohydrodynamic voltammogram (EHDV) in which the cur-
rent is measured vs. applied potential point by point. An EHDV

for T

T3, and T, is shown in figure 4, Each point is the aver-

s
age signal from t:o, 5 uL injections of a 50 ppm solution (0.25
ug/injection) at a flow rate of 1 mL/min. As seen in figure 4, a
potential of +1.2 V is a reasonable potential for measurement of
these compounds, and the other thyromimetic iodoamino acids were
also found to produce large signals at this potential.

Analytical calibration curves, current vs. concentration, for

T,, and T

T2, 3 are shown in figure 5. Each point is the average

4



17:49 24 January 2011

Downl oaded At:

516

FIGURE 1.
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]}O nA
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s 12 8 4 0
TIME (min)

Baseline during gradient program with no sample injec~
tion. E = +1.4V vs., Ag/AgCl. Solvent A: 0,15% H3PO4

in H;0. Solvent B: 0.20% H3PO, in methanol, Flow

rate 2,0 mL/min. Gradient program: Initially 100% A, then
immediate linear ramp to 40% B over 8 min, to 60% B

over 3 min, and to 90%Z B over 7 min.
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FIGURE 2,
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Separation of seven thyromimetic iodoamino acids.
Column: Altex Ultrasphere ODS, 150 x 4,6 mm. 10 uL
injection of 20 ppm Tyr, 40 ppm MIT, 70 ppm DIT, 25 ppm
To, 60 ppm T2, 60 ppm T3, and 200 ppm Ty, other condi-~
tions as in figure 1.
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Thyromimetic lodoamino Acids and Related Compounds

D,L-Tyrosine (Tyr) HO*@—G-IZ?HCOCH

NH,
1
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NH2
1
HO CHZCH (.\'Hz)COOH

3,8-Diiodo-L-Tyrosine {DIT}

— NH,
D,L-Thyronine {T) |
HO (o] . CHZCHGDOH
N/
I
— T“z
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3,3',5-Triiodo-L-Thyronine (T3) HO (o] cnzc':ncomi
Y 2
1 1
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FIGURE 3. Thyromimetic iodoamino acids used in this study.
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Ts

40 T2
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FIGURE 4. Electrohydrodynamic voltammogram for Tz, T3, and Ty.
Column: Altex Ultrasphere Octyl, 250 x 4.6 mm; mobile
phase: 70:30:0.2 CH30H:H,0:H3PO04; flow rate: 1.0
mL/min; 5 gL injection of 50 ppm solution.
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To

Ta

10 nA

[

1 1 1 1
6 4 2 O
time (mins.)

FIGURE 6. Isocratic separation of T», T3, and Ty. Flow rate:
2.0 wL/min. E = +41.2V, Other conditions as in figure
4,
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TABLE 1
Analytical Figures of Merit for T2, T3, and T4. E = +1.2V, Other
Conditions as in Figure 4.
Limit of Upper Limit c
Detection of LDR Sensitivity Log~-log R
Compound (ppm) (ng) (ppm) (ng) (nA/ppm) (nA/ng) Slope (min)
T4 0.130 0.65 200 1000 0.460 2,3 0.97 9.0
T3 0.061 0,31 1006 500 0.984 4.9 0.98 7.0
T2 0.074 0.37 100 500 0.805 4,0 1.00 6.0

signal of two, 5 uL injections of standard solutions with an
applied potential of +1.2 V., The limit of detection (LOD), de-
fined as three times the peak-to-peak noise/sensitivity, the maxi-
mum concentration of the linear range, the sensitivity (slope),
and the log-log slope are given in Table 1. As can be seen, the
limits of detection are in the sub-nanogram range, and the LODs
for Tyr, MIT, DIT, and T, should be even lower, as the signal for

0

these compounds is greater than for an equal concentration of T?,

T3, or TA’ Figure 6 shows a rapid isocratic separation of TO’ TZ’
T3, and TA'

Assay of Ty Preparations

To demonstrate the usefulness of electrochemical detection

for these compounds, both T, tablets and intravenous solutions

were analyzed. For the detirmination of T4’ a calibration curve
was prepared using standard solutions. Each standard was measured
two times and the average peak height signal of these two measure-
ments was used for the calibration curve. The average signal of 5
measurements was used for the unknowns. The average amount of L-
thyroxine per tablet was found to be 24.3 ug (25 ug/tablet
claimed), and the injectable solution was found to contain 704 ug
(500 ug claimed)., The reason for this large excess is unknown.

As amperometric detectors, particularly with glassy carbon
working electrodes, are known to undergo changes in sensitivity

with time, it is necessary to run two or more standards daily to
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reestablish the slope of the working curve, A study of reactiva-
tion methods for solid electrodes used in LC/EC and flow injection
analysis has recently been made (35). It is also necessary to
prepare fresh standards daily, as the compounds were found to
slowly decompose, with old standards showing a small peak eluting

before the T4 peak.

CONCLUSIONS

A method for utilizing gradient elution techniques with elec-
trochemical detectors is described. This advance should greatly
increase the usefulness of this detection method and should serve
to shorten analysis times where electrochemical detection is the

method of choice.

ACKNOWLEDGMENTS

Acknowledgment is made to the Donors of the Petroleum Research
Fund, administered by the American Chemical Society, for support
of this research. The authors are also grateful to Nelson H. C.

Cooke, Altex Scientific, for a gift of the columns.

REFERENCES

1, Oppenheimer, J. H., Thyroid Hormone Action at the Cellular
Level, Science, 203, 971 (1979).

2. U.S. Pharmacopeia, 19th revision. U.S. Pharmacopeial Conven-
tion, Rockville, MD, 1975, p. 282,

3. Ibid., p. 286.

4, Barker, S. B., Humphrey, M. J., and Soley, M. H., The Clini-~
cal Determination of Protein-Bound Iodine, J. Clin. Invest.,
30, 55 (1951).

5. Man, E. B., Kydd, D. M., and Peters, J. P.,, Butanol Extrac-
table Iodine of Serum, J. Clin. Invest., 30, 531 (1951).

6. Pileggi, V. J., Lee, N. D., Golub, 0., J., and Henry, R. J.,
Determination of Iodine Compounds in Serum. 1. Serum Thyrox-
ine in the Presence of Some Iodine Contaminants, J. Clin.
Endocrinol., 21, 1272 (1961).



17:49 24 January 2011

Downl oaded At:

524

10.

11.

12.

13.

14,

15.

16.

17.

18.

HADJ-MOHAMMADI, WARD, AND DORSEY

Chopra, I. J.,, Solomon, D. H., and Ho, R. S., A Radioimmuno-
assay of Thyroxine, J. Clin. Endoerinol. Metab., 33, 865
(1971).

Gharib, H., Ryan, R. J., and Mayberry, W. E., Triiodothyro-
nine (T3) Radioimmunoassay, Mayo. Clin. Proc., 47, 934 (1972).

McDonald, L. J., Robin, N. I., and Siegel, L., Free Thyrox-
ine in Serum as Estimated by Polyacrylamide Gel Filtration,
Clin. Chem., 24, 652 (1978).

Siegel, L., McDonald, L. J., and Robin, N. I., Estimation of
Free Triiodothyronine in Serum: A New Method and Its Clini-
cal Relevance, Clin. Chem., 24, 1891 (1978).

Hollader, C. S., On the Nature of the Circulating Thyroid
Hormone: Clinical Studies of Triiodothyronine and Thyroxine
in Serum Using Gas Chromatographic Methods, Trans. Assoc. Am.
Physicians, 81, 76 (1968).

Petersen, B. A., Hanson, R. N., Giese, R. W., and Karger,

B. L., Picogram Analysis of Free Triiodothyronine and Free
Thyroxine Hormones in Serum by Equilibrium Dialysis and Elec-
tron Capture Gas Chromatography, J. Chromatogr., 126, 503
(1976).

Faircloth, M. A,, Williams, A, D., and Florsheim, W. H., A
Thin Layer Chromatographic Method for the Analysis of Thy-
roidal Iodoamino Acids, Anal. Biochem., 12, 437 (1965).

Dobias, M., Mucha, J., and Talan, P., Determination of Thy-
roxine, Triiodothyronine and Todide in a Mixture by Using the
TLC Method, Radtochem. Radioanal. Lett., 33, 179 (1978).

Cieri, U.R., and Illuminat, J. C., Detection and Semiquanti-
tative Estimation of Thyroxine and Diiodothyronine in Liothy-
ronine Sodium, J. Assoc. Offic. Anal. Chem., 60, 628 (1977).

Kologlu, S., Schwartz, H. L., and Carter, A. C., Quantitative
Determination of the Thyroxine, Triiodothyronine, Monoiodoty-
rosine and Diiodotyrosine Content of Desiccated Thyroid,
Endocrivol., 78, 231 (1966).

Lemieux, R. and Talmage, J. M., The Determination of Liothy-
ronine and Thyroxine in Thyroid Preparations, J. Pharm. Fhar-
macol., 18, 94 (1966).

Miller, A., and Horster, F. A., New Method of High Voltage
Electrophoretic Separation of Iodinated Tyrosines and Thyro-
nines, Z. Krebsforsch., 87, 47 (1976).



17:49 24 January 2011

Downl oaded At:

THYROMIMETIC ILODOAMINO ACIDS

19.

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

Heki, N., Noto, M., Hosojima, H., Takahashi, S., and Murata,
T., Microanalysis of Thyroid Hormones of Serum and Urine by
Mass Fragmentography Using Gas-Liquid Chromatography -~ Mass
Spectrometry, Folia Endocrinol. Jap., 52, 149 (1976).

Karger, B. L., and Su, S. C., High Performance Ion Pair Par-
tition Chromatography: The Separation of Thyroid Hormones
and Sulfa Drugs, J. Chromatogr. Sci., 12, 678 (1974).

Waters Associates Applications Highlight, #19 (1976).

Hearn, M. T. W., Hancock, W. S., and Bishop, C. A., High
Pressure Liquid Chromatography of Amino Acids, Peptides and
Proteins. V. Separation of Thyroidal Iodoamino Acids by
Hydrophillic Ion-Paired Reverse Phase High Performance Liquid
Chromatography, J. Chromatogr., 157, 337 (1978).

Rapaka, R. S., Knight, P, W., Shah, V. P., and Prasad, V. K.,
Analysis of Thyroidal Amino Acids in Pharmaceutical Prepara-
tions. 1. Reverse Phase High Pressure Liquid Chromatography
Analysis of Sodium Liothyronine from Tablets, 4Anal. Lett.,
12, 1201 (1979).

Smith, D, J., and Graham, J. H., Reverse Phase High Pressure
Liquid Chromatographic Determination of Some Iodoamino Acid

Contaminants in Sodium Liothyronine or Sodium Levothyroxine,
J. Assoc. Offic. Anal. Chem., 62, 818 (1979).

Smith, D. J., Biesemeyer, M., and Yaciw, C., The Separation
and Determination of Liothyronine and Levothyroxine in Tab-
lets by Reversed-Phase High Performance Liquid Chromatogra-
phy, J. Chromatogr. Sct., 19, 72 (1981).

Hearn, M. T. W., and Hancock, W. S., High Pressure Liquid
Chromatography of Thyromimetic Iodoamino Acids, J. Ligq. Chro-
matogr., 2, 217 (1979).

Nachtmann, F., Knapp, G., and Spitzy, H., Catalytic Detection
Principle for High-Performance Liquid Chromatography, J.
Chromatogr., 149, 693 (1978).

Hepler, B. R., Weber, S. G., and Purdy, W. C., The Amperomet-
ric Detection of Thyroid Hormones Following Reverse Phase
High Performance Liquid Chromatography, Anal. Chim, Acta,
113, 269 (1980).

Bongiovanni, R., Burman, K. D., Garis, R. K., and Boehm, T.,
HPLC Measurement of Dansyl-Thyroxine in Femtomole Range, .
Liq. Chromatogr., 4, 813 (1981).

525



17:49 24 January 2011

Downl oaded At:

526

30.

31.

32.

33.

34.

35.

HADJ-MOHAMMADI, WARD, AND DORSEY

Su, S. J., Grego, B., and Hearn, M. T. W., Ionisation Effects
in the Reversed Phase Liquid Chromatographic Separation of
Thyromimetic Iodoamino Acids, J. Lig. Chromatogr., 4, 1709
(1981).

Rucki, R. J., Electrochemical Detectors for Flowing Liquid
Streams, Talanta, 27, 147 (1980).

Stulik, K., and Pacakova, V., Electrochemical Detection Tech-
niques in High-Performance Liquid Chromatography, J. Electro-
anal. Chem., 129, 1 (1981).

Bollet, C., Oliva, P., and Caude, M., Partial Electrolysis
Electrochemical Detector in High Performance Liquid Chroma-
tography, J. Chromatogr., 149, 625 (1977).

Anderson, J. L., Weisshara, D. E., and Tallman, D. E., Cyclic
Voltammetric Estimation of Applied Potential for Electrochem~—
ical Detectors in Liquid Chromatography, Anal. Chem., 53, 906
(1981).

Vanrooijen, H. W., and Poppe, H., An Electrochemical Reacti-
vation Method for Solid Electrodes Used in Electrochemical
Detectors for High-Performance Liquid Chromatography and Flow
Injection Analysis, Anal. Chim. Acta, 130, 9 (1981).



