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Abstract

Identification, separation and quantitation of iodoaminoacids, is essential for the biological research and the clinical diagnosis of thyroid
gland disease. Under this aspect a reversed-phase high-performance liquid chromatographic method was developed for the determination
of thyroid gland hormones and some of their primary metabolite§5383tetra-iodot-thyronine ¢-thyroxine), 3,3 5-tri-iodo1.-thyronine,
3,5-di-iodo+i-thyronine,L-thyronine, 3,5-di-ioda--tyrosine, 3-iodoe-tyrosine and.-tyrosine. Analysis was performed on an InertsifC
column with photodiode-array detection, using a 25 min gradient scale program of a binary mobile phase consisted of 0.1% aqueous solution
of trifluoroacetic acid at pH 3 as solvent A and acetonitrile as solvent B, at a flow rate of 1 mL/min. Quantitation was performed using were
obtained using theophylline as internal standard. The method was applied to commercial pharmaceuticals and biological samples (serum,
urine and tissue). Drug-free urine and serum samples were spiked with known concentrations of the analytes standards and pretreated by
solid phase extraction to remove matrix interferencegc@rtridges were used, yielding recoveries ranging from 87.1% to 107.6% for serum
samples and from 92.1% to 98.7% for urine samples. With regard to tgt@#icentrations in serum samples, results are cross-validated with
RIA and found to agree well.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Thyroid gland hormones; lodotyrosines; lodothyronines; Pharmaceuticals; HPLC; SPE biological samples; Serum; Urine; Tissue

1. Introduction iodinated series of thyroid-active hormones, thyroning) (T
have a low or undetectable thyromimetic action. Though T
The thyroid gland and its hormonal products play an in- and Tp along with the iodinated analogues of tyrosine (tyr),
dispensable role affecting a variety of biochemical reactions. diiodotyrosine (DIT), and monoiodotyrosine (MIT) have no
The mammalian thyroid gland biosynthesizes, stores and sethyroxine-like activity yet are of great significance too, since
cretsthe two so-called thyroid hormones; B3 -tetra-iodo- they are involved in the mechanism of formation and are
L-thyronine {-thyroxine-Tz) and 3,3,5-tri-iodo+.-thyronine products of its metabolisfi—4].
(T3) with, four and three atoms of organically bound iodine, The biological and pharmacological importance of this
respectively. § is of some five to eight times higher activity class of compounds has been of great interest to many re-
than T4, whereas other analogs as reversed tri-iodothyronine searches during the past years. A number of works is reported,
(rT3), di-iodothyronine (%) and the parent compound of the focused on the elucidation of the actual biological activity of
the thyroid gland hormones and on the study of synergistic or
* Corresponding author. Tel.: +30 2310 997793; fax: +30 2310 997719, COMPpetitive interrelation with other endogenous compounds.
E-mail addresspapadoya@chem.auth.gr (I.N. Papadoyannis). Moreover, Ty is the most often prescribed drug for hypothy-
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roidism replacement therapy and side effects, drug interac- Yet, a simple, direct without derivatization and reliable
tion, impurities, and effectiveness of the drug are always of method would be of great interest attributing to the wide bi-
the questiori5-13]. ological and pharmacological research field of these com-

High performance liquid chromatography (HPLC) has pounds.
proved to be a suitable technique for the iodothyronines and  Herein a direct, convenient and sensitive approach of an
iodotyrosines analogues separation and analysis and durinddPLC method is proposed for the simultaneous determina-
the last decade several works have been reported concerningjon of thyroid gland hormones and their major precursors to
their determination in tissue and biological fluids, in thy- be applied in pharmaceutical formulations, serum, urine and
roglobuline hydrolysates and pharmaceutical preparations.thyroid tissue extracts.

More specifically, quantitation of iodothyronine in body tis-

sues and fluids of animals using HPLC and fluororimetric de- )

tection was achieved by gradient elution omg &lumn with 2. Experimental

an acetonitrile—water mixture and phosphate buffer. Derivati-
sation of the compounds by 5-dimethylaminonaphthalene-1-
sulfonyl chloride is involved14,15]

The assay ofi-thyroxine in serum samples by elec-
trochemical detection has been also described, where
L-thyroxine was determined aso-phthalaldehydex
acetylcysteine derivative after elution with methanol—
phosphoric acid—water (71:0.1:28.9, v/v) on a glass cartridge
column Gg [16]. Thyroxine and trioiodothyronine were
determined in serum and urine samples, after clean-up with
SPE. HPLC analysis was performed on g €olumn with

methanol-2% acetic acid (65:35, v/v) yielded detection Representative pharmaceuticals used, Thyro-4, 0.1mg

limits of 1 and 2 ng per 2L injection [17]. (Faran, Greece), Dithyron, 3@ (Uni-pharma, Greece),

f Ot:\_e rdre?r? rted_meth%dts refer to th? determ;tnatlon of d'{.’ T4-100, T4-150, and T4-50g (Uni-Pharma, Greece) and
erentiodo-Inyronine and tyrosine analogues after enzyma ICThyrohormone 0.2mg (Ni-The, Greece) tablets are all

digest of thyroglobuling18—20] commercially available.

Conceming the pharmaceutical formulation analysis, Solid phase extraction cartridges used were Oasis HLB,

sodium levothyroxine has been separated from excipients andSupplied by Waters (Waters Corporation, Massachusetts
determined in bulk drugs, tablets and injections by HPLC on USA), Bond Elut G, Cig, PH, 20H and Ab,selut NEXUS '

a cyanoalkyl column using an acetonitrile—water—phosphoric by Varian (Harbor City, USA), Lichrolut RP-18 and Adsor-
acid mobile phasg21]. ' '

Liothyronine and levothyroxine were quantitatively de-
termined by HPLC in samples of commercial thyroid tablets
and bulk powders, in hydrolyzed samples using a bacterial
protease, on a{g column with a mixture of 28% acetonitrile
and 72% of a 1:200 mixture of phosphoric acid in water, as
mobile phase. Limits of 8.1-98g of liothyronine () and
32.3-43.7.g levothyroxine (T) per 65mg were achieved Xz \COOH
[22].

Identification and quantification of sodium-thyroxine and
its degradation products of the thermally stressed amino (b)
acid comprising diiodothyronine, diiodotyrosine, iodotyro-
sine and tyrosine by HPLC, using electrochemical and MS X3 0
detection was applied to elucidate the light and high tem-
perature sensitivity of Na4l [23]. Chromatography was
performed on an RP-select B column with 0.5% formic
acid in 40% acetonitrile (pH 3.1) as mobile phase and de- HO
tection limits of 0.1nguL~1 were achieved. HPLC with
fluorescence has been also used for the determination of Xo
liothyronine and levothyroxine sodium in pharmaceuticals
preparatiqn_s after flL_IOI’OgeniC derivatizatif4]. The 9- monoiodotyrosine, MIT: X=1, X2 =H and tyrosine, Tyr: R=H, Ry =H)
ar_]throylmml_e_derlvatlves Were separated on g €olumn and (b) iodothyro;ﬂnes (thyr’oxine,4?I'X1=I, X2=I’, X3=1; tri’iodothy-
with acetonitrile-0.02 M sodium dodecylsulfate as eluent. ronine, %: X1 =1, Xo=H, X3 =1: reversed-triiodothyronine, &F X1 = H,
The detection limits were 0.2 ng per injection. X2 =1, X3=1and diiodothyronine, T: X1 =1, Xa=H, X3 =H).

2.1. Chemical and materials

3,3,5,5-Tetra-iodox-thyronine L-thyroxine  -Ta),
3,3,5-triiodo1-thyronine ¢-Tg), 3,5-diiodox-thyronine
(L-T2), L-thyronine ¢-Tp), 3,5-diiodoz.-tyrosine ¢-DIT),3-
iodo--tyrosine £-MIT), L-tyrosine {-Tyr) and theophylline
reagents were obtained from Sigma—Aldrich (Steinheim,
Germany). Their chemical structure is presentedrim 1
All other reagents and solvents used were of analytical grade.
Solvents for HPLC were supplied from Merck (Darmstadt,
Germany) and were of HPLC grade.
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Fig. 1. Structures of (a) iodotyrosines (diiodotyrosine, DIT:=4, X2 =1;
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bex RP-8 by Merck, g by Alltech (Deerfield, IL, USA), peatability was evaluated at three concentration levels (4.0,
and DSC-18 and Supelclean LC-18 by Supelco (Bellefonte, 8.0 and 15.0ngL~1), by seven replicates over the linear

USA). range of the method within a day. Intermediate precision at
three concentration levels by three replicates was studied for
2.2. Instrumentation a time interval of seven days. Accuracy was estimated in

intra- and inter-assays based on the standard solutions of the
All HPLC experiments were carried out on a Schimadzu analytes in three concentration levels.
(Kyoto, Japan) system consisted of an LC-9A pump, an SPD-  Method was also validated by three replicate injections
MG6A photodiode array detector, an SIL-9A automatic sample in a period of four days, using blood serum spiked at four
injector and a CTO-6A column oven module. Operation, data concentration levels (1.0, 3.0, 5.0 and 8.Quig 1).
acquisition and analysis were performed using Class-M10A
LC workstation software. 2.4. Preparation of standards
An Inertsil ODS (250 mnx 4 mm i.d., 5um particle di-
ameter) analytical column purchased from MZ Analytical Stock solutions of the compounds were prepared at a con-
(Mainz, Germany) was used for chromatographic separation.centration of 100 ng.L ~1 in a mixture of MeOH and 0.01 M
A glass vacuum-filtration apparatus obtained from Alltech NaOH (1:1, v/v). Working standards solutions of their mix-
Associates was employed for the filtration of the buffer solu- tures were prepared from the stock solutions at a concen-
tion, using 0.um membrane filters obtained from Schleicher tration range between 1 and 20m~—1. These were stored
and Schuell (Dassel, Germany). protected from light at 4C. Under these storage conditions
SPE assays were performed on a Vac-Elut vacuum mani-were proved to be stable.
fold station purchased from Analytichem International (Var- Quantitative analysis was based on the internal standard
ian, Harbor City, USA) with the aid of a 9-port Reacti-Vap method. Calibration curves were established over the range of
evaporator (Pierce, Rockford, IL, USA). 0.1-10 nguL ~ 1 based on the peak arearatio using an aqueous
A Hermle centrifuge, model Z 230 (B. Hermle, Gosheim, solution of theophylline as internal standard at a concentra-
Germany), a Glass-col, Terre Haute 47802 small vortexer andtion of 10 nguL L. Triplicate injections of a 2Q.L volume
an ultrasonic bath Transsonic 460/H (ELMA) were as well of each solution were performed at seven calibration points

used in sample preparation procedure. (0.1, 0.5, 1.0, 3.0, 5.0, 8.0 and 10.0pmig™1).
2.3. Chromatographic method development and 2.5. Sample preparation
validation

2.5.1. Pharmaceuticals

Optimization of the chromatographic system was per-  Ten tablets of each drug formulation were pulverized and
formed in terms of elution program as well as constituents of an accurately weighted mass of powdered tablets correspond-
mobile phase. Both isocratic and gradient elution was testeding to their mean weight was suspended in 100 mL of a mix-
on the Inertsil Gg, 25pum (250 mmx 4 mm) analytical col- ture consisted of MeOH and 0.01 M NaOH (1:1, v/v). The
umn. Optimal separation of the seven analytes was achievedsuspension was sonicated at room temperature for 10 min and
employing a multi-step 25 min gradient scale elution pro- undissolved particles were removed by filtration. The filtrate
gram. with T4 sodium salt (levothyroxine sodium) concentration

The final chromatographic system was chosen after a thor-corresponding to fug mL~1 for Thyro-4, 0.50g mL~1 for
ough investigation of several mobile phases. Acetic acid was dithyron, 1.5.g mL~* for T4 and 2ug mL~1 for thyrohor-
also tested as acidic modifier, but TFA was superior and ace-mone formulation, was then injected to column.
tonitrile was preferred to methanol as organic modifier.

The optimal mobile phase consisted of a mixture of 2.5.2. Biological samples
solvent A: 0.1% aqueous solution of trifluoroacetic acid Sample clean up in the case of blood serum or urine was
(TFA) and solvent B: acetonitrile, starting from B—A, 92:8 performed by a solid phase extraction (SPE).
(v/v). The flow rate of the mobile phase was adjusted to  The final extraction protocol was chosen after SPE opti-
0.9mLmin! and the eluant was monitored at 240 nm de- mization in terms of sorbent used, as well as washing and

tection wavelength under ambient temperature£25C). elution solvents.

Quantitation of analytes was performed at the wavelength  Human blood serum samples were collected from healthy
of maximum absorbance for each analyig.{x for Tyr, volunteers and stored a20°C, whereas an aliquot of a24 h
T2, T3 and Ty =228 NnM, Amax for MIT =215 nm, Amax for urine collection, kept in 4C was used for analysis.

DIT =223 nm andimax for To=232nm). An equilibration Supelclean LC-18, 500 mg cartridges were conditioned
time of 10 min preceded each run. with 2 mL MeOH followed by 2 mL water. Serum (5)

Method validation was performed in terms of precision or urine samples (200L), were spiked with 20Q.L of ana-
and accuracy. The precision of the method was investigatedlytes standard solutions and then 100of acetonitrile were
with repeatability and intermediate precision assays. Re-added. The sample mixture was vortexed and centrifuged
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for 10 min at 3500 rpm. The supernatant was removed andmAbs
residue was washed twice with gl portions of acetonitrile.
Extracts were combined and added to the SPE cartridge. The
unwanted retained compounds were washed off withll00 5
of water and then the extraction was carried out by two se- ./
quential elution steps with 1 mL of methanol and 1.5 mL of 4
acetonitrile—0.1 M HCI, 4:1.8 (v/v) mixture. The eluent was
evaporated to dryness under a gentle nitrogen streant&t 40 ) 3
and finally the residue was re-dissolved in 2000f inter- ; t
nal standard solution. Aliquots of 20 were used for the L_,/—# U
chromatographic analysis.

Thyroid tissue specimens, derived from two patients of 0 10 %0
different cases and obtained by incisional biopsy from a
pathologoanatomical laboratory, were kept desiccated in Fig. 2. Typical chromatogram of the iodothyronines and iodotyrosines sep-
paraffin. Ten to twenty milligrams of dry tissue were pul- aration using the chromatographic conditions described under S&c8on

. . .1 All analytes are at 10 ngL~1. Peaks: (1) Tyr (4.2min), (2) theophylline
verized and suspended in 2.5 mL of MeCN-0.1 M NaOH 2:1 (1S, 6.8 min), (3) MIT (LL.9 min), (4) DIT (14.9 min), (5)T(15.4 min). (6)

Ch1 240nm 8

(=

min

(v:v) mixture and submitted to ultrasonication at°4Dfor T, (20.9min), (7) & (23.2 min) and (8) T (24.7 min).

20 min. The solid precipitate was removed by centrifugation

and the supernatant was evaporated to drynessat 40- different organic modifiers as well as elution step programs
der nitrogen. The dry residue was reconstituted to 200  were tested to adjust the optimum conditions. It was shown
internal standard solution and a 20 aliquot was injected. that a low-pH mobile phase, acetonitrile in combination

with trifluoroacetic acetic acid produced the more efficient
results regarding retention times, peak asymmeg), plate

3. Results and discussion number N), selectivity &) and resolution R). In Fig. 2
a chromatographic separation is illustrated for the seven
3.1. Method development and chromatography analytes. The compounds are not strictly eluted in order

of increasing hydrophobicity (log values are: Tyr-2.28,
Method development consisted of the control of a number thyronine 0.32, diiodothyronine 0.34, monoiodotyrosine
of parameters, related to the efficiency of the chromato- 0.35, T31.29, diiodotyrosine 1.79, T41.65). It should also
graphic system. Variant reverse phase chromatographicbe considered that since at this pH value the analytes exist
supports, and a series of agueous mobile phases containingn their zwitterionic form with their amino group protonated
buffer solutions at different pH values in combination with and the carboxylic group ionized, ionic interactions with the

Table 1

Linearity and sensitivity data of iodotyrosines and iodothyronines determination in standards and biological fluids
Analyte Calibration range Slope Intercept R2 LOD LOQ

(ngpL~) (ngpL~h) (ngpL~h) (ngpL )

Standardsolutions ar 0.1-10 0.154t 0.005 0.083:0.028 0.998 0.02 0.1
T3 0.1-10 0.1210.004 0.0810.023 0.998 0.02 0.1
T 0.1-10 0.128:0.005 0.0940.029 0.997 0.02 0.1
To 0.1-10 0.152-0.008 0.1810.061 0.996 0.02 0.1
DIT 0.5-10 0.079 0.003 0.0870.021 0.997 0.05 0.5
MIT 0.5-10 0.046+ 0.002 0.044£0.013 0.997 0.05 0.5
Tyr 0.5-10 0.076: 0.007 0.289+0.051 0.996 0.1 0.5

Serum T 0.1-10 0.00%0.003 0.006t 0.004 0.997 0.02 0.1
T3 0.1-10 0.009t 0.004 0.065:0.012 0.999 0.02 0.1
T 0.1-10 0.009: 0.002 0.116:0.033 0.999 0.02 0.1
To 0.1-10 0.014£0.002 0.229+ 0.050 0.998 0.02 0.1
DIT 0.5-10 0.00%0.004 0.088: 0.007 0.997 0.05 0.5
MIT 0.5-10 0.004t 0.006 0.056+ 0.014 0.998 0.05 0.5
Tyr 0.5-10 0.003: 0.005 0.004+ 0.045 0.996 0.1 0.5

Urine Ta 0.1-10 0.016:0.003 0.009t 0.004 0.997 0.02 0.1
T3 0.1-10 0.012:0.005 0.0110.012 0.998 0.02 0.1
T2 0.1-10 0.008:0.004 0.015t0.033 0.997 0.02 0.1
To 0.1-10 0.014£0.002 0.024+ 0.050 0.997 0.02 0.1
DIT 0.5-10 0.009t 0.005 0.017 0.007 0.998 0.05 0.5
MIT 0.5-10 0.007:0.006 0.025:0.014 0.998 0.05 0.5

Tyr 0.5-10 0.004:0.005 0.008t 0.045 0.996 0.1 0.5
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Table 2
Precision and accuracy assay data of iodotyrosines and iodothyronines determination

Analyte Added amount

Day-to-day precision and accuracy study(7) Within-day precision and accuracy stuay=(7)

80ng 160ng 80ng 160 ng

Found+ S.D. (ng) RE (%) Found: S.D. (ng) RE (%) Found: S.D. (ng) RE (%) Found: S.D. (ng) RE (%)
Ty 80.96+6.76 120 171.34+18.34 709 79.58+1.23 —0.52 154.58+ 4.83 —-3.39
T3 83.86+6.40 482 171.94-15.28 744 79.73+1.56 -0.34 158.73+5.23 -0.79
T2 82.44+4.23 305 171.24+13.80 702 70.12+1.03 —-1235 158.32+5.28 -1.05
To 80.59+6.81 Q74 178.114-16.22 1132 76.38+1.52 —4.52 177.45+5.65 1091
DIT 79.36+5.54 —-0.80 169.54+11.13 596 74.99+1.60 —6.26 158.29+5.41 -1.07
MIT 82.44+6.93 305 176.14+11.20 1009 79.08+2.01 -115 163.58t 6.39 224
Tyr 90.05+4.52 1312 145.59+ 17.05 -9.01 87.14+3.52 892 145.55+5.21 -9.03

residual silanol groups of the silica surface are in the scenerymaceutical formulations. Recovery experiments in commer-

too. cial tablets gave satisfactory recovery values between 88%
and 99%.

3.2. Method validation

N L . . 3.4. Solid phase extraction
Validation of the method comprising linearity, precision,

and accuracy assessments was established according to the £ ihe solid phase optimization step a number of param-

following: _ _ eters were studied. Various reversed-phase SPE materials,
Linearity was evaluated by regression analysis at Sevenj . ging silica-based and polymeric sorbents with different
concentration points. Calibration curves were established g, t5ce coverage, carbon load and endcapping, were tested
-1 1 1
over the range of 0.1-10nguL™" for To, T2, T3 @nd 4 an efficient clean up of the sample and a quantitative re-
T4 and 0.5-10 for DIT, MIT and Tyr. Correlation coeffi- -, ery of the analytes. Among the several sorbents that were
cient of greater than 0.996 for each compound indicates thatg; ,jied. i.e. Oasis. DSC-18 Lichrolut € Varian G, Ad-

the s_ystgm is Iir_1ear over t_his range. The limit Qf detection sorbex G, Varian G, Varian PH, Varian 20H and Supelclean
considering a signal-to-noise ratio 3:1 was estimated to be

0.02-0.1 nguL~1 whereas the limit of quantitation was de-
termined to be 0.1-0.5ng.~1. The analytical characteris-
tics of the method are summarizedTiable 1

The precision of the method was investigated with repeata-
bility and intermediate precision assays. Repeatability was
evaluated at three concentration levels, by seven replicates”" gg 3221 2(5) 1222
over the linear range of the method within a day. Intermediate 100 1048+ 53

Table 3
Day-to-day accuracy and precision study of iodotyrosines and iodothy-
ronines determination in blood serum samples

Analyte Added (ng) Foungt S.D2 (ng) R (%)

precision at three concentration levels by three replicates was 1090
studied for atime interval of seven days. The relative standard %% igzzi i 5 1(7)(512
deviation values obtained for all analytes ranged between 1.3 100 93+ 4.3 930
and 8 (Table 2. Accuracy was estimated in intra- and inter- 20 1054 21 976
assays based on the standard solutions of the analytes in three 60 58.04 4.6 967
concentration levels. Values expressed as relative error of the 100 81.2+ 7.1 812
measurem_ent were in the rangej_f)I3%. Results from two To 20 2314 1.2 1157
concentration levels are summarisedable 2 60 56.84 2.8 946
Precision was also studied using serum samples spiked at 100 79.7+ 8 797
four concentration levels. Samples were extracted and trip-, 20 20.84+ 2.7 1040
licate measurements were conducted in a period of 4 days. 60 60.5+ 1.3 1008
Results from three concentrations are presenteédhbie 3 100 89.6+ 3.7 896
R.S.D. values were lower than 15%, while recovery ranged 1, 20 215+ 1.3 1077
from 75% to 126%. 60 55.3+ 2.1 921
100 117.6+ 4.2 1176

3.3. Pharmaceutical formulation analysis Ta 20 16.7+ 2.5 835
60 53.0+ 3.3 883

Table 4summarizes the results from the application of the 100 96.8+ 4.6 968

method for the quantitative analysis of @nd Tz in four phar- 3 Mean values of three measurements in a period of 4 days.
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Table 4
Results obtained from commercial pharmaceutical formulations analysis
Pharmaceutical samples Declared amount (mg) Measured $ng? R.S.D. Recovery (%)

T3 Ta T3 Ta T3 Ta T3 Ta
Thyro-4 - 0.097 - 0.096- 0.52 - 8.5 - 98.9
Dithyron 0.012 0.048 0.0110.98 0.047+ 0.91 5.1 4.4 91.6 97.9
Ta - 0.145 0.021-0.67 0.13+ 0.73 9.2 5.8 - 89.6
Thyrohormone - 0.194 0.0@80.74 0.17+ 0.55 6.7 8.3 - 87.6

2 Mean of nine measurements.

LC-18, the latter as well as Variars@rovided the higherre-  ume of the conditioning and wash solvent. Thus, condition-
covery rates as shown fable 5 ing step was tested with different organic solvents such as
The extraction steps were properly optimized by testing methanol, isopropanol and acetonitrile for “solvation” and
variant sample volumes and changing the nature and the vol-aqueous buffers with variant pH for equilibrium of the sor-
ume of the eluent as well as the composition and the vol- bentwith different volumes. However, best results were given

Table 5
Percentage recovery of iodothyronines and iodotyrosines using different sorbents and 2 mL of elution solvents

Compound Oasis DSC-18 Lichrolutg&  Varian Gg Adsorbex G Varian Gg Varian PH Varian 20H Supelclean LC-18

Elution solvent: methanol

Tyr 733 741 358 923 192 1004 637 593 879
MIT 75.6 756 621 288 345 906 635 692 855
DIT 733 762 604 339 235 838 648 67.0 841
To 706 751 568 624 469 810 553 657 87.7
T2 827 843 644 692 517 942 502 699 913
T3 904 930 727 707 507 1005 471 746 8938
Ta 744 755 659 586 407 86.8 395 610 878
Elution solvent: methanol, 0.1% HCI
Tyr 26.9 607 47.0 302 352 338 229 336 437
MIT 29.8 732 652 447 398 648 344 355 385
DIT 304 369 358 307 426 348 209 382 442
To 719 459 766 748 557 719 424 279 450
T2 80.2 812 536 745 638 66.8 593 457 399
T3 825 735 447 686 756 681 665 481 471
Ta 60.8 593 302 536 502 477 519 465 462
Elution solvent: acetonitrile
Tyr 473 396 264 222 304 288 283 325 456
MIT 448 464 543 338 418 531 256 346 557
DIT 62.1 345 502 302 381 503 317 297 560
To 37.8 201 522 274 310 306 255 334 525
T2 287 144 452 182 153 241 182 199 498
T3 6.6 4.0 272 79 9.0 139 136 175 437
Ta 8.8 4.2 201 4.2 51 7.0 9.0 114 403
Elution solvent: 2-propanol
Tyr 435 222 246 215 175 227 364 435 222
MIT 47.6 191 371 442 394 186 392 476 191
DIT 49.9 124 323 414 214 238 385 499 124
To 458 111 541 415 661 322 421 458 111
T2 46.7 122 469 357 502 410 457 467 122
T3 46.0 119 432 387 57.8 386 471 460 119
Ta 46.6 6.6 353 255 518 432 475 466 6.6
Elution solvent: tetrahydrofuran
Tyr 409 169 158 149 212 309 327 409 169
MIT 42.8 314 171 146 158 559 384 428 314
DIT 45.9 384 152 112 185 539 354 459 384
To 37.8 429 126 215 169 493 286 378 429
T2 454 208 162 272 224 563 310 454 208
T3 452 236 154 234 195 586 334 452 236
Ta 395 144 7.0 167 246 418 292 395 144

Conditioning preceded by 2 mL of methanol and 2 mL of water.



Table 6

Percentage recovery results from serum and urine samples using different wash (W) and elution (E) solvents using Supelclean LC-18 cartiioiged vatm@imL of MeOH, 2 mL of HO

Urine

Serum

Wash and elution solvents

Ta
32.6

To T2 T3
39.8 41.4 35.2

MIT DIT To To T3 Ty Tyr MIT DIT

Tyr

33.3

36.2 36.4 34.1 24.4 25.2 20.4 34.5 33.7

32.2

W: 0.5mL K0, E: 2mL CHOH
W: 0.5mL H,0, E: 2mL CHCN
W: 0.1 mL H0, E: 2mL CHOH
W: 0.1mL H0O, E: 2mL CHCN

28.5 34.3 34.9 40.3 36.2 311 37.4 35.6 34.8 45.6 37.4 39.5 40.4

32.1

61.4 66.4 68.3 56.2 59.1 55.7 66.1 68.3 70.2 65.7 62.4 59.8 62.1

67.8

51.4 53.6 50.7 51.6 54.0 53.3 56.4 55.0 60.7 58.9 52.6 52.1 57.3

54.3

46.3
40.7

71.4 69.7 73.2 66.4 68.1 67.7 69.5 50.4 55.7 56.7 45.0 47.4
45.1 50.3 67.6 49.5 47.3 42.3 40.5

48.3

65.5

W: 0.1 mL K0, E: 2mL HO0H, 0.1% HCI

44.6

50.1 38.2

46.4

75.9

W: 0.1 mL H0, E: 2mL CHOH, 0.1% CHCOOH

&

51.7 49.6 57.5 68.1 73.9 53.4 74.3 68.6 69.7 70.5 72.4 75.5

71.9

W: 0.1 mL H;0, E: (a) 1 mL CHOH, (b) 1 mL CHCN, 0.1% HCI
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73.5 70.8 78.5 73.0 72.9 70.4 89.9 80.3 85.2 90.0 87.6 82.3

96.0

W: 0.1mL H0, E: () 1 mL CHOH, (b) 1.5 mL CHCN-0.1M HCI (1:1, viv)

87.8 88.1 94.5 91.3 89.9 90.5 99.4 885 89.7 95.3 92.6 87.0

98.4

W: 0.1 mL H;0, E: (a) 1 mL CHOH, (b) 1.5 mL CHCN-0.1 M HCI (4:1.8, v/v)

when methanol and pure water were used at the conditioning
step.

The results of a study focused on the elution step us-
ing three different eluents: methanol, 0.1% HCI in methanol
and acetonitrile in combination with various sorbents: Oa-
sis HLB, Bond Elut @, Ci1g, PH, 20H and Abselut NEXUS,
Lichrolut RP-18, Adsorbex RP-8, Alltechg@nd Supelclean
LC-18 and DSC-18, after conditioning with methanol and
water, showed better results when methanol was used with
less polar sorbents likegCwhile acetonitrile gave the lower
recovery values for all analytes. All SPE optimization results
are presented imable 5

The repeatability and consistency of SPE procedure was
furthermore studied. Thus, recovery was estimated in three
concentration levels in serum sample treatment for three dif-
ferent series of cartridges and for four different days. The
data reveal reproducible results for the SPE as well as for the
overall analytical procedure with R.S.D. values less than 5.

Further SPE optimization was performed on spiked serum
and urine samples using Supelclean cartridges and different
washing and elution conditions. Results for serum samples
and urine samples are presentedlable 6 Higher recov-
ery rates were obtained when the sorbent was washed with
0.1 mL water, whereas an increased volume was leading to the
removal of the analytes and low recoveries. Elution was per-
formed in two steps using 1 mL G&@H and 1.5 mL CHCN
—0.1M HCI (4:1.8, v/v). The eluotropic strength of the elu-
tion solvents was adjusted with variations of the HCI portion
in the organic phase. It was found that after the first step
with methanol the more polar compounds were eluted in a
percentage of 50—-60%.

Testing different loading sample volumes proved that
when using serum sample volume in the range from 50 to
400p.L, yielded recoveries were similar with low levels of
contaminants. Regarding urine samples loading volume over
200p.L leaded to an inadequate clean-up and co-eluted im-
purities were not removed. Thus, pQ serum sample and
200p.L urine sample were used for further studies.

Extraction efficiency in spiked serum and urine samples
was estimated by applying optimum conditions samples at
five concentration levels 1, 3, 5, 8 and 1Qurig . Corre-
sponding regression equations were established for serum
and urine for the seven analytes based on standard addition
method and using theophylline as internal standard. Linearity
range between 0.1 and 10pg 1 is proved by correlation
coefficients higher than 0.997. Results are summarized in
Table 1

Results obtained from the study concerning the solid phase
extraction efficiency in terms of absolute recovery of the an-
alytes in serum and urine samples are presentddite 7
As it can be seen, satisfactory recovery rates were obtained,
indicating no significant analytes loss derived from matrix
effects in both samples.

In tissue samples the efficiency of analytes extraction was
studied using variant extracting solvents or mixtures, equili-
bration and ultasonication terms and temperatures. Recover-
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Fig. 3. Indicative chromatograms of spiked biological samples aty8ng: (a) serum; (b) urine and (c) tissue sample in left column, compared to their
corresponding blanks in right column. Peaks: (1) Tyr, (2) theophylline (IS), (3) MIT, (4) DIT,d36) T2, (7) Tz and (8) Ts. All unidentified compounds are

marked by X.

ies were estimated based on spiked sample equilibrated with3.5. Cross-validation of results obtained by the

the matrix for 3 h in room temperature. However, quantitation developed HPLC method and those by RIA, with regards
was not feasible even after the optimum extraction procedureto total-T; serum concentrations
due to the co-eluted endogenous components of the tissue
matrix that interfered the analysis as showrkig. 3where
representative chromatograms from biological samples bothwere comparatively analysed for total-Toncentration, by

blank and spiked are illustrated.

Ten real serum samples deriving from different patients

RIA in another laboratory, and by the proposed HPLC
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Table 7
Repeatability and accuracy results in spiked serum and urine samples
Analyte Serum samples Urine samples
Added (ng) Measuredt S.D2 (ng) R.S.D. Recovery (%) MeasurgdS.D2 (ng) R.S.D. Recovery (%)
Tyr 20 28.4+ 0.8 29 1420 242+ 1.1 47 1210
60 45.0+ 1.8 4 751 5424+ 1.7 32 901
100 100.1+ 3.9 39 1002 96.5+ 5.9 61 965
200 225.4+ 7.0 31 1127 174.3+ 18.1 104 87.2
MIT 20 249+ 1.1 45 1243 2144+ 1.8 86 1071
60 61.4+ 3.7 61 1023 58.1+ 1.6 27 969
100 85.2+ 2.3 27 852 85.7+ 2.9 34 857
200 188.6+ 6.6 35 943 182.24+ 7.7 42 911
DIT 20 246+ 1.5 61 1229 20.84+ 0.2 12 1038
60 62.5+ 2.6 42 1042 55.4+ 4.0 72 923
100 87.6+ 1.1 12 87.6 88.44+ 3.9 44 884
200 175.6+ 21.2 121 87.8 176.2+ 9.3 53 881
To 20 212+ 1.1 5 1061 222+ 1.4 6l 11Q7
60 573+ 1.7 29 956 57.2+ 1.5 27 904
100 85.7+ 1.2 14 856 84.8+ 8.1 a5 848
200 190.44+ 20.8 109 952 175.1+ 8.9 51 875
T2 20 219+ 16 72 1093 18.94+ 0.9 47 945
60 55.7+ 5.1 91 929 58.1+ 4.2 72 96.9
100 94.8+ 4.2 44 947 97.3+ 35 36 97.3
200 163.6+ 9.0 55 818 185.1+ 2.8 15 925
T3 20 18.7+ 1.8 96 936 185+ 1.2 65 925
60 50.6+ 2.1 41 843 57.24+ 3.0 53 952
100 87.8+ 2.0 23 87.8 87.2+ 3.6 41 872
200 213.7+ 13.7 64 1068 187.4+ 17.1 91 937
Ta 20 178+ 1.1 62 891 19.0+ 14 74 951
60 58.5+ 2.5 43 974 51.9+ 1.3 25 865
100 77+ 5.5 71 779 102.1+ 6.6 65 1021
200 168.4+ 15.7 a3 842 179.24+ 18.1 101 896
a Mean values of four measurements.
method. When total-Jconcentration of the samples was be-
low method’s LOQ, preconcentration was achieved by SPE
using three to four times higher sample volumes. Acquired  mAbs .
results of the two methods for the same samples were statisti- N
cally evaluated and compared using Studeftsst. Results T
of no statistically difference were obtained by the two meth-
40
Table 8
Cross-validation results of totalsTdetermination in serum samples by the -
developed HPLC method and RIA S
w
Sample Micrograms of fin 100 mL of serum sample \ ‘1
RIA HPLC 3 ©
1 20 7.9 g JI@ 5 ShE S
. f e @ o \ 5 % o » _
2 90 100 0 Bl \f\ﬁw/\g‘\& m 25 s858
3 150 142 ML 1Y !~\§§\fw’
4 100 98 N A=
5 10 34
6 7.0 8.6 :
7 45 57 0 10 20
8 55 53 Fig. 4. Chromatogram of a real serum sample (No. 10 ffaivle § cross-
12 gg gg analysed by the developed method and by RIA. Peaks:2A.0 min and

T4=25.1min.
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