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LC-MS/MS guantitative analysis of 11 total thyroid hormones and metabolites in serum for clinical research use
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ABSTRACT Reagents Table 1- Scan Parameters- SRM table Table 2- Linearity and Sensitivity for the best extraction methodology-LLE Figure 2- Chromatograms Positive Mode. * indicates compound
Introduction: Liquid chromatography triple quadrupole mass spectrometry is suited for rapid analysis (min) (m/z) (m/z) Energies LOQ (pg/ml) Ty, nLESTD — s
of multiple analytes of similar and different structures and physicochemical properties. Thyroid HPLC grade Water Acetic Acid (V)
hormones are a diverse group of biologically active compounds and include- thyroxine (T4), 3,3, 5- M . » Thyronine 25 pg/ml — 1000 ng/ml (+ 25 1000- 000-
- . ) : . . : . ethanol 7N Ammonia in Methanol has y pg/m ng/mli (+) RT. 000-525 RT. 000-525
triiodothyronine (T3), 3,3, 5-triiodothyronine (rT3), 3,5-diiodothyronine (3,5-T2), 3,3'- diiodothyronine i . Thyronine- T0 1.06  Positive 274.15 2151257 18.9/10.3 55 50 pg/ml — 1000 ng/ml (-) 50 o N 7.37E6 13 37
(3,3-T2), 3-iodothyronine (T1), thyronine (T0), 3-iodothyronamine (T1AM), tetraiodothyroacetic acid Acetonitile Ethyl Acetate Negative 272.13 255.109.1 15.3/27 55 _ w, [Tl'nggg*gclElz'OSORIMZTZzgg;“Zﬁ%M 1oy AT [TA'%;;;_E%'I;;Mgg%gg_ls'g‘;%gl
(Tetrac), triiodothyroacetic acid (Triac), and diiodothyroacetic acid (Diac). A sensitive and specific LC- _ _ o o E——— R 400.08 e — 16.8/16.9 s 3-lodothyronine 25 pg/ml - 1000 ng/ml  (+) 25 o TO 25690057001 S ICS o T3 G5 669605671 NS S
MS/MS analytical research method was developed and optimized for the quantitation of thyroid The standards and internal standards were made up in 0.1N Ammonia in Methanol to prevent iodine Al - paliive : - -0/10. 50 pg/ml -1000 ng/ml () 50 A ed SOngHLLESTD ] SgHLESTD
hormones and their metabolites in serum. Simple sample preparation techniques were used that migration. Negative 398.1 381/126.9  16.6/27.9 93 3-lodothyronamine 50 pg/ml — 1000 ng/ml (+) 25 W e :Eipfismwmszg55ggo RIA% L2068
included a protein crash and liquid-liquid extraction. A one dimensional chromatographic configuration _ _ 3-lodothyronamine-T1AM 1.60 Soeie 35598 339.1/212.1 10.3/20 71 250 pg/ml — 1000 ng/ml (-) 250 10(2 T1AM 164999165001, 21206012071, 0 AA:6903349 TCF:+¢ ESI SRMms2 657840
achieved the required sensitivity, accuracy and robustness to measure the compounds over their Sample Preparation- Protein Crash _ _ e 2(3)9-13?&3;&%] [0S ] T3-13C6 * E‘f{‘f;ﬁg‘f{‘fmffgé5l3gol
relevant dynamic range. « 200 uL of Thyroid depleted serum/water mixture calibrators, controls and serum sample were Negative 354.07 226.1/126.9  16.9/22.6 70 3-lodothyronine 50 pg// mll_ 11%%%”9// mll (+) 28 i e NL?Q&'JEG' ] J\ e
Method: A Thermo Scientific™ TS Ua™ tandem mass Soectrometer in bositive and negative added to 1.5 ml eppendorf tubes and 20 L of Thyroid ISTD mixture at 200 ng/mL were added to 3,3"-Diiodothyronine-T2 3.03 Posive 52593  479.8/381.9  19.9/20.9 86 S0 i — T (6 " ASB0L OF+CES U AL : o s
ethod: A Thermo Scientific™ TSQ Quantiva™ tandem P PO: v each tube and vortexed briefly . ; ; 3,3"-Diiodothyronine 50 pg/ml — 1000 ng/ml (+) 50 ] T1 [ESIO 501, 03005 B OSSR T
Electrospray mode and a Thermo Scientific™ Vanquish™ HPLC system were utilized. 200 pl of . o . . Negative 523.93 126.9/506.9  38.3/20.4 929 50 RT:249 354009354011) NS CS 100, O S09L AT
serum was used for the analysis of the thyroid hormones. A Thermo Scientific™ Accucore™ C18 100 e 400 pL of Acetonitrile was added to each tube and vortexed for 1 min prior to centrifugation for o _ - 50 pg/ml — 1000 ng/ml (-) 50 . A5G S0ngmHLLE-STD ] T4 s eS|
x 2.1 mm, 2.6 um column with a water:methanol mixture containing 0.1% acetic acid was used 10 minutes at 13000 rpm :3:Dilodofhyronine-43¢6 R PoL9 R N % 3,5-Diiodothyronine 50 pg/ml — 1000 ng/ml (+) 50 : ' e i £ SHLEST
: y & : ' : - : ’ : TICF: +CESISRM ms2 525980 ]
Quantitative analysis was performed using selective reaction monitoring (SRM) transition pairs for *  The supernatant was transferred to an MS vial and capped. Negative 29.96 126.9/512.9  35.9/19.9 99 50 pg/ml — 1000 ng/ml (-) 50 Emg 3572 52000353001 302000302011, | g RT3E N L03ES
each analyte and internal standard in positive and negative mode due to the compounds different * Allin-house calibrators were prepared in thyroid depleted serum and water (Golden West 3,5-Diiodothyronine-3,5-T2 2.46 Positive 525.98 479.9/353 19.4/26.7 89 : .. . & ' 479.883-479.81] NS CS g 0 AR 3779729 TCF +cESISRM ms2 783770
chemistries and structures. The accuracy of these methods were verified using standardized Biological, Inc, Temecula, CA) She o TS eI L (sl L0 msi) () 1 2y ) SOIgUHLESTD i T4-13C6 569936701, 610761078,
reference materials and from donor individuals Negative 523.96 126.9/506.9 kel 102 2 (il L0 gl ° y mfé%zze Nélw SRM Mms2 525,93 < ;gm??fgg%] B
. 4 : TICF:+ ¢ ESISRMms2525.930 v ] ngm-LLE-
_ _ _ o _ _ _ Sample Preparation- Liquid-Liquid Extraction 3,3,5-Triiodothyronine-T3 3.31 Positive 651.84 605.7/478.9  21.9/34.4 g8 3,3",5'-Triiodothyronine 2.5 pg/ml — 1000 ng/ml (+) 2.5 10&5 3,3T2 ‘w'\ [535381‘797099?0881798111‘A‘A7S9“7C7‘9S-479781\ g e e
Results: Good linearity ar_ld reproducibility were obt_alned_W|th the c_o_ncentratlon range from 1 pg/ml to . _ . ib | q | _ 10 pg/ml — 1000 ng/ml (-) 10 i | e | T o -
10000 pg/ml for the thyroid hormones and metabolites with a coefficient of determination R2>0.98 or 200 L of Thyroid depleted serum/water mixture calibrators, controls and serum samples were Negative 649.84 126.9/632.8  45.3/19.1 108 ] B SngHLESTD . ML BSR40
: : : - : i added to a test tube and 20 uL of Thyroid ISTD mixture at 1000 ng/mL were added to each and , : . Thyroxine 1 pg/ml — 1000 ng/ml (+) 1 RT.303 N 25628 ] "\ 1126865126 89, 323595-324.001
better for all drugs in the various matrices. The lower limits of detection (LLOD) and lower limit of vortexed brief] 3,3',5-Triiodothyronine-13C6 3.31  Positive 657.67 611.7/484.9  22.1/34.4 99 y P9 g9 o AR 9104304 TCF:+ ¢ ESISRU M2 531950 . Diac | MS 1CIS SOngmHLE-STD
quantitation (LLOQ) were determined to the pg/ml levels of the thyroid hormones and metabolites in y _ Negative 655,84 Ty R 111 5 pg/ml — 1000 ng/ml (-) S | 3,3T2-13C6 587880387801, 485.779485.781 ; I
biological samples. Excellent reproducibility was observed for all compounds (CV < 10%) for the * 200 pL of Acetonitrile was added to each tube and vortexed for 1 min o — | " : : : 9. S 500 pg/ml — 1000 ng/ml - & géﬁgml;;%] NS s R
techniques and configurations used. * 1.2 mL of Ethyl Acetate was added to each tube and vortexed for 1 min prior to centrifugation 3,3,5'-Triiodothyronine-rT3 3.63 Positive 651.83 605.8/507.8  22.8/23.8 103 Negative 0 T N LT - AA:L064633  TCF:-c ESISRMmS2 576,770
_ . ) . L for 10 minutes at 13000 rpm : A (5TI306 T CESISRU S 6510 ] _ [126:839-126.891, 449.889-449.891]
Conclusion: A sensitive, simple, specific and accurate liquid chromatography QQQ mass . . . MEgELvE LB 1Z5ciigers | SN2zl s Triiodothyroacetic Acid 500 pg/ml — 1000 ng/ml 500 3 T3 WTRBBERL IR, | 5] Trac R4z VS ESSITHLESTD
spectrometry research method was developed and verified for the simultaneous measurement of *  The upper organic layer was transferred to a new test tube and dried down under nitrogen at 33 5" Triiodothvronine.13C6 R E— 6578 P p— = Neqat 5 G TES05701]MS 05 i k46
thyroid hormones and metabolites in serum. The sample preparation techniques are quick and easily room temperature _______ ' - IYe . ' ' — egetlve — 1 Al . SAALESTD v R LL0E
applied for high throughput analysis. «  The extract was reconstituted in 200 uL of 3:1 water and methanol Negative 655.8 126.9/484.9  54.9/22.4 125 Tetraiodothyroacetic Acid 500 pg/ml — 1000 ng/ml 500 i ?\éé-gffiswmszemm 10 B0 [Tl'ggé%gE;ggg”?é?fffggl
«  The supernatant was transferred to an MS vial and capped. Thyroxine-T4 3.82  Positive 777.74 731.7/604.8  24.8/39.2 116 Negative o T3-13C6 | | (6438048491 51389051301, o Tetrac SETOSRNS 05
504 | 611.669-611.671] MS ICIS 1 S0ngmHLE-STD
i i i Negative 775.31 126.9/604.8 47.3/20.3 140 . . L 1 J\ I S0ngmHLLE-STD 1 J
| NTRO DU CTIO N The calibration curves ranged from 1 pg/mL to 1000 ng/mL and various pooled donor samples were g Figure 1: Chromatograms Negative Mode. * indicates compound ' N— P 1 R
used as control material. Thyroxine-13C6 3.82  Positive 783.77 737.4/610.8  24.7/39.2 116 boorr ( )3 ¢l oo ( ')3 Lo
Ime {min Ime {min
The thyroid hormones are tyrosine-based hormones produced by the thyroid gland that are primarily Data Analysis Negative 781.54 126.9/610.9  46.1/20.6 135 - E "
b e o ’ _ i o or y FiThycid, 50ngnLE-STD 0600317 110426 50 g
responsible for increasing the basal metabolic rate, affect protein synthesis, regulate long bone _ _ _ L _ , o :
groSvth and neural maturgtion and activity, generate or inhiFt))it heat );ind increasge the sengitivity to The software used included for this method included the Thermo Scientific™ Xcalibur™ 3.1 SW, Dilodothyroacetic acid -Diac __ 45093 126.9/324 14131 >4 RT.000-525 RT.000-525
catecholamines and enhance physical activity. The thyroid hormones are essential to proper Thermo Scientific™ TSQ Quantiva Tune™ 2.1 SW and Thermo Scientific™ Tracefinder™ 4.1 SW Triiodothyroacetic acid -Triac 432  Negative 576.77 126.9/449.9  30.1/18.9 76 RI:L06 N4 RT3% L1736
; ‘ot ; AA: 3514565 TICF:-CESISRMmS2 272,130 AA:5723030 TIC F:- ¢ ESI SRMms2 649,840
development and dlfferept|at|or_1 of ell ce_IIs and caq further regulate protein, fat, and carbohydrate Tetraiodothyroacetic acid-Tetrac 4.75 Negative 746.65 126.9/447.9 29 4/24.1 137 10(%E T0 0509061, 2L 182111, 100, Rm&k 802681 S5 650569, CO N CL U S | O N S
metabolism as well as stimulating vitamin metabolism. METH O D 5] 255,039-255.041] MS 1CS ] T3 A 2605199 632.779432781) NS IS
] SnTHLESTD ] r ’ SOngIHLLESTD . . . . L . . .
In this research study, we evaluated various columns and solvent combinations as well as simple RESU LTS RLL& N L1165 . RT'333J\H 2506 Bg;sieil\llréeasnedps ;at::i:lleo L]lol dt: yroid hormones and their metabolites in 6 minutes with good LOQ in
and easy sample preparation techniques in order to develop an LC-MS/MS analytical method that HPLC Conditions- _ _ o 1005 A T1AM H%Fsséf?éi?f”z@%Zo%?fZ&OH W | o AA':sislsz* TCF:-C ESISR 2 655640 P J '
can demonstrate the chromatographic separation, detection and quantification of 11 thyroid Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment Linearity/Sensitivity L L . GiE CSSgnHLESTD 1 T3.13c6  |T® (12634512651, 5L1 5511801, « Aclean serum matrix is required to achieve the desired calibration curve and LOQ as the thyroid
hormones and their metabolites that include thyroxine (T4), 3,3', 5-triiodothyronine (T3), 3,3', 5'- The assay was linear over the calibration curve for the total Thyroids in thyroid depleted serum/water ] ] B rts- A3IETAD 2387%‘9&3557%] W5 5 hormones bind to proteins and albumin within serum
triiodothyronine (rT3), 3,5-diiodothyronine (3,5-T2), 3,3'- diiodothyronine (3,3'-T2), 3-iodothyronine Column: Accucore C18, 100 x 2.1 mm, 2.6 um mixture as shown in the table with their mean of coefficient of determinations (R?) for positive and Rr.201 NL:366E5 1 L k
(T1), thyronine (TO), 3-iodothyronamine (T1AM), tetraiodothyroacetic acid (Tetrac), triiodothyroacetic Column Temperature: 50 °C negative mode and for both sample preparation techniques. The linearity of each extraction was 100, ML [Tgwg5256'23"3”;%293999831&0001] s RI:383 NL: L0366 « Excellent linearity of calibration curves with better accuracy, precision and reproducibility in positive
acid (Triac), and diiodothyroacetic acid (Diac). The sample preparation choices were kept simple and Injection Volume: 10 uL determlned in _tr|pl|cate over 3 daye end the resulte are shown with the LOQ being determl_ned as 10:1 - - S SInHLEST) 10 AR: 3395569 Tf?anySffé??%f%?fﬁfml mode than in negative mode where applicable
included protein crash and a one step liquid-liquid extraction. The methodologies were developed on Sampler Temperature: 4°C of S|gnal to noise. The mean coefﬁment ef dete_rmlnat|on (R?) > 9_8 for each sample extraction _ . R ] [604"779--604.'781]'Ms'ms- 1%
a Thermo Scientific™ TSQ Quantiva™ tandem mass spectrometer in positive and negative Nee(jle Wash: Flush port_(SO%MethanoI:50%Water) 10 seconds technique ant_:l the %CV for each _c_ahbratlon point were all <_10% in order to be acceptec_l._ The analysis % EX‘%ES%M NL: L75E5 5&3 T4 SngrLLESTD « Further evaluate other sample preparation techniques for improved total Thyroid and metabolite
Electrospray ionization modes with a Thermo Scientific™ Vanquish™ HPLC system for a 6 minute Mobile Phase A: 0.1% Acetic Acid of total Thyroid hormones by positive mode electrospray using the LC and source conditions shown T, | E?&Sf?éﬁﬂ” rmm | O e . determinations and maximize the efficiency of the method as well as evaluate potential for the analysis
analytical gradient. Mobile Phase B: Methanol i v were found to be more sensitive than negative mode with a 5 to 10 fold difference in mass spectral § g 3.5T2 SABBINS S ; ilfsfgom %ti-e-scfstMmszmlmo of free thyroid hormones and metabolites
Flow Rate: 0.5 ml/min g — ol response where applicable. ¢ J S0rgmHLLE-STD gy | (26670126881 56070560761
Gradient: 0.0min-  75%A:25%B . | o | orecision/Soecificit : 1A% M: 21366 é . T4-13C6 EOBSEOE NS CS
4.0 min- 25%A:75%B o recision/speciticity ffbm AA:T291601 TICF:-CESISRMms2523.930 0 ] S0ngmHLLE-STD . . .
MATERIALS AND METHODS in- 0hA-Q50 § _— | T The inter—assay precision and accuracy for total T4 and T3 was determined by extracting and ] '\ (126940126951, 352999953001, | & o] - For Research Use Only. Not for use in diagnostic procedures.
4.5 min 5%A:95%B T iter-assay pre y y extre 50 3312 | 506889506891 S IS g RT.374 N 8824
5.0 min-  5%A:95%B | opme = quantifying five replicates of the NIST SRM 971 Male and Female Control resulting in mean 1.5 ng/ml - | SIIgIHLESTD : A 503 T —
Standards _ _ in- 0 A 250 ; " | and 1.4 ng/ml with %CV for T3 of 8.5 and 8.1 and 45 ng/ml and 70 ng/ml with %CV for T4 of 6.5 and : T . 10 : h 19689906881 2300924 01
The foll | | ref tandard d Int | standard bt df 5.1 min 75%A:25%B RT:304 NL:343E5 ] Diac | [ |
e following analytical reference standards and Internal standards were obtained from- RUR time: 6 mins T i T T __". | 6.1respectively. rT3 was not detected nor were the other thyroids and metabolites. Thus the results o L1378 TCF.-CESISRITS25206 o M VS 8 SrgniLESTD REFERENCES
. . . i 1) i ] ] i) 14 1 (1 (I 1 ¥ i Were <10% deV|at|on form the tar eted mean E [126979126981, 358999359001, E H
Isosciences, Inc., King of Prussia, PA- MS and lon Source Conditions 9 ' o 3:312-13C6 | ..y 512860512601 S IS ] A
: . : . - ] o LLE: RLAR LTI I . . L o e
Thyroxine (T4): 100 mg/mL Thyroxine-13C6: 100 pg/mL TSO Ouantiva triole quadrupole mass spectrometer Four in house samples were extracted and the following were found within the determined calibration N A 289 SIgrHLESTD WIS Tor. 1. Quantification of 11 thyroid hormones and associated metabolites in blood using isotope-dilution liquid
3,3 5-triiodothyronine (T3): 100 mg/mL 3,3 5-triiodothyronine-13C6: 100 pg/mL QQ pie quadiip D : A - . . 3R 8 g [ TER-cESSaTi
2 5 Ol yroni (T3): . g 3y 7N yronine- : Hg lon mode: Positive and Negative Electrospray (H-ESI) Mode curves- Thyroxine, 3,5-Diiodothyronine and 3,3’,5-Triiodothyronine in all four samples, 3,3’,5'- AL S9588L TCF BRI E ] ] Triac [12680:126.891, 4938949391 chromatography tandem mass spectrometry.
3,3', 5-triiodothyronine (rT3): _ 100 mg/mL 3.3, 5:tr||odothyren|ne-13(.3.6. 100 pg/mL Vaporizer Temperature: 300 °C Triiodothyronine and Thyronine in 3 samples, 3-lodothyronamine and 3.3™-Diiodothyronine in samples 10 T3 SLI6EL BSOTBOE, | 5] Rrapy 1S S S0ALESD Anal Bioanal Chem. 2016; 408(20):5429-42
3,3"- diiodothyronine (3,3-T2): 100 mg/mL 3,3"- diiodothyronine-13C6:: 100 pg/mL lon Transfer Tube Temperature: 275 oC and 3-lodothyornine, Diiodothyroacetic acid, Triiodothyroacetic acid and Tetraiodothyroacetic acid were i [ GOATIO04TEL) S 5 ] M5 o _ _ o _
Santa Cruz Biotechnology, Inc., Dallas, TX- Sheath Gas: 42 not found in any samples. ; ?e%-a\se ) ;(Tgrg;LELSE-STD ﬂ:g?soo NL: 16265 2. Quan::tatl\_/oe A;gly&s(of Thlyr())ld Hor8mone Metabolites in Cell Culture Samples Using LC-MS/MS
i : ’ ’ ’ Aux Gas: 15 7 e ESR 100 -0C1300 TCF: - CESISRHms2 746650 Eur Thyroid J 2015;4(suppl 1):51-5
Thyronine (TO): . lg Sweep Gas: 0 Therefore, the analytical method that worked best and meets the laboratory required accuracy for W 131306 ATATY HEGFS%S-EE;M2%3?9%39?&8844?961 ] Tetrac [517256%79951725638811];“57%984‘”891 Rathmann et al
3-lodothyronine (T1): 50 mg Spray Voltage: Positive lon (V):3925 V thyroid hormones in serum was the liquid-liquid extraction in positive mode. i | lmaw eomanmusos | SgALLEST)
3-lodothyronamine (T1AM): 2.5mg : _ - ] | SOgmHLESTD ]
3’5_Diiodothyronine (3’5_T2) 19 ] Negative lon (V)3750 \% e i e e R A (e —— et TRA D E MA R K S/L I C E N SI N G
Tetraiodothyroacetic acid (Tetrac): 25 mg Ql/QZ.Resqutlon: 0.7/0.7 (FWHM) : : : T ! 4 : : : 2 T R 4 :
i - acid (Triac): Cycle time (sec): 0.8 e ) e ) © 2017 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher
Trilodothyroacetic acid (Triac): 100 mg
Diiodothyroacetic acid (Diac). 1mg CID Gas (mTorr). 2 Scientific and its subsidiaries. This information is not intended to encourage use of these products in any

Chromatographic Peak Width: 6 secs manner that might infringe the intellectual property rights of others.
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