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Thyroid hormones are produced by the thyroid Standards, Calibrators and Controls MS Conditions P o
gland and are responsible for the regulation of T4/T4-13C,-ISTD :  1mg/ml in Methanol:30% Agilent 6490 Triple Quadruple Mass Spectrometer P Felantianns K
metabolism, affect protein synthesis, regulate bone Ammonium Hydroxide (50:50) lon mode: Agilent Jet Stream Agilent Jet Stream Fragmentor
growth, and are involved in cell development and s (Isosciences) . ' P03|t|vga Mode Negat|(\)/e Mode 380V . T3-Free 3 rT3-Free :  T4-Free
differentiation. Clinically relevant Thyroid hormones T3/T3-PCe-ISTD = 1mg/ml in Methanol:30% Gas Temperature: 125°C 350°C < Positive 5 Positive 4 Positive
include Thyroxine (T4), Tri-iodo-thyronine (T3) and Ammonium Hydroxide (50:50) Gas Flow: 16L/min 14 L/min Cell Accelerator Voltage ;
R : . Nebulizer: b5 psi 30 psi 2 i i

Tri-iodo-thyronine (rT3). The major form of (Isosciences) : 0 0 ;
reverse Y . ! rT3/tT3-13C4-ISTD : 1mg/ml in Methanol:30% Sheath Gas Temperature: ~ 225°C 400°C : ‘
thyroid hormones present in blood is T4 followed by Ammonium Hydroxide (50:50) Sheath Gas Elow: 11 L/min 11 L/min ; o
T3 which is approximately 20 times less than T4 (Isosciences) Capillary Voltage: 4000V 1500V ;
followed by rT3 which is approximately 10 times NIST SRM 971: Male/Female Control Nozzle Voltage: 2000V 1000V R R R I I I S B N L 3 L S S S S S S S S e
less than T3. Diseases related to the Thyroid Patient Samples: 5 Adult samples Q1/Q2 Resolution: 0.7/0.7 unit 0.7/0.7 unit
hormones include Hyperthyoidism, Hypothyroidism, Dwell time: 50 msec 50 msec Precision, Specificity and Sensitivity
clinical depression and neuro-developmental Sample Preparation Delta EMV: +500V +500V The inter—assay precision for total T4 and T3 was determined by extracting and quantifying five replicates
disorders. Table 1: MRM Acquisition of the NIST SRM 971 Male and Female Control resulting in mean 964 pg/ml and 1072 pg/ml with %CV for

Total T3 of 9.2 and 49 ng/ml and 69 ng/ml with %CV for T4 of 7.6 respectively. rT3 was not detected adequately.
A sensitive and selective analytical method is 200 pl of serum sample, calibrators, controls + 400 MRM Positive | Collision Energy (V) | RT (min) | MRM Negative | Collision Energy (V) | RT (min) ot et
_ ) : h + IRM (65 3-> 6058l Cotol py +MRM (777.7> 731.7) Wee Contol pgd +IRM (551 8-> 605.) Femle Contol pg. * .T->131.7) Female Corirol pg
reqmred to fuIIy characterize and quantlfy the MI Acetonitrile and 10 MI ISTD at 10 ng/ml were 777.7 > 731.7 5.17 775.7 > 126.9 4.74 Lyt 4261 min 210" 5 171min 2y 4261 min, 2108 5179 min
e - added to tubes and vortexed for 1 min : e | S 5
thyroids in serum. In this study, we developed +1.2 ml HPLC arade Ethvl Acetate was added and S % _— e 20 A 3 8 g § 4
methods for the analysis of Total and Free T4, T3 vortexed for% min prioyr to centrifugation ' : : : : ' L no T4 T3 o T4
i ; : . T3 651.8 > 605.8 20 4.25 649.8 > 126.8 44 3.76 1251 i “
and rT3 in serum using an Agilent 1290 HPLC and a *Organic layer (Upper) was transferred to another ) 1 4 \
6490 Mass spectrometer. We were able to separate tube and dried down under nitrogen at room 651.8 > 478.9 39 4.25 649.8 > 632.8 18 3.76 g 5 ;
- - - - | 2 i
the thyroids chromatographically one dimensionally temperature T3 651.8 > 605.8 20 454 649.8> 1268 64 412 | Ny | .
to baseline resolution using a Poroshell 120 EC-C18 *Reconstituted in 120 ul 75% H,0:25% Acetonitrile 651.8 > 507.8 19 454  649.8 > 478.9 2 412 " y . 0 " '
in under 6.5 minutes in both positive and negative N T3HI5I6071830 4 A1ADUMABIBUTB 551 (0 4hand5 a6 4] 4040 5 8150535455 000T 000 T3005 3607000 4 10 dadetsdodndy b 424344454647 4849 5 51505354 5556575859
mode. Free T4-13C¢-ISTD 183.7 > 731.7 25 5.16 781.7>126.9 64 473 Aoistion T (vin) Acqision ime (i) Aauison Time (i) Acquisiton Time (min)
° I RE o -
500 pl of serum sample, calibrators, controls were T3-15C,-ISTD  657.8 >611.8 19 4.25 655.8 > 126.8 40 3.75 Sample Analysis
g A adged t?[ ‘f"fn Ar:i1|c;)n588(r)1trlfugfe Yé\g 30 f||'f[er urzlt [T3-3C,ISTD  657.8 > 611.8 19 454 655.8 > 126.8 76 4.12 The calculated mean of the 5 adult samples for Total T4, T3 and rT3 concentration was 62 ng/ml, 900
?gonfigrrzlpg?:tuga rpm for 98 minutes a pg/ml and 86 pg/ml respectively in positive mode.
outer ing— nner rng 300 pl of supernatant had 15 ul ISTD at 10 ng/ml Linearity _ N N +NRM (TT77-> 7317)Singe Serum g + MRM (631.8 > 605.8) Single Serum pg d * AW 651826053 e Seum 5.
| | added and was further deproteinated with 300 pl The assay was linear over the ranges shown and positive mode was shown to be more sensitive by 5 to10 106, 5109 min. £ x10%| “4.261 min gy
of Acetonitrile and vortexed for 1 min prior to fold than negative mode. The total and free positive mode mean of coefficient determination (R?) > 0.99 8 1 g © 0o
) . . . 2 | 0.8
Dl " centrifugation. _ while for negative mode (R?) > 0.98. toTa 13 7]
i T The supemnatant was ransfered 10 an MS il I I I T o N N :
06 "
|D"/ HE NH |D"| Method T4-Total Positive 1 pg/ml-1000 ng/ml 1 pg/ml 5-12.5 ug/dL T4-Free Positive 5 pg/ml-1000 pg/ml 5 pg/ml 0.5-1.8 ng/dL 044 o 2;
Z 0.2 0.2
| | T4-Total Negative 5 pg/ml-1000 ng/ml 5 pg/ml T4-Free Negative 10 pg/ml-1000 pg/ml 10 pg/ml ua 0.1/ . rT3
T HPLc conditions iti iti 07 T T T T T T I- T T \l T T T T 0 T T T T T T 0(1): * 4555 .
Agilent 1290 Infinity HPLC series binary pump, well T3-Total Positive 0.5 pg/mi=1000ng/ml 0.5 pg/ml 14-180ng/dL  T3-Free Positive Upg = pe ) 0l ] A= pasiin 4243 444546474849 5 515253 54 55 56 57 58 59 33343536373839 4 414243444546474849 551 56379895 4 41424544 4546474845 5 51525354
A T Acquisition Time (min)
plate, thermostatted column compartment T3-Total Negative 5 ng/ml-1000 ng/ml 5 pg/ml T3-Free Negative 10 pg/ml-1000 pg/ml 10 pg/ml cqislon Tme i) Acquisiton Time (mi)
Column: __ Agilent Technologies Poroshell 120 EC- T3-Total Positi 2.5 pg/mi-1000 ng/ml 25 pg/ml 10-24ng/dL  rT3-Free Positi 5 pg/ml-1000 ng/ml 5 pg/m| NA R .I:
rT3-Total Positive .5 pg/ml- ng/m .5 pg/m —24 ng rT3-Free Positive pg/ml— ng/m pg/m
HO C18, 2.7 pm, 3 x 100 mm eterences
Column Temperature: 20°C (Pos)/ 45 °C (Neg) rT3-Total Negative 25 pg/ml—1000 ng/ml 25 pg/ml (T3-Free Negative 25 pg/ml—1000 ng/ml 25 pg/ml
Iniection Volume: 20 ul (P 40 ul (N . i . *Free Thyroid Hormones in Serum by Direct Equilibrium Dialysis and
AleCt ; or Ten : . . ( OS)/ ’ " ( eg) i Tl Lk 2 o s 0005 Baseline SeParatlon of T4' T3 and rT3 in under 8 Online Syolid-Phase Extraction—Li u\i/d Chrome?to raph /Tan\(/iem Mass
utosampler Temperature. 4 OC T:-Zueve\s,lzLwels'Used‘ZZPamh,ZZPmmsUsed‘UQCs zTJ{;ng«f\;‘;;dLjﬁilJ-s;dbﬁswnls‘WSPmMsUsed.DGCs 0 y=‘0$33633'x*0v002|37 g minutes With good LOD in positive mode S t t Cl . I Ch . t q54 4 642 651 gzoggy
: 0 ENO Pl Pl o pectrometry- Clinical Chemistry-54:4, 642-651,
0 Needle Washstlgil;npdoSrt (50%Methanol:50%Water) T R : Linearity (>99) of calibration curves with better revelopment and Fvaluarion of 2 Peference Measuremant Procedure
) %23 2; Al H R - . B or the Uetermination ot |otal v,0 ,9-1riioaotnyronine in AumMan
Mobile Phase A: 0.1% Acetic Acid in Water ‘o h i T3-Total u T4-Total accuracy, p_reC|S|on_ and reprodumblllty In positive Serum Using Isotope-Dilution Liquid Chromatography-Tandem Mass
IOl T3-Total : rT3-Tota ; ota de th d
1Dl HO Mobile Phase B: Acetonitrile ;;; e Positi Positive mode than In negative mode Spectrometry- Analytical Chemistry- 76, 5092-5096, 2004
0l Flow Rate: 0.3 ml/mi ; Positive ; pprave : - Method can achieve clinical measurement “Determination of Six Thyroid Hormones in the Brain and Thyroid
OW_ d .e. . mo min . _ _ s 5 " determinations for Total and Free Thyroid in Gland Using Isotope-Dilution Liquid Chromatography/Tandem Mass
Gradient: 30%B to 50%B in 5 minutes : i ositive mode Spectrometry- Analytical Chemistry- 83, 417-424, 2011
33'T and . os " P . *Analysis of Thyroid Hormones in Serum by Liquid Chromatography —
" up to 98%B for 30 seconds then u ? M Furth(?r evaluate cher sample preparation Tandem Mass Spectrometry- Anals of Bio-analytical Chemistry-
0 . " | °‘; techniques  for  improved Free  Thyroid 397(5), 1831-1839, 2010
L ) 30%B for 1 minute e ) w determinations and maximize the efficiency of the *Tandem Mass Spectrometry as a Novel Tool for Elucidating Pituitary

Total Run Time: 8 minutes (6.5 run/1.5 post-run)
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