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Purpose of Study:   

Thyroid hormones regulate growth, development and metabolic rate of the body. Deiodinase-

mediated conversion of T4 (thyroxine) generates the more reactive species T3 (triiodothyronine) 

and the seemingly inactive rT3 (reverse triiodothyronine). However the test for rT3 continues to 

attract attention for managing an underactive thyroid in the integrative medical community 

studying starvation, anorexia nervosa, severe trauma or the "sick euthyroid" syndrome. In an 

effort to evaluate the frequent fouling of the mass spectrometer associated with our existing LC-

MS/MS assay for measuring T3 and rT3, we modified our sample preparation method to 

improve robustness and also assessed the use of rT3 as a possible biomarker for brain injury 

assessment in the cerebro spinal fluid (CSF) of injured patients.  

 

Experimental: Human serum (400 uL) spiked with internal standard, water and phosphoric acid 

was subjected to solid phase extraction (SPE) using Strata XC (a strong cation-exchange 

sorbent), Phenomenex. The SPE cartridges were conditioned with methanol and 0.1% formic 

acid. Various wash solvents were tested to remove the yellow pigmentation observed in 30-40% 

of the samples suspected to be bilirubin. A 1mg/mL bilirubin standard was prepared by 

dissolving stock bilirubin powder in 5% aqueous ammonium hydroxide (NH4OH). From this 

solution 10 uL was diluted with 1 mL water containing 100 uL of phosphoric acid. The XC 

columns were loaded with the above bilirubin solution and different wash solvents were tested 

for preferentially washing the yellow coloration from the SPE phase. The wash solvents studied 

were 0.1% formic acid in water, 2.5 and 5% NH4OH in water, 2.5% NH4OH in water followed 



by 1 mL dichloromethane, 100% methanol and 1% formic acid in dichloromethane (DCM). The 

samples were eluted with 2.5% NH4OH in methanol, dried, reconstituted and submitted for LC-

MS/MS analysis. In a separate experiment 34 CSF and serum matched samples of brain injury 

patients were tested for T3 and rT3. The samples were grouped based on their CSF albumin 

quotient and the associated blood brain barrier integrity. 

 

Results: Incorporating the M+1 MRM transition of bilirubin (m/z 585.3/585.3) demonstrated 

high concentrations eluting in the retention areas of T3 and rT3. Washing the samples with 1% 

formic acid in DCM substantially reduced the concentration of the pigmentation. Results of wash 

experiments are shown in Figures 1A, B.  

Figure 1. A) Samples extracted using existing method. B) Samples extracted using new wash 

method 
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Collection and study of 1% formic acid in DCM wash from patient samples indicated no loss of 

analytes, T3 and rT3. The new method was correlated with the current method and showed the 

following regression equations: 

New LC-MS/MS method T3 =  1.00 *  Current LC-MS/MS method T3 + 6.03, n= 157, r2 = 0.98, 

Sy/x = 5.13 

New LC-MS/MS method rT3 =  1.03 *  Current LC-MS/MS method rT3 +2.12, n= 157, r2 = 0.91, 

Sy/x = 2.61     

 

There was no conversion of T4 to T3 or rT3 using the new method and the consistencies of 

internal standard (IS) peak areas over a period of time were substantially improved (Figures 

2A,B). The frequent fouling of the mass spectrometer is expected to be reduced over time due to 

the incorporation of the new wash step.  

 

Figure 2A, B. Effect of current and new wash method on internal standard peak areas  
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Linear regression of the CSF and serum matched samples from brain injury patients revealed a 

positive correlation between CSF albumin quotient and the concentration of CSF rT3 with a clear 

trend in increase of CSF rT3 concentration with CSF index > 10.  Samples related to severe or 

complete breakdown of blood brain barrier showed abnormally high concentrations of CSF rT3 

whereas CSF T3 as well as serum T3 and rT3 remained within normal intervals of reference 

range (Figure 3A, B). 

Figure 3A. Correlation of CSF Albumin quotient with concentration of CSF rT3  
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Figure 3B: Standardized residuals between measured CSF albumin quotient range and calculated 

concentration of CSF rT3 

 

 

Conclusion: Incorporating a new wash solution using 1% formic acid in DCM to our existing 

method for measurement of T3 and rT3 by LC-MS/MS helped in further clean-up of sample 

extracts and improved robustness of the assay. Reverse T3 measurement as a possible brain 

injury biomarker in CSF samples was evaluated and correlated with blood-brain barrier integrity. 
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