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Old school “bio-assay”







GC-MS (steroïds)
1930-today

-    Laborious (derivatisation)
- Time consuming (long run times)
- But still considered reference method

CHROMATOGRAPHY AND MASS SPECTROMERY



Rosalyn
Yalow

RIA
1960-today



Concentration range of analytes in blood



Hormones: chemical structure
And the implications





- small
- lipophilic







Immunoassay: the workhorse of 
the endocrine laboratory

Immunoassay and its pitfalls





Competitive immunoassay

• Only one epitope

• One antibody

• Competion for antibody

• Less sensitive

• Less specific

• Small dynamic range





Sandwich assay

• Two epitopes

• Excess capture antibody

• Excess detection antibody

• Most sensitive immunoassays

• Large dynamic range

• High specificity



Immuno-assay
pro contra

• Relatively sensitive

• Easy

• Fully automated

• Direct measurement

• Lack of accuracy

• Lack of sensitivity

• Lack of specificity

• Limited dynamic range

• Expensive (kit) reagents

• Black box



Preanalytical considerations
.



Serum tube
Plastic

Vacuum

Rubber

Separator gel

Surfactants

Clot activator

 



Plasma tube
Li heparin (green)

 fast centrifugation

 no clotting

EDTA (purple)

 ACTH

 renine

 aldosteron

 



Stability and storage

STAT analysis

• PTH

• Insulin

• C peptide

• ACTH

• …

Frozen till analysis

• Plasma Renin Activity

• Aldosterone

• Gastrin

• Glucagon

• …



hemolysis
Small effect on immunoassays

but:

 proteolysis

  insulin

  gastrin

  glucagon

  PTH

 cellular release

  NSE

lipemia
Small effect on immunoassays

But:

 turbidimetric

 nephelometric



Analytical pitfalls
.



Carry-over



Cross-reactivity: hCG and LH



Cross-reactivity: steroids



Hormone binding 
proteins

Albumin, SHBG, TBG, CBG

For total hormone measurement, it is essential 
to displace all bound hormone from 
endogenous binding sites 

 solvent extraction

 anilino naphtalene sulfonic acid etc.

For free hormone measurement, displacement 
can alter the equilibrium

(always happens to a certain degree in free 
hormone assays + low concentration!)

 NEFA in free thyroxine assays



Autoanalyte antibodies

Thyroglobulin



Macroprolactin
Biologically inactive

Cleared slowly

Causes false high prolactin



Heterophile antibodies
HAMA





IMMUNOMETRIC COMPETITIVE



Affected systems: COBAS, Vista, Vitros, Centaur

Six patients taking 5 mg biotin for 7 days 



High dose hook effect
Tumor markers

hCG

Ferritin

Thyroglobulin

High analyte concentration





Mass Spectrometry
A reference method for hormones





1) Sample preparation

• Protein precipitation (methanol, acetonitrile, ZnSO4)

• Liquid liquid extraction

• Solid phase extraction



2) HPLC



HPLC in practice
- Pumps

- Fluids

- Tubings

- Sample loader

- Complex valves

- Column





Mass Spectrometry
in practice

- Spray probe

- Heating probes

- Curtain plate

- Curtain plate aperture

- Orifice



Mass Spectrometry
in practice

- Ion source

- Switching valves 

- Tubings

- Vacuum pump

- Nitrogen generator



Massaspectrometer (Q)

Cortisol
Prednisolon

362,460 Da
360,444 Da

+

+
+

MS1

+



Tandem Massaspectrometer (QQQ)

+

+
+

+
+

+

MS1 MS2

+
+
+



Future directions

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.thermofisher.com%2Forder%2Fcatalog%2Fproduct%2F99990000&psig=AOvVaw3q3yiPKdDxf0cT50fd1zKD&ust=1603896775638000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDv3Z6D1ewCFQAAAAAdAAAAABAD


LC-MS/MS in Endocrinology
Analytical Superiority



Added value LC-MS/MS: Accuracy



van den Ouweland JMW, Kema IP.  J Chromatography B 2012

Added LC-MS/MS: Sensitivity



Cortisol Prednisolon

Cross reactivity!

Added value LC-MS/MS: Specificity



Added value LC-MSMS: steroid profiling



Added value LC-MS/MS: pro and contra

Advantages

• Analytical superiority

• “Cheap” reagents
• Organic solvents
• Deuterated internal standards
• Robust colums
• Calibrator sets
• Pipetting tips and plates

• High troughput possible

• Develop new assays

Disadvantages

• Expensive instruments

• Batch mode

• Skilled labor required

• LIS interface

• Regulartory uncertainty

• Ruggedness



Free hormone estimates
Never ending story….



Law of mass action

testosterone

SHBG
free testosterone

testosterone-SHBG complex



Problems in free hormone assays

• Free hormone are found in ultra low concentrations

• Various factors disturb the equilibrium between the bound and free
• Detergents

• Preservatives

• Albumin binding 

• Proteins

• Diluents

• Buffer components

• Temperature

• pH



Free T4 by equilibrium dialysis: the gold standard

Too low to quantify (exept some LC-MS/MS methods)



Free T4 by equilibrium dialysis

Calculate free fraction and multiply by total T4



Methods employing a specific, high affinity antibody

Thyroid hormone methods

• Two step labeled hormone/Back-Titration methods

• One step labeled analog methods

• Labeled antibody methods



Two step labeled hormone/Back-Titration methods

- Less labor intensive (compared to reference methods)
- Less affected by albumin and binding proteins



One-step, labeled Hormone-Analog methods

• Based on hormone analog, non-reactive with binding proteins

• Poor diagnostic accuracy (analog binds to proteins)

• Prone to many interferences



One-step, labeled Antibody-Analog methods

• Based on labeled antibody, non-reactive with protein bound hormone

• Better diagnostic accuracy 

• Prone to interferences (abnormal binding proteins, pregnany, DRUGS, NTI)



Testosterone REFERENCE methods

• Testosterone (total):  LC-MS/MS

• Free testosterone:  equilibrium dialysis

• Bioavailable testosterone: differential precipitation (ammonium sulphate)



Testosterone PRACTICAL methods

• Testosterone (total):  competitive immuno-assay (robust in men)

• SHBG:    immunometric (sandwich) assay 
     (robust but standardisation??)

• Free testosterone:  calculated

• Bioavailable testosterone: calculated



Vermeulen formula



Coolens equation for calculation of free cortisol in serum

Problems with calculated free cortisol:
- Septic shock
- Intensive care
- Cirrhosis
- Binding protein abnormalities
- …



Urinary free cortisol: direct measurement on automated analysers



Cortisol saliva



The fully automated lab
Around the analyzer street









































































Back to the immuno-assay…
RIA









LC-MS/MS
Small hormones













Special lab tests
Same technology/platform, different clinical applications









microbiology
From Pasteur to robots
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