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INTRODUCTION – PART 1

Liquid chromatography-mass spectrometry (LC-MS)

Tandem mass spectrometry (LC-MS/MS) 

Standard tool for the analysis of endogenous and 
exogenous substances in both biological and 
environmental research laboratories, as well as in 
many clinical laboratories.

Spectrum of clinical chemistry applications

becoming
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Very high sensitivity
Very high specificity
Very high analytical accuracy.

Process of ionization: degradation/ fragmentation of
molecules.

“Matrix effect” (ME) (alteration of ionization efficiency
caused by components of the matrix sample into the ion
source) that have a differential impact on target analytes
and internal standard compounds.

LC-MS



Tip: Read this paper!!!

Very interesting overview of the issues associated with MS/MS
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What problems?

In-source transformation

Matrix effect

Ion suppressionIon enhancement

Adduct formation Charging

Degradation of the compounds with 
the formation of new molecules.

Addition of ions to the target 
molecules

Gradual deposition 
of charged ions on 
the source optics
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COUNTERMEASURES?

• Optimization of extraction procedures (eg. solid phase extraction).
Against matrix effect, charging and adduct formation

• Optimization of tune methods and ionization parameters (eg.
injection volume, chromatographic separation, curtain gas, right probe).
Against matrix effect and charging

• Engineering  of mass spectrometers. 
Against matrix effect

•Thorough evaluation of matrix effect, as suggested in many
international guidelines [1-6] for LC-MS bio-analytical method validation,
especially when it is used in a clinical routine.

• Use of stable-isotope-labeled internal standards.
Against EVERYTHING





A Representative Example of Deuterium Scrambling on Tandem Quad MS: 
Progesterone-D9 (324->287);   Progesterone (315->279)

http://www.sigmaaldrich.com/technical-documents/articles/biology/mitigation-of-deuterium-scrambling-in-stable-labeled-internal-st.html

Same chemical structure and same RT  =>  Same behavior

INTRODUCTION – PART 3



• However, sometimes, the use of stable-isotope-labeled internal
standards is not possible…

Ø the analyte does not exist on the market

Ø In multiplexed methods buying all the isotope-labeled IS would

be too expensive.

Ø both above or other reasons…
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Internal Standard

Different chemical structure and RT  =>  Different behavior

Different Matrix Effects



• Matrix effects could be both positive and negative.

• Sometimes matrix effects are impossible to eliminate.

•Do you know if IS correct your analites from recoveries and 
matrix effects point of view?

How do you know that your results are acceptable? 

No labeled IS…. Different RT…. Matrix effect….

Guidelines are not so clear about indications or rules

INTRODUCTION – PART 5



D’Avolio A. et. al. Submitted 2016

MIX injection at the same concentration in neat solvent

The mean of ME% is commonly used to describe the ME. Usually this is the minimum
parameter required that should be evaluated; however, this does not always correctly
describe the impact of ME on the analytical results, that originate by a ratio between
analyte and IS.

THEORETICAL EVALUATION



Ratio between peak area (or height) of analyte and its Internal Standard

Name: T-20
RT=  15,97 min
R2= 0,9997
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A1=  4,967e+004
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Same chemical structure and same RT  =>  Same behavior

THEORETICAL EVALUATION

The mean of ME% is commonly used to describe the ME. Usually this is the minimum
parameter required that should be evaluated; however, this does not always correctly
describe the impact of ME on the analytical results, that originate by a ratio between
analyte and IS.



D’Avolio A. et. Al. Submitted 2016

Different chemical structure and RT  =>  Different behavior

THEORETICAL EVALUATION

Ratio between peak area (or height) of analyte and its Internal Standard

Name: T-20
RT=  15,97 min
R2= 0,9997
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The mean of ME% is commonly used to describe the ME. Usually this is the minimum
parameter required that should be evaluated; however, this does not always correctly
describe the impact of ME on the analytical results, that originate by a ratio between analyte
and IS.

We should evaluate the ME for each analyte relatively to its IS:
an IS-normalized ME (IS-nME)



What is the "internal standard 
normalized matrix effect" (IS-nME)?

QUESTION
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The mean IS-nME% should possibly not exceed the ±15%.

ANYWAY

The mean value is well counterbalanced by the adoption of a calibration curve 
prepared in matrix!!

In these cases, the main source of error is its variability!!!!!

THEORETICAL EVALUATION
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The coefficient of variation (CV%) or the relative standard deviation (RSD%)
of the IS-nME should be evaluated on at least 6 different matrix lots!!

The value shoud not exceed the 15%!!

THEORETICAL EVALUATION



…practical examples…

PRACTICAL EXAMPLES



Laboratory of Clinical Pharmacology and Pharmacogenetics
Department of Medical Sciences, University of Turin, Amedeo di Savoia Hospital, Turin, Italy

UHPLC Shimadzu Nexera + SPE on line + LC-8050 Mass Spec. Detector

We developed ad validated many methods: 
ØAnti-hypertensive drugs
ØDAAs (HCV)
ØTKIs (anti-leukemia drugs)
ØAntivirals (HIV)
ØImmunosuppressants 
ØAntifungals
ØOthers…..



Validation data tables













No Isotope Labeled IS (QX)

Isotope-labeled IS

Higher RSD% => Sub-optimal
robustness in terms of IS-nME

nME is close to “0” with lower RSD% => 
High robustness

Assay for Anti-HCV drugs
Analyte: Daclatasvir



Submitted 2016



Everolimus

Tacrolimus

IS - Ascomycin



Pensi D. et Al. JPBA 2015;  D’Avolio A. et. Al. Submitted 2016;  Pensi D. et Al. Submitted 2016; De Nicolò et Al. MSACL 2016 #K1

Ascomycin is the “historical” IS for TAC, and it does not perfectly correct EVE (high SD%)

IS=Ascomycin; TAC=Tacrolimus; EVE=Everolimus

TAC, IS and EVE elute with higher percentage of organic mobile phase (with PL?); they have matrix effect!

TAC and EVE intra-PBMCs determination; The matrix effect was affected by the cell number. 
Different number of cells from each patient.



ØThe model explained the already known good 
performance of ascomycin as IS for TAC. 

Ø The model confirmed the already reported sub-optimal 
performance of ascomycin as IS for EVE.

ØAlthough the method is valid (the RSD of IS-nME for EVE 
was lower than 15%), the use of an isotope-labeled-IS is 
suggested for EVE (and not for TAC).



Internal Standard

ChlortalidoneAtenolol



Atenolol has higher IS-nME
Standard Deviation than 

chlortalidone

Atenolol has a lower lipid solubility (for 
example) than chlortalidone and quinoxaline.

But we were lucky!!!
IS-nME is close to “zero” with RSD% <15! 

The method resulted barely OK!!!



Conclusion

ØThis examples highlighted how analytes with high ME could have a low IS-
nME, considering their relation with IS, if they share similar chemical 
properties. 

ØThe evaluation of the CV% (RSD%) of IS-nME allowed to correctly describe 
the overall reproducibility of the response factor, directly affecting the 
accuracy and the reproducibility of the method. 

ØIS-nME could be considered a tool to evaluate the performances during the 
validation, obtaining accuracy, intraday and interday precisions results within 
the limits suggested by FDA and EMA guidelines.

Pensi D. et Al. JPBA 2015;  D’Avolio A. et. Al. Submitted 2016;  Pensi D. et Al. Submitted 2016
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