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Anti-fungal drugs 
Assay development

Factors to consider



Steps of 
assay 

development 
in LC-MS/MS

Tuning of analyte

Identification of column

Selection of mobile phase

Extraction method

Validation of assay



Tuning of 
analyte

• Perform manual tuning

• 1 mg/L water (or methanol) 
solution

• Identify at least two daughter 
molecules
• Helps later when we suspect 

analyte interference.
• Use one as quantifier and 

another daughter as qualifier. 



Identification of column



Drug Characteristics



Log S

• Log S is for solubility in water at 25 ºC.

• Highly soluble: more than 0
• Soluble: 0 to -2
• Slightly soluble: -2 to -4
• Insoluble: less than -4

• Each one unit increase in Log S, results in 10 
times greater ratio of compound in water.

Posaconazole: -6.78 
(insoluble)
Itraconazole: -7.7 (insoluble)
Voriconazole: -3.77 (slightly 
soluble)



Chemical properties: Log D
• Log of Distribution coefficient

• Log D = 0, equal partitioning 
between water and octanol

• Log D > 0, higher partitioning into 
octanol. 

• A value > 3.5 is highly lipophilic
• Log D < 0, higher partitioning into 

water.



Log D
• Voriconazole: 1.82

• Isavuconazole: 4.14

• Posaconazole: 5.41 
(Bioavailability issues)

• Itraconazole: 7.31 
(Bioavailability issues)



C8 vs C18 column

• C8: relatively polar
• C18: relatively nonpolar



Preferred column: for highly lipophilic drugs

• C8 column
• Helps to reduce the consumption of mobile phase
• Shorter retention time
• Reduce run time
• Sharper peaks

• Column temperature: 40ºC

• Use C8 guard column



Selection of 
mobile phase



Extraction method

Simple protein 
precipitation

1
Protein 
precipitation 
followed by drying 
and reconstitution

2
Liquid-liquid 
extraction

3
Solid phase 
extraction
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Extraction method: Simple 
protein precipitation

• Easy method

• To reduce matrix effects
• Low plasma volume
• Dilution of plasma

• Use highly nonpolar solvents to 
precipitate proteins to extract 
nonpolar analytes
• MTBE+ Methanol > Acetonitrile ~ 

Methanol (Preference of solvent)



Special case of isavuconazole



Structure
Voriconazole

Isavuconazole

Fluconazole



C8 vs C18 
column

• C8: relatively polar

• C18: relatively nonpolar

• C18 column is preferred for isavuconazole to 
avoid peak shape distortion. 



Preparation of stock and 
calibration standards



Dilution of stocks

Calibration 
standard (ug/mL)

Secondary stock 
(100 ug/mL)

100% Methanol Plasma (ul)

0.3 3 97 900

0.5 5 95 900

1.0 10 90 900

2.0 20 80 900

4.0 40 60 900

6.0 60 40 900

8.0 80 20 900

10.0 100 - 900



Dilution of Itraconazole: 
Challenge

• Dimethyl sulfoxide

• Acetonitrile: 0.5 mg/ml (vortex mix for 1 min)

• Other azole drugs are soluble in methanol



Combine drug assays?

Select the 
number of 
assays to 
combine.

1
Prepare a 
primary stock 
accordingly with 
suitable solvent

2
Combine stocks 
to prepare the 
‘mixed primary 
stock’ (1 mg/ml)

3
Then dilute to 
secondary and 
tertiary as 
required. 
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Steps of Extraction 
procedure



How to minimize phospholipids?

• Solid phase extraction
• Liquid – Liquid extraction

• MTBE
• MTBE + Dichloromethane (70:30)
• EA
• DCM

• Simple protein precipitation
• Use very low volume plasma
• Use high dilutions
• Phospholipids are less soluble in Acetonitrile than in methanol*.

*Alzweiri M, Watson DG, Robertson C, Sills GJ, Parkinson JA. Comparison of different water-miscible solvents for the preparation of plasma and urine samples in metabolic profiling studies. 
Talanta. 2008 Jan 15;74(4):1060-5. doi: 10.1016/j.talanta.2007.07.037. Epub 2007 Aug 14. PMID: 18371750.



Add an organic solvent 
in the extraction 

procedure to improve 
recovery

Try to avoid LLE. 
Simple protein ppt 
methods tends to 

have better precision

25 ul Plasma + 25 ul IS (5 
ug/ml)

500 ul MTBE+ 500 ul 
Methanol containing 0.2% FA

900 ul supernatant

Evaporate under nitrogen gas

Reconstitute with 150 ul 0.2 
%  Methanol: 0.2%FA [4:1]

inject 10 ul

Cortecs C8 column

25 ul Plasma + 25 
ul IS (5 ug/ml)

300 ul Methanol 
containing 0.2% FA

50 ul supernatant

Add 250 ul 0.2% FA

inject 10 ul

BEH C18 column

Fluconazole, 
Isavuconazole



LC-MS/MS 
conditions



Anti-fungals and its MS Parameters
Drugs LogD 

values
Molecular 
Weight

Parent 
(m/z) 

Daughter 
(m/z)

Cone 
voltage (V)

Collision 
(V)

Mode

Voriconazole 1.82 349.317 350 224 30 20 ESI +ve

350 281 30 15 ESI +ve

Voriconazole-[2H3] 352.33 353 284 30 15 ESI +ve

353.11 127.02 36 52 ESI +ve

353.11 130.07 36 26 ESI +ve

Isavuconazole 4.14 437.47 438.4 216 40 22 ESI +ve

438.4 224.8 40 22 ESI +ve

438.4 370 40 20 ESI +ve

Isavuconazole-[2H4] 441.49 442.14 127.02 36 68 ESI +ve

442.14 224.07 36 32 ESI +ve

Posaconazole 4.4 700.7 701.34 127.05 50 80 ESI +ve

701.34 148.02 50 80 ESI +ve

701.34 699.64 50 44 ESI +ve

Itraconazole 6.32 705.6 707.21 258.02 48 64 ESI +ve

707.21 392.27 48 60 ESI +ve

707.21 707.330 48 44 ESI +ve

Itraconazole-[2H5] 710.7 711.40 148.80 48 60 ESI +ve

711.40 397.40 48 55 ESI +ve

Hydroxy itraconazole 5.17 721.60 721.20 408.30 10 52 ESI +ve

Fluconazole 0.485 306.277 307.10 169.80 28 27 ESI +ve

307.10 220.50 28 20 ESI +ve

307.10 238.00 28 15 ESI +ve



LC-MS/MS conditions

• Needle purge: 10% methanol
• Seal wash: 10% methanol
• Needle wash: 25% IPA + 25% Water + 25% ACN + 25% Methanol



Assay validation
ICH M10 guidelines



Validation 
parameter: 
Selectivity

• Patient blank samples: 30 samples

• Interfering compound area should be less than 
20% of analyte area of LLOQ

• Interfering compound area: <5% of IS area



Validation 
parameter: Matrix 
effect

• 3 sets of (spiked low QC and high QC) extraction from 6 
blank patient samples

• Bias: +/- 15%

• Imprecision (CV): <15%



Validation parameter: 
Calibration curve and 
range

• Six sets of calibration curve

• Back calculated concentration should be within +/- 15%

• At least six acceptable calibration standards



Validation parameter: 
Accuracy and 
precision

• LLOQ, Low QC, Medium QC and High QC

• Within-run

• 5 extractions each

• Determine accuracy and precision

• Between run (Measured on a different day)

• 3 extractions each

• Determine combined accuracy and precision



Validation parameter: 
Re-injection 
reproducibility

• LLOQ, Low QC, Med QC and High QC

• Five repeat injections

• Determine accuracy and precision



Validation 
parameter: Carry 
over

• Inject ULOQ followed by blank

• Repeat 5 times

• The blank areas for drug and IS should be < 20% of LLOQ.



Validation parameter: Dilution integrity

• Prepare concentration higher than ULOQ
• Dilution factor: Τ1 2 | 5 extractions each
• Dilution factor: Τ1 3 | 5 extractions each
• Dilution factor: Τ1 4 | 5 extractions each
• Determine Accuracy and Imprecision



Stability of analyte in matrix: 

• Freeze Thaw cycles – 7 cycles
• Stability of plasma standards: Day 2, day 4, day 7, day 14, day 30, day 60, 

day 90, 6 months
• Stability of stock: Primary stock: up to 1 year
• Bench top stability: Hour 1, 2, 3, 4, 6
• Autosampler stability: up to 24 hours
• Stability in whole blood without separation: up to 12 hours



Outcome: 
Assay should 
be

Simple method

Robust

Accurate

Precise

Specific

Sensitive

Short run time



Acknowledgment


	Slide 1: Application and challenges in LC-MS/MS for antifungal drug quantifications
	Slide 2: Anti-fungal drugs  Assay development
	Slide 3: Steps of assay development in LC-MS/MS
	Slide 4: Tuning of analyte
	Slide 5: Identification of column
	Slide 6: Drug Characteristics
	Slide 7: Log S
	Slide 8: Chemical properties: Log D
	Slide 9: Log D
	Slide 10: C8 vs C18 column
	Slide 11: Preferred column: for highly lipophilic drugs
	Slide 12: Selection of mobile phase
	Slide 13: Extraction method
	Slide 14: Extraction method: Simple protein precipitation
	Slide 15: Special case of isavuconazole
	Slide 16: Structure
	Slide 17: C8 vs C18 column
	Slide 18: Preparation of stock and calibration standards
	Slide 19: Dilution of stocks
	Slide 20: Dilution of Itraconazole: Challenge
	Slide 21: Combine drug assays?
	Slide 22: Steps of Extraction procedure
	Slide 23: How to minimize phospholipids?
	Slide 24
	Slide 25: LC-MS/MS conditions
	Slide 26: Anti-fungals and its MS Parameters
	Slide 27: LC-MS/MS conditions
	Slide 28: Assay validation
	Slide 29: Validation parameter: Selectivity
	Slide 30: Validation parameter: Matrix effect
	Slide 31: Validation parameter: Calibration curve and range
	Slide 32: Validation parameter: Accuracy and precision
	Slide 33: Validation parameter: Re-injection reproducibility
	Slide 34: Validation parameter: Carry over
	Slide 35: Validation parameter: Dilution integrity
	Slide 36: Stability of analyte in matrix: 
	Slide 37: Outcome: Assay should be
	Slide 38: Acknowledgment

