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WORLDWIDE DoA USE

Source: United Nations Office on Drugs and Crime (UNODC) 
World Drug Report 2019

Global trends in the estimated number of people who use drugs and 
those with drug use disorders, 2006–2017

Global trends in the es<mated prevalence of drug use and drug use 
disorders, 2006–2017
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Source: United Nations: The 2030 agenda for sustainable development
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Protti, M., et Al., ACS Med. Chem. Lett. 2019, 10, 539-544.
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• Invasiveness
• Low subject compliance
• Need for trained 

personnel
• Sample-operator       

cross- contamination
• Logistical issues
• Need for temperature-

controlled storage and 
shipping

• Analysis costs
• Stability

CLASSICAL ANALYSIS ISSUES
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In-tube wet samples

Wet microsamples

Dried matrix spots

Microfluidic technologies
Volumetric absorptive microsampling
Volumetric capillary microsampling

Cost- & time-effectiveness
Sample-prep throughput

Analyte stability
Sample handling
Operator-sample cross-contamination

CONVENTIONAL 
SAMPLING

> 200 µL

MICROSAMPLING
< 100 µL

NOVEL DEVELOPMENTS IN SAMPLING AND SAMPLE HANDLING

Mercolini L., Protti M., J. Pharm. Biomed. Anal. 130 (2016)202-219.
Mercolini L., Saracino M.A., Protti M., Bioanalysis. 7 (2015),1925-1942.
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Technologies for the collection and treatment of small volumes of blood / plasma / serum / urine etc. 

for the accurate determination of circulating concentrations of drugs, 

metabolites and biomarkers

WHAT IS MICROSAMPLING?

Mercolini L., Protti M., J. Pharm. Biomed. Anal. 130 (2016)202-219.
Mercolini L., Saracino M.A., Protti M., Bioanalysis. 7 (2015),1925-1942.
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Minimal invasiveness Sample storage and 
transport at T amb.

• No freezer

• No dry ice

• Overall analysis
time   
and costs
considerably
reduced

Minimal sample 
handling

• Lower risk of 
sample 
contamination

• Lower 
biohazard

• Simplified chain
of custody

Fast and simplified
procedures

• Lower analysis
times

• High throughput

Stop of bacterial 
and enzymatic 

reactions

• Increased 
analyte stability

• Possibility of 
delayed analysis

Fast and simplified
sampling

Minimal
invasiveness

Simplified
storage and 

transport

Reduction of 
sampling and 
analysis times 

and costs

Implications in 
clinical and 
pre-clinical 

studies

Sampling of 
vulnerable
populations

Sampling in 
decentralized places 
(e.g. home sampling)

ADVANTAGES OF MICROSAMPLING 
-when properly developed and validated-

• Finger / heel prick
sampling

Mercolini L., Protti M., J. Pharm. Biomed. Anal. 130 (2016)202-219.
Mercolini L., Saracino M.A., Protti M., Bioanalysis. 7 (2015),1925-1942.
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DRIED BLOOD SPOT (DBS)

Capillary blood from finger pricking, 
adsorbed on dedicated support DBS can be stored for months at room temperature with minimal risk 

of sample degradation: most enzymatic and non-enzymatic reactions 
are blocked due to water loss

DRIED BLOOD MICROSAMPLING STARTED WITH DBS
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Michele
Protti

If a fixed diameter sub-punch is taken 
from the sample, a different volume of 
blood is sampled depending on HCT 
and thus blood density 
– It introduces assay bias 
– Recovery and suppression may also play a role
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Protti M, Rudge J, Sberna AE, Gerra G, Mercolini L.
J Chromatogr B, 1044 (2017) 77-86.

DBS DRAWBACKS: HEMATOCRIT EFFECT
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THC

THC-OH

THC-COOH

Blood microsampling approaches for THC and endogenous metabolites
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DBS VAMS HemaPEN

Protti M, Mandrioli R., Mercolini L.
Anal. Chim. Acta, 1046 (2019) 32-47



Chromatographic system
Column: RP C18, 3.5 µm
Dimensions: 50 x 2.1 mm I.D.
Flow Rate: 0.3 mL/min
Mobile Phase: 0.1 % F.A. in ACN/

0.1 % F.A. in H2O, 
gradient elution

Pretreatment procedure
Solvent: methanol
Extraction method: 
• UAE (5 min)
• Vortex mixing (1 min)

Vacuum drying
Reconstitution in mobile phase

Analytes
THC THC-OH THC-COOH

Parent compound Active metabolite Inactive metabolite
̴ 24h <5h >>48h

Mass spectrometry

Triple quadrupole; MRM mode, ESI+/ESI- ionisation source

Mass spectrometry parameters

Compound Q1 Q3 Cone Coll.
(m/z) (m/z) voltage (V) energy (eV)

THC 315.53   > 193.2 50.00 30.00

THC-D3 318.53   > 196.2 50.00 30.00

THC-OH 331.52   > 313.3 30.00 20.00

THC-OH-D3 334.52   > 316.3 30.00 20.00

THC-COOH 343.52   > 297.2 50.00 30.00

THC-COOH-D3 346.52   > 300.2 50.00 30.00

Laura Mercolini
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Protti M, Rudge J, Sberna AE, Gerra G, Mercolini L.
J Chromatogr B, 1044 (2017) 77-86.

HPLC-MS/MS for THC and endogenous metabolites



Validation results
Linearity range

THC: 2.5-200 ng/mL
THC-OH & 
THC-COOH: 5-200 ng/mL
r2 > 0. 9988

Sensitivity
LLOQ = 2.5 ng/mL

Precision
RSD% < 6.1%

Accuracy
> 90%

Recovery
> 85 %

blank dried blood
10 µL on volumetric microsampler

standard mixture
10 ng/mL in mobile phase

time (min) 

% 

O              1              2              3              4              5              6              7          

315.50 >193.2
318.53 >196.2

331.52 > 313.3
334.53 > 316.2

343.52 > 297.2
346.52 > 300.2

blank dried blood sample
10 µL DBS

time (min) 

% 

O              1              2              3              4              5              6              7          

THC-COOH

THC-COOH-D3

315.50 >193.2
318.53 >196.2

331.52 > 313.3
334.53 > 316.2

343.52 > 297.2
346.52 > 300.2

THC-OH

THC-OH-D3

THC

THC-D3

time (min) 

standard mixture
10 ng/mL in mobile phase

spiked dried blood
10 ng/mL in DBS 

% 

time (min) 
O              1              2              3              4              5              6              7          

THC-COOH

THC-COOH-D3

THC-OH

THC-OH-D3

THC

THC-D3

315.50 >193.2
318.53 >196.2

331.52 > 313.3
334.53 > 316.2

343.52 > 297.2
346.52 > 300.2
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Room conditions Heat-assisted drying Microwave-assisted drying

25 °C, 55% humidity Ventilated oven, 60 °C 700 W power
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THC and endogenous metabolites: DBS process optimization
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VAE: Vortex-assisted extraction, 10 min; UAE: Ultrasound-assisted extraction, 15 min, 40 kHz; 
MAE: Microwave-assisted extraction, 2 min, 700W

THC THC-OH THC-COOH
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DEALING WITH HEMATOCRIT BIAS: VOLUMETRIC ABSORPTIVE MICROSAMPLING

•Consecu(ve collec(on of 
2/3/4/96x unique samples 
(depending on format)

•10/20/30 µL
•Volumetric accuracy by absorp(on 

on porous polymeric (p
•Amenable to automa(on with 

standard equipment

Laura Mercolini
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Protti M, Mandrioli R., Mercolini L.
Anal. Chim. Acta, 1046 (2019) 32-47

Courtesy of Neoteryx
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L. Mercolini, M. Protti, M.C. Catapano, J. Rudge, A.E. Sberna 
Journal of Pharmaceutical and Biomedical Analysis 123 (2016) 123-186.
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THC and endogenous metabolites: VAMS sampling performance
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• Sampling with VAMS device for 2s

• Drying at RT for 1h

• Extraction in a vial 

• 100 µL of 100% MeOH

• Ultrasound-assisted extraction 20 min

• Drying (N2 stream) and reconstitution 

in MP

Extraction solvent Extraction volume

Optimised protocol

THC THC-OH THC-COOH
THC THC-OH THC-COOH
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M. Protti, J. Rudge, A.E. Sberna, G. Gerra, L. Mercolini
Journal of Chromatography B 1044 (2017) 77-86. 

THC and endogenous metabolites: DBS and VAMS performances 
at different HCT levels
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THC and endogenous metabolites: stability in VAMS samples
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THC and endogenous metabolites: VAMS vs. DBS vs. wet plasma
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THC and endogenous metabolites: capillary vs. venous blood VAMS



DEALING WITH HEMATOCRIT BIAS: CAPILLARY VOLUMETRIC BLOOD MICROSAMPLING

•Simultaneous collection of 4x 2.74 µL 
replicates 

•Generation of DBS on pre-punched disks 
•Volumetric accuracy by glass capillaries
• Integrated storage
•Tamper-proof

Laura Mercolini
ACS Spring 2020 National Meeting & Expo
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Courtesy of Trajan
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2.74 μL
(nominal declared
capillary volume)

Pipetted vs. capillary volume

sampling 7me 
recommended by 
the manufacturer

Sampling ;me vs. volume

THC and endogenous metabolites: hemaPEN sampling performance
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THC and endogenous metabolites: hemaPEN sampling performance



•Consecu(ve collec(on of 4 DBS 
samples on a single device

•Classic DBS card format
•5/10 µL
•Volumetric accuracy by microfluidic 

channel chip
•Compa(ble with automated handling 

process

Laura Mercolini
ACS Spring 2020 National Meeting & Expo
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DEALING WITH HEMATOCRIT BIAS: MICROFLUIDIC TECHNOLOGY
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THC and endogenous metabolites: HemaXis performance

CALIBRATION CURVES 
AND PRECISION



Take-home message

Advantages of microsampling over classic fluid matrix for cannabinoid analysis

• Higher cannabinoid stability: samples are dried, stored and shipped at RT

• Lower contamination risks (operator-sample, sample-sample and sample-operator)

• Lower analysis costs and logistical savings by storage and shipping without the need for
cryopreservation

• Analysis feasibility even when small sample amounts are available and extraction is
performed by using small solvent volumes

• Significant simplification of sampling and pretreatment steps:

no sub-sampling, centrifugation, isolation, nor further clean-up is needed

• High-throughput, automated sample handling and analysis

Laura Mercolini
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Conclusion

• Microsampling approach coupled to LC-MS/MS analysis has proven to be a suitable and
advanced tool for the analysis of THC together with their main metabolites.

• The proposed miniaturised strategies are feasible, straightforward and reliable.

• Microsampling devices allow accurate collection of microvolumes of biological matrices
with minimal invasiveness and in a feasible way, suitable for in-situ, point-of-care sampling.

• Dried microsamples guarantee enhanced stability of cannabinoids at room temperature,
providing good results in terms of extraction yield and precision.

• Innovative promising method for the investigation of possible consumption scenarios.
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