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RAPID DEVELOPMENT OF
THERAPEUTIC DRUG MONITORING
FOR IMMUNOSUPPRESSANT DRUGS

Human organ transplantation is a relatively new
area of application for Chromatography and
Mass Spectroscopy to be associated with. The
need to accurately monitor with short analysis
times and high specificity the levels of
immunosuppressant drugs in the patients’ body
from blood samples can occasionally be a ’life-
or-death’ situation. For many years the
Instrument companies who manufacture mass
spectrometers paid little attention to the clinical
area when other areas within life sciences,
environmental and then the —omics group
received much attention. It was left to those
scientists usually working in laboratories within
Hospitals and clinics to forge a path (1) and
develop the potential that initially LC and then
LC/MS and now LL/MS/MS can add to the
clinicians’ toolbox. In the last 3 years we have
seen the Instrument companies recognise the
potential within this area and coupled with
opportunities to improve their sales of
Informatics systems and related services, most
major mass spectroscopy manufacturers have a
dedicated Business segment with specific
responsibilities for clinical applications.

This article shows a potential template for a major
Hospital to use LUMS/MS for such an area with
the measurement of immunosuppressant drugs in
a reproducible highly specific manner with good
accuracy and speed at reasonable cost/analysis.

Combined immunosuppressant therapy using
cyclosporine, everolimus, sirolimus or tacrolimus has
demonstrated benefits. Immunosuppressant drugs (IS)
have been commonly quantified in several laboratories
for transplanted patients. The recent evolution of
tandem mass spectrometry allows scientists to
quantify more than four drugs within a single blood
spot. Several analytical methods do exist at the
moment such as immunoassay, classic HPLC with UV
detection, and LC/MS/MS. There are drawbacks
however with the first option mentioned being
expensive and the second time consuming. Only
LC/MS/MS permits simultaneously, rapid and precise
determination of the different immunosuppressant
drugs. New developments on LC/MS/MS technology
now permit routine quantification on a routine and
simple basis. There remains still a problem with the LC
method, which demands the preparation of
calibration samples daily. This note exposes the
different parameters of LC/MS/MS and conditions for
an immediately useable routine assay for any mass
spectrometry or HPLC developer whose work involves
assaying IS concentrations in human whole blood.

GOAL

Develop a practical method to quantify four
immunosuppressant drugs for therapeutic drug
monitoring. To analyze the large numbers of samples, the
Finnigan TSQ Quantum Discovery (Thermo Fisher Scientific,
France) due to its specificity, is a mass spectrometer
capable of simultaneously determining a number of
compounds. Simultaneous chromatographic monitoring
of whole blood is useful for reducing turnaround time.

Conventional LC methods generally require extensive
optimization but Chromsystems GmbH (Munich,
Germany) provides a multilevel calibrator and quality
control set made up of lyophilized samples on the
basis of human whole blood. The calibrator set covers
the therapeutically relevant concentration ranges. This
removes the need for the manual preparation of stock
and standard solutions any longer.
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EXPERIMENTAL CONDITIONS

Chemicals and reagents: Water, acetonitrile were
both HPLC grade and purchased from Fisher, France.
The internal standard (ascomycin) was purchased from
Sigma, France. Calibrator and quality control (QC)
standards were purchased from Chromsystems GmbH.

Samples: Lyophilised samples were reconstituted and
an aliquot (50pL) directly transferred into glass tubes.
These glass tubes were frozen at -20°C with a stock
solution of internal standard (prepared by dissolving
ascomycin (12ng/mL) in acetonitrile: water (50:50)).
The daily routine involved the thawing of one set of
calibrator, QC and internal standard before extraction.

An ammonium-adduct based liquid chromatography-
tandem mass spectrometry method was developed
for the simultaneous determination of four
immunosuppressant drugs in human whole blood.
These compounds and the internal standard

were extracted from the biological matrix by a
salting-out procedure.

Briefly, 50 pL of whole blood was mixed with 50 pL
dilution of an internal standard comprised of 1 mL of
acetonitrile containing 50% of zinc sulphate solution
(20g/L) and saturated with 150 pL of ammonium
sulphate solution (400g/L). The mixture was
centrifuged for 10 min at 3000 g and 100pL of
supernatant was transferred into another vial for
direct injection into LC (Figure 1).
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Figure 1.Chromatogram of calibrator 3 (respectively:
ascomycin, tacrolimus, sirolimus, everolimus and
cyclosporine).

Liquid Chromatography

Analytical column: 2.1x30 mm, 1.9 ym Hypersil® Gold
C18 (Thermo Fisher Scientific)

Time (min) Flow Rate (uL)
0 100
1 200
1.5 600
2 600
2.5 200

Flow Rate: see Table below

Injection volume: 12 pL (partial loop)

Flush volume: 2000 pL (acetonitrile water 75/25(v/v))
Wash volume: 2000 pL (acetonitrile water 75/25(v/v))
Column oven temperature: 60 °C

Mobile phase: acetonitrile and 10mM ammonium
acetate 95/5 (v/v)
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