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Abstract

Liquid chromatographic–tandem mass spectrometric (LC–MS–MS) methods for the determination of metformin in plasma
from different species are presented. The first method employed a YMC cyano 2 mm× 50 mm, 3�m analytical column. For
minimum sample preparation direct injection of samples after protein precipitation was performed. The polar column used
with highly organic mobile phases provided a normal phase retention mechanism. The elution conditions were optimized to
obtain reproducible peak areas and good peak shape. A step gradient from 100% acetonitrile to acetonitrile–water 80:20 (v/v)
containing 10 mM ammonium acetate and 1% acetic acid was applied, leading to a sample-to-sample cycle time of 2 min. In a
second method, a column-switching LC–MS–MS assay for on-line trapping was developed. The analyte and internal standard
were trapped on a YMC cyano 2 mm× 10 mm, 5�m column using acetonitrile–methanol 95:5 (v/v). Elution was performed
isocratically in back-flush mode on to the analytical column (YMC cyano 2 mm×50 mm, 3�m) using 10 mM ammonium acetate
in acetonitrile–water 80:20 (v/v) with 1% formic acid. With this approach, the signal-to-noise ratio was improved and the run
time could be shortened to 1 min. Calibration samples were prepared in the matrix to be assayed in the range of 10–10,000 ng/ml.
Quality control (QC) samples were prepared at 40, 400 and 4000 ng/ml and interspersed with the unknown study samples in
the assays. Deviations for precision and accuracy were less than 20% for the lower limit of quantification (LLOQ) and low QC
sample and less than 15% for other calibrators and QCs.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Metformin is a well-known insulin secretagogue
[1]. It has the capability to improve glucose utilization
in different in vivo models and is therefore used to
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evaluate the anti-diabetic potential of other drugs dur-
ing an acute oral glucose tolerance test (OGTT). This
test determines the ability to metabolize the sugar glu-
cose and is normally performed to diagnose type II di-
abetes. Blood glucose is measured before, and several
times after, oral intake of a defined glucose amount
and abnormally high levels indicate the occurrence
of diabetes. In case of treatment with anti-diabetic
drugs, the glucose levels are reduced. The OGTT is
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employed in drug development. Drug administration
is performed prior to glucose and it is determined
whether the drug induces a glucose-lowering effect.
First the pharmacokinetic profile has to be established
to determine the most appropriate time for drug ad-
ministration. Then the OGTT is performed including
measurement of drug exposure in correlation with glu-
cose levels. In the tests of potential new drug candi-
dates, metformin is used for comparison of effects.
An analytical method with sufficient sensitivity and
selectivity was needed to determine the compound in
plasma.

Several HPLC methods with UV detection have
been used for the determination of metformin in bio-
logical materials. An overview, including the compari-
son of analytical characteristics, is given by Cheng and
Chou[2]. As most of the reported assays are time con-
suming procedures, which require large sample vol-
umes and lack selectivity and sensitivity, the authors
proposed a sensitive and simple analytical method
employing protein precipitation, organic wash, and
chromatography on a silica column using phosphate/
acetonitrile. Other approaches to metformin analysis
involve ion pair chromatography on reversal-phase
columns (e.g. with the addition of sodium dodecyl
sulfate [3]), cation exchange[4,5] and the use of
polar columns (cyano[6]) for “normal phase” chro-
matography. Derivatization procedures to improve
retention and detection of the compound were also
applied, e.g. withp-nitrobenzoyl chloride[7]. Sample
preparation consisted of liquid–liquid extraction[7],
ion pair extraction[8], protein precipitation[4], solid
phase extraction[9] or ultrafiltration[5].

Liquid chromatography–tandem mass spectrometry
(LC–MS–MS) is an efficient analysis tool providing
low detection limits, reduced influence of interferences
and the possibility for short run times. Therefore, it is
often the method of choice in pharmaceutical analy-
sis. To our knowledge, no LC–MS–MS assay to de-
termine metformin has been reported up to now. Our
goal was to develop a LC–MS–MS method for the
analysis of metformin in plasma, preferably providing
short run times and employing simple and fast sam-
ple preparation. Complete method validation was not
required because the exploratory pharmacokinetic and
OGTT studies were performed under non-regulatory
conditions. The lower limit of quantification (LLOQ)
should not exceed 10 ng/ml.

2. Experimental

2.1. Chemicals and materials

The drug and the structural analogue used as
internal standard (ISTD) were obtained from F.
Hoffmann-La Roche (Basle, Switzerland). HPLC-
grade acetonitrile (ACN) was purchased from Rath-
burn (Walkerburn, Scotland). Methanol (MeOH),
ethanol (EtOH), acetic acid (HOAc), formic acid,
and ammonium acetate (NH4OAc) p.a. were obtained
from Merck (Darmstadt, Germany). All solutions
were prepared using in-house generated doubly dis-
tilled water. Human control plasma was purchased
from a blood bank (Blutspendezentrum SRK Beider
Basel). Rat, minipig and cynomolgus monkey plasma
was obtained from animals used for pharmacokinetic
and toxicokinetic experiments in our facility.

2.2. Solutions and standards

Stock solutions of internal standard and analyte
(500�g/ml) were prepared in ethanol. Internal stan-
dard working solution (ISTD) containing 50 ng/ml
to use as protein precipitation solvent for plasma
samples was prepared by diluting the stock solution
with ethanol. The internal standard working solution
was also used for diluting samples with high analyte
concentrations. The analyte stock solution (different
weightings for calibration standards and quality con-
trol samples) was diluted with ethanol–water (70:30,
v/v) to obtain spiking solutions. Calibration stan-
dards in the range 10–10,000 ng/ml were prepared by
spiking human control plasma (volume of spiking so-
lution ≤2% of matrix volume). Quality control (QC)
samples at low (40 ng/ml), medium (400 ng/ml) and
high (4000 ng/ml) levels were prepared by spiking
the matrix to be assayed (drug-free rat, minipig, and
cynomolgus monkey plasma). Both calibration stan-
dards and QC samples were divided into aliquots of
20�l in 1.5 ml Eppendorf vials and stored at−20◦C
until use.

2.3. Sample preparation (off-line)

Study samples were thawed at room temperature
together with calibration standards and QC samples.
To aliquots of 20�l plasma, 1 ml of internal standard
working solution was added. After short mixing, the
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samples were stored for 5–10 min in the deep freezer at
approximately−20◦C to achieve optimal protein pre-
cipitation. The samples were centrifuged for 5 min at
15,000 rpm (ca. 18,000×g) at 10◦C in a Heraeus Sep-
atech Megafuge 2.0 R. If the expected sample concen-
tration exceeded the calibration range, the supernatant
was diluted with ISTD after centrifugation. High QC
samples were treated the same way to provide dilution
QC samples. A 20�l aliquot of the supernatant was
injected (10�l for column-switching).

2.4. LC–MS–MS with direct sample injection

The LC system consisted of a L-6200 A pump A
and a L-6000A pump B (both Merck-Hitachi, Tokyo,
Japan) operating in high-pressure gradient mode using
a 75�l dynamic mixer (Labsource, Reinach, Switzer-
land), a AS 4000 autosampler (Merck) and a solvent
degassing unit SDU 2003 (Labsource). The analytical
column was a cyano 2.1 mm×50 mm column, 3.5�m
particle size, from YMC (Milford, MA, USA). The
mobile phases consisted of (A) 10 mM ammonium ac-
etate and 1% acetic acid in acetonitrile–water (80:20,
v/v) and (B) pure acetonitrile. After injection of 20�l
sample solution, 100% mobile phase B was pumped
for 0.5 min at 0.8 ml/min. Within the next 0.1 min, the
mobile phase was switched to 100% A. After elution
of metformin and internal standard, the column was
rinsed with 100% solvent B for 0.6 min at 1.5 ml/min.
The overall run time was 2 min.

2.5. LC–MS–MS with column switching

An in-house assembled system (Merck-Hitachi,
Tokyo, Japan), as shown inFig. 1, was applied for
column-switching LC–MS–MS. The L-6200 Intelli-
gent Pump (P1) was used for trapping and washing,
while the pump L-6000 (P3) served for on-line di-
lution of the injection solution. For separation on
the analytical column, the pump L-6000A (P2) was
used. The autosampler was a Merck AS 4000. The
solvent degassing unit SDU 2003 and the switching
valve (High Speed Valve 7000E) were from Lab-
source. As trapping column (TC), the YMC cyano
column (2.1 mm × 10 mm, 5�m particle size) was
used. The analytical column (AC) was a YMC cyano
2.1 mm× 50 mm column with 3.5�m particles. Mo-
bile phases were acetonitrile–methanol (95:5, v/v)
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Fig. 1. Scheme of column-switching LC–MS–MS setup.

for on-line dilution, trapping and rinsing and 10 mM
ammonium acetate in acetonitrile–water (80:20, v/v)
containing 1% formic acid for elution from the trap-
ping column and separation on the analytical column.
Aliquots of 10�l sample solution was transferred to
the TC within 0.3 min using pumps P1 and P3 at
1.5 and 1 ml/min, respectively, to reduce the elution
strength of the injection solution by on-line dilution.
By switching V2, the trapping column was coupled
with the analytical column, and the analyte was trans-
ferred using pump P2 at 0.6 ml/min within 0.2 min.
During this time, the capillaries were rinsed with
pump P1. After switching V2 to separate TC and
AC, the flow on P2 was reduced to 0.4 ml/min. Met-
formin and ISTD eluted at 0.8 min. In the meantime,
the trapping column was purged at 4 ml/min. The
sample-to-sample cycle time was 1 min.

2.6. Mass spectrometer

The API III+ triple quadrupole mass spectrome-
ter from PE Sciex (Concord, Ontario, Canada) with
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TurboIonSprayTM in positive ion selected reaction
monitoring mode (SRM) was used. Nitrogen served
as nebulizer, auxiliary and curtain gas, argon was
used as collision gas. Gas flow rates, temperatures,
ionization voltages, and collision energies were op-
timized by infusion of 1 ng/�l standard solution of
the analyte in methanol–water–acetic acid (50:50:1,
v/v) at 20�l/min and by flow injection analysis at the
LC flow rate. The drug was monitored at a transition
of m/z 130 → m/z 71 and the internal standard at
m/z 144 → m/z 88. Data acquisition was performed
with dwell times of 120 ms. The quadrupoles Q1 and
Q3 were operated at unit mass resolution (<0.7 Da
peak width at half height). Calibration of mass axis
and optimization of resolution was performed using a
mixture of quaternary ammonium salts.

2.7. Quantitation and validation

The calibration curves were established by lin-
ear least-squares regression (1/x2 weighting) from
peak area ratios (analyte/internal standard) versus
nominal concentrations. Seven calibration standards
were prepared with concentrations between 10 and
10,000 ng/ml. QC samples, prepared in plasma at
three levels (40, 400, and 4000 ng/ml), were analyzed
(n = 5) and calculated with one set of calibration
standards to obtain data on intra-assay precision and
accuracy. For analysis of study samples, at least six
QC samples (all three concentrations in duplicate)

Table 1
Structures and MS–MS transitions with proposed fragments of the compounds

Metformin ISTD

Transitions m/z 130→ m/z 71 m/z 144→ m/z 88

Structures

Fragments

were interspersed with the unknowns. Assay results
were valid if at least two-thirds of the QC samples
were within±20% deviation from accuracy.

3. Results and discussion

Metformin showed a good MS response, the parent
ion and product ions possess relatively low masses.
A substance with similar structure (one H on –NH2
group substituted by –CH3) was chosen to use as in-
ternal standard (ISTD).Table 1shows the structures
and transitions for both substances. For the low molec-
ular mass analyte and its fragments a high noise was
expected in MS–MS due to the high background from
solvents at lowerm/z and MS parameters were tuned
appropriately to obtain sufficient sensitivity.

Matrix effects were observed with plasma samples
when precipitation with the three-fold amount of or-
ganic solvent was carried out (small split peaks were
observed). An increased ratio of organic solvent–
plasma could compensate for this effect and by using
only 20�l of plasma and 1 ml ethanol for precipita-
tion and injecting 20 or 10�l, good peak shape and
sufficient sensitivity was obtained.

Metformin is very polar and therefore difficult to
retain on analytical columns. Polar columns used with
highly organic mobile phases provide a normal-phase
separation mechanism leading to sufficient reten-
tion of polar substances. In the literature, a LC–UV
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method using a cyano column and acetonitrile/buffer
as mobile phase in isocratic mode has been described
[6]. A content of 40% acetonitrile led to sufficient
retention and acceptable peak shape on the 250 mm
column in this application. Therefore, we used a YMC
cyano analytical column. Various elution conditions
were investigated to obtain reproducible peak areas
and good peak shape. For minimum sample prepara-
tion, direct injection of samples onto a YMC cyano
2 mm× 50 mm, 3�m analytical column after protein
removal was performed. Using acetonitrile contents
up to 80% in the eluent, almost no retention of the
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Fig. 2. SRM-LC–MS–MS chromatograms of blank plasma, plasma spiked with metformin at LLOQ of 10 ng/ml and of ISTD in the LLOQ
sample using direct injection (A–C) or column switching (D–F).

drug was achieved. With 95% it was completely re-
tained on the column. Isocratic elution with 90%
acetonitrile led to a broad analyte peak not suited for
quantification but gradient elution improved the peak
shape significantly. Starting with 100% acetonitrile
and applying a step gradient to acetonitrile-aqueous
phase (80:20, v/v) led to narrow peak. The addition
of ammonium acetate (10 mM) and acetic acid (1%)
to the aqueous phase improved the reproducibility of
peak areas and retention times. Extensive recondi-
tioning of the analytical column with pure acetoni-
trile in between separations was essential for good
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reproducibility, leading to a sample-to-sample cycle
time of 2 min. The internal standard eluted at the same
time as the analyte.Fig. 2A–Cshow the LC–MS–MS
chromatograms for blank plasma, for an LLOQ stan-
dard in rat plasma and for the internal standard.

The application of an extraction step before LC de-
termination can reduce matrix components and lead to
a more robust method. Therefore, a column-switching
LC–MS–MS assay for on-line trapping was devel-
oped. Trapping and dilution conditions as well as the
elution solvent were optimized. Trapping (YMC cyano
2 mm× 10 mm, 3�m) had to be performed with pure
organic solvent to retain the analyte and ISTD. Small
amounts of water (e.g. 1%) or acid (e.g. 0.5% acetic
acid) in the trapping solvent led to breakthrough of
the compounds. A methanol content of 5% in acetoni-
trile was of advantage to obtain a better analyte peak
shape. The ratio of injection flow/dilution flow was op-
timized to be 1.5/1. The sample-to-sample cycle time
was only 1 min.Fig. 2D–Fshow LC–MS–MS chro-
matograms for blank plasma, for a standard at LLOQ
in plasma and for the internal standard.

Calibration samples were prepared in plasma in the
range 10–10,000 ng/ml. The coefficients of variation
for five injections of the 10 ng/ml plasma standard
were 13.8% for the direct injection method and 11.5%
for the column-switching method. Quality control
samples were prepared at 40, 400, and 4000 ng/ml.
Deviations for precision and accuracy were less than
20% with direct injection and less than 15% with
column switching during intra-assay validation (see
Tables 2 and 3). Species differences could not be
compensated by the internal standard and resulted in
deviations from accuracy in the range of 20–30%.
Therefore, calibration standards were always prepared
in the matrix to be assayed. The overall recovery
(including the matrix influence) of metformin from

Table 2
Intra-assay accuracy and precision (%) of LC–MS–MS with direct
injection (n = 5)

Rat plasma Minipig plasma

Accuracy Precision Accuracy Precision

40 ng/ml 118.7 0.9 116.8 3.3
400 ng/ml 102.7 3.2 108.8 8.7
4000 ng/ml 86.8 3.0 106.3 7.9

Table 3
Intra-assay accuracy and precision (%) of column-switching
LC–MS–MS assay (n = 5)

Cynomolgus monkey
plasma

Minipig plasma

Accuracy Precision Accuracy Precision

40 ng/ml 86.6 0.3 110.7 5.3
400 ng/ml 100.4 0.9 114.3 11.9
4000 ng/ml 100.1 1.4 106.6 9.0

plasma was 58% using the direct injection approach
and 77% using the column-switching method (deter-
mined by comparing peak areas in plasma with peak
areas in ethanolic solution).

Plasma samples from rats, minipigs, and cynomol-
gus monkeys after oral administration of metformin
were successfully analyzed using either the direct in-
jection approach or the column-switching method. The
relatively high doses of metformin adminstrated dur-
ing the studies resulted in high plasma levels and
therefore, our LLOQ of 10 ng/ml was sufficient. The
column-switching method was preferred for routine
analysis because of the shorter run time and better
signal-to-noise ratio.Fig. 3 shows the selected ion
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Fig. 3. Column-switching SRM-LC–MS–MS chromatograms of
metformin atm/z 130→ 71 from a minipig predose sample and
from a sample taken 20 min after oral administration of 250 mg/kg
metformin.
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Fig. 4. Concentration–time profile of metformin in cynomolgus
monkey plasma after oral administration of 250 mg/kg metformin
(column-switching method).

chromatograms for metformin in a predose plasma
sample and in a sample obtained 20 min after adminis-
tration of the compound to a minipig. The small peak
in the predose chromatogram corresponds to a con-
centration five times below the LLOQ and may be due
to sample cross-contamination. An example at a phar-
macokinetic profile in cynomolgus monkey is shown
in Fig. 4. The data have been used for comparison
of PK for metformin and potential drug candidates in
correspondence to the glucose lowering effect.

4. Conclusions

Simple and rapid methods have been developed for
the routine analysis of metformin in animal plasma.
Liquid chromatographic separation and tandem mass
spectrometric detection offered good sensitivity, selec-
tivity, accuracy, and precision. The short run times of
only 1–2 min provided high-throughput capabilities.
The limit of detection of 10 ng/ml was achieved by us-
ing only 20�l of sample, enabling the measurement of
plasma profiles in rat, minipig, and cynomolgus mon-
key samples from pharmacokinetic and OGTT studies.
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