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Objective: Metformin (MET), an oral biguanide agent, can improve insulin resistance and 
decrease hepatic glucose production, leading to a reduction in blood-sugar levels. The 
objective of the present study was to develop and validate simple and rapid LC-MS/MS 
method for analysis of MET in dried blood spot (DBS) sample for patient monitoring studies 
purposes (drug adherence).
Methods: The chromatographic separation was achieved with Waters HSS-T3 column using 
gradient elution of mobile phases of two solvents: 1) solvent A, consisted of 10mM 
ammonium formate, 0.2% formic acid 1%; and 2) acetonitrile solvent B, contained 0.2% 
formic acid in acetonitrile at a flow rate of 0.2 mL/min. The total run time was 3.0 min. The 
effectiveness of chromatographic conditions was optimized, and afatinib was used as the 
internal standard. The assay method was validated using USP 26 and the ICH guidelines.
Results: The method showed good linearity in the range 8–48 ng/mL for MET with 
correlation coefficient (r) >0.9907. The intra- and inter-day precision values for MET met 
the acceptance criteria as per regulatory guidelines. MET was stable during the stability 
studies at ambient temperature 25 °C, at refrigerator 4 °C, at 10 °C autosampler, freeze/thaw 
cycles and 30 days storage in a freezer at −30 ± 0.5 °C.
Conclusion: This method has successfully fulfilled all validation requirements referring to 
EMA and FDA guidelines, and successfully can be applied for MET adherence study. All the 
six studied patients were approved to metformin adherence.
Keywords: metformin, dried blood spot, liquid chromatography–tandem mass spectrometry, 
method validation, medication adherence

Introduction
Diabetes mellitus is a condition of chronic illness of increase blood glucose level, to 
avoid acute complications and reduce the risk of long-term complications, ongoing 
medical treatment and patient self-management education are needed.1,2 

Controlling glycaemia and blood pressure was the main goal for diabetes mellitus 
patients in order to minimize symptoms and avoid complications such as micro-
vascular (eye and kidney disease). Regulation of glycemia and blood pressure 
reduces risk; control of lipids and hypertension, smoking cessation, and aspirin 
treatment reduces macrovascular (ie, coronary, cerebrovascular, and peripheral 
vascular) risk; and control of glycemia and blood pressure reduces metabolic and 
neurologic risk.1,3
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The oral biguanide agent metformin (MET) is one of the 
most widely prescribed medications for type 2 diabetes, and it 
can improve insulin resistance and decrease hepatic glucose 
production, leading to a reduction in blood-sugar levels.4–7 In 
order to research the pharmacokinetics of this medication, to 
assess patient adherence to prescribed therapy in diabetic 
patients, and for general drug monitoring, it is necessary to 
calculate the plasma concentration of metformin. Metformin 
in biological fluids has been determined using a variety of 
high-performance liquid chromatography methods.8–11 

However, they had a number of drawbacks, including a lack 
of sensitivity. Because of its high sensitivity, rapid analytical 
speed, and ease of use, LC-MS/MS is now widely regarded as 
a powerful technology for accurately quantifying compounds 
in biological samples. Until now, only a few LC-MS/MS 
methods for determining MET have been published in biolo-
gical samples, such as plasma and serum.6,12–15

Dried blood spot (DBS) screening tests were used in 
the 1960s to diagnose metabolic disorders (phenylketo-
nuria) in infants. Dried Blood Spot (DBS) has recently 
become a popular choice for bio sampling and for the 
therapeutic drug monitoring.16–18 The DBS sampling tech-
nique is minimally invasive, when it is compared to the 
conventional venipuncture method. The DBS method col-
lected the blood from a finger prick.

Interest in the DBS technique as an easy blood sam-
pling method can be used easily for monitoring of various 
drug such as drugs and used as an indicator of adherence 
to medication.19–24 The key drawback of the DBS techni-
que is its sensitivity, which is expected to increase as more 
MS and MS/MS equipment becomes available in clinical 
and scientific laboratories for drug analysis. Recently, few 
sensitive methods were reported for individual estimation 
of MET using LC-MS/MS.6,12–15,25–28 Only a few studies 
published the analysis of MET from DBS utilizing 
LC-MS/MS.1,4,29–32

This sampling technique (DBS) is also acceptable for 
infants, which reduces the risk of HIV infection and other 
infectious pathogens to a minimum. Furthermore, DBSs 
allow for easier storage and mail delivery to the designated 
laboratory, saving time and money. After sampling, they 
should be well desiccated (at least 2–3 hours). DBS tech-
nique has various applications like therapeutic drug 
monitoring,17,18 toxicokinetic studies,33 and preclinical or 
clinical pharmacokinetic studies.4,28,33

Even when free medicines were available with a high 
level of health-care access through government primary 
care units, the study demonstrated poor and suboptimal 

adherence have been reported in type 2 diabetic population 
in Saudi Arabia.34

As a result, the aim of this study was to create a tool 
for therapeutic drug monitoring of metformin using a more 
straightforward technique: dried blood spot assays. We 
focused on developing a simple and also sensitive method 
for MET analysis using LC-MS/MS system using Afatinib 
as an internal standard (IS). The assay method was vali-
dated using USP 2635 or the ICH Harmonized Tripartite 
Guidelines.36 Linearity, precision, specificity, limit of 
detection (LOD), and limit of quantification are all factors 
to consider (LOQ). The developed method was applied for 
the determination of MET in DBS for diabetic patients 
receiving the drug for drug adherence study.

Materials and Methods
Materials
Metformin hydrochloride (99% purity) was a gift from 
Saudi Pharmaceutical Industries & Medical Appliances 
Corporation (Spimaco, Riyadh, Saudi Arabia). Afatinib 
(AFT) (99.8% purity) was purchased from Green Stone 
Swiss Co., Limited. Whatman 903 Protein Saver card 
(Sigma Aldrich,Chemie GmbH, Munich, Germany). 
Whatman 903 Protein Saver card (Sigma Aldrich,Chemie 
GmbH).

All other reagents and chemicals were of HPLC analy-
tical grade, and were used as received. Water was deio-
nized and purified using a Milli-Q Reagent Grade water 
system (Millipore Corporation, Bedford, MX 
01730, USA).

Instrumentation
The study utilized a Waters® Acquity HPLC system with 
a tandem mass spectrometer (triple-stage quadrupole) and 
electrospray ionization (ESI) source connected to an 
Acquity binary solvent manager pump, a cooling autosam-
pler, and Mass lynx software, version 4.1.

Chromatographic and Mass 
Spectrometric Conditions
Chromatographic separation was achieved at 40°C using 
UPLC-HSS T3 (WatersTM) Acquity column (1.0 × 
100 mm) and particle size of 1.7 μm. The mobile phase 
used for analysis was 10 mM ammonium formate with 
0.2% formic acid (solvent A, pH 7.0 ± 0.02) and acetoni-
trile with 0.2% formic acid (solvent B). The gradient 
elution profile was as follows: 0–2.7 min, 90–30% A, at 
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2.71 min, 90% A, The total flow rate was 0.2 mL/min, and 
the total run time for each sample was 3 min. The auto-
sampler kept at 100°C and sample injection volume was 
10µL. Both MET and IS were detected by triple–quadruple 
LC/tandem mass spectrometric detection (WatersTM) with 
multiple reaction monitoring (MRM) chromatograms in 
the electrospray ionization (ESI) positive mode were 
used in this system. With a dwell time of 0.5 second, the 
multiple reaction monitoring (MRM) transitions of m/z 
130.171.3 for MET and 486.14 370.84 for IS were used. 
At a flow rate of 650 L/h, nitrogen was used as 
a desolvating gas. The temperature of the desolvation 
line was 500°C, while the temperature of the source was 
150°C, and the temperature of the nebulizer was 150°C (7 
psi). The collision gas (argon) flow rate was 0.15 mL/min, 
with a 2.5 kV capillary voltage. For MET, the cone voltage 
and collision energy were set at 26 V and 19 eV, respec-
tively, and for IS, they were set at 86 V and 26 eV.

Calibration Criteria and Quality Control 
Samples Preparation
MET (6 μg/mL) and Afatinib (IS) (1 μg/mL) standard 
stock solutions were prepared by dissolving correctly 
weighted amounts of their respective standards in water 
and methanol, respectively, stored in 4 mL glass vials at 
4 °C in the refrigerator. Different MET serial diluting in 
the mobile process was used to prepare working calibra-
tion, standard solutions, and quality control samples to 
achieve final concentrations of 8, 16, 24, 32, 40 and 48 
ng/mL by dissolving in the mobile phase and spiking 
working standard solutions in blank DBS. In the same 
manner, three QCs samples at 8, 23, 48 ng/mL for MET 
was also prepared by spiking in the blank DBS. Both DBS 
standards and QC samples were kept at −30 °C until used 
for validation and/or optimization. New calibration sam-
ples and QC samples were prepared freshly on each 
experimental day.

Sample Extraction Procedure
Using the protein precipitation process, DBS sample pre-
paration and extraction of MET were performed. A 30 μL 
of blood specifically spotted on whatman 903 cards. Left 
at ambient temperature for 2 hours let to dry before extrac-
tion. Then, to each DBS was punched then transferred to 
an Eppendorf tube. Protein precipitation done, by adding 
1.5 mL aliquots of acetonitrile: Formic acid (90:10) with 
addition of 20 μL of 1 μg/μL of IS to DBS samples 

containing different MET spiked concentration (8–48 ng/ 
mL). Sonicate for 10 min then undergo nitrogen evapora-
tion. Samples were reconstituted with two mL of the 
mobile phase transferred to autosampler vials and aliquots 
of up to 10.0 μL were injected into the LC-MS/MS 
system.

Validation Procedures
The full validation assay was performed in accordance 
with the Food and Drug Administration35 and the 
European Medicines Agency37 recommendations for bioa-
nalytical method validation.

Application of Method to Volunteer 
Blood Spot Samples
Utilizing the developed DBS-based LC-MS/MS method, 
a series of dried blood spot samples collected from 
selected diabetic volunteers were assessed. All of these 
volunteers were administered MET for long time, more 
than 1 year. The samples (30 µL) were taken between 1 
and 12 hours after the drug was taken orally. A second 
group of unprepared volunteers provided a series of DBS 
blank control samples. The study has received ethical 
approval of King Saud University Institutional Review 
Board Committee (IRB); Research Project No. E-20- 
4829. It was conducted in accordance with the 
Declaration of Helsinki. All patients provided written 
informed consent.

Stability
Stock solutions of MET of (6 µg/mL) was prepared in 
water and stored in autosampler glass vials stable at 
room temperature (25 °C), at 10 °C, in the refrigerator 
(4 °C) and in the freezer (−30 °C). Each analyte’s stock 
solution stability was evaluated separately after 0, 1, 2, 4, 
7, 14 and 30 days of storage at different temperatures. The 
peak areas (PA) of samples prepared from stored stock 
solutions were compared to those prepared from fresh 
stock solutions, and the percent difference between the 
two was determined using the equation below.

% Difference = 100*(Mean PA of old stock−mean PA 
of new stock)/Mean PA of new stock.

If the percent difference in the mean peak area between 
the two stock solutions was less than 15% and the percent 
CV was less than 15%, the stored stock solutions were 
considered stable.
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Results and Discussions
Optimization of Chromatographic 
Condition
Initially, selection of the columns for the MET and IS 
separation were assessed. The C18 column does not define 
the drug and/or IS, while the HSS-T3 (WatersTM) had an 
excellent separation. The best separation parameters, 
including the largest area values, relatively quick retention 
times, a tailing factor close to 1, were obtained with the 
conditions stated previously. MET showed predominant 
protonated [M +H]+ parent ions at m/z 131.1 ions, while 
IS gave [M + NH4]+ at m/z 484.14. The most abundant 
ion in the product ion mass spectrum was m/z 71.3 for 
MET and m/z 370.84 for IS (Figure 1).

Since both MET (polar) and IS (nonpolar) have 
different physicochemical characteristics, so substantial 
effort has been made to change chromatographic 

conditions to achieve sharp peak shape and satisfactory 
response. The highest chromatographic efficiency with 
the least solvent consumption was obtained by the use 
of the HSS-T3 column at 40 0C temperature with a flow 
rate of (0.2 mL/min) and injection volume (10μL). 
Methanol and acetonitrile were tested in various ratios 
with formic acid as organic modifiers. In a short period 
of time, the use of acetonitrile rather than methanol 
permitted better response and elution of the two ana-
lytes. The gradient ratio of the mobile phase was found 
to be the most appropriate for the best sensitivity, effi-
ciency and peak form, as described earlier (Figure 2).

Additionally, the use of the mobile phase in the combi-
nation mentioned above as well as the ammonium formate 
buffer (pH 7.0) is the best for the both MET and IS separa-
tion. Comparable results were obtained using the phosphate 
buffer for the best for separations (pH 7.0).29,38,39

Figure 1 Product ion spectra of [M + H]+ of metformin, afatinib (IS), fragmentation ion scans. Y-axis is Relative intensity (cps); X-axis is mass-to-charge (m/z, Da).
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Assay Validation
Selectivity and Specificity
For MET and IS, the method built in this study proved to be 
highly selective. There were no major endogenous com-
pound interferences at the retention times for MET and IS 

in six separate blank DBS and QC samples. A representative 
chromatogram of DBS blank and spiked with MET and IS 
(Figure 2). System suitability tests were performed with six 
injections and retention time and peak area ratio (PAR) were 
obtained with a CV of <2.0% after determining optimal 

Figure 2 Mass chromatograms of blank dried blood spot (A), dried blood spot spiked with a metformin (8 µg/mL) (B) and afatinib (5µg/mL) (C) and dried blood spot from 
patient after 4 h after administration of 500 mg metformin (D).
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conditions. Average retention time of MET and IS, are 0.71 
± 0.23 and 1.96 ± 0.27 min, respectively (Figure 2). This is 
a measure of the evolved LC-MS/MS method’s selectivity. 
In this analysis, the retention time was the shortest, which 
was comparable to the reported data for MET. It is reported 
to be at 0.89 min,15,26 at 1.26 min,41 at 1.4 min,27 at 1.45 
min,42 1.8 min,14 at 2.65 min25 and at 3.1 min.28

Linearity, Limit of Quantification, Limit of 
Detection
Peak area ratios (PAR) of MET have a linear relationship 
(r > 0.996 0.01) and the corresponding concentrations over 
8–48 ng/m. The mean linear regression equation of MET 
was of the form Y = (0.077±0.027) × -(0.0126 ±0.36). The 
limit of quantification (LOQ) for this assay was 6.1 ng/ 
mL, with a relative standard deviation of 4.2%. At 
a signal-to-noise ratio of >3, the LOD was 4.5 ng/mL.

Precision and Accuracy
Table 1 shows the intra- and inter-day accuracy and pre-
cision tests were performed at 8, 24 and 40 ng/mL of MET 
concentrations, which was carried out in six replicates 
(n=6). The accuracy (%differences value) was less than 
20% (Table 1). The precision (%RSD value) for the inter- 
and intra-day were between run of MET, was 2.3–4.1% 
and 3.05–5.19% (Table 1), respectively. Recovery was 
calculated using six replicates at same three concentration 
levels. The mean recovery for MET was 98.24−101.05 
with %CV value less than 15% as recommended by ICH 
guidelines for all concentrations. The accuracy and preci-
sion from the results obtained were producible and reliable 
for quantification of MET in DBS and QC samples.

Extraction Recovery (ER)
The peak area ratios of three MET concentrations (low, 
medium, and high QC samples) to the collected spiked 
samples at sufficient concentrations were used to assess 

the mean extraction recoveries (ER) of MET. At QC 
speeds, the extraction recovery values for the CV percent 
were less than 8%. As a result, extraction recovery for the 
MET was repeatable at each QC stage. ER can be calcu-
lated as, % ER = 100* (pre-extraction peak area ratio/post- 
extraction peak area ratio). As displayed in Table 2, % ER 
ranged from 94.21% ± 3.74 to 98.65%± 5.34 for MET.

Stability Studies
Prior to analysis, the stability test for MET in DBS was 
evaluated in the short and long term at storage temperature 
and autosampler condition. Figure 3 shows that the MET was 
stable at 4, 10, 25 and −30°C for 1 month in the processed 
samples held in the autosampler. No evident changes in the 
elution profile and chromatographic reports have been 
observed.

All percent CV values were within the range provided 
in the guidelines of the FDA (ie, <3%), indicating that the 
method developed is stable.

Application of Method to Volunteer DBS 
Samples
A retractable lancet pricked the finger and a sterile gauze 
cleaned away the first drop of blood. On a Whatman 903 
sampling card, subsequent drops were deposited on 
marked parts and allowed to dry. The spot sizes were 
adequate without sacrificing the DBS sample to allow the 
use of an 8 mm punch. For the identification and quanti-
fication of 12 dried blood spot samples collected from 

Table 1 Summary of Back Calculated of the Calibration Curve for the Determination of MET

Nominal Concentration (ng/mL) Mean Concentration Found 
(ng/mL)

Accuracy (%RSD) %Mean Recovery ± 
SD

Interday statistics 

N=16

8 7.84 ± 0.32 4.11 98.24 ± 3.58
24 23.65 ± 0.62 2.64 98.56 ± 4.37
40 40.41 ± 2.36 2.36 101.05 ± 4.66

Intraday (on day 3), 
n = 6

8 7.8 ± 0.40 5.19 100.63 ± 4.22
24 23.44 ± 0.75 3.2 99.17 ±3.93

40 40.50 ± 1.23 3.05 101.5 ± 3.84

Table 2 Extraction Recovery (ER) and Matrix Effect (ME) of QC 
Sample of Metformin in Spiked DBS Using LC-MS/MS

QC Concentration (ng/mL) %ER ± SD

8 98.65 ± 5.34
24 94.21 ± 3.74

40 95.56 ± 4.52
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a group of volunteers (n=6), the validated DBS based LC- 
MS/MS approach was successfully used. Table 3 presents 
the measured DBS drug concentrations collected.

All data in Table 3 were within the therapeutic MET 
concentration, so the drug was at a steady state level to ensure 
that the drug has already been distributed. The therapeutic 
level for this drug was reported to be between 0.129 and 
90 mg/L.40 There was no correlation ship between the con-
centration of MET and the drug dose per day, this may be due 
to individual variation. This technique can also classify the 
adherence of the patient to the drug.

Discussion
For the quantitative determination of drugs in biological 
matrices such as dried blood spots, liquid chromatogra-
phy coupled with electrospray ionization tandem mass 
spectrometry (LC-MS/MS) is now widely used (DBS). 

The developed LC-MS/MS method allowed for sensitive 
MET estimation in DBS, with results that met FDA 
bioanalytical requirements. A simple technique of pre-
paration that requires a single step and rapid extraction 
with short run time (3 min), as well as can measure up 
to 4 ng/mL as limit of quantification for MET. This 
procedure was successfully performed to assess the 
plasma concentration of MET in diabetes mellitus 
volunteers following the oral administration of MET 
tablet. This technique, DBS home sampling, can be 
used easily for the purpose of therapeutic drug monitor-
ing. According to the findings of this report, DBS home 
sampling for TDM is linked to lower healthcare and 
patient costs, as well as increased patient trust.

Conclusion
In conclusion, a fast, delicate and simpler method has been 
developed and validated for DBS quantification of MET 
with LC-MS/MS technique, with a shorter run time of 3.0 
min. Sensitivity and regeneration have also been main-
tained and have been adequate to measure the patient’s 
MET, albeit using DBS. All validation criteria referring to 
EMA and FDA guidelines have been successfully met by 
this process. This method can be reply on it to as DBS 
home sampling for the purpose of TDM of patients receiv-
ing MET for treatment of diabetic mellitus.

Data Sharing Statement
All data and material are available upon request.

Figure 3 Stability of metformin in autosampler vials at different temperature conditions.

Table 3 Metformin Concentrations from Six Volunteers

N Sex Administered 
Drug

Time After 
Oral Intake 
(h)

Concentration 
(µg/mL) ± (SD)

1 F 500 mg bid 4 8.09 ± 0.53
2 F 500 mg bid 10 4.18 ± 0.55

3 M 1000 mg bid 2 15.29 ± 0.17

4 M 1000 mg bid 1 3.11 ± 0.39
5 F 500 mg bid 10 5.22 ± 0.41

6 F 500 mg bid 12 3.41 ± 0.69
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