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Background: Cyclophosphamide is a nitrogen mustard chemotherapy drug that damages
DNA through alkylation in the DNA base and produces DNA adducts. Alkylation that occurs
in the N7 position of guanine base has a cytotoxic effect which is useful for cancer therapy.
However, the alkylation that occurs in the O6 position of guanine bases can have mutagenic
and carcinogenic effects that can trigger secondary cancer. This carcinogenic compound can
be found in very low concentrations in cancer patients who had been receiving alkylating
agents as their anticancer therapy. Analysis of O°-methylguanine can be one of the ways of
therapeutic drug monitoring to avoid secondary cancer risk. This study aims to develop
a sensitive, selective, and validated analytical method using Ultra-High-Performance Liquid
Chromatography-Tandem Mass Spectrometry (UPLC-MS/MS).

Methods: Analysis of O°-methylguanine was done in Dried Blood Spot (DBS) and using
allopurinol as an internal standard. The optimal analysis conditions were obtained using a C18
Acquity® Bridged Ethylene Hybrid (BEH) column (1.7 wm, 100 mm x 2.1 mm); mobile phase was
0.05% formic acid - acetonitrile (95:5 v/v); flow rate 0.1 mL/minute; gradient elution for 6 minutes;
and detection at m/z 165.95 > 149 for O%-methylguanine and m/z 136.9 > 110 for allopurinol.
Results: The present study has fulfilled the FDA validation parameter requirements. The
method provides rapid, sensitive, and selective analysis of O°-methylguanine using UPLC-
MS/MS with a linear concentration range between 0.5-20 ng/mL.

Keywords: cyclophosphamide, DNA adduct, O%methylguanine, UPLC-MS/MS, dried
blood spot

Introduction
Cyclophosphamide is a cytotoxic drug that is used for the treatment of many solid and
hematologic neoplasms.' It can be used for single or combination therapy for various
indications such as malignant lymphoma, acute and chronic lymphatic leukemia, solid
tumors such as breast cancer, or as immunosuppressants. Cyclophosphamide therapy
can cause severe side effects such as anemia, leukocytopenia, and thrombocytopenia,
gonadal toxicity, and can even cause secondary tumor development.” It is also classi-
fied as a group 1 carcinogen compound (carcinogen in humans) by the IARC.?
Cyclophosphamide belongs to the group of nitrogen mustard which is
a bifunctional alkylating agent that damages DNA and form DNA adduct.*
Alkylation of DNA bases gives rise to the mutagenicity and carcinogenicity of
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the cyclophosphamide, especially in the O6-guanine and
N7-guanine positions. Alkylation in these positions causes
crosslinks which indicate cytotoxic properties.” The for-
mation of DNA adducts is the initial step in the process of
carcinogenic effects. Therefore, a method is needed to
analyze DNA adduct from cyclophosphamide especially
O%-methylguanine as a secondary cancer risk biomarker.

This study uses Dried Blood Spot samples for analysis.
Dried Blood Spot is one of the biosampling techniques that
was done using finger prick and the blood was collected to fill
a premarked circle on a filter paper.® Compared to previous
studies that used venipuncture for blood sampling,” DBS
method is less invasive and only requires a small amount of
blood thereby increasing patient comfort.® In addition, the
stability of the sample is better when using the DBS method
compared to blood from veins.’

In this study, the development and validation of the analy-
tical method were carried out using UPLC-MS/MS with allo-
purinol as the internal standard. This study aims to obtain the
optimum and validated analytical method for measuring O°-
methylguanine in Dried Blood Spot samples using Ultra-High
-Performance Liquid Chromatography-Tandem  Mass
Spectrometry. Validation of this analytical method refers to
the Food and Drug Administration, 2018."" This research is
expected to be useful for the implementation of drug therapy
monitoring especially cyclophosphamide drug therapy.

Materials and Methods

Chemical and Reagents

O°-methylguanine, N’-methylguanine, adenine, and guanine
were purchased from Sigma Aldrich (St. Louis, MO, USA).
Internal Standard Allopurinol was obtained from Jiangsu
Yew Pharm (Yixing, China). Reagents such as formic acid,
acetic acid, methanol, ethanol, and acetonitrile were pur-
chased from Merck Co. Ltd. (Darmstadt, Germany).
Ultrapure water from Sartorius Water Filter System.
Human blood was obtained from The Indonesian Red
Cross (Jakarta, Indonesia). Perkin Elmer 226 paper from
Perkin Elmer (Waltham, USA). The reagents for the DNA
Isolation are Proteinase K, Buffer AL, Buffer AW1, Buffer
AW?2, and Buffer AE (QIAamp DNA Mini Kits, QIAGEN).

Preparation of Stock and Working
Standard Solution

A stock solution of O°-methylguanine and allopurinol was
prepared at 1.0 mg/mL by diluting them in methanol.
A series of working standard solutions at appropriate

concentration levels were obtained via diluting each stan-
dard solution with water containing 0.5% (v/v) formic
acid. Calibration samples were prepared by diluting
a working solution using whole blood to obtain
a calibration range of 0.5-20 ng/mL. Quality control sam-
ples were prepared at 1.5 ng/mL (QCL), 10 ng/mL
(QCM), and 15 ng/mL (QCH) for Oé—methylguanine by

diluting working solution in whole blood.

UPLC-MS/MS Conditions

The research was performed on an ACQUITY™ UPLC
system (Waters Corp., Milford, MA, USA) and a Xevo
TQD Triple Quadrupole mass spectrometer (Waters Corp.,
Manchester, UK) equipped with positive electrospray ioni-
zation (ESI"). All data were acquired in centroid mode by
the MassLynx VNT4.1 software and analyzed by the
QuanLynx™ program (Waters Corp., Milford, MA,
USA). The analyte was separated on the Acquity™ UPLC
BEH C;g column (1.7 pm, 100 mm x 2.1 mm, Waters
Corp., Milford, MA, USA). The mobile phase was 0.05%
formic acid solution and acetonitrile; flow rate 0.1 mL/
min; autosampler temperature at 8°C; and the injection
volume was 10 pL. The gradient elution was used for 6
minutes and shown in Table 1.

The mass spectrometric detector parameters were opti-
mized and set as follows: capillary voltage of 3.50 kV,
nitrogen desolvation temperature as 349°C with a flow rate
of 643 L/h, column temperature of 40°C, and degasser
pressure of 0.69 psi. The cone voltage was 32 V for O°-
methylguanine, 38 V for N’-methylguanine, 40 V for ade-
nine, 35 V for guanine, and 35 V for allopurinol as IS. The
detector was performed in positive ion mode obtained by
positive mode of electrospray ionization (ESI") technique
and quantification was acquired with multiple reaction
monitoring (MRM) with ion transition at 165.95 — 149
and 165.95 — 134 for O%-methylguanine, m/z 165.95 —
149 and 165.95 — 124 for N’-methylguanine, m/z 135.9
— 118.95 for adenine, m/z 151.9 — 134.95 for guanine
and m/z 136.9 — 110 for allopurinol as IS.

Table | The First Gradient Elution Profile

Min to- Mobile Phase A (%) Mobile Phase B (%)
0.00 95 5
1.00 90 10
2.00 90 10
2.10 95 5
6.00 95 5
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Preparation of Sample in Dried Blood

Spot
Blood samples were obtained from The Indonesian Red
Cross (Jakarta, Indonesia) and were reviewed and

Research Ethics Committees of
“Dharmais” Cancer Hospital, Jakarta 11420, Indonesia
(No0.023/KEPK/I1/2020). Calibration and quality control

samples were prepared by pipetting 50 pL of whole

approved by the

blood containing O°-methylguanine onto the Perkin
Elmer 226 paper and dried at room temperature for 2
h. DBS discs were cut and inserted into a microtube. The
IS solution, allopurinol, is made to a concentration of 1 pg/
mL and 20 puL was added. Then, the sample was extracted
using the QIAamp DNA Mini Kit. DNA extraction proce-
dures refer to the QIAamp DNA Mini and Blood Mini
Handbook'' as follows:

¢ Dried Blood Spot sample in a 1.5 mL microcentrifu-
gation tube was added 180 puL of the ATL buffer and
incubated at 85°C. Then, 20 pL of proteinase
K solution was added and incubated at 56°C. After
that, 200 pL of the AL buffer was added to the
sample and incubated at 70°C.

e Samples were added with 200 pL ethanol (96—-100%)
and the mixture is carefully transferred into the
QIAamp mini spin column. QIAamp mini spin col-
umn was used in this extraction consisted of
a designed silica layer that can trap the DNA on it
when centrifuged.

e Then, AW1 and AW2 buffer was added to separate
protein from DNA, therefore it increased the purity
of DNA.

¢ Finally, the DNA on the silica layer was eluted using
AE buffer and incubated at room temperature. The
results of DNA extraction can be stored at —20°C.

The DNA solution was mixed with the same amount of
ultrapure water and 90% formic acid. Then, the solution is
heated at 85°C for 60 minutes. After that, the solution is
cooled to room temperature and ready to be injected into
UPLC-MS/MS.

Method Validation
Validation of this analytical method was assessed includ-
ing Lower Limit of Quantification (LLOQ), calibration
curve, selectivity, accuracy and precision, recovery, carry-
dilution integrity, matrix effect,

over, and stability

according to the Food and Drug Administration (FDA)
Bioanalytical Method Validation Guidance for Industry.'°

Lower Limit of Quantification

LLOQ was determined using blank samples and the lowest
concentration of analytes in samples that can still be ana-
lyzed quantitatively. The analyte response on LLOQ must
be 5 times greater than the analyte response on the blank
sample. The accuracy and precision of the analyte
response should be less than £+ 20%.

Calibration Curve

The calibration curve was tested using standard solutions
that are prepared on the same biological matrix as the
study samples including blank samples, zero calibrator,
and at least 6 other concentration points. The calibration
curve acceptance criteria are that the analyte concentration
is not more than £ 15% at all concentrations other than
LLOQ and the analyte concentration is not more than +
20% at LLOQ concentration. At least 75% of the calibra-
tion standards with a minimum of 6 concentrations must
meet these requirements.

Selectivity

The selectivity of the analytical method was evaluated using
blank and LLOQ concentration. The requirement for selec-
tivity is the peak response area of the analyte in the blank
matrix obtained no more than + 20% of the LLOQ peak area
and no more than 5% in the internal standard.

Accuracy and Precision

Accuracy and precision were evaluated by assessing repeat
analysis at four concentration levels in the measurement
range, namely, LLOQ, QCL, QCM, and QCH over three
consecutive days. The accuracy (%diff) and precision (%
CV) should be within + 20% for LLOQ and should be
within £ 15% for QC samples.

Recovery

The recovery values were obtained at three QC levels
(QCL, QCM, and QCH) by comparing the results of
extracted samples with spiked post-extraction samples.
Recovery values (%) do not have to be 100%, but the
analytical, and standard recovery must be consistent and
reproducible.

Carryover

Carryover was evaluated by injecting blank samples after
samples with high concentrations or calibration standards
at the upper limit of quantification (ULOQ). Carryover

Drug Design, Development and Therapy 2021:15
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should not be greater than 20% of the analyte response at
the lower limit of quantification (LLOQ) concentration
and not greater than 5% for the internal standard.

Dilution Integrity

The dilution integrity was assessed by mixing the matrix
with the analyte at the concentration above the ULOQ and
diluting the sample with a blank matrix. The dilution
integrity is stated to meet the requirements if the accuracy
and precision are not more than + 15%.

Matrix Effect

Matrix effect was evaluated at QCL and QCH by compar-
ing the results of spiked post-extraction samples and stan-
dard
concentrations. The coefficient of variation (%CV) of the

solutions containing analyte at equivalent
matrix effect should not greater than +15%. The standar-
dized matrix factor values with the internal standard

should obtain the acceptance range of 0.8 to 1.2.'2

Stability

The stability tested includes stock solution stability, auto-
sampler stability, short-term stability, and long-term sta-
bility. Stock solution stability of O°-methylguanine and
allopurinol was evaluated in the short term at room
temperature and long term at —4°C. The %diff value of
the stock solution stability test should not exceed
+10%."* The other stability test was evaluated using
QCL and QCH concentration. Autosampler stability was
tested at autosampler temperature, short-term stability at
room temperature, and long-term stability was tested at
the freezer —20°C. The accuracy (%diff) and %CV at
each level should not exceed +15%.

Results and Discussion

Highly sensitive and selective analytical method is needed
for the determination of DNA adduct because it is gener-
ally found in a very small level. Therefore, this study used
UPLC-MS/MS as the instrument chosen. The UPLC-MS
/MS is considered as the best choice for supporting bioa-
nalytical studies due to high sensitivity, selectivity, and
rapidity.

Method Development

Optimization of Mass Condition

Mass spectrometric conditions were tuned in positive ioni-
zation mode related to analyte basic properties. The che-
mical structure is shown in Figure 1. The spectra showed
a high-intensity signal at m/z 165.95 — 149 and 165.95 —

bz

HN N W

Figure | O®-methylguanine chemical structure.

134 for O°-methylguanine, m/z 165.95 — 149 and 165.95
— 124 for N’-methylguanine, m/z 135.9 — 118.95 for
adenine, m/z 151.9 — 134.95 for guanine and m/z 136.9
— 110 for allopurinol as IS, respectively. The fragmenta-
N’-
methylguanineare is shown in Figure 2. The capillary

tion spectrum of  O°®methylguanine and
voltage used was 3.50 kV, nitrogen desolvation tempera-
ture was 349°C with a flow rate of 643 L/h, column
temperature of 40°C, and the degasser pressure of 0.69
psi. The cone voltage was 32 V, 38 V, 40 V, 35 V and 35
V for O°-methylguanine, N’-methylguanine, adenine, gua-

nine, and allopurinol, respectively.

Optimization of Mobile Phase Combination

The selection of the mobile phase combination was
carried out in 4 variations, namely, 0.05% acetic acid
solution - acetonitrile, 0.05% acetic acid - methanol,
0.05% formic acid - acetonitrile, and 0.05% formic
acid - methanol. In this study, a combination of
0.05% formic acid - acetonitrile was chosen because
it produced a better chromatogram with the largest
area.

Optimization of Mobile Phase Composition

The selection of the composition of the mobile phase is
carried out using a combination of 0.05% acetic acid -
acetonitrile which is divided into 4 composition variations,
namely 95:5, 90:10, 80:20, and 50:50. Based on the
results, the composition of the mobile phase 95:5 produces
the largest area. Therefore, composition 95: 5 was chosen
for use in the analysis.

Optimization of Flow Rate

In this experiment, variations in the flow rate are
0.1 mL/min, 0.2 mL/min and 0.3 mL/min. Based on
the results, increasing the flow rate has been shown to
accelerate the retention time of the analyte. However,
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Figure 2 Fragmentation spectrum of (A) O

the faster flow rate can increase column pressure which
causes the column to become damaged quickly. The use
of a flow rate of 0.1 mL/min gives the greatest peak

6-methylguanine and (B) N7-methylguanine.

area even with a longer retention time of 3.47 min.
Therefore, variations in the flow rate of 0.1 mL/min

were chosen for use in this study.
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Optimization of Mobile Phase Gradient Elution
Gradient elution was usually done to increase the elution
strength which can produce a better peak shape and a larger
peak area response. In this experiment, a gradient elution test
was carried out using 2 variations as shown in Tables 1 and 2.
The use of a gradient elution produces a good chromatogram
with a sharper peak shape compared to isocratic conditions.
Therefore, the gradient elution profile 2 was chosen.

System Suitability Test

After obtaining the optimum analysis conditions, a system
suitability test is then performed to ensure that the systems
are working properly and are ready to be used for analysis. In
this study, the peak area coefficient of variation (%CV)
results were 0.68% for O®-methylguanine and 1.0% for allo-
purinol. The results also showed a % CV value of 0.14% for
the retention time of the two compounds. This shows that the
system can be used to start the analysis and has fulfilled the
requirements that %CV value does not more than 6%."*

Optimization of Sample Preparation

Optimization of DBS sample preparation is done by optimiz-
ing the drying time and spotting volume. In this study, optimi-
zation of the drying time of DBS samples was evaluated with
time variations of 60 min, 120 min, and 180 min. From the
experiments carried out, it is known that 120 min is sufficient
time and provides the greatest response area of chromatogram.
Therefore, 120 min is determined as the optimal drying time
for DBS samples. After drying time is optimized, the spotting
volume is optimized to get the optimal blood volume that must
be spotted on DBS paper. Optimization is evaluated using three
variations in the spotting volume of 30, 40, and 50 pL. Based
on the results, the response of the peak area of the 50 puL gives
the greatest results. Therefore, a spotted volume of 50 pL. was
chosen as the optimal spotted volume.

Method Validation

Lower Limit of Quantification
LLOQ determines the sensitivity of a method and needs to be
determined during method development. LLOQ test for O°-

Table 2 The Second Gradient Elution Profile

methylguanine at a concentration of 0.5 ng/mL resulted in
a value of %diff which ranged from —8.90% to 11.40% with
a %CV of 8.95%. This data is shown in Table 3. Based on
these results, it is known that the accuracy and precision of
the concentration of 0.5 ng/mL meet the LLOQ requirements
on FDA, 2018. This LLOQ concentration was the same as
previous studies that carried out O%methylguanine analysis
in blood samples.” This shows that Dried Blood Spot sam-
ples can provide the same sensitivity as blood samples.

Calibration Curve

The calibration curve was made from a concentration of
0.5 ng/mL to 20 ng/mL with 6 concentration levels, blank,
and zero samples. The calibration curve obtained was linear
and meets the requirements of the correlation coefficient (r)
value greater than 0.98."> The results of the calibration curve
experiment showed that the %diff obtained fulfilled the
requirements. Data of O°-methylguanine inter-day calibra-
tion curves are shown in Table 4.

Selectivity

Selectivity is a test parameter evaluated to ensure that the
method used can measure analytes accurately. Based on
results, the selectivity test was fulfilled the FDA requirements
with %interference of the analyte between 8.64-13.54% and
%interference of allopurinol between 1.329-2.022%. The
chromatograms of blank, LLOQ, and QC samples are shown
in Figure 3.

Table 3 The Accuracy and Precision from LLOQ of O°-
Methylguanine

LLOQ Conc. Measured Conc. | Accuracy Precision
(ng/mL) (ng/mL) (%Diff) (%CV)
0.50 0.46 —8.24 8.95

0.56 11.40

0.48 —4.79

0.52 4.48

0.46 —8.90

Table 4 Data of Inter-Day Calibration Curve of O°-

Min to- Mobile Phase A (%) Mobile Phase B (%) | | ethylguanine

0.00 90 0 Replica Inter-Day Slope Intercept R

1.00 95 5 | 0.1006 0.0242 0.9961

2.00 95 5 2 0.0907 0.0141 0.9993

2.10 90 10 3 0.0902 0.0145 0.9978

6.00 90 10 Mean 0.9383 0.0176 0.9977
968 submit your manuseript Drug Design, Development and Therapy 2021:15
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Figure 3 Representative UPLC-MS/MS chromatograms of O®-methylguanine and allopurinol in (A) blank DBS; (B) DBS with analyte at LLOQ; (C€) QCL; (D) QCM;
(E) QCH.
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Accuracy and Precision

Accuracy and precision tests were carried out using
4-level concentrations, namely, LLOQ, QCL, QCM,
and QCH. The intraday accuracy value of O°-
methylguanine ranged from 91.99-106.29% with %
CV values <4.61%. The interday accuracy value ranged
from 96.23-109.45% with %CV values <4.97%. Based
on the results, the accuracy and precision of O°-
methylguanine meet the requirements with the value
of %diff and %CV at LLOQ concentrations do not
more than 20% and the value of %diff and%CV at
other concentrations than LLOQ do not more than
15%. Compared with previous study,’ this study
showed homogen data with lower %CV value. The
intra- and inter-day accuracy and precision are shown
in Table 5.

Recovery

The recovery test is performed to see the extraction
efficiency on the sample. According to FDA 2018, the
value of recovery in analysis using a biological matrix
does not have to be 100%. However, it needs to be
consistent and reproducible Based on the test, the
average recovery value for O°methylguanine is
82.62% at QCL concentration, 82.50% at QCM con-
centration, and 83.29% at QCH concentration. In addi-
tion, the test results also showed %CV for the
concentrations of QCL, QCM, and QCH of 3.97%,
2.71%, and 5.90%, respectively. The average recovery
value obtained for the standard in allopurinol is
81.10% with a %CV of 2.09%.

Carryover

Carryover is a parameter that is tested to determine the
availability of analytes in blank samples after injecting
high concentration analytes (ULOQ). Based on the
results, the value of carryover was 11.12% to 12.65%
for O°-methylguanine and 1.30% to 1.68% for the

internal standard allopurinol. These results indicate
that the carryover of O°-methylguanine and allopurinol
meets the 2018 FDA requirements.

Dilution Integrity

Dilution integrity tests showed the value of %diff is
obtained between —3.70% and 14.62% with a %CV
value of 2.82% for the 2QCH concentration, 6.39%
for the QCH concentration, and 3.90% for the 2QCH
concentration. The results indicate that it meets the
dilution integrity requirements with the value of %diff
and %CV do not exceed £15%.

Matrix Effect

The average matrix factor obtained was 95.69% for
QCL concentration and 97.30% for QCH concentration
with CV values for QCL and QCH, namely, 1.96%
and 1.11%. The results of testing the matrix effect on
the internal standard allopurinol give an average
with %CV 4.60%.
There is little ion suppression from the matrix against

matrix factor value of 89.83%

the internal standard. This is due to the competition
between the matrix and the internal standard in the
process of adding charge in the mobile phase. The
results of standardized normalized matrix factors
obtained were 1.07% for the concentration of QCL
and 1.09% for the concentration of QCH with the
values of CV for QCL and QCH, respectively, 4.20%
and 5.03%.

Stability

Stock solutions of O%-methylguanine and allopurinol were
stable for 24 h in room temperature and 30 d in the
refrigerator (—4°C). The stability test results of O°-
methylguanine and allopurinol showed in Table 6. The
data indicate that O°-methylguanine and allopurinol are
stable enough during sample preparation and storage
conditions.

Table 5 The Intra- and Inter-Day Accuracy and Precision of O°-Methylguanine

Conc. (ng/mL) Intra-Day

Inter-Day

Mean Accuracy (%Diff) Precision (%CV) Mean Accuracy (%Diff) Precision (%CV)
0.5 —3.38% to 8.10% 4.61 —3.38% to 15.01% 4.97
5 1.84% to 5.22% 1.35 1.35% to 6.07% 1.35
10 5.66% to 7.27% 0.60 5.66% to 13.65% 2.54
15 —11.53% to —1.52% 4.60 —11.00% to —0.72%. 491
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Table 6 The Stability Test Results of O®-Methylguanine

Stability Experiments Stable to-
Short-term storage (24 h. 25°C) 24 h
Long-term storage (freezer —20°C) 7 days
Autosampler (24 h) 24 h

Conclusion

In conclusion, the method for

methylguanine in Dried Blood Spot was successfully
developed and validated. Compared with the previously
used method,” this method has improved with a less
invasive biosampling method and a smaller volume of
blood samples. The method provides a rapid, sensitive,

and selective analysis of O°methylguanine using

UPLC-MS/MS  with a
between 0.5-20 ng/mL.

linear
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