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Introduction: Acrylamide is a genotoxic substance that can be found in cigarette smoke. Acrylamide is metabolized by the CYP2E1
enzyme in the body to form glycidamides, an epoxide that is reactive to DNA and can form carcinogenic adducts. Therefore, exposure
to acrylamide can potentially cause cancer. This study aims to analyze the levels of acrylamide and glycidamide in dried blood spot
samples of smokers using propanamide as an internal standard and non-smokers as the control subjects.
Methods: Dried blood spot samples were extracted using the protein precipitation method and then analyzed by liquid chromato-
graphy-tandem mass spectrometry. Mass detection was performed using positive type electro spray ionization and multiple reaction
monitoring type with m/z 72.0>55.02 for acrylamide, 88.1>45.0 for glycidamide, and 74.0>57.1 for propanamide as the internal
standard.
Results: Acrylamide and glycidamide levels in the dried blood spot sample of smokers ranged between 3.91 –10.25 µg/mL and
1.006–3.58 µg/mL, respectively. Data of the non-smokers on acrylamide and glycidamide levels were 0.75–3.16 µg/mL and 0–0.91
µg/mL.
Discussion: The significant value of acrylamide and glycidamide between smokers and non-smokers was p < 0.05, which showed that
there is a significant difference between acrylamide and glycidamide concentration in smokers and non-smoker subjects. The results of
this study suggest that dried blood spots can be used to determine acrylamide and glycidamide levels in humans. Theoretically,
acrylamide and glycidamide concentration should correlate to each other; however in reality, there are other factors (such as CYP2E1
polymorphism, dietary intake, etc) that can cause variation in their respective concentration.
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Introduction
Smoking is a known health problem. In Indonesia, about 31.0% of the people above the age of 17 smoke cigarettes.1

Tobacco contains a lot of harmful chemicals, among which is acrylamide (AA). Exposure to AA can cause toxic effects
such as nephrotoxicity, reproduction toxicity, and is carcinogenic in experimental animals.2 AA is metabolized by
CYP2E1, producing glycidamide (GA). The International Agency of Research on Cancer (IARC) has classified AA
into group 2A, which is a compound that might cause cancer in humans.3 Glycidamide has been found to bind with DNA
to form several DNA adducts. The most common form of GA DNA adduct is N7-GA-guanine.4

Currently, there are a lack of understanding of the risk of exposure to AA and GA from smoking. To predict the risk
of exposure to AA and GA in humans, we can measure its concentration in the blood. Therefore, the analysis needs to be
done with a method that is both specific and sensitive. Liquid Chromatography-Tandem Mass Spectrometry (LC-MS
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/MS) can be used to quantify AA and GA concentration in blood. Previously, research on AA and GA has been carried
out in various biological matrices5 and toxicokinetic tests of AA and GA have been carried out in mice.6 Also, analysis of
AA in dried blood spots of lung cancer has been done.7 Meanwhile, there is no analysis method for the simultaneous
analysis of AA and GA in smoker’s DBS samples.

This study aims to determine the levels of AA and GA, with propanamide (PA) as the internal standard in blood
samples from subjects who smoke and healthy subjects who do not smoke (controls) using LC-MS/MS. Compared to the
study that has been done by Harahap et al7 on acrylamide, this study adds the analysis of GA content in DBS sample of
smokers as well. Previously, a validated method of AA and GA in DBS has been developed.7 In this study, we used
a modified method that was optimized and validated by Harahap et al.7

Materials and Methods
Chemicals and Materials
Acrylamide, Glycidamide, and Propanamide were purchased from Sigma-Aldrich (Singapore). Formic acid HPLC grade,
methanol HPLC grade, and acetonitrile HPLC grade were obtained from Merck (Darmstadt, Germany). Whatman® 903
Protein Saver Card was obtained from Sigma-Aldrich. The whole blood was from Palang Merah Indonesia (Indonesian
Red Cross Society).

Preparation of Solutions and Standards
AA, GA, and PA stock solutions were prepared by dissolving 10 mg of each substance in 10 mL of ultrapure water to
obtain a concentration of 1000 μg/mL. The stock solution of AA and GA was diluted with whole blood to obtain the
working solution at a range of 1–40 μg/mL. Quality control samples (QCs) of AA and GA were prepared separately in
the same procedure with the working solution at a concentration of 3 μg/mL, 30 μg/mL, and 45 μg/mL for low (QCL),
medium (QCM), and high (QCH) concentration. The stock solution of PA was diluted with ultrapure water to obtain
a concentration of 10 μg/mL.

Sample Preparation
The working solutions of AA and GA were spotted as much as 30 μL on the DBS paper and then dried at room
temperature for 2 h. After drying, 100 μL of the internal standard (10 μg/mL PA solution) was added to the sample cup.
The analytes were extracted using 500 μL methanol and ultrapure water (1:1). The mixture was vortexed on a vortex
mixer for 30s, sonicated for 5 min, and centrifuged at 4015 g for 1 min. Then, 400 μL of the supernatant was evaporated
under nitrogen gas at 45°C for 1 h and pressure 5 psi. The dried sample was reconstituted with 100 μL of 0.2% formic
acid in water and acetonitrile (60:40 v/v) and sonicated for 15 min. The sample was vortexed on a vortex mixer for 30s
and centrifuged at 737 g for 5 min. Then, 70 μL of the supernatant was inserted into a vial and 5 μL of the final mixture
was injected into LC-MS/MS.

LC-MS/MS
The analysis was performed with LC-MS/MS using the Acquity UPLC BEH C18 column (1.7 μm; 100 mm × 2.1 mm).
The mobile phase was a mixture of 0.2% formic acid in water and acetonitrile (60:40 v/v) with gradient elution.
Detection was carried out at a mass spectrometer, using positive ESI and MRM type, with m/z 72.0>55.02 for AA,
88.1>45.0 for GA, and 74.0>57.1 for PA. The capillary voltage used is 3.50 kV with 22V cone voltage for AA and PA,
and 16V for GA. Desolvation temperature, gas flow rate, and gas cone source flow rate were set at 400°C, 650 L/h, and 1
L/h. The voltage in the collision chamber for AA, GA, and PA is 8V, 9V, and 9V, respectively. The injection volume used
is 5 μL.

Method Validation
Analysis of AA and GA in DBS was performed by using a validated bioanalysis method from Harahap et al.8 The partial
validation assay is used to validate modifications of the previously fully validated bioanalysis method. The partial
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validation assay was performed based on the Food and Drug Administration guidelines for the validation of bioanalysis.
The partial validation parameters are linearity, accuracy, and precision.9

Selectivity and Specificity
The selectivity and sensitivity were evaluated by analyzing six different blank whole blood and whole blood at LLOQ
concentrations. The endogenous interference value should be less than 20% of the peak area at the LLOQ concentration
and should be less than 5% of the internal standard.

Carry Over
Carryover was tested by injecting concentrations of AA and GA on Upper Limit of Quantification (ULOQ), blank, and
LLOQ, respectively, for five replicas. The resulting interference value should be less than 20% of the peak area of the
analyte at LLOQ concentration.

Linearity
All calibration curves consisted of a blank sample, zero samples, and a concentration range of 1–40 μg/mL for both AA
and GAwere spotted onto the DBS card. The sample was analyzed by plotting the peak area ratio between the peak area
of AA and PA. The calibration curve is acceptable if correlation (r) is greater than 0.98, the non-zero calibration
concentration has a concentration of ± 15% of the theoretical nominal concentration, except for LLOQ ± 20% of the
nominal concentration. A least six non-zero calibration concentrations and 75% of the non-zero calibration concentration
must meet the above criteria in any validation process.

Accuracy and Precision
Accuracy and precision were performed in five replicates for each analysis at concentrations of LLOQ, QCL, QCM, and
QCH for AA and GA, respectively. The comparison of nominal concentration and theoretical concentration was
calculated for accuracy and %CV value for precision value. The accuracy and precision are acceptable if the
concentration ratio value and %CV should not exceed ± 15% for all concentrations except for LLOQ should not exceed
± 20%.

Recovery
The recovery test was assessed by comparing the extracted sample with the blank sample that was spiked post-extraction
at QCL, QCM, and QCH concentrations.

Dilution Integrity
A dilution integrity test was conducted on five replicas of 5000 ng/mL acrylamide and glycidamide blood samples for
each dilution factor. The dilution must not affect accuracy and precision with the requirement of nominal concentration
values and %CV must not exceed ± 15%.

Matrix Effect
The matrix effect was analyzed by comparing the AA, GA, and PA peak area in the standard solution and the blood. The
matrix effect test meets the requirements if the % CVof the matrix factor normalized by the internal standard is not more
than 15%.

Stability
The stability of DBS samples and stock solutions at room temperature (25°C) and refrigerator (4°C) were determined.
Stability was assessed from the ratio between the peak area of the measurement results of the sample after being
stored under certain conditions for a certain time to the peak area of the measurement results of the sample prepared
shortly before injection. The obtained value should not exceed 15% except for the stock solution should not
exceed 10%.
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Analysis of Acrylamide and Glycidamide in DBS of Smokers
This study has obtained an ethical review from the Human Research Ethics Committee of Universitas Indonesia with the
number KET-147/UN2.F1/ETIK/PPM.00.02/2020 which comply to the Declaration of Helsinki. Dried blood spots were
collected from 48 subjects consisting of 22 smokers and 26 non-smokers as control subjects. The smokers’ subjects
contain 18 males and four females, whereas the non-smokers’ subjects contain 23 males and three females. All of the
subjects signed the informed consent as a form of willingness to participate in the study. All subjects filled out the
questionnaire about habits of smoking and consuming foods containing AA.

The study inclusion criteria of the smoking group were smokers aged >17 years, consuming ≥10 cigarettes/day, and
exposed to cigarette smoke from the environment. The study inclusion criteria of the non-smoker subjects were aged 6–
75 years, not an active or passive smoker, consuming foods that contain a small amount of AA, and was willing not to
consume those foods for at least 72 hours before and during the blood sampling process.

Blood samples were taken by finger prick with a sterile lancet needle and ± 100 µL blood samples were collected in
a 0.5 mL K3EDTA vacutainer. Thirty microliters of blood was immediately spotted on the DBS paper using a calibrated
pipette and dried for about 2 h at room temperature. The DBS paper was stored in a sealed bag containing a silica gel at
room temperature until the time for analysis. Data processing was performed on the results of AA and GA analysis in
DBS samples of smokers and non-smokers. Significant differences between smokers and non-smoker subjects were
obtained from statistical tests performed using the independent sample t-test and Mann–Whitney test.

Results and Discussion
Chromatography System and Sample Preparation
A triple quadrupole LC-MS/MS with multiple reaction monitoring (MRM) mode was used in this study because
simultaneous analysis of AA and GA needed an analytical method that is both selective and sensitive. LC-MS/MS
with triple quadrupole is accurate, sensitive, and comprehensive because it can detect the parent ions and fragments
of parent ions after collision (daughter ion) at the same time.10 Multiple reaction monitoring gives a high selectivity
and low interference because it monitors a predetermined precursor (parent) ion and product (daughter) ion pair.11

One of the key aspects of analyses in any biological matrix, especially blood, is the sample preparation method.
A proper sample preparation method should be able to separate analytes from other biological components. The sample
preparation method used in this study is described above. The method that was used is protein precipitation. It was
chosen because it was rapid, adaptable to high throughput screening, and relatively simple.

Full Validation
The method used in this study is applied from a full validated method of AA and GA analysis in DBS using LC-MS/MS
that was performed by Harahap et al.8 The method was validated according to FDA’s guidelines. All parameters tested
were valid according to FDA guidelines. The method was also linear in the concentration range of 1–40 µg/mL. The
results of accuracy-precision and matrix effect are shown in Table 1.

Partial Validation
Partial validation was conducted to ensure that the modified bioanalytical method from Harahap et al7 was still valid. The
partial validation parameters that were done in this study were within-run accuracy, precision, and calibration curve. The
result showed that the parameters tested were within FDA requirements. The accuracy results showed that % diff value was
in the range of −19.30% to 18.33% at LLOQ concentration and −11.49% to 14.15% at QCL, QCM, and QCH concentration
for AA. The accuracy-test for GAwas in the range of 3.49% to 19.01 at LLOQ concentration and −14.44% to 12.63% at all
other concentrations. Furthermore, the result of the precision test for AA and GA respectively were in the range of 0.33% to
16.68% and 5.41% to 11.43%. These results are shown in Table 2. The calibration curves were linear at the concentration
range of 1–40 µg/mL with the correlation coefficient (r) 0.9978 and 0.9971 for AA and GA, respectively.
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Table 1 Accuracy-Precision and Matrix Effect

Analyte Conc. Accuracy Precision Matrix Factor Internal Standard
Normalized Matrix Factor

Within-Run Between-Run Within-Run Between-Run Mean % ± SD CV% Mean % ± SD CV%

AA LLOQ −6.677 −0.689 10.646 10.071
QCL 9.093 7.949 5.241 6.617 103.857 ± 7.450 7.173 1.010 ± 0.085 8.391

QCM −6.938 −5.389 4.347 6.134

QCH 4.031 −1.970 0.91 5.985 99.803 ± 3.561 3.568 0.970 ± 0.051 5.251

GA LLOQ 2.780 0.950 7.163 5.834

QCL −5.720 −6.213 8.589 8.061 95.461 ± 8.381 8.780 0.929 ± 0.098 10.499
QCM −5.323 −2.743 8.618 6.621

QCH −5.211 −5.628 4.395 6.795 101.040 ± 4.920 4.869 0.982 ± 0.057 5.787
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Analysis of Acrylamide and Glycidamide in DBS of Smokers
The analysis results showed that all of the smoker’s samples contained AA and GA. Overall, the lowest AA concentra-
tion found was 3.91021 µg/mL in SP08, and the highest level was 10.2582 µg/mL in SP7. Meanwhile, the lowest
concentration of GA was 1.0062 µg/mL in SP11, and the highest concentration was 3.5801 µg/mL in SP2. The
chromatogram of the subject mentioned were shown in Figure 2. Figure 2A shows the sample of subject SP8, (B)
sample of subject SP7, (C) sample of subject SP11, and (D) sample of subject SP2.

The average concentration of AA in the DBS samples of smokers was 6.8277 µg/mL, while the average GA
concentration was 1.78768 µg/mL. AA and GA content in both smoker subjects and non-smokers control are

Table 2 Accuracy-Precision of Partial Validation

Analyte Conc. Accuracy Within-Run Precision Within-Run

AA LLOQ −8.45 16.68
QCL 7.44 10.00

QCM 12.82 0.33
QCH −3.22 8.88

GA LLOQ 12.40 5.41
QCL −6.55 8.88

QCM −4.43 11.43
QCH −2.02 10.47

Figure 1 SP: Subject code for the subject group of smokers, SN: Subject code for the subject group of non-smokers. (A) Acrylamide levels in smokers and non-smokers, (B)
Glycidamide levels in smokers and non-smokers.
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Figure 2 Chromatogram of the analytes in the smokers. (A) Sample of subject SP8, (B) sample of subject SP7, (C) sample of subject SP11, and (D) sample of subject SP2.
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summarized in Figure 1. Figure 1 shows the acrylamide and glycidamide contents in subjects. Figure 1A is the AA
concentration in smokers and non-smokers, Figure 1B is the GA levels in the two groups of subjects.

The analysis results of non-smoker’s DBS samples showed that all of the samples contained AA in a certain
concentration, but not all the samples contained GA. The AA and GA found in non-smoker’s DBS samples were
much lower than those found in smoker subjects. The lowest AA concentration found was in the subject code of SN22,
0.7585 µg/mL, and the highest concentration was in the subject code of SN1, 3.1607 µg/mL. Seven of the non-smoker’s
DBS samples showed no trace of GA. The highest GA concentration found was 0.9143 µg/mL in SN21. The average
concentration of AA and GA in the DBS samples of non-smoker were 1.6722 µg/mL, and 0.4718 µg/mL, respectively.
The chromatogram of non-smokers mentioned are shown in Figure 3. Figure 3 shows the chromatogram of the analytes
in the non-smokers. Figure 3A is the sample of subject SN22, Figure 3B is the sample of subject SN1, and Figure 3C is
the sample of subject SN21.

This study found that cigarettes contribute to the increase of AA and GA concentrations in smoker subjects compared
to non-smoker subjects. Based on the statistical test data, the significant value (p-value) between AA smokers and non-
smokers was p < 0.05 and the significant value between GA smokers and non-smokers was p < 0.05. It can be concluded
that there is a significant difference between AA and GA concentration in smokers and non-smokers. Smoker subjects
have varying concentrations of AA and GA due to several factors such as differences in the number of cigarettes smoked,

Figure 3 Chromatogram of the analytes in the non-smokers. (A) Sample of subject SN22, (B) sample of subject SN1, and (C) sample of subject SN21.
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dietary intakes, genetic factors, and time since the exposure of acrylamide. The AA concentration in 1 cigarette is 1 µg or
more.12 Besides cigarette smoke, a high amount of AA is also found in potato chips, French fries, and coffee.13

There are still small concentrations of AA and GA in non-smoker subjects even though they are not smoking
a cigarette. This might occur due to consuming some foods that contain acrylamide. However, the concentrations of AA
and GA in non-smokers were lower than in smoker subjects. SP7 is the smoker subject with the highest AA concentra-
tion. Based on the data obtained from the questionnaire about the habit of smoking and dietary intake as shown in
Table 3, SP7 consumes the most foods that contain AA, has been an active smoker for a several years, is exposed to
cigarette smoke from family, friends, and the environment. SP2 has the highest GA concentration, not SP7. This result is
caused by the metabolism of AA in the human body. AA can be metabolized to GA by the enzyme CYP450 2E1 or can

Table 3 Smoker Subject Eating Habit and Family Exposure

Subject
Code

Food Consumptions Smoke from Family

Crisps
(Potato, Cassava,

etc)

French Fries Coffee Total Score

SP1 1 1 4 6 No

SP2 2 1 2 5 Yes

SP3 1 1 4 6 Yes

SP4 1 4 2 7 Yes

SP5 1 2 3 6 Yes

SP7 4 4 4 12 Yes

SP8 2 0 0 2 Yes

SP9 4 1 4 9 Yes

SP11 2 1 4 7 No

SP12 2 1 4 7 No

SP13 3 2 4 9 No

SP14 1 2 4 7 Yes

SP15 2 1 3 6 Yes

SP16 1 4 1 6 Yes

SP17 2 1 4 7 No

SP18 2 2 4 8 Yes

SP19 3 2 2 7 No

SP20 3 2 4 9 Yes

SP21 3 1 4 8 Yes

SP22 2 2 1 5 Yes

SP23 2 2 3 7 Yes

SP25 1 0 1 2 Yes

Average 6.72

Notes: 0: Not at all;1: rarely (<4 servings in a month); 2: often (1–2 servings in a week); 3: very often (3–4 servings in a week); 4: most often (>4 servings in a week).
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be conjugated with GSH to be excreted in urine.14,15 Because of this, not all AAwill be converted into GA. However, at
least 6% of AA is converted to GA.16 The enzyme activity in the human body as influenced by genetic factors and habits
such as alcohol consumption and smoking, which cause enzymes to have different levels of catalytic activity. In addition,
the T-allele of rs2480258 was found to reduce CYP2E1 activity and thus decrease its ability to convert AA into GA in the
body.17 Therefore, the ratio of AA and GA are varying.

Previously, there have been studies that analyze AA in DBS sample of lung cancer patients, though that study only
analyzes AA without GA.7 The result of said study7 shows that there is no significant difference between AA levels of
lung cancer patients and healthy subjects. This could be caused by factors such as patients have stopped smoking for
some time, dietary intakes, etc. Besides GA, to predict risk of exposure from AA, N7-GA-guanine can also be used as
a biomarker. However, there have not been any studies that uses N7-GA-guanine in DBS sample to predict AA exposure.
DBS can also be used to analyze other compounds such as O6-methyl-guanine, a cyclophosphamide DNA adduct.18

Conclusion
The levels of AA in smoker subjects ranged from 3.91 µg/mL to 10.25 µg/mL of blood, and the GA is 1.006–3.58 µg/mL
of blood. The significant value of both AA and GA between smokers and non-smokers was p < 0.05, which indicated that
there is a significant difference between AA and GA concentration in smokers and non-smokers. In theory, acrylamide
and glycidamide concentration should correlate. However, there are other factors (such as CYP2E1 polymorphism,
dietary intake, etc) that can cause variation in their respective concentrations. These results suggest that DBS can be used
to determine the concentration of AA and GA in human blood.

Ethical Approval
This study has obtained an ethical review from the Human Research Ethics Committee of Universitas Indonesia with the
number KET-147/UN2.F1/ETIK/PPM.00.02/2020 which comply to the Declaration of Helsinki.
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All subjects signed the informed consent as a form of willingness to participate in the study. All subjects filled out the
questionnaire about habits of smoking and consuming foods containing AA.
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