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Abstract
Background and Objective: Acrylamide (AA) is a carcinogenic substance that is easily found in working environment, food, contaminated
air and tobacco smoke. This substance can be distributed rapidly through all body compartments. The aim of this study is to get the
method for determining acrylamide in dried blood spot. Materials and Methods: Dried blood spot was used as the bio-sampling method
and was optimized and validated by using propranolol as the internal standard. The sample was prepared using a protein precipitation
technique optimized. Reversed-phase chromatography with Acquity® UPLC  BEH C18 column (1.7, 2.1× 100 mm) was used for compound
separation. Results: Optimized analytical condition for this substance was eluted with the flow rate of 0.20 mL/min under a gradient of
the mobile phase of 0.1% formic acid in water and acetonitrile within 3 min. Triple quadrupole mass spectrometry with electrospray
ionization (ESI) in positive mode was used as quantification analysis. The Multiple Reaction Monitoring (MRM) was set at m/z 71.99>55.23
(m/z) for acrylamide and 260.2>116.2 (m/z) for propranolol. The range of concentration was linear within 2.5-100 µg mLG1. Conclusion:
All the validation parameters were fulfilled the criteria in US FDA Guideline for Bioanalytical Method Validation 2018.
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INTRODUCTION

Acrylamide (AA) is a carcinogenic compound. This
compound is found in the working area, food, drinking water,
contaminated air and tobacco smoke1,2. A high level of
acrylamide is in food that contains a high level of
carbohydrate and protein, which is going through fried, baked
and another heating process. Crisp fried potato, popcorn,
biscuit, bread, chocolate powder, coffee powder and beer
contain high-level acrylamide2,3. The comparison of acrylamide
levels between smoking and non-smoking laboratory workers
shows a significant difference in result. The workers who
smoke have 54 pmoL gG1 acrylamide. On the other hand, the
workers who do not smoke have 31 pmoL gG1 acrylamide4.
Each tobacco contains 2.40 :g acrylamide5.

Acrylamide is rapidly absorbed into systemic and then
distributed to all tissue. These substances are going through
metabolism in the body and excreted from urine. This
compound interacts with protein and DNA forming a DNA
adducts6. Some acrylamides is going through phase one
metabolism converted to glycidamide7‒9. This compound also
interacts with nitrogen of DNA base forming DNA adducts.
Acrylamide has a reactivity mechanism with three different
pathways. The pathways include the polymerization of
acrylamide to polyacrylamide, the carbanion addition to
positions " and $ form genotoxic acrylamide10,11 and the
acrylamide oxidation into epoxide metabolite, glycidamide9,10.
The determination of AA levels in biological fluids is essential
because of the potential risk of AA exposure. Methods for AA
quantification in biological fluids have been carried out in
different biological matrices12‒14. The toxicokinetic tests have
also been carried out in human and rat serum15. However, the
research uses venipuncture as a method of bio-sampling and
d3-acrylamide as an internal standard12,15. The venipuncture
method has disadvantages such as; a problematic protocol for
obtaining, storing and distributing blood. This method also
requires a certified phlebotomist, lots of equipment and gives
patients pain16‒18. The labeled radioisotope used as an internal
standard is very expensive. Isomer or another compound that
has the same characteristic with AA can replace the
radioisotope's internal standard. The methods test parameters
refers to US FDA’s Bioanalytical Method Validation Guidance.
The parameters include selectivity, linearity, Lower Limit Of
Quantification (LLOQ), accuracy and precision, recovery, carry
over, dilution integrity, matrix effect and stability19. Therefore,
this study aims to obtain a validated method for AA in dried
blood spots with propranolol as its internal standard.

MATERIALS AND METHODS

This study was conducted in December, 2018 to June,
2019 at the Bioavailability and Bioequivalence Laboratory,
Faculty of Pharmacy, Universitas Indonesia, Depok, West Java,
Indonesia.

Materials: Acrylamide and propranolol were obtained from
Sigma-Aldrich (Singapore). Formic acid, acetonitrile and
methanol were a product of Merck (Darmstadt, Germany).
Aqua bidestilata was purchased from Wiloso (Indonesia).
Blood with hematocrit 35, 38, 40, 42, 45 and 48% were
obtained from Indonesian Red Cross Society/Palang Merah
Indonesia (Indonesia). The Perkin Elmer 226 (Waltham, USA)
was used for analysis.

UPLC-MS/MS condition: The experiment performs 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
ionization (ESI+). Data were obtained by the MasslynxTM NT4.1
software and interpreted by QuanLynxTM program (Waters
Corp., Milford, MA, USA). A reverse-phase Acquity® UPLC BEH
C18 column (1.7 :m, 2.1×100 mm, Waters, Milford, MA, USA)
was   utilized   to   separate   the   analyte.   The   flow  rate was
0.2 mL/min under gradient condition with a combination of
formic acid 0.1%-acetonitrile as the mobile phase. The
injection  volume  was  10  :L and the duration of elution was
3 min.

Preparation of stock and working solution: The acrylamide
stock  solution  was  prepared  by  dissolving 10 mg of AA to
10 mL of ultrapure water. This stock solution was prepared by
diluting of stock solution. Propranolol stock solution was
prepared at 1.0 mg mLG1 in methanol. This stock solution
diluted to obtain a working solution. All solutions were stored
at 4oC and brought to room temperature before use. 

Preparation of calibration standards and Quality Control
(QC) samples: The calibration standards consisted of a
minimum of seven concentrations, a blank sample (without IS)
and zero samples (with IS). Calibration standard
concentrations (2.5, 5, 7.5, 15, 50, 25, 75 and 100 :g mLG1)
were obtained by spiking 500 :L blood. Four different QC
samples for acrylamide were prepared separately at the
concentration of 2.5, 7.5, 50 and 100 :g mLG1 for Lower Limit
of Quantification (LLOQ), quality control low, medium and
high.
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Preparation of sample in dried blood spot: The calibration
and QC sample solution were spotted to DBS cards with
volume 30 :L and let dry for at least 2 h. Complete drying
process was indicated by blood colors changing from red to
brownish color. The circled spot is cut and transferred to the
microtube.  The  internal  standard  with  a  concentration  of
10 :g mLG1  was added to the microtube for 100 :L. Methanol
as extraction solvent was added for 500 :L to the microtube.
Then,  the  tube  was  being  a  vortex for 1 min, sonicated for
5 min and centrifugated at 4.015 g for 1 min. After that, 400 :L
supernatant was evaporated under nitrogen with the 40EC
and pressure 8 psi. The dried sample was reconstituted with
100 :L of 0.1% formic acid-acetonitrile (60:40) and sonicated
for 20 min. Then, the sample was vortexed for 30 sec and
centrifugated at 737 g for 3 min. Finally, 10 :L of sample was
injected to UPLC-MS/MS .

System suitability test: System suitability was tested after
optimization of analytical condition to ensure the quality
performance throughout the run. The acceptable criteria for
system suitability20 is CV%<6%.

Selectivity: The selectivity was estimated by investigating six
blank matrices and blank matrix spiked with AA and IS. The
endogenous  interference   co-eluted   with   the   analyte’s
peak  areas  should  be  lower  than  20% of the peak area of
the  LLOQ  standard  and  lower than 5% of the peak area of
the IS19.

Carry-over: The carry-over parameter was valued by injecting
Upper Limit of Quantification (ULOQ), blank and LLOQ,
respectively for five times. The peak area should be less than
20% of the peak area of analyte at LLOQ and 5% of the peak
area of IS19.

Lower Limit of Quantification (LLOQ): The lower limit of
quantification was assessed by analyzing blank matrix spiked
with ½ or ¼ of the acrylamide lowest concentration. This
analysis was run for five replicates in at least 3 times runs. The
analyte response for accuracy should be ±20% of nominal
concentration and precision should be ±20% CV19.

Linearity and range: Linearity and range were obtained from
the calibration curve. It includes a least six concentrations, plus
blank sample (without IS) and zero sample (with IS). Linearity
for biological fluid was acceptable when correlation (r) was
greater than 0.98 and the differential percentage was within
±15%   for   nominal   concentration,   ±20%   for   LLOQ.  All

calibration curves were calculated by the weighted regression
method (1/x) by the peak area ratios of the analyte to the
internal standard versus the nominal concentration19.

Accuracy and precision: Accuracy and precision were
evaluated for intra and inter-day by assaying five replicates of
LLOQ, L, M and H quality control in three consecutive
validation days. The criteria accepted with ±15% relative error
from the theoretical values and within ±15% relative standard
deviation except for at LLOQ, where it should not differ by
more than19 ±20%.

Recovery: Recovery results were evaluated by dividing
extracted samples by extracts of blanks spiked with the
analyte post-extraction at L, M and H quality control. The
criteria for coefficient variance (CV%) on recovery values
should not be greater than19 ±15%.

Dilution integrity: Dilution integrity is estimated with 5
replications for each concentration. This test was carried out
to overcome the sample concentration above the ULOQ
calibration curve. The acceptance criteria for this test are diff%
and CV% must be less than19 ±15%.

Matrix effect: The matrix effect is evaluated from six lots of
blood. These blood were spiked by analyte at QCL and QCH
with 2 replications for each concentration. The coefficient
variance (CV%) that acceptable for this criterion must not be
greater19 than 15%.

Stability: The stability of long-term and short-term stock
solutions of acrylamide and propranolol were evaluated each
with two replications. Long-term stability is measured on day
0 and  30.  Besides, short-term stability is assessed at 0, 6 and
24 h. The diff% requirement for stock solution stability is less
than ±10%19. Both long term and short term stability at low
and high QC were stored inside desiccant-containing sealable
plastic. The sample for short term stability was examined at 0,
6 and  24  h.  The  long  term  stability  was analyzed at 0 and
28 days. The auto-sampler stability was analyzed at low and
high QC with a sample left in the auto-sampler at 30oC and
was measured at 0 and 24 h. The diff% provision for sample
stability19 is less than ±15%.

Statistical analysis: This research does not require any
statistical analysis. The full validation follows Bioanalytical
Method Validation Guidance issued by FDA 2018.
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RESULTS

Selection of the IS: Propranolol with the same functional
group and physicochemical properties was selected to be the
internal standard to increase the accuracy, precision and
robustness of quantitation.

Optimization of mass condition: Both acrylamide and
propranolol have basic properties due to an amine functional
group in their chemical structure. Therefore, electrospray
ionization in this analysis was set to positive mode. The mass
spectrometric detector optimization was set with capillary
voltage 3.50 kV and cone voltage 50 V. Source temperature
was set to 400EC with gas desolvation flow rate 650 L hG1  and
cone gas source 1 L hG1. The cone voltage for acrylamide and
propranolol, respectively 26 and 36 V.  The  collision  energy is 

8 V for acrylamide and 18 V for propranolol. Figure 1 showed
the fragmentation of  both  acrylamide  and  propranolol.
High-intensity showed spectra signal at m/z 71.99>55.23 for
acrylamide and 260.16>116.04 for propranolol.

Optimization of mobile phase combination: Three types of
mobile phase combinations were tested for this optimization:
(i) Formic acid 0.1%-acetonitrile, (ii) Formic acid  0.1%  in
water-formic acid 0.1% in acetonitrile and (iii) Methanol 5% in
formic acid in 0.1% formic acid-acetonitrile. This combination
was examined in isocratic methods with the composition of
the aqueous phase and organic phase 50:50. The flow rate was
set to 0.2 :L/min. The analyte concentration for analysis was
1 ppm. The result showed the combinations of 0.1% formic
acid-acetonitrile create the best chromatogram's shape with
the largest area.

Fig. 1(a-b): Fragmentation spectrum of (a) Acrylamide and (b) Propranolol

1324

(b) 

[M+H]+ = 260.16 

100 

 

0 
  90   100  110 120  130 140  150  160 170  180 190  200 210  220  230 240  250 260  270 

Optimized daughter spectrum (at collision energy 8 V) 

4.080e+006 

Parent ion 
m/z 260.16 

m/z 116.04 
C6H14NO>116.0453 

Daughter ion 
m/z 116.04 

H3C H 
N 

CH3 

OH

O

10.0            20.0            30.0            40.0             50.0            60.0            70.0            80.0 

(a) 

H2C 
O 

55.23 
NH2 

C3H3O3>55.23 

Daughter ion 
m/z 55.23 

[M+H]+ = 71.99 
4.646e+005 

Parent ion 
m/z 71.99 

100 

 

0 

Optimized daughter spectrum (at collision energy 8 V) 

Pe
rc

en
ta

ge
  

Pe
rc

en
ta

ge
  



Pak. J. Biol. Sci., 23 (10): 1321-1331, 2020

Table 1: Gradient elution type 1 profile
Time (min) Mobile phase A (%) Mobile phase B (%)
0.00 40 60
0.50 60 40
1.00 60 40
1.20 50 50

Table 2: Gradient elution type 2 profile
Time (min) Mobile phase A (%) Mobile phase B (%)
0.00 40 60
0.50 50 50
1.00 50 50
1.20 40 60

Table 3: System suitability test by area
Area
--------------------------------------------------------

Variables AA IS
1 2862153 3846354
2 2967478 3751031
3 2887280 3777948
4 3004017 3721459
5 3009826 3695718
6 2972944 3685402
AVG 2950616 3746319
SD 61607 59864
CV (%) 2.09 1.60
AA: Acrylamide, IS: Internal standard 

Table 4: System suitability test by retention time
Retention time
---------------------------------------------------------

Variables AA IS
1 1.28 1.50
2 1.28 1.51
3 1.28 1.50
4 1.28 1.50
5 1.28 1.49
6 1.28 1.50
AVG 1.28 1.50
SD 0.00 0.06
CV (%) 0.00 0.42
AA: Acrylamide, IS: Internal standard 

Optimization of mobile phase composition: Composition of
the optimized mobile phase with ratio 90:10, 60:40; 50:50 and
40:60 were examined for this optimization. The flow rate was
set to 0.2 :L/min and concentration for analysis was 1 ppm.
Based on the result, the ratio 40:60 was shown as the best
composition for analysis with low retention time and the best
appearance of the chromatogram.

Optimization of flow rate: The optimized combination and
composition of the mobile phase were used for the
optimization  of  the  flow  rate.  The  flow rate was tested at
0.1 and 0.2 mL/min. The chosen flow rate was 0.2 mL/min,
which based on the area and the shape of the analyte
chromatogram.  Increasing  the  flow  rate  was  necessary  and

faster retention time, more extensive area, with sharper peak.
However, a higher flow rate increases the column pressure
leads to reducing the life of the column.

Optimization of mobile phase gradient elution:
Optimization under isocratic conditions provides a
chromatogram with a large area, but the chromatogram
presented has tailings and front lines. Therefore, gradient
elution are needed to increase elution strength and create
sharper peaks and larger areas. Gradient elution are shown in
Table 1 and 2. These elution profiles were processed in the
same duration of 3 min with changes in profile elution in 0.5,
1 and 1.2 min. The second profile was chosen based on the
results which gave a larger area and better appearance of the
chromatogram.

System suitability test: After optimization of analytical
condition, system suitability was tested to ensure the quality
performance throughout the run. System suitability test
shown in Table 3 and 4. The performance of the system for
both acrylamide and propranolol fulfill this criterion with CV%
of area was 2.90 and 1.60%, respectively. The coefficient
variance percentage of retention time for each compound was
0% and 0.24%, respectively.

Optimization of sample preparation: Several steps of this
preparation were being optimized. The extraction scheme was
presented in Fig. 2.

Optimization of extracting solution and volume of
extracting solution: The extracting solution optimized with
methanol, methanol-water (1:1) and methanol-water (4:1). The
optimization uses 500 µL of solution. Based on the Peak Area
Ratio (PAR), the best solution for extraction was methanol. This
solution gives the most significant peak area. Then, the
volume of the extracting solution was optimized. The
experiment uses 500, 800 and 1100 µL of solution. The chosen
volume was 500 µL. The increase of extracting volume leads to
enhancement of PAR, but the duration to evaporate solution
also increases, respectively. Therefore, the chosen volume for
extracting the solution was 500 µL.

Optimization of vortex and sonication’s duration: Vortex is
a mixing process for homogenization of heterogeneous
solution. The optimization was done in the beginning and at
the end of the sample preparation step with duration at 30, 60
and 180 sec. The optimal duration for each first and last vortex
was at 60 and 30 sec.
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Whole blood with AA

Blood spots to DBS card

Dried the DBS card at least 2 h

Cut the blood spot

Place the blood spot into a microtube

Add 100 L of IS

Add 500 L of methanol

Vortex, sonicate and centrifugate the sample

Take 400 L of supernatant

Evaporate the supernatant under nitrogen
with low vapor pressure 

Reconstitute the sample with composition 
formic acid 0.1%-acetonitrile (60:40)

Sonicate, vortex and centrifugate
 the reconstituted sample 

Transfer sample to insect-vial

Analyze the sample with UPLC-MS/MS

Fig. 2: Scheme of sample preparation

Table 5: Data of centrifugation rate optimization
Area
--------------------------------

Centrifugation rate AA IS PAR
4000 178861 880463 0.2031

178842 885770 0.2019
179116 879309 0.2037

16000 125640 948382 0.1324
125895 946869 0.1329
124899 921145 0.1355

PAR: Peak area ratio, AA: Acrylamide, IS: Internal standard

Table 6: Data of duration of centrifugation
Area
--------------------------------

Centrifugation time (min)+1 AA IS PAR
1 160412 1187184 0.1351

165502 1156384 0.1431
166721 1164245 0.1432

3 71556 0978374 0.0731
71588 0982525 0.0729
72358 0985764 0.0734

5 71269 0973429 0.0732
70593 0973425 0.0725
70323 0979709 0.0718

PAR: Peak area ratio, AA: Acrylamide, IS: Internal standard 

Table 7: Data of acrylamide’s inter-day calibration curve
Replica inter-day R Slope Intercept (a)
1 98921.08 0.00000314 0.0124
2 100168.59 0.00000319 0.0108
3 98029.63 0.00000280 0.0211
Mean 99039.77 0.00000304 0.0148

Sonication is an ultrasound-assisted extraction. The
mechanical vibration affects the molecular disruption altering
the binding of sample and matrix. Beside, sonication step was
optimized in the beginning and the last step of preparation.
Sonication    was    done   for   5-30  min  for  the  first  step  and
5-20 min for the last step. Based on PAR, the optimum 
duration for first and last step sonication are 5 and 20 min for
sonication, respectively.

Optimization of centrifugation’s rate and duration:
Centrifugation is a critical process for sedimentation and
separation of particles in solution. Clear supernatant and
filtrate were needed to decrease impurities and increase
column   life.  This  optimization  is  tested  on 16,000   and
4,000 g for 3 min. Result showed the PAR value obtained from
4000 g supernatant is greater than 16,000 g. Then, continuing
to  optimize  the  duration  of  centrifugation,  which  produces
1 min is best among 3 and 5 min centrifugation. The result of
optimization of each are shown in Table 5 and 6.
All of these preparations are carried out through an

enrichment process. The non-enrichment process gives
different PAR results of 65.78%. Besides, optimization of the
solution for recovery with methanol yields 69.89% below
reconstitution with 0.1%-acetonitrile formic acid. A different
reconstitution solution from an extraction solution is a factor
in increasing PAR from the analyte.

Selectivity, linearity, accuracy and precision: This method is
validated following FDA guidelines. Selectivity was tested in 6
different matrices in LLOQ concentration. The area of
interference for this examination is 1.17-18.39% for LLOQ and
0.70-1.06% for IS. An amount of acrylamide was found in the
blank sample. The minimization of this amount was done by
using non-smoking subjects who have been fasting
acrylamide containing foods for 14 days. The results showed
a decrease in the concentration of acrylamide in the blood
(<2.5 :g mLG1). Therefore, LLOQ in this study is 2.5 :g mLG1.
Linearity calibration curve was observed at a concentration of
2.5-100 :g mLG1. Chromatogram peak of blank, LLOQ, ULOQ,
low, medium and high QC was presented in Fig. 3. The
calibration  curve  for  3   days   has   an    average    value    of
r = 0.9975. Data of inter-day calibration curve for acrylamide
was shown in Table 7. Within and between run precision meet
the requirements for LLOQ, low, medium and high QC. Diff%
within-run for accuracy and precision about -11.73% to
+17.88% for LLOQ and -2.56 to +13.71% for other
concentrations with %CV for all concentrations of 12,
respectively 93, 2.24, 3.5 and 4.35%. Examinations carried out
gave  a  different%  of about -11.73 to +17.88% for LLOQ and 
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Fig. 3(a-f): Continue

1327

 100 

 

0 

MRM of 2 channels, ES+ 
71.99>55.23 

3.578e+005 

MRM of 2 channels, ES+ 
260.2>116.3 

9.762e+006 

Propranolol 
1.51 100 

 

0 

Pe
rc

en
ta

ge
  

Pe
rc

en
ta

ge
  

(a) 
Acrylamide 

1.17 

100 

 

0 

MRM of 2 channels, ES+ 
71.99>55.23 

3.459e+005 

MRM of 2 channels, ES+ 
260.2>116.2 

1.202e+007 

Acrylamide 
1.16 

Propranolol 
1.50 100 

 

0 

(b) 

Pe
rc

en
ta

ge
  

Pe
rc

en
ta

ge
  

(c) 100 

 

0 

MRM of 2 channels, ES+ 
71.99>55.23 

1.031e+007 

MRM of 2 channels, ES+ 
260.2>116.2 

1.445e+007 

Acrylamide 
1.22 

Propranolol 
1.48 100 

 

0 

Pe
rc

en
ta

ge
  

Pe
rc

en
ta

ge
  

(d) 100 

 

0 

MRM of 2 channels, ES+ 
71.99>55.23 

2.089e+006 

MRM of 2 channels, ES+ 
260.2>116.2 

1.257e+007 

Acrylamide 
1.23 

Propranolol 
1.62 100 

 

0 

Pe
rc

en
ta

ge
  

Pe
rc

en
ta

ge
  

100 

 

0 

Pe
rc

en
ta

ge
  

Pe
rc

en
ta

ge
  

MRM of 2 channels, ES+ 
71.99>55.23 

2.680e+006 

Acrylamide 
1.25 (e) MRM of 2 channels, ES+ 

260.2>116.2 
1.359e+007 

Propranolol 
1.23 100 

 

0 
1.00                          2. 00                         3.00 1.00                           2. 00                         3.00 

min min 



Pak. J. Biol. Sci., 23 (10): 1321-1331, 2020

Fig. 3(a-f): LC‒ES/MS/MS MRM chromatograms (Retention time vs. Height) for acrylamide (m/z 71.99>55.23) and propranolol
internal standard (260.2>116.2) in human blood (a) Blank matrices, (b) Blank matrices spiked with LLOQ concentration,
(c) Blank matrices spiked with ULOQ concentration, (d) Blank matrices spiked with low QC concentration, (e) Blank
matrices spiked with medium QC concentration and (f) Blank matrices spiked with high QC concentration

Table 8: Data of accuracy and precision inter and intra-day
Intra-day (%) Inter-day(%)
--------------------------------------------------------------------- ------------------------------------------------------------

Acrylamide concentration (:g mLG1) Mean accuracy (diff %) Precision (CV %) Mean accuracy (diff%) Precision (CV%)
2.5 3.52 to 15.51 4.54 -11.73 to 15.51 9.51
7.5 6.52 to -5.51 4.53 -5.51 to 9.88 4.12
50 -3.89 to 11.29 6.12 -3.87 to 13.37 4.48
75 0.19 to 4.88 1.83 -6.29 to 11.75 5.41

Table 9: Data of acrylamide recovery process
Area
-----------------------------------------------------------

Exact concentration (ng mLG1) Without extraction With extraction Recovery (%) Average (%) SD CV (%)
7500.00 54671.004 52228.059 95.53 95.51 0.65 0.68

55565.730 53426.156 96.15
56385.820 53478.938 94.84

50000.00 315153.000 271452.594 86.13 84.61 1.32 1.56
324646.469 272028.719 83.79
333239.719 279632.250 83.91

75000.00 382069.188 346540.781 90.70 90.61 0.62 0.68
368825.469 331795.656 89.96
372055.938 339249.281 91.18

-6.25 to +11.29% for  low,  medium and high QC. CV% for
yield-run analysis yields 9.51, 4.12, 4.48 and 5.41%,
respectively. Table 8 revealed the accuracy and precision of
acrylamide at low, medium and high QC. Based on these
results, these parameters had fulfilled the criteria in the FDA
Guidelines.

Recovery and matrix effect: The recovery was obtained with
low, medium and high QC by comparing the peak area of
analyte   obtained   from  matrices  spiked  with  the  standard
solution by the peak area of analyte obtained from protein
precipitation protein. The percentage of recovery results for all
concentration are 95.51, 84.61 and 90.61% with the CV% 0.68,

1.56 and 0.68%. Data of recovery are shown in Table 9. Even
though the recovery process was not high due to matrix
effect, CV% explained this process were consistent and
reproducible. Data of matrix effect are shown in Table 10. The
matrix effect for each low and high QC was 105 and 96.33%
with CV% 14.11 and 12.42%. The IS normalized matrix was
valued at 0.91 and 0.83.

Carry over: The LLOQ for this experiment is quite high
because of the amount of acrylamide found in the empty
matrix. Therefore, carry-over analysis is assessed by reducing
the gains obtained with blank matrices. The percentage of
interference was 11.89-17.44% for analyte and 0.40-0.46% for 
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Table 10: Data of matrix effect
Matrix effect IS normalized matrix

Matrix ------------------------------------------------- IS normalized --------------------------------------------------------
Conc. Blood effect (%) Average (%) SD CV (%) matrix Average (%) SD CV (%)
QCL A 108.99 105.68 12.34 11.68 1.01 0.91 0.13 14.11

106.54 0.99
B 081.37 0.67

085.35 0.70
C 105.78 0.87

107.15 0.88
D 107.57 0.87

114.54 0.92
E 103.74 0.90

102.39 0.89
F 123.85 1.10

120.88 1.07
QCH A 092.90 96.33 8.77 9.11 0.86 0.98 0.10 10.11

097.41 0.90
B 083.62 0.69

084.71 0.70
C 097.58 0.81

093.20 0.77
D 089.25 0.73

090.94 0.73
E 104.67 0.91

103.55 0.90
F 107.99 0.95

110.09 0.97

Table 11: Data of carry over
Blank area LLOQ area Carry over (%)
10979.797 2376938.000 0.46
10159.460 2353996.000 0.43
10694.216 2339654.000 0.46
9454.773 2381805.750 0.40
10178.206 2350332.500 0.43
Average 0.44
LLOQ: Lower limits of quantification

Table 12: Data of dilution integrity
Measurable concentration

Exact concentration (ng mLG1) (ng mLG1) AVG SD CV (%) Diff (%)
150000 141668 148234 11063 7.46 -05.55

149483 -00.34
137538 -08.31
146181 -02.55
166299 10.87

75000 82302 76311 3929 5.15 09.74
74408 -00.79
72733 -03.02
73897 -01.47
78213 04.29

37500 34316 33483 1099 3.28 -08.49
31944 -14.81
32834 -12.44
33698 -10.14
34624 -07.67

Table 13: Data of the stability test of acrylamide (AA)
Stability Stock solution Sample
Stock solution long term stability (4EC) 30 days 28 days
Stock solution short term stability (25EC) 24 h 24 h
Autosampler (24 h) 24 h 24 h

IS. Data of carry over are shown in Table 11. The carry over
percentage fulfills the criteria of carry over with peak area less
than 20% of the peak area of analyte at LLOQ and 5% of the
peak area of IS.
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Dilution integrity: The concentration tested for this analysis
was 37.5, 75 and 150 mg mLG1. The CV% for each of these
concentrations were 3.28, 5.15 and 7.46%, with the range of
diff% about -12.44-10.87%. Data of dilution integrity are
shown in Table 12. The dilution integrity of AA fulfills the
criteria of accuracy and precision with the CV% and diff%
results below 15%.

Stability: The stability of long-term and a short-term stock
solution is tested by placing stock solutions in the refrigerator
(-4EC) and at room temperature (25EC) for 24 h. The stability
of the stock solution gives a value of less than 10%, which
means the stock solution is stable to be stored for 30 days in
the  refrigerator  and  24  h  at  room temperature.  Sample
stability  for  short-term  and long-term  stability does not
change AA  concentrations  in  DBS  cards. Data  on  stock
solutions,  sample   stability   and   auto-sampler   stability  are
shown in Table 13. These results indicated the sample was
stable during storage and sample preparation.

DISCUSSION

In this study, the result showed the optimum condition for
analyzing acrylamide was using UPLC  BEH C18 and formic
acid 0.1%-acetonitrile as the mobile phase with 3 min run. This
method was rapid, linear in wide range concentration and has
high recovery. The matrix effect for each low and high QC was
105 and 96.33% with CV% 14.11 and 12.42%. The IS
normalized matrix was valued at 0.91 and 0.83. Based on the
result, the matrix effect fulfills the criteria with CV%<15%19 and
IS normalized matrix between 0.8-1.220.
UPLC-MS/MS usually uses an internal standard to increase

the accuracy, precision and robustness of quantitation. An
excellent internal standard in bioanalysis can significantly
enhance the reliability of the method21. In the previous study,
this assay was performed with radiolabeled isotope12,14,15. The
labeled radioisotope is very expensive. Thus, compounds with
the same structure and functional groups but different C-H
lengths can be used to overcome the use of expensive Stable
Isotope Labeled (SIL). Chemical substance which is similar  to
acrylamide   not   applicable  as  internal  standard  due  to  the
reactivity of AA with amino, thiol and carbonyl group22. In this
study, propranolol with the same functional group and
physicochemical   properties  was  selected  to  be  the  IS.  The
method was fully validated to demonstrate the linearity,
accuracy, precision, process recovery and stability using
propranolol as internal standard.

Dried blood spot bio-sampling method was used to
obtain acrylamide concentration in human blood. Sample
preparation in this study was using protein precipitation
technique. This technique is typical for whole blood matrices,
quite fast and more economist 23,24. 
The concentration of LLOQ in previous study which

assayed plasma, urine and 14 different tissues of rat were
lower than in this study12. The LLOQ valued in this study was
2.5 :g mLG1. The amount of acrylamide was quite massive due
to certain acrylamides were found in the blank sample of
human bloods. Acrylamide levels vary depending on the
amount of acrylamide that contaminated and formed in the
human body. This compound easily found in environment,
food and beverage which quickly absorbed into systemic and
then distributed to all tissue1-3,6,25,26. Therefore, further
investigation of acrylamide in the human body must be
carried out.

CONCLUSION

The specific and sensitive UPLC-MS/MS method for the
determination of acrylamide in DBS was successfully
developed and validated. Several acrylamides were found in
the blank matrix. Therefore, the LLOQ assessed in this study
was 2.5 :g  mLG1. The IS, propranolol can be used for
acrylamide measurement and can control the matrix effects. 

SIGNIFICANCE STATEMENT

This study discovers validated method of acrylamide in
dried blood spot using propranolol as internal standard that
can be beneficial for analysis of   acrylamide  in  human  blood.
This study will help the researcher to uncover the
concentration of acrylamide substance in human blood using
dried blood spot as biosampling method and propranolol as
the internal standard.
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