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1 | INTRODUCTION
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Abstract

Artificial sweeteners are widely used as substitutes for sugar. The sweeteners are
generally considered safe, however their whereabouts during pregnancy and lacta-
tion and the effect on child development are poorly explored. There is a need for
new tools to measure these substances during pregnancy and lactation. Here, we
describe the development and validation of a sensitive liquid chromatography-
tandem mass spectrometry method for the simultaneous quantification of ace-
sulfame, cyclamate, saccharin and sucralose in human plasma, umbilical cord blood,
amniotic fluid and breast milk. The samples were prepared by protein precipitation
and separated on a Luna Omega Polar Cig column (2.1 x 50 mm, 1.6 pm).
Electrospray ionization in negative mode and multiple reaction monitoring were used
to monitor the ion transitions. The validated concentration ranges were from 1 to
500 ng/ml (10-500 ng/ml for sucralose). Interassay precisions were all <15% and the
accuracies were within £15%. Stability, linearity, dilution integrity, carryover and
recovery were also examined and satisfied the validation criteria. Finally, this analyti-
cal method was successfully applied on spiked samples of plasma, umbilical cord
blood, amniotic fluid and breast milk, proving its suitability for use in clinical studies

on artificial sweeteners, including during pregnancy and lactation.
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the consumption of natural sugars. In addition, artificial sweeteners
are increasingly popular among diabetics as an alternative to sugar

Artificial sweeteners are used as a sugar substitute in food and bever-
ages, including baked goods and soft drinks, in pharmaceuticals and
even in sanitary products, such as toothpaste (Lange et al., 2012;
Schiffman & Rother, 2013). The artificial sweeteners provide no or
negligible calories but are much sweeter than sugar (Lange
et al,, 2012). Their use is becoming more widespread as consumers
are increasingly concerned about obesity and dental decay caused by

(Mejia & Pearlman, 2019). Pregnant women are often encouraged to
replace sugary foods with ‘light’ products containing artificial sweet-
eners as maternal obesity and diabetes have been linked to childhood
obesity. In general, artificial sweeteners are considered safe, but a
recent study suggests that the consumption of ‘light” products during
pregnancy may increase the risk of infant obesity in the first year of
life (Azad et al., 2016), and others have found an association with
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childhood obesity at the age of 7 years (Zhu et al., 2017). These stud-
ies suggest that artificial sweeteners have an impact on the develop-
ing fetus, but the underlying mechanism remains unsolved. More
studies are needed to understand the transport and accumulation of
artificial sweeteners during pregnancy and lactation, and for this pur-
pose there is a need for sensitive methods for the quantification of
artificial sweeteners in human sample material related to pregnancy
and lactation.

Acesulfame potassium, sodium cyclamate, saccharin and sucralose
are all commonly used artificial sweeteners that are approved for use
in many countries. Most methods for quantification of artificial sweet-
eners are designed for industrial use on commercial products or foods
(Chang & Yeh, 2014), rather than for direct measurement on human
samples. Zhang et al. (2016) presents the development and validation
of an LC-MS/MS method for the measurement of acesulfame, cycla-
mate and saccharin in human blood and urine, and Sylvetsky
et al. (2017) reports a study on sucralose in human plasma. Rother
et al. (2018) presents a method for the quantification of acesulfame
potassium and sucralose in human breast milk. To the best of our
knowledge, no studies have previously attempted to develop an LC-
MS/MS method for the simultaneous quantification of acesulfame,
cyclamate, saccharin and sucralose for use on human material. The
identification and quantification of these artificial sweeteners in the
mother and fetal compartment are valuable for understanding not
only maternal exposure during pregnancy, but also elimination and
transport to the fetus.

The aim of the present study was to develop and validate an LC-
MS/MS method for the simultaneous measurement of acesulfame,
cyclamate, saccharin and sucralose in a single run in pregnancy-related
human matrices (blood, umbilical cord blood, and amniotic fluid) and
in breast milk. In order to demonstrate the usability of our method,
we have analyzed samples from pregnant and lactating women with

and without spiking with artificial sweeteners.

2 | MATERIALS AND METHODS

An LC-MS/MS multiple reaction method (MRM) for the quantification
of acesulfame, cyclamate, saccharin and sucralose in plasma was
developed. The assay design was further modified for quantification
in amniotic fluid and breast milk. The methodological details are out-
lined below.

21 | Chemicals and reagents

Acesulfame (acesulfame potassium salt; acesulfame K; CAS
no. 55589-62-3; MW 201.24) was purchased from Celanese Corpora-
tion (Sulzbach, Germany). Cyclamate (sodium salt of cyclamic acid;
CAS no. 139-05-09; MW 201.22) was purchased from Golden Time
Chemical Co. (Jiangsu, China). Saccharin (sodium saccharin; CAS
no. 6155-57-3; MW 241.19) was purchased from Kaifeng Xinghua
Fine Chemical Co. (Kaifeng, China). Sucralose (CAS no. 56038-13-2;

MW 397.64) was purchased from Anhui Jinhe Industrial Co.
(Anhui, China). Acesulfame-d4 potassium salt, cyclamic acid-d11,
saccharin-d4 and sucralose-d6 were purchased from Toronto
Research Chemicals (North York, Ontario, Canada). Stock quality con-
trol (QC) concentrations of acesulfame, cyclamate and saccharin in
soft drink were purchased from Fapas (York, UK). LCMS-grade aceto-
nitrile, isopropanol and water were purchased from VWR Interna-
tional (Soeborg, Denmark), and methanol and formic acid were

purchased from Merck (Soeborg, Denmark).

2.2 | Preparation of stock solutions, calibration
standards and quality control samples

Stock solutions of acesulfame, cyclamate, saccharin and sucralose
were prepared by dissolving 1 mg of accurately weighed standard in
water to a total concentration of 1 mg/ml. Intermediary stocks were
prepared by diluting the primary stocks (1 mg/ml) in water to a stock
concentration of 1 pg/ml. The stock solutions were stored at 4°C.

The intermediary stock solutions were used to prepare standard
matrix-matched calibration samples for analysis in: (a) plasma/
umbilical cord blood/amniotic fluid, by dilution with human EDTA
plasma tested negative for presence of artificial sweeteners; and
(b) breast milk, by dilution with human breast milk tested negative for
presence of artificial sweeteners. The final concentrations of ace-
sulfame, cyclamate and saccharin standard calibration samples were
0 (blank), 1, 5, 10 and 50 ng/ml, whereas the final concentrations of
sucralose standard calibration samples were 0O (blank), 10, 15, 25 and
50 ng/ml. The standard calibration samples were stored at 4°C
until use.

Separate intermediary stock solutions for QC samples were pre-
pared as described for standard calibration samples, and further
diluted in EDTA plasma (plasma, umbilical cord blood and amniotic
fluid) or breast milk. For acesulfame, cyclamate and saccharin, the QC
levels were 10 and 34 ng/ml. For sucralose, the QC levels were
20 and 40 ng/ml. The QC samples were stored at 4°C until use.

Stock solutions of the internal standards (IS) were prepared by
dissolving 1 mg of accurately weighed standard in methanol to a total
concentration of 1 mg/ml. The IS stock solutions were stored at
—20°C (acesulfame, cyclamate and sucralose) or 4°C (saccharin). The
IS working solution (ISyys) with all four sweeteners was made from the
stock solutions (1 mg/ml) with water-methanol (1:1, v/v) and stored

at 4°C until use.

23 | Sample pre-treatment

For analysis in plasma, umbilical cord blood, amniotic fluid and breast
milk, a volume of 100 pl of sample material (blank, calibration stan-
dard, QC, or sample) was mixed with 400 pl of methanol in a 2-ml
micro tube to precipitate proteins. The samples were then centrifuged
for 10 min at 10,0008 at room temperature. Clear supernatants

(400 pl) were transferred to a 1.2 ml 96-well storage plate
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(Thermo Scientific, Roskilde, Denmark). The supernatants were then
evaporated under a gentle stream of nitrogen gas at 40°C. After
approximately 40 min, dry extracts were obtained. The dry extracts
were reconstituted with 100 pl 0.1% (v/v) formic acid in water and
20 pl ISws was added. The plate was then sealed and mixed for 5 min
at 2,000 rpm. A volume of 10 pl was injected into the LC-MS/MS

system.

24 | Instrumentation

Liquid chromatography was performed on an Agilent 1290 Infinity
Series System (Agilent, Glostrup, Denmark) and mass spectrometric
detection was carried out on an Agilent 6470 Triple Quad mass spec-
trometer (Agilent, Glostrup, Denmark), which was equipped with an
electrospray ionization (ESI) source. Analytical separation was per-
formed on a Luna Omega Polar Cig column (2.1 x 50 mm, 1.6 pm;
Phenomenex, Vaerloese, Denmark) at a temperature of 30°C con-
trolled by a column heater.

2.5 | Liquid chromatography and mass
spectrometry

Extracted samples were analyzed using reversed-phase liquid chroma-
tography. The mobile phases were composed of: (A) 0.1% (v/v) formic
acid in water and (B) a gradient of 0.1% (v/v) formic acid in acetoni-
trile. The gradient ran linearly from 3% to 100% B in 4.0 min after
injection before the mobile phase was returned to 3% B (4.1 min). The
flush period was followed by a 1.4 min re-equilibration of the column
until the end of the chromatographic run (5.5 min) followed by a
1.5 min post time. The flow rate was 0.3 ml/min, and the total run
time for one sample was 7.0 min. The column temperature was set to
30°C and the autosampler temperature was set to 10°C. The needle
was cleaned between samples with 75% methanol in water, and the
back of the pump seal was rinsed with 10% isopropanol in water.
Mass spectrometry (MS) detection was achieved on an Agilent
6470 Triple Quad mass spectrometer (Agilent, Glostrup, Denmark).

The ESI source operated in negative mode with mass spectrometry

Chromatography—

parameters as follows: nebulizer pressure (nitrogen), 55 psi; nozzle
voltage, —300 V; capillary voltage, —4,200 V; drying gas flow, 11 L/
min; drying gas temperature, 290°C; sheath gas flow, 12 L/min; and
sheath gas temperature, 400°C. The acquisition was performed in
MRM mode. Dwell time at each transition was 25 ms. An overview of
the applied mass spectrometer settings, including analyte specific set-

tings, is shown in Table 1.

2.6 | Data analysis

All data used for qualification were collected and processed by Mas-
sHunter version B.09 (Agilent, Glostrup, Denmark). A linear regression
of each calibration curve was applied with concentration being the
explanatory variable and the peak area ratio (y) of the analyte to
IS. The calibration settings were performed with a linear curve fit
without weighing factor. As criteria of acceptance, all calibrator stan-
dards had to be within +15% from the nominal concentration in each
analytical run, and the correlation coefficient (R?) had to be >0.98.

2.7 | Method validation

For validation of the developed method, linearity, dilution integrity,
carryover, lower limit of detection (LLOD), limit of quantification
(LOQ), upper limit of quantification (ULOQ), precision (CV), extraction
efficiency, recovery and stability were assessed.

The linearity of the developed methods was assessed over their
respective calibration ranges from 1 to 50 ng/ml (acesulfame, cycla-
mate and saccharin) and from 10 to 50 ng/ml (sucralose). The calibra-
tion curves were performed with five concentrations (including blank).
The acceptable criteria for the calibration curves are outlined in
Section 2.6. To analyze samples at a concentration above the calibra-
tion range (>50 ng/ml), the dilution integrity was assessed using a
500 ng/ml stock solution with the artificial sweeteners. The stock
solution was used to make a dilution series (100, 75, 50, 25, 10 and
5%) that was measured in three replicates for evaluation by linear
regression. The validation criteria were that both precision and devia-

tion from the nominal concentrations for the means of the three

TABLE 1  Optimized mass spectrometric parameters for the sweeteners and internal standards
Precursor Product Fragmentor Collision Cell accelerator Retention

Compounds ion, m/z ion, m/z voltage, V energy, V voltage, V time, min Polarity

Acesulfame 162.0 82.0 70 16 5 ~1.36 Negative
Acesulfame-d4 166.0 86.0 70 16 5 ~1.36 Negative
Cyclamate 178.1 79.9 135 30 5 ~1.66 Negative
Cyclamate-d11 189.3 79.9 135 30 5 ~1.66 Negative
Saccharin 182.1 42.0 115 30 5 ~1.65 Negative
Saccharin-d4 186.2 42.0 115 30 5 ~1.65 Negative
Sucralose 395.1 359.1 135 10 5 ~1.90 Negative
Sucralose-dé 403.1 366.6 135 10 5 ~1.90 Negative
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replicates should be <15% from the nominal concentration, and that
the correlation coefficient (R?) should be >0.98.

Carryover was assessed in combination with the linearity studies
by running two subsequent blank samples after the 100% stock solu-
tion (500 ng/ml). The concentration of analyte in the blank samples
should be below the LLOD to rule out carryover. The LLOD was
assessed as the mean value of 35 replicates of blank samples plus five
times the relative SD value of the blanks. The LOQ was determined as
the concentration with a signal-to-noise ratio of 10. The ULOQ was
defined as the highest concentration with a known CV.

The precision of the assay was determined at four different con-
centration levels. For acesulfame, cyclamate and saccharin, these con-
centrations where 1, 10 (low QC), 34 (high QC) and 500 ng/ml
(ULOQ). For sucralose, these concentrations were 10, 20 (low QC),
40 (high QC) and 500 ng/ml. For the low and high QCs, analysis was
performed in three replicates in six runs (n = 18). For the other con-
centrations, analysis was performed in three replicates in five runs
(n = 15). The validation criteria were that the interassay precisions
should be <15%. At the lowest concentration (10 ng/ml for sucralose;
1 ng/ml for the others) an intraassay precision of <25% was accepted
since this concentration was close to LLOD and LOQ.

Cross-talk between the artificial sweeteners in MRM monitoring
was investigated by analyzing pure individual stocks and compared
with the extracted retention time of the artificial sweeteners in a mix-
ture of standards.

The extraction efficiency (bias, %) was determined by analysis of
25 spiked plasma samples (five stocks at five levels) for each of the
four artificial sweeteners, when IS was added before vs. after
hydrolysis.

To test stability under different conditions, three stocks with
acesulfame, cyclamate and saccharin in different concentrations
(7.5, 30 and 50 ng/ml) were used. For sucralose, the stock concen-
trations were 20, 40 and 50 ng/ml. Freeze-thaw stability was evalu-
ated after three freeze (—20°C) and thaw (room temperature)
cycles. Short-term stability was assessed after storage at room tem-
perature for 3 h. Long-term stability was investigated after storage
at —20°C for 42 days. For all stability tests, the acceptance criteria
were a relative standard deviation (SD) and relative deviation from
target (percentage deviation) within +15% based on triplicate

measurements.

2.8 | Method for application in pregnancy-related
biological matrices and assessment of accuracy and
recovery

Samples of plasma, umbilical cord blood and amniotic fluid collected
from three pregnant women scheduled for cesarean section were
used to test the method’s application to pregnancy-related human
samples. A pool of breast milk divided into three stocks was used to
test the method in this matrix. The samples were spiked with the four
artificial sweeteners (25 ng/ml). The measured mean concentrations

of the four artificial sweeteners in the different matrices from the

three women/stocks of breast milk (analyzed in triplicates) were
determined. The acceptance criterion was that the recovery should be
within +20% of the nominal spiked-in concentration, and that the
interassay precision should be <15%. For comparison, aliquots of the

samples without any additives were also analyzed.

3 | RESULTS AND DISCUSSION

3.1 | Method development

3.1.1 | Optimization of mass spectrometric
parameters

The mass spectrometric method was screened and optimized by a sys-
tematic approach. Positive and negative ionization modes were both
investigated to detect each analyte. All analytes showed sufficient
ionization efficiency using negative ionization. The precursor and
product ions were determined, and the highest ion abundance was
achieved by optimizing source/gas and compound parameters. The
optimal ionization conditions are presented in Table 1.

Internal standards (IS) were used for relative quantification, thus
reducing the error owing to differences in injection volume, chroma-
tography retention time variance and ionization differences between
calibrators and samples. We tested the extraction efficiency of adding
IS before vs. after protein precipitation, and found the extraction bias

to be minor (<6% for acesulfame, cyclamate and saccharin; 10% for

TABLE 2 Linearity as judged from equations of calibration curves
of the artificial sweeteners in plasma, amniotic fluid and breast milk®
Matrix y=ax+b
Plasma
Acesulfame y = 0.0086x - 0.00156
Cyclamate y = 0.0060x - 0.00063
Saccharin y = 0.0051x + 0.00370
Sucralose y = 0.0023x + 0.00004
Amniotic fluid
Acesulfame y = 0.0135x + 0.01150
Cyclamate y = 0.0304x + 0.00649
Saccharin y = 0.0090x + 0.00118
Sucralose y = 0.0013x - 0.00519
Breast milk
Acesulfame y = 0.0081x + 0.000219
Cyclamate y = 0.0087x + 0.000192
Saccharin y = 0.0048x + 0.003780
Sucralose y = 0.0026x - 0.000560

?For acesulfame, cyclamate and saccharin, the calibration range was 1-
50 ng/ml (plus blank). For sucralose, the calibration range was 10-

50 ng/ml (plus blank). All standards were within +15% of the nominal
concentration in each analytical run, and the correlation coefficient (R?)
was >0.98.
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sucralose) and within the interassay precision accepted for this
method.

The acquisition method for sucralose did not perform consistently
in the lower concentration range (<10 ng/ml). For this reason, sepa-
rate standard calibration samples and QC samples for sucralose were
prepared and used in addition to the main calibration stocks used for

the other three artificial sweeteners.

Chromatography—
3.2 | Method validation
3.2.1 | Linearity, dilution integrity, carryover and
cross-talk

In each validation batch, five calibration standards were analyzed, and

the calibration curves showed a linear response in the concentration

TABLE 3 Dilution integrity as judged from dilution series in stock solution

Nominal concentration

5% 10% 25% 50% 75% 100%
Analyte Item 25 ng/ml 50 ng/ml 125 ng/ml 250 ng/ml 375 ng/ml 500 ng/ml
Acesulfame Mean? 26 51 124 250 383 510
R? =099 oV (%) 07 04 07 0.2 0.3 07
RE (%)° 3.7 2.3 -1.0 0 2.2 2.1
Cyclamate Mean® 26 51 119 233 355 464
R? =099 cV (%) 05 11 18 13 03 0.6
RE (%)° 49 1.6 —-4.9 —-6.7 —-54 —-7.2
Saccharin Mean® 26 52 125 258 412 521
R? =099 cV (%) 03 05 33 29 0.5 34
RE (%)° 3.6 3.3 0 3.0 9.8 4.2
Sucralose Mean® 25 51 125 249 387 514
R? = 0.99¢
- CV (%)° 10 3.3 2.3 6.5 1.9 0.7
RE (%)° 0 0.9 0 -0.4 3.1 2.8

2Mean (mean of three replicates).
BCV (%) = coefficient of variation: (SD/mean) x 100 (acceptance criterion, CV <15%).
°RE (%) = relative error expressed as [(mean observed concentrations - nominal concentration)/(nominal concentration)] x 100) (acceptance criterion,

RE <15%).

dCorrelation coefficients of the plotted dilution series.

TABLE 4

Analyte

Acesulfame

Cyclamate

Saccharin

Sucralose

Item
Mean
CV (%)
RE (%)°
Mean
CV (%)
RE (%)°
Mean
CV (%)
RE (%)°

Mean
CV (%)?
RE (%)°

Interassay precision in plasma

Nominal concentration

1 ng/ml (n = 15)
0.97

17

-2.7

1.10

9

9.7

0.95

21

—-4.8

10 ng/ml (n = 15)
10.3
25

2.

5

10 ng/ml (n = 18)
10.5

4

52

9.9

6

-1.3

9.6

7

-3.6

20 ng/ml (n = 18)
227

15

13

34 ng/ml (n = 18)
34.1

4

0.3

33.0

8

-2.9

353

4

38

40 ng/ml (n = 18)
42.0

14

5.1

500 ng/ml (n = 15)
455

6

-9.1

444

10

-11

450

10

-10

500 ng/ml (n = 15)
479

8

—4.2

ACV (%) = coefficient of variation: (SD/mean) x 100 (acceptance criterion, CV <15%) (in the lower end of the measuring range (1 ng/ml for acesulfame,

cyclamate and saccharin; and 10 ng/ml for sucralose), the acceptance criteria was CV <25%).

bRE (%) = relative error expressed as [(mean observed concentrations - nominal concentration)/(nominal concentration)] x 100 (acceptance criterion,

RE <15%).
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range of 1-50 ng/ml for acesulfame, cyclamate and saccharin, and
10-50 ng/ml for sucralose (Table 2). The correlation coefficients (R?)
of all of the calibration curves were >0.98, which demonstrated a
good linearity within the concentration range. Dilution integrities by

back-calculated concentrations of the analytes from 500 ng/ml are

TABLE 5 Stability assessment of four artificial sweeteners in plasma

shown in Table 3. Mean precision (CV) of <15% and deviation from
the nominal concentration (relative error, RE) of <15% were accepted,
but the methods performed much better, as shown in Table 3. The
plotted replicates demonstrated satisfactory linearity (R? > 0.98, data

not shown). Collectively, the results indicate that samples can be

Analyte Stability type Nominal concentration, ng/ml Mean, ng/ml SD, ng/ml¢ Percentage deviation®
Acesulfame (h = 3) Freeze-thaw?® 7.5 77 0.1 2.3
30 30 0.4 0.6
50 50 0.9 0.4
Short-term® 7.5 7.5 0.2 0.4
30 30 0.3 -0.7
50 50 0.3 -0.7
Long-term® 7.5 7.6 0.1 1.6
30 31 0.1 1.6
50 50 0.6 0.6
Cyclamate (n = 3) Freeze-thaw?® 7.5 7.3 0.2 -21
30 30 0.6 0.2
50 50 1.5 -0.1
Short-term® 7.5 7.5 0.1 -04
30 30 0.0 -11
50 50 0.8 -0.4
Long-term*® 7.5 7.6 0.1 0.8
30 30 0.6 -0.1
50 50 0.4 -0.2
Saccharin (n = 3) Freeze-thaw?® 7.5 7.5 0.1 0.6
30 31 0.6 3.3
50 51 1.3 1.8
Short-term® 7.5 74 0.3 -19
30 30 0.2 0.6
50 51 0.5 2.7
Long-term® 7.5 7.7 0.2 25
30 31 0.2 34
50 51 0.3 14
Sucralose (n = 3) Freeze-thaw?® 20 17 14 -15
40 37 3.0 -8.8
50 49 1.9 -25
Short-term® 20 21 2.3 45
40 42 83 6.0
50 55 43 10.3
Long-term*® 20 17 0.3 -16
40 39 0.9 -338
50 47 3.5 —6.8

?Freeze-thaw (three cycles).

bShort-term (room temperature, 3 h).

“Long-term (—20°C, 42 days).

dRelative standard deviation (SD).

®Relative deviation from the nominal concentration (percentage deviation).
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diluted up to 10-fold when their concentrations are higher than the
upper calibration point (50 ng/ml). This finding expands the quantifi-
cation range up to 500 ng/ml. No carryover was found at 500 ng/ml
for any of the analytes (data not shown). No cross-talk between the
artificial sweeteners in the MRM monitoring was found based on
comparison of the retention time for each compound in pure solution
vs. in a mixture of all sweeteners, and from the finding that pure indi-
vidual stocks only caused a peak for the right compound without any
background or interference for the other sweeteners (data not

shown).

3.22 | Precision
The interassay precision for the determination of the four artificial
sweeteners in plasma is summarized in Table 4. The validation criteria
were that the CV should be <15%. In plasma, the interassay precisions
were all £10% for acesulfame, cyclamate and saccharin, and <15% for
sucralose (Table 4). Likewise, in breast milk, the interassay precisions
were all <7% for acesulfame, cyclamate and saccharin, and < 9% for
sucralose. At the lower end of the measuring range (10 ng/ml for
sucralose; 1 ng/ml for the others), a CV of <25% was accepted. How-
ever, it should be noted that measures of especially saccharin and
sucralose in this concentration level should be interpreted with cau-
tion owing to the relative high imprecision (Table 4).

The LLODs calculated as described in Section 2.7. were
0.86 ng/ml for acesulfame, 0.79 ng/ml for cyclamate, 0.82 ng/ml for

Chromatography—

saccharin and 6.9 ng/ml for sucralose. The LOQs were evaluated as a
signal-to-noise ratio of 10 and were <10 ng/ml for sucralose and

<1 ng/ml for the other sweeteners (evaluated in all four matrices).

3.23 | Stability

The results of the freeze-thaw, short-term and long-term stability are
shown in Table 5. All four artificial sweeteners had satisfactory rela-
tive deviation from the nominal concentration (percentage deviation)
within £15% for all three types of stability studies at all three concen-
trations levels. The only exception was sucralose, which deviated by
16% from the nominal concentration after 42 days of storage at
—20°C at concentration level of 20 ng/ml (Table 5).

3.3 | Method application in breast milk and
pregnancy-related biological matrices and assessment
of accuracy and recovery

To demonstrate the usability of the methods in human matrices
related to pregnancy and lactation, samples of plasma, umbilical cord
blood and amniotic fluid from three pregnant women were spiked
with 25 ng/ml artificial sweeteners and analyzed. The same was car-
ried out with a pool of breast milk. The results are shown in Table 6.
All of the blank samples provided analyte concentrations below the

detection limit, and the spiking concentrations had recoveries (%)

TABLE 6 Recoveries and CVs of artificial sweeteners in human plasma, umbilical cord blood, amniotic fluid and breast milk
Spiked®
25 ng/ml

Analyte Matrix Mean = SD Recovery (%)° CV (%)°

Acesulfame Plasma 25+0.2 101 0.9%
Umbilical cord 28+0.3 111 0.9%
Amniotic fluid 28 +0.2 111 0.8%
Breast milk 23+0.7 92 3.1%

Cyclamate Plasma 28 + 0.6 113 2.2%
Umbilical cord 30+0.5 119 1.8%
Amniotic fluid 29 +0.3 115 1.2%
Breast milk 22+09 90 4.3%

Saccharin Plasma 26+0.5 104 1.7%
Umbilical cord 29+04 114 1.5%
Amniotic fluid 27 +0.7 110 24%
Breast milk 22+04 90 1.9%

Sucralose Plasma 24+20 95 8.4%
Umbilical cord 24+13 94 5.6%
Amniotic fluid 25+22 98 8.8%
Breast milk 23+33 91 14.3

@Results from three women analyzed in triplicate are given as means + SD.

bRecovery (%) is expressed as [(mean observed concentrations - nominal concentration)/(nominal concentration)] x 100) (acceptance criterion, +20%).

“CV, (SD/mean) x 100 (acceptance criterion, CV <15%).
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within £#20%. For all spiked samples, the CV calculated on the
repeated measures was within the acceptance criterion of CV <15%.

Chromatograms from the analysis of the spiked samples are shown in

Figure 1.
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FIGURE 1
25 ng/ml. The structures are from PubChem

Overall, the findings demonstrate a sufficient accuracy and recov-
ery and that the methods can be used for the measurement of the

four artificial sweeteners in plasma, umbilical cord blood, amniotic

Typical multiple reaction monitoring chromatograms for the four sweeteners in the different matrices at a spiked concentration of
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4 | CONCLUSIONS

We have developed an overall LC-MS/MS method for the simulta-
neous quantification of acesulfame, cyclamate, saccharin and sucra-
lose in human plasma, umbilical cord blood, amniotic fluid and breast
milk. The results were successfully validated with the analysis of the
four artificial sweeteners in spiked human samples from pregnant
women and in breast milk. To the best of our knowledge, this is the
first published validated assay for simultaneous quantification of these
compounds in human pregnancy-related matrices and breast milk. The
accuracy, precision, freeze-thaw and long-term stability of the sam-
ples met the validation criteria. Overall, the method provided a simple,
fast and accurate way of quantitatively analyzing acesulfame, cycla-
mate, saccharin and sucralose, and is judged to be suitable for use in

clinical studies, including during pregnancy and lactation.
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