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abstract

A high-performance liquid chromatography tandem mass spectrometric (LC MS/MS) method has been
developed and validated for the quantitative analysis of loratadine, an H1 histamine antagonist, in human
dried blood spot (DBS) samples following a single self-administered 10 or 20 mg oral dose. The samples
were produced by spotting approximately 30 | of whole blood onto PE-226 cards. Two 3-mm discs were
cut from the DBS samples and extracted using aqueous methanol containing the internal standard. After
transfer and drying of the resulting sample extract, the reconstituted residues were chromatographed
using a Waters XSelect C;3 column and isocratic elution for MS/MS detection. The possible impact due
to hematocrit, volume of blood sample spotted, storage temperature, and humidity, on the accuracy of
measured DBS results were investigated. The results showed that only spotted blood volume might have
animpact; asmallvolume (10 I)tended togive alarger negative biasin the measured value than the large
volume ones ( 20 1). The current method was fully validated over a dynamic range of 0.200 20.0 ng/ml
with correlation coef cients (r?) for three validation batches equal to or better than 0.990. The intra-day
accuracy and precision at the LLOQ were 11.5to 0.0% bias and 6.4 to 8.9% CV, respectively. For the other
QC samples (0.600, 3.00, 10.0 and 15.0 ng/ml), the precision ranged from 4.2 to 9.8% CV and from 6.3 to
8.1% CV, respectively, in the intra-day and inter-day evaluations; the accuracy ranged from -1.7 to 10.0%
and 2.7 to 5.3% bias, respectively, in the intra-day and inter-day batches. Loratadine is stable in the DBS
samples for at least 271 days at ambient temperature in a desiccator, for at least 24 h at 60 C and under
80% relative humidity, followed by re-conditioning at ambient temperature in a desiccator. The current
methodology has been applied to determine the loratadine levels in DBS samples collected by subjects
in a clinical research study to evaluate pharmacokinetic sampling in point-of-care setting.

= 2015 Elsevier B.V. All rights reserved.

1. Introduction

settings (e.g., lack of the basic equipment such as centrifuge, freezer,
etc., that are needed for conventional PK blood/plasma/serum

The use of dried blood spots (DBS) obtained using lancets and
spotting onto Iter paper for the collection and analysis of human
blood can be traced back to the 1960s or earlier [1]. This approach to
blood collection offers a number of advantages over conventional
whole blood, plasma, and serum sample collection techniques. A
primary advantage is that DBS samples can be collected directly
by patients themselves, or their guardians, with minimal train-
ing. Furthermore, DBS samples can be promptly and conveniently
taken as needed and, aftera2 3hour drying period, be directly sent
to a laboratory for analysis. This feature of DBS sampling opens
up possibilities of (1) collecting clinical blood (e.g., PK) samples
from patients in remote or developing regions in resource-limited
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sampling) for various clinical testing [2 8], and (2) permitting ex-
ible or frequent blood sample collection in a point-of-care setting
(e.g., in community or at home with no need of visiting clinic)
for disease surveillance (e.g., HIV, HBV, HCV) or therapeutic drug
monitoring [9 17]. In therapeutic drug monitoring, the most chal-
lenging part is the accuracy of sample collection timing as drugs
are commonly monitored at trough. Trough timing can be very
inconvenient for patients to have the blood drawn at a standard
laboratory or clinic as it is usually very early or late of the day. Hav-
ing DBS samples collected by patients themselves or their guardians
at home could not only help expedite the conduct but also improve
the quality of an intended study.

Loratadine (Claritin), a long-acting tricyclic antihistamine drug
with selective peripheral histamine H1l-receptor activity, is cur-
rently available for over-the-counter (OTC) purchase in the United
States for symptoms of seasonal allergic rhinitis. Loratadine is
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Fig. 1. Structures of loratadine (A) and ISTD (B).

generally well tolerated [18] and its pharmacokinetics is dose inde-
pendent over the dose range of 10 40mg [19]. Therefore, the
compound was selected as a model for a clinical research study
to evaluate DBS PK sampling conducted by healthy volunteers in
point-of-care setting. In support of this effort, a DBS-LC MS/MS
method was developed and validated for the quantitative analy-
sis of loratadine (Claritin) in human DBS samples. Prior to the start
of the study, a detailed instruction was prepared and provided to
the subjects on how to collect DBS samples by themselves. Upon
DBS sample receipt, a visual inspection was conducted to evaluate
the quality of the samples prior to study sample analysis. Finally,
the obtained DBS PK parameters were compared against previously
reported values.

2. Experimental
2.1. Chemicals and materials

All reagents were used without further puri cation. HPLC
grade acetonitrile and methanol, along with certi ed formic acid,
were obtained from Sigma Aldrich (St. Louis, MO, USA). Water
was deionized and puri ed via an ELGA PureLab Ultra Water
System (Warrendale, PA, USA). Loradatine (Fig. 1A) and the inter-
nal standard (loradatine-d5, Fig. 1B) were purchased from USP
(Rockville, MD, USA) and Medical Isotope Inc. (Pelham, NH, USA),
respectively. Fresh human blood (collected with ethical consent
using K, EDTA as the anticoagulant) blank was obtained from
Bioreclamation (Westbury, NY, USA) and used to prepare calibra-
tion and quality control samples. Perkin-Elmer Alhstron 226fi DBS
cards were obtained from PerkinElmer, Inc. (Greenville, SC, USA).
Analytical pipettes were obtained from Eppendorf (Hauppauge, NY,
USA).

2.2. Chromatographic conditions

The HPLC system consisted of two LC-30AD pumps, a CBM-20A
system controller, a CTO-30A column oven, a DGU-20As on-line
solvent degasser and a SIL-30ACMP autosampler from Shimadzu
(Columbia, MD, USA). Chromatography was performed on a Waters
XselectCig 4.6 mm  50mm, 2.5 m particle size column (Milford,
MA, USA) ata ow rate of 1.0 ml/min with mobile phases consist-
ing of 0.1% formic acid in water (A) and acetonitrile (B). An optimal
chromatographic separation was achieved by running 35% B for
2.3 min and 95% B for the next 0.60 min. This was followed by 35%
B for the next 1.5 min for column re-equilibration preceding each
injection. The column was maintained at 60 C with the column
ef uent between 0.9 and 2.6 min delivered to the mass spectrom-
eter interface without splitting.

2.3. Mass spectrometric conditions

An AB Sciex AP15500 triple quadrupole mass spectrometer (Con-
cord, Ontario, Canada) with a Turbo V™ interface operated in
the positive ionization mode was used for the multiple reaction
monitoring (MRM) LC MS/MS analyses. The optimized instru-
ment conditions were as follows: Turbo V source temperature,
550 C; Voltage, 5500V; Curtain gas, 20 units; Nebulizing gas
(GS1), 70 units; Auxiliary gas (GS2), 80 units; Collision-associated
dissociation (CAD) gas, 4 units; Collision energy (CE), 30 eV; Declus-
tering potential (DP), 82 V; Collision cell exit potential (EXP), 20V;
Entrance potential (EP), 10V. Mono-protonated species of lorata-
dine and ISTD were employed as the precursor ions for the multiple
reaction monitoring (MRM) with mass transitions of m/z 383 to
337 for loratadine and m/z 388 to 342 for ISTD, respectively. The
mass spectrometer was operated at unit mass resolution (half-
height peak width set at 0.7 Da) for both the rst and the third
quadrupole.

2.4. Preparation of standards and quality control (QC) samples

Two separate primary stock solutions (stock A and stock B)
of loradatine were prepared in methanol at a concentration of
1.0 mg/mleachin 20-mlvials. The concentration of loratadine in the
two stocks was veri ed as differingby 5% inLC MS/MS responses
in a stock solution comparison experiment. Loratadine intermedi-
ates in human plasma were prepared in a concentration range of
2.00 200 ng/ml by spiking an appropriate amount of the stock solu-
tioninto human plasma (with K,-EDTA as the anticoagulant), which
was followed by serial dilution using human plasma. The human
plasma intermediates were diluted 10-fold using fresh human
blood (obtained from Bioreclamation) with hematocrit measured
at 0.45 using the hematocrit tubes. The human blood calibration
standards were prepared at concentrations of 0.200, 0.400, 1.20,
2.50, 5.00, 12.5, 16.0 and 20.0 ng/ml and QC samples at concentra-
tions of 0.200 (LLOQ), 0.600 (LQC), 3.00 (MQC), 10.0 (MQC) and
15.0 (HQC) ng/ml. The nal hematocrit in the prepared calibra-
tion standards and QC samples were about 0.405. A30 | aliquot of
each calibration standard and QC sample was spotted onto the cir-
cled area of 226fi DBS cards. The cards were left on the laboratory
bench for a minimum of 2 h for complete drying of the blood spots
and then placed in a desiccator containing desiccants and humidity
indicator.

2.5. Sample preparation

Using a DBS-1 puncher (Analytical Sales and Services, Pompton
Plains, NJ, USA), two-1/8 ( 3 mm) DBS discs of DBS blanks, stan-
dards, QCs, or study samples were added to the appropriate wells
of a 96-well assay plate. A 500 | aliquot of the internal standard
working solution [1.00 ng/ml of [M+5]loratadine in 20% agqueous
methanol (containing 0.2% of ZnSO,4)] was added to all wells except
the blanks, to which a 500 | aliquot of 20% MeOH (containing
0.2% ZnSO,4) was added. The plate was vortexed vigorously for
approximately 5min on a pulse-vortex mixer. This was followed
by sonication for about 10 min. The supernatant was transferred
into a clean 1-mL 96-well plate and evaporated to dryness under a
stream of nitrogen at approximately 45 C. The resulting residues
were reconstituted with 150 | of 30% aqueous ACN (v/v) contain-
ing 0.1% formic acid. This was followed by thorough vortex-mixing
for about 1 min using a pulse-vortex mixer. A 10 | volume of
the reconstituted sample extract was injected onto the LC MS/MS
system.
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2.6. Validation procedures

2.6.1. Selectivity, sensitivity and linearity

The selectivity of the method was assessed by analyzing DBS
samples (n=3) prepared from the fresh blank blood collected from
three individual human subjects who did not take Claritin or Clar-
itin related OTC products. The assay selectivity was also evaluated
by analyzing the zero samples (blank + internal standard, n=3) from
the above DBS samples.

The lower limit of quanti cation (LLOQ) was de ned as the
lowest concentration that exhibited an accuracy of —20% bias
and precision of 20% CV during method development and the
follow-up method validation. Eight non-zero calibration standards
were analyzed in duplicates at each concentration level in each of
the three separate validation runs. The analyte/IS peak area ratio
against nominal loratadine concentration was employed for alinear
calibration regression with a weighting factor of 1/x2.

2.6.2. Accuracy and precision

The intra- and inter-day accuracy and precision of the assay
method were assessed by the analysis of six replicates of QCs at
concentrations of 0.200 (LLOQ), 0.600, 3.00, 10.0 and 15.0 ng/ml,
along with calibration standards on each of the three validation
days. The accuracy was expressed as the difference of the mea-
sured analyte concentrations from the nominal values (bias %) and
the precision as the coef cient of variation (CV %). Bias (%) of within
—15%and CV of 15% were considered acceptable at all concentra-
tion levels except the LLOQ, for which a —20% bias and 20% CV
were considered acceptable.

2.6.3. Impact of blood spot size on the accuracy of determination

The relationship between the area of dried blood spot and the
volume of the blood spotted onto the DBS card was examined by
spotting increasing volumes (10, 20,30 and 40 |, n=3) of spotsize
QC samples at two concentrations (low and high) onto the cards.
After drying, replicates of 3-mm discs (3 2) were taken from the
center of each spot size QC sample and analyzed along with the
calibration standards prepared using a 30 | of blood volume. The
measured loratadine concentrations from the spot size QC samples
were compared with the nominal values. A bias within —15% of the
nominal values would suggest no apparent difference for the DBS
samples made with different blood volumes.

2.6.4. Hematocrit effect

To assess the possible in uence of hematocrit on the assay per-
formance, fresh human blood samples with adjusted hematocrit
values of 0.35 and 0.55 were obtained from Bioreclamation. These
fresh blood samples were each used to prepare hematocrit QCs at
concentrations of 0.600 (low QC) and 15.0 ng/ml (high QC) using
the same approach as described in the standards/QC preparation
section. The hematocrit values in those QCs were about 0.315 and
0.495 (the blood was mixed with plasma intermediate at a 9:1,
v/v, ratio). After drying, each of the hematocrit QC samples was
analyzed in three replicates along with the calibration standards
and regular QCs that were prepared in fresh blood with a hemat-
ocritvalue of 0.405. A difference within —15% of the nominal values
for the measured analyte concentrations from the hematocrit QC
samples would suggest the hematocrit effect is negligible.

2.6.5. Dilution integrity

To demonstrate the method is suitable for the analysis of DBS
samples with analyte concentrations exceeding the upper limit
of quanti cation (ULOQ), the dilution integrity of the assay was
assessed using dilution QCs. The dilution QCs were prepared at a
concentration of 100 ng/ml using the same approach as described in
Section 2.4. After extraction as described in Section 2.5, the extracts

of the dilution QCs were diluted with zero sample (containing ISTD
only) extracts from the same assay sequence. This was followed by
LC MS/MS analysis along with the calibration standards and undi-
luted regular QCs. The obtained bias (%) from the dilution QC results
should be within —15% of the nominal value.

2.6.6. Matrix effect

Loratadine neat solutions (low, mid and high) were prepared
and spiked in three replicates into blank DBS sample extracts
obtained using two 3-mm discs with each being equivalent to
2.5 | of blood. The nal concentrations of the analyte in the
above extracts should be theoretically the same as the regular QC
sample extracts at low (0.300 ng/ml), mid (10.0 ng/ml) and high
(15.0ng/ml) levels. The above post-forti ed extracts were com-
pared against the corresponding neat extracts (without DBS disk)
using LC-MS/MS. The matrix effect was calculated using the follow-
ing equation: matrix factor=[1 peak area of blank DBS sample
extract post-forti ed with the analyte/peak area of analyte in neat
extracts].

2.6.7. Extraction recovery

To determine the assay recovery, two 3-mm discs (each equiv-
alent to 2.5 | of blood) of each QC samples at concentrations of
0.600, 10.0 and 15.0 ng/ml were extracted in three replicates. The
analytical results from the extracted samples were compared to
those from the extracted blank DBS samples post-forti ed with the
analyte at the same concentrations as above. Recovery was calcu-
lated using the following equation: recovery (%) = peak area of DBS
extract/peak area of blanks post-forti ed with analyte 100.

2.6.8. Stability

Stability QC samples with loratadine concentrations of 0.600 (QC
low) and 15.0 (QC high) ng/ml were analyzed each in three repli-
cates following storage at ambient temperature, an ideal storage
condition for DBS samples. The measured analyte concentrations
were compared with the nominal values. The obtained bias (%) from
the stability QCs should be within —15% of the nominal values.

To mimic the possible situation where DBS samples are col-
lected and/or transported at a high temperature or high humidity,
a set of stability QCs (low and high) were stored for at least 24 h
in a Shimadzu HPLC oven with temperature adjusted to 60 C or
in a desiccator with inside humidity adjusted to 80%. This was
followed by re-conditioning in a desiccator under ambient temper-
ature for one week prior to LC MS/MS analysis with the calibration
standards and regular QCs that have been stored under ambient
temperature with relative humidity of 0%. Bias within —15% of the
nominal values would suggest the analyte is stable in the DBS sam-
ples under such an environment.

2.6.9. Carryover

Carry-over was evaluated by sequentially injecting two
extracted blank DBS samples immediately following an upper limit
of quanti cation (ULOQ) sample injection. The response in the rst
blank matrix injection at the retention time region of the analyte
or internal standard should be less than 20% of the mean response
of the LLOQ samples for the analyte and less than 5% of the mean
response for the internal standard at the working concentration.

2.7. Evaluation of DBS PK sampling conducted by healthy
volunteers in point-of-care setting

The validated LC MS/MS method was employed in support of
a clinical research study to evaluate DBS PK sampling conducted
by healthy volunteers in point-of-care setting. The study consisted
of two parts (parts | and Il). Prior to start of the study, a detailed
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Fig. 2. Representative LC MS/MS chromatogram of double blank sample (A), zero sample blank +internal standard (B), LLOQ sample 0.200 ng/ml (C) and double
injected right after the ULOQ sample (D).
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Table 1

Summary of intra-day and inter-day assay accuracy and precision of quality control samples for loratadine in human dried blood spot samples.

Batch LLOQ LQC Middle QC Middle QC High QC Dilution QC
(0.200 ng/ml) (0.600 ng/ml) (3.00 ng/ml) (10.0 ng/ml) (15.0ng/ml) (100 ng/ml)
Intrarun mean 1 0.200 0.654 3.22 10.0 15.0
Intrarun SD 0.0177 0.0389 0.317 0.544 1.01
Intrarun % CV 8.9 5.9 9.8 54 6.7
Intrarun % bias 0.0 9.0 7.3 0.0 0.0
n 6 6 6 6 6
Intrarun mean 2 0.195 0.631 3.13 105 156 94.7
Intrarun SD 0.0167 0.0521 0.208 0.445 0.920 5.74
Intrarun % CV 8.6 8.3 6.6 4.2 5.9 6.1
Intrarun % bias 25 52 4.3 5.0 4.0 53
n 6 6 6 6 6 6
Intrarun mean 3 0.177 0.590 3.13 11.0 158
Intrarun SD 0.0113 0.0431 0.196 0.651 1.21
Intrarun % CV 6.4 7.3 6.3 59 7.7
Intrarun % bias 115 1.7 4.3 10.0 53
n 6 6 6 6 6
Mean concentration (ng/ml) 0.191 0.625 3.16 105 154 94.7
Inter-run SD 0.0178 0.0504 0.235 0.661 1.04 574
Inter-run % CV 9.3 8.1 7.4 6.3 6.8 6.1
Inter-run % bias 4.5 4.2 53 5.0 2.7 53
n 18 18 18 18 18 6
Table 2

instruction (handout) was prepared and provided to the study par-
ticipants on how to collect DBS samples by themselves.

The part 1 of the study consisted of a 21-day screening period
and a 4 day dosing period, followed by a study completion eval-
uation. This part was conducted in two community clinics (A and
B) with 20 male and female healthy volunteers. The study nurses
at each clinic have been trained for DBS sample collection. On day
1 of the study, subjects visited the clinic at the scheduled time.
The study nurse, while conducting clinical evaluations as per study
protocol, facilitated the pre-dose DBS sample collection. The sub-
jects received hands-on training on DBS sample collection while
having their blood samples collected and spotted onto DBS cards
with assistance from the study nurse. Then, the subjects received
a single dose of 10-mg Claritin at the clinic in the presence of the
study nurse. On day 2, the subjects returned to clinic at the same
time as day 1 to repeat the day 1 activities. The subjects received
additional training on DBS sample collection while having their day
2 trough blood sample collected and spotted onto DBS cards with
assistance from the study nurse. The subjects were then sent home
with study medication and DBS sample collection kits (gloves, alco-
hol wipes, sterile gauze pads, sterile lancet, DBS sample collection
cards, adhesive bandage, drying rack, sharps disposal unitand ship-
ping materials, etc.) for self-collecting the day 3 and day 4 trough
DBS samples at home. Subjects were instructed to ensure dosing
occur at approximately the same time every day. On day 5, the
subjects returned to clinic and had the day 5 trough DBS sample
collected and spotted as for day 2.

The part 2 of the study was conducted in-house. Four healthy
volunteers took two-10 mg tablets of Claritin orally and collected
DBS samples by themselves at 0.5, 1.5, 3, 6 and 24 h post adminis-
tration.

After each collection, the DBS samples were placed on drying
rack for a minimum of 2 h prior to being placed in zip lock bags.
Immediately, desiccant packs and humidity indicators were added
into the zip bags before sample storage and/or transfer to bioana-
lytical laboratory for analysis

3. Results and discussions
3.1. Selectivity, sensitivity and linearity

Under the current LC MS/MS conditions, loratadine was well
separated from interferences in the matrix blank. No interference

Impact of blood volume ( |) spotted on the accuracy of determination of loratadine
in human dried blood spot samples.

Blood volume Nominal conc. Mean measured Bias (%)

spotted ( I) (ng/ml) (ng/ml)

10 0.600 0.500 16.7
15.0 12.4 17.3

20 0.600 0.527 12.2
15.0 14.2 53

30 0.600 0.631 52
15.0 15.6 4.0

40 0.600 0.647 7.8
15.0 15.8 53

was observed in either blank DBS (matrix blank, Fig. 2A) or blank
DBS spiked with the internal standard (zero sample, Fig. 2B). The
current assay has a LLOQ of 0.200 ng/ml loratadine in human blood
based on two 3-mm punches. The observed sign-to-noise (S/N)
were, in general, equal to or higher than 7 in repeat analysis of the
LLOQ samples. Reliable precision (CV%<8.9%) and accuracy (bias%
within —11.5%) was obtained by analyzing three sets of six replicate
LLOQ samples (Table 1, Fig. 2C) along with the calibration standards
over a dynamic range of 0.200 20.0 ng/ml and the balance of the
QC samples. The calibration curves from eight none-zero standards
were obtained by plotting the peak area ratio of loratadine and
the internal standard against the corresponding concentrations of
loratadine in blood. Excellent linearity was achieved with correla-
tion coef cients (r?) greater than 0.990 for all validation batches
using linear regression.

3.2. Accuracy and precision

The intra- and inter-day performance of the assay method was
evaluated by analyzing six replicates each of loratadine DBS QC
samples at concentrations of 0.600, 3.00, 10.0 and 15.0 ng/ml on
the 3 separate validation days. As shown in Table 1, the obtained
precision (CV) ranged from 4.2 to 9.8% and from 6.3 to 8.1%, respec-
tively, for the intra-day and inter-day evaluations. The accuracy
ranged from 1.7 to 10.0% and 2.7% to 5.3% bias for the intra-day
and inter-day batches, respectively.
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Table 3

Summary of stability of loratadine in human DBS samples under various conditions and assessment of hematocrit impact on the analysis of loratadine in human DBS samples

(n=3).

Items tested QC low (0.600 ng/ml)

QC high (15.0 ng/ml)

Mean % Bias % Diff Mean % Bias % Diff
Humidity (80%) impact 0.590 1.7 6.5 14.4 4.0 7.7
Storage temperature (60 C) impact 0.594 1.0 5.9 14.1 6.0 9.6
Humidity (0%) impact? 0.631 52 0.0 15.6 4.0 0.0
Stability (271 days) 0.572 4.7 9.4 14.3 4.7 8.3
Hematocrit (0.315) impact 0.596 0.7 55 14.8 13 51
Hematocrit (0.495) impact 0.677 12.8 7.3 15.6 4.0 0.0

% Diff=((Mean 0% Humidity mean)/0% Humidity mean 100).

a Stored with the calibration standards and run acceptance quality control samples.

3.3. Impact of blood spot size on the accuracy of determination

As shown in Table 2, the measured analyte concentrations from
the spot size QC samples at 0.600 and 15.0 ng/ml loratadine pre-
pared using 20, 30 and 40 | blood volumes were all within —15%
compared with the nominal values. The bias (%) values obtained
for the spot size QC samples prepared with 10 | sample volume
were from 16.7% to 17.3%. The possible cause for this observa-
tion were (1) the area of the spot using 10 | of blood might be
relatively larger compared to the larger volumes (20,30 and 40 1|)
due to blood spreadability on the card or (2) the spot made with
10 | of blood might not be sizable enough for two consecutive 3-
mm punches without cutting the area that did not contain blood.
Consequently, a blood volume <20 | was not recommended for
DBS PK sample collection for the compound.

3.4. Hematocrit effect

In DBS assay, each individual DBS punch should theoretically
represent a speci ¢ homogenous blood volume, e.g., 2.5 1 using
DBS-1 puncher. Since hematocrit is directly proportional to the vis-
cosity of blood, it might affect ux and diffusion properties of the
blood spotted onto DBS card. A higher hematocrit of blood might
resultinasmaller dried blood spot when compared to those spotted
using the blood with a lower hematocrit. There have been reports
showing a high hematocrit of blood led to higher measured analyte
concentrations in the DBS samples than those with a low hemat-
ocrit [20 22]. However, it seems that hematocrit effect is case by
case. Little or no apparent change in the measured concentrations
of 25(0H)-vitamin D3 [23] or cyclosporine A [24] due to hematocrit
were reported. Lately, it has been a common practice that the pos-
sible hematocrit effect should be assessed to ensure the integrity
of the measured analyte concentrations in the DBS samples to be
collected in the intended population [25]. As captured in Table 3,
the measured results of the QC low and high samples prepared
using blood with hematocrit values between 0.315 and 0.495 were
all within —15% of the respective nominal values, suggesting no
apparent impact on the assay accuracy due to hematocrit within
this range.

3.5. Dilution integrity

Dilution integrity (Table 1) was assessed by 100-fold dilution
of the 100 ng/ml dilution QC sample extracts and analysis in three
replicates along with calibration standards and regular QCs in one
of the three validation runs. The obtained bias (%) and CV (%) was

5.3% and 6.1%, respectively.

3.6. Matrix effect

The matrix effect was estimated by spiking neat solutions of the
analyte (0.600, 10.0 and 15.0 ng/ml, n=3) into blank DBS sample

Table 4
Matrix effect and extraction recovery of loratadine from dried blood spots samples
on 226 cards.

Low QC Middle QC High QC
(0.600 ng/ml) (10.0ng/ml) (15.0ng/ml)
Mean matrix factor 0.386 0.374 0.393
(n=3)
CV (%) 25 1.6 2.6
Overall mean 0.384
(n=9)
Overall CV (%) 25
Mean recovery (%, 105.2 104.4 91.7
n=3)
CV (%) 6.6 55 47
Overall mean (%, 100.4
n=9)
Overall CV (%) 75

extracts and comparing the mean analyte responses (peak areas)
with those from the corresponding neat extracts. The overall mean
matrix factor was 0.384 (Table 4) with 0.386 for the low QC level
and 0.393 for the high QC level. The overall CV% was 2.5%, suggest-
ing a consistent matrix effect across the three concentration levels
evaluated. No additional effort was made to further minimize or
eliminate the matrix effect.

3.7. Recovery

The recovery was estimated by analyzing QC samples at 0.600,
10.0 and 15.0ng/ml (n=3) and blank DBS sample extracts post-
forti ed with loratadine at the same concentrations as above.
Results were calculated by comparing the mean peak areas of
loratadine in the extracted QC samples with those of extracted
blank samples post-forti ed with loratadine. The overall recovery
ranged from 91.7% to 105.2% (Table 4) with CV% value of 7.5% for
the three concentration levels tested.

3.8. Stability

The stability of loratadine in human DBS was evaluated at ambi-
ent temperature using QC samples at 0.600 and 15.0 ng/ml each in
triplicate. As summarized in Table 3, loratadine was stable for at
least 9 months (271 days) in human DBS samples when stored at
ambient temperature. To mimic the scenario where study sample
collection and transportation might occur at a high temperature
or under high humidity, stability QCs (low and high) were placed
at 60 C in a Shimadzu autosampler oven or placed in a desicca-
tor maintained at 80% relative humidity. After 24 h period, these
samples were re-conditioned in a desiccator under ambient tem-
perature for one week. This was followed by analysis along with
the calibration standards and regular QCs that were exposed to
ambient temperature and 0% humidity achieved using desiccant
in the desiccator. The obtained QC results were compared with the
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Pre-dose (trough) Loratadine
concentration (ng/mL) in DBS

Study day

Fig.3. Mean—SD concentrations of loratadine in trough DBS samples collected from
20 subjects after oral administration of 10 mg/day loratadine.

nominal values. The observed biases (%) were all within —10%, indi-
cating that the analyte was stable under these extreme conditions.

3.9. Carryover

To minimize carryover from the autosampler system, multiple
washes of the autosampler system were incorporated in the
assay by using two wash solvents (wash solvent 1: acetonitrile/2-
propanol/water/formic acid/acetic acid at 60/30/10/0.1/0.1,
v/viviviv, and wash solvent 2: acetonitrile/2-propanol/water,
20/20/60%, v/v/v). As shown in Fig. 2D for the LC MS/MS chro-
matogram of a blank DBS sample extract injected right after
ULOQ sample, there was no carryover due to the LC column
or autosampler system. This also demonstrated the absence of
carryover, if any, due to DBS puncher as the blank DBS samples for
carryover evaluation were punched for extraction right after the
ULOQ sample in the assay sequence.

3.10. Application of the assay in support of the clinical research
study to evaluate DBS PK sampling conducted by healthy
volunteers

All received DBS samples were visually examined for possible
quality issues due to too small volume of blood spotted, supersa-
turating, discoloring, serum ring, overlapping, and irregular shape,
etc.

A total of 100 DBS cards (four spots on each card) were received
for the 20 subjects participating in part 1 of the study. Upon exam-
ination, it was found that eighty-three cards (83% of total cards)
were deemed perfectly collected. Seventeen cards (17% of total
cards) were judged to have quality issues. Among the 17 cards,
14 had irregular shape due to possible movement of nger dur-
ing spotting, 2 cards appeared to have insuf cient blood volume
(<20 1), and one card appeared to have been oversaturated with
blood volume more than 40 I. Noticeably, three subjects at site
A consistently produced DBS with irregular shape over multiple
study days at the site or at home. A similar issue was seen for the
fourth subject at the same site, however, only on study days 3 and
4, when DBS samples were collected at home. One subject at site
B produced a DBS card with 4 diminutive samples on study day
4, which was collected at home. The above observations clearly
suggested that the training received by the subjects might have
been inadequate. Lack of proper hands-on practice of self-collecting
DBS samples as per the written procedure might have also con-
tributed to the ndings. Nevertheless, all samples were subjected
to LC MS/MS analysis. For the 20 trough DBS samples collected on
each of the study days 2, 3, 4 and 5, more than 50% (Fig. 3) of the
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Fig.4. Representative loratadine concentration versustimepro lesfor fourselected
subjects after oral administration of 20 mg loratadine.

samples showed loratadine concentrations below the lower limit
of quanti cation of 0.200 ng/ml based on two DBS discs.

All four subjects in part 2 of the study appeared to have followed
the instruction correctly and have their DBS samples collected
perfectly. The mean blood concentration versus time pro le for
loratadine obtained from the four subjects is illustrated in Fig. 4.
The present method allowed for the determination of loratadine up
to 24 h (last sampling time). After oral administration, loratadine is
well absorbed with blood peak concentrations reached as early as
at 0.5h post dose, the rst PK time point for the study (Fig. 4), and
mean Tmaxat 0.8 —0.5 h post dose. Blood concentrations decreased
variably with apparent terminal half-life values ranging from 1.4
to 8h and the mean T/, of 4.58h post dose. These values are, in
general, similar to those in plasma reported previously by Pineyro-
Lopezetal. (1.31—0.52h Tmaxand4.15—3.84hTy,,) in comparing
bioavailability of two formulations of loratadine 20 mg in healthy
Mexican adult volunteers [26] and by Salem et al. (1.30 h Tmax and
3.65h Ty/5) in an open label analysis of population PK after a 10-
mg single dose of loratadine to healthy Jordanian male subjects
[27]. The calculated AUCq_,st and AUCq_ins Were, respectively, 29.4
(—38.1) and 33.4 (—38.7) ng*h/ml. Taking a blood/plasma ratio of

0.613 into consideration for the compound in human [28], the
blood exposure parameters determined in the current study are
comparable to the plasma values [AUCq_¢ of 63.13—92.32, AUCq_inf
of 68.60 —98.89 ng*h/ml] previously reported [27].

4. Conclusion

A robust LC MS/MS method has been developed and validated
for the quantitative analysis of loratadine in human dried blood
spot (DBS) samples using two 3-mm discs. The validated method is
accurate and precise with bias within —15% and CV  15% at all
tested concentrations. The possible impact of the blood volume
spotted and hematocrit of the blood was assessed. There was no
effect due to hematocritinarange of 0.315 0.495. A larger negative
bias (%) was observed for the measured loratadine concentrations
in the DBS samples with a 10 | blood value. Stability of loratadine
in the DBS samples was established at ambient temperature for up
to 271 days and at 60 C for at least 24 h. Furthermore, the mea-
sured loratadine concentrations were not impacted by storage at
high humidity up to 80% for at least 24 h. The DBS method was suc-
cessfully applied to the analysis of capillary blood samples collected
in a clinical research study. We determined that only 20 40 | of
whole blood was required to produce acceptable results, making
this method ideal for therapeutic drug monitoring in point-of-care
setting, for which hands-on training and practice of DBS sample
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collection by study subjects and clinic nurse are considered a key
for the quality of the DBS samples to be collected.
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