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a  b  s  t  r  a  c  t

A  highly  sensitive  method  was  developed  to  quantitate  the  antileishmanial  agent  paromomycin  in  human
plasma,  with  a lower  limit  of quantification  of  5 ng/mL.  Separation  was achieved  using  an  isocratic  ion-
pair  ultra-high  performance  liquid  chromatographic  (UPLC)  method  with  a minimal  concentration  of
heptafluorobutyric  acid,  which  was coupled  through  an electrospray  ionization  interface  to  a  triple
quadrupole  - linear  ion  trap mass  spectrometer  for  detection.  The  method  was  validated  over  a  lin-
ear calibration  range  of  5 to 1000  ng/mL  (r2≥0.997)  with  inter-assay  accuracies  and  precisions  within  the
internationally  accepted  criteria.  Volumes  of 50 �L of  human  K2EDTA  plasma  were  processed  by using
a  simple  protein  precipitation  method  with  40  �L 20 % trichloroacetic  acid.  A good  performance  was
shown  in terms  of  recovery  (100  %),  matrix  effect  (C.V.  ≤ 12.0  %)  and  carry-over  (≤17.5  % of  the  lower
andem mass spectrometry
ssay
ioanalytical validation

limit  of quantitation).  Paromomycin  spiked  to  human  plasma  samples  was  stable  for  at  least  24  h  at
room  temperature,  6  h  at 35 ◦C,  and  104 days  at −20 ◦C. Paromomycin  adsorbs  to glass  containers  at  low
concentrations,  and  therefore  acidic  conditions  were  used  throughout  the  assay,  in  combination  with
polypropylene  tubes  and  autosampler  vials.  The  assay  was  successfully  applied  in  a pharmacokinetic
study  in  visceral  leishmaniasis  patients  from  Eastern  Africa.

© 2020  The  Authors.  Published  by  Elsevier  B.V.  This  is an open  access  article under  the  CC  BY  license
. Introduction

Paromomycin (aminosidine) is an antimicrobial drug from the
minoglycoside branch. It is the only aminoglycoside with a clin-
cally important anti-leishmanial activity and was  discovered in
963 in the USSR [1]. Paromomycin was primarily used as an antibi-
tic against gram-negative bacteria in humans before modern-day
ntibiotics were discovered and is still being used as a veterinary
rug [2]. Since 2006, intramuscular paromomycin has been licensed

or the treatment of the neglected tropical disease visceral leish-
aniasis in India. High efficacy rates in a series of clinical trials in
ndia and Eastern Africa, also in combination with sodium stiboglu-
onate, combined with a good cost-effectiveness led to widespread
mplementation of this drug to treat visceral leishmaniasis [3–5].

∗ Corresponding author at: Department of Pharmacy & Pharmacology, Antoni van
eeuwenhoek Hospital – the Netherlands Cancer Institute, Plesmanlaan 121, 1066
X  Amsterdam, the Netherlands.

E-mail address: t.dorlo@nki.nl (T.P.C. Dorlo).

ttps://doi.org/10.1016/j.jpba.2020.113245
731-7085/© 2020 The Authors. Published by Elsevier B.V. This is an open access article u
(http://creativecommons.org/licenses/by/4.0/).

Chemical characteristics of aminoglycosides include a high
polarity, absence of hydrophobic side chains and poly-ionic charge
in aqueous environments, which lack interaction with traditional
reversed-phase (RP) liquid chromatography (LC) [6]. Hydrophilic
interaction liquid chromatography (HILIC) [7,8], zwitterionic-HILIC
(ZIC-HILIC) [9–11], derivatization of paromomycin [12] or ion-
pairing (IP) combined with an RP stationary phase chromatographic
system [13–16] have been reported in the analysis of paro-
momycin. Internal standards used in these bioanalytical assays
were synthesized permethylated aminoglycosides (spectinomycin,
dihydrostreptomycin and kanamycin A) or chemical analogues
(various other aminoglycosides).

Published bioanalytical assays of paromomycin in human
plasma have relatively high lower limits of quantification (LLOQ)
of 50 [17], 100 [9] and 500 ng/mL [12], require larger sample vol-
umes and involve labour-intensive analyte extraction (e.g. solid

phase extraction (SPE) and liquid-liquid extraction (LLE)). Using
these existing methods, trough concentrations and the termi-
nal elimination rate could not be quantified previously due to a
lack of sensitivity. A sensitive method to quantitate paromomycin

nder the CC BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.jpba.2020.113245
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2020.113245&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:t.dorlo@nki.nl
https://doi.org/10.1016/j.jpba.2020.113245
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


2 harm

i
p
r
m
b
f
m
m

t
h
d
o
f
i
t

2

2

a
R
l
7
D
D
a
B
(
t
w
w
(
a
(

2

(
s
s
i
w
p
d
D
m
o
t
m

2

t
�
a
b
o
Q
d
c

 I.C. Roseboom, B. Thijssen, H. Rosing et al. / Journal of P

n human plasma is therefore required to adequately perform
harmacokinetic studies to improve paromomycin-based dosing
egimens, particularly in combination therapies. Other liquid chro-

atography coupled to tandem mass spectrometry (LC–MS/MS)
ioanalytical assays quantifying paromomycin have been reported
or use in residue analysis in food such as meat [7,11,13–16,18,19],

ilk [7,10,11,14,19], and honey [10,19] samples or pre-clinical in
ice plasma [8].

The aim of the current investigation was to develop a sensi-
ive and simple method for the quantification of paromomycin in
uman plasma using a small volume of human plasma and vali-
ate it according to current EMA  and FDA guidelines [20,21]. To
ur knowledge, this is the first paromomycin bioanalytical assay
ulfilling these requirements and using a stable isotopically labelled
nternal standard (IS) instead of a chemical analogue. The LLOQ of
he assay is 5 ng/mL using only 50 �L of human plasma.

. Materials and methods

.1. Chemicals

Paromomycin sulfate and internal standard (multiple deuter-
ted paromomycin acetic acid) were both purchased from Toronto
esearch Chemicals (North York, Ontario, Canada). The deuterium-

abel in the deuterated paromomycin IS varied between 0 (D0) and
 (D7) deuterium atoms, with the following distribution: D0 0.13 %;
1 0.53 %; D2 2.47 %; D3 8.77 %; D4 18.13 %; D5 22.23 %; D6 20.60 %;
7 13.62 % according to the certificate of analysis. Methanol, formic
cid, acetonitrile (ACN) and water (ULC grade) were bought from
iosolve Ltd (Valkenswaard, The Netherlands). Trichloroacetic acid
TCA) (99.5 %) was supplied by Merck Chemicals B.V. (Amsterdam,
he Netherlands), heptafluorobutyric acid (HFBA) solution (0.5 M)
as from Sigma-Aldrich (Zwijndrecht, the Netherlands). Distilled
ater used for sample preparation came from B. Braun Medical

Melsungen, Germany). Blank human dipotassium ethylenedi-
minetetraacetic acid (K2EDTA) plasma was obtained from BioIVT
West Sussex, United Kingdom).

.2. Stock solutions and working solutions

Paromomycin stock solutions with a concentration of 0.1 mg/mL
free base) were made in water. Paromomycin stock solutions were
eparately made for calibration standards and quality control (QC)
amples. The stock solutions were diluted in water to obtain work-
ng solutions. A stock solution of internal standard was  prepared in

ater with a concentration of 1 mg/mL  for the sum of all deuterated
aromomycin. The working solution of IS (WIS) was  made from
ilution of IS stock solution in water to a concentration of 111 ng/mL
5-paromomycin. The certificate of analysis of deuterated paro-
omycin estimated the amount of D5-paromomycin in the sum

f total deuterated paromomycin at 22.23 %. D5-paromomycin is
he most abundant isotope form in the deuterated paromomycin

ixture. Stock and working solutions were stored at −20 ◦C.

.3. Calibration standards, quality control samples

Calibration samples were prepared in a batch prior to valida-
ion. The stability of the samples was determined afterwards. Forty
L of working solution is spiked to 760 �L blank human plasma

nd aliquots of 50 �L were made. QC samples were prepared in
atches before storing at −20 ◦C in aliquots of 50 �L. The stability

f these QC samples was tested afterwards with freshly prepared
C samples. Seven non-zero calibration standards were used in the
evelopment of this assay. Calibration standards were prepared in
oncentrations of 5, 10, 25, 50, 100, 500 and 1000 ng/mL with QC
aceutical and Biomedical Analysis 185 (2020) 113245

samples at concentrations of 5, 15, 300 and 800 ng/mL for QC-LLOQ,
QC-LOW, QC-MID, and QC-HIGH, respectively.

2.4. Sample preparation

Human plasma samples (calibration, QC or unknown) were
thawed prior to preparing the samples for analysis, aliquots (50 �L)
were transferred into 1.5 mL  polypropylene reaction tubes. Ten �L
of IS working solution was spiked to the aliquots except to the
double blank before vortex mixing. Plasma proteins were precip-
itated by the addition of 40 �L of 20 % (w/v) TCA in water. The
samples were vortex mixed and centrifuged at 23,100g for 5 min in
a cooled down environment set at 5 ◦C. Fifty �L of clear supernatant
was then transferred to a 1.5 mL  polypropylene reaction tube and
50 �L distilled water was  added to the samples to dilute 1:1 (v/v)
yielding a TCA concentration of 4 % (w/v) in the final extract. The
final extracts were vortex mixed and transferred to polypropylene
autosampler vials prior to analysis.

2.5. LC equipment and conditions

The chromatographic system used was a UPLC LC-30AD pump
with an inline degasser connected to a UPLC LC-30AMCP autosam-
pler, set at 4 ◦C and CTO-20AC column oven (Nexera X2 series,
Shimadzu Corporation, Kyoto, Japan). Chromatographic separation
was achieved using an Acquity UPLC HSS T3 analytical column
(Waters, Milford, MA,  USA; 150 mm x 2.1 mm ID, 1.8 �m particles).
The column temperature was kept at 40 ◦C. The purge and strong
wash solvent used was  0.1 % formic acid in water/methanol (50:50,
v/v). The eluent consisted of 5 mM HFBA in water/ACN (7:3, v/v)
mixture (3.5 mM HFBA in the mixture), at an isocratic flow rate of
0.4 mL/min.

2.6. MS  equipment and conditions

Detection of paromomycin was  performed using a QTRAP 6500
(Sciex, Framingham, MA,  USA) quadrupole - linear ion trap MS
equipped with a turbo ionspray interface operating in positive ion
mode. The mass spectrometer and ionization conditions were opti-
mized to obtain maximal sensitivity for the analyte. The following
settings were used: ion source voltage at 5500 V, ion source tem-
perature at 500 ◦C; ion source gas 1 at 60 psi (4.1 bar); ion source
gas 2 at 40 psi (2.8 bar), curtain gas at 25 psi (1.7 bar) and collision
gas at 10 psi (0.69 bar). Multiple reaction monitoring (MRM)  mode
was performed to quantify paromomycin [M+H]+ using the tran-
sition of m/z 616.6 → 163.1 and the deuterated paromomycin (IS)
with m/z 621.6 → 165.1 (Fig. 1). Data acquisition and processing
were performed with AnalystTM software (Sciex, version 1.6.2).

2.7. Validation procedures

The validation of the assay was performed using the current
EMA  and FDA guidelines for the validation of bioanalytical assays
in plasma [20,21]. The assay was validated for linearity, LLOQ, accu-
racy and precision, dilution integrity, carry-over, selectivity, matrix
effect, recovery and stability under various conditions.

2.7.1. Calibration model and lower limit of quantitation
Seven non-zero calibration standards ranging from 5 to

1000 ng/mL were prepared in duplicate for each run in three sep-
arate validation runs. Linear regression was  performed on the
analyte peak area/IS peak area ratio versus nominal analyte concen-

tration (x), weighted by a weighting factor of 1/x2. The deviations
from the mean for each non-zero calibration standard should be
within ±15 % (±20 % for the LLOQ) for a minimum of 75 % of the
non-zero standards.
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ig. 1. The chemical structure of paromomycin, including the proposed fragmentat
ation  pattern is indicated by an arrow.

.7.2. Accuracy and precision
Intra-and inter-assay accuracy and precision were determined

y analyzing five replicates of QC samples in three separate valida-
ion runs at the LLOQ (5 ng/mL), low (15 ng/mL), mid  (300 ng/mL)
nd high (800 ng/mL) levels. The concentration of each sample was
etermined using the calibration standards prepared and analyzed

n the same batch. The accuracies were expressed as the bias from
he nominal concentration and precision was calculated as the coef-
cient of variation (CV %). The intra-assay bias (%) is the bias of the
ean measured concentration per analytical run as compared to

he nominal concentration. The inter-assay bias (%) is the bias of
he mean measured concentration in three analytical runs com-
ared to the nominal concentration. The inter-run precision was
alculated by performing a one-way ANOVA. The accuracy values
hould be within ±15 % (±20 % at the LLOQ) and precision ≤15 %
≤20 % for the LLOQ).

.7.3. Carry-over
Carry-over was assessed by injecting two double blank samples

fter the upper limit of quantification (ULOQ, 1000 ng/mL) of the
alibration standards. The peak areas at the retention times of the
nalyte and its internal standard detected in the double blank sam-
les were compared to the mean area of the analyte and the IS in five
C-LLOQ samples. The carry-over was assessed in three separate
alidation runs. The peak areas in the double blank samples com-
ared to the QC-LLOQ samples should be ≤20 % for paromomycin
nd ≤5 % for the IS.

.7.4. Specificity and selectivity
Specificity and selectivity were evaluated in blank K2EDTA

uman plasma batches from six different individuals. Co-eluting
eaks at the retention time of the analyte and IS from endogenous

nterferences were assessed in double blanks and compared to the
LOQ samples from each individual batch. The peak areas in the
ouble blank samples should be ≤20 % compared to the peak areas
f the LLOQ samples in each batch and ≤5 % for the IS. The bias
f the LLOQ samples should be ±20 % in at least 4 of the 6 human
lasma batches. Cross analyte/IS interferences were determined by
piking the analyte at the ULOQ concentration and separately the IS

t the IS level. Interference of paromomycin with the IS should be
5 % (peak area) and the interference of the IS with paromomycin

hould be ≤20 % of the analyte peak area compared to the LLOQ
amples.
ttern and the mass-over-charge (m/z) of the monitored product ion. The fragmen-

2.7.5. Matrix effect and recovery
Matrix effect and recovery of the assay were determined using

blank K2EDTA human plasma batches from six individuals at two
QC levels (QC-LOW and QC-HIGH). The absolute matrix effect factor
was calculated as the analyte or IS peak area ratio between these
QC samples (matrix present) and matrix absent samples at sim-
ilar concentration levels. Furthermore, the IS-normalized matrix
effect factor was calculated as the ratio between the absolute matrix
effect factor of paromomycin and IS. The IS-normalized matrix fac-
tor value is accepted ≤15 %. Matrix present samples were prepared
by spiking QC working solutions to extracted blank plasma sam-
ples. The sample preparation recovery was  calculated as the ratio
between peak areas of the processed QC samples and spiked matrix
samples.

2.7.6. Dilution integrity
Dilution integrity was  determined in five-fold by applying a ten-

fold, fifty-fold, and hundred-fold dilution of spiked human plasma
samples at a concentration of 5000 ng/mL (5 times the ULOQ).
Dilution was  performed using blank human K2EDTA plasma. The
accuracy and precision were determined with acceptance criteria
of ±15 % bias and ≤15 % CV %, respectively.

2.7.7. Stability
Short-term stability in human plasma at QC-LOW and QC-

HIGH concentrations was  evaluated for 6 and 24 h at 2−8 ◦C, room
temperature and 35 ◦C (simulated room temperature in tropical
regions, in view of future pharmacokinetic studies). Additionally,
stability was evaluated in final extracts at 2−8 ◦C, stock solution and
working solutions at −20 ◦C. Long-term stability in human plasma
at QC-LOW and QC-HIGH concentrations stored at −20 ◦C was  eval-
uated for at least 104 days. The stability after 4 freeze/thaw cycles in
human plasma was determined. One freeze/thaw cycle consisted of
unassisted thawing at room temperature and subsequently freez-
ing at −20 ◦C for at least 12 h straight. The acceptance criteria for
the precision and accuracy for the human plasma QC  samples and
final extracts were ≤15 % CV and ±15 % bias, respectively, while
for stock and working solutions these were ≤5 % CV and ±5 % bias,
respectively.

2.8. Clinical application
This bioanalytical assay was  developed to support paromomycin
pharmacokinetic studies in visceral leishmaniasis patients. Human
plasma K2EDTA samples from visceral leishmaniasis patients were
collected in a clinical trial conducted in Kacheliba Sub County
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Fig. 2. MS spectrum of paromomycin (A) and its product-ion spectrum (m/z 61

ospital, Kenya. Ethical approval was granted by all relevant insti-
utional and national ethical review committees. Patients were
reated with intramuscular injections of 20 mg/kg paromomycin
.d. for 14 days. Plasma samples were taken on day 1 and 14 prior
o paromomycin treatment, and after 1, 2, 4/8 and 24 h after admin-
stration. Written informed consent was obtained. At scheduled
ime points, a 2 mL  blood sample was obtained via venipuncture.
lood samples were anticoagulated in K2EDTA containing tubes
nd plasma was obtained by centrifugation at approximately 2000g
t room temperature. Separated plasma was immediately (within
0 min  of collection) stored at −20 ◦C. The human plasma samples
ere eventually transported on dry-ice to the bioanalytical lab-

ratory of The Netherlands Cancer Institute. The human plasma
amples were further processed as described in section 2.4.

. Results and discussion

.1. Development

.1.1. Sample preparation
Various sample preparation methods, including protein precip-

tation, were tested during the development of the bioanalytical
ssay. Protein precipitation is often performed using organic sol-
ents e.g. ACN and methanol in combination with LC–MS/MS
nalysis. Paromomycin showed poor solubility in various organic
olvent mixtures, therefore a polar protein precipitant agent was
esired. Protein precipitation using TCA, a highly acidic and ionic
hemical, showed an increase in recovery and sensitivity, as well
s a low background noise compared to other precipitants. Given
he substantial improvements, TCA was chosen as protein precip-
tant. Systematically increasing the concentration of TCA in water,
tarting from 10 % (w/v) to 20 % (w/v), showed the highest pre-

ipitation potential around a concentration of 20 % TCA in water
w/v). Dilution of the final extract resulted in an increase of reten-
ion through HFBA ion-pair mechanisms on the stationary phase of
he column. Dilution of the final extract with water (1:1, v/v) was
S spectrum of D5-paromomycin C) and its product-ion spectrum (m/z  621.6).

implemented to gain a constant retention time and to avoid sol-
vent effects, yielding a TCA concentration of 4 % (w/v) in the final
extract.

3.1.2. Chromatography and mass spectrometry
Previously reported methods for the quantification of paro-

momycin and other aminoglycosides have already indicated
challenges regarding the LC-system. Aminoglycosides are highly
polar, do not contain any hydrophobic groups, and exhibit a multi-
ple ionic state, which results in poor retention using conventional
reversed-phase methods. Ion-pair or HILIC are the most commonly
applied methods to solve retention problems for aminoglycosides.
We evaluated the use of a zwitterion-HILIC column, but paro-
momycin did not elute well resulting in broad peaks and poor
peak shapes and thus poor sensitivity. Ion-pair chromatography
using HFBA combined with the use of an aqueous C18 UPLC col-
umn  improved analyte retention and provided an acceptable peak
shape. Subsequently, the modifier percentage (ACN) in the eluent
was optimized and the minimal required amount of ion-pairing
agent HFBA (3.5 mM)  was established to obtain stable retention
of the analyte with minimum matrix effects of the ion pairing
reagent. Isocratic elution was desirable in order to prevent the
conditioning of the column with the ion-pair reagent after each
injection, which reduced the required run time substantially. After
analysis of a batch of samples, the LC–MS/MS system was flushed
using 0.1 % formic acid in water-methanol (50:50, v/v) to pre-
vent accumulation of HFBA. The LC system was equipped with
an ESI interface operating in positive ion mode connected to an
ultra-sensitive quadrupole linear ion trap (QTRAP 6500, Sciex) mass
spectrometer. Single charged paromomycin [M+H]+ with a Q3  mass
transition at m/z  616.6 → 163.1 for paromomycin and m/z  621.6 →
165.1 for the D5-paromomycin IS (Fig. 2) were monitored. Con-

sidering the aim to develop a method with improved sensitivity,
the bioanalytical range was determined by the lowest quantifiable
concentration with an acceptable signal to noise ratio (5 ng/mL)
and the corresponding ULOQ at which linearity of the calibration
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ig. 3. Representative MRM  chromatograms of processed human plasma samples.
LOQ  (5 ng/mL paromomycin and 111 ng/mL internal standard) and D: ULOQ (1000

urve was not compromised (1000 ng/mL). Above 1000 ng/mL the

inearity of the bioanalytical range was highly compromised. Rep-
esentative chromatograms of double blank, blank, LLOQ and ULOQ
amples are shown in Fig. 3 for paromomycin and its internal
tandard.
uble blank (CAL 0/0), B: blank (CAL 0, containing 111 ng/mL internal standard), C:
L paromomycin and 111 ng/mL internal standard).

3.2. Validation procedures
3.2.1. Calibration model
Calibration standards were analyzed in duplicate in three sep-

arate analytical runs. The reciprocal of the squared concentrations
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Table  1
Assay performance data for paromomycin. Accuracy and precisions were established in 3 analytical runs and each run contained 5 replicates per tested concentration.

Nominal paromomycin concentration (ng/mL) Intra-run bias (%) Inter-assay bias (%) Intra-run precision (%) Inter-assay precision (%)

5 12.5-16.6 15.1 2.3-3.6 1.4
15  0.7-4.0 2.0 1.4-4.0 1.1
300  3.5-5.6 4.6 1.3-4.3 a

800 3.1-8.3 6.1 2.0-2.8 2.3

a No significant additional variation was  found due to the performance of the assay in different batches.

Table 2
Matrix factor and sample preparation recovery data for paromomycin.

Nominal paromomycin concentration (ng/mL) Matrix Factor Analyte Matrix Factor IS IS-normalized Matrix Factor Sample Preparation Recovery

0.91 
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800  0.89 

1/x2) was used as a weighting factor to obtain a constant bias over
he validated concentration range. A linear fit with correlation coef-
cient (r2) of ≥0.997 was obtained in three individual runs. The
ioanalytical assay was linear over the range (5−1000 ng/mL) with
ccuracies of ≤5.7 % for all calibration standards. The LLOQ was
stablished at 5 ng/mL, exhibiting a minimum signal to noise ratio
f 8:1.

.2.2. Accuracy and precision
The assay performance data for paromomycin are summarized

n Table 1. The performance at the QC-LOW, QC-MID and QC-HIGH
evels were ±6.1 % and ±8.3 % for inter- and intra-assay accuracy,
espectively, and ≤2.3 % and ≤4.3 % for inter- and intra-assay pre-
ision, respectively. At the LLOQ level the inter- and intra-assay
ccuracies were 15.1 % and ±16.6 %, respectively, while the inter-
nd intra-assay precisions were 1.4 % and ≤3.6 % respectively. The
ccuracy and precision data met  the specified acceptance criteria.

.2.3. Carry-over
Carry-over was determined by comparing the peak area present

n the first double blank sample following an ULOQ sample to the
ean peak area of LLOQ samples in two-fold. The carry-over in

hree validation runs was ≤17.5 %, which is within the acceptance
riteria of ≤20 %.

.2.4. Specificity and selectivity
Selectivity in 6 individual human plasma batches was  deter-

ined at the blank and LLOQ levels. The maximum interference
o-eluting with paromomycin at the LLOQ level was 3.2 % for paro-
omycin and there was no interference present at the retention

ime of the IS. The accuracy of paromomycin at the LLOQ level was
lso established for all six human plasma batches with a deviation
f ≤13.2 % compared to the nominal concentration. Cross analyte/IS

nterference was determined. Paromomycin spiked at ULOQ level
o human plasma did not show any interferences in the IS. The IS
nterference at the paromomycin mass transition shows 7.1–13.5 %
nterference. These interferences were well within the acceptance
riteria.

.2.5. Matrix effect and recovery
Absolute matrix effect factors for both analyte and IS were cal-

ulated based on QC-LOW and QC-HIGH concentrations in matrix
resent and matrix absent samples. The IS-normalized matrix effect

actor were 12.0 % and 10.3 % for QC-LOW and QC-HIGH levels,

espectively (Table 2). The sample preparation recovery at QC-LOW
nd QC-HIGH concentrations varied between 100.1 % and 109.3
, reflecting the recovery of paromomycin after the sample pre-

reatment procedure.
1.12 109.3 %
1.10 100.1 %

3.2.6. Dilution integrity
Concentrations above the ULOQ were diluted 10, 50 and 100

times in a two-step dilution in five-fold. The intra-assay bias and
precision for the 10 times dilution were 7.7 % and 3.2 % respectively,
0.5 % and 5.1 % respectively for the 50 times dilution, and -13.4 %
and 6.1 % respectively for the 100 times dilution. Therefore, it can
be concluded that samples with a concentration above the ULOQ
can be diluted up to 100 times.

3.2.7. Stability
The stability of paromomycin in human plasma was  investigated

under various conditions (Table 3). Stability was determined as a
function of accuracy and precision for both QC-LOW and QC-HIGH
concentrations. Paromomycin in human plasma stored for 6 and
24 h at 2−8 ◦C and room temperature were all within the crite-
ria (±15 %) and were considered stable (Table 3). Paromomycin in
human plasma kept at 35 ◦C was  stable for a period of 6 h, but not
for 24 h (bias QC-LOW -17.6 %). The stability of final extracts was
guaranteed for at least 44 days at 2−8 ◦C. The stock solution was
stable for at least 431 days and the working solutions for at least
60 days, both stored at −20 ◦C in water.

3.3. Paromomycin glass adsorption

Only a few publications on the subject of aminoglycoside quan-
tification address avoiding glassware due to possible adsorption
of this class of compounds [10,22–25]. The adsorption issue was
first assessed during the quantification of aminoglycosides using
sodium pentanesulfonate ion-pair HPLC and fluorescent detection
after post-column derivatization using o-phthalaldehyde reagent
in 1978, mentioning the potential adsorption of aminoglycosides to
glass [26]. This was described more extensively in radioimmunoas-
says for gentamycin and tobramycin, warning kit manufacturers of
the possible impact to assay characteristics due to adsorption [27].
The proposed solution was  to lower the pH of the environment,
occupying the negatively charged silanol groups on the walls of
the glass, avoiding positively charged aminoglycosides to bind the
silanol groups. We confirmed that a final concentration of 4 % TCA
in water (v/v) prevented any adsorption issues to glass and allowed
quantification of the LLOQ level. Alternatively, the use of polypropy-
lene labware throughout the sample preparation and analysis is
recommended.

3.4. Clinical application

This analytical assay was  used to determine paromomycin

plasma concentration in pharmacokinetic samples from visceral
leishmaniasis patients treated with intramuscular paromomycin
(20 mg/kg q.d. for 14 days). Paromomycin plasma concentration-
time curves for 3 typical patients are shown in Fig. 4. All trough
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Table  3
Stability data for paromomycin (n = 3 per quality control level) expressed in accuracy (bias %) and precision (coefficient of variation).

Conditions Matrix Nominal concentration (ng/mL) Bias (%) C.V. (%)

−20 ◦C, 431d Stock 100,000 2.5 4.9

−20 ◦C, F/T 4 cycles Human plasma
15.0 11.1 5.4
800 12.2 3.1

35 ◦C, 6h Human plasma
15.0 −6.0 3.1
800 1.0 5.8

35 ◦C, 24h Human plasma
15.0 −17.6 4.0
800 −10.6 2.6

−20 ◦C, 104 days Human plasma
15.0 14.9 3.9
800 0.7 3.2

RT,  6h Human plasma
15.0 −2.7 4.3
800 3.9 0.4

RT,  24h Human plasma
15.0 1.8 6.4
800 3.6 4.6

2−8 ◦C, 24h Human plasma
15.0 12.9 2.7
800 7.4 1.4

2−8 ◦C, 44d Final extract
15.0 11.6 1.4
800 5.0 3.6

Abbreviations: C.V. = coefficient of variation; d = days; F/T = freeze/thaw cycles; h = hours; RT = room temperature between 20 and 25 ◦C.
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Fig. 4. Concentration of paromomycin in human plasma versus time after p

amples after the first drug administration (t = 0 h and t = 24 h)
ere quantifiable and above 100 ng/mL, which is well above the

LOQ level. Previous pharmacokinetic studies failed to quantify
hese trough concentrations due to a lack of sensitivity of the
ioanalytical assay [28,29]. Aminoglycoside pharmacokinetics are
haracterized by large variability between regions and populations;
oreover, lower paromomycin mg/kg regimens have been licensed

or the treatment of visceral leishmaniasis in India. The here pre-
ented assay enables the quantification of trough concentrations,
lso in patients that have been lower exposed than the patients
n the current clinical application. Taking into account the demon-
trated dilution integrity for concentrations above the ULOQ, this
ethod is shown to be applicable for the quantification of paro-
omycin in clinical pharmacokinetic studies.

. Conclusion

A fast and simple highly sensitive bioanalytical assay for the
uantification of paromomycin in human K2-EDTA plasma was
eveloped and validated. The validated range of the assay is
−1000 ng/mL using a stable isotope as the internal standard. This
ioanalytical assay for paromomycin has a ten-fold lower limit of

uantification compared to previously reported assays for paro-
omycin, while using an ion-pair LC system with simplified sample

reparation. The assay setup consists of TCA protein precipitation
s sample preparation, an isocratic ion-pair LC system connected to
omycin administration on day 1 and day 14 of the treatment in 3 patients.

a QTRAP 6500 equipped with ESI in positive ion mode. Furthermore,
the method maintained a high assay performance for the validated
ranges in terms of linearity (r2 ≥0.997), accuracy and precision.
Paromomycin was adsorbed by glass, lowering the sensitivity of
the assay. Using a high concentration of TCA and/or the replace-
ment of glass with polypropylene material solved the adsorption
issue.

Funding

The authors declare no conflict of interest related to this study.
This study was  performed within the AfriKADIA project which is
part of the EDCTP2 programme supported by the European Union
(grant number RIA2016S-1635-AfriKADIA). TD was supported by
a personal Dutch Research Council (NWO)/ZonMw Veni grant
(project no. 91617140).

CRediT authorship contribution statement

Ignace C. Roseboom: Methodology, Investigation, Writing -
original draft, Writing - review & editing. Bas Thijssen: Concep-
tualization, Methodology, Validation, Writing - review & editing,

Supervision. Hilde Rosing: Conceptualization, Methodology, Val-
idation, Writing - review & editing, Supervision. Jane Mbui:
Resources. Jos H. Beijnen: Conceptualization, Methodology, Val-
idation, Writing - review & editing, Supervision. Thomas P.C.



8 harm

D
r
a

D

c
i

A

M
t
d

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[29] A.M. Musa, B. Younis, A. Fadlalla, C. Royce, M.  Balasegaram, M.  Wasunna, A.
 I.C. Roseboom, B. Thijssen, H. Rosing et al. / Journal of P

orlo: Conceptualization, Methodology, Validation, Writing -
eview & editing, Supervision, Project administration, Funding
cquisition.

eclaration of Competing Interest

The authors declare that they have no known competing finan-
ial interests or personal relationships that could have appeared to
nfluence the work reported in this paper.

cknowledgements

We thank the staff at Kacheliba Sub County Hospital, Kenya
edical Research Institute, and Drugs for Neglected Diseases ini-

iative for the collection and transport of the clinical samples to
emonstrate the applicability of this method.

eferences

[1] R. Chew, J.S. McCarthy, Paromomycin, Kucers Use Antibiot. A Clin. Rev.
Antibacterial, Antifung. Antiparasit. Antivir. Drugs, seventh ed., 2017, pp.
3149–3161, http://dx.doi.org/10.1201/9781315152110.

[2]  G. Nahler, Committee for veterinary medicinal products (CVMP), Dict. Pharm.
Med. (2009) 32, http://dx.doi.org/10.1007/978-3-211-89836-9 245.

[3] C.N. Chunge, J. Owate, H.O. Pamba, L. Donno, Treatment of visceral
leishmaniasis in Kenya by aminosidine alone or combined with sodium
stibogluconate, Trans. R. Soc. Trop. Med. Hyg. 84 (1990) 221–225, http://dx.
doi.org/10.1016/0035-9203(90)90263-E.

[4]  R.N. Davidson, J. Seaman, D. Pryce, H.E. Sondorp, A. Moody, A.D.M. Bryceson,
R.N. Davidson, J. Seaman, D. Pryce, H.E. Sondorp, A. Moody, A.D.M. Bryceson,
R.N. Davidson, J. Seaman, D. Pryce, H.E. Sondorp, A. Moody, A.D.M. Bryceson,
Epidemic visceral leishmaniasis in Sudan: a randomized trial of aminosidine
plus sodium stibogluconate versus sodium stibogluconate alone, J. Infect. Dis.
168  (1993) 715–720, http://dx.doi.org/10.1093/infdis/168.3.715.

[5]  C.P. Thakur, T.P. Kanyok, A.K. Pandey, G.P. Sinha, A.E. Zaniewski, H.H.
Houlihan, P. Olliaro, A prospective randomized, comparative, open-label trial
of  the safety and efficacy of paromomycin (aminosidine) plus sodium
stibogluconate versus sodium stibogluconate alone for the treatment of
visceral leishmaniasis, Trans. R. Soc. Trop. Med. Hyg. 94 (2000) 429–431,
http://dx.doi.org/10.1016/S0035-9203(00)90130-5.

[6]  F. Farouk, H.M.E. Azzazy, W.M.A. Niessen, Challenges in the determination of
aminoglycoside antibiotics, a review, Anal. Chim. Acta. 890 (2015) 21–43,
http://dx.doi.org/10.1016/j.aca.2015.06.038.

[7]  Y. Tao, D. Chen, H. Yu, L. Huang, Z. Liu, X. Cao, C. Yan, Y. Pan, Z. Liu, Z. Yuan,
Simultaneous determination of 15 aminoglycoside(s) residues in animal
derived foods by automated solid-phase extraction and liquid
chromatography-tandem mass spectrometry, Food Chem. 135 (2012)
676–683, http://dx.doi.org/10.1016/j.foodchem.2012.04.086.

[8] M.J.S.K. Pinjari, R.S. Somani, R.M. Gilhotra, A rapid, sensitive and validated
ultra performance liquid chromatography and tamdem mass spectrometry
method for determination of paromomycin in mice plasma: application to
pharmacokinetic study, Int. J. Pharm. Pharm. Sci. 9 (2017) 86, http://dx.doi.
org/10.22159/ijpps.2017v9i5.11024.

[9]  R. Oertel, V. Neumeister, W.  Kirch, Hydrophilic interaction chromatography
combined with tandem-mass spectrometry to determine six aminoglycosides
in  serum, J. Chromatogr. A 1058 (2004) 197–201, http://dx.doi.org/10.1016/j.
chroma.2004.08.158.

10] C. Díez, D. Guillarme, A. Staub Spörri, E. Cognard, D. Ortelli, P. Edder, S. Rudaz,
Aminoglycoside analysis in food of animal origin with a zwitterionic
stationary phase and liquid chromatography-tandem mass spectrometry,
Anal. Chim. Acta. 882 (2015) 127–139, http://dx.doi.org/10.1016/j.aca.2015.
03.050.

11] D.A. Bohm, C.S. Stachel, P. Gowik, Validation of a method for the
determination of aminoglycosides in different matrices and species based on
an in-house concept, Food Addit. Contam. - Part A Chem. Anal. Control. Expo.
Risk Assess. 30 (2013) 1037–1043, http://dx.doi.org/10.1080/19440049.2013.

775709.

12] J. Lu, M.  Cwik, T. Kanyok, Determination of paromomycin in human plasma
and urine by reversed-phase high-performance liquid chromatography using
2,4-dinitrofluorobenzene derivatization, J. Chromatogr. B Biomed. Sci. Appl.
695 (1997) 329–335, http://dx.doi.org/10.1016/S0378-4347(97)00192-8.
aceutical and Biomedical Analysis 185 (2020) 113245

13] F.L. van Holthoon, M.L. Essers, P.J. Mulder, S.L. Stead, M. Caldow, H.M. Ashwin,
M.  Sharman, A generic method for the quantitative analysis of
aminoglycosides (and spectinomycin) in animal tissue using methylated
internal standards and liquid chromatography tandem mass spectrometry,
Anal. Chim. Acta. 637 (2009) 135–143, http://dx.doi.org/10.1016/j.aca.2008.
09.026.

14] M.C. Savoy, P.M. Woo, P. Ulrich, A. Tarres, P. Mottier, A. Desmarchelier,
Determination of 14 aminoglycosides by LC-MS/MS using molecularly
imprinted polymer solid phase extraction for clean-up, Food Addit, Contam. -
Part A Chem. Anal. Control. Expo. Risk Assess. 35 (2018) 674–685, http://dx.
doi.org/10.1080/19440049.2018.1433332.

15] S.J. Lehotay, K. Mastovska, A.R. Lightfield, A. Nuñez, T. Dutko, C. Ng, L. Bluhm,
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