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ABSTRACT

The accurate, simple, and selective reversed phase high performance liquid chromatography (RP-
HPLC) has been established and validated for the determination of an antibiotic ampicillin (AMP) in
human blood plasma. The SPE extraction was used for the sample preparation. Chromatographic
separation was accomplished by a mobile phase containing 15mM monopotassium phosphate solution
of pH 3.3 and methanol (75:25, v/v) in an isocratic mode at a flow rate of 1.4mL min�1 at 30 8C. The
separation was evaluated on a column with a new polar-endcapped C18 stationary phase Arion® Polar
C18 or well-known phase Luna® Omega Polar C18. Excellent linearity (R2 0.9998) was shown over
range 10–300mg L�1 with mean percentage recovery 90%. Peak shapes were symmetrical in both
columns, Arion® Polar C18 and Luna® Omega Polar C18, with asymmetry factor of 1.0 and 1.4, tailing
factor of 1.0 and 1.2, and retention factor of 4.6 and 5.6, respectively. The Arion® Polar C18 was almost
1.4-fold more effective than Luna® Omega Polar C18 phase. The LOQ for ampicillin was achieved
10mg L�1 for Luna® Omega Polar C18 and 5mg L�1 for Arion® Polar C18 using 20mL of a solution
containing 0.24mg mL�1 of cephalexin as an internal standard.

A number of articles dealing with the determination of ampicillin is limited, therefore, this study
showed the HPLC method suitable for the determination of AMP in human blood plasma from patient
who underwent elective cardiac surgical revascularization. In addition, the determination of AMP was
also performed for the first time using an Arion® Polar C18 column, which effectively separated AMP
from other compounds present in human blood plasma. This new polar-endcapped phase can help in
separation of polar antibiotics or other polar compounds, which are unsuccessfully separated on
conventional C18 column, and thus can help during method development.
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INTRODUCTION

Antibiotics have been widely used in human health care and veterinary medicine. The broad
range of antibiotic use, their overuse, and incorrect indications have led to the development
of bacterial resistance [1]. It is therefore logical that there is a growing demand for more
targeted and personalized antibiotic dosing. Currently, a number of methods for the deter-
mination of antibiotics in various matrices are available, including high-performance liquid
chromatography (HPLC) [2–8] or mass spectrometry [9, 10], or a combination of HPLC with
mass spectrometry [5, 11–13] or with electrochemical methods [14–16]. However, number of
articles dealing with the determination of ampicillin is limited. Ampicillin is one of antibi-
otics that works against Gram-positive and Gram-negative aerobic bacteria and anaerobic
bacteria [17, 18] (structure shown in Fig. 1). Its prophylactic use is a standard in a cardiac
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surgery. For this reason, it is important to develop and
improve reliable method for determining ampicillin con-
centrations in order for a prophylaxis to be effective. In
HPLC methods, reversed octadecylsilane (C18) phase col-
umns or octylsilane (C8) phase columns are usually selected
for the separation of antibiotic analytes. Modifications of
these stationary phases can lead to better separation of
compounds, thus reducing the risk of false positive signals
caused by other substances eluting at the same time as the
analyte. One of the types of modified C18 columns is polar-
endcapped stationary phase (Fig. 2) where an addition of a
polar functional group [19–21] enables a full interaction
with the longer alkyl chains and makes the retention of polar
analytes under highly aqueous conditions more reproducible
[1, 22, 23]. The C18 ligand provides hydrophobic in-
teractions, while the polar-modified surface provides
increased retention of polar substances. These phases are
also characterized by stability in 100% aqueous conditions
[24, 25]. Therefore, the aim of our study was to develop and

validate HPLC method for the determination of ampicillin
in human blood plasma with the use of column containing a
polar-endcapped stationary phase. In addition, the com-
parison of its separation on two polar-endcapped stationary
phases was also the subject of interest. One of such columns
is an analytical column containing the Arion® Polar C18
phase that is new on the market. Analyses with the use of the
column have not yet been published. The new stationary
phase was compared with other polar-endcapped stationary
phase Luna® Omega Polar C18 that has been on the market
for a long time and has already been used for the determi-
nation of other antibiotics in biological samples [8]. For
these reasons, this column was chosen as reference. In
addition, both column have similar properties, as they have
fully porous particles.

MATERIALS AND METHODS

Chemicals and reagents

Ampicillin sodium (purity ≥95%; AMP) was purchased from
Cayman Chemical Company (Ann Arbor, MI, USA). Ceph-
alexin monohydrate (pharmaceutical primary standard grade;
CEX) was purchased from Merck (Darmstadt, Germany) and
was used as an internal standard. Acetonitrile (ACN),
methanol (MeOH), and ultrapure water (all HPLC grade)
were purchased from VWR (Radnor, PA, USA). Monop-
otassium phosphate (KH2PO4) and 85% orthophosphoric
acid were purchased from Penta (Prague, Czech Republic).

Preparation of solutions

After approval from the research ethics committee, human
blood plasma from one patient (man, 76 years old, who
underwent elective cardiac surgical revascularization) was
used to compare AMP and CEX (i.s.) separations using
different columns. For validation studies, human blood
plasma from three female and three male donors obtained
from the Transfusion Department of the University Hospital
Olomouc was mixed and used. The blood plasma was stored
at �70 8C. The stock solutions of AMP and CEX were
prepared in ultrapure water (HPLC grade) at a concentra-
tion of 1mg mL�1. The solution of CEX was subsequently
diluted to a final concentration of 0.24mg mL�1. The so-
lution of AMP was diluted and added to blood plasma in the
following final concentrations: 10, 20, 40, 60, 80, 100, 150,
and 300mg L�1 in six parallels from each concentration.
Samples prepared in this way were used for a determination
of intra-day precision and accuracy of measurement. For
inter-day precision and accuracy measurements, blood
plasma with AMP at concentrations of 10, 60, and 300mg
L�1 was prepared as well. Samples were prepared in three
parallels and were measured on different days. Blood plasma
with AMP at concentrations of 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5, 10, and 20mg L�1 was prepared for limit of quantification
(LOQ) and limit of detection (LOD) measurements. These
samples were prepared in six parallels from each concen-
tration and were measured during one day.

Fig. 1. Chemical structure of ampicillin with the b-lactam ring
(marked in red) and polar group (marked in blue)

Fig. 2. Conventional C18 (A) and polar-endcapped C18 (B) sta-
tionary phases according to Layne (2002) [19]
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For the lipophilicity determination, the solution of AMP
was diluted to a 15mM monopotassium phosphate buffer of
pH 3.3 to a final concentration of 100mg L�1. An amount of
25 mL of the prepared standard sample was injected into
HPLC.

Sample preparation

The volume of 100mL of human blood plasma spiked with
AMP (for validation studies) or a plasma sample from a
patient (for comparison of different columns) was treated
with 20 mL of a solution containing 0.24mg mL�1 of CEX
(an internal standard). Subsequently, 50 mL of 1M ortho-
phosphoric acid and 50 mL of ultrapure water were added to
the treated plasma. Further preparation of all samples was
performed with 1-mL solid-phase extraction (SPE) car-
tridges containing 100mg of DSC-18 phase (Merck,
Darmstadt, Germany). The SPE extraction consisted in a
conditioning of cartridges with 1mL of ACN, equilibration
of cartridges with 1mL of ultrapure water, 100 mL of sample
loading, washing away of interferences with 1mL of ultra-
pure water two times, and finally eluting of AMP and CEX
with 1mL of 70% ACN maintained at 37 8C. The sample
obtained from the elution step was evaporated to dryness
under a stream of nitrogen at 40 8C. The residue was
reconstituted in 100mL of a mixture containing ultrapure
water and MeOH (75:25, v/v). An amount of 25 mL of the
prepared sample was injected into HPLC.

Method validation

The analytical performance parameters of HPLC, including
linear range, limit of quantification (LOQ), limit of detection
(LOD), intra- and inter-day precision and accuracy, were
studied with the use of two different columns packed with a
polar-endcapped C18 stationary phase. An Arion® Polar C18
column (Chromservis, Prague, Czech Republic) and Luna®

Omega Polar C18 column (Phenomenex, Torrance, CA,
USA) were selected for these validation studies. The cali-
bration curve for AMP was measured in the range of 10–
300mg L�1 and each concentration level was measured at
least six times. Fundamental chromatographic parameters,
such as efficiency (N), retention factor (k), separation factor
(a), asymmetry (ASF), and tailing factor (TF) were calcu-
lated according to Ravisankar et al. [26] for a comparison of
separation properties of the selected columns.

Determination of lipophilicity from chromatographic
parameters

Ampicillin was separated on four different stationary phases
(Luna® Omega Polar C18, Arion® Polar C18, LiChrospher®

RP-18, and Nucleosil® C18) from different companies using
mobile phase containing a 15mM monopotassium phos-
phate buffer of pH 3.3 mixed with methanol (in a ratio 10%–
35%). The HPLC experiments were performed in isocratic
modes. Obtained retention factors (k) were used for the
calculation of log k. From these, the retention factor at 100%
aqueous mobile phase (log kw) was extrapolated using the

linear Soczewinski–Snyder relationship [27, 28], log k 5
log kw�S4, where log k is the retention factor in a specific
mobile phase composition, S is a slope of linear regression of
a dependence of log k and 4, and the 4 is the volume
fraction of the methanol in mobile phase and it is constant
for a given solute and a given HPLC system. Then, the
chromatographic lipophilicity index 40 was obtained by
extrapolation. It is defined as the volume percentage of the
organic modifier (methanol) required to achieve an equal
distribution of a compound between the mobile and sta-
tionary phase, corresponding to log k 5 0 [29–31].

Instrumental conditions

All measurements were performed with the Prominence
LC–20A HPLC system equipped with a binary solvent
manager, a sample manager with a flow-through needle
fitted with a 50 mL loop, and an SPD-20A UV-Vis detector
(Shimadzu, Kyoto, Japan). Separation of AMP and CEX was
performed with a mobile phase containing a 15mM
KH2PO4 solution of pH 3.3 and MeOH (75:25, v/v) at a flow
rate of 1.4mL min�1. Both compounds were separated at
30 8C on an Arion® Polar C18 column (2503 4.6mm; 5mm)
purchased from Chromservis (Prague, Czech Republic) or
on a Luna® Omega Polar C18 column (2503 4mm; 5mm)
purchased from Phenomenex (Torrance, CA, USA). The
detection of both compounds was performed at 210 nm. The
method was validated on these columns which were then
compared with each other. HPLC separations were also
compared with the following columns: LiChrospher® RP-18
(2503 4mm; 5 mm) from Merck (Darmstadt, Germany);
and Nucleosil® C18 (2503 4mm; 5 mm) from Watrex Praha
(Prague, Czech Republic). The LabSolutions software (ver.
5.93; Shimadzu, Kyoto, Japan) was used for instrument
control, data acquisition, and processing.

RESULTS AND DISCUSSION

Method optimization

The antibiotics AMP and CEX (i.s.) are polar compounds
soluble in water. Therefore, a precipitation of biological
sample with MeOH or ACN itself is not suitable because
analytes would not separate so well (as we found out by
experiments; data not shown). The best results were ob-
tained with SPE extraction using a column with C18 phase
(the exact procedure is described in the section Sample
preparation) where the recovery of both compounds was
calculated as 90%. The preparation and separation of AMP
and i.s. were optimized on Luna® Omega Polar C18 col-
umn.

Ampicillin is a zwitterionic compound with a dissocia-
tion constant of 2.5 and 7.3 at 23 8C [32, 33]. Therefore, the
mobile phase containing 15mM monopotassium phosphate
of a different pH was tested and, subsequently, its pH of 3.3
was selected to assure a good peak shape during the sepa-
ration process. The addition of MeOH to the mobile phase
enabled good separation of ampicillin and i.s. from other
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compounds present in a human blood plasma sample. The
resulting mobile phase containing a 15mM KH2PO4 solu-
tion of pH 3.3 and MeOH (75:25, v/v) was used for the
determination of the antibiotics AMP and CEX (i.s.). These
chromatographic conditions were also used for Arion® Polar
C18 column and other conventional C18 stationary phases
for the evaluation of their chromatographic performance.
Specifications of column phases used in this study are shown
in Table 1.

The aim of our study was to establish the accurate,
simple, and selective HPLC/UV method for the deter-
mination of AMP and/or other antibiotics in human
blood plasma using column with polar-endcapped sta-
tionary phase and also show possibly limitation when the
HPLC/UV method is used. In our study, columns were
tested by method that was developed based on the article
by do Nascimento et al. [4] with some modification. The
advantage of our method is a smaller sample volume
(100 ml instead of 300 ml) and smaller inject volume of
sample.

All HPLC methods with UV detection are limited by
the fact that another substance may elute at the site of
elution of the analyte and may not be visible, it may be
hidden behind the analyte. In such a case, it is advisable to
take blood from the patient before the antibiotic appli-
cation as well to verify that no other substances are pre-
sent in the plasma that could co-elute with AMP and i.s. A
more suitable method is certainly the use of mass spec-
trometry but even in this case we would recommend
measuring a blood plasma sample before the application
of the antibiotic.

Method validation

Based on optimal sample preparation and chromatographic
conditions, the analytical performance parameters of HPLC,
including linear range, intra- and inter-day precision and
accuracy as well as LOQ and LOD, were studied with the use
of selected columns packed with a polar-endcapped C18

stationary phase (Arion® Polar C18 or Luna® Omega Polar
C18 phases). Data obtained from both columns were
compared to determine how much the columns from
different companies could have an effect on the validation
method. The linear range 10–300mg L�1 was selected for

both columns, the LOQ was determined 10mg L�1 for
Luna® Omega Polar C18 and 5mg L�1 for Arion® Polar
C18. Summary of the data is given in Table 2. In human
blood plasma, AMP and i.s. did not show a degradation for
24 h when stored at 4 8C and up to 30 days when stored at
�70 8C.

Table 1. Specifications of used stationary phases

Arion® Polar C18 Luna® Omega Polar C18 LiChrospher® RP-18 Nucleosil® C18

Column dimension [mm] 2503 4.6 2503 4 2503 4 2503 4
Particle size [mm] 5 5 5 5
Pore size [Å] 120 100 100 100
Surface area [m2 g�1] 325 260 350 350
Carbon load [%] 16 9 21 15
Endcapped yes yes yes yes
pH stability 1.5 to 7 1.5 to 8.5 (10*) 2 to 7.5 2 to 8
100% aqueous mobile phase stability yes yes no no

Data were obtained from the literature [24, 29–31].
punder isocratic conditions.

Table 2. Validation parameters of the HPLC method developed for
determination of ampicillin in human blood plasma on two

different columns

Polar-endcapped
stationary phase

Luna® Omega Polar
C18

Arion® Polar
C18

Calibration curve range
(mg L�1)

10–300 10–300

Linear correlation
coefficient (R2)

0.9998 0.9998

Limit of quantification
(mg L�1)

10 5

Limit of detection (mg L�1) 0.5 0.5
Intra-day precision (%)
10mg L�1 3.87 1.59
20mg L�1 2.75 0.84
40mg L�1 2.27 1.79
60mg L�1 2.68 1.94
80mg L�1 6.10 0.97
100mg L�1 3.85 4.17
150mg L�1 2.20 1.27
300mg L�1 2.39 1.26
Inter-day precision (%)
10mg L�1 3.65 2.08
60mg L�1 5.23 3.28
300mg L�1 5.87 0.55
Intra-day accuracy (%)
10mg L�1 87.32 105.34
20mg L�1 91.84 103.89
40mg L�1 103.71 102.00
60mg L�1 104.66 99.53
80mg L�1 102.07 99.80
100mg L�1 103.75 97.33
150mg L�1 105.81 99.13
300mg L�1 108.70 100.42
Inter-day accuracy (%)
10mg L�1 89.90 111.18
60mg L�1 104.42 111.26
300mg L�1 103.08 100.08
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The results show that the validation of method for the
determination of AMP in human blood plasma was successful
for both tested stationary phases. The important difference
between tested polar phases is LOQ with the use of 20mL of a
solution containing 0.24mg mL�1 of internal standard. The
lowest concentration of AMP was measured 5mg L�1 using
Arion® Polar C18. In contrast, a concentration of 10mg L�1

was determined using Luna® Omega Polar C18 as the mini-
mum concentration for AMP quantification. Although lower
concentrations of AMP can be measured using Arion® Polar
C18 compared to Luna® Omega Polar C18 (as results show), it
is possible to make other calibration curve for AMP with the
use of decreased concentration of the internal standard and
thus to achieve the determination of a lower AMP concen-
tration. As we tested it, the LOQ of 2mg L�1 is possible to
achieve with the Luna® Omega Polar C18 using 20mL of
0.03mg mL�1 of internal standard (data not shown). Authors
do Nascimento et al. [4] separated AMP on C18 column and
measured AMP concentration in the range 0.30–100mg L�1

using 5mL of solution containing 10mg mL�1 of CEX (i.s.).
The LOQ of AMP was 0.3mg L�1 in this case. Even lower
concentrations can be achieved by a detection with a mass
spectrometry. There is suitable to use a combination of acetic
acid, ammonium acetate, and acetonitrile as a mobile phase for
the AMP determination [34, 35], where a detection range 0.58–
70.05mg L�1 can be achieved. Huang et al. [36] described the
use of a combination of acetic acid and acetonitrile as a mobile
phase, where detection range of 0.2–500mg L�1 with a
quantification limit of 0.2mg L�1 can be possible to achieve.

Our blood plasma sample was obtained from patient
who underwent an elective cardiac surgical revasculariza-
tion. A range of AMP plasma concentration in such patients
was 5–230mg L�1 (tested in 38 patients) depending on the
sampling time during surgery (data not shown). Therefore,

only one calibration curve would be sufficient to determine
the AMP concentration with the use of Arion® Polar C18
phase column. Also, a mass spectrometry would be more
appropriate not in terms of the sensitivity but the selectivity
as was already mentioned in Method optimization.

Evaluation of chromatographic performance of tested
stationary phases

Column loading technology is still evolving and therefore
the established methods on employed columns may not
work on newer columns. Therefore, this study shows what
AMP analysis looks like when using the long-known or the
new polar C18 column. Likewise, analyses using C18 col-
umns, which have been on the market for much longer, were
compared. Polar-endcapped stationary phases are suitable
for the separation of polar compounds because they can
retain them for longer time periods than in the case of
conventional C18 phases [37]. Therefore, two other columns
packed with a conventional C18 phase (LiChrospher

® RP-18
and Nucleosil® C18) were selected for a confirmation that
polar-endcapped stationary phases actually retain polar
substances longer than conventional C18 and are really
preferable for the determination of polar compounds.
Figure 3 shows the chromatograms of AMP and i.s. in a
plasma sample obtained from the same patient. The chro-
matograms differ only in the use of a stationary phase.
Sample preparation, injection into HPLC, composition of
mobile phase, and chromatographic conditions were the
same for all stationary phases. Chromatographic perfor-
mance parameters, including N, k, a, ASF, and TF, were
calculated for all selected stationary phases (see Table 3). As
results show, peak shapes were symmetrical in all columns.
The efficiency of the new and well-known polar-endcapped

Fig. 3. Representative chromatograms of cephalexin (i.s.; I) and ampicillin (II) in human blood plasma obtained from one patient. The
separation was performed using Luna® Omega Polar C18 (3b, blank sample 3a), Arion® Polar C18 (3d, blank sample 3c), LiChrospher® RP-
18 (3f, blank sample 3e), and Nucleosil® C18 (3h, blank sample 3g) stationary phases under the same chromatographic conditions (UV
detection at 210 nm, a mobile phase containing a 15mM monopotassium phosphate buffer of pH 3.3 and methanol (75:25, v/v) at a flow

rate of 1.4ml min�1, 25ml injection into HPLC)
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stationary phase was 2,691 and 1,891 plates/m for AMP and
3,972 and 2,694 plates/m for i.s., respectively. Our study is
focused on analytical columns packed with C18 particles
with a porous surface. Although the length contributes to
large number plates, the efficiency of selected columns for
AMP and its internal standard was not excellent. The reason
is the larger diameter size (4 or 4.6mm) and the larger
particle size (5mm) in selected columns, as both of which
lead to wider peaks. The Arion® Polar C18 was the most
effective of all phases tested because its efficiency was higher
than 3,000 plates/m for i.s. and almost 2,700 plates/m for
AMP (as listed in Table 3). Its efficiency is significantly
better than the Luna® Omega Polar C18 phase (almost 1.5-
fold higher for i.s. and 1.4-fold higher for AMP). In com-
parison to conventional C18 phases, Arion

® Polar C18 was
1.5–2.3 more effective for i.s. and had two times as many
plates for AMP.

A more robust separation will be obtained when 2 ≤ k
≤ 10, otherwise a gradient is likely a better choice [38]. In
all tested phases, the retention factor k for both com-
pounds was 2 < k < 6 and therefore it seems to be robust in
all tested columns. Both measured compounds were suc-
cessfully separated from each other without using a
gradient in all used column. But the separation as such was
not excellent on conventional C18 phases because AMP co-
eluted with some other compound as was observed by
comparison with blank samples. In that case, it would be
necessary to modify the mobile phase or to use a gradient.
It is similar with the Luna® Omega Polar C18 phase where
also AMP co-eluted with some other compound. However,
there is possibility to evaluate the signal in height because
the other compound came out later and had a different
retention time than AMP. During the method validation,
blank samples were without the co-eluting substance. It
appeared with a new batch of human blood plasma that
was used for the comparison of patient sample analyses.
Therefore, substances, contained in biological samples
obtained from different patients, may the column resolu-
tion worse with the use of already validated method. In our
study, the Arion® Polar C18 phase had the best resolution

when the new batch human blood plasma was used.
However, it does not have to be the same with other batch
blood plasma or plasma of another patient. Therefore, we
would recommend to take a blood sample from patient
before the antibiotic application to verify that no other
substances are present in the plasma that could co-elute
with AMP and i.s., as was mentioned above.

At first glance, it might seem that AMP as well as i.s. are
retained more on Arion® Polar C18, as shown in Fig. 3.
However, an unretained peak came out later on Arion® Polar
C18 (1.9min) compared to the conventional Nucleosil® RP-
18 (1.5min). Therefore, the resulting retention factor for both
substances was lower on Arion® Polar C18. The reason is
probably due to a smaller surface area and a larger pore size
of the new stationary phase compared to Nucleosil® (325m2

g�1 and 120Å compared to 350m2 g�1 and 100Å, respec-
tively). Therefore, it is also important to select a suitable
column for method development based on these properties.

The differences in the retention of AMP on stationary
phases can also be explained by lipophilicity parameters. The
lipophilicity of drugs is most commonly characterized by
their 1-octanol-water partition coefficients (log P) and was
proposed by Hansch and co-workers [39, 40]. The param-
eter log P is traditionally measured by the method of shaking
flask [29]; however, other methods for determining drug
lipophilicity have already been described [30, 31, 41]. One of
the recognized methods uses a chromatography [42] where
the lipophilicity parameter log kw is determined. This
method seems more appropriate because the determination
of AMP lipophilicity on different stationary phases can
explain differences in retention times on these phases. Our
study was performed with mobile phase containing 15mM
KH2PO4 adjusted to pH 3.3 with changing ratio of methanol
as an organic modifier. Graphs in Figs 4a and b show that
the dependence of log k on methanol addition in mobile
phase is linear in all phases. The log kw was obtained by
extrapolation to zero methanol concentration [27, 28]. The
calculated log kw for AMP was low in all phases (Table 4)
which confirms that AMP is a polar compound. As results
show, C18 phases (Lichrospher

® and Nucleosil®) had similar

Table 3. Chromatographic performance parameters of selected polar-endcapped C18 stationary phases (Luna
® Omega Polar C18 and Arion®

Polar C18) and conventional reversed phase C18 (LiChrospher
® RP-18 and Nucleosil® C18) for cephalexin (i.s.; 1) and ampicillin (2) in

human blood plasma

Luna® Omega Polar C18
(2503 4mm; 5mm)

Arion® Polar C18
(2503 4.6mm; 5mm)

LiChrospher® RP-18
(2503 4mm; 5mm)

Nucleosil® C18
(2503 4mm; 5mm)

Efficiency of column for i.s. (N1)
[plates/m]

2694.0 3971.5 2607.2 1702.3

Efficiency of column for ampicillin (N2)
[plates/m]

1890.9 2691.2 1431.5 1237.5

Retention factor for i.s. (k1) 4.6 3.6 3.0 4.0
Retention factor for ampicillin (k2) 5.6 4.6 3.9 5.0
Selectivity of column (a) 1.2 1.3 1.3 1.2
Asymmetry factor for i.s. (ASF1) 1.2 1.0 1.0 0.7
Asymmetry factor for ampicillin (ASF2) 1.4 1.0 1.3 1.0
Tailing factor for i.s. (TF1) 1.1 1.0 1.0 0.9
Tailing factor for ampicillin (TF2) 1.2 1.0 1.1 1.0
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slope of linear regression that was lower compared to polar
C18 phases. Arion

® Polar C18 had markedly higher slope of
linear regression than Lichrospher® RP-18, Nucleosil® C18
as well as Luna® Omega Polar C18 phases (1.5-fold, 1.8-fold,
and 1.3-fold, respectively). Based on these results, polar C18

phases are more selective for the determination of AMP and
even the Arion® Polar C18 phase appears as a more selective
phase compared to other phases tested, as was observed in
the patient sample as well. Table 4 shows that AMP retains
longer on Arion® Polar C18 at 100% aqueous mobile phase
compared to other column. And also, on Arion® Polar C18,
AMP achieves an equal distribution between the mobile and
stationary phases faster (according to the lipophilicity index
40 shown in Table 4). On the other hand, AMP retains
shorter time on Nucleosil® C18 phase at 100% aqueous
mobile phase compared to other column, but it achieves an
equal distribution between the mobile and stationary phases
more slowly. These lipophilicity parameters explain why the
AMP retention factor was lower on Arion® Polar C18
compared to Nucleosil® C18.

Arion® Polar C18 phase is characterized by good stability
at higher temperatures and its unique production process
ensuring high lot-to-lot reproducibility. Its surface is
modified by multi-step endcapping that secures good peak
shape without fronting and tailing [43]. Our study did not
take long enough for us to say that the shape of the peaks
would not change over time. We already know that a shape
of peaks is changing over time in Luna® Omega Polar C18
(tailing of peaks was observed). However, each column has a
certain lifetime, and therefore the change in peak shape must
be expected over time.

CONCLUDING REMARKS

This study showed what AMP and CEX analyses look
like when using the long-known and new polar C18

column. Likewise, analyses using C18 columns which
have been on the market for much longer, were
compared. Testing of these columns can help in the
development or modification of methods to achieve
better separation, resolution and overall chromatographic
performance not only in a medicine but also in a phar-
maceutical or food industry.

The accurate, simple, and selective HPLC/UV method
has been established and validated for the determination of
the antibiotic AMP as a suitable method in a cardiac
surgery which does not have to be used only in cardiac
surgery. In addition, the new Arion® Polar C18 column
has been shown to effectively separate AMP in human
blood plasma, the separation was better compared to other
tested phases.

Conflict of interest statement: All authors declare no com-
mercial or financial conflict of interest.

ACKNOWLEDGEMENT

The study was supported by the grant number 17-31540A
from the Czech Health Research Council.

LIST OF ABBREVIATIONS

a Separation factor
ACN Acetonitrile
AMP Ampicillin
ASF Peak asymmetry
CEX Cephalexin
HPLC High-performance liquid chromatography
k retention factor
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N Column efficiency
SPE Solid-phase extraction
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Fig. 4. Plot of log k (retention factor) versus methanol ratio in mobile phase for ampicillin measured on polar-endcapped C18 (4a) and
conventional C18 (4b) stationary phases

Table 4. Regression coefficients and lipophilicity parameters for
ampicillin on various stationary phases

Stationary phase log kw 40 [%] S R2

Luna® Omega Polar C18 1.76 37 �0.0474 0.9979
Arion® Polar C18 2.12 35 �0.0601 0.9948
LiChrospher® RP-18 1.87 47 �0.0397 0.9986
Nucleosil® C18 1.54 46 �0.0331 0.9950

Log kw, the retention factor at 100% aqueous mobile phase; 40, the
volume percentage of methanol required to achieve an equal
distribution of ampicillin between the mobile and stationary phase;
S, slope of linear regression; R2, coefficient of determination.
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