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Objectives: We aimed to develop simple and rapid HPLC methods for determination of amoxicillin and clinda-
mycin in human plasma.

Methods: Plasma samples were pretreated by direct deproteinization with acetonitrile and the analytical sep-
aration took place on a reverse phase Poroshell 120 EC-C18 column (2.7 μm, 2.1×100 mm) with a gradient of
acetonitrile. UV detection at 229 nm for amoxicillin and 204 nm for clindamycin was used for determination of
the antibiotics in plasma.

Results: The calibration curves were linear over the concentration ranges of 1–100 mg/L for amoxicillin and
1–15 mg/L for clindamycin with a correlation coefficient of≥0.98. Intra-assay precisions were all≤15% and the ac-
curacieswerewithin+15%. The limit of quantification (LOQ)was found to be 0.5 mg/L for amoxicillin and 1 mg/L for
clindamycinwith inter-assay imprecision coefficient of variances (CVs) of 18.7%and 15.6%, respectively. The present
HPLC methods were successfully applied on spike-in samples and on plasma samples collected 4–6 and 3.5–5.5 h
after oral antibiotic administration of 500 mg of amoxicillin and 600 mg of clindamycin, respectively.

Conclusions: We have developed HPLC methods with UV detection for quantification of amoxicillin and clinda-
mycin in human plasma. The methods are fast, simple and suitable for use in routine settings and clinical
studies.

Introduction
Amoxicillin and clindamycin are valuable antibiotic drugs that
can be administered orally. Several reports have shown substantial
inter-patient variations in antibiotic plasma concentrations.1–3

Antibiotic effect is directly related to the concentration in relation
to microbe susceptibility.3,4 Several methods have been described
in the literature for determination of amoxicillin and clindamycin in
plasma, including radioimmunoassay, microbial assay, GC, LC-MS/
MS and HPLC using different detection methods and columns.5–9

Someof thesemethods have very complex designs, require expensive
equipment and demand comprehensive pre-analytical handling.

The present paper reports on the development of simple, fast
and sensitive methods using HPLC with UV detection for meas-
urement of amoxicillin and clindamycin in human plasma. The
strength of these methods is that they are quick and sensitive,

and can easily be applied in other research and clinical laborator-
ies. In order to demonstrate the usability of themethods and pre-
sent proof of concept, we have analysed spike-in samples and
human samples collected after antibiotic administration.

Materials and methods
Preparation of stock solutions, calibration standards and
quality control (QC) samples
Amoxicillin (amoxicillin trihydrate; CAS number 61336-70-7; MW 419.45)
and clindamycin (clindamycin hydrochloride, CAS number 58207-19-5;
MW 479.46) were purchased from Merck (Soeborg, Denmark).

Stock solutions of amoxicillin and clindamycin were prepared by dis-
solving 25 mg in 25 mLof 0.9%NaCl. Standardswere prepared for amoxi-
cillin (blank, 1, 5, 12.5, 25, 50 and 100 mg/L) and clindamycin (blank, 1, 5,
10 and 15 mg/L) by adding stock solutions to EDTA plasma. The QCs were
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prepared in plasma at concentrations levels of 2.5 and 50 mg/L for
amoxicillin and 5 and 12 mg/L for clindamycin. The standard and QC
samples were stored at −80°C until use.

Sample pretreatment
For analysis of total plasma amoxicillin, 75 μL of sample was transferred
to a 96-well Captiva filter plate with 0.2 μm pore size (Agilent
Technologies, Denmark) together with 450 μL of acetonitrile. After heat
sealing at 170°C and 5 min of shaking, the plate was centrifuged for
10 min at 3000 rpm and the filtrate was evaporated under a gentle
stream of nitrogen gas at 40°C. After approximately 40 min, dry extracts
were obtained. The dry extracts were reconstituted with 150 μL of 0.1 M
phosphate buffer with 5% acetonitrile, heat sealed and subjected to
shaking for 5 min at 2000 rpm. A volume of 5 μL was injected into the
HPLC system for analysis.

For analysis of total clindamycin, 75 μL of sample was transferred to a
96-well Captiva filter plate with 0.2 μm pore size (Agilent Technologies,
Denmark) together with 360 μL of methanol and 90 μL of 10% zinc sul-
phate. After heat sealing and 5 min of shaking, the plate was centrifuged
for 10 min at 3000 rpm and the filtrate was evaporated under a gentle
stream of nitrogen gas at 40°C. After approximately 50 min, dry extracts
were obtained. The dry extracts were reconstituted with 150 μL of 0.1 M
phosphate buffer with 5% acetonitrile, heat sealed and subjected to
shaking for 5 min at 2000 rpm. A volume of 5 μL was injected into the
HPLC system for analysis.

HPLC
The plasma concentrations of amoxicillin and clindamycin were analysed
using HPLC with UV detection. The HPLC-UV system consisted of an
Agilent Series 1290 HPLC system with a diode array detector (DAD)
(Agilent Technologies, Denmark). Analytical separation was performed
on a Poroshell 120 EC-C18 column (2.7 μm, 2.1×100 mm) (Agilent
Technologies, Denmark) at a temperature of 28°C (amoxicillin) or 40°C
(clindamycin) controlled by a column heater.

Themobile phases had a flow rate of 0.5 mL/min andwere composed
of: (A) 5% acetonitrile in phosphate buffer, pH 3; and (B) acetonitrile. For
analysis of amoxicillin, the gradient profile was: 0% B (0 min), 30% B
(3 min), 30% B (3.5 min), 0% B (4 min). For analysis of clindamycin, the
gradient profile was: 20% B (0 min), 20% B (0.5 min), 30% B (3 min),
20% B (4 min). The needle was cleaned with 50% methanol in water.
The analytes were detected by UV detection (HPLC-UV) at 229 nm for
amoxicillin and 204 nm for clindamycin.

Data analysis
All data used for qualification were collected and processed using
OpenLAB software (Agilent Technologies, Denmark). The calibration set-
tings were performed with a linear curve fit with equal weighing. As cri-
teria of acceptance, all calibrator standards had to be within +15%
from the nominal concentration in each analytical run and the correlation
coefficient (R2) had to be ≥0.98.

Method validation and proof of concept
For validation of the developed methods, linearity, carry-over, lower limit
of detection (LOD), limit of quantification (LOQ), precision [coefficient of
variance (CV)], stability and accuracy were assessed.

The linearity of the developed methods was assessed over calibration
ranges of 1–100 mg/L for amoxicillin and 1–15 mg/L for clindamycin. The
acceptable criteria for the calibration curves are outlined above. The dilu-
tion integrity was assessed bymaking a dilution series (100%, 90%, 75%,
50%, 25%, 10%, 5%, 1%) from the highest standard (100 mg/L for
amoxicillin and 15 mg/L for clindamycin) that was measured in three re-
plicates for evaluation by linear regression. The validation criteria were

that both precision and deviation from the nominal concentration for
themeans of the three replicates should be≤15% from the nominal con-
centration and that the R2 should be ≥0.98.

Carry-over was assessed in combination with the linearity studies by
running two subsequent blank samples after the 100%, 90% and 75%
stock solutions. The concentration of analyte in the blank samples should
be below the LOD to rule out carry-over. The LOD was assessed as the
mean value of 25 replicates of blank samples plus five times SD value
of the blanks. The LOQ was determined as the concentration with a
signal-to-noise ratio of 10.

The precision of the assays was determined at three concentration le-
vels (LOQ, QC1 and QC2) by analysing five replicates in three runs (n=15,
LOQ) or five runs (n=25, QC1 and QC2). The validation criteria were that
the inter-assay imprecision should be ≤15% (or ≤25% at LOQ).

The two levels of QC samples were used to evaluate the freeze–thaw
stability and the long-term stability of the antibiotics in plasma after 2
months at −80°C.

To test the accuracy, we analysed plasma samples spiked with seven
different concentrations of amoxicillin [100, 80, 60, 30, 10, 5 and 0 (blank)
mg/L] and clindamycin (18, 13, 10, 5, 2, 1 and 0 mg/L). The stocks were
analysed in triplicates and the mean concentrations were used to evalu-
ate accuracy/recovery. The acceptance criterion was that the recovery
should be within +15% of the nominal spike-in concentration and that
the inter-assay precision should be ≤15%.

To explore the usability of the methods and as proof of concept, we
analysed plasma samples from patients undergoing haemodialysis
(n=5) collected 4–6 and 3.5–5.5 h after oral administration of 500 mg
of amoxicillin and 600 mg of clindamycin, respectively. The plasma was
collected in relation to another ongoing study (ClinTrials.gov,
NCT05248620) approved by the Danish Ethical Committee (approval
H-20026735). For this study, non-fasting whole blood samples were col-
lected in EDTA tubes and centrifuged (10 min at 2300 g) within 2 h of
being drawn at Herlev and Gentofte Hospital, Denmark, and at Roskilde
hospital, Denmark. Plasma was stored at −80°C and shipped on dry ice
to Aarhus University Hospital, Denmark, for analysis of amoxicillin and

Table 1. Recoveries of amoxicillin and clindamycin in human plasma

Spiked concentration
(mg/L)

Measured concentration
(mg/L), meana

Recovery
(%)b

CV
(%)c

Amoxicillin
100 105.0 105.0 0.3
80 80.4 100.4 0.3
60 60.5 100.9 0.7
30 30.9 100.9 0.1
10 12.2 102.2 1.5
5 5.2 100.3 1.1

Clindamycin
18 17.8 99.8 0.6
13 13.7 100.7 0.3
10 10.1 100.1 0.1
5 4.9 99.9 0.4
2 1.8 99.8 7.4
1 0.9 99.9 2.2

aResults are given as means of triplicates.
bRecovery (%) is expressed as [(mean measured concentration−nominal
concentration)/(nominal concentration)]×100 (accept criterion,+15%).
cCV (%) is expressed as [(SD/mean)×100] (accept criterion, ≤15%) of
three replicates.
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clindamycin. The anonymized plasma samples were analysed in
duplicates.

Results and discussion
Method validation and application
In each validation batch, the calibration standardswere analysed
and the calibration curves showed a linear response in the

concentration range of 1–100 mg/L for amoxicillin and 1–15 mg/
L for clindamycin. The R2 values of all calibration curves
were ≥0.98, which demonstrated a good linearity within
the concentration range.

No carry-over was found at 100 mg/L for amoxicillin and
15 mg/L for clindamycin. The LOQ was 0.5 mg/L for amoxicillin
and 1 mg/L for clindamycin, and the total imprecisions (CV)
were within the acceptance criteria (≤15%; ≤25% at LOQ). For
amoxicillin, the mean precisions were found to be 14.3%

Figure 1. Typical chromatograms for amoxicillin and clindamycin in human plasma shown for blank samples, QCs and spike-in samples. The structures
are from PubChem. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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(2.5 mg/L) and 10.8% (50 mg/L) and 18.7% (0.5 mg/L, LOQ). For
clindamycin, the figures were 5.2% (5 mg/L) and 4.5% (12 mg/L)
and 15.6% (1 mg/L, LOQ).

Long-term stability of plasma samples spiked with amoxicillin
and clindamycin showed no loss of analytes when they were
stored at −80°C for 2 months or subjected to three freeze–
thaw cycles (data not shown).

To demonstrate the usability of the methods in human plas-
ma, we analysed plasma samples spiked with different concen-
trations of amoxicillin and clindamycin. The results are shown
in Table 1. All the blank samples provided an analyte concentra-
tion below the detection limit and the spike-in samples had re-
coveries (%) within +15% and CV (%) ≤15%. Chromatograms
from the analysis of a blank sample, a QC sample and a spike-in
sample are shown in Figure 1.

The analysed plasma collected 4–6 and 3.5–5.5 h after oral
administration of 500 mg of amoxicillin and 600 mg of clindamy-
cin, respectively, were found to have a mean+SD concentration
of 3.5+1.2 mg/L (n=5) and 5.5+1.9 mg/L (n=5) of amoxicillin
and clindamycin, respectively.

Conclusions
In conclusion, we have developed HPLC methods with UV detec-
tion for quantification of amoxicillin and clindamycin in human
plasma. The methods were successfully validated with the ana-
lysis of spiked human samples and samples collected after oral
antibiotic administration. The methods provide simple, fast and
accurate ways of quantitatively analysing amoxicillin and clinda-
mycin, and are considered to be easy to implement in laborator-
ies and suitable for use in routine settings and in clinical studies
for the antibiotics used alone or in combination.
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