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Determination of cefuroxime in human
blood and urine using UHPLC-MS/MS
and its application to stability study
of cefuroxime over 278 days
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Abstract

Purpose: Forensically, the widespread use of antibiotics necessitates methods for their detection in biological materials to ascertain
their role in adverse reactions or fatalities. Given the need to conduct toxicological studies on materials stored for extended periods
under various temperature conditions, research on antibiotic stability in biological matrices over such durations is crucial for accurate
toxicological assessments.

Methods: The stability of cefuroxime in blood and urine was determined for 278 days at three different temperatures: -15°C, +4°C,
+23°C. The analyses were conducted using ultra-high-performance liquid chromatography coupled with triple-quadrupole tandem
mass spectrometry.

Results: The method met all validation requirements. This study also describes the results of the thermal stability of cefuroxime. Ce-
furoxime showed the greatest stability at -15°C and was highly unstable at room temperature (+23°C) in all types of studied biological
matrices.

Conclusions: The study confirms instability of cefuroxime in blood and urine samples. Therefore, the analysis of this antibiotic in bio-
logical matrices for purposes such as forensic toxicology should be performed as soon as possible after sampling to avoid decline in
concentration. In cases of prolonged material storage, the concentrations should be cautiously interpreted in the prepared expertise.
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Streszczenie
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Cel: Z medyczno-sadowego punktu widzenia, powszechne stosowanie antybiotykéw wymaga opracowania metod ich wykrywania
w materiatach biologicznych, aby ustalic¢ ich role w reakcjach niepozadanych lub zgonach. W kontekscie przeprowadzania badan toksy-
kologicznych na materiatach przechowywanych przez dtuzszy czas w réznych warunkach temperaturowych, badania nad stabilnoscia
antybiotykéw w matrycach biologicznych przez takie dtugie okresy sa kluczowe dla oceny toksykologicznej w takich przypadkach.

Metody: Stabilnos¢ cefuroksymu zostata okreslona w krwi i moczu przez 278 dni w trzech réznych temperaturach: -15°C, +4°C, +23°C.
Analizy przeprowadzono przy uzyciu ultra-wysokosprawnej chromatografii cieczowej sprzezonej z tandemowa spektrometrig mas z po-

tréjnym kwadrupolem.

Wyniki: Metoda spetniata wszystkie wymagania walidacyjne. W niniejszym badaniu przedstawiono réwniez wyniki dotyczace stabilno-
sci termicznej cefuroksymu. Cefuroksym wykazat najwieksza stabilnos¢ w temperaturze -15°C i byt wysoce niestabilny w temperaturze

pokojowej (+23°C) we wszystkich badanych matrycach biologicznych.

Whioski: Badanie potwierdza niestabilnos¢ cefuroksymu w prébkach krwi i moczu, dlatego analizy tego antybiotyku w matrycach
biologicznych, na przyktad dla celéw toksykologii sadowej, powinny by¢ przeprowadzane jak najszybciej po pobraniu, aby unikngc
spadku stezenia, lub w przypadku dtugotrwatego przechowywania materiatu, nalezy ostroznie interpretowac stezenia w przygotowanej

ekspertyzie.

Stowa kluczowe

cefuroksym; cefalosporyny; dtugoterminowa stabilnos¢; krew; mocz; LC-MS/MS

Background

Cefuroxime, (6R,7R)-3-(carbamoyloxymethyl)-7-[[(22)-2-(furan-
2-yl)-2-methoxyiminoacetyl]lamino]-8-oxo-5-thia-1-azabicyc-
lo[4.2.0]oct-2-ene-2-carboxylic acid, is a second-generation
semisynthetic cephalosporin and a commonly prescribed an-
tibiotic with a broad spectrum of activity. It can cause mild to
severe immediate hypersensitivity reactions due to its molec-
ular structure, which includes a beta-lactam ring linked to a
sulfur-containing dihydrothiazine ring [1,2] Cefuroxime axetil, a
pro-drug of cefuroxime, poses a challenge in allergic testing
due to structural differences [3].

Antibiotics, particularly beta-lactams like cephalosporins, ac-
count for a significant proportion of drug-induced anaphylaxis
cases [4]. Studies indicate that the prevalence rates of antibi-
otic allergies vary, ranging from 5% to 10% in children [5]. While
cefuroxime is less commonly implicated in hypersensitivity
reactions compared to other antibiotics, it still contributes to
adverse drug reactions (ADRs), albeit with varying severity [6-9].

Hypersensitivity reactions to cefuroxime can occur suddenly,
even in patients who previously tolerated the drug [1011]. Ad-
verse reactions range from mild eruptions to severe condi-
tions, such as toxic epidermal necrolysis and anaphylactic

shock [12-22]. Merget et al. [11] described the case of work-re-
lated occupational urticaria and anaphylaxis after inhalation
of cefuroxime by a 53-year-old nurse. Exposure to the antibiot-
ic was due to activities such as crushing tablets or preparing
injections. Cefuroxime may also induce organ-specific adverse
effects, including kidney and liver injury [23-26].

The use of cefuroxime during pregnancy can lead to adverse
effects on the unborn child, as evidenced by cases of congen-
ital fixed drug eruption [27].

Neurological manifestations, such as neurotoxicity and panic
attacks, have also been reported following the use of cefurox-
ime [1,28,29]. In turn, Zahiruddin et al. [30] presented a case of
psychosis induced by cefuroxime and metronidazole in a
35-year-old woman, who experienced such symptoms as audi-
tory hallucinations and exhibited abnormal behavior. Addi-
tionally, a case of disulfiram-like reactions has been docu-
mented [31]. In a rural outpatient clinic, a man received an in-
fusion of cefuroxime sodium and glucose in saline. During
infusion the patient presented with sweating, weakness and
facial flushing, followed by loss of consciousness. The patient
died despite resuscitation efforts. The investigation indicated



that the man had consumed alcohol before he went to the
clinic. The aforementioned cases - panic attack, psychosis and
cefuroxime induced disulfiram-like reactions - can be mistak-
enly associated by physicians or police officers with illicit
drugs or even new psychoactive substances.

Serious complications of cefuroxime administration include
Kounis syndrome, which is characterized by acute coronary
syndrome secondary to allergic reactions [2,32]. Forensically,
the widespread use of antibiotics necessitates methods for
their detection in biological materials to ascertain their role in
adverse reactions or fatalities. The authors routinely examine
biological material stored in refrigerators for several years.
These limitations often restrict analyses to ethyl alcohol or
substances routinely screened for, such as psychoactive sub-
stances, medications, and their metabolites, while excluding
antibiotics. Additionally, new developments in a case after an
extended period or the need to reassess results previously
obtained by another laboratory can necessitate further analy-
sis. Unfortunately, the authors also examine materials, such as
blood, stored at room temperature for several months or lon-
ger. Furthermore, due to the lack of legal regulations in our
country, biological material collected in hospitals is disposed
of shortly after collection, which limits its use in toxicological
studies. For this reason, in one case of suspected anaphylaxis
following the administration of an antibiotic containing amox-
icillin and clavulanic acid in a hospital, the authors were un-
able to analyse serum or plasma and had to examine organ
fragments from the deceased, which were preserved in a for-
malin container. Another factor motivating these investiga-
tions was the death of a child suspected of dying after receiv-
ing a cefuroxime-containing preparation. Due to the sensitive
nature of the case, the authors do not discuss it in detail.
Blood was taken from the child during the autopsy and sent
for toxicological analysis approximately one month later. The
exhumation of the child’'s body was conducted about a month
after death, during which biological fluids and organ frag-
ments were secured for examination.

Considering the conduct of toxicological studies on materials
stored for extended periods under various temperature condi-
tions, research on antibiotic stability in biological matrices,
especially whole blood, over such long periods is, in the au-
thors’ opinion, crucial for toxicological assessments in these
cases.

Among the techniques used for the determination of antibiot-
ics, including cefuroxime, are: capillary zone electrophoresis
[33], micellar electrokinetic capillary chromatography [34],
screen-printed potentiometric sensors [35], and liquid chro-
matography with various detectors, such as HPLC-UV-VIS, LC-
MS, and LC-MS/MS [36-50].
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Objectives

In light of data about the possible occurrence of anaphylaxis
after cefuroxime administration, we decided to implement a
method for the determination of cefuroxime and to study the
stability of this drug in blood and urine at three different tem-
peratures over 278 days.

Methods

Chemicals

Water (Chromasolv® LC-MS), acetonitrile (Chromasolv® LC-MS),
methanol (Chromasolv® LC-MS), ethyl acetate, and formic acid
were purchased from Sigma-Aldrich (Steinheim, Germany);
ammonium formate was purchased from Sigma-Aldrich (Ban-
galore, India); cefuroxime sodium salt was purchased from Su-
pelco (Bellefonte, PA, USA), and diazepam-d. was purchased
from Cerilliant (Round Rock, TX, USA). Standard solutions of
internal standard (IS) - diazepam-d; were prepared in metha-
nol and a standard solution of cefuroxime was prepared in
water. The working solutions of different concentrations were
prepared by diluting the standard solution with methanol/wa-
ter. The stock solution and standard solutions were stored at
-20°C.

Biological materials

For the development and validation of the method, blank
(drug-free) blood samples were obtained from a regional
blood donation center. Blank urine samples were obtained
from a healthy volunteer (one of the authors).

For the stability study, we used blank blood samples obtained
from a regional blood donation center (with addition of CPD
formula, containing i.a. citrate salts, Maco Pharma, Mouvaux,
France), stored in glass tubes, and blood and urine samples
obtained from a healthy volunteer (one of the authors). Blood
from the volunteer was collected in 5-mL glass tubes contain-
ing sodium fluoride, NaF - 4 mg/mL, and sodium heparin -
28 IU/mL, BD Vacutainer, Plymouth, UK). The urine sample was
stored without any preservatives, also in a glass tube. Cefurox-
ime sodium was mixed with all analysed matrices. Samples
were stored at three different temperatures: -15°C, +4°C and
+23°C. In order to examine cefuroxime stability, quantitative
analyses were repeated in duplicates after 8 hours, and 1, 2, 3,
7,14, 30, 60, 90, 182, and 278 days. The initial analysis concen-
tration was 10,000 ng/mL for all matrices (blood with citrates,
blood with NaF, and urine). The stability graphs were present-
ed as exponential curves, and extrapolation of these curves
was used to estimate the half-live for each sample.

In the case of urine samples, pH was additionally measured.
On day 0, the pH was 6. After 30 days, urine samples across all
three tested temperatures maintained a pH of 6. However, af-
ter 120 days, pH measurements were only taken for samples
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Table I. Multiple reaction monitoring (MRM) conditions used in the UHPLC-ESI-MS/MS analysis of cefuroxime and internal standard;

a jons selected for quantitative analysis

Compound IIDrecursor Product lon Dwell Q1 Pre Collision Q3 Pre Retention
on[m/z] [m/z] (msec) Bias[V] | Energy[V] | Bias[V] | time [min]
2071a 20 16 14
Cefuroxime 423.0 (neg) 318.0 17.0 1 9 21 377
2841 16 16 17
198142 14 34 19
Diazepam-d; 290.0 (pos) 1541 13.0 14 28 15 7.64
2272 14 19 22
pos - positive mode, neg - negative mode
Table II. Validation results; * n =5
Parameter Blood Urine
The linear concentration range [ng/mL] 100-10,000 100-10,000
The coefficient of determination (R?) >0.9997 >0.9997
LOD [ng/mL] 10 10
100 ng/mL 10.6 8.7
Intra-day precision [%]* 1,000 ng/mL 49 0.6
10,000 ng/mL 42 21
100 ng/mL 109 43
Intra-day accuracy [%]* 1,000 ng/mL 6.1 37
10,000 ng/mL 21 438
100 ng/mL 57 26
Inter-day precision [%]* 1,000 ng/mL 42 19
10,000 ng/mL 55 19
100 ng/mL 6.5 75
Inter-day accuracy [%]* 1,000 ng/mL 5.8 51
10,000 ng/mL 3.8 6.2
100 ng/mL 813 936
Recovery [%] 1,000 ng/mL 817 105.3
10,000 ng/mL 769 102.7
100 ng/mL 101.5 1051
Matrix effect [%] 1,000 ng/mL 89.6 86.3
10,000 ng/mL 997 76.6
100 ng/mL 82.5 984
Process efficiency [%] 1,000 ng/mL 732 90.8
10,000 ng/mL 76.6 78.7




stored at freezing temperature and in the refrigerator, with pH
remaining at 6.

Sample procedure

0.2 mL of whole blood/urine was spiked with 0.02 mL of IS
(diazepam-ds, 1 ug/mL) and precipitated with 0.4 mL of aceto-
nitrile. The samples were centrifuged at 2540 x g at +4°C for 10
min. The organic phase was placed into 2 mL Eppendorf tubes
and evaporated at +40°C to dryness under a stream of nitro-
gen gas. The dry residues were dissolved with methanol (0.05
mL). The solution was transferred into inserts of autosampler
glass vials.

Working solutions and quality control samples

Standard solutions were diluted with methanol. The final con-
centrations of calibrators were: 10, 25, 50, 100, 250, 500, 1000,
2500, 5000, and 10,000 ng/mL. QC samples were prepared by
spiking blank blood/urine to yield final concentrations of 100,
1,000 and 10,000 ng/mL for cefuroxime.

Chromatographic and spectrometric conditions

Chromatographic analyses were performed using an ultra-high
performance liquid chromatograph (UHPLC Nexera X2, Kyoto,
Japan). The separation was achieved using a Kinetex XB-C18,
2.6 pm, 2.1 x 150 mm column (Phenomenex, Torrance, CA, USA).
The injected volume was 2 pL. The analytical conditions were
identical to those presented previously in a study by [informa-
tion deleted to maintain the anonymity of the review process].
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Detection of compounds was performed using a triple-quad-
rupole mass spectrometer (LCMS-8050, Shimadzu, Kyoto, Ja-
pan). The spectrometer was equipped with an electrospray
ionization (ESI) source, and the determination of the investi-
gated substances was conducted in the multiple reaction
monitoring (MRM) mode. The following MS parameters were
fixed: nebulizing gas flow, 3 L/min; heating gas flow, 10 L/min;
drying gas flow, 10 L/min; interface temperature, 250°C; Desol-
vation Line (DL) temperature, 200°C; heat block temperature,
350°C. A summary of precursor and product ions, collision en-
ergies, dwell time, Q1-Q3 prebias voltages, and retention time
for each compound are presented in Table 1.

Results

The method employed enabled the determination of cefurox-
ime with high sensitivity and selectivity. Table 2 shows the val-
idation results of the method. Figures 1, 2 and 3 show the re-
sults of in vitro cefuroxime stability at three different tempera-
tures in blood (with citrates and NaF) and in urine.

Cefuroxime exhibited the highest stability in vitro at -15°C,
with a gradual decrease in concentration observed over time.
In blood samples preserved with citrates and NaF, a decrease
of over 20% was noted by the second day, with subsequent
moderate declines. By day 278, concentrations decreased by
18% in citrate-preserved blood, 15% in NaF-preserved blood,
and 21% in urine. The estimated in vitro half-lives (T, ) were

+23°C

200 250 300

[day / dni]

Fig. 1. The stability of cefuroxime in blood with citrates at three different temperatures: -15°C, +4°C, +23°C
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Fig. 2. The stability of cefuroxime in blood with NaF at three different temperatures: -15°C, +4°C, +23°C
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Fig. 3. The stability of cefuroxime in urine at three different temperatures: -15°C, +4°C, +23°C

approximately 105 days in citrate-preserved blood, 86 days in
NaF-preserved blood, and 132 days in urine at -15°C.

Storage at +4°C resulted in more rapid degradation, with con-
centrations decreasing by 62% in citrate-preserved blood, 75%
in NaF-preserved blood, and 44% in urine after 60 days. The
estimated in vitro T,,, values were approximately 42 days in
citrate-preserved blood, 34 days in NaF-preserved blood, and
66 days in urine at +4°C.

At room temperature (+23°C), cefuroxime demonstrated high
instability in vitro. In citrate-preserved blood, the antibiotic
became undetectable after 90 days, with concentrations drop-
ping to 19% after 14 days and 1% after 30 days (estimated T, , ~
3 days). Stability was even poorer in NaF-preserved blood, with
concentrations decreasing to 25% after one week and 6% after
two weeks (estimated T,,, ~ 3 days). Urine samples showed
slightly better stability, with concentrations of 8% and 1%
remaining after 30 and 60 days, respectively (estimated



T,, ~6 days). Notably, significant decreases in concentration
in vitro occurred within the first day at room temperature.

Our study also revealed that cefuroxime stability differed be-
tween blood samples preserved with citrates and NaF, with the
latter exhibiting lower stability for the antibiotic.

Graphical comparisons of cefuroxime stability across different
matrices and temperatures are provided in supplementary
materials (Figures S2-5S7).

Discussion

The stability of cephalosporins depends, i.a. on the pH of the
solution, solvent temperature and the addition of sodium do-
decyl sulfate [52]. To our knowledge, we have conducted the
longest study on thermal stability of cefuroxime in biological
materials. Additionally, the stability of this substance in whole
blood, which is a primary biological fluid in forensic toxicology,
has not been previously studied. This is especially important
from a forensic medicine point of view, due to the time differ-
ence between death and the discovery of the body, and then
the collection of biological materials during autopsy (which
may even be counted in weeks) [53]. If the autopsy is per-
formed shortly after death or the discovery of the body, there
is no guarantee that the samples will be delivered to the lab-
oratory in a timely manner (without losses in antibiotic con-
centration). The transport and storage of biological samples,
especially under uncontrolled conditions, may also affect the
stability of xenobiotics.

There are cases with an undetermined cause of death where
routine determinations are initially performed, such as tests
for ethyl alcohol and illicit drugs. Only after new circumstanc-
es arise, (which may take several months) are toxicological
analyses oriented to exclude possibilities like drug-induced
anaphylaxis. An unnecessarily extended period can make the
detection of xenobiotics impossible and complicate the inter-
pretation of whether cefuroxime was administered before
death and affected the cause of death.

Hu et al. [54] conducted stability studies of cefuroxime in hu-
man plasma at three concentrations: 84.2, 1680 and 16,800 ng/
mL. The samples were stored under various conditions: short-
term (+25°C for 6h), autosampler (+4°C for 20 h), and three
freeze-thaw cycles (form +25°C to -20°C). Cefuroxime was sta-
ble under those conditions. In addition, researchers evaluated
the long-term stability of this antibiotic at -20°C for 145 days.
Contrary to our results, Hu et al. showed the stability of cefu-
roxime over the studied time period. However, it is worth to
pointing out that our study did not include the analysis of
human plasma. From a forensic medicine point of view, whole
blood is a more important biological matrix because postmor-
tem plasma or serum samples are rarely analysed. Processes
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that occur after death lead to changes at the macro- and mi-
croscopic level. Serum collected postmortem is, in most cases
hemolysed, which may affect the determined xenobiotic con-
centration, especially when blood-to-serum ratios decrease
with increasing plasma protein binding [55,56].

Viberg et al. [57] investigated the stability of cefuroxime in hu-
man plasma. The authors spiked fresh heparinized blood with
cefuroxime at concentration of 1,200, 8,000 and 42,000 ng/mL
and placed into glass vials (stored at room temperature and at
+4°C). Analyses were conducted at 0, 40 min, 1.5, 3, 4.5, 6 and
24 h. Studies by Viberg et al. demonstrated the stability of ce-
furoxime in blood for 4.5 h at room temperature, and over 24 h
at +4°C. Partani et al. [58] evaluated the stability of cefuroxime
in plasma at two concentrations: 240.3 and 12,012.8 ng/mL (low
and high concentration of QC sample) under different condi-
tions: three freeze-thaw cycles (from around -20°C to room
temperature), bench-top stability (room temperature for ~7 h),
autosampler stability (+10°C for ~48 h), long-term stability
(around -20°C for 107 days). Cefuroxime in plasma was stable
under all aforementioned conditions. The authors also evalu-
ated the stability of the working and stock solutions of cefu-
roxime and IS (cefoxitin) stored for 12 h at room temperature
and for 15 days at refrigerator temperature (between 1 and
+10°C). The solutions were stable under these thermal condi-
tions. Lecaillon et al. [52] performed a stability study of cefu-
roxime in plasma and urine stored in autosampler and frozen
at -20°C. Both matrices were stable in the autosampler over
5 h. Frozen plasma was stable over 3 months, and frozen urine,
over 2 months. Researchers also evaluated calibrator solu-
tions stored at +5°C. Cefuroxime solutions were stable for
14 days.

Conclusions

The authors demonstrated instability of cefuroxime in whole
blood preserved with NaF and citrate salts, and urine samples
stored under three different temperatures over 278 days. Sta-
bility studies of this substance in whole blood provide new
information, particularly for forensic toxicologists. For deter-
mination of cefuroxime in biological materials, it is suggested
to perform analyses as soon as possible after sampling or
store samples frozen until analysis, especially in cases sus-
pected of being associated with anaphylaxis after the admin-
istration of an antibiotic.

Supplementary data

e Chromatograms of cefuroxime in blood (with NaF) and
urine (Fig. S1).

e Comparison of the cefuroxime stability in blood with ci-
trates (A) and with NaF (B) at -15°C (Fig. S2), +4°C (Fig. S3)
and +23°C (Fig. S4).

e Comparison of the cefuroxime stability in blood with ci-
trates (A), in blood with NaF (B), and in urine (C) at -15°C
(Fig. S5), +4°C (Fig. S6) and +23°C (Fig. S7).
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Limitations of the study

For clinical purposes, it would be valuable to conduct studies
on the stability of cefuroxime in serum and/or plasma. How-
ever, in forensic toxicology, whole blood and urine are the
most frequently analysed biological materials, hence the au-

Additionally, based on the authors’ experience, as mentioned
in the manuscript, samples collected from patients in the hos-
pital are typically disposed of 24 hours after collection. Conse-
quently, these samples are often unavailable for subsequent
analysis in forensic toxicology laboratories.

thors limited their studies to these biological matrices.

An additional limitation of the study was monitoring cefurox-
ime stability in biological matrices at only a single concentra-
tion level (10,000 ng/mL).
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SUPPLEMENTARY MATERIALS

Determination of cefuroxime in human blood and urine using UHPLC-MS/MS and its application to a stability study of cefuroxime
over 278 days.

I Chromatograms of cefuroxime in blood (with NaF) and urine (Fig. S1)

Il. Comparison of the cefuroxime stability in blood with citrates (A) and with NaF (B) at -15°C (Fig. S2), +4°C (Fig. S3) and +23°C
(Fig. S&)

IIl. Comparison of the cefuroxime stability in blood with citrates (A), in blood with NaF (B), and in urine (C) at -15°C (Fig. S5), +4°C
(Fig. S6) and +23°C (Fig. S7)
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Fig. S2. Comparison of the cefuroxime stability in blood with citrates (A) and with NaF (B) at -15°C
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Fig. S3. Comparison of the cefuroxime stability in blood with citrates (A) and with NaF (B) at +4°C
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Fig. S4. Comparison of the cefuroxime stability in blood with citrates (A) and with NaF (B) at +23°C
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Fig. S5. Comparison of the cefuroxime stability in blood with citrates (A), in blood with NaF (B), and in urine (C) at -15°C
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Fig. S6. Comparison of the cefuroxime stability in blood with citrates (A), in blood with NaF (B), and in urine (C) at +4°C
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Fig. S7. Comparison of the cefuroxime stability in blood with citrates (A), in blood with NaF (B), and in urine (C) at +23°C
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