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Abstract: Background: Although antibiotic resistance is a well-known issue in veteri-
nary medicine, studies proposing real-time therapeutic monitoring (TDM) are lacking.
The objective of the present study was to develop a simple and rapid protocol for the
real-time therapeutic monitoring of antibiotics in horses and dogs. Methods: A reliable
TDM protocol should encompass guidelines for the definition of plasma/serum collection
time points, sample management by the clinical staff, transportation to the laboratory,
and the availability of robust and swift analytical technologies. Ampicillin and sulbactam
were quantified using liquid chromatography—tandem mass spectrometry (LC-MS/MS)
in the plasma or serum of animals treated with ampicillin alone or combined with sulbac-
tam. Results: The method was successfully applied to samples collected from animals
hospitalized in our veterinary hospital and proved helpful in understanding the pharma-
cokinetics of this antibiotic in critically ill patients. Conclusions: Combined with minimum
inhibitory concentration (MIC) data, this approach enables PK/PD evaluations to support
the development of personalized therapeutic strategies and optimized dosing regimens
for animals.

Keywords: therapeutic dosage; beta-lactams; ampicillin; sulbactam; animals; liquid
chromatography; tandem mass spectrometry; LC-MS/MS

1. Introduction

Effectively addressing infections in intensive care units represents a difficult task [1,2],
especially in veterinary medicine. This challenge is exacerbated by the persistent issue
of antimicrobial resistance, a major concern impacting both human and animal health
globally [3,4]. With an increasing emphasis on promoting responsible antibiotic usage
and addressing its implications [5], the therapeutic drug monitoring (TDM) of antibiotics
has become a standard practice in most human medical facilities [6-10]. This evolution
serves as a valuable tool for healthcare practitioners in ensuring responsible and effective
antibiotic management. The selection of appropriate antibiotic therapy and the correct
dosage represent the two fundamental elements of TDM [11-14]. Typically, the optimization
of treatment, including the choice of antibiotic class, administration route, and dosage, is
guided by monitoring the selected antibiotics in patients’ plasma or serum [8,13]. Indeed,
one of the primary prerequisites for conducting a TDM study is the use of highly efficient
and robust analytical methods. The approaches for the accurate quantification of target
antibiotics in animal biological fluids must be validated in accordance with the guidelines
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set by the European Medicines Agency (EMA) [15] or the Food and Drug Administration
(FDA) [16]. Furthermore, micro-sampling techniques, such as dried blood spots (DBSs), are
increasingly recommended as alternative sampling methods for TDM due to advantages
such as non-invasive sample collection and the need for smaller blood volumes [17-19].

In the contemporary landscape, liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) stands out as an accurate and sensitive technique for antibiotic
quantification and a continually expanding range of clinical applications [20-23]. These
include TDM, where efficient methods that facilitate rapid turnaround times are crucial to help
the antimicrobial stewardship team quickly adopt and optimize treatment strategies [6,24].

In recent years, several studies quantifying different antibiotics in healthy and hospital-
ized animals for pharmacokinetic (PK) and pharmacokinetic/pharmacodynamic (PK/PD)
purposes have been published [25-30]. However, laboratory protocols for routine TDM
of antibiotics are poorly documented in companion animals, despite the common use
of certain classes in critical care settings [31-35]. In particular, there is limited data on
optimizing ampicillin dosage in dogs and horses [25,26], and currently, no information is
available on ampicillin dosing and pharmacokinetics in critically ill foals.

To our knowledge, antibiotic TDM assays for use in routine clinical practice with
companion animals have not yet been validated. This study aimed to establish a clinical and
laboratory protocol for the TDM of two widely used beta-lactams—namely, ampicillin and
piperacillin (with or without beta-lactamase inhibitors such as sulbactam and tazobactam)—
in dogs and horses. This involved identifying the most strategic sample collection time
points and developing an LC-MS/MS method capable of quantifying these drugs in blood-
derived matrices such as plasma, serum, and DBSs.

2. Results
2.1. Method Validation

The specificity and selectivity of the method were assessed by confirming the absence
of interfering peaks at the retention time of the target compounds and the internal standard
amoxicillin-d4 in horse plasma (see Figure 1) and dog serum (see Figure 2) and by injecting
six blank samples of each matrix of interest.
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Figure 1. Chromatograms obtained from the MRM analysis of ampicillin (a) and the internal standard
amoxicillin-d4 (b) in a horse plasma sample.
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Figure 2. Chromatograms obtained from the MRM analysis of ampicillin (a), piperacillin (b), sulbac-
tam (c), and tazobactam (d) in dog serum samples.

Calibration curves in both horse plasma and dog serum, prepared over three separate
testing days, consistently exhibited a coefficient of determination (r2) > 0.9 for both species.
Furthermore, calibrators consistently fell within £15% of the expected value, demonstrating
the linearity of the method across the tested concentration intervals. Specifically, the
calibration range 0.1-100 pug/mL was validated for ampicillin in horse plasma and dog
serum. The calibration range for sulbactam in dog serum was 0.5-100 pg/mL. Accuracy
and precision at all QC levels, in both intraday and interday conditions, are shown in
Table 1 (ampicillin in horses and dogs) and Table 2 (sulbactam in dogs).

Table 1. Intraday and interday accuracy and precision of ampicillin in horse plasma and dog serum.

Horse Dog
Accuracy (%) Precision (%) Accuracy (%) Precision (%)

LLOQ (0.1 pg/mL) LLOQ (0.1 ug/mL)

Day 1 (n=5) 0.3 0.6 1.0 1.7
Day 2 (n =5) 0.5 1.2 2.0 3.4
Day 3 (n =5) 1.5 2.1 0.3 0.6
Interday (n = 15) 0.8 1.2 1.1 2.1

QCL (0.5 pg/mL) QCL (0.5 pg/mL)

Day 1 (n=5) 3.9 4.8 -0.7 1.2
Day 2 (n =5) 9.3 12.9 0.0 2.0
Day 3 (n =5) -0.9 8.8 -1.3 2.3

Interday (n = 15) 4.1 9.3 —-0.7 1.7
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Table 1. Cont.

Horse Dog
Accuracy (%) Precision (%) Accuracy (%) Precision (%)
QCM (5 ug/mL) QCM (5 ug/mL)
Day 1 (n=15) 32 6.9 1.7 2.8
Day 2 (n =5) 0.6 5.4 -1.7 29
Day 3 (n=5) 0.2 7.3 0.0 8.7
Interday (n = 15) 1.3 5.9 0.0 5.0
QCH (50 pg/mL) QCH (50 pg/mL)
Day 1 (n=15) -17 4.8 —6.2 53
Day 2 (n =5) 2.7 23 —22 —10.5
Day 3 (n=5) 4.5 1.3 8.8 3.1
Interday (n = 15) 1.9 3.8 0.2 9.0

Table 2. Intraday and interday accuracy and precision of sulbactam in dog serum.

Dog
Accuracy (%) Precision (%)

QCL (0.5 pg/mlL)
Day 1 (n=5) 0.3 0.6
Day 2 (n =5) 1.0 1.7
Day 3 (n =5) 0.7 1.1
Interday (n = 15) 0.7 1.1

QCM (5 pg/mL)
Day 1 (n=5) 0.0 0.0
Day 2 (n =5) -5.0 0.0
Day 3 (n =5) -1.7 29
Interday (n = 15) 22 2.7

QCH (50 pg/mL)
Day 1 (n=5) -3.3 3.0
Day 2 (n =5) -0.2 11.4
Day 3 (n =5) 13.0 5.2
Interday (n = 15) 3.2 9.7

The results of ampicillin and (only for dog) sulbactam ME, RE, and PE experiments
(described in Section 4.5.4) are reported in Table 3.

Table 3. Results of ampicillin, sulbactam, and amoxicillin-d4 ME, RE, and PE experiments, obtained
from three replicates at three spike levels for each type of sample in horse plasma (A = standard
calibrators in mobile phase, containing the same amount of analytes as the QC samples; B = blank
samples of each matrix fortified with the same amount of analytes after extraction; C = samples of
each matrix fortified with the same amount of analytes and extracted).

Mean Peak Area
(Arbitrary Units, x10>,n=3) ME (%) RE(%) PE (%)
A B C
Ampicillin horse
0.1 pg/mL 3.3 3.2 2.7 97.7 84.0 82.6
2 ug/mL 414 37.5 35.4 89.5 94.0 84.5

20 pg/mL 423.7 392.4 407.5 92.6 104.0 96.2
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Table 3. Cont.
Mean Peak Area
(Arbitrary Units, x103,n=3) ME (%) RE (%) PE (%)
A B C

Ampicillin dog

0.1 pg/mL 3.3 2.8 2.7 84.3 99.0 83.8

2 ug/mL 419 415 41.8 98.9 101.0 99.6

20 pg/mL 423.6 381.3 373.2 90.0 98.0 88.1
Sulbactam dog

2 ug/mL 2.6 2.6 2.6 101.0 99.7 100.9

20 ng/mL 249 26.6 24.5 106.7 92.0 98.3

The repeated injection of blank samples following the ULOQ did not produce any
detectable chromatographic signals.

The results of the experiment conducted to assess the short- and long-term stability of
ampicillin in equine plasma are reported in Table 4.

Table 4. Short-term and long-term stability of ampicillin in horse plasma, evaluated in samples
spiked at 2 pg/mL (n = 3) across various temperatures and time points.

1h 3h 6h 24h 4d 28d 40d
2°C  146% —131% —179  —402% - - -
4°C 83%  —33%  —82% —10.3% - - -
—20°C - - - —77%  —32% —12.8% —9.8%
—80°C - - - - - - —5.3%

2.2. Method Application

The method was successfully applied to plasma samples collected from four horses and
10 foals and serum samples collected from two dogs hospitalized at our veterinary hospital.

The aim was to monitor the therapeutic effect of ampicillin in these ill subjects. Plasma
samples were collected primarily 5 min before and 5 min after the administration to
assess the through and peak ampicillin concentrations. The residual concentrations of
ampicillin were in the 0.473-1.621 pg/mL range (median 1.117 pg/mL) in horses and
in the 0.245-5.870 range (median 1.453 ug/mL) in foals. Maximal concentrations were
between 64.875 and 85.081 pg/mL (median 73.386 pug/mL) in horses and between 16.175
and 75.710 pg/mL (median 55.129 pg/mL) in foals.

3. Discussion

The growing threat of antimicrobial resistance underscores the need for precise dosing
of antimicrobial drugs to effectively combat resistant pathogens [4,36]. Overprescription,
often driven by diagnostic uncertainties or insufficient knowledge of optimal dosages, has
exacerbated this issue. Furthermore, suboptimal dosing may prevent the attainment of
the minimum inhibitory concentrations (MICs) necessary for effective treatment, compro-
mising therapeutic outcomes [37-39]. Optimizing treatment involves selecting the most
appropriate antibiotic, ensuring adequate drug exposure in relation to microbial suscep-
tibility, and minimizing adverse effects to improve patient adherence to the prescribed
regimen [6].

In veterinary medicine, the establishment of rational target plasma antibiotic concen-
trations is still lacking. Therapeutic ranges for animals are often extrapolated from human
medicine [40], highlighting the need for reliable and accurate methods for antimicrobial
monitoring. Current techniques, such as immunoassays and traditional high-performance



Antibiotics 2025, 14, 390

6 of 14

liquid chromatography (HPLC) methods [41-44], are hindered by labor-intensive sample
preparation and limited sensitivity and specificity [45,46]. These analytical challenges have
been overcome with the introduction of liquid chromatography-tandem mass spectrome-
try [47-49]. Indeed, LC-MS/MS is increasingly being integrated into veterinary practice,
both for research purposes [27-29,50,51] and routine clinical investigations [52].

However, to date, a standardized laboratory protocol for TDM in veterinary practice
is lacking, and real-time TDM services are typically unavailable in veterinary hospitals.
Although studies have evaluated the use of ampicillin in animals [25,26], none have specifi-
cally addressed a protocol for ampicillin TDM in companion animals. This gap highlights
the need for validated methodologies in veterinary medicine to ensure optimal dosing and
improve clinical outcomes.

In response to this, we developed an LC-MS/MS method for the quantification of
some of the most commonly used antibiotics in dogs and horses. Initially, the approach
was optimized for the determination of ampicillin, sulbactam, piperacillin, and tazobactam
in plasma and serum. However, given the restriction of piperacillin and tazobactam
combinations in veterinary medicine [53], we decided to focus here on the validation data
for ampicillin.

During method development, we also explored the use of the DBS micro-sampling
technique. This offers several advantages, including low blood volume requirements, cost-
effectiveness, and ease of transport [54,55]. It may be especially beneficial for small animals
weighing less than 5 kg, where repeated blood sampling is challenging [56,57]. Since
plasma and serum remain the primary matrices for establishing routine TDM applications,
we decided to first focus on the traditional liquid matrices. However, the preliminary
laboratory tests conducted for the four antibiotics in DBSs yielded promising results.
Further validation and in vivo studies are planned to assess the practicality of DBSs in
clinical settings.

Once the analytical method was validated, we explored the feasibility of integrating
the LC-MS/MS method into routine veterinary care by establishing a TDM service in our
laboratory to assist the clinical staff in making informed therapeutic decisions based on
real-time antibiotic levels. The first step was to establish a simple sampling protocol for rou-
tine TDM once steady-state drug levels had been achieved, typically after 4-5 half-lives [7].
Given the time-dependent nature of 3-lactams antibiotics, we collected two samples: one to
evaluate the trough concentration (taken 5 min before the next dose) and one for peak con-
centration (taken 5 min after administration). This sampling schedule is easily manageable
for clinical staff, providing valuable insights into residual and peak antibiotic concentra-
tions and helping determine if drug levels fall within the therapeutic range. Ampicillin
was chosen due to its broad therapeutic range, low incidence of toxicity, and availability for
intravenous administration. In equine medicine, ampicillin is considered a drug of choice
for treating infections in both neonatal foals and adult horses [57,58]. Accordingly, this an-
timicrobial is classified as a first-line antimicrobial (category D) by the European Medicines
Agency’s Antimicrobial Advice Ad Hoc Expert Group (AMEG), making it an important
tool in treating conditions with low resistance risk [58]. This is particularly relevant for
infections by Streptococcus equi subsp. zooepidemicus and suspected septic conditions [59], as
supported by a 2016 study, which demonstrated that 91.5% of bacteria isolated from septic
foals were susceptible to the ampicillin-amikacin combination [60].

This investigation was also valuable for calibrating our analytical method to detect
both low and high concentrations. The UHPLC-MS/MS method described here was
validated following the EMA [15] and FDA [16] guidelines, with a range of 0.1-100 pug/mL
(LLOQ-ULOQ) for ampicillin in horses and dogs and 0.5-100 pg/mL (LLOQ-ULOQ)
for sulbactam in dogs. These ranges were found to be suitable for the analysis of plasma
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samples collected from hospitalized horses and newborn foals. Thanks to the high analytical
sensitivity, ampicillin and sulbactam were consistently quantifiable, providing effective
support in critical care settings. The validated UHPLC-MS/MS method proved to be
simple, accurate, and suitable for TDM applications in different species.

Considering that sample volume is often a limitation when working with small-sized
animals, such as dogs and cats, we validated our analytical approach using 100 uL of
plasma or serum. The sample preparation procedure, consisting of protein precipitation
followed by centrifugation and dilution in a vial, makes the technique very simple and
quick to perform. Additionally, the short analytical run (only 4 min) ensures fast analysis
and availability of results in a short time. The overall features of the analytical method may
enable laboratory staff to perform these analyses twice daily for routine TDM purposes.

Furthermore, based on the short-time stability tests conducted in our laboratory,
plasma samples fortified with ampicillin were found to be stable for 1, 3, 6, and 24 h when
stored at 4 °C. These findings are crucial for managing routine TDM using LC-MS/MS, as
they minimize costs and enable equipped laboratories to extend this service to external
hospitals or practitioners lacking access to advanced analytical facilities. Additionally, the
long-term stability results for plasma samples stored for 40 days at —20 °C and —80 °C
suggest that retrospective studies and long-distance collaborations are feasible.

To our knowledge, the present study is the first to introduce a TDM protocol that
begins with sample handling and extends to laboratory management for ampicillin quantifi-
cation (also applicable to other beta-lactams antibiotics) in veterinary medicine. However,
the small sample size of the patients enrolled in this preliminary application is not repre-
sentative of the diversity within these species. This represents a limitation, primarily due
to the challenges associated with enrolling critically ill hospitalized patients and collecting
their samples, although the primary focus of this study was to introduce a protocol for
the therapeutic drug monitoring of antibiotics in animals. In future studies, more strictly
focused on the therapeutic drug monitoring for specific drugs and clinical scenarios, we
plan to increase the number of both patients enrolled and samples collected to ensure
statistical robustness and allow deeper evaluations.

In perspective, collaboration between different laboratory units is essential for obtain-
ing comprehensive results and facilitating therapeutic evaluations in TDM studies and
routine practice. Integrating data on antibiotic plasma concentrations with other biochemi-
cal and hematological parameters, along with MIC values of pathogens, would enable a
more accurate understanding of the patient’s condition. In this context, once sufficient PK
data are collected from a relevant number of subjects and covariates such as serum albumin
and creatinine are considered, our goal is to develop PK models. Combining these data
with MIC values will enable PK/PD simulations, offering deeper insights into therapeutic
effects and helping in the optimization of dosing regimens for patients.

4. Materials and Methods
4.1. Materials

Analytically pure standards of ampicillin, piperacillin, sulbactam, tazobactam, and
amoxicillin-d4 (used as internal standard, IS) were purchased from Toronto Research

Chemicals (Toronto, ON, Canada). The chemical structures of target analytes are reported
in Figure 3.
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Figure 3. Chemical structure of ampicillin, piperacillin, sulbactam, and tazobactam.

Acetonitrile (ACN), formic acid (FA), and methanol (MeOH), all of LC-MS/MS grade,
were obtained from Merck (Milan, Italy). Ultra-pure water (H,O) was freshly produced
in-house using the Sartorius, Arium® Ultrapure Water Systems (Varedo, Italy).

Whatman 903 Protein Saver Cards were used for spotting the blood samples and
purchased from Merck (Milan, Italy).

Drug-free blood collected from healthy animals from the blood bank of our veterinary
hospital was used for method development and validation.

4.2. Stock and Working Solutions

Individual stock solutions of all antibiotics were freshly prepared each day of analysis
at a concentration of 1000 pg/mL dissolving 5 mg of each powder in 5 mL of H,O. Working
solutions at 1, 5, 20, 50, 200, 500, and 1000 pg/mL, to be used for calibrators and quality
control samples, were obtained by serial dilution of the stock solutions with H,O.

A stock solution of amoxicillin-d4 at 100 pg/mL (used as an internal standard, IS) was
obtained by dissolving 5 mg of pure powder in 50 mL of ACN:H,O 85:15 (v/v) and was
stored at —20 °C.

4.3. Sample Preparation
4.3.1. Plasma/Serum

Plasma/serum samples were prepared following the procedure previously re-
ported [29]. Briefly, 100 uL of matrix was added to 200 pL of acetonitrile (ACN) and
10 puL of IS (5 ng/mL in ACN). Samples were then vortex-mixed for 30 s and centrifuged
for 10 min at 21,000 x g at 20 °C. Finally, 10 uL of supernatant were transferred in an LC
vial containing 990 uL of 0.1% FA aqueous solution and injected.

4.3.2. Dried Blood Spot

For the extraction of DBS samples, the whole spot (20 puL) was cut out of the Whatman
903 Protein Saver Card with scissors and transferred to a 1.5 mL Eppendorf microtube
containing 400 puL of a 30:70 solution of HyO:ACN (v/v) and 10 puL of IS. The microtubes
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were vortex-mixed for 1 min and then placed in an ultrasonic bath for 30 min. After
centrifugation (10 min, 21,000 g, 20 °C), an aliquot of 100 uL was transferred into an LC
vial containing 200 pL of 0.1% FA in HO.

4.4. Liquid Chromatography—Tandem Mass Spectrometry (LC-MS/MS)

Ultra-high performance liquid chromatography (UHPLC) was carried out on a Waters
Acquity UPLC® system (Milford, MA, USA) configured with a binary pump, thermostated
autosampler, and column oven. Chromatographic separation was achieved using a Waters
Acquity BEH C18 (50 x 2.1 mm, 1.7 pm) column protected by the corresponding VanGuard
pre-column (Waters, Milford, MA, USA), held at a temperature of 35 °C. All target analytes
were separated using a 4 min chromatographic run under programmed conditions, utilizing
0.1% FA in H,O (solvent A) and ACN (solvent B) at a flow rate of 0.4 mL/min. Extracted
samples were kept in the autosampler at 20 °C, and 5 pL from each vial was injected in
the analytical system. The UHPLC was coupled to a Waters XEVO TQ-S Micro triple
quadrupole mass spectrometer (Waters, Milford, MA, USA), using positive electrospray
ionization (ESI+) for ampicillin, amoxicillin-d4, and piperacillin and ESI- for sulbactam
and tazobactam. The instrument operated in multiple reaction monitoring (MRM) mode,
monitoring the most abundant fragment ion for each analyte. For ampicillin, piperacillin,
and amoxicillin-d4, a second transition was monitored for confirmation (data are reported
in Table 5).

Table 5. Monitored transitions for each analyte, with correspondent cone voltage and collision energy

values.
MRM Transition Cone Voltage Collision Energy
Analyte (ml2) V) V)

Ampicillin 350.18 > 105.97 42 18
350.18 > 113.97 42 30

Sulbactam 232.00 > 140.00 25 12
Piperacillin 518.35 > 143.04 40 18
518.35 > 160.01 40 9

Tazobactam 299.10 > 138.00 25 13
Amoxicillin-d4 370.10 > 113.90 30 20
370.10 > 212.00 30 12

Data acquisition and processing were performed using the instrument’s proprietary
software, MassLynx 4.2 (Waters, Milford, MA, USA).

4.5. Method Validation

The method was validated following the guidelines set by the EMA and FDA [15,16]
and tested on three separate days. The considered parameters were specificity and selectivity,
matrix effect, recovery, process efficiency, linearity, accuracy and precision, calibration range,
stability, and carry-over.

4.5.1. Specificity and Selectivity

Chromatographic conditions were optimized by injecting individual pure solutions at
0.01 pg/mL of each analyte, defining their specific retention times. The selectivity of the
method was then assessed by analyzing 6 blank samples of equine plasma, canine serum,
and canine DBSs, verifying the absence of chromatographic signals around the elution time
of each analyte.
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4.5.2. Calibration Range

Matrix-matched calibration curves were freshly prepared for each day of validation.
These curves included a blank sample, a zero point (spiked with IS), and calibrators at
7 concentrations (0.1, 0.5, 2, 5, 20, 50, and 100 pg/mL). Peak area ratios between target
analytes and amoxicillin-d4 (IS) were plotted against their concentration, and a linear least
square regression model was applied. All calibration standards should be within +15% of
the nominal concentration, and the resulting coefficient of correlation (r?) was considered
acceptable if >0.99.

The lower limit of quantification LLOQ was defined as the lowest concentration
measured in the samples that could be detected with a signal-to-noise (S/N) ratio > 10
and acceptable accuracy (within £20%) and precision (CV < 20%) after the injection of
four replicates.

4.5.3. Accuracy and Precision

The intra- and interday accuracy and precision of the method for ampicillin and
sulbactam were evaluated in both species by preparing quality control (QC) samples in 5
replicates at 0.1 ug/mL (LLOQ), 0.5 ug/mL (QCL), 5 pg/mL (QCM), and 50 pg/mL (QCH).

Accuracy, expressed as relative difference between measured value and expected
concentration, was considered acceptable if within £15% of the nominal concentration.
Similarly, precision, defined as the coefficient of variation (CV%) among repeated individual
measures, had to be <15%.

4.5.4. Matrix Effect, Recovery, Process Efficiency

Matrix effect (ME), extraction recovery (RE), and process efficiency (PE) were evalu-
ated following the method described by Matuszewski et al. [61]. In this approach, peak
areas obtained from three types of samples, each prepared in 3 replicates, are compared:
(A) standard calibrators in mobile phase, containing the same amount of target analytes
as QC samples; (B) blank samples extracted as described above and added with the same
amount of each analyte (post-extraction); (C) samples fortified with the same amount of
each analyte and then extracted (pre-extraction) as described above.

Drug-free matrices collected from 6 different subjects were used to prepare these
samples, allowing us to also assess the potential subject-related differences. Then, ME, RE,
and overall PE were calculated through comparison of the analytical response obtained
from the three types of samples described above, according to the following formulas:

B o,
ME = — (%)

C .,
RE = = (%)

C ..
PE = — (%)

4.5.5. Carry-Over

The absence of carry-over contamination was assessed by analyzing 6 drug-free plasma
and serum samples after the injection of the ULOQ. The analytical response in the blank
samples had to be below 20% of the LLOQ for all target compounds.

4.5.6. Stability

The short-term stability of ampicillin in horse plasma was assessed in samples spiked
at 2 pg/mL (in triplicates) and kept at 22 and 4 °C for 1, 3, 6, and 24 h. Long-term stability
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was evaluated in additional replicates stored at —20 °C for 4, 28, and 40 days and at —80 °C
for 40 days. Mean concentration had to be within +15% of the nominal value.

4.6. Method Application

To evaluate the suitability of the proposed method for monitoring target antibiotic
concentrations, samples from patients hospitalized at our veterinary hospital were analyzed.
Samples were collected 5 min before and 5 min after each administration during the first
48 h of treatment in different patient groups: 4 horses (1 female Thoroughbred, and 3 female
Standardbred, with an age range of 6-20 years old and a weight range of 470-500 kg),
10 foals (4 females, 6 males, including 6 Standardbreds, 1 Mixbred, 1 Arabian, and 2 Quarter
Horses, with an age range of 9 to 194.5 hours and a weight range of 2666 kg) receiving
20 mg/kg of intravenous ampicillin every 8 and 6 h, respectively, and 2 dogs (1 male
Australian Shepherd, 26 kg, 9 years old, and 1 male Italian Spinone, 42.5 kg, 12 years
old) treated with a combination of ampicillin (20 mg/kg) and sulbactam (10 mg/kg)
intravenously every 6 h. Blood collection from the jugular, saphenous, or cephalic veins for
this study was approved by the Animal Welfare Committee of the University of Bologna,
Prot. n. 358,467, ID n. 4626. Serum samples were obtained by centrifuging for 10 min
at 3000x g and immediately transferred to plastic tubes. Plasma was separated through
centrifugation for 30 min at 600 g. Both matrices were then stored at —80 °C until analysis.

5. Conclusions

In conclusion, the present study outlines a straightforward and efficient protocol
that can be applied for the real-time therapeutic monitoring of ampicillin in dogs, horses,
and foals, as well as other beta-lactam antibiotics, such as amoxicillin. The procedure
begins with the critical step of timely sample collection, followed by transport to the
laboratory, where accurate quantification is performed using LC-MS/MS. The correlation
of timely quantified levels of antibiotics with clinical breakpoints or MIC data for the
isolated pathogen, when available, would enable the swift implementation of therapeutic
drug monitoring and optimization of dosing regimens for patients.
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