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Background: The antibiotic temocillin has recently been rediscovered as a promising therapeutic option against
MDR Gram-negative bacteria. However, some aspects of the pharmacokinetic (PK) profile of the drug are still to be
elucidated: subcutaneous administration of temocillin might be of interest as an alternative to the intravenous
route in selected patients. Similarly, information on the penetration of temocillin into human soft tissues is lacking.

Objectives: To investigate the feasibility and plasma PK of subcutaneous dosing as well as soft tissue PK of
temocillin after intravenous administration to healthy volunteers.

Methods: Eight healthy volunteers received 2 g of temocillin both as intravenous and subcutaneous infusion in a
randomized two-period crossover study. Concentration–time profiles of total temocillin in plasma (after both
routes) and of unbound temocillin in plasma, muscle and subcutis (only after intravenous dosing) were deter-
mined up to 12 h post-dose.

Results: Subcutaneous dosing caused some infusion site discomfort but resulted in sustained drug concentra-
tions over time with only slightly decreased overall exposure compared with intravenous dosing. Plasma protein
binding of temocillin showed concentration-dependent behaviour and was higher than previously reported. Still,
unbound drug concentrations in muscle and subcutis determined by microdialysis markedly exceeded those in
plasma, suggesting good tissue penetration of temocillin.

Conclusions: The subcutaneous administration of temocillin is a valid and feasible alternative to intravenous
dosing. With the description of plasma protein binding and soft tissue PK of temocillin in healthy volunteers, this
study provides important information that adds to the ongoing characterization of the PK profile of temocillin
and might serve as input for PK/PD considerations.

Introduction

In the face of the increasing prevalence of Gram-negative multi-
drug resistance, the penicillin antibiotic temocillin has recently
been re-evaluated as a therapeutic option.

Temocillin’s most prominent feature is its resilience against all
classical and extended-spectrum b-lactamases (ESBLs) and
against AmpC enzymes. While the narrow spectrum of activity
(which does not include Gram-positive organisms, anaerobes and
Pseudomonas aeruginosa) may have been seen as a drawback, its

limited previous use preserved its activity over several decades.
Thus, in settings where infections with temocillin-non-susceptible
pathogens are unlikely or covered by concomitant therapy, it may
well be considered as a valid alternative to carbapenems.1

Temocillin is currently approved for intravenous and intramus-
cular use in Belgium, UK, Luxembourg, France and Iran. However,
we are increasingly facing older patients and it is acknowledged
that oral, intravenous and/or intramuscular administration can be
problematic in the palliative and/or geriatric setting. Remarkably,
antimicrobial drugs are among the most frequent prescriptions in
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these patients.2 In this context, the subcutaneous route has pro-
ven to be a practical and increasingly important alternative way of
administering drug therapy.3

Establishing the subcutaneous route as an equivalent mode of
administration would allow minimization of nursing care in situa-
tions where oral, intravenous or intramuscular dosing is difficult to
achieve. Subcutaneous dosing has already been described for a
number of antimicrobial drugs, with little or no difference in overall
exposure and only minor local tolerability issues compared with
intravenous infusion.4–10 For temocillin, the available data regard-
ing subcutaneous administration are strictly limited to animal
studies.7,11–13 Still, the above-mentioned reasons explain why the
clinical interest in safety and pharmacokinetics (PK) of temocillin
following subcutaneous administration to human patients is high.

Therefore, this study set out to investigate the feasibility and
plasma PK of a single subcutaneous infusion of temocillin in a
healthy volunteer population.

In addition, this study sought to elucidate a second aspect that
is crucial for an optimized use of temocillin. Among the current and
future indications of the drug are wound infections and soft tissue
infections.11 However, to date, the PK of temocillin in soft tissues
has not been investigated.

It is well acknowledged (and recommended by regulatory
bodies) that the PK of a compound should be assessed at the site
where it is supposed to exert its pharmacological action.14 For
most anti-infective agents, this is the extracellular (interstitial)
space of the tissue/compartment of interest.15 Information on tar-
get site PK is highly important as a basis for pharmacokinetic/phar-
macodynamic (PK/PD) simulations and may also inform the
definition of appropriate breakpoints.

According to these premises, this study was designed to de-
scribe the PK of temocillin in plasma, muscle and subcutis of
healthy volunteers following a single intravenous infusion.

Patients and methods

Materials

Temocillin (NegabanVR 2 g powder for solution for injection/infusion) as well
as temocillin pure substance was kindly provided by Eumedica S.A.,
Belgium. Lidocaine (XylocaineVR 1% vials, AstraZeneca) was purchased from
the Hospital Pharmacy of the Vienna General Hospital. Physiological 0.9%
saline solution was purchased from Medica Medicare, Kufstein, Austria. All
microdialysis equipment was purchased from M Dialysis, Stockholm,
Sweden.

Pharmacokinetic study
This prospective, open-label, randomized, two-period, two-way crossover
PK study was conducted at the Department of Clinical Pharmacology at the
Medical University of Vienna, Austria, in accordance with the current ICH-
GCP guidelines and the current version of the Declaration of Helsinki. The
study was registered under the EudraCT number 2015-003457-18 and was
approved by the Ethics Committee of the Medical University of Vienna
(study code 1737/2015) and the Austrian Agency for Health and Food
Safety. Before inclusion, all study subjects gave oral and written informed
consent to study participation. All subjects underwent a screening visit
including documentation of medical history, physical examination, blood
sampling for haematology, clinical chemistry, virology and coagulation
tests, urine dipstick analysis as well as ECG recording and non-invasive ar-
terial blood pressure measurement. Key inclusion criteria were: male, age
18–55 years, BMI 20–30 kg/m2, no regular medication and written informed

consent. Key exclusion criteria were known allergy against the study drugs
and clinically relevant abnormal physical or laboratory findings. During
study visits, subjects were under constant direct observation of a study
physician or an experienced nurse and were regularly questioned about the
occurrence of adverse events. Upon study completion, all subjects under-
went a final examination that was identical to the screening visit except for
viral serology and urinalysis.

Enrolled study subjects had to undergo two study periods separated by
a washout phase of at least 3 days in a sequence determined by
randomization.

Depending on the study period, subjects received a single dose of 2 g of
temocillin either as intravenous infusion over 40 min or as subcutaneous in-
fusion into one thigh over 20 min. For intravenous infusion, 2 g of temocillin
was dissolved in 10 mL water for injection and then further diluted in the
same medium to give a final infusion volume of approximately 110 mL,
which was administered by means of a BraunVR infusion pump. For subcuta-
neous administration, 2 g of temocillin was dissolved in equal parts in water
for injection and 1% lidocaine to give a total infusion volume of approxi-
mately 4.3 mL, which was transferred in a syringe and administered by
means of a WPIVR precision pump.

At each study visit including screening, study subjects were questioned
about the occurrence of adverse events. All events were documented in full
detail and graded for severity as well as for causal relationship with the
study drug. All adverse events were followed up until resolution.

In both study periods, total temocillin concentrations in plasma were
measured at baseline (within 10 min prior to dosing) as well as 40 min and
1, 2, 3, 4, 5, 6, 7, 8, 10 and 12 h after study drug administration. Venous
blood samples collected into VacuetteVR lithium-heparin tubes from an
indwelling venous line in the contralateral arm to the one used for infusion
were placed on ice immediately after collection and subsequently centri-
fuged (2000 g, 10 min, 4�C). Resulting plasma was divided into two aliquots
and snap frozen at#20�C within 60 min of collection.

In addition, only after intravenous administration, unbound temocillin
concentrations were directly measured in muscle and subcutis of healthy
volunteers by means of microdialysis over defined 60 min sampling inter-
vals (0–1, 1–2, 2–3, 3–4, 4–5, 5–6, 6–7, 7–8, 8–9 and 9–10 h after dosing).

Principles and detailed methodology of microdialysis have been
described before.16,17 In this study, two 63 Microdialysis Catheters
(l Dialysis, Stockholm, Sweden) with a membrane length of 10 mm and a
molecular weight cut-off of 20 kDa were inserted into muscle and subcuta-
neous adipose tissue of one thigh of each healthy volunteer, respectively.
From insertion onwards, all probes were continuously perfused with 0.9%
saline solution at a flow rate of 2 lL/min by means of precision pumps. The
study drug was administered after an equilibration/baseline sampling
period of at least 60 min.

After completion of PK sampling, microdialysis probes were individually
calibrated by retrodialysis. The principle of this method relies on the fact
that the exchange process across the semi-permeable membrane is
assumed to be quantitatively equal in both directions. The percentage of
analyte that crosses the membrane is termed relative recovery (RR) and
can be calculated as:

RR ð%Þ ¼100

� ð100 � analyte concentrationout=analyte concentrationinÞ

In turn, interstitial concentrations were calculated according to the follow-
ing equation:

Interstitial concentration ¼ 100 � ðsample concentration=RRÞ

For this purpose, probes were perfused with a known concentration of
temocillin (200 mg/L) at a flow rate of 2 lL/min. After a run-in phase of
30 min, two retrodialysis samples (30–60 and 60–90 min, respectively) and
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one aliquot of the calibration solution were collected for each probe. After
completion of calibration, microdialysis probes were removed.

All microdialysis samples were snap frozen at #20� immediately after
collection. At the end of each study day, all plasma and microdialysate sam-
ples were transferred to#80�C, where they remained stored until analysis.

Temocillin was extracted from plasma samples by methanolic precipi-
tation. Unbound temocillin was extracted from plasma samples by ultrafil-
tration (only for samples collected after intravenous infusion, Amicon filter
Ultra-15 device; NMWL 30 K; Merck Millipore Ltd; recovery 99.72%–
106.08%). Microdialysate samples and ultrafiltrates were added in the
same volume of methanol as plasma samples. All these samples were
assayed by an HPLC–MS/MS method previously validated in serum and fully
revalidated here in plasma for both total and unbound concentrations
(relative bias �3.17% and 2.14%; maximal relative standard deviation
(RSD) values for repeatability/highest intermediate precision 3.38%/4.25%
and 4.49%/5.40%; limit of quantification 1 and 0.75 mg/L for total and un-
bound concentrations, respectively).18 Calibration curves in physiological
saline were used to quantify temocillin in microdialysates.

Pharmacokinetic parameters of total (plasma) and unbound (plasma
and soft tissues) temocillin were calculated by means of non-
compartmental analysis using Phoenix WinNonLinVR (Certara, Princeton, NJ,
USA). Peak concentration, time to peak concentration, area under the AUC
curve from 0 to 12 h post-dose and from time 0 to infinity, half-life, appar-
ent volume of distribution and clearance were calculated using non-
compartmental analysis for total and unbound drug concentrations. For
muscle and subcutis, unbound temocillin concentrations at 12 h post-dose
were calculated assuming first-order elimination kinetics.

The fraction of the dosing interval during which free drug concentration
exceeded the MIC was calculated with Phoenix WinNonLinVR (Certara,
Princeton, NJ, USA) based on the measured observations. Interpolation be-
tween measured data points was used to obtain the time value where the
interpolated concentration crossed a defined MIC threshold.19 Previously
described MIC90 values for relevant ESBL and AmpC producers (8 and
16 mg/L, respectively) were used.20,21

Statistical analysis was performed using version 20 of a commercially
available computer program (SPSS, IBM, Armonk, NY). The Shapiro–Wilk test
was used to test for normal distribution. Normally distributed parameters
are presented as mean ± SD and non-normally distributed parameters
were natural log transformed. A linear mixed model (with treatment,
period and sequence as fixed effects and subject ID as a random effect)
was employed to compare intravenous and subcutaneous administration
of temocillin as well as to exclude relevant sequence and period effects. A
related-samples Wilcoxon rank sum test was used to compare non-com-
partmental analysis (NCA) estimates between plasma, muscle and sub-
cutaneous compartments. Statistical significance was defined as P < 0.05.
The Bonferroni–Holm correction method was used to correct for errors
related to multiple testing.

Results

Eight male healthy volunteers (mean ± SD age and BMI,
32.9±12.1 years and 24.4±2.9 kg/m2, respectively) were enrolled. All
subjects completed the study. Temocillin was well tolerated after
intravenous dosing. During subcutaneous infusion, pain (two out of
eight subjects), burning sensation (four subjects) and heat sensation
(one subject) at the infusion site were reported, all of mild intensity
and strictly limited to the time of subcutaneous infusion. Also, one
case of mild, circumscript hypoaesthesia (duration 5 months) and
one case of mild tenderness (duration 3 months) at the infusion site
occurred after subcutaneous dosing. Both were followed up, includ-
ing neurological assessment, and resolved without sequelae.

Concentration–time profiles of total and unbound temo-
cillin in the investigated compartments after intravenous and

subcutaneous dosing are shown in Figure 1. Key PK parameters of
temocillin in the investigated compartments are summarized in
Table 1.

Concentrations in plasma

After intravenous infusion, mean ± SD Cmax and AUC0–12 of total
temocillin were 233.5±50.2 mg/L and 959.4±185.0 mg�h/L, re-
spectively. Subsequently, temocillin concentrations followed a log-
linear pattern, with a mean ± SD t1=2 computed from the terminal
slope of 5.3±1.3 h (in very good agreement with the Summary of
Product Characteristics, although a fully appropriate calculation of
half-life might require a more extended sampling period). The
mean ± SD concentration at timepoint 12 h post-dose was
29.9±7.4 mg/L. V was roughly of the magnitude of extracellular
fluid (13.0±2.7 L) and CL was 1.7±0.3 L/h.

Compared with intravenous infusion, subcutaneous dosing pro-
duced a slower and less pronounced increase in the total concen-
tration of temocillin in plasma. Plasma Cmax of total temocillin was
reached only at 4.8±2.0 h post-dose and was 100.0±15.5 mg/L, i.e.
less than half of the Cmax observed after intravenous infusion.
However, this was compensated by sustained drug levels in
plasma over time. As can be seen in Figure 1, the temocillin con-
centration–time curve after subcutaneous infusion crossed and
moved above the intravenous curve at approximately 4 h post-
dose. Afterwards, temocillin plasma concentrations of subcutane-
ously dosed subjects remained above those of the intravenous
group for the remainder of the dosing interval. At the last observed
timepoint, 12 h post-dose, total temocillin concentrations in the
subcutaneous group were still significantly higher compared with
the intravenous route (50.3±15.3 versus 29.9±7.4 mg/L, respective-
ly). After subcutaneous dosing V was 14.5±3.2 L.

The AUC0–1 of temocillin after subcutaneous administration
was markedly higher (1314.0±242.1 mg�h/L) than AUC0–1 after
intravenous dosing (1197.1±276.6 mg�h/L), resulting in a relative
bioavailability of 112%±19% (range 92.6%–139.6%).

The AUC0–12 of temocillin after subcutaneous dosing amounted
to 818.1±90.3 mg�h/L, corresponding to 86.6%±10.0% (range
70.1%–100.9%) of the value after intravenous administration. No
significant sequence or period effect was observed between the
intravenous and subcutaneous groups.

The concentration–time profile of unbound temocillin in plasma
following intravenous infusion is also depicted in Figure 1. After
peaking at 34.6±11.0 mg/L [in line with a mean unbound fraction
(fu) of 15%], free concentrations declined quite rapidly, leading to
fu values of 6.8%±1.7% and 5.5%±1.3% at 2 and 12 h post-dose, re-
spectively. Overall, fu changed in good accordance with total con-
centrations (correlation coefficient 0.69, P�0.01), suggesting
concentration-dependent protein binding. The mean ± SD AUC0–12

of unbound drug amounted to 67.2±13.3 mg�h/L, corresponding to
7% of the aforementioned AUC0–12 for total temocillin.

Assuming a dosing scheme of 2 g of temocillin twice daily, the
fT>MIC of temocillin in plasma after intravenous infusion was 18.4%
for an MIC of 8 mg/L and 7.6% for an MIC of 16 mg/L (Table 2).

Concentrations in soft tissues

Soft tissues were investigated by microdialysis. Mean ± SD relative
recovery values determined by retrodialysis were 16.4%±4.5% for
muscle and 9.6% ± 2.5% for subcutis.
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Compared with plasma, peak concentrations were slightly
delayed and were attained at 1.8±0.5 h post-dose. Both investi-
gated soft tissues showed overall exposures to unbound temocillin
markedly exceeding those in plasma. Subcutis showed a higher
exposure than muscle, as denoted by a calculated unbound
AUC0–12 of 173.4±53.1 mg�h/L compared with 105.7±29.6 mg�h/L
in muscle.

Discussion

This study reports on the subcutaneous administration of temocil-
lin and also describes the PK of unbound temocillin in plasma and
soft tissues of healthy volunteers after intravenous infusion.

In contrast to intravenous dosing, which was tolerated very
well, subcutaneous infusion showed some local tolerability issues.
Five out of eight subjects (62.5%) had at least one adverse event
associated with subcutaneous infusion. These adverse events
were mostly mild in intensity and limited to the time of infusion.
The two local neurological side effects were most probably ascrib-
able to mechanical lesions of peripheral nerves induced by the sub-
cutaneously introduced infusion needle. The clinical context in
which subcutaneous dosing might play a role has been framed
earlier in this article. When evaluating patients who could qualify
for this mode of administration, physicians will need to carefully
weigh the risk of local discomfort against the potential practical
advantages on the basis of an individual risk/benefit assessment.
In order to mitigate local discomfort, local anaesthesia might be
increased, e.g. by using a higher concentration of lidocaine in the
subcutaneously administered temocillin solution.

In terms of PK, the concentration–time curves and key PK
parameters of temocillin in plasma of healthy volunteers after
intravenous infusion did not show relevant deviations from previ-
ous data.11,20,22 Subcutaneous administration achieved a very
good overall exposure, as denoted by an AUC0–1 even higher than
that observed after intravenous dosing. As a limitation in this con-
text, it should be noted that AUC0–1 calculation was possible only
with large extrapolated fractions, making the resulting relative bio-
availability of 112% potentially prone to bias. This is due to the
blood sampling scheme, which only covered 80% of the dosing
interval. A PK sampling schedule encompassing the entire dosing
interval might have been more appropriate. Still, it can be stated
that this trial has demonstrated that the subcutaneous adminis-
tration of temocillin is a feasible and pharmacokinetically valid
way of dosing. Apart from this, the key information provided by
this study in healthy volunteers is twofold: an unexpectedly high
plasma protein binding and very good penetration into soft tissues,
with unbound concentrations in muscle and subcutis exceeding
unbound concentrations in plasma.

The fu of temocillin in plasma ranged from 15% to 4.9%. On the
one hand, this confirms the concentration-dependent nature of
plasma protein binding of temocillin.11,20,23 On the other hand, it
highlights a degree of plasma protein binding markedly above
the previously assumed value of 85% for almost the entire con-
centration range observed in the present study in healthy vol-
unteers. However, preliminary data from an in-depth analysis
of temocillin’s binding characteristics have already illustrated
that the unbound fraction might be markedly higher in
patients compared with healthy subjects, most likely due to
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Figure 1. Concentration–time profiles of total temocillin in plasma of healthy volunteers after intravenous and subcutaneous infusion of 2 g of temo-
cillin, and unbound temocillin in plasma, muscle and subcutaneous adipose tissue after intravenous infusion of 2 g of temocillin. Graphs show
mean! SD.
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hypoalbuminaemia and pharmacokinetic drug–drug interac-
tions in the former population.23

Compared with low unbound drug concentrations in plasma,
the microdialysis measurements in our study revealed surprisingly
high drug levels in soft tissues. Importantly, it should be noted that
relative recovery values determined during the calibration proced-
ure of microdialysis probes were low but within the normal range
and sufficient to allow reliable calculation of actual tissue concen-
trations. Unbound temocillin levels exceeding those in plasma
have already been reported in bile and intraperitoneal fluid.20

High concentrations of unbound temocillin were also found in

pancreatic tissue of a critically ill patient receiving temocillin as a
continuous intravenous infusion.24

When trying to relate the mentioned measures of drug expos-
ure to therapeutic efficacy, one must consider that many aspects
of the PK/PD profile of temocillin are still fragmentary.

The fT>MIC was, as for other b-lactams, identified as the PK/PD
index with the best correlation with temocillin efficacy. An fT>MIC of
40%–50% was reported to be required for antibacterial effect and
survival in animal infection models.20 However, the magnitude of
fT>MIC required for optimal efficacy awaits more comprehensive
definition.

Similarly, the available epidemiological data on temocillin sus-
ceptibility must be enriched for different geographical areas and
different bacterial strains. According to recent reports, temocillin
MIC90 values for relevant ESBL and AmpC producers range be-
tween 8 and 16 mg/L, but the epidemiological cut-off (ECOFF) for
key species has not been defined yet.20,21,25

As a result of these shortcomings, currently no EUCAST
susceptibility breakpoints exist for temocillin. The definition of solid
breakpoints and accordingly the issuing of widely accepted dosing
recommendations will strongly depend on a more precise elucida-
tion of the mentioned PK/PD aspects.

In the present study in healthy subjects, assuming an adminis-
tration schedule of 2 g temocillin twice daily, fT>MIC values in

Table 1. Key PK parameters of temocillin in investigated compartments

Total temocillin

plasma

after intravenous dosing after subcutaneous dosing P value

Cmax (mg/L) 233.5±50.2 100.0±15.5 0.0001a

Tmax (h) 0.67±0.0 4.8±2.0 0.002a

C12 29.9±7.4 50.3±15.3 0.002a

AUC0–12 (mg�h/L) 959.4±185.0 818.1±90.3 0.02

AUC0–1 (mg�h/L) 1197.1±276.6 1314.0±242.1

F (%) 112±19

VD (L/kg) 0.16±0.04 0.18±0.03 0.32

CL (L/h) 1.7±0.3 1.6±0.3 0.18

t1=2 (h) 5.3±1.3 6.6±1.9 0.14

Unbound temocillin

plasma muscle subcutis P valueb P valuec P valued

Cmax (mg/L) 34.6±11.0 20.6±6.8 34.1±14.6 0.09 0.036 0.889

Tmax (h) 0.67±0.0 1.8±0.5 1.8±0.5 1.0 0.008 0.008

C12 1.5±0.0 3.8±0.9 5.7±1.2 0.012 0.012 0.012

AUC0–12 (mg�h/L) 67.2±13.3 105.7±29.6 173.4±53.1 0.01 0.017 0.012

VD (L/kg) 2.7±0.9

CL (L/h) 30.9±7.1

t1=2 (h) 5.0±1.1

F, relative bioavailability [calculated as (AUC0–1 after subcutaneous dosing/AUC0–1 after intravenous dosing)%100].
Values shown are mean ± SD.
aStatistically significant after correction for multiple testing.
bP value for muscle versus subcutis.
cP value for muscle versus unbound plasma.
dP value for subcutis versus unbound plasma.

Table 2. fT>MIC values calculated for plasma, muscle and subcutis
assuming a dosing scheme of 2 g temocillin twice daily

fT>MIC (%)

Site MIC = 8 mg/L MIC = 16 mg/L

Plasma 18.4±5.2 7.6±3.2

Muscle 41.2±15.7 13.9±12.8

Subcutis 74.5±8.6 34.5±18.5

Values shown are mean ± SD.
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plasma after intravenous infusion were 18.4% for an MIC of 8 mg/L
and 7.6% for an MIC of 16 mg/L. Both clearly fail to achieve the
above-mentioned target of 40%–50%. For the subcutaneous
route, it is reasonable to expect even lower values from visual
inspection of the concentration–time graph, although unbound
concentrations were not explicitly measured after subcutaneous
dosing. Of course, for the reasons mentioned above, these data
are insufficient to draw clinical implications. Still, they underscore
the urgency of an exhaustive characterization of temocillin’s PK
and PK/PD determinants in patients to either confirm or chal-
lenge the current dosing schedule of 2 g twice daily. Similarly, un-
less further data become available, it might be legitimate to
explore more intensive administration schedules involving (i)
higher doses, (ii) shorter dosing intervals or (iii) extended or con-
tinuous infusion.

Although PK/PD indices are generally developed and validated
for plasma, we have computed fT>MIC values also for soft tissues in
order to estimate the activity of temocillin in these compartments.
For the sake of mere comparison, they are compiled in Table 2.
According to these numbers, the dosing regimen evaluated in this
study would offer sufficient exposure to cover infections with bac-
teria for which MICs are up to 8 mg/L in both soft tissues. The valid-
ity of using concentrations at the site of infection as a target
should be explored further. For temocillin, the difference between
unbound plasma concentrations and tissue concentrations is
larger than has been described for other drugs and therefore may
have a significant impact. Again, extrapolations from a healthy
subject population to patients must be made only with caution, all
the more since this single-dose study has suggested accumulation
of temocillin in soft tissues but cannot depict steady-state
conditions.

In particular, it should be kept in mind that the target popula-
tion for temocillin, i.e. middle-aged to elderly patients often with a
considerable burden of comorbidities, differs from our study popu-
lation of young healthy males in a number of factors with potential
impact on PK. Body composition changes with age, resulting in a
relative increase in body fat and a decrease in total body water
and lean body mass. Also, inter-individual variability in drug PK
increases in older subjects, and the associated decline in renal
function extends the half-life of renally excreted drugs, potentiat-
ing the risk of side effects and drug interactions.26 We nevertheless
consider it legitimate to use this specific study population of
healthy volunteers as a first step in generating new, previously un-
available data on a drug that might be increasingly important in
clinical practice. Studies in healthy subjects offer the advantage of
lower inter-individual variability, allowing even small sample sizes
to yield homogeneous and thus meaningful PK data. Obviously,
clinical studies in the target population are required to confirm the
validity of temocillin as a treatment option in the elderly.

Furthermore, it should be noted that this trial measured un-
bound concentrations in plasma and tissue using two different
methods: ultrafiltration and microdialysis, respectively.
Ultrafiltration is a rapid and reliable in vitro method for the deter-
mination of protein binding. It is based on the centrifugation-
driven passage of plasma water and free drug across a filter mem-
brane into a reservoir where the unbound concentration can ultim-
ately be quantified. Microdialysis offers the advantage of directly
measuring free drug concentrations in a physiological environ-
ment in vivo.27

In summary, this study has revealed that subcutaneous admin-
istration of temocillin is feasible and results in sustained drug con-
centrations over time. Still, attention should be paid to the
occurrence of local discomfort during subcutaneous infusion.
Protein binding of temocillin was confirmed to be concentration
dependent. The degree of plasma protein binding observed in this
population of healthy volunteers was unexpectedly high com-
pared with previous information and was in the range of 90%–
95% for the majority of evaluated timepoints. Importantly, the
microdialysis measurements used in this study showed that un-
bound temocillin still penetrated well into muscle and subcutane-
ous adipose tissue. A full interpretation of the present dataset
from a PK/PD perspective will require additional information from
different patient populations. Meanwhile, with the description of
soft tissue PK and of the subcutaneous route of administration,
this study has contributed to the ongoing characterization of the
PK/PD profile of temocillin and has indicated aspects that deserve
to be further elucidated in a clinical setting.
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