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ABSTRACT

Objectives To investigate the effect of pH control
through the use of a citrate-buffered saline diluent pH
7 on the degradation rate of piperacillin/tazobactam
solutions for infusion and to determine if an extended
shelf-life of up to 13 days fridge 2°C—8°C plus 24
hours ‘in-use” at 32°C in two elastomeric devices:
FOLFusor LV10 (Baxter Healthcare, Thetford, UK) and
Easypump Il (B. Braun Medical Ltd, Sheffield, UK) can
be achieved.

Methods Testing was as per the latest National
Health Service (NHS) Pharmaceutical Quality Assurance
Committee Yellow Cover Document (YCD) requirements.
A validated stability indicating high-performance liquid
chromatography method was used for assessing the
stability of the solutions of piperacillin/tazobactam at

a combined concentration of 25 mg/mL and 90 mg/
mL respectively. Solutions were tested in two batches
in replicate (n=3) at five time points according to the
requirements of the YCD.

Results Piperacillin/tazobactam stability was
significantly improved when 0.3% w/v citrate-buffered
saline pH 7 was used as the diluent, compared with
using 0.9% w/v saline as diluent. Greater than 95% of
the zero-time concentration of both actives remained
following storage at 2°C—8°C for up to 13 days plus
24 hours at 32°C in both devices. The data support
extended storage of up to 13 days 2°C-8°C plus 24
hours at 32°C 'in-use’ when using FOLFusor LV10
(Baxter) or Easypump Il (B. Braun) pump devices.
Conclusions The enhanced stability complies with

UK national standards as stated in the YCD for stability
testing of aseptically produced small molecules and
supports the storage of piperacillin/tazobactam for up to
13 days 2°C—=8°C plus 24 hours at 32°C "in-use" within
two elastomeric pump devices. The extended shelf-life
provides a significant advantage over the stability of
piperacillin/tazobactam solutions for infusion when
reconstituted and diluted in 0.9% w/v saline as diluent.
The data open up the possibility of a continuous infusion
of piperacillin/tazobactam delivered by elastomeric
pump devices over 24 hours in an outpatient parenteral
antimicrobial therapy setting.

INTRODUCTION

Multidrug resistant Gram-negative (MDRGN) infec-
tions are increasing and a significant proportion, with
deep seated or complex infection, require prolonged
intravenous antibiotic therapy.! Many of these
patients would be suitable for outpatient parenteral
antimicrobial therapy (OPAT), to facilitate discharge
from hospital. Piperacillin/tazobactam is a broad-
spectrum penicillin/beta-lactamase inhibitor combi-
nation antibiotic with activity against a wide range
of pathogens including MDRGN organisms such as
Pseudomonas aeruginosa. The frequency of adminis-
tration of piperacillin/tazobactam as an intermittent
infusion makes it difficult to use in OPAT services.
Continuous infusion in an elastomeric device would
be desirable for OPAT services, but there is a require-
ment for assurance of the stability of the antibiotic in
aqueous solution for the duration of the infusion. In
the UK, the standards for stability assessment of small
molecules such as piperacillin/tazobactam are set out
in the “Yellow Cover Document’ (YCD).> A review
by Jenkins et al’ failed to find any published data on
the stability of antimicrobials as a 24-hour infusion
in elastomeric devices that meets the YCD standards.
Subsequently we have successfully identified an
approach of pH control through the use of a citrate-
buffered diluent for flucloxacillin,* although we have
also shown meropenem to be unsuitable for contin-
uous 24-hour infusion in an elastomeric device.’

We undertook to assess piperacillin/tazobactam
stability at circa 25 mg/mL (22 mg piperacillin/3 mg
tazobactam) and 90 mg/mL (80 mg piperacillin/10
mg tazobactam) covering the range of clinically used
concentrations (daily doses of 2.25 g three times per
day to 4.5 g four times per day) in two different elas-
tomeric devices: FOLFusor LV (Baxter, Thetford,
UK) and Easypump II (B. Braun, Sheffield, UK).

MATERIALS AND METHODS

Materials

Chemicals used were as described previously.*
Piperacillin 4 g/tazobactam 500 mg powder for
solution for infusion manufactured by Bowmed
Ibisqus (Wrexham, UK) batch numbers 8H70TR
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and 8GS56TR was used. Each vial was reconstituted according
to the manufacturer’s instructions using citrate (0.3 % w/v)
buffered 0.9% w/v sodium chloride solution pH 7 diluent. The
citrate-buffered saline diluent was prepared by appropriate
dilution of 4.5% w/v citrate-buffered saline pH 7 (Royal Free
Hospital, London, UK, Lot SP1711004) in a 1-litre bag of 0.9%
w/v sodium chloride for infusion (Royal Derby Hospital, Derby,
UK).

Ambulatory infusion devices were elastomeric reservoirs
(FOLFusor LV10, supplied by Baxter and Easypump II, supplied
by B. Braun). To prepare the devices, a sufficient volume of each
piperacillin/tazobactam solution was first prepared using 0.3%
w/v citrate-buffered saline for reconstitution and dilution in a
central 1-litre intravenous container. Vials were manually shaken
to ensure complete dissolution. The nominal reservoir fill volume
of 240 mL was transferred from this centralised stock solution
to each device (n=3) using a 60 mL syringe, thus ensuring each
of the devices contained the same drug concentration. In-line
filters and flow restrictors were removed from the elastomeric
devices for the study and the outlet was clamped using a suit-
able tube clamp (Fisher Scientific, Loughborough, UK). Devices
were tested in triplicate. Filled devices were stored for 13 days
at 2°C-8°C, followed by 24 hours at 32°C. At each test point, a
35 mL aliquot was taken via the administration tube for analysis.

Chromatographic apparatus and conditions

A stability indicating liquid chromatography method was devel-
oped for the analysis of piperacillin/tazobactam employing
a Thermo Fisher Scientific Ultimate 3000 (U3000) UHPLC
System with diode array detection and Chromeleon software
V.6.80 (Thermo Fisher Scientific). The high-performance liquid
chromatography (HPLC) column was a Kinetex EVO-C18
250%x4.6 mm, 5 pm, 100A (Phenomenex, Macclesfield, UK);
mobile phase: 0.02 M potassium dihydrogen orthophosphate
adjusted to pH 2.5 with orthophosphoric acid (mobile phase
A) and acetonitrile (mobile phase B) in gradient elution mode
(acetonitrile held at 5% for the first 3 min of the run, increased
linearly to reach 50% at 10 min, reduced linearly to reach 5%
at 12 min and held at 5% until the end of the run at 15 min;
flow rate 1.5 mL/min; injection volume 10 uL, dual wavelength
detection mode: 210 nm for quantification of tazobactam and
280 nm for quantification of piperacillin; column temperature
25°C=1°C; autosampler temperature 5°C=1°C.

Preparation of test and quality control standard solutions for
HPLC analysis

Piperacillin/tazobactam test solutions were diluted to 1 mg/mL
(combined drug) concentration for the HPLC analysis. Freshly
prepared piperacillin 0.89 mg/ml/tazobactam 0.11 mg/mL
working standard solution was used for quantification of both
active pharmaceutical ingredients (APIs). Two standard solutions
were always prepared to demonstrate system suitability.

All standards (n=2) and test samples (n=3) were prepared
and analysed in triplicate. Samples were stored at 5°C during
HPLC analysis and were completed within 12 hours of sample
preparation to avoid additional sample degradation.

Validation of the HPLC method

Forced degradation was undertaken using 0.02 M hydrochloric
acid, 0.02 M sodium hydroxide and 0.15% hydrogen peroxide.
Samples were prepared at 1 mg/mL combined drug concentra-
tion and stored at 30°C temperature for 6 hours. Samples were

injected freshly prepared and every hour for the duration of the
experiment.

In acid stored at 30°C temperature the piperacillin peak area
reduced by 55% and tazobactam remained relatively stable with
97.9% remaining after 6 hours. In hydroxide both APIs were
highly unstable with no piperacillin and only 45% tazobactam
remaining when first injected 3 min after preparation, after 1
hour no traces of tazobactam were detected. In 0.15% (v/v)
hydrogen peroxide, piperacillin was completely degraded after
120 min and tazobactam was >99% degraded after 6 hours at
30°C. All additional peaks resulting from degradation of the
drug product were clearly resolved from the API peaks at the
wavelengths used for quantification of piperacillin (280 nm) and
tazobactam (210 nm).

Peak purity was determined using the spectral match factor
across the tazobactam peak at relevant concentrations (from 50%
to 100% of the initial concentration remaining) and remained at
1000 demonstrating high purity of the peak. Peak purity through
spectral analysis of the piperacillin peak was complicated by
detector saturation at lower wavelengths, therefore the peak
purity was evaluated visually and based on peak symmetry. No
evidence for overlaying peaks was observed.

pH was determined using a glass combination electrode and
Orion 420A pH meter calibrated each day using the National
Institute of Standards and Technology traceable standards
(Thermo Fisher Scientific).

Subvisible particle counts were determined by light obscura-
tion using the HIAC Royco 9703 liquid particle counting system
(Beckman Coulter, High Wycombe, UK).

Testing schedule and storage conditions

On each of the time points approximately 35 mL sample aliquots
were removed via the delivery tube (in-line filter removed) fitted
to the device. A 25 mL aliquot was used for HIAC particle
testing and the remaining 10 mL used for sample preparation
for HPLC, pH and visual appearance testing.

RESULTS

A stability indicating HPLC-diode array detector method was
developed to fully separate all degradation species from the
APIs: piperacillin and tazobactam. This was achieved using stan-
dard methods including forced degradation as described in the
Methods section. An example of a typical chromatogram for the
test solution is shown in figure 1. The dilution of the test solution
did not influence the chromatogram in the final diluted sample.

Linearity of response for piperacillin was demonstrated from
0.45 mg/mL to 1.35 mg/mL with r* values (correlation coef-
ficient)=0.99996. Linearity of response for tazobactam was
demonstrated from 0.06 mg/mL to 0.17 mg/mL with R* values
(correlation coefficient)=0.99993.

Precision and accuracy were tested at 0.89 mg/mL pipera-
cillin/0.11 mg/mL tazobactam concentration. Maximum %
Residual Standard Deviation between the replicate samples
(n=3) was 1.8%, recovery was 99.9%-100.6% for piperacillin
and 99.0%-100.6% for tazobactam.

Piperacillin when stored under acidic conditions at 30°C
showed a peak area reduction of 55% whereas tazobactam
remained relatively stable with 97.9% remaining after 6
hours. Under alkaline conditions however, both APIs were
highly unstable with no piperacillin and only 45% tazobactam
remaining 3 min after preparation. Under oxidising conditions
(hydrogen peroxide, 0.15% (v/v), piperacillin was completely
degraded after 120 min and tazobactam was >99% degraded

Jamieson C, et al. Eur J Hosp Pharm 2022;29:212-216. doi:10.1136/ejhpharm-2020-002340 213



Original research

2500
2000
1500

1000

Absorbance (mAu)

500

L L

0 2 4 6 8 10 12 14 16
Time (minutes)

Figure 1 A typical chromatogram of test solution diluted to 0.11 mg/mL
tazobactam (retention time 5.8 min) and 0.89 mg/mL piperacillin (retention
time 10.2 min) at 210 nm.

after 6 hours at 30°C. All degradation peaks for both actives
were clearly resolved from the API peaks at the wavelengths used
for quantification, for piperacillin (280 nm) and tazobactam
(210 nm).

The effect of pH on the stability of piperacillin/tazobactam was
investigated prior to conducting the main stability study. Both
piperacillin and tazobactam appeared to degrade more quickly
at high pH compared with low pH. However tazobactam is
inherently more stable than piperacillin. The optimum stability
for both compounds appears to be around neutral pH 6.5-7.0.
This is consistent with previous studies on flucloxacillin sodium
solution for injection.* The optimum stability appears to coin-
cide with the pH of a commercially available citrate-buffered
saline diluent available from a UK specials manufacturer (Royal
Free Hospital) which provides a route of access to a suitable
diluent for reconstitution and dilution of piperacillin/tazobactam
powder for injection. Work was performed to demonstrate the
effectiveness of citrate-buffered saline as suitable diluent for
enhancing stability and extending practical shelf-life of pipera-
cillin/tazobactam. The prestudy work compared levels of chem-
ical degradation with and without pH control. pH control was
achieved using citrate-buffered saline and demonstrated an
improved stability profile for piperacillin when citrate-buffered
saline was employed as diluent for reconstitution and dilution
over the therapeutic range of drug concentrations 25 mg/mL to
90 mg/mL. The prestudy work demonstrated suitable stability to
support a potential 14-day extension of practical shelf-life for
the combination product.

The pH range for both concentrations of piperacillin/tazo-
bactam at the start of the study was 6.38-6.73 pH units. A
decrease in pH over time in a concentration-dependant manner
was observed. All solutions at 25 mg/mL concentration remained
within YCD limits which is+0.5 pH unit difference from the
initial. For 90 mg/mL solutions after 13-day storage at fridge
temperature followed by 24 hours at 32°C the pH slightly
exceeded YCD limits for both devices tested.

For the Easypump II devices subvisible particle count data
complied with the European Pharmacopoeia 2.19.9 limits at
each time point. For the FOLFusor ILV10 devices the 25 um
particle counts exceeded the limits at day 1 only in one device at
the 25 mg/mL concentration, and at day 7 in two devices at 90
mg/mL concentration and day 10 in one device; however, there
was no tendency for the subvisible particle counts to increase
over time (trending).

There was no trend in the stability data over the five time
points measured for both actives which appeared to remain
intact throughout the study period of 14 days. The amount of
both actives remaining at the end of the administration period
was greater than the 95% required for YCD compliance.”

As with the data for the FOLFusor LV10 device, the Easy-
pump II elastomeric pump appears to support extended stability
of piperacillin/tazobactam solutions for infusion over the thera-
peutic concentration ranges studies. No trend was observed in
the stability data and there was greater than 95% remaining of
both actives at the end of the administration period. The data in
tables 1 and 2 support compliance with YCD and an extended
practical shelf-life for piperacillin/tazobactam solutions for infu-
sion stored at 2°C-8°C for 13 days and a 24-hour ‘in use’ period
at 32°C.

Further results for pH, particle counts and HPLC assays can
be found in online supplemental tables S1-S9.

DISCUSSION

It is essential that the stability of an antibiotic in a body worn
infusion device can be demonstrated if it is to be considered
for continuous 24-hour infusion via OPAT services. We have
previously published data on the stability of flucloxacillin in
the context of continuous infusion for OPAT,* demonstrating
the requirement for buffering to maintain neutral pH and
reduce nucleophilic attack on the beta-lactam ring. Initial tests
confirmed that when piperacillin/tazobactam was reconstituted
and diluted in 0.9% w/v saline as diluent the solutions for infu-
sion lacked the required stability. This was consistent with other
published studies.®”

Adelfred and Nejatbakhsh” reported the stability of pipera-
cillin/tazobactam at 12 g/1.5 g in an elastomeric device when
reconstituted and diluted in 0.9% w/v saline with storage up to
7 days at fridge 2°C-8°C followed by 24 hours at 32°C. There
was no reference to the amount of drug loss through degrada-
tion however, and in our hands, piperacillin was found to be too
unstable without the use of citrate-buffered diluent.

Rigge and Jones® reported the stability of piperacillin/tazo-
bactam 45 mg/mL in polyvinyl chloride (PVC) and polyolefine
laminate bags in 0.9% (w/v) sodium chloride at 7°C, 25°C and
room temperature in the light (RTL). Stability at 7°C for up to
5 days and up to 4 days at 25°C and RTL was demonstrated for
PVC bags while in polyolefine bags, the durations were 17, 4
and 3 days respectively. Stability was shown to improve in non-
PVC bags when a buffered sodium chloride diluent was used for
reconstitution and dilution, with storage durations of 58, 10 and
7 days respectively at 7°C, 25°C and RTL. Rigge and Jones® did
not consider any ‘in-use’ stability at the required temperature of
32°C and only considered one concentration value. These data
do not meet the current YCD requirements.

Although the pH drop at the highest concentration of 90
mg/mL in both devices was recorded just outside of YCD limits
at 0.6, this is acceptable for this type of active pharmaceutical
ingredient and consistent with the amount of degradation. The
subvisible counts recorded at greater than 10 um and greater
than 25 um were within European Pharmacopoeia limits for
the Easypump II device, but some data for FOLFusor LV10 was
outside of the accepted limits. There was no trend in the data
and often higher particle counts are seen at the start of the study
due to reconstitution effects. There is an in-line 0.2 pm filter
to protect the patient that was removed for the study testing.
As such there is no concern for patient safety due to subvisible
particulates as found in this study in either device.
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Table 1 Piperacillin/tazobactam content during storage in FOLFusor LV10 (Baxter) elastomeric devices as determined by stability indicating HPLC
assay
90 mg/mL* 25 mg/mLt
Timepoint PIP+TAZ, % remaining 95% Cl (%) PIP+TAZ, % remaining 95% Cl (%)
Day 0 100.0 99.6 to 100.4 100 99.1 to 100.9
(94.1+0.4 mg/mL) (27.1£0.2 mg/mL)
Day 7 101.3 100.8 to 101.8 101.5 101.2t0 101.8
Day 10 99.7 99.5t0 99.9 100.3 99.9 to 100.7
Day 13 98.7 98.3 t0 99.1 99.7 99.4 to 100.1
Day 13+1 98.0 97.8 10 98.2 100.9 100.3 to 101.5

*90 mg/ml total drug concentration: 80 mg piperacillin/10 mg tazobactam.
125 mg/ml total drug concentration: 22 mg piperacillin/3 mg tazobactam.
PIP, piperacillin; TAZ, tazobactam.

Published work indicates that high metal ion concentra-
tions and low pH can lead to subvisible particle formation and
degradation of quality of piperacillin/tazobactam solutions for
injection. In 2011 Wyeth Holdings Corporation patented a refor-
mulated piperacillin/tazobactam product for infusion containing
a chelating agent and citrate to support improved stability,®
highlighting the benefits of their product (Zosyn) versus generic
versions of the same actives’ in a letter to the FDA.' Viola et
al'! describe a general degradative pathway for penicillins from
a stability study of piperacillin/tazobactam. The study identified
an insoluble penicilloic acid-piperacillin dimer that is formed
when EDTA/sodium citrate is included in the formulation and
diluted in Ringer lactate solution, concluding that the role of
EDTA is negligible and does not improve chemical stability of
piperacillin/tazobactam."!

Despite the apparent confliction in data around inclusion of
metal chelating agents it is clear from the literature that stabili-
sation of penicillins including piperacillin can be achieved using
pH control and that citrate-buffered saline is a suitable diluent
for reconstitution and dilution.

Our study has demonstrated the importance of buffering
piperacillin/tazobactam with citrate to limit chemical degrada-
tion; and is consistent with other published studies. A published
patent'? suggests that increased stability can be achieved for
piperacillin/tazobactam when prepared in a citrate-buffered
saline diluent providing up to 9 months extended shelf-life when
stored frozen and 14 days when stored at fridge temperatures.
While there are no published reports of stability of piperacillin-
tazobactam in body worn infusion devices up to 32°C, the work
performed by Rigge and Jones® demonstrated improved stability
of piperacillin/tazobactam when reconstituted and diluted in
buffered saline and stored in non-PVC bags.

Our results add to the emerging literature on the stability of
antimicrobial agents in elastomeric devices. Our testing method-
ology is based on the standards in the YCD used in the National
Health Service in the UK, and gives assurance to OPAT centres
based in the UK and worldwide that citrate-buffered pipera-
cillin/tazobactam is suitable for use by continuous infusion in an
outpatient setting using these devices. Piperacillin-tazobactam is
a particularly useful antibiotic for the management of a number
of complex Pseudomonal infections which require prolonged
therapy, including malignant otitis externa and exacerbations
of bronchiectasis (including complicating cystic fibrosis). Util-
isation of a 24-hour infusion of piperacillin/tazobactam will
significantly increase OPAT team capacity and also reduce the
burden and complexity for patients, carers or nurses who would
otherwise need to prepare and administer the antibiotic at home
up to four times per day.

From the antimicrobial stewardship perspective, the avail-
ability of piperacillin/tazobactam via continuous infusion in
OPAT has the additional advantage in reducing the reliance
on other protected anti-Gram negative agents, including the
commonly used carbapenem ertapenem, and the cephalosporins
ceftriaxone and ceftazidime."

CONCLUSIONS

This study confirms that when 0.3% w/v citrate-buffered saline
pH 7.0 is used to reconstitute and dilute (compound) pipera-
cillin/tazobactam at concentrations between circa 25 mg/mL and
90 mg/mL in two commercially available elastomeric devices,
FOLFusor LV10 and Easypump II, the solutions are sufficiently
stable to assign a shelf of 14 days including 24 hours at the
recommended administration temperature of 32°C. The stability

Table 2  Piperacillin/tazobactam content during storage in Easypump Il (B. Braun) elastomeric devices as determined using a stability indicating

HPLC assay
90 mg/mL* 25 mg/mLt
Timepoint PIP+TAZ, % remaining 95% Cl (%) PIP+TAZ, % remaining 95% Cl (%)
Day 0 100.0 99.2 t0 100.8 100 97.9t0 102.1
(87.3+£0.7 mg/mL) (24.6+0.5 mg/mL)
Day 7 101.7 101.6t0 101.8 100.8 100.42 t0 101.18
Day 11 101.1 99.83 t0 102.37 102.2 102.13 to 102.27
Day 13 100.7 100.6 to 100.8 98.9 97.35 t0 100.45
Day 13+1 100.8 100.22 t0 101.38 101.0 100.91 to 101.09

*90 mg/ml total drug concentration: 80 mg piperacillin/10 mg tazobactam.
125 mg/ml total drug concentration: 22 mg piperacillin/3 mg tazobactam.
PIP, piperacillin; TAZ, tazobactam.
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data include a designated warm up period for the devices when
removed from the refrigerator prior to starting the administra-
tion period in accordance with the manufacturer’s instructions
for use. All data comply with the latest YCD,? British Pharma-
copoeia'* and European Pharmacopoeia requirements where
these apply.

What this paper adds

What is already known on this subject

= Multidrug resistant Gram-negative (MDRGN) infections are
increasing and a significant proportion of patients, with deep
seated or complex infection, require prolonged intravenous
antibiotic therapy. Currently administration of piperacillin/
tazobactam is via intermittent 6—8 hourly infusions and as
such is challenging in the outpatient parenteral antimicrobial
therapy (OPAT) setting; prolonged infusions may represent a
more optimal administration method.

= Piperacillin degrades in aqueous solution particularly at high
and low pH and during extended storage without pH control.
As such piperacillin/tazobactam solutions for infusion when
reconstituted and diluted using 0.9% wi/v saline are not
sufficiently stable over a 14-day shelf life to support an OPAT
service delivery model, according to Yellow Cover Document
standards. There is therefore a requirement for additional
stability data on piperacillin/tazobactam solutions for infusion
with increased stability in elastomeric devices to support
OPAT in the UK, and perhaps further afield.

What this study adds

= The study presents new data on the improved chemical
stability of piperacillin/tazobactam at 25 mg/mL and 90 mg/
mL reconstituted and diluted using citrate-buffered saline
as diluent within two elastomeric devices: FOLFusor LV10
(Baxter) and Easypump Il (B. Braun).

= The data supports an extended shelf life of up to 13 days
fridge storage 2°C—8°C plus 24 hours at 32°C, facilitating its
use as a one time per day infusion in OPAT.
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