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Abstract

We report the sorption evaluation method for injectable drugs administered using set tubes to evaluate the quality of the
administration sets. The evaluation method using a peristaltic pump, so called pump method, was used for the kinetic sorp-
tion study. Nitroglycerin (NTG) and cyclosporin A (CSA) were selected as model drugs. The parameters of drug-diluted
concentrations and flow rates were adapted to the clinically relevant values. Polyvinylchloride (PVC)- and non-PVC (PU and
PO)-based tubes were cut to a fixed length of 1 m after removing the accessories in the administration sets. NTG and CSA
were analyzed using high-performance liquid chromatography (HPLC) methods with ultraviolet (UV) detection. After the
drug analyses, NTG and CSA sorption levels were calculated from the percentage values of the subtracted drug concentra-
tions in samples from those in the diluted solutions. The average sorption levels and each sorption level at each sampling
point were considered to compare the sorption levels in all administration set tubes. Both drugs showed high sorption
levels in PVC- and PU-based administration set tubes. However, the drugs showed a minimum sorption potential of < 10%
on PO-based tubes, which could be clinically acceptable. This suggests that the sorption evaluation methods for NTG and
CSA could be promising standards for endorsing administration set tubes and for evaluating newly developed or designed
polymeric alternatives. Additionally, PO could be an alternative and next-generation polymeric material for manufacturing
administration set tubes.
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Introduction

Drug sorption to administration set tubes is defined as
the adsorption of a drug to the surface and absorption
in the matrix of administration set tubes (Jin et al. 2016;
Treleano et al. 2009). This phenomenon causes additional
and unpredicted drug loss, which leads to ineffective drug
responses after administration of injectable drugs. Sorp-
tive drugs are generally charged such as nitroglycerin
(NTG, a medication for heart failure-related conditions
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such as angina and hypertension, Fig. 1a) or hydropho-
bic drugs, per the biopharmaceutical classification sys-
tem (BCS) class IT or IV, such as cyclosporin A (CSA, an
immunosuppressive drug, Fig. 1b), diazepam (a sedative),
and tacrolimus (an immunosuppressant for organ trans-
plantation) (Jin et al. 2016, 2017a; Shibata et al. 2000;
Tamura et al. 2002; Treleano et al. 2009). These agents
interact with polymeric materials such as polyvinylchlo-
ride (PVC) and non-PVC in administration set tubes,
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Fig.1 Chemical structures of a nitroglycerin (NTG) and b cyclo-
sporin A (CSA)

based on the physicochemical properties of the drugs and
polymers. Thus, drug sorption to administration set tubes
should be estimated to evaluate the quality of administra-
tion set tubes and ensure the safety and efficacy of inject-
able drugs. Furthermore, standard methods and procedures
for evaluating drug sorption to administration set tubes
should be considered and recommended.

Sorption evaluation techniques such as the pump and drip
methods have been studied to confirm the sorption poten-
tial of polymeric bags or administration set tubes (Jin et al.
2016, 2017a, b). Pump and drip methods are extensively
used for the administration of large-volume injections via
infusion using administration sets. Since a peristaltic pump
is used to regulate the flow rate precisely, the pump method
can be used to determine low flow rates and low drug con-
centration conditions (Jin et al. 2017a; Shibata et al. 2000;
Treleano et al. 2009). The drip method is also widely used
to control the flow rate of large-volume injections (Kawano
et al. 1992). In the drip method, a flow regulator or clamp is
usually attached to the administration set tube for flow rate
control. Compared with the drip method, the pump method
enables relatively accurate flow rate control at low concen-
trations of diluted solutions for injectable drugs (Kawano
et al. 1992; Jin et al. 2017a, b). It can be used for evaluating
drug sorption to administration set tubes.
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The standard procedure for sorption evaluation of drugs
to administration set tubes is highlighted from the drug
selection to determination of sorption levels after the drug
solutions pass through the tubes (Fig. 2a) (Jin et al. 2017b).
Highly sorptive drugs are usually selected to evaluate the
sorption in tubes of administration sets, and kinetic sorption
tests are performed using the pump method. For example,
the highly sorptive drugs, NTG and CSA, can be used to
evaluate drug sorption to administration set tubes (Fig. 2b).
The clinically used administration conditions for inject-
able drugs, such as drug concentration and flow rate, are
mimicked for the kinetic sorption test. After drug analyses,
high-performance liquid chromatography (HPLC) methods
are used to determine the sorption levels at each sampling
point and the average sorption levels of drugs are calculated
from their delivery levels after passing through the tubes of
the administration sets relative to the diluted drug solutions
(Jin et al. 2017b; Krzek et al. 2003; Szerkus et al. 2014).
The acceptable criteria for drug sorption to administration
set tubes can be determined based on the drug content speci-
fied in the pharmacopeia, which is generally < 10% (Jin et al.
2017b; Morar-Mitrica et al. 2015).

In this study, we evaluated the sorption of NTG and
CSA (used as model drugs with high sorption levels) to
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administration set tubes. The standard pump method was
used to determine the flow rate control in the kinetic sorption
study. PVC- and non-PVC (PU and PO)-based tubes were
selected for the quality evaluation as 1-m long tubes with-
out accessories. NTG and CSA levels were analyzed using
HPLC methods with ultraviolet (UV) detection. Sorption
levels were calculated as the drug percentages of remain-
ing after the solution passed through the tubes, which were
divided by the diluted drug concentrations in the bottles.
The acceptable criteria for the calculated sorption values in
tubes of administration sets were determined for this study.

Materials and methods
Chemicals

NTG was purchased from Sigma-Aldrich (St. Louis, MO,
USA) and CSA was provided by Chong Kun Dang, Co., Ltd.,
(Seoul, Korea). NTG injection (0.5 mg/mL, Nitrolingua®),
CSA injection (50 mg/mL, Cypol®, both Company, Region,
Nation), and 5% dextrose solution (Daehan Pharmaceutical,
Co., Ltd., Seoul, Korea) were purchased from Woori Pharm.
Inc. (Incheon, Korea). For the administration sets, PVC-,
PU-, and PO-based tubes were obtained from Polyscientech
Co., Ltd., (Anseong, Gyunggi, Korea). Acetonitrile and
methanol were purchased from Burdick and Jackson Co.,
Ltd., M1, USA). Water was purified by a Milli-Q system
(Millipore Corp., Bedford, MA, USA). All other chemicals
and solvents were of analytical reagent grade.

Preparation of standard solutions for NTG and CSA

NTG and CSA were dissolved in methanol and acetonitrile
using 100 mL-volumetric flasks after precisely weighing,
respectively. The standard solutions of NTG and CSA were
at the concentrations of 3, 10, 20, 40, and 194 ug/mL for
NTG and 5, 10, 50, 100, 200, and 1000 pg/mL for CSA as
standards.

HPLC analyses

NTG was analyzed using an HPLC method (Agilent,
USA) with a UV detector connected to a C,3 column
(250 4.6 mm, 5-pum, Capcell Pak, Sheido, Japan) at 40 °C.
The mobile phase was a mixture of methanol and water (5:5,
v/v) run at a flow rate of 1 mL/min. Ten microliter stand-
ards and samples were directly injected into the HPLC sys-
tem and detected at 205 nm. For the detection of CSA, an
HPLC method with UV detection was used. Two-microliter
standards and samples were directly injected into the HPLC
system connected to a C;g column (150X 2.1 mm, 2-pm,
Shimadzu, Japan). The column oven temperature was 60 °C.

The mobile phase was a mixture of acetonitrile and water
(7:3, v/v). The flow rate was fixed at 0.3 mL/min, and the
detection wavelength was 210 nm. The peaks of the stand-
ards and drug samples were monitored in the chromatograms
by comparing them with the peaks of blank solutions. The
limit of quantification (LOQ) was confirmed at 3 pg/mL for
NTG and 5 pg/mL for CSA. The linearity was determined
at ranges of 3—194 pug/mL for NTG and 5-1000 pg/mL for
CSA. The calibration curves were constructed by plotting the
average peak areas versus their respective concentrations.

Kinetic sorption test

PVC-, PU- and PO-based tubes were used for the sorption
kinetic study. After all detachable accessories such as the
connectors and needle covers were removed, and then the
tubes were cut 1-m long using a sharp razor. The NTG and
CSA injections were diluted with 5% dextrose solution to
100 and 50 pg/mL for NTG and CSA, respectively. After
the diluted drug solutions had been gently mixed without
creating bubbles, they were transferred into amber vials (10-
mL). A glass bottle was used to minimize any additional
drug sorption onto the plastics. Table 1 shows the sorption
evaluation conditions for NTG and CSA. Briefly, each drug
solution was diluted with 5% dextrose, purged, and then
preloaded into the tubes of the administration sets using a
peristaltic pump (Terumo infusion pump, Terumo Medical
Corp., USA). The tubes were filled with the diluted drug
solution, which was then delivered through at flow rates of
1 mL/min for NTG and 20 mL/h for CSA. The sorption
kinetics of drugs were evaluated according to types of poly-
mers using PVC-, PU-, and PO-based tubes. Samples were
collected into amber vials at various time points. The sample
at 0 h refers to the diluted drug solution in the glass bottle.
Ten-microliter samples were directly injected into the HPLC
system, and the drugs were analyzed as described in “HPLC
analyses”. To estimate the drug sorption levels of tubes in
the administration sets, we subtracted the concentrations of
drugs passing through the tubes from that of the diluted drug
solution of injections in the bottle and then calculated the
percentage of the subtracted values relative to the concen-
trations of the diluted drug solution in the bottle. Negative

Table 1 Experimental conditions for kinetic sorption study using
nitroglycerin (NTG) and cyclosporin A (CSA)

NTG CSA
Concentration 100 pg/mL 50 ug/mL
Diluent 5% dextrose 5% dextrose
Flow rate 1 mL/min 20 mL/h
Sampling point 0,0.17,1.17,2.17, 3.17, 0,0.5,1.5,
and 4.17 h 2.5,3.5, and
45h
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sorption levels were set at “0” and the average sorption level
of the drugs at each time point was defined as the drug sorp-
tion level.

Statistical analysis

All the results are expressed as the mean + standard devia-
tion (SD). The statistical analysis was performed using the
Student’s ¢ test and an analysis of variance (ANOVA). A p
value < 0.05 was considered significant.

Results
Specificity and sensitivity
NTG

Figure 3 shows the representative chromatograms of
NTG after the HPLC analysis. Compared with the blank
(Fig. 3a), NTG was detected at 7.0 min in the chromatogram
(Fig. 3b—d). The LOQ was determined at 3 ug/mL of NTG
(Fig. 3b). No interference peaks were detected for the NTG
peak in the chromatograms.

CSA

Figure 4 shows the representative HPLC chromatograms of
CSA. There was no CSA peak in the blank sample (Fig. 4a).
The retention time of CSA was 9.8 min compared with that
of the blank (Fig. 4b—d). CSA was detected at up to 5 ug/
mL as the LOQ over the signal-to-noise (S/N) ratio of 10
(Fig. 4b). The CSA peak was not overlapped by other inter-
fering peaks.

Linearity for NTG and CSA

For the calibration of NTG, the linearity was evaluated
(Fig. 5a). The calibration curves were constructed using
a concentration ranged from 3 to 194 pug/mL. The linear
regression equation of the average calibration curve was
y=20069.78 (+102.60)x —22318.17 (+ 9147.41) with an 12
value of 0.99. Figure 5b shows the calibration curves of CSA
in the range of 5-1000 ug/mL. The average calibration curve
was calculated using linear regression, and the equation was
y=14418.19 (+ 19.56)x —5527.42 (+ 8193.98) with an r*
value of 1.00. The samples for NTG and CSA were detected
without further dilution at the calibration ranges.
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tograms of nitroglycerin (NTG):
a blank, b 3 pg/mL as limit of =) 0 _m[\A,AM__\/—/—— 3 20000
quantification (LOQ), ¢ 194 pg/ < <
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Drug sorption levels to administration set tubes

To compare sorption levels of the drugs to the administra-
tion set tubes, average sorption levels and sorption levels
at each sampling point were calculated. Table 2 lists the
sorption results of NTG and CSA to the administration set
tubes. The average sorption results of NTG were 15.1+9.4,
29.1+3.9, and 1.4+ 1.4% for PVC-, PU-, and PO-based
tubes, respectively. In the case of CSA, average sorption
results were 16.6 +9.0% for PVC-, 12.4+6.6% for PU-,
and 0.2 +£0.4% for PO-based tubes in administration sets.
NTG sorption levels were similar to CSA sorption levels in
PVC- and PO-based tubes of the administration set. How-
ever, in the PU-based administration set tubes, NTG was
more sorptive than CSA was. The NTG sorption levels in the
PU-based tubes were higher than they were in PVC-based
tubes (sorption level for NTG, PU < PVC < PO; and for CSA,
PVC <PU < PO).

NTG sorption to administration set tubes

NTG was previously reported as a highly sorptive drug
in administration set tubes as mentioned above. Figure 6a
shows the delivery levels of NTG after the drug solu-
tion was passed through the tubes. In the initial phase of

the kinetic sorption study, the PVC- and PU-based tubes
showed higher sorption levels than the PO-based tubes did.
The PO-based tubes had minimum sorption levels < 10%.
Although drugs in the PU-based tubes showed lower sorp-
tion levels than those in PVC-based tubes did, NTG in the
PU-based tubes showed higher sorption levels than it did
in the PVC-based tubes. After the initial time point, high
sorption levels of NTG were maintained in the PU-based
tubes.

CSA sorption to administration set tubes

Figure 6b shows the CSA delivery levels in PVC- and non-
PVC-based tubes. CSA showed the highest sorption levels
in PVC-based tubes. Sorption levels of CSA in PU-based
tubes were also high and comparable to those in the PVC-
based administration set tubes. However, the PO-based
tubes had minimum sorption levels at each sampling point
(< 10%). The CSA sorption results in PO-based tubes were
comparable to those of NTG. The sorption profiles of CSA
were similar to those of NTG in the administration set
tubes, which showed sorption phases in the early phase
of the kinetic sorption study and reached the sorption
equilibria.
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Fig.5 Average calibration curves of a nitroglycerin (NTG) and b
cyclosporin A (CSA)

Table2 Average sorption levels of drugs to administration set tubes:
nitroglycerin (NTG) and cyclosporin A (CSA)

Injectable drug Sorption level after passing through tubes (%)
pPVC PU PO

NTG 15194 29.1+3.9 14+1.4

CSA 16.6+9.0 12.4+6.6 02+04

PVC polyvinylchloride, PU polyurethane, PO polyolefin
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Fig.6 Profiles of drug delivery (%) versus time (h) after passing
through tubes: a nitroglycerin (NTG) and b cyclosporin A (CSA)

Discussion

Although the sorption potential of each injectable drug to
the polymeric material was analyzed, the sorption evalua-
tion standard of the administration set tubes was not recom-
mended based on the quality evaluation of the administration
set tubes. Here, we report “pump method” to evaluate drug
sorption to administration set tubes using a peristaltic pump
(Jin et al. 2017a, b). The kinetic sorption tests were per-
formed based on the mimicked clinically relevant conditions.
Then, drug concentrations before/after passing through the
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tubes were quantitatively determined using HPLC methods
with UV detection. Their sorption levels were calculated
from the delivered drug concentrations relative to the diluted
drug concentrations in solution (Jin et al. 2017b).

Sorption of NTG and CSA to polymeric materials has
been studied for several decades (Kowaluk et al. 1986;
Ritschel et al. 1989; Schaber et al. 1985). Their high sorp-
tion potentials to polymeric materials in administration set
tubes, specifically PVC, were previously reported (Kambia
et al. 2005; Roberts et al. 1991; Shibata et al. 2000; Treleano
et al. 2009) although their administration amounts should
be controlled precisely in emergency cases. NTG and CSA
at 80 and 1000 pg/mL showed 18-43 and 40-50% sorp-
tion in PVC-based tubes at flow rates of 1.0 mL/min and
10 mL/h, respectively (Shibata et al. 2000; Treleano et al.
2009). Therefore, among injectable drugs, NTG and CSA
were selected as model drugs due to their high sorption
potentials to screen the drug sorption levels in PVC- and
non-PVC-based tubes of administration sets.

Drug sorption was evaluated as a kinetic determinant of
the delivered drug concentration relative to the diluted drug
concentration using the pump method, from the model drug
selection to determining the acceptable sorption criteria
(Fig. 2a) (Jin et al. 20174, b). The steps of the evaluation of
drug sorption to the administration set tubes were as follows:
(1) model drug selection, (2) kinetic sorption test, (3) drug
analysis, (4) calculation of drug delivery and sorption levels,
and (5) confirmation that drug sorption levels were within
the acceptable criteria. NTG and CSA were used as repre-
sentative drugs for the sorption study (Martens et al. 1990;
Treleano et al. 2009). The pump methods were used to pre-
cisely regulate the flow rate of NTG and CSA. Clinically rel-
evant parameters were used to mimic the clinical administra-
tion conditions of injectable drugs such as the flow rate and
diluted drug concentration (Table 1). For the drug analyses,
the HPLC method with UV detection recommended after the
simple validation, successfully determined NTG and CSA
(Krzek et al. 2003; Ritschel et al. 1989). The sorption level
of the drugs on the administration set tubes was calculated
by subtracting the drug concentrations of the solution after it
passed through the tube from the diluted drug concentration,
which should be < 10% to meet the acceptable criteria (Jin
et al. 2017b; Morar-Mitrica et al. 2015).

For the kinetic sorption study, NTG and CSA were
quantitatively determined using HPLC analyses (Schaber
et al. 1985; Treleano et al. 2009). The pre-validations per-
formed for the HPLC methods for NTG and CSA were the
specificity, sensitivity (Figs. 3, 4), and linearity (Fig. 5)
(Jin et al. 2017b; Krzek et al. 2003; Sruthi et al. 2013;
Szerkus et al. 2014). Compared with the blanks (Figs. 3a,
4a), the LOQs of NTG and CSA were detected at 3 pg/
mL (Fig. 3b) and 5 pg/mL (Fig. 4b). The LOQ values
(Figs. 3b, 4b) and standards (Figs. 3c, 4c) were available

for the determination of drugs in the samples after the
kinetic sorption study (Figs. 3d, 4d). The linearity of NTG
and CSA was confirmed at the ranges of 3-194 pg/mL
for NTG (Fig. 5a) and 5-1000 ug/mL for CSA (Fig. 5b),
respectively. For NTG, the calibration standards can be
checked to shift to other concentration ranges such as
5-200 pug/mL which are within a range less than 15% rela-
tive standard deviation (RSD) of the highest concentra-
tion (194-200 pg/mL) and 20% RSD of the LOQ (3-5 pg/
mL). The HPLC methods for the NTG and CSA analyses
were successfully developed to determine the drugs in the
samples.

High sorption potentials of NTG (Fig. 6a) and CSA
(Fig. 6b) to the administration set tubes were confirmed
in PVC- and PU-based tubes except in PO-based tubes
(Schaber et al. 1985; Shibata et al. 2000; Treleano et al.
2009). The sorption levels of NTG and CSA to the PU- and
the PVC-based tubes were highest in all tubes (29.1 +3.9%
in PU-based tubes for NTG and 16.6 +9.0% in PVC-based
tubes for CSA), respectively (Table 1). In particular, NTG
showed a higher sorption potential in the PU-based tubes
than it did the in PVC-based tubes. This suggests that the
hardness, elasticity, and other physicochemical properties
of the PU-based tubes in study environments (e.g. temper-
ature) possibly enhanced the sorption of NTG. Although
NTG and CSA had the high sorption potentials in PVC-
and PU-based tubes, they had low sorption potentials in
the PO-based tubes (< 10%), which could be acceptable
for clinical uses based on their injectable drug content
specified in the pharmacopoeia (Jin et al. 2017b; Morar-
Mitrica et al. 2015).

For the mechanism of drug sorption to administration
set tubes, the interactions between the drugs and poly-
meric materials (e.g., partition and diffusion) continuously
occurred before the sorption equilibria were achieved (Jin
et al. 2017b; Roberts 1996). Their sorption was one of
physical incompatibilities caused by the physicochemical
properties of the respective materials of polymers in the
administration set tubes and drugs (Arruda et al. 1989; Jenke
1993a, b). NTG is a charged and slightly soluble drug in
water (Fig. 1a), and CSA is a hydrophobic drug with a high
log p value (4.3, Fig. 1b) (Cheng et al. 2006), categorized as
BCS Class II. They can be partitioned to polymeric materials
of PVC and PU in the liquid (diluted drug solution)—solid
(administration set tubes) interfaces. NTG and CSA were
highly adsorbed to PVC- and PU-based tubes except PO-
based tubes in the initial phase of the kinetic sorption study.
Thus, PO-based materials and layer-by-layer designs can be
alternatives to reduce the drug sorption in administration set
(Jin et al. 2016, 2017a, b; Trissel et al. 2006). This method
can also be applied for the standardized evaluation methods
of drug sorption to administration set tubes in clinical drug
uses.
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Conclusion

Sorption evaluation method using pump was developed for
the quality evaluation of the administration set with regard
to drug sorption to administration set tubes. NTG and CSA
were selected as the model drugs based on their reported
high sorption potentials. PVC- and non-PVC-based tubes
were used at a fixed length of 1 m. The sorption of NTG and
CSA to the administration set tubes was kinetically evalu-
ated using the pump method. The flow rate and diluted drug
concentration were used as the clinically relevant test param-
eters. While the PVC- and PU-based tubes showed high
sorption levels of NTG and CSA, the PO-based tubes had
the lowest sorption potential of < 10% in the kinetic sorption
study, which could be acceptable for use. The standard pro-
cedure for sorption evaluation can be used for the guidelines
of evaluation methods of drug sorption to administration set
tubes. In addition, PO could be a new alternative as a tube
material for minimizing drug sorption to administration set
tubes and for improving the quality of administration sets.
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