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Abstract

The compatibility and stability of continuously infused isosorbide dinitrate (ISDN) and heparin with medical
plastics were investigated by simulating therapeutic conditions practiced in hospital. High-performance liquid
chromatography (HPLC) with UV detection and C18 column was used to quantify the drugs. The results show that
the compatibility of ISDN and heparin solutions with polypropylene syringes during a 12 h continuous infusion is
good. Preparing the syringes 8 h in advance does not alter the stability of the drugs, as long as the ISDN is not
refrigerated (at + 4°C). The stability of ISDN with PVC/PE tubing (polyvinyl chloride on the outside and
polyethylene inside) is also satisfactory irrespective of whether it is administered alone or mixed with heparin. The
behaviour of heparin with the PVC/PE tubing is morc difficult to interpret, since the variations in concentration
near 10% of the initial concentration of heparin. ISDN and hcparin both have a compatibility problem with PVC
tubing. ISDN is rapidly fixed on PVC and then relcased: it is released carlier when it is administered with heparin in
the tube. Some heparin is lost in the PVC tubing. This loss is relatively stable with tim¢ and is similar and
independent of the type of infusion solvent, or whether heparin is used by itself or in combination with ISDN.
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1. Introduction consequences, particularly if drugs are adminis-

tered as a continuous infusion.

Various work has shown that there exists an
interaction between certain drugs and plastics,
especially polyvinyl chloride, PVC (Illum and
Bundgaard, 1982; Allwood, 1983; D’Arcy, 1983;
Arnaud et al., 1991). These interactions between
drugs and plastics can have important clinical
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There have been many investigations of the
behaviour of individual drugs with plastics, both
static (in bags or flasks) or dynamic (during con-
tinuous infusion) studies. However, interactions
that take place when drugs are administered si-
multaneously are far less well documented.
Nonetheless, this is a situation that frequently
arises in a clinical context. Drugs can often been
infused using syringe pump systems: the drugs are
not mixed in the syringes but are administered in
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parallel. The drugs come into contact in the com-
mon tubing which leads into the vascular system
of the patient.

Isosorbide dinitrate (ISDN) and heparin are
two drugs that are often co-administcred with
syringe pump systems in thc cardiology depart-
ment. These two drugs, ISDN (Cossum and
Roberts, 1981; Lee and Fenton-May, 1981; Re-
mon and Bogaert, 1983; De Muynck et al., 1988,
1991) and heparin (Goodall et al., 1980; Tun-
bridge et al., 1981) have already been shown to
recact with plastics.

The aim of this study was to evaluate the
behaviour of each of these drugs with polypropy-
lene, polyethylene and polyvinyl chloride (and, in
the case of heparin, according to the type of
infusion solvent) whether they are administered
alone or mixed in the infusion tubing.

ISDN and heparin were analysed using HPLC.
The method used to quantify ISDN was based on
the work of Olsen and Scroggins (1984). Fewer
investigations have been performed on the meth-
ods of quantification for heparin (De Vries, 1989;
Menzies et al., 1989; Pintabona et al., 1991). An
HPLC method with UV detection was developed
for quantifying sodic heparin.

2. Materials and methods
2.1. Materials

2.1.1. Drugs to be analysed

ISDN (Risordan™) was obtained from Thera-
plix SA-Rhone Poulenc (Paris, France) in 10 ml
ampoules containing 10 mg of the product and
sodic heparin (Heparine Sodique Leo®™, am-
poules of 5 ml (with 5000 IU/ml) from LEO
laboratories (Saint-Quentin-Yvelines, France).

2.1.2. Chromatographic analysis

Apparatus. ISDN and heparin were analysed with
the same HPLC system (Merck-Hitachi, Darm-
stadt, Germany) and column. This HPLC system
consisted of the following units: L5000 LC Con-
troller, 655A-11 pump, Model 7125 Rheodyne
injection loop, and UV-Visible detector (LCM
variable wavelength detector). The analytical col-
umn was a Lichrospher ™ CI18 (125 X 4 mm i.d.. 5
um) RP 18 endcapped (Merck) preceded by a
Lichrocart 4-4™ 100 RP 18.5 wm (Merck) precol-
umn.

Reagents. The following reagents with a high de-
gree of purity (>99.9%) were used: methanol
(Carlo-Erba, Milan, Italy), acetonitrile (Prolabo.
Paris, France), dipotassium hydrogenophosphate
(Merck), potassium dihydrogenophosphate
(Merck) and 0.1 N chlorhydric acid (Titrisol™.
Merck).

ISDN was assayed using an internal standard:
nitroglycerine (1% Nitroglycerine EN Solution™.
Merck).

2.1.3. Continuous infusion

Apparatus. Two 1D2S (Allegre Biomedical,
Saint-Etienne, France) syringe pump systems with
adjustable flow rate were used.

The infusion material consisted of the follow-
ing: 50 ml polypropylene (PP) syringes; Plastipak
Luer-Lock™ (Beckton-Dickinson, Dublin, Ire-
land); two tap ramp with a 50 cm M /M prolonga-
tion (reference 9744-51, Plastimed, Saint-Leu La
Forét, France) in polyvinyl chloride (PVC); Pro-
longation Biocath™ made of both polyvinyl chlo-
ride and polyethylene (PVC /PE); PE on the in-
side of the tube: the tubing has a diameter of 3

Table 1

Analytical conditions used

Drugs to Mobile phase Rate Injected Wavelength Standard

be analysed (ml/min) volume (u1) (nm)

Isosorbide dinitrate methanol /water (55:45v/v) 0.8 20 220 internal
(nitroglycerin)

Sodic heparin phosphate buffer (0.01 M) 1.3 20 220 external

pH 4 /acetonitrile (65:35v/v)
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Fig. 1. Diagram of the experimental unit for infusing a single
drug (ISDN or heparin). A-C are the points where samples
were taken.

mm over a length of 150 cm (reference PC 3315
M, Care L.G.L., Tarare, France).

Solvents. Heparin solutions for infusion were
preapred in 5% glucose (Biosedra, Louviers,
France) or in water for injectable preparations
(EPPI), (Bruneau, Boulogne-Billancourt, France).

2.2. Methods

2.2.1. Preparation of standard solutions

Working solutions were obtained by diluting
the ISDN and heparin in water. Standard curves
were established for ISDN concentrations from
100 to 1000 wg/ml and heparin concentrations
from 1.25 to 5 mg/ml (i.e., 125-500 IU /mb).

2.2.2. Chromatographic conditions

Table 1 summarises the analytical conditions
used for each active substance tested.

The standard curves represent the peak sur-
face as a function of the heparin concentration.
ISDN was quantified by taking the ratio between
the peak surfaces (ISDN peak surface /peak sur-
face of internal standard) as a function of ISDN

Sytinge pump system n’l

Syringe [PP) 1st tubing (PVC/PE}

[ HEPARINE )
Catheter

2nd tubing [PVC

Syringe pump system n°2
or PYC/PE)

Ist tubing (PVC/PE)

Syringe (PP}
[ISDN}

Fig. 2. Diagram of the experimental unit for infusing simulta-
neously ISDN and heparin. D is the point where samples
were taken.

Table 2
Infusion protocols
Drugs Rate Concentration Solvent of  Time of
(ml/h) inthe syringe  dilution perfusion
(mg/ml)
ISDN 4 10 no solvent 12
Heparin 4 3 5% glucose 12

or EPPI

concentration. The ISDN or heparin concentra-
tion of a sample was calculated by interpolation
from the linear equation y = ax + b of the stand-
ard.

(a) (b)

.94
.63

B

DU

Fig. 3. (a) Chromatogram of a 500 pg/ml ISDN solution (1)
and 400 pg/ml of trinitrine, internal standard (2); (b) chro-
matogram of a 2.5 mg/ml heparin solution.
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Table 3
Precision and linearity of HPLC methods
Drugs Concentration Intra-day variability Inter-day variability Linearity
adde(]i) Concentration Coefficient of Concentration Coefficient of Equation Correlation
(mg/ found (mg/1)  variation (%) found (mg/l)  variation (%) coefficient
ISDN 100 99.6 +2.1 2.1 1010 + 34 34 v =10.00433x +0.0257 .9999
500 496.0 +6.7 1.4 5072 +£183 3.6
Heparin 1.25 1.244+0.08 6.3 1.24+ 0.04 3.1 v =098Yx +3 0.999Y
25 2504007 28 251+ 0.08 32
5 491+0.13 5.00+ 0.04 08

2.2.3. Infusion protocol

The conditions used in a hospital service
(Cardiology Department, Hospital G. Montpied,
Clermont-Ferrand, France) were followed.

Clinical conditions were simulated in the labo-
ratory. This study was aimed at the evaluation of
not only the compatibility of ISDN and heparin
with plastics (PP, PVC, PE) but also their be-
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haviour when administered as a mixture and the
influence that they have on each other (in the
final tubing before entering the vascular system
of the patient).

The experimental unit and points of sampling
are illustrated in Fig. 1 and 2. Sampling at points
A-C allowed cach drug (ISDN and heparin) to
be evaluated separately as regards their compati-
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Fig. 4. Stability of ISDN alone during continuous infusion: compatibility with PP, PVC/PE and PVC(.
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bility with the PP syringe, the first PVC/PE
tubing and the second PVC or PVC/PE tubing.
The sample taken at point D investigated the
compatibility of a combination of ISDN and hep-
arin which entered simultaneously and was mixed
in the final tubing of PVC or PVC/PE.

Samples were taken at set times during the
infusion procedure: the first samples were re-
moved at A-D when purging the system before
infusion was started. These were samples 7.
Samples were then taken after intervals of 5, 15,
30 min and then at 1, 2, 3 and 12 h. Infusions in
clinical practice do not last more than 12 h for
either heparin or ISDN.

The above investigation was carried out at
room temperature. No particular conditions of
light were specified.

The samples were analysed immediately by
HPLC.

The parameters adopted for the therapeutic

120

protocol and the infusion were representative of
the situations most frequently found in hospital
and are given in Table 2.

Before HPLC injection, the ISDN samples
were diluted with an equal volume of water con-
taining a fixed quantity of internal standard, since
the undiluted concentrations were too high for
the range of standards.

A substance was considered as stable if the
variations observed did not exceed 10% of the
initial concentration.

Nurses often prepare the syringes several hours
before the infusion is due to begin. It was neces-
sary therefore to investigate the stability of both
ISDN and heparin in PP syringes left for 8 h
under different conditions: for heparin, at room
temperature and in the refrigerator (+4°C); for
ISDN, at room temperature under light, at room
temperature in the dark, in the refrigerator
(+4°C).
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Fig. 5. ISDN stability in second tubing during a simultaneous infusion with heparin.
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3. Results and discussion
3.1. Chromatographic analysis

The techniques for quantifying ISDN and hep-
arin were found to be valid: the precision (intra-
day and inter-day variabilities) and the linearity
(equation and correlation coefficient) are given in
Table 3. For studying intra-day and inter-day
variabilities, 10 measurements were made for each
of the concentrations analysed.

Chromatograms a and b in Fig. 3 show, respec-
tively, the results obtained after injection of a 500
wg/ml ISDN standard (with trinitrine as internal
standard) and a 2.5 mg/ml (i.e., 250 IU/ml)
heparin standard.

3.2. Continuous infusion stability studies

The quantification of the different samples is
presented as a kinetic plot over 12 h. The amounts

are expressed as a ratio of the initial value at T,,.
The percentages given are the average of five
different repetitions (n = 5).

3.3. ISDN stability during continuous infusion
(ISDN alone) (Fig. 4)

ISDN was stable in PP syringes and in
PVC/PE tubing. The variations were lower than
10%. However, the loss of this product could be
as much as 30% in PVC tubing. This loss de-
creased after 12 h, therefore, it can be supposed
that the ISDN fixed on the PVC is eventually
relcased.

Various studies have shown that nitrate com-
pounds are fixed by plastics in two ways: adsorp-
tion and absorption (Yuen et al., 1979; Roberts ct
al., 1983): the nitrate compounds undergo an
initial rapid phase of adsorption (a surface phe-
nomenon) and a slower second phase of absorp-
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Fig. 6. Stability of heparin administered alone during continuous infusion in 5% glucose.
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tion (the products diffuse inside the polymer).
These ISDN/PVC interactions are reversible as
shown by the release of ISDN after fixation on
PVC.

3.4. ISDN behaviour in the second tubing (sample
D) during continuous infusion in association with
heparin (Fig. 5)

The behaviour of ISDN in two different situa-
tions was studied: the heparin was either diluted
in 5% glucose or in a preparation of injectable
water (EPPI). When the second tubing was
PVC/PE the results were similar for the two
solvents: the variations were less than 10%. How-
ever, in the case of PVC tubing, ISDN was re-
leased after about 15 or 30 min when adminis-
tered simultaneously with heparin in comparison
to a much longer time when administered alone.

120
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3.5. Heparin stability during continuous infusion
when in 5% glucose (Fig. 6) or in EPPI (Fig. 7)
(heparin alone)

The stability of heparin with plastics as well as
the influence of solvent type on this stability was
studied.

Heparin was stable in PP syringes irrespective
of the solvent used. However, heparin was lost as
it passed through PVC tubing. The variation in
heparin concentration was relatively stable with
time (20-25% in 5% glucose and 10-15% in
EPPI).

The behaviour of heparin in PVC/PE tubing
was more difficult to evaluate because the varia-
tions were near to 10%.

There was no statistically significant difference
between the stability of continuously infused hep-
arin in 5% glucose or in EPPI.
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Fig. 7. Stability of heparin administered alone during continuous infusion in EPPI.
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Fig. 8. Heparin stability (in glucose or EPPI) in the second tube during simultaneous administration with ISDN.

3.6. Heparin behaviour in the second tubing (sam-

ple D) during continuous infusion in association
with ISDN (Fig. 8)

This study evaluated the stability of heparin
diluted either in 5% glucose or EPPI with PVC
or PVC/PE when infused simultaneously with
ISDN in the same tube.

Heparin loss in PVC tubing was similar to that
which occurred when the drug was infused alone.

The results with PVC/PE tubing were very
variable. These variations seemed greater with
5% glucose. A 16% loss after 30 min was ob-
served and 11-12% after 1 h. However, the varia-
tions did not exceed 10% whether the infusion
solvent was 5% glucose or EPPI.

3.7. Stability studies of heparin and ISDN in PP
syringes prepared in advance

Heparin solutions (3 mg,/ml) were stable for 8
h in PP syringes regardless of the solvent used

(5% glucose or EPPI) or conditions under which
the syringes were kept (room temperature or in
the refrigerator at 4°C).

ISDN solutions (10 mg/ml) in PP syringes
were stable for 8 h whether or not they had been
exposed to light. However, with refrigerated sy-
ringes there was a variation of approx. 10% of the
initial concentration of ISDN. Hence, it is not
advisable to keep syringes in the refrigerator.

4. Conclusion

The behaviour of two drugs frequently admin-
istered with syringe pump systems and which are
mixed in a common prolongation tube before
entering the vascular system of the patient has
been assessed. After investigating the compatibil-
ity of each of these drugs with plastics during a 12
h continuous infusion, their stability when mixed
in a common tubing was studied. The results
show that absorption or adsorption and release of
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the drugs are very random phenomena. This im-
plies that the administration to the patient of
these drugs must be variable, even discontinuous.
This work will be pursued further by a pharma-
cokinetic study of ISDN and an assessment of
heparin activity in vivo with the patient.
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