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Summary

Chloroquine diphosphate was sorbed (from buffer solutions of varying pH and chloroquine concentration) by cellulose
propionate, ethylvinyl acetate, methacrylate butadiene styrene, polyethylene, polypropylene and polyvinyl chloride, but not by
polystyrene. Passing chloroquine solutions through cellulose acetate filters once, resulted in a high loss of chloroquine (up to 85%; 16
ng-mi~ !, pH 9.5). Investigation of the effect of exposure time on chloroquine binding to polyvinyl chloride indicated that 12 h was
sufficient to reach the equilibrium state. The kinetics of sorption of the drug could be described in terms of a diffusion-controlled
absorption process with adsorption playing a minor role in the overall loss of chloroquine. The rate and extent of sorption of
chloroquine showed a dependence on pH which could be interpreted in terms of ionization of the drug, i.e. the unionized form was
preferentially sorbed. The present findings indicate that care must be taken to avoid contact with the plastic materials outlined during
laboratory quantitation of chloroquine, e.g. in kinetic studies and also during malarial sensitivity testing.

Introduction

Currently, there is much concern about the
world-wide development and spread of chloro-
quine-resistant P. falciparum malaria (see, for ex-
ample, Wagner, 1980; Bruce-Chwatt, 1982; Hari-
nasuta et al., 1983; Wyler, 1983; Mutambu et al.,
1986). Proof of the development of such resistance
depends on the use of an in vitro continuous
culture technique of the parasite established by
Trager and Jensen in 1976. Modifications of this
basic technique have since been developed to im-
prove the culture environment and the yield of
parasite (Jensen and Trager, 1977; Jensen et al.,
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1979; Trager, 1979). These later studies have im-
proved the in vitro testing of P. falciparum for
chloroquine sensitivity (or resistance) and have
also enabled studies to be made on the mecha-
nism(s) of the resistance development.

In previous work (Yahya et al., 1985) we have
shown that chloroquine binds significantly to
soda-glass and this may well adversely influence
the results of in vitro tests of chloroquine sensitiv-
ity of the malaria parasite if soda-glass vials or
pipettes are used during such testing. The fact that
chloroquine is used in low concentrations during
such tests (e.g. 0.1 ng/25 pl; Rieckmann et al.,
1978) complicates the situation since percentage
binding is increased at low concentration.

Apart from glass apparatus, plastic microtiter
plates and pipettes are also commonly used in
sensitivity testing techniques (Kouznetsov et al.,
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1980; Nguyen-Dinh and Trager, 1980; Gajanana
et al., 1982; Onori et al., 1982; Geary et al., 1983;
Geary and Jensen, 1983; Jensen et al, 1983;
Spencer et al., 1983), and it is possible that chloro-
quine may also bind to some of these materials.
It should also be borne in mind that low con-
centrations of chloroquine will also be encoun-
tered in drug analyses of biological samples during
pharmacokinetic studies and that chloroquine may
be bound to plastic syringes during sampling or to
plastic pipettes used to transfer samples during
assay procedures. Binding to membrane filters
used to clarify and/or sterilize chloroquine solu-
tions prior to use or analysis could also give rise to

TABLE 1

erroneous experimental results in drug sensitivity

and pharmacokinetic studies.

There were three objectives in the present study.

(i) To investigate the binding of chloroquine to a
range of plastic materials having different
physicochemical characteristics (Table 1; cel-
lulose propionate, ethylvinyl acetate, meth-
acrylate butadiene styrene, polyethylene,
polypropylene, polystyrene and polyvinyl
chloride) using a range of concentrations and
pH values.

(i1)) To determine more closely the effect of ex-
posure time on the binding of chloroquine to
one model plastic material — polyvinyl chlo-
ride.

COMPARISON OF THE PHYSICAL AND CHEMICAL PROPERTIES OF DIFFERENT TYPES OF THERMOPLASTICS

MATERIALS USED IN THE PRESENT STUDY

Chemical name Plastic type Repeating unit of the polymeric  Thickness  Density
structure of the plastic (pm) (g/cm’)
CH,-OR
éH—O\
Cellulose acetate Amorphous thermoplastic -CH{ ~>CH-O- 150 0.287
CH-CH
R R
R=H
CH,-OR
bt o
Cellulose propionate Amorphous thermoplastic -CH{ _~CH-0O- 750 0.755
CH-CH
R R
R =-CO-C;H;
Ethylvinyl acetate Amorphous thermoplastic -CH,-CH- 370 0.856
(B—CO—CHZ—CH3
Methacrylate butadiene styrene  Amorphous thermoplastic Co-polymer 450 0.918
Polyethylene Partially crystalline thermoplastic = -CH,-CH ,— 40 0.684
Polypropylene Partially crystalline thermoplastic = -CH,- CH- 1550 0.699
&u,
Polystyrene Crystalline thermoplastic -CH,-CH~ 840 1.084
Polyvinylchloride Amorphous thermoplastic -CH,-CH- 350 1.069
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(iii)) To characterise the influence of pH on the
binding of chloroquine to cellulose acetate
membrane filters.

Materials and Methods

In all experiments chloroquine was used in the
form of chloroquine diphosphate and all con-
centrations quoted in the text refer to this salt.
New plastics materials were used in all studies and
they were discarded after each experiment.

Chloroquine binding to polystyrene

Fifty ml samples of borate-buffered chloro-
quine solutions (pH 9.5, 7.4 or 4.0) of varying
concentrations were placed in petri dishes (surface
area 83.41 cm?) made from polystyrene (Sterilin
Laboratories, Middlesex, U.K.). During experi-
mentation, the petri dishes were covered with
aluminium foil to protect them from light as chlo-
roquine decomposition is said to be accelerated by
light.

Six different concentrations of the drug were
used at each of the pH values namely 128, 64, 32,
16, 8, and 4 ng-ml~!. The choice of the six
concentrations and the exposure time (24 h) used
in this study were based on those used in our
earlier in vitro chloroquine binding studies
(Yahya et al, 1985). Ten individual containers
were used for each of the experimental conditions.

Chloroquine in this section, and in all further
experiments, was assayed spectrofluorometrically
(Perkin-Elmer luminescence spectrophotometer
model LS-5; excitation A = 335 nm, emission A =
400 nm). The pH of all samples was adjusted to
9.5 prior to analysis (Vogel and Konig, 1975).

In all cases test data were compared with con-
trol values which were obtained by storing the
same chloroquine solution for 24 h in borosilicate
test tubes covered with aluminium foil. Earlier
work (Yahya et al., 1985) has shown that chloro-
quine is not bound to borosilicate glass.

Chloroquine binding to cellulose propionate, ethyl-

vinyl acetate, methacrylate butadiene styrene, poly-

ethylene, polypropylene and polyvinyl chloride
Buffered chloroquine solutions (10 ml) were
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placed in identical borosilicate glass tubes contain-
ing a sheet of cellulose propionate (Avon Medi-
cals, Redditch, U.K.), ethylvinylacetate (Kabi
Vitrum, Middlesex, U.K.), methacrylate butadiene
styrene (Avon Medicals, Redditch, U.K.) polyeth-
ylene (Sterilin, Middlesex, U.K.), polypropylene
(Becton, Dickinson and Co. Ireland), or polyvinyl
chloride (Galen Pharmaceutical Laboratories, N.
Ireland). The surface area of the sheets used was
the same in all the experiments (49 cm?). The
borosilicate containers were again covered com-
pletely with aluminium foil. The buffer pH values
and the drug concentrations used were the same as
those outlined for previous experiments with the
petri dishes.

Chloroquine solutions were stored in contact
with the plastics for 24 h and were then analysed
for chloroquine content. Each experiment was re-
peated 10 times and results were compared with
those of control solutions stored in the absence of
the plastics.

Effect of contact time on chloroguine binding to
polyvinyl chloride

Buffered chloroquine solutions (10 ml; pH 9.5;
8 ng-ml~!) were placed in identical borosilicate
glass containers each containing a sheet of poly-
vinylchloride (49 cm?). The containers were pro-
tected from light. Chloroquine solutions were
stored in contact with the plastic for different time
periods (1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12 and 24
h); each experiment was repeated 10 times.

Chloroquine binding to cellulose acetate membrane
filters

Buffered chloroquine solutions (20 ml, 16 ng -
ml~!) were passed once through cellulose acetate
membrane filters obtained from two commerical
sources (Amicon, U.S.A. and Molsheim, France).
All filters used had a pore size of 0.5 um and were
4.52 cm? in surface area. The filters were fitted
into a disc filter holder (made from polypropylene
with a silicone gasket; Swinnex 25, Millipore,
Middlesex, U.K.) and connected to polypropylene
syringes. The syringes and the filter holder were
previously exposed to concentrated solutions of
chloroquine (400 pg-ml~!) and washed thor-
oughly with deionized water. This pre-exposure
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was shown to saturate binding sites on the poly-
propylene and prevent further chloroquine sorp-
tion. The syringes were protected from light by
aluminium foil during the passage of chloroquine
solutions through the filters, over a period of
approximately 40 s. The chloroquine solution pHs
were the same as those used in the previous ex-
periments (i.e. pHs 9.5, 7.4 and 4).

(a)

(e) ,

Sorption (ng/cmz)

(e)

Results

The binding data for each individual plastic
were reproducible with a typical coefficient of
variance for 10 determinations being of the order
of 0.035.

Chloroguine binding to polystyrene
Polystyrene petri dishes exhibited minimal drug

(b)
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Fig. 1. The effect of solution pH on chloroquine sorption to: (a) cellulose propionate; (b) ethylvinyl acetate; (¢) methacrylate
butadiene styrene; (d) polyethylene; (¢) polypropylene; and (f} polyvinyl chloride. The concentrations investigated were (from right
toleft): 8,128 ng-ml ™1, 0, 64 ng-ml ™ @, 32 ng-ml™ % B, 16 ng-mi~'; @, 8 ng-ml™ ;! and MM, 4 ng- ml~! (each value is the
mean of 10 determinations after storage for 24 hours) (see Table 1 for reference to thickness of plastic sheets used).



TABLE 2

THE EFFECT OF CHLOROQUINE CONCENTRATION *
AND SOLUTION pH ON CHLOROQUINE SORPTION
TO POLYSTYRENE

Conc. Sorption (ng-cm~2) + S.E.
(ng-ml ™) pH: 4 74 95
4 0.04+0.004 0.04+0.002 0.05+0.010
8 0.05+0.004 0.11+0.004 0.14+0.004
16 0.09+0.005 0.26+0.008 0.31+0.002
32 0.21+0.015 0.48+0.013 0.59+0.004
64 0.38+0.013 1.38+0.017 1.47+0.008
128 1.12+0.013 252+0.028 2.70+0.188

Each value represents the mean + S.E. of 10 determinations.
* As chloroquine diphosphate.

binding to their surfaces. Data supporting this
result are presented in Table 2. The maximum
binding was recorded at pH 9.5 and binding in-
creased with increasing concentration of chloro-
quine.

Chloroquine binding to cellulose propionate, ethyl-
vinyl acetate, methacrylate butadiene styrene, poly-
ethylene, polypropylene and polyvinyl chloride

The effect of solution pH on chloroquine bind-
ing to these plastics is shown on Fig. 1. These data
show that the highest sorption recorded was at pH
9.5 and became lower at pH 7.4. There was only
minimal binding at pH 4 for all of the six plastics

20

S 8

Sorption (ng/cm?)

S N A OO0 O

4 8 16 32 64 128
Concentration (ng /ml)

Fig. 2. The effect of chloroquine concentration on chloroquine
sorption to: @M, polyethylene; @, ethylvinyl acetate; @, poly-
vinyl chloride; B, polypropylene; 0, methacrylate butadiene
styrene; and B, cellulose propionate (pH 9.5). Each value is the
mean of 10 determinations after storage for 24 h; see Table 1
for reference to thickness of plastic sheets used.

141

~~ ’\0
N 14 d .l
€ P
o 13 g
~ »
o 12 7
K J
[ i
L
s 10 d
A
O 09 /
‘D *
08

Time (Hours)

Fig. 3. The effect of time on chloroquine sorption to polyvinyl
chloride (pH 9.5, 8 ng-ml™ '), Each value is the mean of 10
determinations.
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Fig. 4. The effect of solution pH on chloroquine binding to
cellulose acetate membrane filters. B, Molsheim; B, Amicon;
concentration 16 ng-ml~'. Each value is the mean of 10
determinations.

examined. The data for chloroquine binding to the
various plastics at pH 9.5 are compared on Fig. 2.
These data clearly demonstrate that as the con-
centration increased the binding per cm? in-
creased.

Effect of time on chloroquine binding to polyvinyl
chloride

Polyvinylchloride was chosen as a model plastic
to illustrate the influence of exposure time on
chloroquine binding; the results obtained for this
part of the study are illustrated on Fig. 3.

These data indicate that the binding of the drug
per cm? increased with increasing time up to 12 h
after which an equilibrium was reached.

Chloroquine binding to cellulose acetate membrane
filters
Data on chloroquine binding to the membrane
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filters are shown on Fig. 4; as with the other
plastic materials, highest binding was recorded at
pH 9.5 with lower sorption values being noted at
pH 7.4 and 4. Filters manufactured by Amicon
gave rise to slightly higher binding than filters
made by the Molsheim Co.

Discussion

Seven types of thermoplastics were examined in
the present study. Physicochemical properties in-
cluding permeability (the transmission of fluids
through plastics), and interaction of plastics with
solvents, differ from one material to another.
Transmission of substances is by a sequence of
absorption followed by diffusion (Birely and Scott,
1982; Brydson, 1982).

It seems likely from the present results that
chloroquine molecules were absorbed and then
diffused into the plastics, since sorption per cm?
increased with increasing concentration. In a study
by Kowaluk et al. (1982), the sorption of 45 drugs
to plastic infusion sets was studied. It was found
that the loss of most drugs during infusion was
slow, time-dependent, and concentration-depen-
dent, which indicated a diffusion-controlled ab-
sorption process rather than a binding adsorption
process. Other studies have also shown that the
kinetics of sorption can be described in terms of a
diffusion-controlled absorption process, adsorp-
tion playing only a minor role in the overall loss
of the drug (Yuen, et al., 1979; Roberts, et al.,
1980; Illum and Bundgaard, 1982).

The highest binding of the drug found in the
present study was (in decreasing order) to cel-
lulose propionate, methacrylate butadiene styrene,
polypropylene, polyvinyl chloride, ethylvinyl ace-
tate, and polyethylene. Highest binding was re-
corded at pH 9.5 with lower binding at pH 7.4
and least binding at pH 4. A possible explanation
of this result is that chloroquine is present in the
non-ionized form at the alkaline pH (pH 9.5)
becoming increasingly ionized as the pH de-
creases. In an earlier study by Kowaluk et al,
(1981), the main physicochemical determinant
controlling drug sorption appeared to be the ex-
tent of ionization and lipid solubility of 46 drugs
stored in polyvinylchloride bags. Illum and

Bundgaard (1982) also showed that the rate and
extent of sorption of warfarin was dependent on
pH; this could be interpreted in terms of ioniza-
tion of the drug, i.e. only the unionized form was
sorbed.

Investigation of the effect of exposure time on
chloroquine absorption to polyvinyl chloride indi-
cated that 12 h was sufficient to reach the equi-
librium state.

The difference in the absorption of the drug to
these plastics may be attributed to the difference
in their physicochemical properties and to the
amount of additives that are used during their
manufacture, e.g. fillers, plasticisers, softeners, an-
tioxidants, ultraviolet absorbers, and flame re-
tarders. It should also be borne in mind that the
materials available for our binding studies were of
differing thickness and density and that the same
plastic materials from differing sources may vary
in their binding capacity for chloroquine. Chloro-
quine bound extensively to cellulose acetate mem-
brane filters. Passing chloroquine solutions
through these filters once resulted in a high loss of
drug (up to 60.40 ng-cm~2 at pH 9.5 and at a
concentration of 16 ng-ml~!). The results also
indicated a pH-dependent extent of drug absorp-
tion to these filters (Fig. 4). Sorption was im-
mediate since passage of the solutions through the
filters took only 40 s.

In conclusion, it is recommended that appara-
tus made from polystyrene plastics should be used
in the in vitro sensitivity testing of P. falciparum
to chloroquine since binding to this plastic. is
minimal. Apparatus and equipment made from
the other plastics tested should be avoided in
chloroquine sensitivity testing and assay proce-
dures; alternatively their binding of chloroquine
should be quantified and taken into consideration.
This is especially important with the use of dis-
posable plastic pipette tips, test-tubes and beakers.
Sterilization and/or clarification of chloroquine
solutions using cellulose acetate membrane filters
should be avoided.

References

Birely, AW. and Scott, M.J., Plastics Materials, Properties and
Applications,, Blackie and Son, London, 1982, pp- 1-18.



Bruce-Chwatt, L.J., Chemoprophylaxis of malaria in Africa:
the spent “magic bullet”. Br. Med. J., 285 (1982) 674-676.

Brydson, J.A., Plastics Materials, Butterworth Scientific,
London, 1982 pp. 18-143.

Gajanana, A., Sinha, S. and Rai Chowdhuri, A N., Micro in
vitro chloroquine sensitivity test for Plasmodium falciparum
without the use of the candle jar. Indian J. Med. Res., 76
(1982) 195-198.

Geary, T.G. Divo, A.A. and Jensen, J.B.,, An in vitro assay
system for the identification of potential antimalarial drugs.
J. Parasitol., 69 (1983) 577-583.

Geary, T.G. and Jensen, J.B. Lack of cross-resistance to 4-
aminoquinolines in chloroquine-resistant Plasmodium
falciparum in vitro. J. Parasitol., 69 (1983) 97-105.

Harinasuta, T., Bunnag, D. and Wernsdorfer, W.H., A phase II
clinical trial of mefloquine in patients with cloroquine-re-
sistant falciparum malaria in Thailand. Bull. W.H.O., 61
(1983) 299-305.

Illum, L. and Bundgaard, H. Sorption of drugs by plastic
infusion bags. Int. J. Pharm., 10 (1982) 339-351.

Jensen, J.B., Trager, W. and Doherty, J., Plasmodium
falciparum: continuous cultivation in a semiautomated ap-
paratus. Exp. Parasitol., 48 (1979) 36-41.

Jensen, S., Fogh, S., Peterslund, N. and Black, F., RII-RIII
chloroquine resistant Plasmodium faciparum malaria from
East Africa: studies of the in vivo and in vitro response to
chloroquine. Ann. Trop. Med. Parasitol., 77 (1983) 349-354.

Jensen, J.B. and Trager, W., Plasmodium falciparum in culture:
use of out dated erythrocytes and description of the candle
jar method. J. Parasitol. 63 (1977) 883-886.

Kowaluk, E.A., Roberts, M.S., Blackburn, H.D. and Polack,
A.E., Interactions between drugs and polyvinylchloride in-
fusion bags. Am. J. Hosp. Pharm., 38 (1981) 1308-1314.

Kowaluk, E.A., Roberts, M.S. and Polack, A.E., Interactions
between drugs and intravenous delivery systems. Am. J.
Hosp. Pharm., 39 (1982) 460-467.

Kouznetsov, R.L., Rooney, W., Wernsdorfer, W.H., El Gaddal,
A.A., Payne, D. and Abdalla, R.E,, Use of the in vitro
microtechnique for the assessment of drug sensitivity of
Plasmodium falciparum in Sennar, Sudan. Bull. W.H.O., 58
(1980) 785-789.

143

Mutambu, S.L., Dallas, A.B.C. and Olweny, C.L.M., Chloro-
quine resistant Plasmodium falciparum malarias in Zimbab-
we. Br. Med. J., 292 (1986) 522.

Nguyen-Dinh, P. and Trager, W., Plasmodium falciparum in
vitro: determination of chloroquine sensitivity of three new
strains by a modified 48-hour test. J. Am. Med. Hyg., 29
(1980) 339-342.

Onori, E., Payne, D., Grab, B., Horst, H.I., Almeida Franco, J.
and Joia, H., Incipient resistance of Plasmodium falciparum
to chloroquine among a semi-immune population of the
United Republic of Tanzania. Bull. W.H.O. 60 (1982)
77-87.

Rieckmann, K.H., Campbell, G.H., Sax, L.J. and Mrema, J.E.,
Drug sensitivity of Plasmodium falciparum, an in vitro
microtechnique. Lancet, 1 (1978) 22-23.

Roberts, M.S., Cossum, P.A., Galbraith, A.J. and Boyd, G.W.,
The availability of nitroglycerin from parenteral solutions.
J. Pharm. Pharmacol., 32 (1980) 237-244,

Spencer, H.S., Chemengay Masaba, S., Chulay, J.D. and
Nguyen-Dinh, P, Field evaluation in Kenya of a 48-hour in
vitro test for Plasmodium falciparium sensitivity to chloro-
quine. Am. J. Trop. Med. Hyg., 32 (1983) 916-921.

Trager, W. and Jensen, J.B.,, Human malaria parasites in
continuous culture. Science, 193 (1976) 673-675.

Trager, W., Plasmodium falciparum in culture: improved con-
tinuous flow method. J. Protozool., 26 (1979) 125-129.
Vogel, C.W. and Konig, K.E., Spectrofluorometric and spec-
trodensitometric determination of chloroquine in plasma

and urine. Trop. Med. Parasitol., 26 (1975) 278-280.

Wagner, W.-H., Drugs for tropical diseases in the Third World.
Interdisciplinary Sci. Rev., 5 (1980) 186-203.

Wyler, D.J., Malaria-resurgence, résistance, and research (Part
I). N. Engl. J. Med.,, 308 (1983) 875-878.

Yahya, A.M., McElnay, J.C. and D’Arcy, P.F., Binding of
chloroquine to glass. Int. J. Pharm., 25 (1985) 217-223.
Yuen, P.H., Denman, S.L., Sokoloski, T.D. and Burkman,
AM.,, Loss of nitroglycerin from aqueous solution into
plastic intravenous delivery systems. J. Pharm. Sci., 68

(1979) 1163-1166.



