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SPECTAL ARTICLE

ANTIMALARIAL DRUG RESISTANCE: PROBLEMS AND PROSPECTS

H. Kyle Webster

Department of Immunclogy and Bilochemistry, U.S. Army Medical Component,
Armed Forces Research Institute of Medical Sciences (AFRIMS),

Rajavithi Road, Bangkok 10400, Thailand.

THE PROBLEMS

MALARIA IN THAILAND-EMERGENCE OF DRUG RESISTANCE

Although the prevalence of malaria in Thailand today is greatly
reduced ‘compared to 30 years ago the threat from malaria remains persistent
and serious. In 1947 the mortality rate for malaria was 297.1 deaths per
100,000 population making malaria the leading cause of death in Thailand.
By 1980 the malaria death rate had dropped to 8.1 per 100,000. Still
there were 395,442 cases of malaria detected in 1980 and 473,210 in 1981
(1). It is not, however, in the number of current cases or deaths due to
malaria that the present threat from malaria is defined. Rather the
malaria threat comes with the persistent emergence of drug resistance in
Thailand and most other malarious regions of'the world, Resistance to
the antimalarial drug chloroquine by p. falciparum was first reported in
Thailand by Harinasuta and colleagues in 1962 (2). By 1967 it was
apparent that chloroquiﬁe resistance was a widespread and serious problem
in Thailand (3, 4). During the period 1965-1971 clinical trials were
begun in Thailand on various alternative therapies (both single and
combination drug treatment regimens) to deal with the problem of chloro-
quine resistance (4, 5). These studies produced basically 3 alternative
treatments: quinine, quinine combined with tetracycline, and pyrimethamine-
sulfonamide combinations. The combination of pyrimethamine with sulfadox-

ine (Fansidar) was initially shown to be particularly effective against
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chloroquine resistant P. falciparum (6). However, it was apparent by
1975 that the long-use prospect for pyrimethamine-sulfadoxine was doubtful
and over the ensuing 5 year period the cure rate fell from 80% in 1976 to
10% in 1980 (7). Other studies in Thailand have confirmed the loss in
effectiveness of pyrimethamine-sulfadoxine for resistant P. falciparum
malaria (8, 9, 10, 35),.

As of 1982 there temained but one conventional antimalarial
drug for the treatment of multi-drug resistant p. falciparum malaria in
Thailand-quinine or a quinine-tetracycline combination. The use of
quinine in combination with tetracycline speaks to the heart of the issue
of drug-resistance since gquinine itself has been decreasing in effectivew
ness. Studies at the Bangkok'Hospital'for Tropical Diseases have shown

a progressive decrease in the cure rate for quinine : 94% (1963 - 1979),

86% (1979 - 1980) and  80% (1981) (7). In a recent study Pinichpongse
and colleagues (1982) (35) observed an overall cure rate of 90% for a
7-day course of quinine in patients from five geographically separate

areas of Thailand,

Thus, what was once an impressive arsenal of antimalarial drugs
for use against p. falciparum malaria has now been reduced to one perhaps
faltering survivor, quinine, bolstered somewhat by its combination with
tetracycline. As for prophylaxis against P. falciparum there are no
remaining conventional drugs of choice that can be prescribed with
confidence. Only the advent of the new antimalarial drug mefloquine
makes matters seem less than disastrous. Even the prospects with meflo-

quine, as we shall discuss, are not without serious concern.

It should be noted that the situation with P. vivax malaria is
comparatively good, Chloroquine in combination with‘primaquine is effective
for prophylaxis and treatment of P. vivax malaria in Thailand (7).
Resistance of P. vivax blood forms to chloroquine or other 4-aminoquinolines

has not been reported in Thailand. In Thailand P. falciparum remains the

.
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predominant form of malaria, although the proportion of pP. vivax malaria

has increased in recent years (from 17% of malaria cases in 1971 to 31%
in 1981) (1).

This article is not intended to provide an extensive review of
antimalarial drug resistance in Thailand, Southeast Asia or the World.
For this the reader is referred to a selection of excellent reviews (7,
10, 11). Rather the purpose of this short review is to emphasize the
serious threat posed by malaria drug resistance and to explore some of

the scientific prospects for dealing with this formidable problem.

ANTIMALARIAL DRUGS-CURRENT SITUATION

Existing antimalarial drugs may be assigned to the basic groups
{(""chemical' categories) listed in Table 1. Perhaps most simply anti-
malarials may be regarded as conventional or newer drugs. Antibiotics
and traditional medicines provide some exception in that antibiotics
though recent in practice are conventional drugs whereas traditional
remedies (medicinal plants) while new to western medicine have nonetheless

been used to treat malaria since ancient times.

There are two other ways of classifying antimalarial drugs:
(a} biologically, that is in relation to the stage of the parasite life -
cycle at which they are most effective (Table 2), and (b) chemotherapeuti-
cally (causal prophylaxis, suppressive treatment, clinical cure, radical

cure, suppressive cure and gametocytocidal therapy) (12).

Comment on the current medical practice in Thailand for chemothe -
rapy and prophylaxis of malaria is not within the scope of this review.
However, the situation as of 1982 has been extensively reviewed (7) and
the most up-to-date information may be obtained from the Malaria Division,

Ministry of Public Health, Bangkok.
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Table 1: ANTIMALARTAL DRUGS

1. Cinchona alkaloids (Quinine)

2. 4-aminoquinolines {(Chloroquine)

3. B8-aminoquinolines (Primaquine)

4, 9-aminpacridines (Mepacrine)

5. Biguanides (Proguanil)

6. Dianminopyrimidines {(Pyrimethamine)
7. Sulfones (Dapsone)

8. Sulfonamides {Sulfadoxine)

9. Antibiotdcs (Tetracycline)

10. 4-quinolinemethanol (Mefloquine)

11. 9-phenanthrenemethanols (Halofantrine)
12. Traditional medicines (Qinghaosu)
13. 4-pyridinemethanols (WR 180 409)

14, (Arylthio) quinazolines (WR 158 122)
15. Phenylphenols (WR 194 965)

16. Dihydrotriazines (WR 38 839)

Categories of antimalarial drugs with major example. Categories
1-9 represent conventional drugs, whereas 10-12 are newer drugs
and 13~16 are experimental drugs.

Summarily, the current situation for P. falciparum malaria, as
already discussed, is serious due to widespread multiple-drug resistance.
Only quinine and quinine-tetracycline combination remain among conventional

drugs as effective antimalarials.



Antimalarial Drug Resistance
vol.4 No.4 175 H. Kyle Webster

Thai J. Pharmacol.
Qct.-Dec. 1982

Table 2: BIOLOGICAL CLASSIFICATION OF ANTIMALARIALS

1.Tissue Schizopntocides

a. Causal prophylaxis.

b. Act on preerythrocytic stages (primary tissue forms or primary
exoerythrocytic forms); therefore, prevent blood phase ilnfection.

c. Proguanil, pyrimethamine.

2.Tissue Schizontocides

a. Antirelapse drugs.
b. Act on exocerythrocytic stages or tissue forme of P. vivax and

P. ovale; therefore, produce radical cure of infection.
¢. Primaquine.

3.5chizontocides

a. Schizontocidal drugs (blood phase).

b. Act on erythroyctic stages. Produce clinical cure or suppresslon
to a subpatent level of infection with all specles of suaceptible
malaria parasite. Also act on sexual erythrocytic forms except for
mature gametocytes of P. falciparum.

c. Quinine, chloroquine, mefloguine.

4.Gametocytocides

a. Gametocytocidal drugs.
b, A4ct on all sexual formes of the parasite. Also act on parasite

development stages in the anophelines.
c. Primaquine, quinine (except for P. falciparum).

"? 5.5porontocides

a. Sporontocidal drugs {antisporogonic drugs).

. Act to prevent formation of vocyste and sporozoites in anophelines
fed on carriers of gametocytes; therefore, interfer with malaria
transmission.

¢. Primaguine.
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Fortunately, there is the new antimalarial drug, mefloquine.
Mefloquine, a quinolinemethanol, was developed by the U.S. Army and has
undergone clinical evaluation in Thailand (8, 13, 14). Meflequine is
currently the only single drug capable of providing suppression and cure
of multi-drug resistant P. falciparum malaria. Thére is already, however,
reason to be concerned about resistance to mefloquine. A case of type II
mefloquine resistance was recently reported from a study being conducted
by the Royal Thai Navy and U.S. Army Medical Component, AFRIMS at
Chantaburi (15). Potential resistance to mefloquine should not be sur-
prising in view of its structural relation (Fig 1) to quinine suggesting

the possibility of cross-resistance.

CH=CH, H
CHe
CHe
HO-CH HOCH
CH30 N A
< "HOL
NZ N7 CF,
CF,
QUININE MEFLOQUINE
HOCH (CH, )p N(CqHg )y
) C
O =
cL CF,

HALOPHANTRINE

FIGURE | STRUCTURE OF NEW ANTIMALARIAL DRUGS
COMPARED TO QUININE.
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Halofantrine, a phenanthrenemethanol, is the newest drug from
the U.S. Army Antimalarial Drug Development Program (14) to be introduced
for clinical study in Thailand. It is currently being evaluated in a study
by the Royal Thai Navy and U.S. Army Medical Component, AFRIMS. Halofan-
trine appears to be an effective blood schizontocide for use against drug

resistant P. falciparum.

There are a number of other new antimalarial drugs under develop-
ment by the U.S. Army at the Walter Reed Army Institute of Research in
Washington, D.C.. TWhich of these experimental drugs turn out to be reliable
in the field remains to be learned. The fielding of a new antimalarial
drug is a rather slow process. Mefloquine has taken about 10 years to
reach its current position of extended field trials (Phase 5). The prin-
ciples, stages and models of antimalarial drug screening are reviewed in

detail by Peters (16).

This slow process coupled with the frank paucity of new drugs to
put into the field has resulted in malariologist giving considerable
attention to the business of trying conventional antimalarials in new
combinations. Antibiotics have been of considerable interest especially
in view of the reliance on quinine-tetracycline to treat P. falciparum.
Of particular importance to these drug combination studies is the need to

determine dosage schedules.

An exciting finding that has emerged from the renewed interest
in antibiotics is the discovery that erythromycin potentiates the action
of chloroquine (17). These studies done in a rodent malaria model
demonstrated that erythromycin potentiated the action of chloroquine
against two chloroquine resistant strains of P. berghei, but not against
a drug-sensitive strain. The implication of this observation if it can

be extended to human malaria is the revived effectiveness of chloroquine

for treatment of resistant P. falciparum malaria.

Considerable interest has recently come about over the ''re-

discovery" of a Chinese traditional medicine for the treatment of malaria.
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A crude extract of the medicinal herh, Artemisia annua, was described as
being used originally for treatment of malaria over the past 2000 years.
In 1971 the Chinese Institute of Materia Medica rediscovered the antimala-
rial activity in Artemisia annua and produced a purer crystalline extract
called qinghaosu (18). It is active against the asexual blood form of

the malaria parasite. {inghaosu is characterized by rapid onset of action,
short half-life and low toxicity and is effective against P. vivax and

P. falciparum (both chloroquine sensitive and resistant strains). It may
be administered either orally or parenterally. The rapid onset of action
of ginghaosu suggests its potential use in the treatment of complicated
malaria-especially cerebral malaria. It has been recommended for use

in combination with mefloquine for the treatment of multiple-drug resis-

tant P. falciparum malaria (19).

Interest in traditional medicines for the treatment of malaria is
not limited to China. A number of medicinal plants used to treat malaria
have been identified from folk-lore in Thailand, These plants appear to
have played an important role in the self-treatment of malaria during
World War II due to shortages of conventional drugs. In 1950 clinical
trials on treatment of naturally infected malaria patients with preparations
of various Thai medicinal plants confirmed the schizonticidal activity of
a number of these plants (20). There appear to be no published follow-up
studies on these plants. Most probably the success of chloroguine during

the early 1950's mitigated against continued interest in folk medicines.

Recently, however, there has been renewed laboratory interest in
medicinal plants. Of particular note is the work with Eurycoma longifloria
done by the School of Pharmacy, Mahidol University and the U.S. Army
Medical Component, AFRIMS, These studies resulted in production of a
pure compound with potent antimalarial activity in vitro against chloro-
quine resistant P. faleciparum {21). Comprehensive studies are currently
underway by the Division of Medical Research, Ministry of Public Health
and the U.S. Army Medical Component, AFRIMS to identify and confirm the

antimalarial activity of a number of Thai medicinal plants.
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Thus the current situation with antimalarial drugs is one of hope.
This hope, however, is tempered by the persistent threat of drug resistant

malaria.

The production of new synthetic antimalarials (e.g. mefloquine)
or the discovery of effectivetraditional medicinal products {e.g. ginghaosu)
is at best a short term solution to what is surely a continuing problem.
As will be discussed this assessment is particularly true when the serendi-
pitous element associated with production of new antimalarial drugs is

considered.

What must be taken into account, if we are to successfully deal
with the problem of antimalarial drug resistance, is the molecular and
biochemical basis of malaria parasite resistance mechanisms. Comparatively
little has been done on this subject and it can only be hoped that the
medical and scientific community will give their attention and support to
the difficult task of understanding causes of parasite drug resistance
as distinct from hoping to have a new drug each time the effects of malaria

parasite resistance worsen.

ANTIMAIARIAL DRUG RESISTANCE

Until such time that there is productive insight into the
molecular basis of drug resistance mechanisms or the unlikely stockpiling
of empirically developed new antimalarial drugs it is essential that con-
tinued assessment of drug resistance in the field be conducted. The key
to critical assessment of drug resistance is continuous detection in the
field. Detection itself depends on reliable in vivo and in vitro methods

that are standardized and permit quantitative expression.

DEFINITION OF DRUG RESISTANCE

The World Health Organization defines drug resistance in malaria

as the "ability of a parasite strain to survive and/or to multiply despite
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the administration and absorption of a drug given in doses equal to or
higher than those usually recommended but within the limits of tolerance
of the subject!. WHO goes on to qualify this definition by stating
that ""the form of the drug active against the parasite must gain access
to the parasite or the infected red blood cell for the duration of time

necessary for its normal action' (22),

The WHO has established a system for grading the response of
asexual malaria parasites (P. falciparum) to schizontocidal drugs.
Depending upon the evidence observed the response to a schizontocidal drug
may be graded either sensitive or resistant, Sensitivity (S) is defined
as clearance of asexual parasitemia within 7 days of initiation of treatment,
without subsequent recrudescence. There are three grades of resistance:
(RI) clearance of asexual parasitemia as in sensitivity, followed by
recrudescence; (RII) marked reduction of parasitemia, but no clearance;

and, (RIII) no marked reduction of asexual parasitemia (22).

DETECTION OF DRUG RESISTANCE

There are both in vive and in vitro methods by which to assess the
susceptibility (sensitivity) of malaria parasites to blood schizontocidal
drugs. Each of these tests has limitations and it is best to consider the

results of in vive and in vitro observation together.

The WHO has established test criteria for in vivo evaluation
of drug resistance and these are discussed in detail in a recent monograph
(22). Interpretation of in vivo tests may be influenced by several factors:
level of patient immunity, patients'clinical condition, improper drug
intake supervision, inadequate follow-up examination and exposure to

reinfection during the observation period (4, 16).

In vitro tests help to eliminate the difficulties associated with
in vivo methods and thus provide an objective means for measurement of

drug susceptibility. There are two basic in vitro test systems: (1) short
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term culture involving microscopic evaluation of parasite maturation in

the absence and presence of various drug dilutions. There are two versions
of this test - the microtechnique and the macrotechnique which are based
on methods developed by Rieckmann et al (23); (2} short term culture
involving incorporation of a radiclabelled metabolite (3H—hypoxanthine) -

the radioisotope - microdilution technique of Desjardins et al. (24).

An important consideration in the long-term application of both
the morphological and radicisotope methods is the use of continuous culture
techniques to establish laboratory reference strains of malaria parasites

with defined drug respose characteristics,

Both in viveo and in vitro antimalarial drug assessment is being
conducted on a continuing basis in Thailand by several groups with coordi-
nation by the Ministry of Publi¢ Health and WHO., The U,S. Army Medical
Component, AFRIMS in cooperation with the Royal Thai Navy, has recently
begun extensive in vitro testing using a modified radioisotope micro-

dilution method.

THE PROSPECTS

AN OVERVIEW OF APPROACHES

The prospects for finding chemotherapeutic solutions to the
problems of antimalarial drug resistance may be considered under four

approaches:
1. Controlled use of existing and new antimalarial drugs;

2. Applied research into ways of improving conventional drugs
or new combinations of drugs already approved for human use. Included
in this approach should be work on improving the delivery of drugs to

the host target such as through the use of lysosomotropic agents (25);

3. Basic research on the molecular and biochemical basis of anti-
malarial drug resistance and on the mechanisms of action of antimalarial

drugs; and,
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4, Basic research directed at the rational development of new

antimalarial drugs.

Only the fourth approach will be discussed in this review; however,
the other three approaches must be considered of equivalent importance to
the overall control of antimalarial drug resistance. The fourth approach-
rational drug development-must be considered in close relation to empirical
drug development which so far has been the only successful means whereby

new antimalarial drugs have been produced.

EMPIRTCAL DRUG DEVEIOPMENT-THE SITUATION

In 1963 the U.S. Army established an Antimalarial Drug Development,
Program at the Walter Reed Army Institute of Research (WRAIR) in Washington,
D.C.. The purpose of the program was to develop drugs for the prevention
and treatment of malaria caused by chloroquine-resistant strains of
P._falciparum. The design of the program included screening of available
chemicals identified from various sources and the synthesis of new
compounds based on successful leads (26). Over the past 20 years some
250,000 chemical compounds have been screened by the WRAIR program for
antimalarial activity. Out of the screen 27 compounds were selected for
clinical and field testing and submitted as investigational new drugs to
the U.S. Food and Drug Administration. At present only one drug, meflo-
quine, has reached the stage of mass availability and controlled use.
Mefloquine is, however, the only single drug available for treatment of
multiple-drug resitant P, falciparum malaria. Another drug, halofantrine,
is currently undergoing limited field trials in Thailand. Detalled
accounts of the U,S8. Army's Program and the current status of experimental
new drugs are in reviews by Rozman and Canfield (i4) and Canfield and

Rozman (26).

Through tremendous effort and cost the U.S. Army's Program has

made the empirical approach work. This is at time when a new effective
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antimalarial drug is urgently needed in the field. Mefloquine is such

a drug and there are several other drugs, such as halofantrine, coming
along‘in various stages of testing and evaluation. The critical question
is, however, how long will these new drugs last in the field. There is
some evidence, already discussed, that mefloquine may run into problems
under mass usage due to cross-resistance with quinine. An even more
critical question is whether the U.S. Army's Program can continue to
produce sufficient new drugs to deal with what is already an escalating
problem of widespread drug resistance., By the very nature of its empirical

approach this is impossible to predict,

My own assessment is that the empirical approach cannot by
itself produce sufficient new antimalarial drugs to meet the
world'! s demands. Rather I would propose it is time to undertake
a concerted effort toward rational drug development. It is important to
emphasize that the issue is not rational versus empirical approaches to
drug development. Both approaches are needed only now is the time to
promote and support major research along rational lines of endeavor,
In fact much of what has been learned from the empirical approach particu-
larly the chemical structure relationships established for candidate anti-
malarial compounds, can be used in support of rational design approaches.
The problem of course is that for this type of integrated activity to
occur we must first understand the molecular and biochemical basis of
the various drug mechanisms of action. Before this can occur, however,
we must understand the basic biochemistry of the malaria parasite., It

is at this fundamental level that rational studies must begin.

RATIONAL DRUG DEVEILOPMENT-THE PREDICAMENT

Before advocating the rational approach for development of new
antimalarial agents it is important to point out that this method has

yet to produce a single clinically proven new drug. There are two basic

reasons for this situation. First, as has been discussed new antimalarial
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The critical role of hypoxanthine in malaria parasite purine
metabolism was demonstrated by inhibitor experiments. It was shown that
bredinin (4-carbamoyl-1-B-D-ribofuranyozyl-imidozolum-5-o0late) blocked
IMP dehydrogenase thus interfering with synthesis of guanylates from
hypoxanthine (31). It was further observed that hadacidin (N-formyl
hydroxy-aminoacetic acid) inhibited adenylosuccinate synthetase thus
blocking production of adenylates from hypoxanthine (32). In both cases

inhibition of the specific purine pathway was lethal to the malaria

parasite.

We have observed a very high in vive activity for adenosine
deaminase in both P. falciparum and P. vivax parasitized erythrocytes
from patients with naturally acquired malaria infection (manuscript in
preparation), Studies with rhesus monkeys infected with P, knowlesi
showed that deoxvcoformycin inhibited adenosine deaminase in viveo inter-
fering with parasite proliferation (33). We have confirmed that deoxy-
coformycin specifically blocks pP. falciparum adenosine deaminase in vitro
(manuscript in preparation). These studies were novel in that the
P. falciparum were grown in human adenosine deaminase deficient erythro-

¢ytes thus providing a unique source of parasite enzyme (34).

In summary, our studies on purine metabolism in p, falciparum
have identified three parasite enzymes (IMP dehydrogenase, adenylosuccinate
synthetase and adenosine deaminase) that may prove potential targets for
the design of directed chemotherapy. In addition, three metabolic inhibi-
tors (bredinin, hadacidin and deoxycoformycin) have been identified which

represent three novel classes of compounds with antimalarial activity.

CONCLUDING REMARKS

In the final assessment for means to deal with the problem of
antimalarial drug resistance it must be emphasized that new and improved

chemotherapy is but one of the tools available for use in the control
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“and prevention of malaria. It is a fact long appreciated by malariologists
that sustained success against malaria requires that all available resources

be brought to bear on every aspect of the parasite and its natural life-

cycle. In addition to chemotherapy there is a continued need for research
and development on understanding the mosquito vector and means for its
control and on the increasingly realizable goal of a malaria vaccine.

Last but not least is education. Education for the professionals at all
levels who carry on the dialy fight against malaria as well as the
politicians and administrators responsible for health policy and budgets
and education for the people who are at risk to this most persistent of

human infectious diseases-malaria.
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A STUDY OF THE EFFECTS OF CHLORPROMAZINE ON RAT PERIPHERAL NERVES

Noppamars Wongwitdecha

Department of Pharmacology, Faculty of Science, Mahidol University,

Bangkok 10400, Thailand.

SUMMARY

The present study was undertaken to determine the problem of the
nerve fiber-size dependence of the nerve-blocking concentrations of
chlorpromazine, using two types of myelinated nerves, sciatic and phrenic
nerves of the rat; and to compare the blocking concentrations of the drug
with those found in the plasma of the schizophrenic patients. The results
showed that chlorpromazine significantly reduced the amplitude of the
evoked action potential of the isolated rat sciatic nerves, recorded with
extracellular electrodes. The latent period in these nerves was prolonged
indicating lower conduction velocity than the control ones. The depressant
action of chlorpromazine on the amplitude of the compound action potential
was reversible and dose-dependent. The concentrations required to block
the rat phrenic nerves were about 10-fold lower than those for rat sciatic
nerves and were higher than those found in the plasma of the schizophrenic
patients.

* supported in part by the National Research Council of Thailand.
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ANTIBACTERIAL ACTIVITY OF EXTRACTS OF PIPER BETLE LEAF
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Pintip Pongpetch** and Amornrat Leelaporn**
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Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok 10700,
Thailand,

SUMMARY

Piper betle (L.) leaves were extracted employing the Soxhlet
method. The crude extract samples obtained were: veolatile oil, petroleum
ether extract, ether extract, absolute alcohol and distilled water extracts.
Each of these crude extract samples was tested for their inhibitory effects
on the growth of 3 species of bacteria isolated from the outpatients who
attended Outpatient Department at Siriraj Hospital Medical School from
April 1982 to August 1982, The 3 species tested were Staphylococcus aureus
(122 strains), Escherichia coli (31 strains) and Pseudomonas aeruginosa
(57 strains), The results showed that §, aureus was the most sensitive
microorganism to all extracts, while E. coli and Ps. aeruginosa showed
similar reponse but somewhat less sensitive.

Among various extracts obtained from Piper betle leaves, volatile
0il exhibited the highest inhibitory effect on the growth of the 3 species
of bacteria tested; i.e., its MIC,, against S. aureus was 1.7 ug/ml.

Ether and petroleum ether extract$s showed less potent activity having MIC,
against §. aureus of 0.151 and 0.2 mg/ml., respectively. The antibacteria?
activity was found to be lowest in the water extract fraction.
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DRUGS AND PLASTIC CONTAINERS
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Sumitra Chaiyasena

Department of Pharmacology, Pramongkutklao College of Medicine,

Bangkok 10400, Thailand.

SUMMARY

Polymer science and the technology are making it possible to
create new man-made materials for numerous human applications. The
importance of plastics becomes evident when we examine various objects
around us. In the field of pharmacy, plastic containers have now surpassed
glass containers for drug products in volume and most of the tubings used
in the administration of parenteral medications are prepared from a plas-
tic. There are many factors which should be considered when a polymeric
material is to be used for pharmaceutical or medical application. Three
important problems which require special consideration include permeation,
leaching and sorption. More detail information was presented in this
article,
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Table 1 Unit Structures of Selected Polymers Used in Medical

Applications{1)
Class of Polymers® Examples Unit Structure
1, Acrylates Polymethylmethacrylate CH7
. . b -CH,-C -
(Lucite, Plexiglas) 2 Q‘O'CHZ)
H
2, Amides Nylon—6,6 -C- (CHz) 4_C-N'(CH2]6—N-
b CH. 9
3. Carbonates Polycarbonate (Lexan) —0@(; 0-C-
CH
3
CH,,-0-C-CH
i2 3
/CH—O\
4. Cellulosics Cellulose Acetate -O-CQ /CH-O-
H—~CH
0-C-CH
T
0
9
5. Esters Polyethylene Terephtha- —C@C-CHZ-CHZ-CHZ—
late (Mylar, Dacron)b
cL ¥
6. Halocarbons Polymonochleorotrifluoro- -C - ('3—
ethylene (Kel- F)b F F
F F
| [
Polytetrafluoroethylene -C - C-
t '
(Teflon)b F F
HoH
7. Olefinics Methylpentene Polymer H.C —(I‘. B C|:-
3N
C/CH-CHz H
Hy
i H
Polyethylene -C - C-
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Table 1 (cont.)

Class of Polymersa Examples Unit Structure

Folypropylene _E _ E_
f
CH; H
o

8. Silicones Polymethylphenylsiloxane ~0-8i-0-
B H

9. Styrene Polystyrene -C - C-
|
gk

i
10. Urethanes Perlon U —O-C—v—(CszﬁnN-g—On
H 0

H o

11. Vinyls Polyvinyl Acetate -C — ¢—
H,C-C-0 H

37

o

Polyvinyl Chloride —g - 9»
Cl H

Arbitrary Classification of Polymers

Trade Names

forces) %Wy Polymer chains wilawansfinfarwiengu (Flexibility) snsdld
\ou Di - (2-ethylhexyl) phthalate w3a DEHP

8. Stabilizers wiwllavfuniaidovannuaswanadin 1du Organotin
compounds .

9. Qthers
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Iz Tvnusaanaadfin

. - L o« L .
waadaTumunlunsunouinTas o iiugunsanivnisunnimanssiin (Table 2)
Tugaawnssosn fTeulowasda dunmuzussgenanegiuun (o pdin 8D WhewLLTU-
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Table 2 Some Examples of Polymeric Materials Used in Various Medical

Applications (1)

Name of Plastic Uses

Polyethylene Tubing, syringes, Oxygen tents, repair of incisional
hernias, stomach wall support, repair tissue damage,

heart valves, contraceptive implants

Nyleon Vascular implants, syringes, clamps, blood

transfusion sets

Polyvinyl Pyrro- Artificial membranes for filtration of body fluids
-lidone

Cellulose Acetate Nerve regeneration, packaging material

Silicones Heart valves, tubing, catheters, defoamers in

blood oxygenators, urethral valve, plastic surgery

Polyvinyl Chloride Surgical tubing, blood collection and administration

sets, adhesive bandages, surgical drapes

Polypropylene Syringes, sutures, containers
Polystyrene Syringes
Polycarbonates Syringes, parts of heart-lung machine, baby bottles,

containers
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1. Permeation

vioussgun tunausildunanadia onafiawailolamanunels tdu asiinng
aanBiau, asusulassnlas wazlovhwuaraussenasosuanin ldlunnme fnSvroan-
Biadu, lalaslagd waznnsidasy pH #ifeturzvinifiens idovdanssavewanunin
fetudsrAndanlunisiam Tsavavesivnanazanmiosay 1y a1susulasanldn araniln
vinnsannznpuuaveniiiiy Weak organic acid INFLIAL AINVD L NRAVIINIADDULY
31z le pH  anaw HafRanl uusvyavetazanas

wananaiima tAvgmanesinsviuludevifisady 019 indynt  loeniiau

= g - N = N = o it
Usynaudszinela az e lddudasvayluedu Tewgs tnosuansuzwandin anatindunsinla
ar = o g * * - - =
JaFonna lun158un (Permeation) i1Huluniaaaas LAWA

P ) o q ' ot B
1. gomglinfiviy v luaafowu b

2. Degree of crystallinity wusawandfa u% 3@ tdu Amorphous
azfinnsBurusnnnaie anf iy Crystallite regions

3. puANiENIYATuRZN 9N EATRDNENARBUEIY N aTuRuaz LRude AundEn
#an “"Like are attracted to like"  @udunisfuwwuae Hydrocarbons whw
Polyethylene azuinnium3pnaanagea

4. nsfin Cross-linking  wilwnsBusuanas

fnsnadaun133uriuta A1yl (Moisture permeation) ﬁaﬂqﬂu:ﬁnﬁq
Taa Drug Research and Testing Laboratory, The United States Pharmacopeial

- ar ' o ' ) For B
Convention (3) tLRZQﬂLLU\Tﬂ’Lﬂ‘Hz'ﬂﬂﬂﬂmaﬁ‘i’[ﬂi‘i'ﬂﬂﬂ’lﬂﬂﬂ\iﬂﬂw%‘u lﬁﬂ\i‘u A8

IHAND AN S Tuviu 1 Ty 10 wavatiuIuaigus TufinousfiinnBusu
fn3furtutavaiuiiy 1p9A1 T

Class A > 0.5 mg/u > 1 mg/u

Class B > 5 mg/in > 10 mg/3u

Class C > 20 mg/¥w > 40 mg/Fu

Class B tlan1sdusunravaanfugendn Class C
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mouzflaussqeida Hinfieu lowana@ngiia Polyethylene waz Polyvinyl

- o " o P L
chloride Feinazlufuarwfu FvarsszFoms davanmzeve e inuluw q

- - a e
Brennen uazmu:(4a) Anpadwanuasalunistaviuarwfunaveasiinaain
- - - ot % e
wn1,Polystyrene uar High-density polyethylene waha angusfitaviuaw iy
o1 - » a e - - v . - » et
AngaRanny @ mIuwandin 2 wiiedunuan High-density polyethylene tiavfunanuy

Ta#na1 Polystyrene

2. Leaching

vugsngasadvdusznauy penanafiafi 1oidunnmus "Leach' aanwandAa
asuagluaisazais (Solution) Tmwazaiwagw$smnaznau v wounavaaduayiudads
AW a1 LT ﬁnﬂuaﬂyﬂﬁnnaﬂﬂﬂﬁﬁﬂﬁa:ﬁ:ﬂﬂuTuaﬁia:aiu, Dielectric constant

s ol ! - ol E
vavdsarais, pl wavdrsazawuaziladeduq 1w gqungll wasasduluaisazaeiu (1)

Di - 2 - ethylhexylphthalate (DEHP) dJu Plasticizer #hwsu
Plasticized polyvinyl chloride (PVC) #wiwiflu Blood bag anmuzaiwiuansszans
fluvvauTafin uazimdavio Hemodialysis fl4nwe s DEHP san Plastic IV sets
uar Fluid bags a1s Leach aanuﬁﬂuaﬁiu Infusates (s,8) aamsdnsnnswisu
wavuaw DEHP (7) wuan DEHP azazanwiudnsazans Lipophilic iduifian was
Plasma y1nnan Aqueous solution LU ﬁﬁ, dsaraw Electrolytes wia
Carbohydratefsnuviurnluifonde ciufiqungd 4°C 928 DEHP arawayfiv o.25 mg/
100 ml Aapiu nianadlaiuderfla 21 Yu (BesuAaz Unit 9= DEHP §v 2e-28
mg(s) Fvarsszienmalasy DEHP tv11lylusenwaulaiinh Hemodialysis(s) wios

flasunisinidorna Plasma v1n Blood bag #inhen Plasticized PVC

DEHP fai01lylus1vn1uga iuGsuwlavadivinat3aidy 1y Monoesterase
geerHydrolyzed DEHP luifiu Mono-2-ethylhexylphthalate (MEHP) armiu
Nicotinamide-adenine-dinucleotide-dependent-oxidizing system sz is90inSun
a1s1fim Oxidation # Side-chain finda wivainfuardivaannivildganzuazqaase
fouufisngewatanaduanr n L AnnsiinisvavioouTudainaass uadelunusn DEHP §fw
Tay  Bouniuaonu Lﬁaua1n1ﬂﬂ1u1ﬁnﬁuﬁu{ﬂﬂaaﬁﬁuluwﬁﬁnua:ﬂ@uﬁaﬁﬁﬁ §uAI59z59 e

af1tBuaavin L FosmIoP lasma (7)
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uana1n DEHP uaa Ethylene oxide #vidunalalunrsnhlananadavsndan
vio sz lueanndalay Autoclave vou PVC a1 idudgwnn idufiu tnsnzanquzwanddia
Fofinssuviduanlufine onagnfundogadu (Sorption) ngfvnata wuartsavpanu gdns
azainfussyay Ethylene oxide iflarzngsienin ananilnidn Hemolysis 1ainsny
fiqnd 1Dy Alkylating agent(10) & w3y Ethylene chlorohydrin fuidu Metabolite
now Ethylene oxide whlnifin Hemolysis leiduiiu usil Activity uaunin<puasz

15 a9y Ethylene oxide(11)

3. Sozgtion

Usznouarunsgedy (Adsorption) uazniagefu (Absorption) usvens
wievn wrlylulfovaenawiin (Plastic Matrix) deduflifluadeviiu Sorption ixu
\ivafua1sBusnu (Permeation) mgifia Sorption wavenTawavuzwansda anardln

daz@ndnnlumasorianasls

figninianmaay iiefne Sorption wavunfupsauinuny Kowaluk uazmmz
(12) Anwwinizrazning PVC #wlwidu Infusion bags #Avwn 4e wilm (glu Table 3)
naRaufian Sorbed ann Aqueous solution sunhlnuSvmwiarsvasivuln wdven LAy
13lu Plastic infusion bag ww 1 Hdewm laun Clomethiazole edisylate,
Diazepam, Hydralazine hydrochloride, Thiopental sodium wa:z Warfarin
sodium wansgngnBuvavenlu 24 F2Tuy a'wiu Clomethiazole edisylate, Diazepam
uaz Thiopental sodium @a<owaz 33, 20 wax 23 Awahdy dvananiinnansdnen
wasuudavlilla aanaAneuyanauausevenfign Sorbedfiusyiiy pH navdrsazans
arguandyidudszq Lipid solubility wavewmazazssiaanfivwsaqluaisuzwanadaiu
fladuahfng

Moorhatchuaz Chiou (13) @&am Sorption maven 17 wiadu PVC
intravenous fluid bag (Table 4)

u1fign Sorbed Tasfiinadyn1eafid A2 Vitamin A acetate, Sodium
warfarin waz Sodium methohexital Sorption azifudu 1flefi Dextrose
Tus1sazany msfl Methohexital uaz3anfiu A gn Sorbed uan 213 1w iwszges et

L a vﬂ B = 3
s#519uave1nIng Van der Waals forces fuwans@isuinninunsu
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Drugs Used in the Preliminary Survey (12)

Acetazolamide sodium

Aminophylline

Amoxicillin trihydrate

Ampicillin trihydrate

Cefoxitin sodium

Cephalothin sodium

Chloramphenicol sodium
succinate

Clomethiazole edisylate*

Chlorpromazine hydrochloride

Cimetidine

Cloxacillin sodium

Dexamethasone sodium
phosphate

Diazepam *

Diethylstilbestrol diphosphate
disodium

Dopamine hydrochloride

Doxycycline

Flucloxacillin sodium

5-Fluorouracil

Gentamicin sulfate

Hydralazine hydrochloride™

Hydrocortisone sodium succinate

Kanamycin sulfate

Lidocaine hydrochloride

Meperidine hydrochloride
Metaraminol bitartrate
Methicillin sodium
Metronidazole

Morphine hydrochloride
Phentolamine mesylate
Phenytoin sodium

Practolol

Prednisolone

Procainamide hydréchloride
Promazine hydrochloride
Promethazine hydrochloride
Propranoclol hydrochloride
Quinidine sulfate

Quinine sulfate

Riboflavin

Sodium nitroprusside
Thiopental sodium*
Thioridazine hydrochloride
Tobramycin sulfate
Trifluoperazine dihydrochloride
Trimethoprim

Warfarin sodium™

* gafiwuagn Sorbed lauan wivaantfivlilu PVC infusion bag wiw 1 duawm

Sumitra Chaiyasena
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Table 4 Results of Screening Sorption Study (13)

Initial Percent Sorbed

Drug %ngzrl‘;raﬁ"“ at 24 hours
Hydrocortisone sodium succinate 25 ND
Sodium warfarin 25 11.7
Tubocurarine chloride pentahydrate 80 ND
Cyanocobalamin 30 ND
Thiamine HC1 30 ND
Riboflavin 9 ND
Niacin 20 ND
Niacinamide 20 ND
Ascorbic acid 15 ND
Pyridoxine HC1 40 1.8
Vitamin A acetate 7.5 66,7
Vitamin D 4 ND
Vitamin E acetate 31 ND
Menadiol sodium diphosphate 100 ND
Lidocaine HC1 200 ND
Sodium pentobarbital 25 ND
Sodium methohexital 32 7.9

ND = Non detected

finnsfne Stability wavw Heparin sodium(14) (25,000 units/ml)
dan1n130919a28 Normal saline solutionlmmanuiwunuifusoo units/ml  Tdlu
ATUZUAT (Type I glass) usz Polypropylene syringe wav 2 #aTue Activity
vaw Heparin Tu Plastic syringe luigfsuwlay walunnauzuny Activity azam
svpsnedfisaSyneadid 1lavaninnsgatius Taefauns

Insulin avalwlae Continuous IV infusion luwualeaeq fiu @ mdy
$nn Ketoacidosis #isnwewan Insulin vvdrmategngadulay PYC Infusion
bagsuaz Delivery system(1s) a1sgafuenann Normal saline wana31ann

5% Dextrose in water solution.
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MEFLOQUINE : AN UNFINISHED CHALLENGE
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Give them Puimadil because...

Pulmadil is quickly inactivated by the body. It has little
tendency to accumulate in the blood even in circum-
stances where the patient might overuse the inhaler.

Pulmadil Inhaler relieves bronchospasm very fast indeed
—studies have shown that relief begins within one
minute, with full benefit of treatment achieved after just

five minutes.

Pulmadil Inhaler has no measurable effect on the heart
at. normal dosage, and no significant cardiac effects are
apparcnt even at many times the recommended dose. The
margin of safety with Pulmadil is such that cardiac
stimulation is not apparent until doses representing gross
overuse are reached.

Pulmadil Prescribing Information

Composition:

PULMADIL Inhaler conlains a suspension of Rimilerol Hydiobromide 10
mg/ml Each valve depression releases 250 meg ol Rymiterol Hydrobromide.
Indlcations:

For the acute reliefl of bronchial asthma and bronchospasm occunng in
bronchitis and other bronchpulmonary conditions. Dos age .

Each valve actuation releases 25 mcg PULMADIL
1 or 2inhalations should provide reliel This treatment should not be repeatedin

less than one hour Not mere than B ireatments should be laken1n any 24 hour
penod excepl on the advice ol a physician

PULMADIL shauld be administered to children only under the supervision ofa
responsible adull.,

Side EMects:
No side effects of any significance have been reporled.

Precaulions:

Care shoutd be taken in the presence of hyperthyreidism, Cardiovascular, and

ather sympathomimetic drugs. I a previously adequate dose of PULMADIL

geclomes inetective in ralieving asthma, the patient shouid again consult his
oclar.

Pregnancy:

Although no teratogenic etfects have been obsarved in animal experments

care with PULMADIL as with ail drugs, is recommanded in tha first trimester of

pregnancy. :
Adverse Reactions:
No mager adverse reactions have been reported.

Presenlation:

Metered dose aerosol containing 400 doses supplied with disposable plastic
mouth piece and cap. Further information is available on request from Riker
Laboratories Australia Pty. Lid., 9-15 Chilvers Road, Thornleigh, 2120,

Australia,

LY wr

[Y ° 1 - o
BUHR MUY usun ta. 1oy, n. 9na
< o
38 UDH 69 OUUAUNIN AADIAU wiglaue
AUNNUNIUAS Ins. 3920001-6




ONUUNULNS

10

MonUdaiuslng  B5sd

o e = & - 2. e d
FIWUY LauNUN Lﬂ‘i'ﬂ\‘iLLﬂ?LLazgﬂﬂ'ﬁﬂj'ﬁﬂﬂjﬂjﬁﬂ‘ﬁ

SURY LALNUNE WS UNIUTI0289 SIGMA CHEMICAL CO. U.S.A.

45/58 auugnfivna 1 AsawRu avnzd Aany. 10240

Tns. av7704s




ﬂ"“nuuzij’“na’m%fwjﬁﬂuﬁmmmaﬁ

Smgudszavn

o= = + L4
"217as enduine " Ln s maesTenasravautan undineunedss inelne. Simguszavaoia
IA =3 = - e ’ = - = -
LHOUWRSTUIA1T HANIUNIN LA Has TRUAIERH L ALI98Y AUSN LESUN 1T SILaY LESUEI 9N 3

L] 1) L]
faroUszauaaussnneanfinluan e 1ag

LA aaREAuW

s109u3%n (Original Article) 1ﬂuﬁquvﬁunavﬂu%ﬁuwauéLﬁuuLau Al LA uffuvwy Sanhdvse
A ®RuW lumn a1 98U

ﬁﬁuvquéﬂqu (Case Report) LﬁuﬁﬂuuﬂuwanﬂﬁﬁnHWTuﬁﬂﬁu Tudaed L AuagesiiuSan L ndainun
unAa SR (Review Article) Lﬁunqﬁ11U$ﬁuﬁéqaua:a1ﬂ%ﬁﬂﬁdﬂu1€av1ﬂL€awwﬂwadﬂu
azi@un 8nfh waznaaminluanuifug

vyl (General Article)  avaufunissquaauianwignlaluidoulaBawntde duhise-
Tuatvanase Sounasou nioaasu fnuasuszrruflau’la

Lafitenl (Point of View) Lﬁunﬂﬁ%aﬂséu%a1aua€aﬁﬂLﬁuquﬂws:ﬂﬁﬁmwnanﬁﬂ%HUW niafliflon
2avfUn13 L oun seauduL ndwinen nTant9an e ugevaunag Ladainoaunviles tnalvg
aavuufyusswndnas (Letter to Editor) Lhin99e1sam$e L uatefin viud (lungovAunts¥ant
213815 LAY wiatTeuflffiunlunsans ﬁvﬂw:U$smﬂﬁnﬁsawaﬂa1$Wﬂ1q£ﬁLﬁuqﬁbvﬂauﬁé%qqsd
wiawa Lauanuziug

Fa19omilvda (Book Review) ifuaaSetsandawusuimideffifianduntoludss imawasluaalsz ine
Furwzus sunas tiuainus: Tominagau

unusseidnig (BEditerial) LiuunaaunSagaie ciulu Lavd L oareeiuSen indednen ansEs

= e ' = =
LAy AVen niasunau LadTinoawiadas inelng FeanzussenBatsezfinn s it faq T
Ldoulay

suatufldsTvfissuisasly taefRumuansy wianhdvaant1affunluiatmIawisfadug wezazanvly
avlURfuRABun 1enassmfinerusseninaslanaufu L daeienaouan

L efififuriua L uauiByavan e ondrinewnnds: el wazdugavudndynszais
roamnazawda L iulu foudmfunlusasas L iueavy 1 ou. Feanzussungnasluat duezaoa fumas
F‘{‘]U

TR aeE (L Taeliffluwuas sty 25 atulag@ounuflagisoyla

N1 LA SpUAURTY

auniiuana L un e InonTanwndenquiila 61 fusun lneasaaed L favdanudunquagats wazddo 1 3av
de doana uasfiviviuavyg loueynufeniua Inolazntuidenge ontui8aed iy (@l aamuny
fuusseEnas JensemileTa warunuiasendnag a9 lunnad Sovsefla

suaifun sBuRAaussTa L IuATws M (1% Space) vunazatwwIpuvdl wazRuvmdn @i el
nsauzuan 15 x 20 cm.diaendsldiazertidafionun  fag an TRoR N1 LU S TRLEEI T SRRAU
a9 Tdsagainidaofitfunluznsens 0 4 unamudfiann s guunsinimue 1adenaaudaar 1o 5y

AR s #Run L 518



3. ﬁﬂuu1u%5un%ﬂﬁﬂuv1u§ﬂ1Uﬂ1$ﬂTﬂ1uﬂ€ﬂvﬂﬂuaﬁﬁﬂﬁhﬁ da19av douaran tufivivuvavyg 1o
1Faven (SUMMARY)  unun {INTRODUCTION} 58n~sfnwa(METHODS}  wanasinun (RESULTS)
F9190ua (DISCUSSION)  unau(CONCLUSION) Avausu (ACKNOWLEDGEMENT) WAz 1ana1In 198y
(REFERENCES)

4. werusminasilasvainwnwatsudad fo1dey danazaorvuntiougesy Loy (Javde unutwaz

(a1 dav (Aeluanifanunz) unaql afweuRn wax Lang13a vEY

. . _ ' . .
5. wnaruihly iy asruaefeussniinas wazunussendnag lushifiemrennt ifou watenale

n5a1v8vuuuussnynsu (BIBLIOGRAPHY w%a READING LIST) film

6. tans15a1vde Wlossuuisvan L Iovauaidiuniseeivlufo 19av

- - - ' o - - N
nsa1ivcang@1Tna et oo fouli Ry 4 auln loudoynen oaddeg fouiAu 4 A

Iifoudorawas 3 aundn supaoan vazrnz{et al) wazindnahdumafl

doanaguay, Tnesdefenu (Feduifouifununneg W9 iSoy doru daana) doidav donnsans

Bl & ' . ) L Ed o ]
(1Imranundengeinioforeny Index Medicus ) el miawan-mingavan, @ dedegiy

ufles AR dRu . uvuvnadad singquay Opioid peptides waznnsfimaiuanwavew Naloxone,
QSR sindeSven 3:185-93, 2524,

Nelson,J.A. and Nechay,B.R. Interaction of ouabain and K+ in vivo with respect
to renal adenosine triphosphatase and Na® reabsorption. J. Pharmacol. Exp. Ther.
176:558-562, 1971.

Anden,N.E., Corrodi,H., Fuxe,K., et al. Evidence for central noradrenaline

receptor stimulation by clonidine. Life Sci. 9:513-523, 1970,

navaedunitedafeL audnasiwusod
Costa,E. and Trabucchi,M. Editors: Neural Peptides and Neuronal Communication.

Advance in Biochemical Psychopharmacology, Volume 22, Raven Press, New York, 1980,

nrapvdsuniumiledotnansumet
Jaffe,J.H. and Martin,W,R. Opioid analgesics and antagonist. In: The Pharmacol-
ogical Basis of Therapeutics, 6th edition, ed. by‘AqG.Gilman, L.S.Goodman and
A.Gilman, pp. 494-534, MacMillan -Publishing Cc., Inc., New York, 1980.
7. 1379 waz/mInquliznounisiiunn TouAte Suny ﬂqﬁﬁuﬁadiutﬁé&%avwwum%unduﬁﬁéunﬂﬁ U Teu
A1 1 founrondndu L flouuun szaturina il gﬂﬁﬁUﬂaﬁLﬁuiﬂmﬁﬂﬂﬁuuﬂﬁ:ﬂwwadﬁuL?nu Fom319

L a M o L
31 uasrtmButsalfouiewa Lrunzfazffunasiunsousunn 1 mivavaisarale laoase (lufiu

o - o B L L} e
15 x 20 cm.} a9y uaz/h%ajuﬁwuquﬁaﬂnwawﬂuﬁﬁﬂuwuaaw:wavaﬂuﬁwuﬂauﬁuﬁﬂﬂu

n1IFvAUalu

Inaviuatuauou 2 gp Aanazuitendnaslaynau wiaszdwashlsuiiofuussunsnas
H.n. URRS nateliast 0neSun i ingd MONFUuRnofIEASHITUNGY INEY auuseE afeinw 10400
UTIEN TS ITRNAtRBUSY nat/w%aﬁatﬂuauu:?unwﬁuﬁiwﬁhaﬂﬂuﬁﬁﬂétﬂuu dutun-afgnsunle
glﬁuuaﬂauETHﬂﬁuﬂﬁuu:uﬁ wapadutuiuiu wio L fuu i tiunuf tiuauar s wand@IRUTIRIZUT TN -

1 o oy 1
BAnTlAnaau Lﬁaﬂuﬂﬂﬂugﬂuuuua:ﬁﬁuwiuwﬁﬁﬂﬂiﬂalﬂ








