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H. Kyle Webster 

ANTIMALARIAL DRUG RESISTANCE: PROBLEMS AND PROSPECTS 

H. Kyle Webster 

Department of Immunology and Biochemistry, 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 mal aria 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 
• Thai l and and most other malarious regions of the world. Resistance to 

the antimalarial drug chl oroquine by P. falciparum was first reported in 

Thailand by Harinasuta and colleagues in 1962 (2). By 1967 it was 

apparent that chloroquine 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 s ingle and 

combination drug treatment regimens) to deal with the problem of chloro­

quine resistance (4, 5). These s~udies produced basically 3 alternative 

treatments : quinine, quinine combined with tetracycline, and pyrimethamine­

s ul fonamide 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 remained 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 quinine itself has been decreasing in effective~· 

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. falci.parum 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. qven 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. vi vax 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 P. vivax malaria 

has increased in recent years (from 17% of malaria cases in 1971 to 31% 

in 1981) (1). 

P 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 scienti'fic 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 (medi cinal 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) bi~logically , 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: ANTIMALARIAL DRUGS 

1. Cinchona alkaloids (Quinine) 

2. 4-aminoquinolines (Chloroquine) 

3. 8-aminoquinolines (Primaquine) 

4. 9-aminoacridines (Mepacrine) 

5. Biguanides (Proguanil) 

6. Diaminopyrimidines (Pyrimethamine) 

7. Sulfones (Dapsone) 

8. Sulfonamides (Sulfadoxine) 

9. Antibiotics (Tetracycline) 

10. 4-quinolinemethanol (Mefloquine) 

11. 9-phenanthrenemethanols (Halofantrine) 

12. Traditional medicines (Qin~haosu) 

13. 4-pyridinemethanols (WR 180 409) 

14. (Arylthio) quinazolines (WR 158 122) 

15. Phenylphenols (WR 194 965) 

16. Dihydrotriazines (WR 38 839) 

Antimalarial Drug Resistance 

H. Kyle Webster 

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. 
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Table 2: BIOLOGICAL CLASSIFICATION OF ANTIMALARIALS 

!.Tissue Schizontocides 

a. Causal prophylaxis. 
b. Act on preerythrocytic stages (primary tissue forms or primary 

exoerythrocytic forms); therefore, prevent blood phase infection. 
c. Proguanil, pyrimethamine. 

2.Tissue Schizontocides 

a. Antirelapse drugs. 
b. Act on exoerythrocytic stages or tissue forms of P. vivax and 

f· ovale; therefore, produce radical cure of infection. 
c. Primaquine. 

3.Schizontocides 

a. Schizontocidal drugs (blood phase). 
b. Act on erythroyctic stages. Produce clinical cure or suppression 

to a subpatent level of infection with all species of susceptible 
malaria parasite. Also act .on sexual erythrocytic forms except for 
mature gametocytes of !'._. falciparum. 

c. Quinine, chloroquine, mefloquine. 

4.Gametocytocides 

a. Gametocytocidal drugs. 
b. Act on all sexual forms of the parasite. Also act on parasite 

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

5.Sporontocides 

a. Sporontocidal drugs (antisporogonic drugs). 
b. Act to prevent formation of oocysta and sporozoites in anophelines 

fed on carriers of gametocytes; therefore, interfer with malaria 
transmission. 

c. Primaquine. 
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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). Mefloquine is 

currently the only single drug capable of providing suppression and cure 

of multi-drug resistant P. falciparum malaria. There 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. 

H 

0 
HOCH 

?" ""' ·HCL 

""" 
/ CF3 N 

QUININE MEFLOQUINE 

HALOPHANTRINE 

FIGURE I. 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. 

by the Royal Thai Navy and U.S. 

It is currently being evaluated in a study 

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.. Which 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 herb, 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. Qinghaosu 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 qinghaosu 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 chloroquine 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 

~1edical Component, AFRIMS. These studies resulted in production of a 

pure compound with potent antimalarial activity .in vitro against chloro­

quine resistant P. falciparum (21). Comprehensive studies are currently 

underway by the Di vision of ~ledical Research, Ministry of Public Health 

and the U.S. Army Medical Component, AFRIMS to identify and confirm the 

antimalarial a cti vi ty 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 effectivetraditionalmedicinal products (e.g. qinghaosu) 

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. 

little has been done on this subject and it can only be hoped 

Comparatively 

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. 

ANTIMAIARI~L 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 vivo and in vitro methods by which to assess the 

susceptibility (sensitivity) of malaria parasites to blood schizontocidal 

drugs. Each of th.ese tests has limitations and it is best to consider the 

results of in vivo 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 1 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 radiolabelled 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 radioisotope methods is the use of continuous culture 

techniques to establish laboratory reference strains of malaria parasites 

with defined drug respose characteristics. 

Both in vivo 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 Public 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. 

EMPIRICAL DRUG DEVEIDPMENT-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 chloroquinecresistant strains of 

P. falclparum. 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. Detailed 

accounts of the U.S. Army's Program and the current status of experimental 

new drugs are in reviews by Rozman and Canfield (14) 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 conc.erted effort toward rational drug development. It is important to 

emphasize that the 

drug development. 

issue is not rational versus empirical approaches to 

Both approaches are needed only now is the time to 

promote and support major resear,ch 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 DEVELOPMENT-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 



Thai J. Pharmacol. 

Oct.-Dec. 1982 
Vol.4 No.4 187 

Antimalarial Drug Resistance 

H. Kyle Webster 

The critical role of hypoxanthine in malaria parasite purine 

metabolism was demonstrated by inhibitor experiments. It was shown that 

bredinin (4-carbamoyl-l-B-D-ribofuranyozyl-imidozolum-5-olate) 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 vivo activity for adenosine 

deaminase in both P. falciparum and P. vivax parasitized erythrocytes 

from patients with naturally acquired malaria infection (manuscript in 

p'reparation). Studies with rhesus monkeys infected with P. knowlesi 

showed that deoxycofonnycin inhibited adenosine deaminase in vivo inter­

fering with parasite proliferation (33). We have confirmed that deoxy­

coformycin specifically blocks P. 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

cytes 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 deoxycofonnycin) have been identified which 

represent three novel classes of compounds with antimalarial activity. 

CONCLUDING REMARKS 

In the final assessment for meru1s 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 

'Dle 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. 'Dle results 
showed that chlorpromazine significantly reduced the amplitude of the 
evoked action potential of the isolated rat sciatic nerves, recorded with 
extracellular electrodes. 'Dle latent period in these nerves was prolonged 
indicating lower conduction velocity than the control ones. 'Dle depressant 
action of chlorpromazine on the ampiitude of the compound action potential 
was reversible and dose-dependent. 'Dle 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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""'"v"" Chamber .O,u Tyrode solution ilu Chlorpromazine vu'"'"'"d"1 """'u"~ 

Niilno.,~~VHU~o~n1 VU0"1'll~a"''"';u~uva" Chlorpromazine il'l~'luno.,'11"11ilu\ld (a.a, 

0. 5, 1 """ 3 mM) uqnl1;i,,, Amplitude Vil\l Action potential ~\lLLff"1\lLu;,uvl 2 """ 

;,u~ a ~""'"""nq»td~unu"'''"';u;uva""' Chlorpromazine 'luvu,.,.;;1 v"""' 

Amplitude va" Action pot en ti al • wv" • linuau L<oi
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n;'l.iLn"1 Spontaneous activity 
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t'llU1 ("1) 40 Uon'll~\l~oftLWU1 
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LLill'l\I Semilogarithmic plots ti"" Chlorpromazine >lw:rn.1 L'u11.iuoi1\11 
fiuNat1,,\lu1lun1"ial'I Amplitude ti"" Compound action potential lu•au 
"""il1n Sciatic t1"""'~ nm\1•1n'l;u, 25 u1n 

3, Natl"" Chlorµromazine .i,,1auu"l"il1n Phrenic ti"""~ 

n1-;n"'a""d1~~n~1Nat1"" Chlorpromazine luR,,u,.iu.iu o.o3,o.o5, 

0.1 ''"" o.3 mM 1""';"'""'nu'lu Tyrode solution 1.iu1iiiu,fiunT'>nfilfilil\ILL":;n 

Nan1.,~~unu;1~n1 .,,,u1.iu.iut1"" Chlorpromazine l'l'l.ilun1-;n""""duqntafil Amplitude 

""" Action potential 'lu1auu.,"il1n Phrenic t1"""'~"tt1\luuuil'in~ (P(o.os) 

~-:iul'I 4 """fi1"'ie1"n<Jnl!;fufiuR,,U !tl1Jt11Jtlil\IU1 ,,iJ\1111,, IU~UU diuunUN'1fl1"iVl'1ilil\lb1J ,;;,, 

"""1'1"1» Sciatic ua, tl·nn{I;., 1iuu.,"il"1» Phrenic ""1,.im1nt11"" Chlorpromazine 

.J ' .... Pl' I llf ,,,!{ • ""' ~~Pl' 
Sciatic u1n fi"l"'i "" "N1'1l'llWn1 iluu-; •il1n 1 n il"LUu"Lnl'lil<1uqnllti<l\lU"1 11!1J 1 vw..,nun '""'"' mN 

fiu1auu.,"a1n Sciatic Ju.i,,u1Du1u1"1~ ~"Ju~\lm<1\1Rn~"Ln"L"i"" 1"'uRn~N"t1"" 

Chlorpromazine ,j,,,.iu11.,"a"Ln>!~t1u"L"n""1auN-u;tuana"L\IN"L\lnu 1.iu 1auu.,"il"Ln 

Sciatic (.i-,u1n~1au.i-u;tuuna1\I o 1s µ) """"iuu.,"il"Ln Phrenic (il',u'l..,~1.i°uN"Lijuu 

1rn1" o 10 µ) 1\'l,,u'im,>f1~ 1u'>uu 1narn1"""'"L""" •U'l"'g""" Chlorpromazine .iei 1aµ 

"""a•nlua""~ 1.iu 1'1uu1•il1n Dopaminergic (il',uln~1.i°uN-u;tu.Jn;i"L\I o 0.2 µ) 
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1 iJ,,-iJu1n1"u1 u1d mimri1~u1m'""., """ n 1'11 'lu m-. 1'i'1J<rnnq'lli!' (Onsets) .i.,u.;;,,,.;;, .,-,.,ti,,, 
,,ju o.s mM Chlorpromazine••'l1i1•i'l1u-.•1J1ru 17 u1ncy"<111J1.,ni'l'll Amplitude '.!!"" 
Ac ti on paten ti al "" 1u sojl, n1.,~ 1fiu 1ttudi11'1 1d0"•1n 1!JLALLtJn rn1 Tissue sheath 

" "' • v ·' "' • ~ " Chl ' 1 '• Ty d i!tl" l!Jilt!11<1uu.,•>11'1l'lln1i'l"'ll'll>li!Ut]'lltl'.llil" orpromaz1ne ULL'.ll •t! ro e 

solution ~1Juu1a•a1u.,~u.,1nD;, Amplitude '.l!B" Action potential ""'!."~u1n1nu 

unOin.,u 'lVi u1 ''" '11,,;,n,., """tl'll~'.ll"" Chlorpromazine diu LLuunilu 1 ui.n Nan1-.'ll'lli'l<i"d 

>IB'llfl~il"nun1-.'ll'lli'lil"~n.,•'ll;'lu1;uu-.•i'l1'1l Phrenic '.ll"""~ 

'll•1u1-iluiiu'.llil" Chlorpromazine uNmn'lln1.,u\;r~~1ru'.lli1"1auu.,•>11'1l Phrenic 

:U~1A;n...j.,v{"t.Uilu 1iii"1.1t.1":i::fi'1'VI Sciatic 11-:;:::utru 10 1.n., L\il61''.l"l'.,_1Ji.i11":i::Gt1V1 Phrenic 

fiR•1u1-,.i.,q'll~'.ll"" Chlorpromazine u1nn-i11iuu.,•a1'll Sciatic u.,•u1ru 10 1n1 

iauu.,•>11'11 Sciatic(?-12) Ni'ln1.,'ll'lll'lil"d,i-,uuuuu.,1u"1u~<Ou'.llil"flu~u1 ~-i1n1.,.,anq'llif 

.i., 1auu.,•>11'11'1lil"t11'.ll110"111•1wi" 1ttu Chlorpromazine ,.,, t1ilfi'11n••1funu'.llt11'll'.lliNt11 

.J a "I vv•0 " 'llU'.llt!1'1lli'ln••u Myelin lamellation u1" (14) u1'.ll1•t!R'l1!Jl'1lU'.llt!'ll11 na1u1.,nn'lln1., 

'll;,,1t!'.llv"lauu.,•>11'1ll~fi1 1.i' (12) a1t1;Nl'l~1.i''11nn1.,'11'1li'IB"ifl.u1U~tJU1ntJUflUNi'l'1lil" 

Chlorpromazine ~"1"u.i.,1.i'uu.,•>l1'll'lu>1uv" 1ttu 1.i'uu.,•>11'11 Dopaminergic ~"u'.llu'lfl 

Chlorpromazine uu-i11fiuu1~ufl'l1UUl'lil'llfltlbt!fl1.,'l,iu1')." '.llt!1'11'1lB"tJ1ff'lii 

il1'1'lii1..i~"11.i 100-1 ,aoo !J,n./'fo ~1huhfl'ii.,111'11L'llt1i'i-,1u'1•1.i'.;'uu-1d'lu'.llt11'1l 400-

aoo " • n • ('iu ;I,, diu'.llu1 ""' a"u1~w" rnu1• 'lu 111.,u;u '111., fl'ii., 1 mi ( 1 s) 11.iuu-i1u'.llt11 'll')." 

a.r1n 1rlei 1.tJ~uu 1.iiuufi'uPi'l'lil 1.-E11-ilu11~1-.1u1~V1;1M L fiVlf1'1"'5"if'l Lti'W'l::tu1\'J u:afua'l~ii~a\Ja'u-l'l'ilU'lVl 

'.llil"tJ1~'l1i~ntt1L~l'l~~·fi'll'1•UNi'1Wi!!at1u~•fil1'Vlrlu1 Ui!f1>1Uil"'ll"li!1" u•1uu1fiu~.,, .. 1ufiu~-i1 

.,, ifo•1n~J·u~uu~• 'Vl1t! Chlorpromazine .. ~. u1d• "'l""';'n tJ 'lutiru•ff~'llnU N1U'Vl1" 'muil1•n~ 

uan•1nd.,,~'lfi'll;a1u~~u (1s) ~\'.1Ju1da~"'~~~ut1a"u1'luwa1>1"11"'u'l1i Gas liquid 

chromatography u~1nlJ-i1l:i~1u~•u1ru so-300 ng/ml(1s) 1rlail l'l,'1. 1973 

Rivera - Calimlim ( 1 7) """ 1ifou-i-,u,,1ut1a" 1t111.'l.,1u"1u-i1~•~U'.llil" Chlorpro­

mazine iuwa1aJ1ii'1w;n-i• 3o ng/ml "~1uuNa'lun1.,.;'ntt1 ii'1~"""'~"'ru 1so-3oong/ml 

'll"l i!!J1f1fl-i1dio"~"i'.iu .. •iinlitnwi\i'lun•.,u;t;'., h .. ~ .. 111.,, LLW i],~ .~Utli!"tl1').\'.IU1 nm ~u1ru 

7 so-1 , ooo ng/ ml "" dlu iiuwntiil1'1'Vl; 'l Vifi., 1 n1iu1'"" 1 fiV1a1f1'1"lifn1;; 
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'! 1111 " • •L 1 97 2 Sak alis ( 18) uii" L i'lau.; 'l!J\l'lll'!l "" L tn 1.i-,·HJ\lTU-io ~1hv 1 ·rn1i'1-

'""'~~uu., ""''u Chlbrpromazine soo 11.n./~u u-.-..nD-i-..n,,-.-..111tiutiut1a\lt1'1iuwa-..au-.. 

""'"""u o ,3 µM. 11\lR'l'l!J 1ti11tiu~ih;-.. ui-..1 fi'Ul'l'l'11J·1ti11ti11mN Chlorpromazine >f.,,,,iiuff\ln'l-. 

11'ia'l!'l!•ruu-.•a•wt1a\l1iuu-.""'"' Dopaminergic '!ua11a"ll"1;utl-.•iil•w•w~-..dut1u-..1111an11-..n 

( ""' ""'ru 0. 2 µ ) LLil .n .. -..11a'iff'l!.i '11'1 V'1Hiil11'1i'l'!lil\l ~J-.a hf'Jiii'1 '""' ff\lJuli\lU<l!JUW :i•u-i-.. 

Chl orproma zine "',, aanqwil"u'iii1111 ·rniii"' urn 1.,"fl"n-..-.u'ia'l!•!Prui tJiilUil\l ( 7 , a) u•i""" 
• • Chl i . 1 ' .,,, I "" J cf • L'!lU'!lU'!l'1\l orpromazine Ui'lil'liil!J'l'l• !J~\li'lil'1'l"""il'1'1LiilUU.,"iil'"'"U1 '1'1~U'1ftiil!Jil\l 

1w.,,.,;uu-..a-..w1wm-..dilt111-.. .. '! .. ~n-i-..11-..n ff-.au•" 1uu 1i11u-.""'"' Phrenic t1a\lwuil1au 
• < 

rn'!luvmn\l ~• o µ LLil•'!IB\l Sciatic ""'"1nm 1s µ (~1an<l'l"Hl<\lli\l 7) "''" 1tiutiu.i'iii["'!l"\l 

Chlorpromazine ~t iit un•., "'">ia\ld1 ,,'luti o-.. oa mM Ii"" "ii" a11111n-...,u'ia'l!'l!•ruu-. "'n '1'!lil\l 1iu 

""""'"' Phreni c ua• 1ila 'ii11~11 1 o 1..-1 i'iaR'l'l!J 1ti11ti11 o. a mM 11-:i•"""oi.iil 1iuu"'""''VI 

Sciat>ic ml\ll'IU ~" 1i11u"'""''VI Sciatic LLil" Phrenic "'~ u'iu;f-..t'Vlu'!la" ta11u1~in'V!l1u1 

~a~uaniilu11\l A<'l!JLtiu;uua\! Chlorpromazine 

~""~,fl1'1UL;!J;'!!Ua\!"'ll11'1a'lii1U'11l'1\l~J1"1'lil'l"t»• 

~ 'l~ "t10u ilUfJ. mil'iu n "'11 flru~ m-.un•., 'l~ v uii \l'1-..R~1 ii l'JI! q Rl'lJiU in-.; 'l <0" m1• >nfl'l.i-... 
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AlllTIBACTERIAL ACTIVITY OF EXTRACTS Of PIPER BETLE LEAF 

Pimolwan Tappayuthpijarn*, Quanrudi Dejatiwongse Na Ayudhya*, 

Pintip Pongpetch** and Amornrat Leelaporn** 

*Department of Pharmacology and **Department of Microbiology, 

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: volatile 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 S. 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 
oil exhibited the highest inhibitory effect on the growth of the 3 species 
of bacteria tested; i.e., its MIC90 against S. aureus was 1.7 ~g/ml. 
Ether and petroleum ether extracts showed less potent activity having MIC90 
against S. aureus of 0.151 and 0.2 mg/ml., respectively. The antibacterial 
activity was found to be lowest in the water extract fraction. 
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i'lij (Piper bet le, Linn) 1iiui'l'llfli;rn/lulli 11a::a1u1·rntlijfl 1.i'ih 1tJ il"\l">i'll:JIU 

'1'l"1J'l LL.i I lliu L n'lflrr:nmi'lU L '1~ 1 "li':f mn 1-; fl L flu"J/111., ::UtJi'11\l I Oiu il'li'l'l., ;n\'iL .Ju il'l.,.,jehl 

~il\lB"' (1,2) 1i/i11uu1uu'lau~.,'ltl\l'l1J~'l u;uu»ilu.,::1»U'il'lfliUt1ijUqnt1'l.,fl'l.,aflLilU 

.,; a'l mLUflfi L 'iu "'1" 1 "li':f fl>l'l fl'l., afl I 1'1U'1J <l\l L iJ il'il'IJfl Lrn:: flil (a) LLm::il'l!J'l.,tliJUef\lm., 

1•'i~1;;u!"nil\ll«il Mycobacterium tuberculosis 'lu»a11"n"a11\!;l.,,.,,u1nunu1i'lu\l 

1 : 5, 000 1 ~ ( 4) i'l.,il,.,.,., ri iii>IU!JIW• llil:: .. m:: 1 ~i'lfl>t'lil'l"\i'1n .. LiYil\l.i'U'il'l ntitti'l il'l u'lliii;i 

1 •rn 'l "li;r-, "" il'lU» a• tJil.i"N 1 ~N "~' il'l'>il ill'l'il'l fl 'lut1ijiiqntliruif"1n., L ,.:;~ 1iiiu1"1'1lih'ILLUR>i L 'iu 

1'1oui'iuQu•.,.,~,u (Standard strain) 1~Mil'ltJ'llii" (Species) 1flu1nwo:il'l'>;l1~,.,fl 

n1.,1'li'f"1~'lUB LGil..; (5) u.i'lu-.otJ\l'l'Utlil\l w..,a-,.,.,,j lli1t!!IJ.,..I ua::Rm= 'l"li'iii Disc diffusion 

LLi'!:'il ;u ,.,,,., il\l LLUfln L 'iu;l'l "liu.i <l:'llii"' ii'! "Ii L i'lu\l'llii "a:>1dX11nvi'iu ~ 1 n'l~u ua:'I. Ti' mn:il-iu 

'J l'ltlm1\lilo.,il/l fl•<fl 'l UWiJ L "'u 1 Tiohn;., :il'l u 1 .Ju 1 fiu'li'fu;l.,,u"-iunil\ll'I.., a-,.,., ri iii>tu!J"" """ 

flm::..i il LLUfl n L" 1J nil L "l fl;lLLUfl 1 ~,j ilU'il'lfl ~J. u;luo':iUfl'l.,;r n>l'lwll...1!11 U'lU'l ili'l'l.,,'ll 1.i LLn 

Staphylococcus aureus, Pseudomonas aeruginosa LLm"Escherichia coli 1f!u'l1i 

Agar dilution ~"1,;;N.,BilfllloLiit1~'lR'l,UL;u;u.i;~fl;llil'lll'l..,t1Uutfl!n'l.,1'il'l~10iuifl'll<J~L~v 

1.i' (MIC) 

1 ~ilfl1 "li11.1",., i'ltan 1111n 1 ,;;"'""''",j, ",j ~""., ,,.,.,"~J, 11ilu1':iun-n':f fllYlifL .,l!H u•u•" 

A~.,,'ll..,"H;,~,~"u 1u1t1111.1 2525-~~M1RU 2525 "l"l1J 210 iloviuq l1.1,.~u•u~1iiu 

Staphylococcus aureus 122 iiloui'iu~ Escherichia coli a1 •nuiu~ """ Pseudomonas 

aeruginosa 57 il'lUWUQ 

fl,.,,.,:;uuilo.,a/l.,,.1nlu"" 

u;lmi11a" (2 iilan':iu) vlautL,;\lLL.i,fl'J<lMlji'.i so "l!, ,.;u•u sao n':iu i.nu""~ 1ii1Jfl 

a!l.,.J,a!l1.,., 1;!11uli rna..;lu Soxhlet apparatus n'lflLUWjjfl rni'im1/l.,.ia.i'·-rnli u;rn..; ,,,'l,0111., 

.ioi"i.,11Miin,;;•rn LL'1i'lflil'1ili! """,j\.,,,rn;Mu m.,>1/l""""";flij<lMljiJ so·"ll. tiiu !"li'l"l 24 'll.u. 

u;"'"""",11~1.J,.,nfl'l"lilill'Ju'l>1;'1...i11;;".)'11 Lfl~a~ii;i Rotary vacuum evaporator (Buchi) 

~fJM'IJJii 50 ° "If" NW~i'l.;;ltl 1 ~G'i'l"aliiff i'l~duill~"a !. ~U3.J5 Lfiil.;. BL oeii. L!.iUiilflillfEl; UWJ::U":, 23 0 32 jl 

25~13 9 20.3 u~:: sa*a ni°:1.JR'l11;:i'1~u 

a11.,.J;iiu» vu.," 1»111'"u1 "li'I. uw11a"' ( s "" .. ) n llu.l•u lau; ""'~uuun.i.url •iiuii\uu 

( ) •. ~ • "' 1 ., • ~ .,, .. 6 UOl. 8'ln'1'lfltl'l ,.,IJ"1\ll'l\l "l 1Hll!Jfl'!lt!WijlUi'l1JiJ 4 'lJ, 
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.,,.,"f[""',"';";uu<J\la,..,an.,•,nluw~.i'i~.,;ta~,,nuuj\ln,,,,~~1~ul .. ua\l1'lia 

(MIC) Lllluei1l 11iia•,\llua<w<,1u (Agar-dilution method) "~'liiua\l Washington """ 

Sutter (s) '"'fomnw,..,1u (Mueller-Hinton Agar, Difeo) lu'!u""'m" Namn-;;f1,; 

,,mn-;an.,;t;,,",,,.,.,.,aau11.ia"'.!lillll<N 1mnw•<1u.t'lM'l!Jii 55 ''.11.111'1.i'"''" ,;.,;u~.,;,,, s2, 

1s, ---- o.os ''"" o.01s un./m1. onua'iffu a'ivi~uu'Ufuwilu"l=rnui'iv11i..,uwnu1;u;u11iu 

1u 1wa~""' /•rn. 

fl,,'"'""",.,,,, 

11n" 1~""""";;1'lu.t""""aaufl<,u1.., ·nu~" 1 «a Staph. aureus (ATCC 25923} 

~"1ilu~'"'"~".,,.,.,~,un,.,.,.,.,a"1ua,vi,.,,.,.,.., Mueller Hinton Broth (MHB) s ""· 

dlu .,.,,,,nu 1 0 ii." . 1 lii ,,,," 1 ;i,,,;.., u MHB .. ;;..,., u., 1 'liu.t 1 \ii"","'''"' ""uua,.,,., 1u.t 11;1'luu 1 -l 
,;..,u Multi point inoculator 111'iifl'l,U ,;!J;U1la\l 1'lim1.i""'!" 1 o -

4 
CFU u'i plate >fa" 

1'lim1;;..,1tJm1.t'JM'llJU 37°'.11, U'lU 18 '.11.ll. 

uunnNmfl'l'llll;ll;U1li1\lil,.,iln01•,nluw~;f.i;~.,;f;;1,1J,"lnVl!jlllj\lfl'l"l1•~~1mulllluu\l 

1;iu1Awu., w'lau"u1«u«u1,;1u1nu 1 CFU 

,,nn,"'"""""",", MIC ua\la,.,an.,•<nluw~wu~, il<"lan.,luw~.;;..,un1 .. .,,~uuB1Ga{ 

i'i~"g"'l"B"11,., 1'1'l~ 1~u L01U<1\l ,;i,, S. aureus, E. coli """Ps. aeruginosa 1,;; """" 90 

(MIC ) f1.,•'1Ufl'l,ul;!J.;;u 0.2, o,88 """ 1,54 u11./irn. "~"'iffu o;1,.,ati.,1ul'l~,;..,u 
90 

ihirn{ii.;., MIC .iuttYu S. aureus, E, coli ''"" Ps. aeruginosa o.151, o.423 
90 

''"" o. 41 3 irn. /"". a,.,o;1fi., 'lu1111,;," 11a"n"""""~' MIC a'111~u S. aureus, E.coli 
90 

'"'" Ps. aeruginosa ,fi,nu s.s1, 17.,sa u.&l:: 1sos4 :un./'JJ'fi!& r;;i1~~n~'lv¥i~;;,uU<?i:U~1 

MIC a'iw'l'u S. 
90 

1 4. 77 un. /ml. 

aureus, E. coli """ Ps. aeruginosa dlu 11,99, 15.38 """ 

~1:um;~u U;UuMB'JJ~~b~uUfi1 MIC 
90 

32 1u1R"'li"~/•rn. w'fo o.oon, o.02s """ o.o3s un./u'1. 1rlil1tl'l'uu1>iuud'iuu'i-

ill"11a "" 1 -l'l u1n.,,";t 1 - 4 """ "l,il>f 1 '"'"'" "" ;nu>l1 tla n"''llnilu "11uiim•.l-iu 1 tYu11u ";; 1 'l'u 
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q~t;1uuunfi~~uno~a1,aftft~,nluwi 

fiua•,,w i"q~DR~1,W ua:A~: 

.J 
!Pl 'l"a 'l'\'.l'VI •'i1nuilo uwu ~"llil\'l s. aureus .J -·· _, 1 1 -11qnuuu\'ll'l<Uil<.,ilnl'll'l'l\'11 •on uw11 u-,•l'IU 

• . . i'iu Fl'J'l:U 1.'l'lll'ilUVIL\'.11 

'il~tldU • • ;Y;l -· d "' .. 1 

(un. /ua.) 
Tlill'lilo">ili'il'l 

"aEIViN~'ilEl\'.J'il'l1Jd1JI. El \'.JQfltlUtl\'.J 11•n"' 1"llU"lll!vn\'I1 
'GtltJ~'W~ .01 5 ,03 .06 .. 125 ,25 ,5 2 4 8 16 32 

u1w;; 'i!uu\l 1 trn.; 122 Q,8 15 67 100 

~ I. fiEl"a 122 a.a 19 57 85 1 00 . 
UBiNflElflBiN 1 22 - 13 67 99 100 .. 
in 115 - 1 3 45 79 99 100 .. - * Ul1J1JMB!J";i:; LVltl 52 2 13 71 98 100 

* l'l<ou1;u;uuwu<u1~u1u1R-,~l'l.,/ua. 
l'lo.,o\'li'f 2 •'lu•uiloui'iu~"llil\'l E. coli i'fqniiull\'l;;,Uil<.,'1iil'l.io\'11 .,nluw11lu-,•'1uR'"' . . 

nu l'lJU'lll!l'lo\'11 

'il~'Wd'IJ • • ,Y;l -· .,I V "' I 

(un./ua.) 'llil l'l'1o.,iiif111 "aBtliN::'ila'l'.l'il'l1Jd1JL a \'.JQflVUU\'.J Wl'l';io!J !"lJU'lll!l'lo\'l1 
Gt1utiu~ ~ 01 5 .03 .as .125 .25 ,5 2 4 8 16 32 

' 

1111'1., 1lluua 1G".; 31 3 51 96 100 

8 L DEl"a 31 3 16 38 1 00 

UBiNflBf1B6l 31 - 3 61 87 100 .. 
l!o 31 1 3 96 100 

• .. -
1J'1ilt.IVID1J"a:::: I.MU 31 32 87 96 

•'iuTuaouwuii"llil\'l Ps. aeruginosa i'fQniiul1\'l;;,uao-,'1i'il'll'l
0

0\'11 .,nluw11 
' 

lu-,•'1ul'l<ou1;u;u.io\'11 i'iu 

4J?.it1dtl • • ,Y;l -· J .,.. "' • 
(un./u<l.) 

'.ilU l'l'1 T• il ii l'l 
"ailtliN::::'ilB\'.J~ltld1JL El \'.J~flUUU\'.J l'Jfl';l'lU ! "lJU'!llJl'lo\'11 

oloui'iuil .125 .25 .5 2 4 8 16 32 
' 

ilLl'l".i 1i!uull1 Gil.; 57 14 58 63 1 00 

B 1. Ga-a 57 31 58 100 . 
Uilii-H1BID'BiN 57 47 100 .. 
l!o 57 2 100 .. - * 
'Wl:IJ'l.JVlilil"a:::: I.Viti 57 

1 2 40 59 75 
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S. aureus 

E. coli 

1982 

Ps. aeruginosa 

ef'l"'Jafi'9l~Ju 
A''lV1,&1::;&11tJ 

!)°'[1'1., 'iluuil 1 irn-i" 
B !.fiB..; 

LLBG\flilflfla .. U1 

U~ihJVltUJ"'J·::; L Mt! 

Vol.4 No.4 209 

52 

31 

57 

{aua"Uv\lv1U<UL~v~\IUflVU8\l 
.00028 .00057 .0011 a 

2 13 71 

MIC90 (un. /mi.) 

0.2 

0.154 

6 .31 

11 . 99 

0.0017 

Piper Betle Leaf 

Pimolwan Tappayuthpijarn et al. 

~R<'11JLUUUU'11\11 (un./u ... ) 
.0023 ... 0045 .009 4018 

98 100 

32 87 

12 40 59 

1nuu1n•nuu~u1ruluwijal'l 
( n{u) 

0.005 

Q.0036 

0 .18 

0 .1 09 

1 • 5 

0036 

96 

75 

"'\l'"lflfl'-":tRntttfl{ '1~L1.ii1 ~'1~1 U'~:Uutt ei11""J ~ 1. viuili]vi~ifu ~\!fl'l..d 1. ~~'!! 1.~11 '1m.11B\'J1.1.ufl;l 1. ~u 

1.i1"11'1u LilW1"Wv S. aureus """ E. coli 11.iN,.wa Ps. aeruginosa .fuiiR'-i MIC 90 

1nun;<R<<111;u;u~"~"l'f1ii1un<"iWl'l'ii!v\l Rvu<flfl;, 32 1u1R"'~""''""· "~""'"";, o.oas 

"fl. /u 'ii! • 1 .. mi'1nii fl "'"'" n1:11 R-f \!ITT a 1 URT• 'l'fuR«U L iiu;u 1,;~ \lifo • l'fmrnn 1vimiif1'1;,.I"~" a\lu1-

iiuw au"'"'"",;" Ps. aeruginosa iiluauo\11., 1viiin•.,.,fl1:115"g'uu-,"nauua\lu1iiuwa""'"'"" 
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M,A,-0.A. 2525 

qn~A,uuuftflL~U~D~S,~snA~,ntuni 

flu~,~~ru fih~noR~,~~ u~~,..w~ 

100 ., . ,,, 
" '"' 80 

" "' ,::: 
~ ~ ~ 60 

>E 
"' r 40 

"' " r 

" 20 
. r .. .. 

100 .,. . ., 
" '"' 

80 

" "' ~qso 

>E 
"' 40 r .. 
" r 

" 
20 

• r .. .. 

"? 100 . ., 
" '"' 80 

" "' '"' bllJ• 60 

" "" "' r 40 .. 
" .... 
;:! 20 ,r .. 
"" 

• 100 . I " 
A 

. .., 
B . •• . I " Ii . • . I '"' 80 . 

•• 0: • 
.. 

I. I "" . • .. 
..I ~ . I 

~ . "' . 60 . I 
'i . . . • I 

• "' • I . • r 40 • / "' . 
" • , 
(" • ,. 
" 20 • ,. . .r . .. • .. • • • 

•• . . .. 
.03 .06 • 125 .2s .So 2 

~015 .03 .as • 125 .2s .so . • (!Jfl. /!Jlil.) (:un. /mi.) fl'"'Jl:U L 1.11J1JU R'"J'l:t.J 1. 1nJ11tJ 

• i 100 
• • I D c • ? . . ., 80 . • " . ... '"' • 

" • • 
"' 60 • ... .... • 
" • 

• '"' • . 
"" 

40 . r • 
"' 

. • 
• " 20 • • (" . 

" • 
.r .. 

2 4 8 16 32 .. 2 4 8 16 32 . . . . 
(1ln. /irn.) ft'"J11J L 111J'iltJ (!.ill. /!Jlil.) flJ'l:U L tlil"lltJ 

E 

• s. aureus . . 
• P . aeruginosa . . 

E. coli . 
•' •• 

.2s .50 .7S 1 1 • s 2 4 8 16 32 

RJ 111 L 'l/111JU (1111~.,,, .... ,"".) 

1tl'fou 1nuu~YJ'iiiiu.1'~1n"l l'J'l'I! 1ii\u L'1trn~ ,;ff,, S. aureus, Ps. aeruginosa ""~ 
E. coli ;;,V'1<"l'1il .. ~•fl1UW\'j;;'Jvil1 .. ., '~v115 'Gil.; (A). 5 I Gil.; (B). llil'lflilllmi 
(C), u'i (D) ""~ u'iiiu1'!a:u-.~ nm (E) 
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'1011luw11•m~• :ii<10-;11a•u<1.io"! 1.:iu.i Chavicol, Allyl pyrocatechol, Chavibetol, 

Methyl chavicol, Carvacrol, Estragol, Eugenol methyl ether, 1, 8 - Cineol, 

Eugenol ''"" Caryophyllene ''"" Cadinene 1..,u~ Cha vi col :ii']111l°.i'-..1rnuRn •'\i'u (a) 

a<u1ilo.,W<ll Eugenol :ii-;-..u"!oU~o:ii<]wB.i'ou•~a.,,1;] (s) 

Ps . aeruginosa "ANa.ia S. aureus lna' iliu"lnu ~"lifa-...,an"' ,,, .;,;J dim1•.,'1nl'l..1'u.i'u 

,j"""":iiilo.,5u~"l1u:iiq111!",~auuu•.:i•u1uu•nnuau 1an-..am."uulua-.. .. ail'""'nu1"'.,'~uuili""; 

:iiannfl'l'l 'd '1"1'1'1n1'..i'iiuiih11'1" ""'""{ "l U., n '1"1.f u L uu'i11ii' ll'll '1'1'10., il n1" (Crude weight) 

mt~'lflU 1il'l';<J'111'Jl15~"l<J'l••"•jjUil'l";'1<•;;U<flUtUa<U'1fl1"~"11il'1"1 ""U'1~LU1i!o.,iln1".:i<U5t6'1; 

u•nn~•.:i•uu1'""''i!uuil'""; 11~""'"'iiu1.:I~, 5,,,aiilouo-;nan"''"'a'.,maanq11~~"ln1..,.,1~uu­

il 1""iilnvi1u1.;;,,:;,,1.-.r <rn ""nuo~"l 11'11M'ilo.,iln'".:I' u5 , ""i:ii q11t.i',u uuRfi , '\i'u 1.:ltin~• n,., i'lm:n 

'nu.nU'1'l., "'1fl lj'llil°.i'ou mrnn '~ti 1 u LUWl)~"liil nvi.:I. uuh., 'i!uu 5 '""; "" "5 'trni' ~.m11., 'lU ii"l 1u 

ii"':l1 t1\1'l'W ~..., 1ii'VJ-a 1.u-:i,iia'l"':lB Briqvigff11U lil vUt\11, fi~u,,_u...,a_u-ja_iif 1."'3"11illilt1d\1?Ifu.un1 t?J~r1 nnt"'3 

anvi•rn P. longum""" P. peepoloides .:i<t1Ul1".,, ~u11il, ""; i'ia Isobutylamide 

(c14H25NO) !i<J11ll.imi'ou Tubercle bacilli ".iq111l.fu.iaun-n Streptomycin (a) 

flxit1.a.i'~11iiil4t t1'1'1U 1. ~t1-:ifluqvit!l'i1uuufl Wi 1. ~ t1"11tllil '5u ~L"lif fiBt'OJiitl'Ylg~il;Luu.uRYi 1. ~ti wfl ~'t'J!ilfilil\1 

1'111-.,.,i:tmn 'nu.nmhuu., "fl'1ULH'l"'J'llil°'lla"liil'l.,'1flVI L"1Uil" 15uvi.ia 1u""'li'u1M' ,..,, 1-iii~u 

1.ilau '1fll n lu-w~~ L vt~a:JJ11Mfl lilvi'1u UBanvlfe:i ~1.1.a:::U1-m'l.11&11. ~u ~u-jt it'1"'51if tl lil1if '11.IL"a ~ 

.i a.i'•m•URW ''\i' uii"l 3 1.:1'1.u.io MI c m'l fl a' RU"lflU "'"' u "''" 'iJi.J.,j\J~\'lll~«n.,ilnl'J;;'"JuilLlil., -
90 

.:J ""' a" d <r /!; J/ !"i 1"'' _., ,df J I <>I "".J"" O' 

I "VUil ! 1''1., '"' "" '1''11 'll"IU "'" llJU l'J<'l 1 ) !UU ')l'lfi'll il"lol'l., '1illl ')'111' ! 'llU 'l'JtJ<llUl'l<ifll>ll'J< V 

il 1 .. ., 1 ~uuli 1 Ga; """ 5 1 ,,,.;'Jl\'lan .. 1.i1ul'lu"" """"'.,;J" "'"" 1.i't m•a <111aaa.l "m"u'i .,.; ti'f ""I 
"'11u'lu•ru rn'liau """'"nuihn., 1;; auuwl""m'u 1.:ifil uii\.,,," "" mnaaa.lli"l11'i 'lM'1iilNm1uOi , ,;, 

) 
~ J.,,, .,,. ..,f .:J ') "' "I <r "'Q ""' df. I 

2 ;n• •11Uiil'l.,il"ll'1111l'1fl'llU"11'1U"l'lli1'lU'l.,.,'1""'" '" '"w'" •U"""ll'1l11i1'1 """u' '"""UIJ'111'""Ufl<'l 

"' 11Nmn<., '1m:nl'la111u1 ;;~, il'Vi<ln"" 1uw~1.,u '"11'"u'iiiul'lai.J.," tl'I a "" ";1,.,,ih1n" 
;;'1 uU1w"'.i L ~u:uB I. fiiJ.; U&I :::5 L fiiJ.;li (]'VI tauH\1fl'l"'3 L 'OJ~qJ I. Wu lmila \'.Ill.UR ii L ~U~\1 3 ntim 1 vi~:JJl~fl 

L1.uiGt1"'.i6lfi11r'\llf1UCJ&lfleltlel~ LL&1:=U°'1:Uqvifiiluu U'1iluMBlJ"'.i::: Lilltl'WClt1~1-fFV!:U'l]'Vltf~ff61~ ( ~rtu 1.Viuuvt'l.ll 

U'il'IU fl) tL~'"J iJ\'l I@u.io 'l if<J'ou 'lu1n-; ! A'lUUU ;iui511.i'·rn il,jo\'111 nil\ii\'liJil!yw1Ji11mn1J1.J'"l "llo.,vf 

"'"" ".i'a"!li!mn 1 l'i11 tilli.J" •rn ""l!ii"!R'"J'lUU"il"if u 1un«;;1 ii """>fa'iffr•G.,, u \'l"l.1!1'1-l\'l~'l "'"' flmn 
.f:: .!ii _., "'i " - .. "I"'""' !ill • .,. d ..,. ..... .., . "' ""' "" 

fl"'.i \'.l'U fl\1~::: LU'Wtl"'3::: I. tltf'Uil!"'.i ilfl"'3 :::'"!U 1.'YlJ.Jfll"':l r'lfltniJllL\'JflJ'1-\'i'lJdl'3 L flU'1 flUl'l_ru&i:UUAWBR'lU UUfl'VI I.~ U 

"<l\'l>l'l5 >fii il~'l uih1llu 1 1inm.nu'llil"11 uuou t .,, 
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DRUGS AND PLASTIC CONTAINERS 

fi,fl;n,Lfl~n;nu, ~nu,~uuwnufl,a .. ~w~~""~n1n~, 

uuu~,n1~ n1"1nw~ 10400 

Sumitra Chaiyasena 

Drugs and Plastics 

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. 

H<>,ai>iRilunu<na'1~~~a~~ .. tl~~~'1,u~a\lu~ttu lwu1Du~•utl~~nau~a"~"~a"~au 

~ •• ~u 1iaN, Lfl~il\lUilll"l~B\ll~ LWB~UL~il~ il,fl,~U,Ul'lau qtln~ru~'"1 ~-U~\l"l'l,\lfi,~ 
U.'i'l'VltJ 

H<>cai>iR 1 Du-lw<J~!.I~ ~iii"'~""~ 1::iuu'Ju,1.i'.f \lLL,;il 1 ass lwu John Wesley 

Hyatt "~"' Celluloid (cellulose nitrate) 'll"1;u'1u<1.i'u~~lunu 1~u ~nil<>1ffuw 

waufl<HUU~ 1Duwu 1uil 1909 Dr Leo Henrik Baekelanda\l1R~c~i Phenol-formal­

dehyde polymer 111'1a "Bakelite" a'Jn~u Polyethylene 'll" 1Duw•~i>iR~iiuu1.i'u,n 
nu omd" 1::i•rnm.,1u !.I~~ 1 nflff" mw.'i" LL~<liiua ""~,u hM'l'"~ 2 n$1"~, ml'uR.-iu; a\ln,~w•,<tiiil'l 



illf 4 '""" 4 

214 
R,A.-fl.l't, 2525 

Drugs and Plastics 

i\lfl~.,1 ltf!J L ilU:: 

'~"~" ey~ii~iii.,tl-a:iiiu~w"'iliiiR1~a1nu .. :1unulinu•nu•u 1nu Silicones, Polypropylene, 

Polystyrene 1ilu.Ju(1) 

W"oiliiiRLflUilo .. a~LR.,o:~ tl.,:nau,}<UBBTI~!•U 1~LR'lL•U 1u1 .. .,L.U 

'iif'l'l°8tJ i'I~ V' ua:;°Gt'l'l ilfitJ i'l~,j ffA~'lsidtJ1' £1\J'iif l'l ~\J nm1-:iiJu il~fi'unfi~LL m:;tl'l:; LflfltJil\'.IW ~Iii~ fl 

Modern Plastics Encyclopedia (1962) lnf'l;,;n.,"''"1;~, w;,<iliiiR~"~"~fiu.,:nau 

,},ua,.,w.,•uan•~ 'il'1iiu;wun1u1"Q"~~ iilinmu:~au~<uru:n;n,.,N;;., '11'11.,uuonlnn.,~uCii'i 

tl'l~ N~"1 f'iJU fld'lil-i' il'UM:; ilU'l\JiJ~VJ~ il~\'.l'iif eJ\l ati1 \J ( 2) 

ll-a: L'1»1l•Nl'l<l<iliiif'I 

l'!<l<ilRf'ILLLI'1 dlu 2 ll1: !'1» ilia 

1. 1n1111uw.,,iliiif'I (Thermoplastics) 

2. 1 na.;1,, in"i{~ (Thermosettings) 

w&r1etfif1~\) 211"1:; Lflfl uuinRL\Jf!tJ°Piil L i'lfl.;1:uwmLi1Gif1 &f'UJL'lflM&:lil3J tifilfi}.flR"lLifi°iltJ 

""" 1uLLtl"Hl'1<Wil<u•·rnu'inliu 1111,J1 .Jlin .i,u 1m1.;1,,1n .. if~.fu 

.. ;;, 1u1nu.-rnu;1nw;,11u '".,'""" ,l'11111il'1<W (Degradation) 

"" ' ... .,,. "" .,,. v-
Lif ilN'l" fl'l'l:UdfiN &:l~~dUU~ilU 

1u1au a,.,fi,ilu Thermo-

plastics 11••1tll'luuiln<tt1Du Thermosets 1.,u Cross-links 

mnilfif'lii1n.,~a-i'o~ 1 Du Polymer chain 'll~iimj,g;j L ~n;l'l., L 'fon~< "Mer" 

;j,'111111~11nu1.,u Covalent bond n;ln1n" Dimer, Trimer •un~ Polymer 'il~a••tl-;:­

nau.J,u Mers ,;,nu 1ilu.l'ou 1ilu.i'u Poly-mer wlu-;:nau,}<u Mers ~•~nil., •'fom'-i 
Copolymer ~<BM•~ Unit structure ua~Polymer 1Auil.,~Lu Table l 

1 u n.,.,,,c;i'irn-a Nii.,w a«11'if'I ao.1.ia<-ai1u;,~ 1u 1 'iu n~• Additives ii ~rn•uuil" ''liu 

1. Antioxidants tla~nun<-;1fi., Oxidation 

2. Antisag agents1flug<uNil111uuu<unc;N~"i'l"<ilwR L~a11'iun•~"~an<w 

1J nl~UULW<l~ 
a. Antistatic agents •:,,.,tl.,z~~N<ua~l'lw<ilOiR 

4. Colorants '1<-.1nLLR~ll 

s. Cross-linking agents 'Vl'i1n1.,-:;~il-i'<~'1a~'l'l"'UIOi11 '~""'""'Lii~'""·liu 

L'liu'Vl'11n Thermoplastics •tl~uu u'lu Thermosets 

s. Flame retardants 1i1~111'l;1nwmc'11'iRl'lu1w 

7. Plasticizers 1iiuac"'i~""''L"l~"'i:l'l..;,~1,, L"fJ~" (Intermolecular 
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Table 1 Unit Structures of Selected Polymers Used in Medical 

Applications (1) 

a Class of Polymers 

1. Acrylates 

2 . Amides 

3. Carbonates 

4. Cellulosics 

5 . Esters 

6. Halocarbons 

7. Olefinics 

Examples 

Polymethylmethacrylate 

(Lucite, Plexiglas)b 

Nylon-6,6 

b Polycarbonate (Lexan) 

Cellulose Acetate 

Polyethylene Tereph~ha­
b late (Mylar, Dacron) 

Polymonochlorotrifluoro­

ethylene (Kel- F)b 

Polytetrafluoroethylene 
b (Teflon) 

Methylpentene Polymer 

Polyethylene 

Unit Structure 

~H3 
-CH -C-2 I 

r-O- CH 
Ii 3 

g O 9 H H 
- C- (CH ) -C-N-(CH ) -N-2 4 2 6 

OCHO"'\ 0 -o ¢ ~ o-c-
cH -

3 
0 
II 

CH - 0- C-CH 
CH~O 3 

I ' -0-CH CH- 0-
\ QH I 
CH-yH 

0-C- CH 
II 3 
0 

Ro~ ~ - C -CH2- CH z-CH2-
~ 

Cl F 
I I 

- C - C-
' I 

F F 

F F 
I 

- C - C-
1 I 

F F 
H H 

-C - C-
H3c\ 1 I 

CH- CH H 
H cf 2 

3 
H H 
' I 

-C - C-
1 I 

H H 
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Table I (cont.) 

a 
Class of Polymers Examples 

Polypropylene 

8. Silicones Polymethylphenylsiloxane 

9, Styrene Polystyrene 

10, Urethanes Perlon U 

11, Vinyls Polyvinyl Acetate 

Polyvinyl Chloride 

Drugs and Plastics 

1J£l111"J, 111t1~ilu:: 

Unit Structure 

l;l l;l 
-C - C-

o~ 
~ l;l 

-0-C-N-(CH ) -N-C-0-
1 2 6 ii 
H 0 

f{ H 
-c - c-

H C-C-0 H 
3 II 

0 

H l;l -c - c-
' I 
Cl H 

a. Arbitrary Classification of Polymers 

b, Trade Names 

forces) i~»~<~ Polymer chains »\1;»~<aARUR<'1lUR»qu (Flexibility) a<~~1; 

Ltiu Di - (2-ethylhexyl) phthalate »~v DEHP 

a. Stabilizers ti,vJv~nun<~•~vuan<»~B~»~<awR •~u Organotin 

compounds 

s. Others 
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tHr"l"illfliiuritnt'I tum·rn'lo1vu'lJl 1 ~uti LtJuijtJfl"'HUfl1 "fl"l"1 LLttt'IVM il"lll11Uf1l (Tab 1 e 2) 

1uPJa"'l111fl"1"1llU1 uuul~"i11..ilPlftLtlun'l.tlu::u"1"1tU'l11il"lll~tJuuu l~U U'"l.LU~ U'lU; u;ULW'lL"1U­

Lflili°il 1iu~tlil'1fl'l11u::t1i1'Ufillfl fitJ LU"l 11uv1u~'lu LLil::liiu~n tJV-i."1"1nf1l'lll Ufl"l"1ftmnifu 

' " J " !11 - U d - K - dt " !1 iJU'1" fl'l'l"tl•'l" L 'l'liJ"1'l lJ";i 'llJtliJ L Cl U111"1 iJ 'lJ111'lfliJ'l~ L fl~tlU~Lft'tlil"l"~flfl n L lJUfl"ln'U ::u-a"1~ U"l LLiil:: 

~~fl"1W~1~lun'l"11J~111L"1U"llAUfl"l"1Ul1l 

Table 2 Some Examples of Polymeric Materials Used in Various Medical 

Applications (1) 

Name of Plastic 

Polyethylene 

Nylon 

Polyvinyl Pyrro­

- lidone 

Cellulose Acetate 

Silicones 

Polyvinyl Chloride 

Polypropylene 

Polystyrene 

Polyca.rbonates 

Uses 

Tubing, syringes, Oxygen tents, repair of incisional 

hernias, stomach wall support, repair tissue damage, 

heart valves, contraceptive implants 

Vascular implants, syringes, clamps, blood 

transfusion sets 

Artificial membranes for filtration of body fluids 

Nerve regeneratio~ packaging material 

Heart valves, tubing, catheters, defoamers in 

blood oxygenators, urethral valve, plastic surgery 

Surgical tubing, blood collection and administration 

sets, adhesive bandages, surgical drapes 

Syringes, sutures, containers 

Syringes 

Syringes, parts of heart - lung machine, baby bottles, 

containers 
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ifD""J, lnu L su:: 

ffl">ll'>Wil'UIARln 1-iiwimn., ••w'l'IU "'" 'iiflif'Jll'l'll'li!Wil"; ~ "'' U'Jll'l«l'>ill1JJ'1il<'<l 'ii" 
•~l'l~'l\l'l'lil<<lilif'I""~"' 1;.,rl Permeation, Leaching """ Sorption 

1 • Permeation 

,n"u-;-;~u-,11ln<'!lll"~'illlwil<ilWFI "'"'fi"N"~1u1;.,,"l'lu-iu1; •'!Ill n<-;rin<'!I 

il ilfl'il ''11l • •n.;'u illl 10! ililfl 1 '!IA """ 1 il1J'1 N'lll '1< flU"j"j "' nUlfl'lUll ilfl '"'' 1 il1 lln'l'!lll" !lljn'; "' ililll­

ll '"ilu • h1tf)";1 m'll;t """ fl'l., n!llmJ pH ~ 'iiVJil"ll'<!""'" 111 'ii"1n-; 'l'/ """'" U'!l "\lU'll'liHU'!IU" 

fl\l..i'llu"> d'l.,.fim n 1 ll n-i-;·fo1n h R'!I "" u• "" n "''"" """ """" '!ill .,-,.;'mill 1., """ 111.l a-.""'" 1,;' 

•n""'"'""""""" ... """'~'illl Weak organic acid 

tl'f'~L:::'V1~1M pH avirhl NafiBflJLiJU"';i\1'tlB\1VLi,1:&11'1!iil\') 

u BfFil'lnil nt "';] t fiuULVi a1.u'71U l'l"';idllil'U '1 u; B\1 L ~Vdti'U B'l~ L fl1PliTtyML tflatr1wliia'-.iu 

u-;"n"u~"'"'Mul~ ""'-ii-.1uilll!lil"u"~11lu<~ll 1"u"'"'l'lu.i-.un<'!lll~Wil<iliiiR "'"'n"51lR<<u1; 

if'<l'i u~>J"i 1 ttn• -;'llu N'l!J (Permeation) 'i'iuiflll'l-'i """"" 1 ; .. ii 
1 ~ ~rutt~fl~t~u(u V1~1Mnt,~11Ntut~11~u 

2. Degree of crystallinity '!lil\ll'lil<<lilif'I u:;,,ruri•illl Amorphous 

"din<"l'il3J w<ll>nrrn~<u'; '•ru~ dlll Crystallite regions 

- ~ "'" . 3. ~ruA!l'l.J~'Vl,\'ltR!JU~:'VIL\'JHLUHLW'tlE\1RL"';i'Vl~UN1U 

~~.,_ ''Like are attracted to like" M"'1ifurr1i"il11NllJt1eJ\'I Hydrocarbons 

Pol ye thy l ene """'""~•u'>vt'la """nmrn.l 

4. n•<•n" Cross-linking 

""'"'"'"ilaun-i.,'iluN'llJ'!lil\lR'J<3J~ll (Moisture permeation) Rilfl'l'!lll"m'"1 

1.,u Drug Research and Testing Laboratory, The United States Pharmacopeial 

Convention ( 3) """'° "'"u"n<'!lll "a iln"'"' li'1">'lflc"l'il>J N'llJ'1l'1\l R ,.,,,;1u 1; ;r~;f iii" 

Class A 

Class B 

Class C 

Class D 

1u•nu 1 1u 10 '!l""'"ll•lln<nu" 

fin<.,'iluN<u'!lu\lR'J<U~ll 

> O .5 mg/-lu 

> 

> 

5 mg/-l'll 

20 mg/-l'll 

1:Ufiin'!lu dlfin.->'ilu Noll 

'11u~'l'J1>J~u 

> 1 mg/-lu 

> 10 mg/-lu 

> 40 mg/-lu 
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mtru::~t,Ju.,.,,u,.Lui;i J1nilu11t'liwi11ilP°ifl1fUfl Polyethylene LLil:: Polyvinyl 

chloride ~"un~::lufiufl'l"Ulfu ~"~•ii::i\1n,.,Ldn11ilft,_tt~n"u,_LifnLnul~u,_u 1 

Brennen LLa::f1n1:. ( 4) ftnit"lfl'l"111i112.nifl tun,_iJn\'lnui'n"Ulfu~n"~' fl;lfl;-;J,fl 

un•, Polystyrene LLil:: High-density polyethylene Nafin ft,_tru::t!Jn\'lii'Ufl'l"'\11fu 

fii1'!flfimLn• i1;'1i'ut1i1~P'ifl 2 trui;nfuttu~1 High-density polyethylene Jn\'lilu1n111fu 

lflflfl~, Polystyrene 

a. Leaching 

L iiul.li ,_fll)fl,..,W~\'11'i'luth::n nu~ il\1ttil"liliiflilt ,1 Liiuft,_,,u:: "Leach" -;J"l.fltl il"l.i!P'i fl 

il\'111,.ny'lui11.,i1::i11u (Solution) 1Aua::i11unyM~nP1nP1::nnu -;J;u•u~n\1il,_1lunuiluu-;J~u 

Mil"lunv"l\1L~u fl'l"11lilL111ifl~D\'lil"l.iJuil~:aza1ti'luil,_,il::i1,_u. Dielectric constant 

H i1 ~""' • - ..... l:() ~n\'lil"l.,i1::a1u. p ~n\'lil'lia::a"l.ULLil:: ~~unu1 L11'U ~M'IJlll ua::il"linu ~uil,_4ia::•nuuu 1 

Di - 2 - ethylhexylphthalate (DEHP) Liiu Plasticizer il;M{u 

Plasticized polyvinyl chloride (PVC) ~"tuu1u Blood bag ft,_tru::il;Miuil"l.,a::a•u 

iltM'rn" LRulailPI ua::u1~n\'lih1 Hemodialysis ii'llU\'l'l.U~, DEHP 'OJ'1fl Plastic IV sets 

LLil:: Fluid bags 01~ Leach nnmnt.lun~tu Infusates (s.s) -;J,_flfl'l.,ffflWlfl"l., Lt.l~uu 

LLllil\'lm1\'I DEHP (7) ""~,_ DEHP 'l::a::i11u'lui11.,a::i1iU Lipophilic LtfULiiilfl LLil:: 

Plasma 11"'\flfl-l"l Aqueous solution L,;U u;. il~'1il::i1"1.U Electrolytes M~il 

Carbohydraten.,1u\'11u~1tuLiini;i~"L~uilQn1M~il 4'C ~::ii DEHP i1::i111nyn" o.2s. mg/ 

1 oo ml Piniu M=inn~1• lfi-l,Lifmfuili 21 iu LiinALLPiil:: Unit ~::D DEHP fi\1 2s-2s 

mg(s) ~\'lrnii::i\'lfl"1'11.i'iu DEHP Lti1lt1lu.j1"n1uflulti;I..,; Hemodialysis (s) M~n~ 

Alfliun1i'lnLiiilfl'1~n Plasma ';!"'\fl Blood bag ;l't'l;~,n Plasticized PVC 

DEHP LifnLn111.1tu;,"n1uunLtl~uuulla\'lnv1\'li•AL~.fi~u lflu Monoesterase 

~\1'l::Hydrolyzed DEHP 11.ILtlu Mono-2-ethylhexylphthalate (MEHP) ~1nJu 

Nicotinamide-adenine-dinucleotide- dependent-oxidizing system ~::L.;\'ILl~n~u'1 

n1i Liifl Oxidation ii Side-chain ii LMiin Mil\'1~1nJu~::ifunnnfl"l\'luilil'1'l::LLa::Q'l'l1'j:: 

thHwii'1"1U\'llU-l1n1~iiNi1't'l'"t t.t L flflfl'l"Jtffl"l,~i:l\1~4 anu luiPl-l°flflilil\'I uPiti'1 l11°tm-l1 DEHP il?iit 

lftU L iSuutt ~UPl ilflU L d i:l\'1~"1.fl l"il"Uli.,flVU iiu-11 Llililflif U t Utn"J flLLil ::Mfil\'I ij fl"J "Ul ~\'lfl'l-,i:: i\1 d.1n 

'l;LiiU;il\'llMLAi:lflM~ilP lasma(7) 
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i{iiR'1"1 111v~•u:: 

1rnmnn DEHP L<a• Ethylene oxide 'JI" dlun-i'!ll.fl11n-i·rn'il,;w,n11'iflt.hol'1'\nn 

L 4f .i • w·n: 1..i '1'1'1.i'l • 4f.i 11'Ju Autoclave uiu PVC '1'1'1 diuifl!l•n du ifu L'tl.,'1:'1'1'.illl •w iloiliiifl 

'll"ii m.,1J"iliN>i011..iiii1rn '1'1'1 tJ1'1'lhJ1'1:; .i~01ifu (Sorption) n-i'.ilfi\ln.i,. u;;i:ll>iilVilBfl!Joijilo., 

a:aou~u.,.,~.iy Ethylene oxide ,~.,,;,ij~'l\lfl'lU il'1'11'1'il,;1fifl Hemolysis 1~LW.,'1• 

iiql'ltLDu Alkylating agent(10) il'il'l{u Ethylene chlorohydrin 'll\11D11 Metabolite 

'"'" Ethylene oxide 1'1'il,; 1fi" Hemolysis 1~ uiuifu LLRii Activity UilUfl.;,.;.iua: 

1s """Ethylene oxide(11) 

3. Sorption 

ii.,: miu ~' un-i., !l"ifu (Adsorption) """"'-"'!!"ii" (Absorption) '.!l'1\lil'l'l 

1'1:;.iu-i ,;-i1illu1~il'.ilil\1Wa'Uliiifl (Plastic Matrix) if•~ufl1ffu•;.,\lifu Sorption 1iu 

<iiiu•ifuno.,il!JN'lll (Permeation) n-i.,1fil'I Sorption '.ilil\luo1flU'1L'.il11:w;;i'Uliiifl il'l'11'1'il,; 

1l'l:~1'1li'1'1WLUfl'l.,{ntt'lill'lil\11; 

iiii•i'in'l.,l'll'l<lil\'I 1~11i'ln~ Sorption '.ilil\'IU'lifllilU'-\l!JLn!JLU Kowaluk LLa:P1m: 

(12) flflttLllDfl:;v-i.,:w-i'-\1 PVC 'll\lltt1nu Infusion bags ifuuo_ 4s '.!lu01 (!llu Table 3) 

Ni'IR'1U'l~IJ.n Sorbed '1Ln Aqueous solution '1U1'1'il,;t.J:;!J'lll!VLill'lil\lilU'l\l!JLn tt~\1'1'1flL~U 

1-liu Plastic infusi'on bag u-iu 1 ilil•rni l~uri Clomethiazole edisylate, 

Diazepam, Hydralazine hydrochloride, Thiopental sodium ''"" Warfarin 

sodium Nan'l.,IJ.fltJl'ln!J'.ilil\lu'llu 24 ~'lL!J\I il'il'l{u Clomethiazole edisylate, Diazepam 

""" Thiopental sodium fla.;aua: 33, 20 """ 23 RL!Ja'ifiu il\lB'-'111'il,;N<in-i.,·fo~ 

<il~uu uila\I 1il1; '1'1flfl'l1 flntt'll'lU-i-i•'iu··JUv "" U'l~IJ.n Sorbedtfu ai.iifu pH '.!lB\lil'l., m:a-iv 

fl'l":;Ul'lflm diutl .. :~ Lipid solubility '.ilil\IU'lL"'""'""" !'li'l'lflU'lll1 .. 'j_'tU'1'1'.ilU~'l'lil'lililiR 1Du 

il•'1fm1'ifil!I 

Moorhatclma: Chiou (13) flntt'l Sorption '.il>NU'- 17 '.ilU11ilu PVC 

intravenous fluid bag (Table 4) 

v-i~qn Sorbed 111uii~uil'ifi~11-i~~a~ Rg Vitamin A acetate, Sodium 

warfarin LLm: Sodium methohexital S t . "' ,, ... -orp ion ·~·~uvµ t!JBU Dextrose 

1ui!-i·rn:m-iu fl'l.,~ Methohexital L!i!:'l•niiu A qn Sorbed >JLn "'-' diu LW"l'l~\JOl"llR"l~ 

il;-i~vg"u,11'ilnu Van der Waals forces nu~a-iiliiiRu-in11-i-iu-i~u 
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Table 3 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 

di sodium 

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 hydrochloride 

Promazine hydrochloride 

Promethazine hydrochloride 

Propranolol hydrochloride 

Quinidine sulfate 

Quinine sulfate 

Riboflavin 

Sodium nitroprusside 

Thiopental sodium* 

Thioridazine hydrochloride 

Tobramycin sulfate 

Trifluoperazine dihydrochloride 

Trimethoprim 

Warfarin sodium* 
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Table 4 Results of Screening Sorption Study(l3) 

Initial 
Drug Concentration 

(µg/ml) 

Hydrocortisone sodium succinate 25 

Sodium warfarin 25 

Tubocurarine chloride pentahydrate 80 

Cyanocobalamin 30 

Thiamine HCl 30 

Riboflavin 9 

Niacin 20 

Niacinamide 20 

Ascorbic acid 15 

Pyridoxine HCl 40 

Vitamin A acetate 7. 5 

Vitamin D 4 

Vitamin E acetate 31 

Menadiol sodium diphosphate 100 

Lidocaine HCl 200 

Sodium pentobarbi tal 25 

Sodium methohexi tal 32 

ND = Non detected 

Drugs and Plastics 

fllJA-,, l'lf!ILlilU:::: 

Percent Sorbed 

at 24 hours 

ND 

11. 7 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1.8 

66.7 

ND 

ND 

ND 

ND 

ND 

7.9 

iin•i~n~• Stability~"" Heparin sodium(14) (25,000 units/ml) 

iixi>1'1lVI 1\iia'i!o\lf;-:11J Normal saline solutionlwfn<>1 ttl1ltllJ diusoo units/ml l.ilu 

w1'!1u"mi'-i (Type I glass) ua• Polypropylene syringe 11ifo 2 il-i111ll Activity 

~""Heparin lu Plastic syringe 1..it!.l~uutt!.li!\l u~l1un'!1u"ttn• Activity -;i"""' 
"" iJU""h'iiiiua'l ii'l!>'l'l\l '1!iGi I iJ """'nii ffl• l(JlilnU Uo 1 !iiUN""l !!tl< 

Insulin "'"lVillilv Continuous IV infusion 1uuu<lil1i~'"1 nu a'lWJ~U 

~n~• Ketoacidosis ii;<ull<u~• Insulin Uoll.i•ua••qnl(Jlil~ULAV PVC Infusion 

bagstrn~ Delivery system(1s) n••l(J~nuuo'J'Hl Normal saline U'lfln~'"'" 

5% Dextrose in water solution. 
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uamnn Bioavailabili ty 11a\3v'l.;;i::i:iii'rlfi"ilPiaNilfl'l."tfowiiil_-;iv L~uu~-;iti"ii 

i1;;i ~Veflt'I il'llJU"):: fl'l. ,;f\'l'rl; t .;'11,::ih1fifl'l.'l'j'!Ja\3 ll'l. L U~lJULLlhN 1tJ t!;;i ~ Vt'ld ";lfl'liW"il'l.iWl fia 

!JD fl;ll'l":i ::\'1.-j 'l.\311'1.tfu:: LLil:: ll'l 1 uif ;;i\uu11 '1.tfu::uii'l v'l..U llll'rl\;-;i v un-;i LLil ::tiil'l.iliiifl;f \3ii fJ.CUif1.liiii 

LLlllflpj'l.\3flU l'iil'l.ifAfl~fl-l'l.LLfl'l lULL~;I LU'lfl-l'l luLLlllfl~'lll if::i;nn lun'l.i'!JUU'l.ll uPi"il'l.flfl'liflmn 

i-;iui-;i11 NiltllJ..;'ltlil'lifiiifllJ'l.\311'Ulila'l."il L fifltJfjfl~V'lflUV'l.;IU,":il 1flLLtl fl'l.., L fl fl Permeation' 

Leaching ~ii:: Sorption i1;;i~v;l;;i::'rl;l;tJfin~v<Lfiflifu11'l.flt'l~auav lflun illli1fli\3if~'l" 

'!Ja\3V'l. 11Ufl'!Ja\3t1il'lifiiif1 11Ufl'!Ja\1if'1.iil::il'llJ'!Ja\3lJ'1. PJ.CUt'llJii LLil::i::v:: L'lil'l.;I LnUV'l.luw111u :: 

Ltlu;u ii":i<V\3'1.u-l-ui-;iu.1li::nau11a\111'l.11'U::'l'!a<ifiiiflu<\11fu111 1~u DEHP ;f\3Ltlu Plasticizer 

lu Pl as ti ci zed PVC ;;i ::if i1<viibaan1na~luit<ia:: 'nv;luii'la~ LLil::"il'l.flfl<i ~mn.t1u-l1 

DEHP a<;;iii Nil~ afl'l.":i L ;;i~cy L iiiul lll'!J a\3fR 'l ~au 'lu~111-i''t'llil ila\1 ~i'-1wfo lu flU ii" LUJ u\:i ls.iii-a'lV\'l'lU-j'l 

;;i::ii'Nilpja'r1'l.-an'lufli-afi.,~alun111'l.11 n•-au; Plasticized PVC 11'1.liLtlu11-utu::nfl-;iifl;u"ii" 

ou111~1vfin1;;i;;i::1n~"''"", 

U afl"il'l.fld' fl":ii 11!Jfi fl'l. ":i N~lll H il'lifiii fl'!J a \1UAii::1i \3 \3'1U tl'l."il 'l'J;_ l i fJ.CUflll'l'!J tl\1tl il'lif ii fl 

LLlllfl~'l\1flU L?iu tJ~1.1<cun<'l1 Ethylene oxide ;f"'lt7'rl;1.;'tiil'lifiiiflll'"n.fl;;i'l.fl L~tl fl'l.fl":i":i1.1~5 

fll"a N~111 lu~t1afl'l'l1a'l."il L t'liaPl flR'l.\1 ail Utiil'l.ifiiifl LLil:: aan11l1Ju a~lUif'l..":i ii:: il'U.l;f \'I LtlU ~Ul!l.":i'l.!J 
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MEFLOQUINE: AN UNFINISHED CHALLENGE 

UULLAiii·u1\1"l.'Uffl,~iloiilt1'1 Chloroquine tlv\1 Lfv Falciparum 'lull.,:: rnfll1.,vtu 

n 1962 (1) ilfll'Ufll"irunluii«'ULiltJ L;Jv Falciparurn UDft"j"l.:ilPiiltJI Chloroquine 

L tJ11«'Ulil'U fll, t tiv"l.iflull'iNiltliiinoi v 1 tJ'l uu~ L "lcuvlii fll"j"j ::lllALL".;., ill tltl il\1111 L ii L.; tJ 1 i;ttJ L w"I:: 

ilVI "ii'1ulf L'lMfl fJ LL i;iu ~.u,. ::-lu vilfltl v'1tJ,:: Ulfl vlii""illLLfl'U~ flfl
0 

vfllJ t.h:: L flflfl11tj111 LLil ::tJ"i:: L flf'lil'l "l 

tu~"l'1Mi'10 1952 ~u~M1n1.,~vu1 Chloroquine LnAluJu n1"iLLnl11u~.,, vfLfv111Li1L.;u 

«voivv1l~iin1.,~i1111J1n1.,111ftilvft~\1L~'U n1.,t'li Tetracycline .,""l11fiu Chloroquine ~"uu 

-111 ~Nil~'l u nl"i n;<i,. L ;Yv~~voiv Chloroquine (2) LLoioi illlln; il\1Ufl'l'\I L tJllt1u utJ;N 1 tJl'Iiu1wrn 

Fansidar u1d'tH'N11ii1u,::u::LL"ifl1 uoi'luv!iJft L;Yillll Lil L.;ufii1~iw1n1"i«iloimniin (3) li'IUfl; 

lM;o\1niultJ'l'Iit11""ln Quinine li;it1lMilVl\1Ltlit1"lM1iltM.,""l11ii'u Fansidar ~"tJ.,1nD-l1tHNil 

intnfi"villlfl"l"j (4) 

a~1"1.,n,.111 i1a1un1.,wnu"lutli~uL~1t,. 1u.,::v:: 2 6" 3 u~N1u111 iJ.,1t1\11u~ 

l ""' t"" ' .J ·~"'Fl. "'"' LUH1" ., LM'U"llLL'U"lfl'l\1fll'\I' 11v1ft1u2.n rn L:Svvt11'1iiHann1'\I L"ilfl'llili;t L11v a ciparurn t'lflD 

Jului11111.,an.,::.,;1~ilv1"~1u1 luu 1990 ii.,1u"1u~,_ Qutnine tu11u1A111,..,~,u (1.8 

ni11oiviu. u1u s n\1 7 -lu) tHNilintn Multidrug - resistant falciparum 1~LWU~ 

-i'iluil:: 75 ~" 85 L~1Ju (5) uoiii'1lti Quinine tu11u·u1Lfit1•ii'u~ 1M'u1u 3 H~v 7 -lu 

~"l11ii'u Tetracycline u1u 10 -lu tJ.,1n~-l11~N11intn.fi\1-i'ilt1il:: 100 (6) ~'1Ulil,U'U 

Harinasuta Uil::flcu::uu::u;tH't'Iiu111u1u~uL~'U Drug of choice (7) n1'\l~;i1'1lti 

~"l11ii'u Tetracycline L~il1MN11intn-i'ilva:: 100 JullML~'U~"l.Llil Falciparurn L~ll~iloiil 

Quinine UR"l 11cu::~u~H"l.L~v\1fll.,~i1t1'lftil Quinine n~a\1LnA~u White u11::flcu::i"l.u\11u-l"l. 

n1.,in1n111L11L~uluvi::Lrif'l1flt1li;it1tti Chloroquine ~ulu1iN11 (8) LLil::'luL•i11ln~L~t1\1ii'u 

tJ,lnD--iltJI Fansidar vVl\1 L iiV"lH~il d.'fil.lM'.,""lllflU Quini'ne n1n11 lui1L11'1,flfl;il"l.U Lfil 

Falciparum ~Lflt11"loiilt111fliinoia1tJ(9) 
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ih.1w-,..,A &ffRU 

if'l!l1<L~il""''~vu•'.llil\lL~il Falciparum 1u1mLn1>1~u•ow•~lutl•~•w"11wuw'iE 

th~ L WAfilu 1 U L iJ L 'i!u"1 ~cru ililfl L <iu\l 1 m L n•il'u if<y1n '1\'lfl aT> L ft"1~U L ULLiltt'inoLLil ~il LU'i n• LR m·rn 

, 11iiilu iiu ""il'u\i "lu diu~hi •LLtlan h dfoii n'.i11'""''""'.;1 u"<niiu'.i'1f u11•"11'"l"Wl'lU>1'1•"l"ii" 

Walter Reed ",,; :Jil "''i "' 1 m1rn•u•ui'fo '"''' ~.tu•m omn •" • 'i miii "'1m.i1 il<1fluoiimrn•u>iu'1., 

LLm1l"l•f1D~'""Y•Wu\'11u~llu11ii1>1~Rvuvo\'luo•~vTiv~•a•u•"l~l'l1a•u•~v Falciparum ~~""'1.;; 

Mefloquine diuuom•uu• 'a• 'lt111i.i.,11il"~"u'auh uoi'ra•u•"lUl'l1iloU • ~" 1u di.,• l'i""""'" lm 

ii'1u1J~, L ~flii'W'\I ~~Bvi£J£1'1 Primaquine, Cycloguanil, Pyrimethamine 
"" ,JJf • • r:; 

11"lil"1iltl-iunilo\l"1il Chloroquine ""''" 

<nnt11 ~aun•"lru""" Trenholme "" ""ru" ( 11) 1 un<11n>1-iijii-,u11'1. -,ifu1111'- 1 2 "l<u 

.;;-,u Mefloquine 'h1'.llu<"1 1 ''"" 1 .s n1u 11u~<t1•tu'.l!U'l"1 1 .s n'fu <l'l.U'l."rn.i--rn~1hultt11<v 

", flflo";R"1 ,if mn '" ':; "1.;; 1 U'.llru•~U'111U'10! 1 n'f u6'u 1i.i1mNil'8iu~ """ "' H!J'l'.l!U'l§l 'llu.a'lanii 

onu u.i diuwlu• Li'lu1•nt1;l;il~""''~'iv'i'r iilm!inT<J"l<""'u 1-l1ui1hu'1\'ln,;,_., 

luu 1979 Doberstyn """"'ru~''""'uN""''1n Mefloquine 1u11"l"'"'"'ll'lu 1u 

ti'"" 191s-197s ~.1;;>1,.'lin>t,.;ilu•~ s7 ii" 100 (12) .. .;,,,,,.,,u"1utuil 1902 ~"i'l11>11 

1uiiihu 37 AU U"jofl!J~'" .'3vtivmav•LLUU RI 1 AU ""~1u<11u•uii1.hu 118 RU ii .~iltiv.ivU1LLUU 

RI s "'" (7) ,j"1"'"'""l'u"1u·1rn11 Boudreau """"ru•l'lu-:ioui/1hu 1 Ruwl ,;fot;.,,j" Mefloquine 

dlmmu RII ( 1 3) 

""~"'"" Mefloquine ~"1 ~il\'IR11•ivu-i!lu1oini\v"1i.i1m11.,~n•~•flu1'1<1111-i.,l~!i11-i"linu-ia 
.~.~!ino"lin'luil<i~UULflULWU\liJ~Lu"l•u•n•"lRfl>lo1'o\lfliiUAL~odu R11'1<J!Ja111'!iuA~n'l.Ui'.(<1•AilU 

1iiL<U'.11"""1111 mu• n ~"{( 'w" ".,'"""lfn"li'lmn '~.~n.i-,u '11'~ 'ilu n• "ln•rn"" 1u~i.hu"1u-;ou 
1uu•11(14) 11.,~niluiiun•1nn1.,tiafililuow-iu1J••oi•~u1u-:i•<i••ilu Chloroquine M'la Quinine 

il\l 1,J!J,,j ""<11-l-i 'liRil"u 1mmi•~1-, iim•u ,.,;i',ii,,J aif \'l , ""~ , 41., Falci pa rum tfu<t'luT'rnii 

Cross resistance "l~1'-lo" Chloroquine ifu Quinine 1; (1s) ~"{(.,-,,,,ilu•w.,,•u•~" 

mil\ltlWRil~".,1A"l\l";'"'iluw•n 4 - Aminoquinoline •111iauiiu <1111'\iu Mefloquine du!i 

~lii"l1A·Nfl;.h'l dluw--rn 4 - Quinoline methanol 'l!"""'vflll\lifu Quinine wrnwl<jOJ lfllifuno 

,«.,tiav• Quinine l'l~a Chloroquine vynilutL~cinuo<J•~ilmil Mefloquine 1; •1iu d'iuciiiu 

(1s) A~ilfiu-iu111~•{(a,'1<1~li.ii.i.,1.,,.,u~L1'u<•Olu<11>1iun•"l~L41atia.ia Mefloquine LW~•~ 



• 

Tilai J. Pharmacol. 

Oct. -Dec. 1982 
Vol.4 No .4 227 

Mefloquine 

Chainarong Cherdchu 

tl"l•nD-l•v,ii Pharmacokinetic properties 1uLL~a::~l'lflilluLMuaunu~L~tl' Desjardins 

LLa::l'lcu:: (1 7) 1~i,a'l1,u-l,lu4uv•LU!il Mefloqui ne a,lil~n~~~ulil,nni::L"'::a•M•iuavni, 

i mi a:: s s •n11~'11 fl,"l~t.nii~,fl~"f1~111 llilv L w~vui ::in cu 2 «ui;nH' uoi'.thlv~m.i-ii'•"n-l'•"fiaui ::a.ncu 

s ii" 23 ~u 

l~va1u dfo"~nn Mefloquine Li)uv,fliiqfl~U':i'l1fl-l; Quinine ( 14) ii Nati," L fia\1 

uav ( 12) a::lil'nllian,"lu~M,., uf-n::lut1u"l.lilim:n1»nu Li!iff""'.f" L-a' 1. s niu ~"fiauti,"LLu 
u au-l,lil ::\1nu'11n l'liLLflU Chloroquine lu L .;,~u;f LLAlil,nn,"lPi lilPnUNiln,,ftm:n 1ufl,'111'1iill'lfi 

n.,::,.,;1uij1ha'il;u,uuaa t\ii,,a"'u-l, LflM,.,~aa, Mefloquine ;fuLLa' lui,lil::dluLLuu 

RI .. RII~ . ~ • . I • 8 1.. "" , .. M'1il flPl,11Ul'il:: LIJUei\1Uilfl LMl!J,,fl,"'Jlililtllillli'I L fllilLLW"'3Mi'lltltJU Pl ii fl L11i1Ufll"1Ui::n,fl 1ftn 

av''" d)u"''"n'"l rnii r1u lun,iinlr1'11t1, Fans idar ( s ) LM~,;! Lfiu t ~a'l1ilu'lfi111i'l Lif r11P1un~V1tn-

~,a111i 'il::«ulu«\1Lfl':i,::MM~ilafililt1,'il'lflR1fa~ulwiilr1,liliiQP1"'3ll'l'1'11a;,""iflUilflLMUi1lUlil,fl 

Quinol i ne nucl eus LLil::fl;fl,,~n~,ilU,'11'il~"~"ii"L~il'l1flillnn,,r1E nqflt nalnilL~il~il~a 

tllL~ilu;luijn,.,a;,'11tllAlUU,LilL~t1iliitl'1::ftflOft,WQ'1Uilil(;lfttJ LLil::tl'1::MilillU~~PI 
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Cive them Pulmadll 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 broQchospasm 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 
apparent even at many time:s the recommended dose. The 
Jllargin 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 con lams a suspension of R1m11,,rol Hyd1ob1 om1dc 10 
mg1rnl. Each valve depression releases 250 mcg of R1m1lerol HyJrobrom1de. 
Indications: 
For the acule 1 eliel of bronchial asthma and bronchospasm occunn9 in 
bronchil is and other bronchpulmonary conditions. Do 5 age : 

Each valve actuallon releases ~50 mcy PULMAOIL 

Precautions: 

1 or 2 mhalahons should provide relic I This lrealmenl should nol be repP.aled m 
less than one 110ur Nol more lhan 6 trunlments should be laken 1n any 24 hour 
penod e.<cepl on the advice ol a physician .. 
PULMADIL should be adminislered lo children only under the su;>erv1s1on of a 
re~pons1ble adull. 
Side Ellects: 
No side effecls ol any signll1cance have been reported. 

Care should be taken 1n the presence o f hyperthyro1d1sm. Cardiovascular. and 
other sympathom1metic drugs. II a previously adequate dose o f PULMADIL 
becomes 1netfective In relieving asthma, the patient should again consult h is 
coctor. 
Pregnancy: 
All hough no terato:ienic effects have been observed in animal expenments 
care wi th PULMAOIL as with all drugs, is recommended in the first trimester of 
pregnancy. 
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Adver:ie Reactions: 
No m~1or adverse reacl ions have been reported. 
Presentation: 
Metered dose aerosol containing 400 doses supplied with d1sposabl& plastic 
moulh piece and cap. Further inform a lion is available on request from Riker 
Laboratories Australia Pty. Ltd .. 9· 15 Chilvers Road, Thornle1gh, 2120. 
Australia. 
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