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ORIGINAL ARTICLE 

PROSPECTIVE STUDY OF ADVERSE REACTIONS 
OF ANTIEPILEPTIC DRUGS IN THAI OUTPATIENTS 

Pakdee Pothisiri*, Kittima Makarananda**, Karnpon Sri1.,atanakul**, 

Puntarika Charoonroj**, Ubom1an Pongprayoon**, and Siriphan Eamrungroj* 

* Food and Drug Administration, Ministry of Public Health and **Department 

of Pharn1acology, Faculty of Science, Mahidol University, Bangkok, Thailand. 

SUMHARY 

Adverse reactions of antiepileptic drugs were being monitored 
prospectively in 560 outpatients (52.9% male) suffering from cdnvulsive 
disorders in two major Bangkok Metropolitan hospitals . The patients were 
interviewed by trained observers using an open-ended question and a check 
list of known adverse reactions at l east twice after receivfog the drugs . 
Patients' medical records were also reviewed . Six different anti-epileptic 
drugs were being prescribed in the descending order : phenobarbital (42 ,5%), 
phenytoin (38,8%), carbamazepine (8 . 6%), clonazepam (6 .4%), primidone 
(3,0%), and sodium valproate (0,7%) , Nineteen percents of the patients 
reported some adverse effects of which 25% were sedation. Other adverse 
reactions were also related to central nervous system -e . g . dizziness 
drowsiness,headache . No serious adverse effects were noted. 

Epilepsy is a collective designation for a group of chronic 

central nervous system disorders having in common the occurrence of sudden 

and transitory episodes of abnormal phenomena of motor, sensory, autonomic 

or psychic origin (1) . The ideal antiepilep~ic drug would obviously sup­

press all seizure without causing any unwanted effects. Unfortunately, 

the drugs used currently not only fail to control seizure activity in some 

patients, but they frequently cause a considerable array of adverse effects 

that range in severity from minimal impairment of the central nervous sys­

tem to death from aplastic anemia (1). 

As far as we know, comprehensive prospective surveillance pro­

grams to determine the incidence and severity of adverse reactions of anti­

epileptic drugs in outpatient populations have not yet been conducted in 

Thai land, The outpatients setting would be a better representative of the 

1 
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general population. Patients frequently do not follow direction carefully, 

so that overdose toxicity may result from the intake of much larger amounts 

of drugs than have been prescribed . The prospective nature of the study 

should provide more accurate data on adverse drug reactions than the retro­

spective studies. 

MATERIALS AND METIIODS 

All patients in this study were outpatients visiting a medical 

clinic at the Outpatient Departments of Ramathibodi and Prasart Neurologi­

cal Hospitals during July 1-November 30, 1983 , The drugs used were pre­

scribed by specialists at standard doses. The patients were interviewed 

by the trained observers at least twice after receiving the drugs . The 

questions being asked were both open-ended questions and a check list of 

possible adverse effects . All patients were free of cancer diseases and 

psychiatric problems. The patients who were seriously ill and unable to 

communicate were excluded . 

Adverse drug reactions noted in this study were classified accor­

ding to the criteria sugge~ted by Irey (2). 

Definite - a reaction which follows a reasonable temporal sequence 

from administration of the drug : which follows a known response pattern to 

the sµspected drug. This reaction can be confirmed by improvement on stop­

ping the drug (de-challenge); and reappearance of the reaction on repeated 

~xposure (re-challenge) . 

Probable - a reaction which follows a reasonable temporal sequence 

from administration of the drug : which follows a known response pattern to 

the suspected drug. This reaction could be confirmed by de-challenge and 
could not be reasonably explained by the known characteristics of the 

patient's clinical state. 

Possible - a reaction which follows a reasonable temporal sequence 

from administration of the drug : which follows a known response pattern to 

the suspected drug. This. reaction could have been produced by the patient's 

clinical state or other modes of therapy administered to the patient . 

•' 
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Conditional - a reaction which follows a reasonable temporal 

sequence from administration of the drug : which dose not follow a known 

response pattern to the suspected drug. This reaction could not be reason­

ably explained by the known characteristics of the patient ' s clinical state. 

The function of this category is to retain temporarily those cases which 

may be manifesting a yet undescribed adverse drug reaction and allow later 

reclassification of the case when more information becomes available. This 

category prevents the loss of previously unsuspected drug reactions and 

help identify new adverse drug reactions. 

Doubtful - any reaction which dose not meet the criteria above . 

The severity of adverse drug reactions was classified accor­

ding to Schimmel (3). 

Minor adverse drug reaction - if the clinical manifestation 

was shori and no specific treatment is needed . 

Moderate adverse drug reaction - if the specific treatment 

were given or caused prolongation of hospitalization. 

Tabl e 1 Age and sex distribution. 

Age(years) Male Female Total 
Number % Number % Number % 

15-20 76 25.7 68 25.7 144 25,7 

21-30 120 40.5 85 32.2 205 36,6 

31-40 56 18,9 73 27.6 129 23,0 

41 - 50 23 7 , 8 16 6 . 1 39 7, 0 

51 - 60 11 3,7 15 5.7 26 4 . 6 

61-70 8 2.7 2 0 , 8 10 1.8 

71-80 2 0,7 5 1,9 7 1.3 

Total 296 52,9 264 47.1 560 100 

3 
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Severe adverse drug reaction - if it was life threatening or 

cause organ damage and lost of functions. Sometimes adverse drug reaction 

may result in death. 

Other pertinent information such as age and sex were also ana­

lyzed to determine whether they would influence the development of adverse 

drug reactions. Descriptive statistics, paired t - test and contingency 

table analysis were used whenever ~ppropriate. 

RESULTS 

Age, sex, disease and drugs 

A total of 560 patients who suffered from convulsive disorders 

were monitored. Of which 47 . 1% were female as shown in Table 1. The 

patients' age ranged mostly between 15-40 years old (85,3%). 

Six _anti epileptic d1·ugs used in this study were shown in Table 

Phenobarbital and phenytoin were commonly prescribed (81.3%) . Table 3 

showed that 65.2% of the patients received more than one drug at a time 

(55.1 and 10.1% received two and more than two drugs respectively). 

Adverse drug reactions 

By using paired t-test to compare the results of an open-ended 

Table 2 Antiep~leptic drugs being prescribed. 

Drugs No . of patients Percent 

Phenobarbital 238 42 . 5 

Phenytoin 217 38 .8 

Carbamazepine 48 8,6 

Clonazepam 36 6,4 

Primidone 17 3,0 

Sodium Valproate 4 0.7 

2 . 
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question and a check lis t of known side effects, we found that in order to 

assess the adverse r eactions, the check list method significantly r evealed 

more numbers of side effects as reported by the same patients than the 

open-ended quest ion (P<0, 05). 

As shown in Table 4, 18 . 9% of the patients developed adverse 

r eactions. The reactions seemed to occur most often in the age range 

between 51-80 years old (34.8% of the patients in this age groups) , The 

numbers of adverse drug reactions were significantly different among each 

age group (Contingency table analysis P<, 05) 

Tabl e 3 The number of drugs received according to sex . 

Number of drugs Mal e Femal e Total 
received Number % Number % Number % 

1 52 31. 7 58 38 . 2 110 34 ,8 

2 94 57,3 80 52,6 174 55 .1 

More than 2 18 11.0 14 9,2 32 10,l 

Table 4 Incidence of adverse drug r eac tions (ADR) of antiepileptic drugs 
in pa tients with different age groups. 

Age(year s ) Mal e Femal e Total 
ADR/Total % ADR/Total % ADR/Total % 

15-20 14/76 18 . .4 12/68 17,6 26/144 18 . 1 

21-30 18/120 15.0 14/85 16 . 5 32/205 15,6 

31-40 12/ 56 21.4 14/73 19 . 2 26/129 20,2 

41-50 6/23 26 .1 0/16 0 6/39 15 , 4 

51-60 4/11 36 .4 6/15 40 , 0 10/26 38 , 5 

61-70 2/8 25. 0 0/2 0 2/10 20 . 0 

71-80 2/2 100 , 0 2/5 40 , 0 4/7 57.1 

Total 58/296 19.6 48/264 18, 2 106/560 18.9 

5 
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Table 5 Incidence of adverse drug r eactions according to number of 
drugs received. 

Number of drugs Male Female Total 
received ADR/Total % ADR/Total % ADR/Tota l % 

1 16/52 30.8 14/58 24 .1 30/110 27 ,3 

2 12/94 12.8 9/80 11.3 21/ 174 12. 1 

More than 2 6/18 33.3 5/14 35.7 11/32 34,4 

Table 6 Clinical manifestation of adverse drug reactions and the r espons­
ible drug. 

Clinical 
manifestation 

Neurological 

Lethargy 

Gastro-
intestinal 

Cardio­
vascular 

Alle rgy 

Respiration 

Trew or 

Urinary 
change 

Eedema 

Ea1~ symptoms 

Dryness of 
mouth 

Total 
0 Percent 

** 

Pheno­
barbital 

37 

6 

6 

3 

2 

2 

1 

2 

1 

60 

34.7 

* Pheny- Carbama- Clona- Primi- Total Percent 
toin zepine ze1)a111 done 

35 

11 

9 

10 

5 

3 

3 

2 

2 

3 

1 

84 

48.5 

10 

1 

1 

1 

2 

2 

1 

1 

19 

11. 0 

5 

1 

1 

1 

1 

9 

5.2 

1 

1 

0.6 

87 

19 

18 

15 

9 

8 • 

5 

4 

3 

3 

2 

173 

100 

82.l 

17. 9 

17.0 

14. 2 

8 . 5 

7 . 5 

4.7 

3 . 8 

2.8 

2,8 

1.9 

*Percent of total patients reported a~verse drug reactions (106 patients) 
o Percent of total symptoms reported by the patients (173 symptoms) 
** 25% were sedation, others included dizziness, headache, restlessness, 
depression and confusion. 
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Table 5 showed that patients received two drugs concurrently had 

less adverse reaction (12.1%) while patients with more than two drugs had 

34.4% of this reaction. The relationship of adverse reaction and number 
of drugs prescribed were significantly different. (P<.0,001) 

Most of the side effects reported in this study (99 . 6%) were consid­

ered to be minor, no severe adverse reactions were noted . The clinical 

manifestations of adverse drug reactions were summarized in Table 6 along 

with the responsible drugs. Neurological symptoms (e.g. dizziness drow­

siness, headache) were the most common adverse effects (82.1%). There was 

no significant difference between each drug in producing the incidence of 

adverse effects as reported by the patients taking different antiepileptic 

drugs as shown in Table 7. 

DISCUSSION 

In our study we found that age might be one of the important fac­

tor in developing adverse drug reactions to antiepileptic drugs. All 

adverse reactions were considered to be mild and the patients can tolerate 

quite well to medication. The reactions occurred may be classified into 

Table 7 The number of adverse drug reactions of each drug 

Drug 

Phenobarbital 

Phenytoin 

Carbamazepine 

Clonazepam 

Primidone 

Sodium Valproate 

Patients 

ADR 

42 

43 

12 

8 

1 

with Total 

patients 

238 

217 

48 

36 

17 

4 

Percent 

17,6 

19,8 

25 . 0 

22 . 2 

5 , 9 

Contingency table analysis of reaction rate indicated no statistically 
s ignificant difference among each drug. 

7 
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possible and probable categories (2). These reactions also confirm the 

known pharmacological action of the drugs . No serious side effect was 

found . 

The major factor in determining the choice of an appropriate anti­

convulsant is the patient ' s type of epilepsy . Correct diagnosis of type 

of epilepsy serves narrow the choice of available anticonvulsants to a 

small group of appropriate drugs (4). Since most of the diagnoses noted 

in our study wer~ labelled as "convulsive disorders", we did not know that 

the prescriptions followed the recommended guideline or not . Phenobarbital 

and phenytoin were the drugs most commonly p~escribed in our study. These 

two drugs are widely used for the treatment of generalised epilepsy, So it 

is likely the most of our epileptic patients were of generalised type since 

this type of epilepsy comprises more than 85% of all incidence of epileptic 

seizure (4). 

The traditional approach to antiepileptic drug treatment was to 

begin with one drug and to gradually increase its dosage until the seizures 

were controlled or until acute toxic symptoms developed in which case the 

dose was again slightly reduced. If seizures continued, then the 

next step was to add another drug and build its dosage up in the same way, 

and so on. Another approach was to begin the treatment with two drug 

(e.g. phenobarbital and phenytoin) in the hope that there was synergism and 

that small doses of two drugs were less toxic than a large dose of a single 

drug (5, 6). In our study more than 50% of the patients received these two 

drugs at a time and this group tended to have the least adverse reactions 

when compared to the patients received only one drug . Phenobarbital seems 

to be the drug of first choice in this study. 

Convulsive disorder is a chronic disease which requil·ed long term 

treatment . The incidence of toxicity may increase and much of these toxic 

effects are directly related to the number of drug being given and some 

adverse reactions continue to emerge from time to time (6, 7). One of phe­

nobarbital side effect is drowsiness which occurred in the first few weeks 

of the treatment. In our study, we found that after a period of time this 

drowsiness was subsided and if the drug was still used, insomnia may occur. 
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One of the problems in using drug combination is drug interaction 

which can precipitate toxicity or lead to loss seizure control (8). Many 

of drug interactions could and should be avoided by the use of single drug 

therapy whenever possible. In the case phenobarbital and phenytoin,pheno­

barbital which is an enzyme inducer can induce phenytoin metabolism and 

depress serum levels of the latter. Phenytoin itself can also raise serum 

levels of phenobarbital probably by inhibition of hydroxylation enzymes 

(9), TI1e clinical significance of this drug interaction has not been well 

established. 

The widespread practice of anticonvulsant polytherapy has many 

undersirable consequences and there is little evidence of clinical benefit . 
(6). But in our study, using two drugs in combination had least side 

effects. For all the patients being studied, only nearly 20% had ' adverse 

reactiond and most of them were considered to be mild and confirmed by the 

known pharmacological actions . Patients can tolerate quite well with these 

reactions. However, in general treatment of epilepsy, the disease should 

be treated in the simplest and most effective way with one or at the most, 

two drugs. 

In recent years, newer anticonvulsant, valproic acid or sodium 

valproate has been associated with a worrying incidence of serious liver 

and pancreatic toxicity (7). In our study only 1% of the patients 

received sodium valproate. The number of the subjects were too small to 

assess the risks of this agent. 

In this study, we did not detect any rare or unusual side effects. 

However, it can never be assumed that this same picture will be found in 

general pratice or elsewhere. Since in the hands of specialists, proper 

selection and suitable titration of dosage may play a vital role in the 

safe uses of the drugs. 
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ORIGINAL ARTICLE 

SMOOTH MUSCLE ACTIONS OF SOME THAI HERBAL CARMINATIVES 

Guay Ketusinh, Su1·1a t f'1imol1'1a ttanapun and Nantaporn Nil vises 

De partment of Pharmacology , Faculty of Medicine Siriraj Hospital, 

Bangkok , Thailand . 

SUMMARY 

Crude extracts from five Thai medicinal plants traditionally 
employed as carminatives, viz : - Zingiber cifficinale, Zingiber cassumunar, 
~lurraya paniculata, Oc:iJnum sanctum and Allium ascalonicum were s tudied on 
guinea pig il eum and rat uterus. Tonicity of guinea pig ileum was l.oi~ered 

by ·z·. officinale, Z. cassumunar and A. ascalo11icum, unafft:cted by O. sanc­
tum; and conversely, contraction was induced by M. paniculata . z. cassumu­
nar exhibited t he mos t potent tonicity-red~cing action . Effects of acetyl­
choline and histamine were depressed by all extracts , whose effects were 
revers i bl e upon washing. Z. officinale exhibited the most powerful blocking 
eff ect . Rat uterus was not affected by Z. officinale, z. cassumunar and M. 
paniculata a l one ; bu t contraction was produced by O. sanctum and A. ascalo­
nicum. Al l extracts inhibited the contraction response ~o acetylcholine. 
The inhibiting effects were r eversibl e with all extracts except z. cassumu­
nar. There may be multiple mechanisms associated to the carminative and 
emmenagogue actions of the plants s tudied. Spasmolytic property may be 
only a part of the actions . 

Use of medicinal plants are being encouraged in deve loping count ­

ries as remedies for various diseases . The ericouragement is concerned with 

the need for l ow cost treatment in conformity with the World Health Organi ­

zatlon Pr imary Health Car e Programme . The present study was conducted to 

determine whether five commonl y used Thai medicinal plants , viz:- Zingiber 

officinale, Zingiber cassumunar, Murraya paniculata, Ccimum sanctum and 

Allium ascalonicum had any action on smooth muscle of the gastrointestinal 

tract and the uterus , which would warrant their use as carminatives and 

enunenagogues respectively . 

Z, officinal Rose . is generally known as ginger 

Its rhizome is hot and diaphoretic and is used as a remedy for fever and 

diarrhea , as emmenagogue , and more commonly as carminative. Report ed 

11 



12 'Jhai J, ~hannacol. 

Vol,6 No,l Jan , -Mar, 1984 

constituents are zingiberol, zingiberene, gingerol and zingerone. The 

volatile oil consists mostly of terpenes , phellandrene, dextrocamphene, the 

sesquiterpene zingiberene, zingerone, resins and star ch(l). 

z. cassumunar Roxb. is similar to Z. officinale in its texture 

The rhizome is also used as antipyretic, antidiarrheal, laxative, 

emmenagogue and carminative. 

Uurraya paniculata L . leaves are used for tapeworm 

infestation, dysentery, diarrhea, flatulency, and to stimulate menstrual 

discharge. Reported constituents are a glycoside murrayin and an essential 

oil, the chief component of which is cadinene, 

Ocimum sanctum L . is generally known as sacre~ basil , 

The leaves are used as expectorant in bronchitis, as carminative, for the 

treatment of peptic ulcer and sometimes for irregular menstruation . Repor­

ted constituents of the volatile oil are methyl chavicol, cineole; linalol, 

methyl homoanisic acid, caryophyllene, eugenol, eugenol methyl ether and 

carvaerol, The mucilage contains hexuronic acid, pentoses, and ash; on 

hydrolysis it was found to contain xylose (1) . 

A).lium ascalonicum L. exists in the form of tubers of which the 

texture is similar to onion, but the size is smaller The bulb 

is reported to be useful for colds, as diuretic, purgative, and also 

carminative'. 

MATERIALS AND METHODS 

Guinea pigs were fasted overnight and the terminal ileum was 

dissected in length of 1.5-2 cm. Young female rats in the estrous phase, 

identified by the vaginal smear, were sacrified, and uterus was taken for 

the experiment, 

Physiological salt solutions to be used were: 

Tyrode's solution for guinea pig ileum and Munsik's solution for 

ra.t uterus. 
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The organ bath was adjusted t;o a constant temperature of 37 ' C, 

Other equipments that were used included a mechano-electrical transducer 

biogastab V, an amplifier for the transducer, and a multipen recorder. 

Preparation of Extracts 

Crude extracts of the plant~ were prepared as follows·:-

1, z , officinale , Five hundred grams of chopped rhizome were 

macerated in sufficient 95% ethyl alcohol for 24 hours. The filtered 

extract was evaporated to a syrupy consistency, Five hundred milligrams 

of the e~tract were dissolved in 10 ml . of distilled water for the 
experiment, 

' 

2. z. cassumunar, The extract was prepared as in 4.1 

tration of 20 mg, per ml. was used. 
Concen-

3. /.!, paniculata. Ten grams of the leaves were chopped up, 

mixed with some water, ground and strained. The volume was made up to 40 

ml. with water, 

4. o. sanctum. Aqueous extract of the leaves was prepared as in 

4.3; it was made up to a concentration of 10 g. in 40 ml. 

5. A. ascalonicum. Extract of the tuber was prepared similarly 

to 4,3 . The concentration used was 750 mg. per ml. 

Control agents 

5,1 Acetylcholine in concentrations ranging from 1 : 2,000 to 

1 : 400,000 was used selectively according to the response of the smooth 

muscles to 0.2 ml. of the agent solution, i.e., the concentration which was 

sufficient to exhibit control submaximal contraction. 

5,2 Histamine in the concentrations of 1 2,000 to 10,000, was 

used! 

Procedure 

The general scheme of study was prepared as describe elsewhere(2). 

In short, control submaximal contractions of the smooth muscle were 

first elicited bi using 0,2 ml, of appropiate concentration of acetylcho-

13 
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line and /or histamine solution. An extract was administered into the 

tissue bath in serial volumes. One minute later, 0,2 ml . of acetylcholine 

or histamine was applied, and any change in response was observed. The 

tissue· was then washed with physiological salt solution. Equal interval~ 

of three minute were allowed after each set administration of control drug 

and/or extract. 

RESULTS 

Effects on Guinea Pig Ileum 

z. officinal e 

. Tonicity of the ileum was slightly lowered by the extract of 

z. officinale, The responses were dose-related, l~en the extract was 

administered one minute prior to acetylcholine or histamine, the contrac­

tion responses of the iluem to these latter agents were lessened, After 

pretreatment with 0,2 ml. of the extract , the average ampli tudes of con­

traction exhibited by acet~lcholine and histamine were approximately 38% 

a~d 36% of the control respectively, The depressing eff ect was reversible 

upon washing but not compl etely . 

Z. cassumunar 

Tonicity of the il eum was apparently diminished .by the extract of 

z. cassumunar (figure 1), Compared to the effect of Z. officinal, Z. cas­

sumunar, in spite of the lower co~centration, exhibited more potent tonici­

ty-lowering effect. Effects of acetylcholine and histamine were also 

diminished by the extract, After pretreatment with 0 , 2 ml. of the extract, 

the average amplitudes of contraction were 75% for acetylcholine and 89% 

for histamine as compared to control contractions, The blocking effects 

were completely reversible upon washing. 

f.I, panicula.ta. 

The extract of M. paniculata, in contrast to others, stimulated 

contraction of the intestine in a dose-related manner (figure 2). Never­

theless, the contraction responses to acetylcholine and hista~ine were 
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Fig. 1 

" 

The effect of Zingiber cassumunar on guinea pig ileum 

A= Histamine; • = Extract of Z. cassumunar 

lo\vered by the extract, The contractions were lessened to about 36% and 

84% of the control respectively; the inhibiting actions were reversible. 

O, sanctum 

The extract possessed no activity on the ileum, but blocked the 

spasmogenic action of acetylcholine and histamine which were given after­

wards, The average amplitudes of contrac.tion elicited by acetylcholine 

and histamine after pretreatment with 0, sanctum extract were 81% and 30% 

of the control respectively. The blocking actions of the extract were 

completely reversible, 

}\, ilSCalonicum 

Usually the crude extract of A; ascalonicum relaxed the guinea 

pig ileµm, Occasionally, high doses of the extract stimulated the tissue. 

The responses were dose-related. Acetylcholine and histamine activities 

were inhibited by preceding administration of the extract which reduced 

the responses to the two agents to approximately 68% and 80% of the control 

respectively, These actions were reversible. 

15 
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The effect of Murraya paniculata on guinea pig ileum 

"= Histamine; •= Extract of M. paniculata 

Effects on Rat Uterus 

Extracts of Z. officinale, z. cassumunar and M. paniculata when 

given alone exhibited no effect on rat uterus (figure 3) . When 0 . 2 ml. of 

acetylcholine was dropped into the tissue bath one minute after dosing of 

either extract, contractions were induced but with reduced amplitudes as 

compared to acetylcholine alone. The de~ressing effects of Z. officinale 

and Z. cassumunar were iTregularly related to dose . The average amplitudes 

of contraction produced by 0.2 ml. of the extracts of z. officinale, 

Z, cassumunar and M. panicul ata were 65% , 76.% and 50% of t he control respec­

tively. The actions were partially reversible in the case of Z. officinale 

and M. panicul ata, qut irreversible in Z. cassumunar . 
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•o.1ml •o.2ml •o.4ml •Eo.a ml 

Fig . 3 The e ffect of Zingiber officinal e on rat uterus 

~ = Acetylcholine; •= Extract of z. officinale 

' Conversely, extracts of O. sanctum and A. ascalonicum stimulated 

contractions of rat uterus (figure 4) . The effects wer~ regularly related 

to dose, Moreover, the effects of acetylcholine on t he uterus were also 

blocked by both extracts given previos ly. 

-· - • • ,: : • 
• 

.I -
- ,. 

'=- T ,:..ch 
-:0-

'I 

- 'T -· . 
Fig . 4 The effect of Allium cepa on rat uterus 

A= Acetylchol ine ; •= Extract of A. cepa 
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. DISCUSSION 

This study was primarily interested in elucidating how the he'rbs 

ayt to produce therapeutic effects that has been used by the people in the 

treatment of their ai;ments. It is not always possible to give a pharmaco­

logical explanation or a rational reason for the use of a traditional drug, 

espeyially in the unpurified state, This may be due at least in part to 

the multiplicity of actions and interactions of the active constituents, 

some of which may be synergistic or antagonistic to each other. The five 

drugs selected for this study have been popularly used as carminatives and 

emmenagogues for hundreds of years, and all still enjoy a very good reputa­

tion, 

This study showed that Z,officinale, Z,cassumunar and A.ascaloni­

cum relaxed the guinea pig ileum, while M. paniculata contracted , O. sanc­

tum was inactive, There were discrepancies in these effec~s, and yet all are 

effic~ious carminati ves, This finding indicated a multiplicity o.f the 

mechanisms of action of carminative drugs . The textbook explan.ation that 

relief of tympanites results from the carminative relaxing the cardiac 

sphincter, and so allowing the accumulated gases to escape, as seen 1n the 

cases of Z. officinale, Z, cassumunar and A. ascalonicum, may not be true for 

all members of the class , .Contraction of the muscular wall of the stomach, 

such as by M. paniculata, may also effective, by increasing the inside 

pressure to overcome the obstructing activity of the sphincter. Lastly, a 

drug may exert carminative action .by neutralising the spasmogenic effects 

of histamine or acetylcholine on the sphincter muscl e , This action was seen 

in all the drugs studied . The carminative effects of t he five drugs may be 

explained on these concepts . 

As to the emmenagogue effect, it may be the simple result of 

increase in tonicity or ~ontractility of the uterine muscle, as exhibited 

by O. sanctum and A. ascalonicum . Antihistamine and anti - acetylcholine 

actions may be helpful in spasmodic dysmenorrhea . This line of activity 

has been found in all five drugs . 
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Sodium Content in Antacids 

Prasertsak Tuchinda, Prasart Vankrua and Krungkrei Chenpanich 

Faculty of Medicine Siriraj Hospital and Faculty of Nedical Technology, 
/.Jahidol University, Bangkok, Thailand, 

SUMMARY 

Antacids are widely used in the treatment of ·gastric and 
duodenal ulcers. Both patients and physicians may not be awared of 
possible harm due to the presence of high levels o'f sodium salts in 
these drugs; the cases of weight gain and edema have been reported 
in Western literatures. This study aimed to estimate sodium levels 
in various antacid preparations obtained from the market and from 
hospitals in Bangkok. Number of these preparations contained very 
high level of sodium. These preliminary data indicate that number 
of antacid preparations in the market may have too high sodium level 
and may not be safe to the patients, especially to patients who 
require salt restriction. 

1 " .,, ~ ~ cl - .!11 "' "'il 1 n1, t1u1rifln,flLt1il,nH,"ri::,::~uil1n,,nLnfl~u u~u1un "uri un,::L~,:: 

il,~,, LLri::ri; 1 tt L ~mhuA'u ~~ifo·rn,,U1 fltlil~ tiil~Dfl L rlil LLrl ::D,fll'J5u 'l tJ il~'J ::uu 
C{ "' 'l t' I • I ,, • lS " I ..Jq t' t J1l 
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1 Utl"J:: L t1f11tlVitfll.,1 tltJI a lilfl'11i11JI fllJI tJ ~"fl~thu «iliUt.1'1 ::mu Li)" lLtl:: 1 liltJ 

Lmntiil" luiJnd" 1 h"wu1u1a~1" 1 ltiu1a1i111'11i1 Lilu'1;u-rn111n il"Jun1,n1t1~111111 

tJi)"l'llLfltJ1J1UtJltllilfl"Jlil'llUlil~I" 1 ~il~'luit1u1u; ~"Ul'1::Ltlutli::ltJ'lfUilUl"lJIO'lun1i 

tlil" ilu Na L ff u~ ill'1 L ii liliYu ua:: od'l u O"J:: ~u L UimJ LLW nu ~ft#" tJI 1 t1' uti~I1h uif A'il "'1; tllil L fl fiil ua:: 

1 tftJI d1u, ::u:: L'l<llU1U 1.i'i::ulili ::'l" L fltJ'lnU L :t il"ifl -lu1" i1u"1uif LtlU Ni'lfllilili 'l'1t11 

tllilJll\J l 'lf L eiu 1J tu tJI <llilfl"J lilil" 1 ti'ilu i) ~ ilUI" LL,..,. t1tlltJ 1 Utl"J:: L tl fl 1 tl tJ 

l ;Iii, 'l'1H1t1:ij111ru 1'lf L ~tJlJ'i.JI OUl<llilfl'1lil'll1"llil1l; ii"~ lil«il'11fl;IU ;., LLtl:: h"wu1-

u1 a~1" 1 1uLtJlilfl1"LtlW1JHIUAi1u'li'l"iJ w.fl.2522 - 2523 '1'11J . 32 'll01i1 lliltJt; 

-1B111V1i:JIU (1-5) 

Flame Photometry Analysis 

lt1~1aliln'1lil 25 1101.mfllnml';n.tu~11~viLL-ifl1Plmi'-;i 25 lJa, tu volumetric 

flask LtJUlilUl"LLi"'1U"J'l1J Li'iu Lilil L~u-;iii'u uu"lrilu centrifuge tube u; 1t1ilu 

;'ltJ LA~il"du fl'lllJ L~'l 5000 "Ji)U~mnti tli::lJll\J 20 Ultl lltJfl UJIU'luli't,Jl"UUlJI L~il 

'1.,";'lml';u., o. 02Y, Sterox 'luii'lil""JIU'lu 1 : 1 oo u.i''lu; 1t1t1 lili'1ilU1ntl~1nrul'ZI LfitJll 

;'ltJ LA1'il"flfli'1vu Flame photometer 11i1tJ Ltl-1uu LtiuunuU';u., l'll L~u11111Ai:i1uitiiA'l111 

UllJtlU 1 40 iiaal11a/ alil"J n>.J::i'111JI '1flt1i1utl~1Jllll'llil" l'if L ~UlJ 1 UUli'llilfl"J Iii l ~ lllJ'll'1::fj 

tl~lJIMHl" l'ZI L flU1Jil~'1;1nu L ~flllilU 

-1tin1i tllil<lilud d'iu 01 it11i1i'1ilmntlli111ru l'll L ~uu 1A'ilu
1

1 "m.iuu; uvin1, 

L Iii ~tJlJ i'11i A' 'lilU.," vi111tl1"A'uii'"1iitt1111""Jfli?irlil-l1 l; uu flU'lU'll v" 1 'ZI L fimrnilnu 1f1ll J.Jiniw:r il 

lii uAn L ilu uu'ln1"ifou::1.ini1u~11 uu1a1i1nililuA« ::'Zlii lilill'ZI L eiu11tl::tluv~n1 il l11° 

Adaoted Gravimetric Analysis 

tH1ttvun1U';mlnt1il"rt1i 1uA'-;iilu1"1 Au L tiuu'1111'1;1nuu;.,u-nuv"a'., 5ui1"'1; 

t1ljfi~u1nulil111'1;u'lui111\Jatit11" LAfl lti'a1iA'-;iilu1" 1 oo 11«. t.JU';u1nlilrtilufiv sy. 

AgN03 solution ua:: Conc.HN03 
1) u;Ulfllilflilil'lliliinl'; 1 oo ua. l LtJUILLi\'.l) Lt1'lrilu gooch cruci-

b l e u; ltlniil"a" tu suction flask uunu;n, iN 1rt'1uiin L nu.; 

. .. 
rtuyiruHlJlilll«'l ~"L~ll conc.HN0

3 , ex.
1 

.. a.J _ .. 
UlililfllJI lil"t1" t1 LUUtl~lllt11Jllt1il" 

~N lt.1111 1 t1-i' u11nuAu l tl;'lU'1U AgCl vin111 ::nuu 

3 ua . Lt1ti1l'1Ltl1nu u;lt.JA'u 2-3 u1;i 
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'lu~i m.i~iJru111;iiJ 10 s · •if. 1nu 1 ih 1u" u'ifl" Ll1flDfl'N lui/"U-~u1un 

tJ:iJlJ1lll 1'11 L~UlJ 

•1ntJfin~u11u~D 2 •:l;aun1"J ~"d 
Ag Cl 

(143. 22) 

+ 

.I • 
L t1Dfnu1ru1n 

NaN03 
(84.99) 

Agl\03 + NaCl 

(169.87) (58.44) 

1 molecule NaCl (58.44 g.) 

ftD AgCl 1 g. = NaCl 

= 1 molecule AgCl (143.22 g.) 

.. 
tn AgCl r g. NaCl 

NaCl-0.4078 x r g. 

A111LilutJ~u11l11'11LAUll 

= 58.44/143,22 

= o .. 4078 x r g, 

= Na x 0.4078 x r 
NaCl 

0,4078 g. 

= 22.99 X 0.4078X r 
58.44 

= 0 .16042 x r g. 

160.42 x r mg % 

) 
a.e11S ~ N Cl ~ 1 <"JI .J ..... ~ 1 'lfiULUU01"Jtl lili'IDUH'l a 11:uu 'llL111UlJtl"J'llJDflOUa1"JU"J:nDUDU 

~" liia1u1·rn•:1rnaDmn 1; LtfU sodium bromide Lifuiii'u 

2) L~ll conc.HN03 ~"ltJ L~DLHu'iu1Lilun"J111 (1~n, :1111tt~A"a 

) 1 .cJ ~ & ... .., -1 ... ""' /!, IJ ti111aDu un: ua1111:tiLUUO"J11lU •:tJD\10UlJ 11a1"JDU 1 VIOVl:nDU tl\1ULt1"J1:a1"J 

U1\1DU1\1~:n1ul;'lun"J111 

phosphates Li1uPi'u 

Hl\O 
3 

3) AlJLUti''iL~Dl'l 2-3 u1n 

t1'i'h-i'luiiA:nDu ii~rn1Hl~ supernatant ta 

' L'llU carbonates, oxides, 

4 j a" L 11~DA1\1tf1; A D\1 LULHlJ.nnuua"a-l1"11'1DUil\1D1nAUilU
0

1\1 lL"J\1 Ui"J1: 

AgCl •=a~1uu~1ti'iLHLlu chloride ltJ 

•1 n n1 "JH 1tJ~ u1rut1D\11'11 L ~uu 1uu1~ 111n·rn '~"fl L iluu1~1" tJ"J: L tlfHrn:tn tf r·l~VI 
111u'lutJ"J: Lt1f1 ttutJ~u11111'lf LAUll t~\1LU"J:i1li.ll'i'iu~=,=~u\l" ~"ua111\1LuA1"J1"tf 1 



..l ~ 1 ?i ,J~ 1 "' - ' N "1'"1"5'"1\l'n 1 "5=ALJ'llE\l 'lfL v"n•~ A~'"lflV'"lOIAfi"5A'lfUAA'"l"1 A 

.,=ii'u'llrN 1-ir Li1iv" "5=ii'LJ'llE"1-ir LAV" ~atn if a in 

mg% mmol/l mg% mmol/l 

Akadon 138 . 0 60.0 Amagin 115.0 so .a 
Al mag 92.0 40.0 Amphogel("5~. L~Aau) 60.0 26.0 

Al mag el 124.2 54 .0 Antasil gel 184.0 80.0 

Alugas 184.0 80 . 0 Asilone 68,8 30 . 0 

Alum milk 156.S 72 .o Beri-Gel 153 , 6 68 . 0 

Alum milk 46.2 20.0 Chulamin(.,~ . ~~.,oi"n.,ru) 64.6 28.0 
c.,~ . ~.,=""fl!l Lna'"l) l.elusil · 105 . 8 46 . 0 

Alum milk("5~ .L~Aiu) 4.6 2 . 0 Maalox 32.2 14.0 
Alum milk("5~.~~.,.,'lf) 116 . 2 52 ,0 Machto Gel 177 .4 78.0 
Alumin 101.2 44.0 Milk of magnesia 18 .S 8 . 0 
Aluminium hydroxide gel 161.0 70.0 ( ( "5~ . ~~'"lOl"fl"5al) 

(A'"l L~tl LAiiAEOI) Mist . alkaline 2779 ,8 1208.0 
Aluminium hydroxide gel 128.8 56.0 ("5tl . •ihtW'"lLJ'"lOI) 

( E"Afl'"l"5 L1l~'lffi"5"5") Mixture antacid 239 . 0 104.0 < 
0 

Aluminium hydroxide gel 69.6 30.0 .... 
Phillips 'milk of magnesia * - * a. 

("5t1 . ~~'"lOl"MtU) 
-

:z 
Riopan 9.2 4 . 0 0 

Aluminium hydroxide gel 197 . 8 86 . 0 ..... ;l 
°' C"5t1 . t1"5 =""1l!l Lni'"l) Rioplus 13 . 7 6.0 ~ .... 

°' ::i <-. 
Aluminium Olan 46 . 0 20.0 Wyeth Aludrox 23 . 0 10.0 I 

2: "":; 
Sil :r 

Alusil 184.0 80 . 0 Wyeth Simeco 18,6 ... "' 
8 . 0 

. >< a 
- Sil IC (') 
O> 0 
~ -
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Dfl ILfl<l'lll l'Hllil, 'l'1ll 'l 'l1 L gj Ull DIJ. ~nu tl\1 tn:: lilU lil'l Ufl ::~" 1J Iii 'l DU'l \1 u 'lll fl'l U'11U lil'tlll. 

tJlill'll\l1'l1 LgjU1JD~rj\1ffl'l 100 mg% 1rn::Ul\11fUlilih::fi'u~"fl~I 1000 mg% il'LtiU\1 

Vi'lDU'l\1 L~U'l¢ilil,'l'1lut1utJli1J'll\ltJD\11'lf L~UU'1'lflfl'l'l1J l'l'liil\1~G~'l'lf fl'l,UU~ll'llll 1'11 L~U1JDQ 
' L'l1U 

1) n-..,1~11a-..,nuD11 (preservative) (6) 

·1;Ju-iu lu dfo• 11ilu L~11<1-i, Sodium benzoate O. 5% W/W 

2) n1,t11'll1'u-iflliln,lilii~nmu:: Lilu gel, colloid (7, 8) suspen-

sion ~,~D magma (9) it"-.;i::n1'l'1v1flfln,lil,'l1l~'lnul;~ lu
0

flm1 ::nDtJ ILfl :: 

n,::'1'ltlflrJ1llLHflUi1'u -.;i::AD'1LA1l colloidal electrolyte Ltfu sodium oleate, 

sodiu~ dodecyl sulphate 
' L'11U sodium carboxymethyce llulose 

sodium silicate fl"ltJ 

a) n'l,LLA\1,<I L'liu ,<111'l'lU Lt.D'l~i·fotJ,::mu"°-iv-ifu 'lti' saccharin 

sodium (6,8-10) 

4) ~on-..,,..;u-.. (processing) 'lun1, Lvi~uutJ'li'lliln"iflUl\1~'l HD'1L~ 

<l'l,11 fl'l V'll'Ulil1Jitl1tJijfi~ tl'lll'l\1 L fl ii L 'll'U 

· i3ismuth subcarbonate (9) 

Magnesium trisilicate(9) 

Aluminium hydroxide gel (6) 

AD\ll~ sodium carbonate 'lun-.., 

sodium silicate 

~D\lNdu aluminium chloride, 

sodium carbonate ILl'l:: sodium bicarbonate L'IJllil'lt1nu ILol'l Ltiu sodiwn 

benzoate LH1:: glycerin 

Magnesium hydroxide (ll) PlD'1Ni'lu Ln i-l'v'IJrN magnesium 

sodium hydroxide 

L0D'1'1'lflfl'l,l~tJ'lfllilfl,lil~ULO~il 

( 12) ,'l tJ\l'lW,i1hu 2 ,ltJ ,'ltJ 

25 
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l\''Hl d'.itmiY'1D'lf! 5B i1 J,udlul·rnR'u11ii'1 (Laennec's cirrhosis) i.nli'1\'IU'l­

tJ'lfl~'ltJfflfl'l'l1JD\1 chronic liver insufficiency, a sci tes ua :: edema .U';mrn 

~huiflitJ 57. 7 nlflfl{lJ llli'itJfl'l'limn 1lilu1tiu-,fllilfl'llil ifD Trinesia R (t.l'i::miu 
.. 
lil'ltJ aluminiwn hydroxide, magnesium trisilicate ua:: carboxyme thyl -

cellulose) tnu 6 -lu U';t·n°iflib1tflJi1tJ'1'1flL~lJLtltJ 60.9 fi1"1n.;'lJ ascites ua:: 

d " - R ... - - a! a e ema lJ'l~1JtJ n'ltJHf1'1ttf!lilV'l Trinesia u'lHtJfllil'lL'llJi'llili'l'1Un::D'ln'l'ltJ'llJflfllilfl\1 

~'lv umiri,m-l., u'lr1lilfl,lilt1ilti1di1h 1DiulJ 123 iiriafli'lJ tuiil'lu'l 30 iiriaa vi, ~1hu 

• 
iJ'ltJ'l'ltJfJrtD\1 LUutl'ltJ D'lf! 57 i1 tl•ulil''luhfl coronary artery 

disease ua ::U'l'1fl'f'1ii conges tive heart failure l'i''lu hfliht1u-i'llll'i''lu AD 

duod enal ulce r ,j;nt°iflPl'lL\'ifliU 55. 5 nlflfl.;'lJ ~tl'ltJ ll'i'.;'ufl'l'lfl'llJfllJD'll-l'l'l low 

salt diet DU'N L fl..;'1 fl-1 vi 1dD'1'1'lfl~J'luifa'lfl~'lt.l'lliltlD\1 utmu~\1 t fltJ'lfllilfl'llil 

T . . R e - -- u e r1nes1a ~'l'1fl:: 30 lJfli'lfllil'l 'ltJi'l:: 4 fl'l\1 

iJ•uL~lliiD'lfl'l'l cardiopulmonary conges tion 

n'lt1H~\1thflt1'lfllilfl'llil 1 Nt.llil'l~ 

Ufl ::ii edema 3 + ~'1 1 ~~nu 

,,,j.,als.iiJn'l,tJ 'llJ L i'ltJ U';m1nih L ~lJiT'u 1ilu 60 • 9 fili'lfli'lJ 1rlm1m1unqlil t i-!u., 

T . . R ..., t a& ~ 1 ., • ..,, ~ a& " r 1nes1a D'lfl'l'llil\1flfl'l'llil1JtJL'lDtJ 1 '1UH'ltJ t.I LW'l'lfl'ltJHfl\1nD'lfl'l'llil1JUUi'l'l Ulil 

" • "u a .,, !\ e cl "l • • u • .11 " 
~t.l'ltJfltJ\1lJD'lfl'l,HDU LlltJDtJ LJJUU'l\1fl,\1 'D\1fl lJlJ'lflLLfl :: itJL\'l\1 Ltl'lflU'l::tn'l\1tl lilU'l fl lilfl'l lil 

mrnu i-r mn Llifl'l'llJ L ~tJ-l'l h L~tJlJ~iit.J::t.lu D~ ~'ltJ Lfl.;lJ ti-i'n'lfl'1"11UU"l\1iftJL\i'l ::U'llJlJ'l fl 

if u Bock us ( 13) l~m1mtt.{tJ"i 'ltJ '1'ltJ~\1 fl~'l1Ufl:: urt lil'1t.l.:;lJ'llUif D'11 '11 L iiiumrn:: lt.111vit1 1 :ifulJ 

1trn'l fl~fl'l Iii 1-i't um1'1if D~ L 1J'l L i'luu \Yh i taker 11a::m11:: (14) ~u,, tJ'l u L fiv'ltlu h L ~vlJti 

iit.J :: t.Jutuu'lalilfl,lil 1-i'tum'foilD Current Therapy l'i'1u 1tiunu tJDfl'1'lm'f1foih1u'1~Dti 

D'l'1ifo L~D'1t1;tJD'11~t1'lntJ1iilflnfl'lt1 L~lJ (15) l111u 1utn:a1t1°'1'1fl'1 Ble ifer uci ::flru:: 

l 1959) (16) l ~tllilflD'1H'lt.l.;lJ.,ru l 111 ~ulJ~iJt.I ::t.lu tuu'ltHlfl"i Iii 4 '11Ulil 

.ca.U I ,,J • .,._ .... • I .. ~ Cl 

lJ"jffTitJ'llil'l\1 1 nn'ltJ'lfllilfl'llil'11tJliltJ'lDDfl'1'1\-lU'ltJVl'l~nD\1lilil'llil Tiilfl'lflH,D 

L Dfli'l'l, tlutJtJlJ'l OUtJ'l '1 ::tJDfl L fiu '1-l'l iii 'l ti 'lt.I,:: fl DJJ ~'l tJtJ'l ~DD fl rinift1u Iii t lilU'l \1 L\fl ::uiJ.;lJ'l!\I 

u-i'l 1 Iii u~l s.il ~u ufl-l'l iiri '1 ut.lri fltlflulJ l>i., '1 1 ~'1 fl~'l 'l~ lillJ'l nuu.,tf u L riv 

fl'l,1~tJ'lillilfl,lil'11UlilL"lil ii~D~ RD a'lu1n~~.;lJ'lruln1~t1lJfiut.1 ::titJu~U 

1.1.; lJ'lruu iltJ fl-l'l'l1ttlilU;lJ., fl u~ 1 m1tf li.iu tm t ti L tl<s'l:: fltl if "1lilfl'lIii1rn:: fl.,, fl OJll 11r-rn ~1 s.i 1 ,~., tJ'l ri Iii 

fl i 11111ilriU'; (1 2 ) rrnff1~'1'lflflTrn~riu'1li 1i1u Lfl~t1'11il'uu•'., 11.,,1iJu.,<1111fl, "1Lu~ti'l t1 

lJ'l\1fl~" '1;LtltJAiJ\1Lf.lJf11'llJ'l ~Ulil,::~'1l~lJ'lllfl'1~U L~tJ fl'l'll~U'li'l~fl"llil1u~ti'lufi;u\1 

.;ff~Lfl~il ls.i~ .,l~U'li'llilfl'llilfifiLfl~ul'l1L~tllJNtllJD~1ut.J.;lJ'lruQ\1 
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Biochemical Characteristics of Trichothecenes 

r'lannee Rojanapo 

National Cancer Institute, Bangkok 10400, Thailand. 

SUMMARY 

In this report, the author summarized the biochemical 
characteristics of trichothecenes which are a chemically related 
group of fungal metabolites produced by various species of Fusarium, 
Myrothecium, Trichoderma, Cephalosporium, Verticimonosparium and 
Stachybotrys. They are cytotoxic to several kinds of animals and 
fungal cells and can induce skin inflammation, nausea, vomiting, 
diarrhea, leukopenia, destructio~ of bone marrow and haemorrhage in 
various organs of both human and animals. Biochemical studies on the 
mechanism of action revealed that trichothecenes are potent inhibi­
tors of protein and DNA synthesis especially in the eukaryotic cells. 
Binding to the eukaryotic polysomes and ribosomes and the subsequent 
inactivation of ribosomal cycle may be responsible for their inhibi­
tory effects to initiation and termination reactions . However, 
different types of trichothecenes were found to have different 
degree of toxicity between the in vivo and in vitro systems . Thus, 
lipophilicity of these toxins may have some influences on their 
cytoxic properties, and this membrane involvement may be related to 
their selectivity toward target organs in the whole animal. In addi­
tion, trichothecenes have been reported to react with the reactive 
SH-group of some enzymes through their epoxide ring at c12-c1 , 
thereby suggesting that this reactivity of the epoxide ring o~ tricho­
thecenes with SH-group of proteins may also be important in determi­
ning their biochemical effects . 

ln, lfl !Hlud ( trichothecenes) u1un~mrn"ffT'1Ruri LnPl"l'lfl L «n ,·nrn-it1 1 11UPI 

L~u Fusarium, Myrothecium, Trichoderma , cephalosporium, Verticimonosyorium 

LU:I:: Stachybotrys ffiw1ulht1.1£l" L;fll"J'l LHa-itf 1;fY~ftmnuti::lfi'.,,t1"'1Unll1nU'lUUii°Tl'lt'litff' 

L nfl l"Jfl'i'.itJU "J "ADflUUil ::tJtfiA-i't U" il'ltl.,.uff,t'l 1 tin ( 1) L ,fu tun'ltJq l"ltJ ilW'1 ?Jil uJ~n'l ua ::~~U 

D'lfl'l"JflUL5lllJttRUflLnfl~U l~un n-ii"J::fl'ltJLRll"~N'l"U" nitH~'l"U"DnLillJ lJ111 0~11~~D" ORu 
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~ D., ::1111tn" L~UD'H1'1"l n1 t Hfl~u H' D'1 L ~uu uil ::nu"~"N £11n~ JlfltJnPitiD"., ::1111<f.;.," Lil fl L ilDfl L ,;t1 

t11tt1°'J1t1'ltHilA Li1Dl'ltl'1'li'lflil" Li1ilfl'J'1" 
0 

ILil::fJ LitoAilil0~'1"il'ltJ'l::A'1" 1 L,;U O"S:: Ltn::il'1H'1"S 

LLa ::a11 ff' t1ilO'J'1nd'ntttJ~'1£1fl1'111 ilfltln ~hn "., ::1111tl-, ::<f '1tl LL a ::il'1'Jti1 t .i LL ti" \\O 1 ~ (Pl.,.,., "ff 1 ) 

ua:: 1 A'R\1'JUnt1A £>11'1 tJ"S'10lJ~'1 l:-,fl 1L<1 ::il'1n'1., u1uih:n ,.,~.,ff L nl'l'J'1n<f'1"S?it:t 1 n., lfl fHfuJ 

<f '1"Stltt 1 tl"S lfl 8!!t1J L~Uil'l"S Lfl£1tl-,:: urn sesqui terpene ua dh;,\fl"S lf'l-,"il.;.,"tJ., ::­

mmft'1u:tl•"11i11t1ff il trichothecene (2) ua::fJ epoxy ring ifA1u11u'"n c12-c13 tJ" 
<f'111'1"SflUU"ililn1fi\~u 4 tnn fl'111amtru::\1fl.,lfl.,"il.;," C-itlif 1) fiD T-2 toxin type (A), 

''Taumel getreide11 

Toxicosis 

Alimentary Toxic 

Aleukia 

Stachibotryotoxicosis 

Bean-hull Toxicosis 

Dendrodochiotoxicosis 

Moldy Corn Toxicosis 

Red-mold Toxicosis 

fl fl'ltl if u<1 ::ilfl -i' 
flfJ il '1 n.,., 

Siberia headaches, C,saubinetti 

man,horse,pig,fowl chills,nausea, 

vomiting 

USSR 

man,horse,pig 

Europe 

horse 

Japan 

horse 

Europe 

horse 

USA 

pig, cow 

Japan 

man,horse,pig,cow 

vomiting, F. sporotrichioides 

diarrhea,skin 

inflammation, 

leukopenia,angina 

shock,somatitis Stachybotrys stl'a 

dermal necrosis, 

leukopenia 

convulsion, F,solani,etc. 

cyclic movement 

skin inflamma- Dendrochium toxicum 

ti on 

emesis,hemorr- F.tricinctum 

hage,refusal 

of feed. 

vomiting, F .graminearum 

diarrhea,emesis, 

abortion 
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CH ~ II W" CH 
(A) 9 • 1 3 . II 

·H 8 ... t.... (8) 1 i 
R5-' 7 'il O 0 · · ·• R 

11 I •••• •4 2 i 4 ~H - ••. 

en3~1.)~-- ;• ~ R II O R 132 CH3 / R2 
II en3~~ • ,, 

0' •"2 Cc> en2 -- , ... /. (D) CH3 •• I CH •. 
o--3-R-H-o Cll3 • OCOCllaCHCllJ 

II 

Rl R2 RJ R4 R5 

(A) Tr ic ho thecene H II H H H 

Trichodermol (ror-ldin C) H 011 H II H 

Tr ichodermin H OAc II H H 

Dihydrotrichothecene H 011 II H OH 

Verrucarol II OH 011 II H 

Scirpentri.ol 011 OH 011 II H 

T-2 tetraol 011 011 011 H 011 

Monoacetoxyscirpenol 011 011 OAc II II 

Diacetoxyscirpenol 011 OAc OAc II II 

8(-llydroxy-diacetoxyscirpenol 011 OAc OAc II OH 
(Neosolaniol) 

Monoacetylneoeolaniol OH OAc OAc H OAc 

711.-llydroxyd iace toxysc 1 rpenol 011 OAc OAc OH II 

7,8(-Dihydroxydiacetoxysci~penol 011 OAc OAc 011 OH 

T-2 toxin OH OAc OAc II OCOCH2CH(CH3) 2 
IIT- 2 toxin OH OH OAc II OCtx:H2CH (CllJ) 2 
Acetyl T-2 toxin OAc OAc OAc II OCOCH2Cll(CH 3) 2 

(B) Nivalenol OH 011 OH 011 

Monoacetylnivalenol(fuearenon-X) 011 OAc OH OH 

Diace tylnivalenol OH OAc OAc Olt 

Deoxynivalenol OH II 011 OH 

Monoace tyldeoxynivalenol OAc H OH OH 

Trichothecin H OCOCH•C~CllJ H II 

R 

(C) Verrucarin A 

• Roridin A 

Satratoxin H 

Vertiaporin 

(D) Crotocin OCOCH• CHCH 3 

°ltJ~ 1 ijA, 1R,'3if..j','3tlil\1il,, lt1, 1n fH!u.f~ L nfl lu rl,,tltf,~ ( 20) 
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nivalenol type (B) , macrocyclic type (C) ua:: type D L~U crotocin ~~fJ 

epoxide ffA'iuml~ff c7-c8 (1) '11nn1i;inu1q'tlift10~§11ifhtl't1ilfliHtuJ~Ofl~'N 1 flffnflot>n 

l .. I .Y ~ I f' d ., l!!'r J - ., ,Y ~ .- lfl!!'r I t'I ., I 111 flfliltiftlt'lflilrN tilJTlD1fi1"2flfl'l Vfla~ntJnU'tl LnflnUtll'ftiflllLil ZflU flD ~nW'{ULLi~~HI l'fl'1U~ fill 

L'lfil~tui::tJU't11~L~Uil1M'li ua::L'lfaalui::tJUn'liff;'l~L~f'I L ~ilfl (3) D1n'liLLilZttU'lOfffi'ltiLM~'ld 

fl~'lVntJAUtJo~i~ft M~n alkylating agent L~u mitomycin C M~o nitrogen mustard 

( 4) UDn'11nd' Lff o;lnu1 tu cul tu red cells ttu-l., ff'lsninuuC~n'li1Lu~~•'llD~ ltJ, lA-il'• 1rn:: 

1na~11::L~~lA (s.s) tJ'tlfl'l111d''1::n~1.n~n1iflnu'l'tl'l~"•Lflfi'llD~Nani::nu M~DfiW1lD~lnilflo­

fuJ ~~dL~ofl'1::1ft'tli'lun~nalnn1iDonq'tlif~n~ff'lifluLM~.,dlui::fttJl11La~a 

n1iuu6~n.,ia~Lfli'l::HltliAu 

Mins'lu'11nn'liflnu1~~uluu'1~uuuafl~LHL~u.;., ff'l,~u trichothecenes Li.'Jua.,, 

Aun~11fl£Jq't1iffiu8~n1iif~Lfl"21::HltliAu11D~ eukarybtic cells ff1uui~ff~f'I ua::1fluLn~'l:: 

Du1~U~'1::£1NaAnL~aafln;i~uJ~~• "~o metabolically active 1~u 1'l!aalui::uu't1'1~1Au 

o.,".,, ua::1~aalui::uuL~flLaoAt1D~fluua::afl~· uDn'11nd~£Jq't1ifuuO~n.,,a~Lfl,1::ttltJ,~uluRn 

ua ::tt•n L «o,1ua ::flOIPlf!nft'lU 

lull 19sa-19s9 Ueno uil::Rru:: ;f~1i.'Juun~nV'lfl'l01fl..;71.,,~~u l~flnu1ua::-,1u~.,u 

L~Uflru::uin.;1 nivalenol ua:: fusarenon-x ;f~1i.'Julnilfln"ui type B 01'1111,nuuO~n.,, 

a~Lfli'l::Hltl,AuluL'lfillL~flLaoflUfl~t1o~ni::~1u Ehrlich ascites tumor cells ua::L~a; 

tJD~M~ mouse(7,a,9) uRlUff'l1l'l"2nuu8~n'liif~Lfl,.,::HltliAu11o~uuflflL~V Ro11.,lull fl . fl.1972 

Ohtusubo ua::Rru:: (10) 1Af1~'1u-l1 fusarenon-x uu6~n1ia~Lfl,'l::HltJ,Autu,::v::L~11;u 

(initiation step) Mi~'1'lniiu Ueno ua::Rru:: ( 11-12) lfli°'tl;n.,iflnu'l 1#11 LA1JLLa::tttJ.;., 

if1,Aul't1,lfla~uJ n nOft rJq'tlifuuO~n.,,a~ Hl'11::HltJiO!u~~lu L'lfaaua:: cell free system 

( 
J ..I I 11 11 I .1 ., /J .Y 

fl1i1~'t1 2) ~~'1'lnn1iLtl~VlJL~VUf11tlil~fl'l11JLtl1JtlUtlil~ff1iAU110flft'l~ 1 't10l11J'linvuv~n1ili~-

L fl":l1 ::HltliAu lA' soY, lun1'1't1111•rn~tf trnoi1tJlfi.j.,a.,,;:iu l'tli lflatuJ type C fJq'tlifi.nnflqfl lu 

n1iuuli~n1-,~~ Lf'l'11 ::'11tJiAu Ldn'tl'in'li'tlflffDtJlAul1i\'l!aaAff~f1!1~ftD~ (intact M-10 whole 

cells) ~n~a~11'llftu~ type A ua:: type B fl111a;Au 'lf~Ai~nuR1111L~uffu'lln~1'tlilfln­

tuiifffJRDRA{tifrnn~ ua:: cultured cells (P11"J1~ff 3) LLa:: 1dn 11l"luu LffUtJi!A"Jlfl-,~OI;.,~ 

Ui1ZftMWiiPi't11~ LR£1ntJf}'t1ttliNU'l'1flttluu~a ::nillflLLfffl~ l-l'lufl1i'l~ff 2 Lli'I:: 3 '1:: u'fu 1A'-l1flCUU1J­

iJ'Pilun'liti ::a'lv1 fflU lm.Ju ( lipophil ici ty) t1n~ lt1i lfl o§Jt~fiu1PllJ!1l'lnAon1"J L tiuf'luua ::n'lino~ 
qt1ifuun~n1~«~ Lf'I..,., ::'1ltJiAutu 1'l!a.r ~~D'l'1'1::Diiu1v 1A'-l1 l t1, lRaifuJ fff1f}rust11ufia ::a1utu l'lltiu 

lft~ D'l'1'1ZN'lULrlnL'lfilillflRn~'l ~~£Jqnt111nn~1 nJ1~li~ft111LrloLll~UtJLffUtJNl'ln1itlflilD~fll~ 

'11nn-1"Jttt whole cell nu cell free system tun'liMnu'ln.,.,.r~ Lfli1::ttltli~u ltii u1u 

~'l 1'tli lf'lllfufitJ'l~n0AD'l'1't1"! 1'1 Lfln~i.J L'lfaa'L nAn1i Llli1uuulla~ 'if~'1:: LOflNilO"J ::tlURDn'l,~AiJ11ua:: 
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A 

B 

c 

n1~Lu,uuL~uuq~~uun~n1~~~LH~1~Hlu~Au~E~ '~~1~aguJ 

nOfl~1~ 1 (11 - 12) 

T-2 toxin 

HT-2 toxin 

* ID50 (µg/ml) in protein synthesis 

Rabbit reticulocy~e 1\lmor cells Rat liver 

Whole-cell Cell-free Whole-cell Cell - free 

0.03 0.15 5 

0,03 

Diacetoxyscirpenol 0,03 5.0 0 ,035 > so 
(DS) 

Neosolaniol 0 , 25 

7- Hydroxy-DS 0,3 

7,8-Dihydroxy- DS 0,6 

Nivalenol 3.0 

Pusarenon-X 0 , 25 

Diacetylnivalenol 0. 10 

Tetraacetylniva- ?> 10 

lenol 

Dehydronivalenol(Rd)2.0 

Dehydronivalenol- > 10 

monoacetate (Re) 

Trichothecin 0.15 

Trichothecolon 20 

Dihydronivalenol 3.0 

Verrucarin A 0.015 

Roridin A 0.006 

o.s 
0.2 

6. 0 

0. 35 

20 

8.0 

8,0 
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Pl'l 'n"fl a fl'l"J\ll~UU\ffuuRtiU~ZNi'ln'l"g,;~u'l~D" lt1ilfln!ud' (a, 5 ,s) 

LOSO Skin rn
50 

(µg/ml)MED(µg/mO 
lnil ... a!uJ mice chick embryo inflamma- Tettahymena HeLa cei'l s 

mg/kg i.p. µg/egg tion (µg) EYrifotmia 

(A) T-2 toxin 5,2 0,07 0 . 2 o.os 0.01 

HT-2 toxin 9 , 0 0,5 0,2 o.s 
Diacetoxyscirpenol 23 0,09 0. 2 o.os 
Neosolaniol 14,S s.o 1 o.s 

(B) Nivalenol 4.1 4.0 10 10 0.2 

Fusarenon-X 3.3 2,6 1 5 0,1 

Diacetylnivalenol 9,6 1.9 1 1 0.1 

Deoxynivalenol 70 5 

(C) Verrucarin A 1.5 (i.v) o.os 0.001 

Roridin A 1.0 Ci. v) o.os 
Vertisporin 0.001 

(D) Crotocin 700 (i. v) 10 

LD ; Lethal dose 

ID ; Inhibitory dase 

MED ; Minimum effective dose 

it~rniun'lii!lnti'l~'l lni lfln!uJ· a'uti"n'litl" Lfl"J'l z'11llilrufli zu z ini tia ti on, 

H~u termination ~u lAnun;nu'l~'litfli 2 n~u i!lnH'llflUn'l"J~fl poly­

tu HeLa cells (1a) u~zthur (14-15) lflt1D'lffUH~nff~.,tum11zflL'!firn" 

elongation 

some profiles 
I 

UPI n1~"n"Ll'li'lz"ll.liAu~u ribosome ~zu~tuafi'lM~D" polyribosome .,;u polysome 

initiation inhibitor ~zLl.lduu polysome . t'1\t1u monosome uaz ribosomal 

subunits D~'l""JIAL~• tu~ruzfl elongation uaz/H;n termination inhibitor ~z 

ffuti"n~"Jft"Lfl"J'lZ"ll.l,Au lAufl polyribosome ff"A"itfi'l~D~LH0DUL~U ~'ln1ufl 2 ~"Uitfl" 
polysome profiles ~u"nai~n.,,i"Lfl"J'lZHll.l"Jlru~nffuti";'u trichodermin uaz 

verrucarin A ft~; L.,u~.,. trichodermin a'uti"n'lia" \fl'j'l z.,"lu.,Ofu~., zu z elongation 



ni111i 1nlh1'111u1 

o~ s lau~ 1 u.ft.-D.ft. 2521 

A B c 

Migration~ 

'ltJfl 2 uUtl\1 pol·ysome profiles 110\!fluA'fhA'i'u trichodermin (B) 

ua~ verrucarin A (C) ~~u 1tJ 2A i~u control culture 

"~o termination ~~u verrucarin A vuli"~~~u:initiation ua~~1nn1.,~nti1ln.,lA­

~fuJ~OAA1\! i 5n 14 ~OA lAu~ad n;l~u1u1~nuu\!~1~1"~1doonlA'1~u 2 n~u A1u.,~u: 

1JD\!1Jll~un1~#"1A~1~HltJ~Mufiu1~uAa~~OA1tJ~un~u (A1~1"ff 4) ov1"l.,~A1u1do Staf­

ford ua~ McLaughlin ( 1 4) lA°~mn iAu lAU ttu-11 trichodermin vuli\!01.,a\! lA.,1 ~.,' 

ltJ~Mulu~~u ~ termination 1A~n~1ff., :u: elongation 

turl 1s?4 Ueno Uil :Acu~ ( 1 s) 1~~nti1na 1 nn1.,vlllf\!n1~A'" lfl.,1 ~.iltJ.,"uttu.;1 
trichodermin u1u1.,n~unu so S ribosome110\!l~A1aoAUA\!1Jo\!n~~~1uua~110\! HeLa 

cells lA'ou1"~ t1"11cudf ribosome in1~nu mRNA i~u polyribosorne ua: i~u free 

Initiation 

Scirpentriol 

15-acetoxyscirpendiol 

Diacetoxyscirpenol 

Verrucarin A 

T-2 toxin 

Nivalenol 

Fusarenon-X 

Calonectrin 

Elongation or Termination · 

Trichodermin 

Trichodermol 

Crotocol 

Trichothecolone 

Crotocin 

Trichothecin 

Verrucarol 

15-Desacetylcalonectrin 
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ao S monosome 1111v~unulu-,~uvo" 60 S ribosome subunit 

60 S ribosomal subunit 1~ ~ou,luO 1975 Matsumoto UR:: Ueno (11) ~u.;, T-2 
" , ., , .. '., toxin uR:: fusarenon-X nif,u,-,n~unu ribosome ~o"l~RRVo"AU)'I~ 1111nunu • 

(A,-,,"f{ 5) 

Particles 

Microsomes 

Polysomes 

Ribosomes 

60 S subunit 

40 S subunit 

3 H-Fusarenon-X bound 
µg/A260 

0.53 

0 . 33 

0 , 31 

0,02 

o.os 

111,,,"~ 6 uif111"1'11,uis.illua-,::H.;1"1'11'1.uif'1u1-,ntunT1~unu ribosome vo" 

1n,ll'l8iuJnn111~1" , ~"~nH,l111vn,,lJA trichodermin A~lllDA,nA~vnuuu111i"" nuqn~01'1 

l1u8" 1ouifvuuR::iru8"n,.,a" Lfl'11 ::i1lu-,Ofu ~"Nfrn1-,PlnH11u:ff1" tJ u1u.;11n., 1PliHfuJ ~hulH~flvu 

8"n1-,ifo L1'1'1'l::.ilui«u1A'~if1u1-,n~unu ribosome 1u~::truti" activity vo" peptidyl 
tranf erase lA' 

!SJ:'"'' .... , ... 1 ., lj ~ 'l ., .. .,. 
"l1nNan1"JnOH1n"t10A11U'1~R1 t11 Hfl\UnR nn1ivuv"n1i~"Ll'l"j1::'t'I ui~U 111111"1110 

lu4 fio ln-,lflaiui "l::lu~unu ribosome UR::iun1u active center vo" peptidyl 

transferase ffoJuu ribosome n"i i,.; activity a111a" UR:: lut'futi"n1·ul" Ll'l.,, ::~;lu-,«uff 

-,::v:: initiation H=io t ermination ulll'lui1"l~uuv"1Jn~l111wnu.;, 1n-,lfl8ifua ul'iR::nn111 

10-i ::ilu ribosome ~h"nuoJ-i" 1-, ~"iiuO"nT·ul'" Lfl'11 ::H'lu-,orulu-, ::v ::ff Pi,"nu Wei uR:: 

McLaughlin (1a) l~utuofl"inau,vl-1 2 uuu fin 

1. ln-,lflil~uJ ul'in::n01111n,::nu ribosome LDtt-i::u-i"vru::lu ribosome Gycle 

uhdu 11lu tnn initiation inhibi tot•'i.J:: Ln'l ::nu ribosome luvru::fl ribosome 1~u Ln,:: 

nu mRNA 1lfu initiation complex uhdu lunilllihtfo.;, conformation vo" ribosome 

luu~R ::Cu 'lln"n-iiif" Lfl4n ::1i"hl<JliluuAn~-i"nun"i li1 ribosome binding cons tan ts 

ln., lflil~uJ· uPla ::nil,,~-i"nu 
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• 

~,,,"fi s uJlfu11 \ flt1tJfl"nua-11n"Jfl 'lun,.,~tJ ribosome n11qti~u118" L Du-ffuu usi:: 

u11C~n,,a"Lfl,,::Jlui~u (1s,1a) 

% Inhibition 

3 H -Trichodermin Peptidyl in vivo protein in vivo 
site of 
action binding transferase synthesis 

Control 

Trichodermin (100) 

Trichothecin 100 

Scirpentriol 104 

15-Acetoxyscirpendiol 97 

Crotocin 79 

Diacetoxyscirpenol 78 

Verrucarin A 66 

Trichodermol 49 

Calonectrin 30 

Trichothecolone 28 

15-Desacetylcalonectrin 17 

9,10- Dihydrotrichodermin14 

Verrucarol 11 

9,10-Dihydrotrichodermol 6 

4-Epitrichodermol 

Trichodermone 

Crotocol 

3 

2 

' -7 

5 µg/ml 20 µg/ml 1 µg/ml 10 µg/ml 

100 

88 

92 

91 

81 

66 

74 

58 

27 

7 

·12 

1 

2 

19 

3 

2 

0 

2 

100 

93 

97 

95 

89 

78 

85 

70 

60 

17 

32 

3 

10 

33 

13 

7 

1 

6 

100 

so 
94 

89 

91 

89 

96 

77 

60 

52 

26 

29 

0 

32 

0 

0 

0 

21 

100 •• t • 

93 E/T 
98 E/T 

98 I 

99 I 

98 E/T 

100 I 

100 I 

87 E/T 

79 I 

77 E/T 

71 E/T 

35 

37 E/T 

48 

0 

17 

51 E/T 

I = initiation step, E = elongation step, T = termination step. 

2. 1t1ilfla~uJ· tJntfO" Ln,::nu ribosome 1fl\~,nu11'-l, ribosome ~::D~'lu,::u:: 

'l~ uA~::i11n~un,,t1;\1,U~D\1LDunuJ peptidyl transferase 1~Lu~,::LdD ribosome n~ 

'lutJ,\1"J::u::'lu ribosome cycle uhdu Ltfu termination inhibitor -oJ:: Ln,::ntJ ribo­

some 1~~n,::u:: uA~::.,tJn~uL~unuJ peptidyl transferase LQ~,::Ldn ribosome n~'lu 

i::u:: termination ' e Ltl,UU 
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• 
n,., IJ'uO"n,.,a" Lfl'11 ::\in.,910'11'1.CHifl 

lft'O~AmnNn!lt>\1l,,.,1t'll!!luJ ,:ntn'1ut.i8'1n1'1R\1 Lfl"n ::.f DNA Lrn:: RNA. ft'ltJ L tiutl'u 
... ' "' ~, ' uAunun'l1,,"nH1n,.,a\1Lfl'11::" u'1~u Ueno un::flN:: (9-11) '11U\1,IJ'l1 nivalenol, 

f N -11 ' ' • usarenon-X un:: diacetoxyscirpenol a1u1'1nuuu\1n1'1a\1Lfl'11::" DNA t1D'1L'i!nau::L'1" 

un:: -HeLa 1fi' uA10q,,if1inun-l1n1'1UtJ8\1n1'1R\1 Lfl'11 ::'111hllu ~'lU Ehrlich ascites 

Oldham ua::f\N:: (19) tm-11 T-2 toxin 1rn:: T-2 tetraol ~a1u1'1llUU6\1n1'1a\1 Lfl'11 ::'1 

DNA tin" human fibroblastlft'' ~1nn1.,AnH1Nat1D\1fl1'1RHL"a,dAnLnu;Juu DNA poly-

h d k t 1 ' .IS ' .Y , ' merase, thymidineua:: t ymi ylate inase tttJ'l, ufJNaifuu\1n1.,n1\11Ut1D\1LDU~uuL"a, 

dLatJ ~"~'"'au.;, NAn'1::'1UtlD\1fl1'1~HADn1'1R\1Lfl'11::H DNA D1~~::L~u1u1AU'11\1DDU L~U 

D1~ Lih.1 Ltt'1, ::a,.,fht 1uuu8\1n1'1R\1 Lfl'11 ::'1 L nu;Juufk1 Lt1UADfi1'1ff\1 Lfl'11 ::i; DNA nti1" 1'1~A1lJ 

Ueno (20) t1u·h ., ::P!UtJD\1 TOP Ui'l:: TTP 'if" Lt1UOl1'1~\1AUtlD\1fi,.,ft\1 Lf\'11 ::'1 DNA ~"ifUL\a:: 

On1'1~\1tlD\1 DNA nnudu 'l tu L'ilniif'f1A'-¥u 1t\'11fl!lfud' iif"iYtH' u1u-l1a1'1f:IH rna1d'n1~ 1u'1lJfl'lU 

n,.,,,;\11Ut1D\1Lnu;JuJ ligase ~Lt1u1; 

unn~1ndlfi'O~i'tmnufjnshnt1n\1 ln.,lfliifud' fin DNA ~\1tn'1A'1\1un::tn'1unu t1u,;1 

a1.,fhut"~1J,,;t.;' DNA uAn.«n (21) lun'i1'1 Lnfln1.,mnutluq un L-i'u crotocin (20) ua:: 

fusarenon-X (22) ~\1t1lJ~1n;tir Salmonella typh1murium TA 100 mnv'1uq"1Fi un:: 
ft .t I • 11 I I • I 

uqnonnu::L'1\1P11u1n (2a) uAnU1\1l'1nP11u Oldham ua::flN:: (1s) ~U'l1 T-2 ua:: T-2 

tetraol ifou'i t.;' Lnfln1'1a" Lfl'11 ::J DNA JlAuuuuNu tu Ldn Li1nt1D\1flu ;f"iftH' u1u-l1 lt1., lflofuu 
n1~0qn~n;a1u DNA 

<1;w;unT1i'1Lfl'11::'1 ~NA t1u Stafford mi:: McLaughlin (14) tnn'1 tricho­

dermin a1u1'1lllfuO"n1'1a\1Lfl'1,::H· RNA tuflflAL;· u,l Ueno LLn::flN:: tit.ii, nivalenoi", 

fusarenon-X uA:: diacetoxyscirpenol t1ulsla,u1.,nuu8'1n1'1N\1Lfl'11::'1 RNA tu ascites 

tumor cell s (11), protozoa (5) ua:: cultured cells (10) ~,nn1'1AnH,,:nu1lu 
,~ •• ' ' M'1 .,. ' N , RNA .. . . L'ilAA~U"~ u'1,flD'l1a1'1L"a1UllJuNaADfl1'1~\1Lt'1'11::" "'1D activity !ID\1 DNA-depen-

dent RNA polymerase (20) uw Pi''1du~'i~u~"°'1".;1n1.,uurf"n1'1a\1 LP1'11::J RNA ffttutu 

flaAduJ,~::L~uNan1'1nEut1n'11n.,1flafua flf1Ann1.,a"L".,1::'1lu.,Auu1nn-l1 (14) 

lull fl. rt. 1975 Ueno i.ui:: Matsumoto (24) l~f.1nH1Niln'1::tmt1n\1tt1'1;fttln.,·· 

l~afuJ ADfl1'1'1,\11UtlD\1LDU;fuuu1~UQfl 1flU~Q1'11::nJ1"d"t1'lnfffJ thiol (SH) group auff 

active center L~u creatinine phosphokinase , lactate dehydrogenase u~:: 

alcohol dehydrogenase ua::~u-11 T-2 toxin, fusarenon-X Uil~ neosolaniol a1"1'1n 
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iJun\'.Jfll"a'Vl~'31U'llfl\'J L 8'!..J'ifua_i\ 11~1d1 ~ trf a incubate flu L tJ'U<iuJn'aurf~:: LPi11 SUbS tra te U.11: 

~onno-.i'!n~olA"no-.NmUIBUifnu alcohol dehydrogenase flU mo-.i'!M fusarenon-Xl'f~Au•on 

;-rnnuiiuwn•w-l•~""''wn 1Antti'Ciii gel-filtration wuch .i-,-.i'!m1-,m-.~;Junu 'auiln11l..i'tu 

iiR'>>a•u 4: 1 (4 1u '"~"'.tla•111~iRii'11HI ,;,, 1 lu "'~"""" '"uilm.i) rnwifnu alcohol 

dehydrogenase d!l thiol group "~~•wuw as n~u """ii"~ 4 n~u l'fa-,uo'>~'ll;tJfin~n•nu 

SH-reagents 1; ~.du~c;;r"~"~1tJ~• 111~1R~~u;_a,u-,-.~;Junu thiol (SH)groupl'la~l'f 

active center :iJa• 1auilml.1~ ~na•~;rul'f epoxide residue 1'fw'it111u• c12-c
13 

:iJa•iiu 
il'Jf'f P'J ""1"" "i • "' 1 ' 1 o 1twn~~"""' wi'lnM• HJ human fibroblast u•-i11u•• T-2 toxin """ T-2 tetraol uaoU'l'>fil 

iiuil~n••VJi~•iarn~ 'auil"J~u 1 1'11u acid phosphatase' e-gl ucuronidase' 5 1.-mononu­

cleotidase, ATPase, alkaline phosphatase """ y-glutamyltranspeptidase (19) 

••nn••l'fwu~•1'1,1R6lluJ iil•u1•n1no:nu reactive SH group tu1auiluuVJ~a 

ltJ•~ud ,,;t»fi~a~iru~•unn~u•~u••:n"''"iil'iA~u•ntun•-.~•:a5u-,ufil~na1n:iJa•1M,1A5lluJ 
• - -b - • ,, 'ltJ " .. _,, •• - ".,, - ' ~t!fll"'.l Lfr1::-:nu rl osome uii!::t1tJU\'Jnl4iti\'J Lfl··a-1::tt1 "!ilf'IU 11\1t1ru:.:unfl-ia\'J1.1tjrifll:tlf1UE:JQ 

~ruiiluu~rlu 1 ~a•a••wu1,,,1"5llu.i 

111,1R5'1uJ iil•u••nffu8•n••~••R•<:M polysaccharides tuOii!; (15), 

n1•ir•L'1•>:M1'1Juuua:n••G"llu11~ phosphate tu1tJ•lR"' Tetrahymena pyriformis 

1 A u.iN :::e:11"l1'3vf 2 u'&f t•P.'I' ML ~URd11J Lt1'lnV:1-,,'flf.l\'.J 1 'tl"'; LR il'ifuJ uP1'a :::'lfQ., 'tun1"1U°118\'Jfll""Ji''1 LA".JI :::iii' 

1tJ,~utu t'li•lil """'" cell free system •'lnNan-,,i!lnM> 111~•d f'lm1llu~• l'll•LAiillu.i 

a1~'1 :::fJN~m1 t M'n1'1t11\'J'1U'IJ'.fl'3 L dm!J L 'll'aa' L iililfl1"'.i L tJ~UtJUth~\'.i Uia :::n~ 1. n LMa
1

1d'£rl"I>~::: L fiu,.Uf.h7ftu 

n••in"""~~•• ,d,,1;~uiil••wun~uff111~ul.i' 

Ueno """"ru" (2s,27) 1.iflnM>n'l-.n•:•·rnua:n1•ti'ua'lU'lla• T-2 toxin """ 

fusarenon~X luM~~u~n~ wu~1 Ma\'J~1naA fusarenon-X L~,t~~•HU\'JuN~ ~·~~u~:n~:::­

.-,uluii~wu 1" a'i 'la mi'~''" 1~-, """ 25)1. •:11nt!uaan iunuilii1>11-i:tJ>viu 24 /, 1,,. '"'" 
ll">'ln!J;-,a-,.,w~aamnlluifaiil•••if l\'a nivalenol d-.uii1li1 T-2 toxin ",;"l!m•ua:mJ!'iu­

~n"> 1~u~•~tl•n tl">1n!J~' a••WM~:n"'"''u1tJu~;ru .i-,u lA """ ailI •~u1Au-inu uR••11n 

~uaan1tJnu~•••"'"'~ud<ulM'Ji;l~a•">flaanu1d11u~-,,~u HT-2 toxin ua:1dal.i~nu'lt#u1~uiu 

;fu"\! a1u1;;, fusarenon-X """ T-2 toxin ~"l!fl deacetylate l'IR'iLt11.;~>1 c4 1~u 1au­

;r"J esterase l'la\iiu microsomal fraction """'tJduultJ1~u nivalenol """ HT-2 

toxin ~•ua'inu (2a) ~~·•11nt!uaan1tJnuif~a··""""~·~··•~altJ n~lu1ul'I 3 
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T-2 to<>n CH ;Ct)~ ~ H 

3 -. • • H 

H , ,.0 /3 ~-OH 
CH I ' 

'>lr 0
' 1"2 ---- ~ OAc 

CH
3 

0 OAc CH3 H' 

CHm~ OH H · 3 l ·-
Fusarenon-X 0• ':/• -- OH 

8 •• 
o 7 : -.. 4 

~H ~H CH
3 

•• ,.·,. 0Ac 
I 2 H 
OH 

Thai J, Phannacol, 

Vol.6 No.l Jan.-Mar, 1984 

Deacetylation 1la•11'1.,1Rlil!mi' '" microsomal fraction 

'UilflZJ'lfld~ttu~1lutiruRu -J'l ttei:: n"'li:;w'1u fffi tf'.luofluJ esterase ifai;"Jf:I twriiaufiu 

(20,2s) """"'nno-.~n~••U~UIJ<~vuno-.1'1;","""~1au;luuli•• deacetylate T-2 toxin 

1 M' tt1u HT-2 toxintl":irnn.;., "tu~Ufl":i ::~,uff n1"5V1~\l1u11u" t DU-HaU'~\'Jfi£tri ":i fl\100\111'1 1,;'ur: @t1.1Au 

""" """Id c~,.,,.!l 7) """ 1!la uJ•fou 1fiuuffu1u .. .:o:u-lu~""""n""~"" tJ-.•ni:r» 1uii'ull •au-,,... ···1. ·~ .. ' .. '. -ytl!JU')fl't'Jilifl ":iEJ'{IGl\'U.1'1 ~Aun ii 1J'l1J U&l::: li'1llEJ\'J !'t'llle!IWIU '.i'.l\1U9HlfA'1'3'iiJ'1fl'Vi'IJ, 1'1W1ld'l t'IJ~tleJ\11.I 

Lvu~uU111nn~1lu1R~\1 10 l~'l 

Microsomal deacetylation """ T-2 toxin 1ua-Ju~".:,. 1 (20) 

HT-2 toxin formed 

µ mole/mg protein/10 min 

human rat rabbit 

Liver 331 31 3401 

Kidneys 1 1571 

Spleen 1 73 

Brain 10 25 

Serum 0 
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T-2 toxin 
H 

H 

0 ,. ·- OH ,• 3 

CH - •• 4 
I 2 Cl! • • OAc 

OAc 3 H' 

H H 

Thai J, l'hannucol, 

Vol ,6 No,l Jan,-Mar. l!Hl4 

CH3 ••• H ;CQ
H H llT-2 toxin 

~ H 0;·)· .. 0H 
CH 4 

3)'1(' o ' 2 .• . oa 
. CH

3 
0 OAc C:H3 H 

Ii 

c113~~0 H H 

~ o~'-. ~-~--~,.-011 Hivalenol 

: I •• · - •• i Oil 

Clim: O II · 3 1 .. 

Fusarenon-X 0' "l· -- Oii 
8 ,. 

0 I : '••, 4 
OH ~H c11 3 '/ OAc 

011 <f"2CH3 H'' 

OH 
I 2 11 
OH 

Deacetylation ~o~ln~lA~tuJ lu microsomal fraction 

JI• I 't ., ., I .,., .!I ' JI O t' l'f ., 
uon~1nun~u•1~uAUftu •• u~z n~zA1v n~lDUDVU esterase uo~fl•VlH~ounu 

(20,29) uaz~1nn1~"ntt1ltl1VUL~vun1~n;~,u~o~lou;fvJ~~z deacetylate T-2 toxin 

t"i~u HT-2 toxintl~1nni1 tuAun~zA1vlJn1~n;~,u~o~iou;fvu~~ff~A ~o~a~u1 lAu~ AUAu 

uaz AUH~ (Pl1~1~~ 1) uAzidoitl1vui~vunuluuAAzo-lv1z~o~n~zA1v tl~1nn~1 lu~ulJLou­

~vuu1n~~A ~o~a~u1 1;u~ lA u1u uaz uuo~ A1UA;~u ~~unn~1~~1nH~ fl~u~1 lu~uo~O 

Lou~vuu1nni1tulnn~ 1d in1 

Microsomal deacetylation ~o~ T- 2 toxin 1uo-ltnzA1~ 'l (20) 

HT-2 toxin formed 

µ mole/mg protein/10 min 
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Kidneys 1 1571 

Spleen 1 73 

Brain 10 25 

Serum 0 
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SUMMARY 

Since the introduction of the first antischistosomicide, tartar 
emetic, many compounds have been tested with the aim to develop the ideal 
antischistosomicidal drug with the following qualities 

1) Absence of side effects and toxicity in man, 2) High activity 
against the three major species of schistosomes parasitic in man, 3) Effec­
tive after a single or a one day-treatment preferably after oral administrat­
ion, 4) Active against all .stages of schistosomes in man. These lead to a 
new heterocyclic pyrazino isoquinoline with high anti-parasitic efficacy, 
praziquantel, 

Praziquantel is a newly developed anthelminthic drug with excellent 
activity against all schistosome species parasitic in man. A further progress 
is the fact that the efficacy of this drug is not significantly influenced by 
inter-strain variation of schistosomes in contrast e.g. to hycanthone and 
oxamniquine, and it is effective against all stages of the immature infection. 
It has also been effective against Clonorchis sinensis (Chinese liver fluke), 
Metagonimus yokogawai (intestinal fluke), and adult larval stages of important 
human tapeworms, including Hymenolepis nana and cysticercosis; 

Praziquantel acts by increasing the permeability of the worm's cell 
membrane to calcium ions, causing massive contraction and paralysis of its 
musculature, followed by disintegration of its tegumental layer. A rapid 
absorption, distribution and elimination after oral application in man were 
observed . No major toxic reactions have yet been found with praziquantel. 
Transient abdominal pain can occur, especially when the drug is given as a 
single oral dose. Praziquantel has not been found to be mutagenic in a 
variety of assays. Chronic toxicity tests in small animals so far 
offered no indication of carcinog~nic potential. 

Sahistosonriasis - Schistosomes are by far the best known of all 

blood flukes because of the serious and major disease that they cause in 

man. Schistosoma japonicum is found in Southeast Asia, Japan, China and 

the Phillipines, S .mansoni occurs in Africa, the Middle East and South 

Americ.a; S .haematobium is found in Africa and the Middle East. Heavy chronic 

infection c-an cause inflammation, obstruction and fibl,'osis, particularly of 
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the liver and lower urinary tract. S . japonrcum and S.mansoni, whicll migrate 

to the mesenteric vein before laying their eggs, can cause portal hypertens­

ion and esophageal varices. S.baematobium migrates mainly to the pelvic 

veins and excretes its eggs into the bladder, where it can cause hematuria, 

dysuria, and obstructive uropathy, Patients heavily infested with S.haemato­

bium have an increased incidence of bladder cancer. Chronic, severe schisto­

somiasis can also cause bloody diarrhea, car pulmonale, ~lomerulonephritis, 

and various signs and symptoms due to involvement of the central nervous 

system (1). 
Until very recently , t he available alternatives for chemotherapy 

were the antimonials (severely limited by their toxicity and inconvenient 

mode of administration), niridazole (limited by CNS toxicity and lack of 

efficacy against S .mansoni in children and S. japonicum), and hycanthone 

(which h!s shown mutagenic liability , limited oral efficacy and lack of acti­

vity against S.japonicum) . Other two are oxamniquine (the best available 

agent against S.mansoni, although apparently not equally effective against 

all geographical strains) , and metrifonate which is effective onl y for S .haema­

tobium :infection). 

Praziquantel has a very broad spectrum of activity against parasitic 

trematodes and cestodes . Owing to its ~igh efficacy, its excellent tolerabili­

ty and its simple scheme of administration, it is equally well suited for 

indicidual and for large scale treatment (2). Pharmacological data on this 

drug will be summarized and its therapeutic advance will be illustrated by 

detailing the scope of its therapeutic activity . 

Chemistry 

Praziquantel is 2-cyclohexyl -carbonyl-l, 2, 3, 6, 7, 11 b-hexahydro-

4H-pyrazino-(2, l -a) isoquinoline-4-one, a derivative of a novel heterocycli c 

system. It is a colourless crystalline powder of bitter taste. The compound 

is stable under normal conditions and melts at 136-140 ' C with decomposition. 

TI1e active substance is hygroscopic. Praziquantel is easily soluble in chlo­

roform and dimethylsulfoxi:de, soluble in ethanol and very slightly soluble 

in water . Tirn empirical foi·mula is c19H24N2o2, molecular weight of 312,4 

and the structural formula is shown below (I). 
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(I) 

Pharmacokinetics 

11rn pharmacokinetics of praziquantel have been extensively studied 

in rodents, dogs, sheep, and man (2-9) using several techniques for the 

quantitative determination of praziquantel in biological material. 111e sum 

of unchanged 14C-labelled praziquantel and labeled metabolites can be deter­

mined by radiometric techniques. Further, praziquantel and its metabolites 

can be separated using thin-layer chromatography(S). A biological assay 

determining all biologically active compounds and parent drug by gas liquid 

chromatography(lO) and by fluorometry(ll) have also been used. 111e assays 

by gas liquid chromatography and by fluorometry are both specific for the 

parent drug and yield comparable results(7). 

A. Absorption 

45 

In man praziquantel is rapidly abso~bed after oral intake.Maximum 

serum concentrations are reached 1-4 h after appli'cation. Tirn active substance 

is rapidly and completel y metabolized. The serum elimination half-life of 

unchanged praziquantel is about 1-1,5 h, (7,8). 

B. Metabolism 

Praziquantel reaching the liver via the portal vein is then exten­

sively metabolized at high rate to final products (glucuronides and/or 

sulfate conjugate). The major metabolites of intermediary polarity in 

man are hydroxylation products o.f praziquantel (12). The major metabolite 

in s erum of man and al l animal s tudied so far was identified as 2- (4-hyd­

oxycyclohexyl carbonyl)-1,2,3,6,11 b-hexahydro-4H-pyrazino (2,l-a)i~oquin­

ol in- 4-one (structure II) which is an active metabolite . 
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c. Elimination 

More than 80% of the dose given in man is renally excreted within 
' 

4 days with 90% of this amount appears in the first 24 h·, and practically 

no unchanged praziquantel is excreted (7-8). Excretion of praziquantel into 

the milk was studied in a group of 10 lactating women who were given either 

a single dose of SO mg/kg or . three doses of 20 mg/kg 4 hourly. The concen­

trations of unmetabolized praziquantel in the milk parallel those in the 

plasma . On average, concentrations in milk were only 22% of those in the 

plasma, and only 0,0008% of the dose was excreted in the milk . This 

indicates that the drug is not secreted into the milk, but passively equili­

brates between serum and milk(9) . 

D. Distribution 

Rapid distribution of 14c-praziquantel throughout the body was 

shown in rats, mice, beagle dogs, rhesus monkeys and sheep (3-5). The 

time-dependent concentrations in various organs as well ~s the quantitative 

data suggest that none of the 27 organs or tissues examined showed a specific 

accumulation(4). 

Toxicology 

Since praziquantel represents a novel chemical class of anthel­

mintics it has been very throughly studied not only in acute and subacute 

toxicity tests, but also in embryotoxicity, teratogenicity, mutagenicity, 

and carcinogenicity. The results of these shedies have been sununarized by 

the manufacturers of praziquantel (13) • . · 

'Ihe degree of acute toxicity of praziquantel tested in rat, mice, 

rabbits and dogs was very low. Rats and dogs telerated repeated oral admini­

stration of up to 1000 mg/kg for 4 weeks, and up to 180 mg/kg for 13 weeks, 

respectively without any organ damage. Praziquantel did not disturb the 

reproductive process (up to F2-generation) in rats, and no teratogenic 

effect was observed in mice, rats or rabbits(l3). In extensive mutagenicity 

trials, various effects, including induction of point mutations, gene con­

vers ion, damage to DNA-repair mechanisms, sister chromatid exchanges, and 

x-linked recessive lethals were never detected(l4-16). In addition, Salmonela 
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tests with urines of praziquantel-treated mice, .rats, healthy and schistosome­

infected perspns gave no indication of a mutagenic effect(l5) . One study 

indicates that the drug can act as a weak comutagen by increasing the muta­

genici ty of some chemicals in animal cells (17) . Tirn resul ts of carcino­

genicity studies with oral doses of 100-250 mg-praziquantel/kg given once 

weekly to syrian hamster for 80 weeks and to rats for 104 weeks , respectively, 

show that there is no indication of carcinogenic potential of praziquantel 

in small rodents . Also in mice infested with Schistosoma mansoni the acute 

toxicity of praziquantel was within t he same range as in healthy animal s(18). 

Tolerability 

Clinical studies have shown that a one-day treatment with ol'al 

doses between 1 x 20 and 3 x 25 mg praziquantel/kg was well tolerated(8). 

Clinicians who investigated the tolerability and efficacy of different 

dosage schedules in double-blind studies in schistosomiasis patients(l9-22) 

and in liver fluke patients(23-27) have concluded that praziquantel is well 

tolerated , No major side effects have been obs~rved, transient abdominal 

pain with or without nausea, dizziness and fever can occur, especially when 

the drug is given as a single oral dose(26) , Patients with sickle cell 

triat and glucose-6-phosphate dehydrogenase (G-6PD) deficiency tolerated 

praziquantel without difficulty . 

Mode of action 

Two phenomena were observed in both trematodes and cestodes exposed 

to praziquantel; an almost instantaneous tetanic contraction of the parasite's 

musculature(28) and a rapid vacuolization of the syncytial tegument(29-33). 

The secondary effects are depolization of the schistosome tegument, inhibit­

ion of glucose uptake and decrease of glycogen content of Hymenolepis : 

diminuta, s.mansoni and S . japonicum. The rapid contraction induced by pra­

ziquantel has been explained on the basis of a change in divalent cation 

fluxes, especially calcium.It has been shown that uptake by male schistosomes 

of calcium was increased by praziquantel .And this stimulating effect is elimi­

nated j._11 the pxesence of ver<lpamil.These suggest that p).'aziquantel increases 
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+2 the permeability . of the liver fluke tegument to Ca , probably by interfering 

with the mechanism that regulates Ca+2 binding or transport across the tegu­

mental membrane(33). The vacuoli zation appears to be a calcium-dependent 

process, it is a rapid phenomenon (30 seconds). Death of the parasites occurred 

as soon as vacuolization and tegumental damage became severe enough, so that 

neutrophilic granulocytes attached to the parasite and entered the schistosome 

tissues through the tegumental l esions. TI1e morbid worms became fixed to the 

walls of blood vessels by fibroblasts and had completely disintegrated .14 to 

18 days later(34), 

Therapeutic efficacy 

Sch is tosomes 

Praziquantel was subsequently shown to be equally effective against 

S.mansoni, S.haematobium, S.japonicum, S.intercalatum, and S,mattheii in com­

parative study in hamsters(35) . The investigation of the efficacy of prazi­

quantel in human schistosomiasis was begun as a mul ticenter study in Japan 

and t he Phillippines for S. japonicum, in Brazil for S ,mansoni , and in Zambia 

fpr S.haematobium(l9-23) . In all, more than 25 ,000 schistosomiasis patients 

have now been treated and from these very intensive clinical studies it has 

been concluded that, with respect to population based chemotherapy, the follow­

ing dosages are recommended (36) for 1;he treatment of individual pa ti en ts 

infested by schis tosomes (Table 1) • 

Table 1 Reconunended dosages for the treatment of schistosomiasis 

Species of parasite Daily dose Day of 
(mg/kg) treatment 

s.haematobium 1 x 40 1 

S ,mansoni 1 x 40 or 1 
2 x 20 

S. inte1·calatum 1 x 40 or 1 
2 x 20 

S,japonicum 2 x 30 1 



·n11ni 111lf11'h1u, 

D#. 6 1 ~u~ 1 u.".-u,ft, 2s21 

Based on the results of parasi tological follow-up examinations for 

6 and 12 months after therapy, cure rates of infections with S.haematobium, 

S.mansoni, and S.japonicum were 97%, 89% and 66%, respectively (Table 2). 

Table 2 Assessment of efficacy of praziquantel 

Species of 
parasite 

S .haematobium 

s .mansoni 

S. j aponicum 

Number of 
patients 
treated 

80 

89 

86 

Follow-up results 
6 months 

72/73 
93.6% 

63/69 
91.3% 

61/79 
77.2% 

* Cul·ed/examined patients in effectrve numbers and in % 

* at 
12 months 

64/66 
97% 

64/72 
88.9% 

39/59 
66.1% 

A distinct advantage of parziquantel as compared to metrifonate or 

oxamniquine is its abilrty to kill both s.mansoni and S.haematobium. 

Praziquantel is highly effective against all schistosome species parasitic 
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in man(36, 37). A further progress is the finding that the efficacy of this 

drug is not significantly influenced by inter-strain variation of schisto­

somes i•n contrast e . g . to hycanthone and oxamiquine. And the efficacy is not 

affected by sex, age, and strain of the host(36,37). A very interesting 

property of praziquantel is its efficacy against all stages of the immature 

infection(35, 37). As the drug is equally effective against S.intercalatum 

infestations:and the naturally occurring hybrids between S,intercalatum and 

S.haematobium(38) it is now possible to treat all African forms of schisto­

somiasis with the same dosing schedule of lx40 mg/kg. Since it is effective 

against all schistosome species and is well tolerated, patient acceptability 

is good and it is easily administered as a single oral dose or as a 1-day 

course of treatment . TI1erefore the drug is ideally suitable for large scale 

treatment directed at controlling schistosomiasis . 
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Other trematodes 

The data of the therapeutic use of praziquantel against nonschis tosome 

trematodes are shown in Table 3. Tite therapeutic means that were available 

before the introduction of praziquantel have been very limited and the drugs 

that had to be used, hexachloro-para-xylene, dehydroemetine, bithionol, and 

niclofolan all have short-comings in terms of tolerability, efficacy, and 

also availabili ty(39 ,40) . Praziquantel is now offering for the first time the 

possibility of a reliable and well tore lated therapy of human lung and 1i ver 

flukes infestations, which are especially found in Southeast Asia . Liver 

flukes have been considered as an etiological agent in the development of 

bile-duct carcinoma in man(41) . Similar association between cancer and para­

sitic infections has also been described for S , japanicum and colorectal carci­

noma, and for S.haematobium and bladder cancer(42,43), 

Liver flukes 

TI1e efficacy of praziquantel in man has been investigated for 

Cl onorchis sinensis(23-25) and Opisthorchis viverrini(23, 26, 27). A clinical 

trial of praziquantel was carried out in Thailand ln fifty-ei ght patients 

infected with Opisthorchis viverrini. Based on faecal egg counts, cure rates 

of 90 •. 9-100% were obtai"ned (followed up for 180 days) (26, 27). For both Clonox­

chis sinensis and Opisthorchis viverrini infections, a 1-day course of treat­

ment with 3x25 mg/kg or a single dose of 40 mg/kg was found to give excellent 

parasitological cure rates with low incidence of untoward side effect(25-27). 

It appears that praziquantel is the first drug. found to be effective in • the 

treatment of human opisthorchiasis(26,27), 

Lung flukes 

Paragonimus westermani has been rather refractory to praziquante l 

in vitro as it responded less markedly with tegumental alterations than 

schistosomes or liver flukes . This may .be due to the dense texture of the 

thick tegument(44), The recommended dos ing schedule i s a 2-day of treatment 

with 3x25mg/kg/day(45) , Administration of praziquantel is more convenient 

than bithionol s ince the latter drug mus t be given in a repeated dose on 

alternate days (30-·SO mg/kg) with frequent photosensi ti vi ty skin r eactions , 
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Intestinal flukes 

The human intestinal flukes Metagunimus yokogawai and Heterophyes 

sp. have been successfully eliminated with praziquantel, and similar result 

can be expected for Fasciolopsis buski and other intestinal flukes(46). The 

recommended dosing is a 2-day treatment of 2x20 mg/kg/day(40,47). The advan­

tage of praziquantel over tetrachloroethylene is that food and alcoholic 

beverage is not contraindicated before or 12 h after therapy. 

Adult Ces to de 

In clinical trials, single oral doses of 15 to 25 mg/kg resulted 

in parasi tological cures of more than 90% of patients infected with Hymeno­

lepis nana(48). Patients haboring very young infections with H.nana, in 

which the cysticercoids are not fully developed are not always cured by a 

single treatment with 25 mg/kg. In such instances, a second treatment given 

4 days later can completly eradicate the infection(49).The infections 

with Taenia saginata and Taenia solium were also treated successfully with 

a single oral dose of 5 to 10 mg/kg while a dose of 25 mg/kg was required 

for the removal of Diphyllobothrium latum, 15 mg/kg for hymenolepsis nana, 

and 10 mg/kg for D.pacificum(50-54). 

Table 3 Recommended dosages for the treatment of trematodes other than 

schistosomes infectionQ 

Parasite Daily dose(mg/kg) Day of Treatment 

C.sinensis 3x25 1 

Ooviverrini 3x25 1 

P.westermani 3x25 2 

P .heterotremus 3x25 2 

M.yokogawai 2x20 1 

F.hepatica lx20 3 
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Cysticercosis 
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In the treatment of human infections with cysticercus cellulosae, 

a difference in susceptibility between muscle and cerebral cysticerci is 

likely to be due to the pharmacokinetic behavior of praziquantel. In the 

case of the cerebrally located metacestode, the drug has to pass two diffus­

ional barriers before it reaches the parasite, the blood-brain barrier and 

the cyst wall, while there is only the cyst wall in the case of the muscle 

larva, A short treatment with high doses should be more effective than a 

lengthy treatment with low daily doses. In patients with symptom of cerebral 

involvement, disappearance of cutaneous cyst was observed at 1 month after 

a 3-to 4-day course of treatment (3x25 mg/kg/day) and to continue for another 

5 months (55 ,56). For neurocysticercosis, clinical trials have been done in 

Mexico, Columbia, Chili, Brazil and Korea, and dosing schedules of 50 mg/kg 

divided into 3 doses daily for 10-14 days is recommended. And it is still 

strongly recommended to give additional corticosteroid treatment in order 

to prevent the development of endocranial hypertension resulted from the 

disintegration of cerebral cyst(57). Praziquantel is as effective as niclo­

samide against adult cestode. The advantage of praziquantel is that it is 

the first drug which appears to be useful in the treatment of cysticercosis. 

Table 4 Recommended dosages for the treatment of cestode infection. 

Parasite 

Adult cestode 

T. saginata 

T. solium 

H. nana 

D, latum 

Cysticercoses 

cutaneous cyst 

neurocysticercosis 

Daily dose 
(mg/kg) 

5-10 

5-10 

lx15 

lx25 

3x25 

lx50 

Day of treatment 

1 

1 

1 

1 

3-4 

10-14 
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In conclusion, praziquan~el is a new and apparently safe anthelmintic 

drug, effective against all types of schistosomiasis in a single oral dose 

or in several doses taken on the same day. The drug is also active against 

infections caused by other flukes and some tapeworms, including cysticercosis. 

As a general rule, . praziquantel should not be taken during the first three 

months of pregnancy, although animal experiments do not suggest any harmful 

effects on either pregnant woman or the fetus. Finally, . to reach the goal 

of anthelmintic therapy, sanitary improv~ment and health education are also 

important , 
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