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IRON METABOLISM IN TROPICAL MEDICINE

TowmiicHr Masuya
Recieved for publication 6 August 1975

Abstract: Many cases of sideropenic symptoms, other than hypochromic, microcytic
anemia, have been collected in Kyushu and in Okinawa. They include sideropenic ad-
ynamia, flat-, spoon- and fragile nails, angular stomatitis, rhinitis atrophicans-ozaena,
dysphagia, hypo- and anacidity, gastritis atrophicans, pica including olfactory pica, a
retardation of physical and mental growth. Possible occurrence of congenital malfor-
mations has been proposed. Considering the roles of iron in the organism, other than
hemoglobin, pathobiochemical observations have been done in clinical cases and exper-
imental animals. Citrate accumulation in blood and tissues, low ATP synthesis, slow
down of TCA-cycle, due to a decrease in ferrous enzyme activity (aconitase), might explain
the mechanism of sideropenic adynamia. Low DNA synthesis, low cell renewal rate due
to decreased activities in iron-flavin enzymes (NADH;-dehydrogenase and succinic
acid dehydrogenase) would suggest the mechanism of disturbance in proliferation and
maturation of cells in the epithelial tissues. In early childhood, iron deficiency could
cause a retardation of growth, not only physical but mental, too. Iron deficiency in
the embryos, might possibly cause congenital malformations, since flavin deficiency
has been known to cause various malformations.

Aetiological factors causing iron deficiency in Okinawa and in the tropics have
been discussed. Less iron intake—iron poor pork, instead of beef, less iron absorption
due to high calcium content in the tapwater, due to duodenojejunal lesions in stron-
gyloidiasis and excess iron loss due to intestinal bleeding in ankylostomiasis, hemato-
chyluria in filariasis etc. The dermal iron loss by excess sweating may be an additional
factor in those, acclimatisation has not yet been established.

For prophylaxis, following items have been recommended. Iron fortification of
pork, removal of calcium from the tapwater, removal of parasites, iron premedication
having to be done in some cases and cooking using old style iron pans, instead of stainless
steel or alumite pans.

INTRODUCTION

Although the iron deficiency disease is prevalent in the tropics, previous reports
have been confined almost exclusively to iron deficiency anemia. The recognition
as a clinical entity of iron deficiency disease and the analysis or pathopysiological
considerations on each sideropenic symptom have not yet been done. The present
author has recognized a high incidence of iron deficiency disease in Okinawa in his
practice in the University Hospital. In this. opportunity, the author would like to
introduce his pathophysiological studies since 1951, with many coworkers in Kago-

This paper was presented for the presidential lecture in XVI Annual Meeting of Japanese Society
of Tropical Medicine. Dept. of Internal Medicine, University of the Ryukyus, Naha, Japan.
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shima University (Fujita, 1960; Kawa, 1958; Miyake, 1959; Nabekura, 1959;
Nagayama, 1960; Sagara, 1960; Sonoda, 1960; Suetsugu, 1960 and Takeda, 1960)
and in Kyushu University (Hara, 1963; Matsumoto, 1967; Mineta, 1967; Miyaji,
1963; Miyaji and Hara, 1965; Miyaji, 1965; Yokoyama, 1964; Ikuta, 1966 and
Akiyama, 1964), and would like to clarify the disease pattern of the iron deficiency
disease and then consider the aetiological factors of iron deficiency in the tropics and
in Okinawa and finally to mention his concept on the prophylaxis.

SIDEROPENIC SYMPTOMS

Hypochromic, microcytic anemia is well known as iron deficiency anemia.
However, it is very often dimorphic in the warm climate, suggesting complication
of the other deficiencies.

Considering the roles of iron in the organism other than hemoglobin, the author
and his coworkers have been able to collect many cases of various sideropenic symp-
toms other than the hypochromic, microcytic anemia.

Sideropenic adynamia, repeatedly described by Heilmeyer and Harwerth
(1970), involves easy fatiguability, muscular weakness, mental fatigue, lack of drive,
difficulty in concentrating, loss of energy and rapid exhaustion. Such easy fatigua-
bility, inabilty to work, could be very often improved by a single injection of iron.

Damages or lesions of epithelial tissues are quite common in iron deficiency
desease. Angular stomatitis, smooth tongue, atrophic gastritis, dysphagia known
as Plummer-Vinson syndrome, hypo- and anacidity, fragile, flat or spoon nails are
not so rare (Masuya, 1963; Yokoyama, 1964). Rhinitis atrophicans and ozaena
may be seen, although they are rare (Bernat, 1966).

Disturbances in physical and mental growth might be in many cases ascribed
to iron deficiency in early childhood. Many cases of pica (peculiar fancies or
abnormal appetite, including olfactory pica) have been observed (Masuya et al. 1957;
Masuya, 1963; Sonoda, 1960). Finally, a possible occurrence of congenital mal-
formations has been suggested, refering to the observations by Erdogan and Reimann
(1964), in iron deficient youngers in Turkey and to those by Baird et al. (1955),
Warkany and Takacs (1959) and others in riboflavin deficient animals.

PaTtHoPHYSIOLOGICAL CONSIDERATIONS

The accumulation of citrate in the blood in human cases and in the muscle and
brain in iron deficient animals have suggested a reduced activity of aconitase, one
of ferrous enzymes, in TCA-cycle (Miyake, 1959; Akiyama, 1964). In iron de-
ficient rats, was observed more or less definite decrease in aconitase activity in the
heart muscle and kidney (Morizono, 1965).

A decrease was detected in 32P incorporation into ATP in the skeletal muscles
of iron deficient animals (Hara and Miyaji, 1963). In the long term phlebotomized
dogs was seen a reduced concentration of cytochrome C in the heart muscle. These
findings showed that sideropenic adynamia would be due to a slow down of TCA-
~cycle, dependent on a reduced activity of aconitase, a decrease in the production
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of ATP and in more profound iron deficiency, a reduction of cytochrome C con-
centration. The factors disturbing the energy production were thought to be far
more than in the other types of anemia.

The growth rate of the nails was less in iron deficient cases than that in the
healthy, far less than those in cases with heart-, lung- and liver diseases, where the
nails were apt to become convex, parrotbeak-like (Yokoyama, 1964). As shown
in Photo. 1, the spoon nails were seen to be improved moderately in 47 days of iron
injection and completely in 90 days (Masuya, 1958; Yokoyama, 1964). The
flat or spoon nails occurred by far predominantly in anemic cases, while, it is strange
to see flat or spoon nails in cases of polycythemia rubra vera, with RBC more than
8 million and Hb more than 24 g/dl. However, those deformities of the nails could
be observed only in cases with low plasma iron levels. Ferrokinetic studies in 4
cases of polycythemia rubra vera, has revealed an iron deficiency state, due to ex-
cess formation of hemoglobin at the expense of tissue iron (Masuya, 1965; Ikuta,
1966). '

Photo. 1 Improvement of the spoon nails by iron injection.

Top: Before injection  Left: after 47 days  Right: after 90 days of injection

Although, there have been many discussions, whether the atrophic gastritis
was the cause or result of iron deficiency (Badenoch ef al., 1957; Brumfit, 1960;
Davidson and Markson, 1955; Lees and Rosenthal, 1958), atrophic lesions in the
gastric mucosa could be produced in iron deficient rats (plasma iron being 47+
5.0 ug/dl, compared to 245--35.9 ug/d/ in the cotrol, non-hemin iron in the liver
being 10.7-43.14 ug/g compared to 26.4--3.42 ug/g in the control rats, Mineta,
1967; Matsumoto, 1967; Masuya, Inoue and Abe, 1967). The thickness of the
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Photo. 2 The gastric mucosa of the normal rat (1) and in the moderate (2), advanced
(3) and profound (4) atrophy in iron deficient rat.

gastric mucosa went on to decrease and were detected a reduction in the number
and eosinophilic stainability of the parietal cells and in the number of the chief
cells (Photo. 2). The gastric acidity went on to decrease.

In those deficient rats were seen a decrease in 32P-incorporation into DNA-
fraction of the epithelium of the intestinal mucosa, a markedly slow migration of
the 3H-thymidine labelled cells from the crypt to the tip of the villus in the duodenal
mucosa and narrowing of the regenerating zone, showing retardation of the cell re-
newal rate (Hara, 1963; Matsumoto, 1967; Masuya, 1965). -

The significance of NADH, dehydrogenase activity in cell division and that
of succinic acid dehydrogenase activity in cell maturation have been confirmed in
cases of Torula utilis and Ehrlich ascites carcinoma cells and in the regenerating liver
of the mammals by Miyaji (1963, 1965). These two enzymes are iron-flavin enzymes.
In iron deficient animals, was detected a definite decrease in SDH-activity in the
kidney and heart muscle and more or less decrease in the liver, intestine and skeletal
muscle. A reduction in NADH, dehydrogenase activity was seen in the kidney,
liver and skeletal muscle (Miyaji and Morizono, 1966). A markedly reduced ac-
tivity of SDH was also detected histochemically in the parietal cells in the stomach
of the iron deficient rats (Matsumoto, 1967).
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Ivan Bernat (1966) in Budapest has published a monograph— Die Ozaena, eine
Manifestation der Eisenmangelkrankheit, and has proposed rhinitis atrophicans
and ozaena as crew of sideropenic symptoms, which has been accepted by Heilmeyer
and Harwerth (1969) in the Colloquia in Switzerland., published in 1970. They
could reproduce rhinitis atrophicans in iron deficient mice and as a final stage of
mucosal atrophy, they have shown extensive nasal incrustation and complete ab-
scence of subepithelial glandular tissue. In Fukuoka and Kurume, both in Kyushu,
not a single case of ozaena has been found during these 8 years, in spite of continued
efforts. In Okinawa, a case of ozaena was allowed to examine by courtesy of
Assist. Prof. Noda (otorhinolaryngology) in the University Hospital (Table 1).

TaBLE 1 A case of ozena, rhinitis atrophicans and tracheal stenosis

S. H. 18 2/3 Yrs. Female
Hb 12.5 g/d! RBC 414 x 10* Ht 35.69, MCV 85 u?
MCH 29.8 uug MCHC 34.5% SeFe 60 ug/d!

A girl of 182/3 yrs. with mild hypochromic anemia and low plasma iron
(60ug/dl) showed rhinitis atrophicans with classical ozaena and tracheal stenosis.
Saddle nose was accompanied.

Thus, hypo-, anacidity, atrophic lesions of the gastric mucosa, angular stom-
atitis and rhinitis atrophicans, even ozaena, might be interpreted as reduced func-
tion, retardation of the cell renewal rate and disturbed maturation in the epithelial
tissues, which might be ascribed to the reduction of the activities of the iron-flavin
enzymes. In cases, where a cell proliferation in the germinal layers of the nail is
critically maintained and is retarded in the surface layers, the nail would become
concave quite simillarly to the thick covers of the books exposed to the direct rays
of the sun.

A girl of 18 1/6 yrs. with diaphragmatic hernia and marked sideropenia, plasma
iron being 17 ug/d/, showed a marked retardation of physical and mental growth,
together with spoon nails. No menarche, no pubic hair. Her height, weight and
bust corresponded with those of 12-13 yrs. old girls. Her I. Q. was only 50 percent.
‘The improvement was noted both in physical and mental growth, after medication
of iron. A rapid sexual awakening, painting her face and looking in the mirror
all day long, were reported by the patients in the same room. At her discharge,
she did not allow to be taken pictures without clothes (Masuya, 1963).

Prasad et al. (1961), Erdogan and Reimann (1964) and Goecksel and Tartaroglu
(1964) have reported dwarfism or sexual immaturity among the iron deficient youth
in Iran, Turkey and Egypt (Reimann has reported since 1955). Such retardation
of physical and sexual growth would be ascribed at least partially to retardation of
cell proliferation and maturation, due to reduced activities of the iron-flavin enz-
ymes, in the early childhood. As early as 1928, Schmidt has described a dramatic
weight increase in a mouse from the third iron deficient generation, after giving iron
from the 76th day of life. Heilmeyer and Harwerth (1970) have commented that
iron has acted as though it were a “growth vitamin” in this case.
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According to the investigations by the Ryukyu Government in 1967, the average
height and weight of all boys and girls (6-18 yrs.) in Okinawa showed to be 97.4—
99.1%, in height, and 93.2-96.49%, in weight, of those in the other prefectures all
over Japan, in all ages.

As early as 1926, Smillie and Spencer have reported a marked degree of mental
retardation among the rural white school children with heavy hookworm infesta-
tion— 500 or more Necator americanus. In moderate infection (100-500) showed a
slight degree of mental retardation. The children with slight infection (less than
25) showed normal 1. Q. Iron deficiency in hookworm infection, due to daily fecal
blood loss, has been repeatedly reported by Masuya and his coworkers (Masuya,
1958, 1963, 1965; Nabekura 1959). Those who accept iron deficiency in hookworm
infection would easily accept that the mental retardation, observed by Smillie and
Spencer, might be due to profound iron deficiency in childhood.

TasLE 2 Pattern of congenital defects produced in the rat

Cases Most frequent defects Other defects
Vitamin A deficiency Coloboma of retina Tendency to hermaphroditism
Ectopic ureters Fused kidneys
Diaphragmatic hernia Cardiovascular anomalies
Anophthalmia
Riboflavin deficiency Shortened long bones and Ventricular septal defect
mandible Hydronephrosis
Fused ribs and toes Hydrocephalus
Cleft palate Microphthalmia
Hernias
Folic acid deficiency Universal teratogen Vertually every organ
and system

Hoet, J. P. ¢t al. (1960) Congenital malformation. Ciba foundation symposium.

As shown in Table 2, congenital malformations, such as cleft palate, fused ribs
and toes, shortened long bones and mandible, hydrocephaly, ventricular septal
defects, or diaphragmatic hernia have been observed among the offspring of the
riboflavin deficient animals, by Baird et al. (1955), Warkany and Takacs (1959)
and others. If the growth disturbance could be ascribed to iron deficiency and to
decrease in NADH, dehydrogenase and SDH activities in early childhood, a possible
occurrence of congenital malformations would be expected in iron deficiency in the
embryos, since riboflavin might take part in the cell proliferation and maturation
as iron-flavin enzymes. In this way, would be very interesting a high incidence
of cleft palate among the poorer families in Japan (Fujino, 1961) and the description
of polydactylia, syndactylia and brachcephaly among the iron deficient youth in
Turkey by Reimann (1955, 1964).

Pica is one of the peculiar sideropenic symptoms (Masuya et al., 1958; Sonoda,
1960; Masuya, 1963). Over 60 cases have been observed. The materials devoured
were raw rice, leaves of tea, ash of cigarettes, refreshing pills, earth, charcoal, sand,
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straw of rice, toy balloon, and extraordinarily large amount of crude sugar or soy-
bean paste. A boy of 6 yrs. suffered from intestinal obstruction, due to a mass of
remnants of gummi balloon. His parents testified that he has taken many toy
balloons during one year. A young wife has grieved for her difficulty to pass before
the henhouse without picking the chicken food. The olfactory pica has been first
described by Masuya (1965). The schoolboys in some countryside used to run after
his taxi. They said that it was delicious behind the car. Some ladies were very
fond of gasoline or volatile insectisides. Such pica was seen predominantly in the
female and in the majority of the cases, low plasma iron has been detected. Prof.
Videbeck in Copenhagen has commented for the Masuya’s presentation (1973),
that he had seen pica in a case of polycythemia rubra vera. The long standing
vicious habits could be completely improved in a week by iron injection.

Acetylcholine is synthesized, in general, from ATP and acetate. However,
in the nervous tissues, the synthesis was predominantly from ATP and citrate
(Ebashi, 1953). The theory of hunger contraction of the stomach for the appetite
by old authors has completely denied, since agastric patients or those with vagoto-
mized stomach show active appetite. The feeding centre has been shown to localize
in the lateral area near Ncl. ventromedialis hypothalami in several animals. In
hungry animals a shift of ATP to the feeding centre has been shown by Larsson and
Forsberg (1954). In iron deficient rats, an increase of the acid soluble phosphorus
was noted both in the frontal lobe and in the brain stem, while the increase of ATP—
P was seen only in the brainstem, involving the feeding centre (Masuya, 1963).
The accumulation of citrate in the blood and brain in iron deficient animals has
already been shown (Miyake, 1959; Akiyama, 1964). These findings would allow
to speculate a possible shift of ATP to the feeding centre in iron deficiency and a
possible excess formation of acetylcholine in the brainstem or in the feeding centre,
which might provoke an abnormal appetite as to devour the usually inedible matter.
Here, it will be meaningful to cite Buffa and Peters (1950), who have observed
fluoroacetate, an aconitase inhibitor, causing accumulation of citrate and hyper-
activity in the central nervous system.

AETIOLOGICAL FACTORS

1. Less iron intake, less meat and even less vegetables in the tropics. In
Okinawa, the pork is by far predominantly taken. As shown in Table 3, the less
iron content in the pork than in the beef has been reconfirmed by Fujio and Kawasaki
(1974) and as for the pork in Okinawa by Tanaka (1974).

2. Faulty iron absorption. Excess phytate (too much cereals), low vitamin
C and low animal protein are known to inhibit iron absorption (Moore, 1956;
Layrisse ef al., 1969; Martinez-Torrez and Layrisse, 1971). Especially in Okinawa,
high calcium content in the tapwater (up to 228-300 ppm) inhibits iron absorption
(Table 4). In the solution of ¥FeCl; in the tapwater in Okinawa (calcium hard-
ness 228-235 ppm), the radioiron absorption was about 1/2 of that in the tapwater
in Fukuoka (less than 50 ppm) in perfusion method, using rat intestine. While,
in the water (89 ppm) from the other source in Okinawa, it was almost the same



212

TABLE 3 Iron content of meats

Kind of meats Analysis table Fujio et al.! Tanaka®
Beef
Shoulder 2.8 mg/100 g 2.75
Liver 10.0 5.45
Corned, canned 4.0 2.26
Yamatoni 5.2 3.57
Whale
Chilled 5.0 2.56
Yamatoni 9.0 7.55
Chicken 1.88
Pork
Thigh 2.4 1.10
Shoulder 1.57
Liver 16.00 16.50 12.73

1 Atomic absorption technique.
2 The pork from Okinawa was tested by Dr. R, Tanaka at Osaka Prefectural Institute
of Pubric Health (1974).

TaBLE 4 Calcium and iron content in the water

Tap water Total hardness Iron content
Naha city
Uema system 86 ppm 0.06 ppm
Tomari system 228 0.07
Chubu system 235 0.08
Miyako health ctr. 3000
Fukuoka city 20-50 0.1, 0.15, 0.3

1. Wister King mafe rats 230-300 g Nembutal anesthesia
2. Small intestine immediate distal to pylorus 8 -12 cm
3. Perfusion with each tap water 10 ml, containing tracer dose of

T

Pump

4. Perfusion 60 minutes, 37 C

Fig. 1 Simple apparatus for absorption study.
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TapLe 5 *'Fe-absorption using different hardness of water

Water Hardness Mucosa Submucosa Blood Liver Spleen
Fukuoka 50 ppm 0.419 0.043 0.041 0.119 0.039
Uema 89 ppm 0.893 0.037 0.013 0.058 0.004
Tomari 228 ppm 0.236 0.045 0.016 0.070 0.009
Chubu 235 ppm 0.231 0.018 0.008 0.060 0.007

Values are indicated % cpm per 0.1 g tissue in average.

as that in Fukuoka (Fig. 1 and Table 5).

Although malabsorption by sprue or kwashiorkor is not seen in Okinawa, strong-
yloidiasis is quite prevalent. Duodenofiberscopy revealed more or less definite
changes even in non-symptomatic carriers. In the moderate or severe cases, gran-
ulomatous or submucosal tumor-like findings may be obtained by means of fluoro-

scopy and duodenofiberscopy. The very site of iron absorption may be severely
involved (Photo. 3).

Photo. 3 Fluoroscopy and duodenofiberscopy of a case of strongyloidiasis.
61 yrs. Male, Hb 14.3 g/di, RBC 433 x 10*, WBC 7,300, SeFe 85 ug/dl, Serum
protein 7.6 g/dl, Albumin 50.8%,, Globulin o 5.0, a3 9.4, § 11.9, y 22. 6%,.

3. Excess iron loss. Intestinal blood loss, hematuria, hematochyluria, hemo-
siderinuria, hemoglobinuria may be caused in ankylostomiasis, schistosomiasis,
strongyloidiasis, filariasis, malaria, hemolytic anemias and black water fever in
the tropics. In Okinawa, besides strongyloidiasis, hookworm disease and filariasis
have not yet been completely eradicated (Photo. 4).

The dermal loss of iron, especially in the warm climate, has been confirmed
by many workers and the skin has been regarded as one of the active excretory
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Photo. 4 Ankylostoma caninum, just biting off the intestinal mucosa.

Tasre 6 Dermal loss of iron by active sweating

Total body Surface area Volume of Iron in cell Iron in cell
surface of sweating sweat per rich sweat free sweat
m? regions cm® hour m/ mg/l mg/l
Average 1.63 1,139 9.0 1.15 0.34
Range 1.46-1.80 1,010-1,351 4.6-23.7 0.63-1.88 0.15-0.53

Hussain, Patwardhan and Sriramachari (1960) have conduded, assuming that their
values were representative for Indians as much as 15 mg iron could be lost per day under
conditions of maximal sweating.

TasLe 7 Mechanisms of iron-deficiency in the tropics

1. Less iron intake often critically low
Less meat in general, sometimes less vegetable
Religious vegetarian
Mainly pork, rarely beef in Okinawa
2. Defect of iron absorption
Excess phytate (cereal), low vitamin C, low animal protein
High calcium in the water (Okinawa 200300 ppm/Fukuoka 20-50 ppm)
Sprue, Kwashiorkor — Malabsorption

Strongyloidiasis — Duodenojejunal lesions (Site of iron absorption)
3. Excess iron loss

Hookworm disease — Intestinal blood loss (strongyloidiasis, too)

Schistosomiasis — Ditto and hematuria

Filariasis ~- Hematochyluria

Malaria . .~ Hemosiderinuria

Hemolytic anemias

Black water fever — Hemoglobinuria

Dermal loss —- Sweat, especially cell rich sweat
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organs of iron. The cell rich sweat has been known to contain more iron. The
dermal iron loss may be a factor in the new inhabitants, in whom the acclimatisation
has not yet been established (Table 6). Table 7 is the summary of these aetiolo-
gical factors.

PropuYLAXIS

1. Removal of parasites. In cases of severe iron deficiency, the first choice
must be to give iron, before the vermifuge.

2. Removal of calcium from the tapwater.

3. Vitamin C rich, citrus fruits. There is a special species of citrus fruits in
Okinawa.

4. Animal protein rich diet. Layrisse ¢/ al. (1969), and Martinez-Torrez
and Layrisse (1971) have noted fish or the same aminoacid mixture increased iron
absorption from corn and black bean. They have observed beef aproximately
doubled the absorption of vegetable iron. '

5. Fortification with iron of rice, bread and pork may be considered. Es-
pecially, in Okinawa, fortification of pork would be the best. The tablets of brewer’s
yeast are willingly taken by pigs. Iron should be mixed with brewer’s yeast and
put in the pig’s food.

6. The liver is one of important source of iron. However, the method of cook-
ing to remove PCB or other fatsoluble contaminated substances must be considered,
for example to roast on the wirenet, not in the pan.

7. Finally, the old style iron pan should be recommemded, instead of stainless
steel or alumite pans, since the iron content of the foods is known to be increased
markedly, by cooking in iron pans (Table 8, Moore, 1965).

TaBLE 8 Effect of cooking in iron skillet on Fe-content of foods

Iron content (mg/100 g)

Kind of foods Cooking time (min.) Glass dish Dutch oven
Spaghetti sauce 180 3.0 87.5
Gravy (meat juice) 20 0.43 5.9
Potatoes, fried 30 0.45 3.8
Rice, casserole 45 1.4 5.2
Beef hash 45 1.52 5.2
Apple butter 120 0.42 52.5
Scrambled eggs 3 1.7 4.1

Moore, C. V. (1965)
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PHARMACOLOGICAL CLASSIFICATION OF TOXIC
- PROTEINS FROM SNAKE VENOMS
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Abstract: Toxic proteins in snake venoms are classified according to their prin-
cipal pharmacological properties as follows: 1) Neurotoxins — postsynaptic neurotoxins
from elapid and sea snake venoms and presynaptic neurotoxins from some elapid and
crotalus venoms. 2) Myotoxins — Cardiotoxins from elapid venoms and crotamine
and other basic proteins from crotalus venoms. 3) Toxic proteins acting on blood
vessels and other smooth muscle organs — vasculotoxins, hemorrhagins, and brady-
kinin-releasing esterases from viperid and crotalid venoms, and phospholipase A from
most snake venoms. 4) Local necrotizing agents — proteolytic enzymes from crotalid
and viperid venoms and cardiotoxins from elapid venoms. 5) Coagulants — Factor X
activators, prothrombin activators and thrombin-like ehzymes. 6) Anticoagulants —
inactivation of thromboplastin, Factor V and prothrombin, and fibrinolytic enzymes.

Toxic proteins in snake venoms may be grouped into the following six catego-
ries according to their principal pharmacological proterties.

I. NEeuroToxiIns

Although the term ‘“neurotoxins” (NTXs) is ill-defined and may lead to con-
fusion, the NTXs from elapid and sea-snake venoms have been shown to act se-
lectively on the neuromuscular (N-M) junction without any marked effects on
other organ systems including the central nervous system (cf. 20, 22). All of the
NTXs from elapid and sea-snake venoms are basic polypeptides and devoid of any
known enzymic activity. They can be classified into two distinct groups: “post-
synaptic toxins” and ‘“‘presynaptic toxins”. Cobra NTXs, a-bungarotoxin and
sea-snake NTXs belong to the former, while g-bungarotoxin belongs to the latter.
The postsynaptic toxins are composed of either 61-62 or 71-74 amino acid residues
in a single chain cross-linked by four or five disulfide bridges, respectively. In spite
of the difference in their number of amino acid residues, striking similarities in
their primary and secondary structures are found among these toxins. In contrast,
the amino acid composition of g-bungarotoxin is quite different from that of post-
synaptic toxins.

Postsynaptic NTXs produce anti-depolarizing N-M block by combining specifi-
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cally with cholinergic receptors on motor endplates. These NTXs also act as spe-
cific antagonists at cholinergic receptors on the electric tissue membrane. Pretreat-
ment with d-tubocurarine, C;;, ACh or carbachol protects the receptor against
binding of these NTXs. Both axonal conduction of the motor nerve and electrical
properties of the muscle membrane are unaffected. Unlike NTXs with 61-62
residues, a-bungarotoxin and cobra NTXs with 71 residues block N-M transmission
irreversibly in most preparations, probably due to richness in hydrophobic amino
acids in their molecules. Because of its specific and irreversible nature of the receptor
binding, a-bungarotoxin has been extensively used for characterization and isolation
of cholinergic receptors (1, 9, 10, 26).

Presynaptic NTXs, as exemplified by g-bungarotoxin, produce an irreversible
N-M block by depressing ACh release from motor nerve endings, leaving the sen-
sitivity of endplates to ACh unaffected. The reduction of ACh release by g-bun-
garotoxin is preceded by a facilitated release of transmitter and an increased frequency
of miniature endplate potentials (MEPP). This inhibitory effect of g-bungarotoxin
on the release mechanism is delayed when the nerve activity is decreased; e.g. de-
creased rate of nerve stimulation, decrease in calcium concentration or increase
in magnesium concentration in the bathing medium. As in the Mg-induced paraly-
sis, the amplitude of EPPs on repetitive stimulation is rather sustained, suggesting the
failure of release mechanism. After complete N-M block, the store of ACh in the
rat diaphragm is not reduced. Ineffectiveness of choline as an antagonist and
unaltered uptake of choline in the rat diaphragm treated with p-bungarotoxin
exclude the possible involvement of a hemicholinium-like action. In the diaphragm
of mice injected with g-bungarotoxin, synaptic vesicles have been shown to be
markedly depleted (11). However, no appreciable change can be found in the
hemidiaphragm, if its phrenic nerve has been cut before injection of the toxin (Lee
et al., unpublished). These findings indicate that an additional factor such as a
high rate of phrenic discharges is required for depletion of synaptic vesicles by the
toxin.

Viperotoxin isolated from Vipera palestinae venom has been claimed to be a
NTX which acts primarily on medullary vasopressor centers leading to lethal circu-
latory failure (cf. 14). It remains to be proven, however, that such a basic protein
can pass through the blood-brain barrier in sufficient quantity to produce central
effects.

II. MyoTOoXINS

Cardiotoxin (CTX), direct lytic factor (DLF), cobramine, cytotoxin and toxin
; are all strongly basic polypeptides isolated from various cobra venoms (cf. 22).
Recent evidence indicates that they are either identical or at least a family of homolo-
gous toxins. They are composed of 60-61 amino acid residues in a single chain cross-
linked by four disulfide bonds.

Cardiotoxin affects various. kinds of cells, causing irreversible depolarization
of the cell membrane. It produces contracture of skeletal muscle, blockade of
axonal conduction and systolic arrest of the isolated heart. These effects are inhib-
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ited by high Cat** and potentiated by phospholipase A (PhA) which by itself has
little effect on these preparations. CTX is by itself only weakly hemolytic, but
acts synergistically with PhA. The local irritant action as well as the cytotoxic
effect of CTX may account for the local tissue damage observed in cobra bite (18).

Besides cobra venoms, some of the elapid venoms (e.g. Bungarus fasciatus, coral
snakes) appear to contain CTX-like principles (24, 37).

Crotamine is also a strongly basic polypeptide toxin, isolated from the venom
of Crotalus durissus crotaminicus. 1t consists of 46 amino acid residues, including
four half-cystines. It resembles cobra CTX in its very high lysine (11 residues)
and low arginine (2 residues) contents but unlike cobra CTX, it is devoid of threonine,
alanine and valine (17). Although crotamine has been classified as a NTX (cf.
7), its pharmacological properties are quite different from those of NTXs, and it may
be better classified as a myotoxin.

Crotamine induces an immediate contracture followed by spontaneous and ir-
regular contractions of skeletal muscles of the rat. This effect is inhibited by te-
trodotoxin, Ca**, Mg*+ and K*, but only partly by curarization or chronic denerva-
tion (7, 12). The mode of action has not been fully elucidated, but a2 change in
Cat++ or Nat permeability on the muscle membrane has been postulated. On
the other hand, its stimulant effect on skeletal muscles of baby chicken has recently
be shown to be presynaptic in origin (Lee, unpublished).

Like crotamine, the basic proteins isolated from the venoms of Crotalus adaman-
teus, Crotalus v. viridis, and Crotalus h. horridus have a stimulant effect on skeletal
muscles of the rat as well as of the baby chicken. The site of action appears to be
on the muscle membrane for the former while on the nerve terminal for the latter
(23). Of special interest is the finding that the basic proteins from C. adamanteus
and C. h. atricaudatus produce myocardial damage in mice, leading to elevation of
serum enzyme levels (4).

III. Toxic ProTEINsS AcCTING ON Broop VEssLEs AND OTHER SMOOTH
MuscLE ORGANS

Vasoculotoxins The heated venom of Vipera russellii produces a long-lasting
hypotension which appears to be peripheral in origin (19). Although the active
toxin has not been purified, it is postulated that the venom contains some vascu-
lotoxin which causes direct vasodilatation. Viperotoxin isolated from Viper palestinae
might also belong to this category.

Hemorrhagins Previously, the hemorrhagins HR1, HR2a and HR2b, isolated
from Trimeresurus flavoviridis venom, have been claimed to be devoid of proteolytic
activity (28, 36). A recent study, however, reveals that HR1, HR2a and HR2b
all can liberated Folin-positive material from kidney basement membranes (27).
Therefore, evidence is strengthened that hemorrhage is due to proteolytic weakening
of the stabilizing apparatus (i.e. the basement membrane and the perivascular
fibrils) of the small vessels.

The hemorrhage produced by Naja naja venom on the lung surface capillaries
has been attributed to a synergistic action of DLF and PhA (5).
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Bradykinin-releasing esterases Bradykinin, a nonapeptide with powerful hy-
potensive and smooth muscle-stimulating properties, is regarded as the mediator
in the venom-induced, abrupt hypotension. It is released from bradykininogen,
a plasma p-globulin precursor, mostly by crotalid and viperid venoms (15), but
exceptionally by Ophiophagus hannah venom (25). The bradykinin-releasing activity
has been attributed to a specific arginine-ester hydrolase (35).

Phospholipase A (PhA) This enzyme may cause various pathophysiological
effects, by releasing autopharmacologic substances, such as histamine, serotonin
and slow-reacting substance (SRS-C). Some of the hemodynamic effects as well
as the action on smooth muscle of cobra venom can be attributed to PhA (21).
Besides, as already mentioned, PhA exhibits synergistic effects with CTX (DLF).

IV. Locar NECROTIZING AGENTS

The main evidence for ascribing the necrotic effect of snake venoms to proteo-
lytic enzymes was the high protease content of many crotalid and viperid venoms
endowed with this action and the lack of proteases in elapid venoms, the majority
of which do not evoke this effect. Local necrosis produced by cobra venom, however,
is attributable to CTX, possibly potentiated by PhA (18).

V. CoAGULANTS

Coagulant effects are exhibited in snake venoms according to the following
mechanisms:
1. Factor X activator An arginine-esterase of molecular weight over 100,000
has been purified from Vipera russellii venom (34, 38). It splits off from purified
plasma Factor X, a strongly coagulant derivative (FXa) that is by itself an esterase.
2. Prothrombin activator (a) Complete prothrombin activator (conversion of
prothrombin to thrombin without Factor V). A poweful procoagulant which
promotes the conversion of prothrombin to thrombin has been purified from Echis
carinatus (33). It is an acidic protein (M. W. 86,000) and possesses some proteolytic
activity. (b) An incomplete prothrombin activator (conversion of prothrombin
to thrombin in the presence of Factor V) has been found in the venoms of Notechis
scutatus (tiger snake) and Acanthophis antarcticus (13).
3. Trombin-like enzyme The homogeneous thrombin-like principles isolated
from the venoms of Agkistrodon rhodostoma (16) and Agkistrodon acutus (29) are gly-
coproteins that resemble thrombin in its molecular weight. But they differ from
thrombin in several respects. They are more heat-stable than thrombin (16, 29).
Both peptides A and B are removed from fibrinogen during the formation of fibrin
by thrombin, while only peptide A is removed by reptilase, the thrombin-like en-
zym of Bothrops jararaca venom (3). Unlike thrombin, they are not inhibited by
heparin (16, 29). No clot retraction nor factor XIII (Fibrin stabilizing factor)
activation is found with the thrombin-like enzyme (29). Arvin, the thrombin-
like enzyme from Agkistrodon rhodostoma venom induces a loss of fibrinogen by con-
version into fibrin by systemic application (32). It has been used for prophylaxis
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and therapy of thrombosis (2).

VI. ANTICOAGULANTS

A number of mechanisms account for the anticoagulant effects of snake venoms.
1. Inactivation of thromboplastin The components, which can inactivate throm-
boplastin, have been separated from the venoms of Naja nigricollis (6), Naja naja
atra (8) and Agkistrodon acutus (31). The components from cobra venoms exhibit
phospholipase A activity, and are thought to be the main anticoagulant through
phospholipid destruction.
2. Inactivation of Factor V The components which can inactivate Factor V
have been separated from the venoms of Naja naja atra (Ouyang and Chen, un-
published) and Agkistrodon acutus (31). :
3. Inactivation of prothrombin A principle which can inactivate prothrombin
has been purified from Agkistrodon acutus venom (31).
4. TFibrinolysis Fractions which can cause fibrinolysis have also been separated
from Agkistrodon acutus venom (30).
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Fig. 4 In vitro chloroquine-sensitivity test of P. falciparum from East Kalimantan
(I. T. & H. K.) and Sri Lanka (O. T.).
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Fig. 5 Distribution of chloroquine-resistant falciparum malaria in Southeast Asia and

Oceania.

Arrows indicate the place of chloroquine-resistant falciparum malaria reported

by the present authors.
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CHLOROQUINE-RESISTANT FALCIPARUM MALARIA
IN EAST KALIMANTAN AND WEST IRIAN
II. ADDITIONAL CASES AND REVIEW
OF THE PROBLEMS

Isao EBisawa, Tamio FukuvyaMa AND YOSHIHARU KAwAMURA
Received for publication 9 April 1975

1) Two cases of falciparum malaria infected at Sangkurilang, East Kalimantan and a case in-
fected at Kimi Bay, West Irian were found to be chloroquine RI resistant. 2) All the 3 patients
were given 1,800 mg of chloroquine base (27, 31 and 27 mg per kg of body weight) in four days. The
drug was not vomited, and its absorption was confirmed by quatitative study of the blood and urine
for chloroquine. The reinfection was excluded when recrudescence occurred. 3) The in vitro
chloroquine-sensitivity test was made and the 50 percent maturation inhibition concentration of chloro-
quine against the three isolates and a chloroquine-sensitive Sri Lanka strain was 0.90, 0.53, 0.44 and
0.14 nM/ml, respectively. 4) 34 cases of malaria (29 vivax and 5 falciparum) were imported from
Kalimantan, West Irian, Papua and New Guinea during the past 10 years. Falciparum malaria was
seen for the first time in 1974 and all the 5 cases turned out to be chloroquine-resistant. It is concluded
that chloroquine resistant falciparum malaria is prevalent in East Kalimantan and West Irian.

Dept. of Parasitology and Laboratory of Tropical Epidemiology, Institute of Medical Science, The
University of Tokyo.
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EFFECTS OF SULFAMONOMETHOXINE, CHLOROQUINE
AND PYRIMETHAMINE AGAINST PLASMODIUM
FALCIPARUM AND PLASMODIUM VIVAX
IN THE KINGDOM OF LAOS

With special reference to evaluation of antimalarial
efficacy of sulfamonomethoxine

Tosaio Yamamoro, Hirovuk: AMANO,! TOHRU YAMANAKA,
Hirosumr IwaMoTO, MASANORI ATHARA, MAsavYUKI OKADA,
Yosaio ONO AND SADAO SHIBAZAKI?

Received for publication 14 June 1975

Abstract: Exclusive therapy with sulfamonomethoxine, exclusive therapy with

chloroquine, and the therapy with the combination of sulfamonomethoxine and pyri-
methamine have individually been applied to 118 patients with malaria in Laos, and
the effects were comparatively evaluated on the basis of quantitative progress in asexual
parasitemia. The results are summarized as follows:
1) The presence of chloroquine-resistant type of malaria was suspected. 2) It was
confirmed that sulfamonomethoxine has therapeutic efficacy comparable to that of chloro-
quine. 3) The therapeutic efficacy of sulfamonomethoxine was of a delayed type. 4)
The combination of sulfamonomethoxine and pyrimethamine showed 1009, -effective-
ness in the disappearence of parasitemia on blood film. 5) The following method
was established on the ground of the above findings for the prophylaxis and therapy
of malaria: For prophylaxis of malaria, 500 mg of sulfamonomethoxine should be
administered twice a week, provided that the MP-therapy is at any time available. For
the treatment of malaria, exclusive therapy with sulfamonomethoxine should be used
as the first choice, and the progress in the number of asexual parasitemia should be ob-
served for at least one week while this therapy is being applied.

Until the number of asexual parasitemia increases or is found to remain unexpelled
even one week after its administration, no other therapy such as chloroquine or the com-
bination of sulfamonomethoxine and pyrimethamine should be applied.

Even today, malaria is still one of the tropical diseases that require much atten-
tion. Since 1966 we have continued the clinical service activities at Brazzaville,
Congo, Africa. Since 1970 visiting clinic services have also been carried out by our
medical team in the Kingdom of Laos, Southeast Asia.5!

Quinoline derivatives have been the essential drugs for the therapy of malaria
at the present time.D®2)4) In fact, our therapy and prophylaxis against malaria
have depended mainly on quinoline derivatives so far. However, in view of acci-

1 Dept. of Overseas Medical Services, 2 Dept. of Clinical Pathology, Tenri Hospital, Tenri, Japan.
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dental incidents of malaria among our members and of the hepatic disturbances
attributable to their administration, routine administration of chloroquine against
malaria should be re-evaluated. In addition, from the observation of the patients
we treated in tropical areas, it may be assumed that there exists chloroquine-resistant
malaria.2® Two cases’” of chloroquine-resistant Plasmodium falciparum infection
in Colombia were reported in 1961, followed by many reports on the similar cases
in Thailand,?5® Cambodia,’® Malaysia,153%) Vietnam,34) Singapore,® the
Philippines,® and Laos.® Some of them were found to be also resistant to other
antimalarials, and some others were also found to have reduced their response to
quinine,15)31)46)

Malaria was almost entirely eliminated in Japan for a time being after the Second
World War, but, as the number of Japanese travellers abroad increased, the number
of malarial patients also increased, and even the death due to this disease have been
reported.#) We have had a case with Plasmodium ovale Stephens brought back from
Brazzaville, Congo.®

The available antimalarials besides quinoline derivatives are various sulfon-
amides as the p-aminobenzoic acid antagonists,? pyrimethamine, chloroguanide
and cycloguanil pamoate? as the folic acid reductase inhibitor and a new drug, called
colchicine.3?

In our clinical service activities in Laos, observations were made on the effect
of three methods of treatment: exclusive use of chloroquine, exclusive use of sul-
famonomethoxine, and combination of sulfamonomethoxine and pyrimethamine on
Plasmodium falciparum and Plasmodium vivax. The therapeutic effects of these three
agents have been compared and evaluated with the reduction rate of asexual para-
sitemia as an indication. Based on these results, we will discuss the prophylaxis and
therapy against malaria.

MATERIALS AND METHODS

MATERIALS:

Patients in Ban Keun village and refugee camps in the neighboring villages in
Laos were the subject of this study. The number of patients we treated were 118 in
total. They were diagnosed by means of thick or thin blood films. 118 cases of
malaria consisting of 79 Plasmodium falciparum and 39 Plasmodium vivax, of which 3
cases were reinfected and 2 cases were superinfected. Of these 118 patients, 57
cases were followed-up using thick or thin blood film tests to indicate asexual para-
sitemia.

DRUG ADMINISTRATIONS:

The patients were divided into three groups in order to compare and to evaluate
the effectiveness of the treatment regimens.

DRUGS USED IN EACH GROUP WERE AS FOLLOWS:

1. Exclusive sulfamonomethoxine therapy (M group)
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The first day: 40 mg/kg of body weight
The second day: 20 mg/kg of body weight
The third day: 20 mg/kg of body weight
2. Exclusive chloroquine therapy (C group)
Chloroquine 1,500 mg therapy
The first day: 600 mg
Six hours later: 300 mg
The second day: 300 mg
The third day: 300 mg
in accordance with the WHO method based on a dose of 1,500 mg.
3. Combinations of sulfamonomethoxine and pyrimethamine
therapy (MP group)
1 mg of pyrimethamine and 20 mg of sulfamonomethoxine per kg of body
weight.
This combination was given at the same time.

REsvuLTs

As the result of treatment, the disappearance ratio of asexual paraéitemia was
559, in the M-group, 549, in the C-group and 100%, in the MP-group (Tables I
and 2).

TasLe 1 The effect of treatment (1)

Treatment Number of cases - Number of ...* ratio 9,
M-group 22 12 55
C-group 13 7 54
MP-group 22 22 100

M — sulfamonomethoxine, C — chloroquine
MP — sulfamonomethoxine + pyrimethamine
* Number of disappearance of asexual parasitemia

TaBLE 2 The effect of treatment (2)

‘Treatment Type of malaria Nugl;:sr of  Number of ...* ratio %
M-group Plasmodium falciparum 11 6 55
Plasmodium vivax 7 3 43
C-group Plasmodium falciparum 7 3 43
Plasmodium vivax 3 60
MP-group Plasmodium falciparum 13 13 100
Plasmodium vivax 8 8 100

* Number of disappearance of asexual parasitemia

However, it should be noted that the blood examinations were occassionally
carried out on separate days due to the difficult travelling conditions of the medical
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team.

The relationship between the dates of examination after treatment and the
results concerning the disappearance of asexual parasitemia is shown in Table 3.

TaBLE 3 The effect of treatment upon disappearance of asexual parasitemia

M-group . C-group MP-group

Number of dis-
appearance * *# *
cases

Time after | Number of
treatment tested cases

ek

2nd day 6
3rd day 14 5 4 2 4 4
4th day
5th day
6th day
7th day
2 weeks
3 weeks | 3 2
4 weeks 1

5 weeks 1 1

— b NN =
N

* Number of tested cases
** Number of disappearance cases

Among those M-group patients who were treated with sulfamonomethoxine
alone, 20 cases were followed-up on the second or third day after the treatment, only
5 cases turned to negative. Whereas, of the 6 cases which were followed-up on the
6th or 7th day, 5 cases were found to have turned to negative. One case did not in-
dicate negative reaction even in the 4th week after medication.

In the C-group, neither at early stage (third day) nor about two weeks after the
treatment, did anyone turn to negative.

In the MP-group, asexual parasitemia in blood film of all the patients except 2
disappeared in the subsequent examination, either immediately after or 1 to 3 weeks
after the medication.

Table 4 shows the results of the changes in the number of asexual parasitemia
on observation day after the treatment.

In the M-group, 21 patients were followed-up on the 2nd, 3rd or 4th day after
the therapy. Of these, 6 cases showed no asexual parasitemia detected in the blood
film. In9 cases, more than 809, reduction in the number of asexual parasitemia was
seen. Four cases showed a reduction of more than 509, in the number of asexual
parasitemia. Only two patients showed no change in the number of asexual para-
sitemia even during administration of this drug.

Of the 12 patients whose turning to negative was confirmed, 7 cases were found
with Plasmodium falciparum and 3 cases with Plasmodium vivax. Four of these with
Plasmodium falciparum turned to negative on the third day, while another on the 4th
day and the other two on the 7th day. The two cases which turned to negative on
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TasLe 4 The effect of treatment with sulfamonomethoxine alone and chloroquine
alone upon disappearance of asexual parasitemia

M-group: 1. Explored during the second to fourth days 21 cases
Disappearance 6 cases
Reduction more than 809, 9 cases
Reduction 509, to 809, 4 cases
Unchanged 2 cases
II. Exploration on the 12 cases with disappearance of asexual parasitemia
a) Cases with Plasmodium falciparum 3rd day 4 cases
4th day 1 case
7th day 2 cases

(One showed 669, reduction

on the third day)

(Another showed 229, reduction
on the 5th day)

b) Cases with Plasmodium vivax 3rd day 1 case
6th day 2 cases
(80 and 879, reduction on the
third day)
7th day 1 case
2nd week 1 case
C-group: a) Seven cases out of 13 disappeared at the second test.

(2 cases on the 2nd day, 1 case on the 5th day, and 4 cases on the
14 th day) ' '

b) Of 6 cases, 3 remained unchanged, and 3 others showed more
than 809, reduction. (explored on the end of the Ist, 2nd, and
3rd week, respectively)

the 7th day were both checked during the treatments. One of them showed a reduc-
tion of 669, on the 3rd day, and the other showed 229, on the 5th day. Of the three
cases with Plasmodium vivax, one turned into negative on the third day, while the other
two turned into negative on the 6th day. Of the latter two, one showed a reduction
of 809%, and the other 879, on the third day.

From the above-mentioned results, it may be claimed that although the dis-
appearance ratio of asexual parasitemia of the M-group amounted to only 509,
at our post-medication check, sulfamonomethoxine even when administered alone
can provide good therapeutic effect against Plasmodium falciparum and Plasmodium
vivax.

Of the 13 patients who underwent chloroquine alone (C-group), 7 cases turned
to negative.

Of the 6 cases which showed no negative turning, 3 were checked at the end of
the 1st, 2nd and 3rd week respectively, showing more than 809, reduction in asexual
parasitemia. However, the other 3 remained unchanged in terms of the number of
asexual parasitemia of the blood specimens. Not only from this result, but also from
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their clinical symptoms, they were suspected to be of the chloroquine-resistant type
of malaria. These 6 cases were switched to either the M-group or the MP-group
but, unfortunately, no further followed-up has been made.

- Of the 22 cases of the MP-group, 20 cases showed disappearance of asexual para-
sitemia at the time of the post-medication check. Of the two cases which showed
no negative turning at the primary post-medication test, one showed improvement
in his clinical symptoms at the end of the first week after the medication, but showed
increase in asexual parasitemia in his blood specimens. However, at the end of the
third week after the medication, with no additional medication, the asexual para-
sitemia disappeared. One patient was febrile at the end of the third week, and was
eventually found to have asexual parasitemia. Re-medication was then started and
the asexual parasitemia disappeared two weeks later (at the end of the 5th week after
the initial medication).

Discussion

Quinoline derivatives have so far been used widely against malaria as a remedy
for both its prophylaxis and therapy. However, since the chloroquine-resistant
malaria was reported in many areas in recent years, it was claimed that the prophy-
lactic and therapeutic methods against malaria should be re-evaluated. It has been
known that sulfonamides is effective for the therapy against malaria since Coggeshall'”)
reported on sulfadiazine in 1941. However, their practical use was rare in view of
the outstanding efficacy of quinoline against the disease. Later, the effects of sul-
famethoxine,?”) sulfadimethoxine, sulfamethoxypyridazine,!®) sulfalene,933 sul-
fadiazine,*") and many other sulfonamides were reported.

Especially, concerning the sulfones, diaphenylsulfone (D.D.S.) became the
object of particular attention and its schizontocidal effect was reported. Further-
more, it was reported that diformyl diamino diphenyl sulfone (D. F. D.)1® was even
more effective. Sulfonamides appear to be effective and the longer acting drugs ap-
pear to be more effective, probably because of the maintenance of longer and more
constant antagonism to para-aminobenzoic acid.?) Particularly noted is the fact
that the efficacy of sulformethoxine with 100 to 200 hours’ half life should be attended
to in the future. Yoshinaga reported in 1970 that sulfamonomethoxine was effective
against Plasmodium falciparum in Kenya.5?

In the course of prophylaxis and therapy against malaria within the staff of our
overseas medical service team, we used to apply mainly chloroquine, but had been
disturbed by the hepatic disorders due to chloroquine. Amano et al., our colleagues,
reported that malaria broke out in the hiatus of chloroquine administration which
were to be discontinued because of emerging hepatic disturbances after administra-
tion.

Further, the application of chloroquine which has long been used in the ortho-
pedic field has come to be avoided due to the recent upheaval of the iatrogenic diseases
caused by excessive medication like the SMON disease which is ascribed to the long-
term administration of chinoform. :

From these facts, we feel that the use of chloroquine as a prophylactic drug against
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malaria should be re-examined. Although sulfonamides can not always be free from
side effects, no particularly notable reports have been published so far on its side
effects even though it has been daily applied over several years as one of the combined
chemotherapy against pulmonary tuberculosis. As clearly realized by our present
study, it can be claimed that the exclusive administration of sulfamonomethoxine
has sufficient efficacy, not inferior to that of chloroquine, against malaria. Our studies
indicate that the efficacy of sulfamonomethoxine is better than that of chloroquine.
From the above-mentioned findings it is our belief that sulfamonomethoxine is prefer-
able to chloroquine for the prophylaxis and therapy of malaria in the present practice.

Pyrimethamine, chloroguanide, cycloguanil pamoate, and trimethoprim as
folic acid reductase inhibitor were introduced to the clinical use against malaria.
It has been, however, reported that these new antimalarials are more toxic to human
bodies than sulfonamides according to their actions to cause megaloblastic changes
in the bone marrow and to invite anemia due to their inhibitory effects against folic
reduction.?® Of these antimalarials, pyrimethamine was developed in 1948 by
G. H. Hitchings,?¥ followed by many investigations concerning this drug. However
it should be noted that pyrimethamine is prone to develop resistance.?124® It has
been reported that this agent was effective against both Plasmodium falciparum and
Plasmodium vivax, but the amount of the therapeutic dose of an antimalarial varies
depending on the strains of Plasmodium falciparum,?® and that large parasitemias and
large doses of this agent will develop a high degree of resistance, much faster than the
method of repeated exposure to small doses.44  Since chloroquine resistant malaria
has acquired cross resistance, antimalarials with many modes of different association
have been re-examined. First of all, the combination of sulfadiazine with pyri-
methamine® was studied, followed by those of chloroquine with quinine of mepac-
rine,® but their effects were found to be insufficient. The combination of one of sul-
fonamides or sulfones with one of the folic reductase inhibitors has been shown to
produce a true synergism as the folic acid pathway was attacked at two different
places.?¥  Various ways of combination were tried, such as sulfone and pyrimetha-
mine,1930) sulfalene and trimethoprim,¥ sulfamethoxazole and trimethoprim, and
D.F.D. and trimethoprim.2? Among them, the combination of sulformethoxine
and pyrimethamine has attracted the greatest interest, and a large number of reports
have been published.»101D18)22)20)47)4950)  Because of the difficulty in obtaining large
quantities of Fansidar (the combination of sulformethoxine and pyrimethamine),
the combination of sulfamonomethoxine and pyrimethamine (MP-group) was adopted
in our present study. As reported in this paper, its efficacy amounted to 1009%,
in the disappearance of parasitemia in blood film. This is an excellent result. The
outstanding efficacy was also confirmed in a refugee camp. Our second team
rendered their treatment to almost all inhabitants of the camp against malaria which
was rampant at that time, and ten months later, the third team could hardly find
any one still affected by malaria. However, several points have yet to be re-examined
before applying the remedy further to more extensive uses.

Firstly, it should be pointed out, as discussed from literature, that pyrimethamine
is characterized by its likelihood to acquire resistance. Secondary, the fact that this
drug achieved 1009, efficacy may suggest that there might have been excessive ad-
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ministration of this medicine to malaria. In fact, WHO also admitted that further
studies would be needed in determination of its final dose against the disease. One
of the problems to be mentioned here is that the single dose of 1,000 mg/50 kg of sul-
famonomethoxine and 50 mg/50 kg of pyrimethamine (2 tablets of MP) is sufficient
for attaining 1009, efficacy and that a dose of 500 mg of sulfamonomethoxine and
25 mg of pyrimethamine (a tablet of MP) is needed once a week for prophylaxis
against malaria. Taking into consideration the above-mentioned points, it may be
claimed at least that the particular combination would be highly effective if it is ap-
plied at one swoop in accordance with a careful plan to eradicate malaria in a dis-
trict. It should be, however, pointed out that, in view of this outstanding efficacy,
its fragmental or insufficient use only to stop symptoms should be strictly restricted.

REFERENCES

1) Allison, J. L., O’Brien, R.L. and Hahn, F. E. (1965): DNA; Reaction with chloroquine,
Seience, 149, 1111-1113

2) Amano, H., Kurata, S. and Yamamoto, T. (1972): Tropical diseases observed in Tenri hos-
pital, J. African Studies, 12, 62-65

3) Amano, H., Kurata, S. and Yamamoto, T. (1972): A case of Plasmodium ovale malaria, Nettai,
6, 162-168

4) Amano, H. and Yamamoto, T. (1973): A case of Plasmodium falciparum mararia treated with
sulfamonomethoxine alone, Jap. J. Trop. Med. Hyg., 1, 149-150

5) Bartelloni, P. J., Sheehy, T. W. and Tigertt, W. D. (1967): Combined therapy for chloroquine
resistant Plasmodium falciparum infection, J. Amer. Med. Ass., 199, 173-177

6) Baruffa, G. (1966): Clinical trials in Plasmodium falciparum malaria with a long-acting sul-
phonamide, Trans. R. Soc. Trop. Med. Hyg., 60, 222-224

7) Basu, P. C., Mondal, M. M. and Chakrabarti, S. C. (1962): Treatment of human malaria
by diamino-diphenyl-sulphone (DDS), singly and in combination with pyrimethamine; A
preliminary study of their effects in P. vivax and P. falciparum infections in Rajasthan, India,
Indian J. Malariol., 16, 157-175

8) Bowman, I. B. R., Grant, P. T., Kermack, W. O. and Ogston, D. (1961): The metabolism
of Plasmodium berghei, the malaria parasite of rodents, Biochem. J., 78, 472-478

9) Burgess, R. W. and Young, M. D. (1959): The development of pyrimethamine resistance
by Plasmodium falciparum, Bull, Wid Hlth Org., 20, 37-46

10) Chin, W., Contacos, P. G., Coatney, G. R. and King, H. K. (1966): The evaluation of sul-
fonamides, alone or in combination with pyrimethamine in the treatment of multi-resistrant
falciparum malaria, Amer. J. Trop. Med. Hyg., 15, 823-829

11) Chum-Chantol (1969): Interet de l’association de la sulformethoxine (Fanasil) et de la pyri-
methamine (1) dans la cure radicale du paludisme a Plasmodium falciparum, Revue Int. Servs.
Sante Armees, 42, 557-568

12) Clyde, D. F. and Shute, G. T. (1954): Resistance of east African varieties of Plasmodium fal-
ciparum to pyrimethamine, Trans. R. Soc. Trop. Med. Hyg., 48, 495-500

13) Clyde, D. F. (1967): Antimalarial effects of diaphenylsulfone and three sulfonamides among
semi-immune Africans, Amer. J. Trop. Med. Hyg., 16, 7-10

14) — (1969): Sulfalene and trimethoprim. in acute falciparum malaria (Correspondence),
J. Amer. Med. Ass., 209, 563

15) Clyde, D. F., DuPont, H. L., Miller, R. M. and McCarthy, V. C. (1970): Prophylactic and
sporontocidal treatment of chloroquine resistant Plasmodium falciparum from Malaya, Trans,




17)
18)
19)

20)

21)
22)
23)
24)
25)
26)
27)
28)
29)
30)

31)

32)
33)
34)
35)
36)
37)

38)

243

R. Soc. Trop. Med. Hyg., 64, 834-838
Clyde, D. F., Rebert, C. C.,. McCarthy, V. C. and Dawkins, A. T. (1970): Diformyl di-
aminodiphenyl sulfone (DFD) as an anti-malarial in man, Milit. Med., 135, 527-536
Coggeshall, L. T., Maier, J. and Best, C. A. (1941): The effectiveness of two new types of
chemotherapeutic agents in malaria, J. Amer. Med. Ass., 117, 10771081
Ebisawa, I., Muto, T., Kameko, S. and Mitsui, G. (1970): Response of Laotian malaria
strains to chemotherapy, Jap.J. Exp. Med., 40, 151-157
Eyles, D. E., Hoo, C. C., Warren, McW. and Sandosham, A. A. (1963): Plasmodium falciparum
resistant to chloroquine in Cambodia, Amer. J. Trop. Med. Hyg., 12, 840-843
Fasan, P. O. (1971): Trimethoprim and sulphamethoxazole compared with chloroquine in the
treatment and suppression of malaria in African schoolchildren, Ann. Trop. Med. Parasit.,
65, 117-121
Haas, E. (1944): The effect of atabrine and quinine on isolated respiratory enzymes, J.
Biol. Chem., 155, 321-331
Harinasuta, T., Viravan, C. and Reid, H. A. (1967): Sulphormethoxine in chloroquine resist-
ant falciparum malaria in Thailand, Lancet, 1, 1117-1119
Harinasuta, T., Suntharasamai, P. and Viravan, C. (1965): Chloroquine-resistant falciparum
malaria in Thailand, Lancet, 2, 657-660
Hitchings, G. H., Elion, G. B. and Werff, H. V. (1948): Pyrimidine derivatives as antagonists
of pteroylglutamic acid, J. Biol. Chem., 174, 765-767
Hunsicker, L. G. (1969): The pharmacology of anti-malarials, Arch. Intern. Med., 123,
645-649
James, S. P., Nicol, W. D. and Shute, P. G. (1932): A study of induced malignant tertian
malaria, Proc. R. Soc. Med., 23, 1153-1186
Laing, A. B. G. (1964): Antimalarial effect of sulphorthodimethoxine (Fanasil), Brit. Med.
J., 2, 1439-1440

(1965): Treatment of acute falciparum malaria with diaphenylsulfone in northeast
Tanzania, J. Trop. Med. Hyg., 68, 251-253

(1968): Hospital and field trials of sulphormethoxine with pyrimethamine against
Malaysian strains of Plasmodium falciparum and P. vivax, Med. J. Malaya, 23, 5-19

(1970): Malaria suppression with fortnightly doses of pyrimethamine with sulfa-
doxine in the Gambia, Bull. Wild Hlth Org., 43, 513-520
Legters, L. J., Wallace, D. K., Powell, R. D. and Pollack, S. (1965): Apparent refractoriness
to chloroquine, pyrimethamine, and quinine in strains of Plasmodium falciparum from Vietnam,
Milit, Med., 130, 168-176
Luketic, G. C., Santini, R. and Butterworth, C. E. (1965): Depression of whole blood folate
activity by colchicine, Proc. Soc. Exp. Biol. Med., 120, 13-16
Martin, D. C. and Arnold, J. D. (1968): The drug response of a normal and a multi-resistant
strain of P. falciparum to sulphalene, Trans. R. Soc. Trop. Med. Hyg., 62, 810-815
Martin, D. C. and Arnold, J. D. (1969): Enhanced sensitivity of P. falciparum to sulphalene
as a consequence of resistance to pyrimethamine, Trans. R. Soc. Trop. Med. Hyg., 63, 230-235
McGregor, 1. A., Williams, K. and Goodwin, L. G. (1963): Pyrimethamine and sulfadiazine
in treatment of malaria, Brit. Med. J., 2, 728-729
Montgomery, C. R. and Eyles, D. E. (1963): Chloroquine resistant falciparum malaria in
Malaya, Trans. R. Soc. Trop. Med. Hyg., 57, 409-416
Moore, D. V. and Lanier, J. E. (1961): Observation on two Plasmodium falciparum infections
with abnormal response to chloroquine, Amer. J. Trop. Med. Hyg., 10, 5-9
Neva, F. A. (1967): Malaria-Recent progress and problem, New Engl. J. Med., 277, 1241-
1252



244
39)
40)

41)

42)
43)
44)

45)

46)
47)
48)
49)
50)
51)

52)

53)

Ng, W. C., Fung, W. P., Colbourne, M. J. and Gilles, H. M. (1969): Chloroquine-resistant
malaria in Singapore, Ann. Trop. Med. Parasit., 63, 313-316

Ogihara, M., Ohira, I., Matuzaki, S. and Nakatani, K. (1972): An autopsy case of malignant
tertian malaria with cerebral involvement, Nettai, 7, 6-7

Powell, R. D., De Gowin, R. L. and McNamara, J. V. (1967): Clinical experience with
sulfadiazine and pyrimethamine in the treatment of persons experimentally infected with chlo-
roquine resistant Plasmodium falciparum, Ann. Trop. Med. Parasit., 61, 396408

Ramakrishnan, S. P., Prakash, S., Chowdhury, D.S. and Basu, P. C. (1961): Studies on
Plasmodium berghei Vincke and Lips, 1948, Indian J. Malar., 15, 95-106

Ramos, O. L. (1968): Chloroquine and other anti-malaria drugs resistant Plasmodium falciparum
from Palawan, Philippines, J. Philip. Med. Ass., 44

Rollo, J. M. (1952): Daraprim resistance in experimental malarial infections, Nature, 70,
415

Schellenberg, K. A, and Coatney, G. R. (1961): Influence of antimalarial drugs on nucleic
acid synthesis on Plasmodium gallinaceum and Plasmodium berghei, Biochem. Pharmacol., 6,
143-152

Sheehy, T. W. and Reba, R. C. (1967): Treatment of chloroquine resistant Plasmodium fal-
ciparum infections in Vietnam, Ann, Intern, Med., 66, 616-622

Verdrager, J., Riche, A. and Chheang, C. M. (1967): Traitment du paludisme a P. falciparum
par les sulfamides-retard, Presse Med., 75, 2839-2840

Wilson, T. and Edeson, J. F. B. (1953): Treatment of acute malaria with pyrimethamine,
Br. Med. J., 1, 253-255

Wolfensberger, H. R. (1970): Clinical trials with Fansidar. Bactrim and chloroquine in 300
cases of acute falciparum malaria, Far East Med. J., 6, 48

Wolfensberger, H. R. (1971): Curative and suppressive treatment of P. falciparum malaria with
oral and parenteral Fansidar, Southeast Asian J. Trop. Med. Pub. Hith., 2, 39

Yamamoto, T., Amano, H., Kurata, S. and Takahashi, H. (1972): Some aspect of the tropical
medicine based on experience in Congo and Laos, Nettai, 6, 41-68

Yoshinaga, T., Tsutsumi, Y., Tsunoda, K. and Yamamura, Y. (1970):" Studies on the an-
timalarial property of 4-methoxy-6-sulfanilamidopyrimidine monohydrate (sulfamonomethoxine;
DJ-1550) and on its effect on the chloroquine-resistant malaria, Arzneim-Forsch. (Drug
Res.) Jahrgang, 20, 1206-1210

Young, M. D., Contacos, P. G., Stitcher, J. E. and Millar, J. W. (1963): Drug resistance in
Plasmodium falciparum from Thailand, Amer. J. Med. Hyg., 12, 305-314



245

S AR 5= 35 ) 7ITxd % Sulfamonomethoxine, Chloroquine
R ¢ Pyrimethamine O &#E B O Holi 3t

A Flgk - RE @2k F-m&E EX
MR MES - FHE MESE - NIF OEHE - SR BB

FARTHTB118M D~ 5 ) 7 BFITH LT, Sulfamonomethoxine ¥jh##:, Chloroquine Bijhi#
X 1 Sulfamonomethoxine & Pyrimethamine D&#IIZ & 2B XIT\, Z0O%HF % asexal para-
sitemia OBMEB P EAIC L THERF LT, UTOM#AR%EH ., 1) Chloroquine WMo~ 7 97
DHEENHEE I NI, 2) Sulfamonomethoxine 2 Chloroquine 245 6 A WiIEEF RN 5 2 & BHER
Xz, 3) Sulfamonomethoxine DIEHWMBITEYMHTH 5 X H 1T# L bl 4) Sulfamonomethox-
ine & Pyrimethamine O &#lid, MBEBRHEERPOFRHRITIOZOEEMFEER LT, 5) YLD
ERBEEILRLT, =7 )V TOTFHLEERICEALTUTORENELI N, <7 ) TOTFHIEL
Ti%, Sulfamonomethoxine & Pyrimethamine O &HIBAR T FL 5L BEHEINTVWELENVIE
BTITRWT, E—&k¥EHF &L LT Sulfamonomethoxine 500mg *# 1 # 2 MRAT 5. =7 ) 7 OEE
1B LTiz, Sulfamonomethoxine Mk +E—kifmE L, A%< &3 1EMIZARETIC asexal
parasitémia D B 2 BET 5, T O BEITX 5T, asexal parasitemia OHM, %Lz 1 AEEK
HEOMEEA2EVE, 3100 T, Chloroquine %\~ L {3 Pyrimethamine &L D&FIDOER £ 4 5,

1 REXASHHEIRRESMERR 2 BERRER



Jap. J. Trop. Med. Hyg., Vol. 3, No. 3, 4, 1975, pp. 247-249 247

ON THE CESTODE TAENIA HYDATIGENA FROM
THE WILD DOG IN NEPAL

Isamu SAwapAl AND YUKIO SHOGAKI?
Received for Publication 20 November 1975

Abstract: A cestode belonging to the genus Taenia was found in the small intestine
of a wild dog captured in Kathmandu, Nepal. This is the first record of the helminth
fauna from the wild dog in Nepal.

The cestode dealt with in this paper was collected from the small intestine of
the wild dog, Canis familiaris, in Kathmandu, Nepal on January 14, 1974 by Shogaki.

The present specimens were fixed in five percent formalin under cover glass,
washed in running water over the night, and then, stained with Heidenhain’s hema-
toxylin. After a careful investigation, they have been identified with Taenia hyda-
tigena Pallas, 1766. This is the first record of Taenia hydatigena from the wild dog
in Nepal.

Taenia hydatigena Pallas, 1766

Diagnosis (all measurements in millimeters): Fully developed strobila measur-
ing 135 to 147 in length with maximum width 7.5 to 8.8. Scolex pyriform or ren-
iform, 0.138 to 0.201 long and 1.02 to 1.17 wide. Rostellum distinct but not massive,
0.345 to 0.373, armed with about 28 hooks set in two rows. First row hooks 0.175
to 0.217 long; provided with a slightly bent sharp blade, and handles of them usually
not sinuous, second row hooks 0.133 to 0.140, with a very bent pointed blade. Suck-
ers spherical, measuring 0.287 to 0.301 by 0.294 to 0.308. Neck usually distinct,
0.62 to 0.74 wide. Immature and mature segments greater in width than in length;
but senile segments longer than broad. Genital papillae slightly protrude out
of segment margin; they irregularly alternate; located near the middle of the lateral
margin.

Male genital organs. Testes 520 to 536 in number; 235 to 250 in poral side
and 285 to 286 in aporal side, and occupying almost entire median field of segment
between longitudinal excretory vessels, measuring 0.042 to 0.056 in diameter. Testes
are not laid behind the vitelline gland, not between the vitelline gland and the ovary,
not a short distance anterior to the ovary, and not between the vas deferens and the
vagine. Cirrus pouch, cylindrical, 0.154 to 0.189 long and 0.077 to 0.126 wide.
Vas deferens without seminal vesicle.

1 Biological Laboratory, Nara University of Education, Nara, Japan. 2 Dept. of Medical Zoology,
Faculty of Medical Technology, Fujita-Gakuen University, Toyoake City, Aichi Pref., Japan.
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Female genital organs. The bilobated ovary lying in posterior half of segment;
the aporal wing somewhat larger than the poral one; the former 0.622 to 0.761 wide
and 0.415 to 0.443 long, the latter 0.595 to 0.692 wide and 0.346 to 0.415 long. The
reticulated vitelline gland with its lateral margins stretched out transversely does
not reach the lateral margins of ovary. Round Mehlis’ gland, 0.042 to 0.056 in
diameter, lying between the ovary and the vitelline gland. The vagina extending
from genital pore to the ovary in the form of a curve, its internal extremity being
dilated into a rather expended seminal receptacle in the interovarian field. In
mature segments, the uterus consisting of a median stem with about 10 lateral mul-
tiple branches on each side. The mature uterus is filled with oval eggs with very
delicate membranes; oval or rounded eggs, measuring 0.035 by 0.032 spherical
onchosphere, 0.021 by 0.025, surrounded by thick radially straited membranes;
whose thickness were 0.018 to 0.021, with 0.011 long embryonal hooks.
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Figs. Tuenia hydatigena
1 Scolex (x90) 2 Mature segment (x20) 3 Senile segment (< 10) 4 Egg {x 1,300)
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