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EDITORIAL
Tokio Takamori

In 1939, Kaj Roholm's classical book entitled "Fluorine Intoxdication" (1)
appeared, It represents the first comprehensive, and to this day the most valu-
able, contribution to fluoride research, Roholm's interest in the subject had
been aroused by fluorosis in Danish cryolite workers and by the Meuse Valley dis-
aster in 1930 in which fluoride emission played a major role,

His work elicited widespread interest, particularly in the two features
of fluorosis which had but recently become associated with fluoride intake: mot-
tling of teeth, a readily diagnosible sign of fluoride poisoning, and the skeletal
changes of fluorosis, Subsequently fluorosis was investigated in vegetation, do-
mestic animals and humans, In various medical centers throughout the world es-
pecially in India, North Africa, France, Italy and Argentina and in dental schools
of the U,S,A,, fluorosis became the subject of intensive studies,

Against this background Tokio Takamori, who at the time was professor
at the Manchuria Medical College,carried out a series of remarkable investiga-
tions on fluorosis which,because of the language barrier and because of lack of
communication during and after World War I, did not receive the attention in the
English literature which they deserve,

Takamori had observed a peculiar bone ailment called Kaschin Beck Dis-
ease, which was endemic in remote mountainous communities of Manchuria,
characterized by achondroplasia and by shortening of bones, His studies on this
disease,carried out under trying and indeed dangerous circumstances,were pub-
lished by his collaborators posthumously (2).

Following his appointment as head of internal medicine at Gifu Univer-
sity and subsequently of the medical department of Tokushima University he fo-
cussed his attention upon bone diseases in an area closer to home,

In the Aso volcano district,inhabitants had mottled teeth and their bones
exhibited changes which were attributed eventually to fluoride in drinking water,

Takamori was not satisfied with merely reporting the clinical details on
the patients whom he encountered, He and his students embarked upon an elabo-
rate program of investigating many phases of the disease, They accumulated
original data,some of which are still to this day most pertinent to the understand-
ing of the biological action of fluoride, A portion of this vast amount of material
is being republished or abstracted in this issue with the kind permission of the
editors of Shikoku Acta Medica and Tokushima Journal of Experimental Medicine,
Their courtesy is herewith gratefully acknowledged,

Takamori and his colleagues explored histologically and biochemically the
growth of bones in the various stages of skeletal fluorosis, They compared the
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Editorial 153

development of bones in normal and rachitic subjects with that in fluorosis and
supported all observations in humans by experiments with rabbits or rats,

The research of Takamori and Hirao, on the blood picture in experimen-
tal fluorosis, is still unequalled to this day, Of particular importance are his
observations on cardiac abnormalities in fluorosis made in collaboration with
Okushi, They noted heart changes in a significant percentage of children with
mottled teeth, a subject to which few, if any, other investigators have thus far
addressed themselves, Their findings in humans were corrcborated by extensive
experiments in rabbits, rats and dogs.

The work of Takamori's collaborators H, and K, Kawahara, on the gene-
tic effect of fluorides in frogs, points to the strong possibility of teratogenic
effects of fluorides in mammalians, including humans,

Although an extensive body of literature is available on how fluoride af-
fects kidneys, it is doubtful whether anyone else has produced as accurate data
on kidney function and kidney pathology as have Takamori and Kawahara,

The classification of mottled teeth by Takamori's collaborator H, Kawa-
hara is unique, It affords an exact description of the extent and the appearance
of mottled teeth,

Takamori' s investigations confirmed that the incidence and severity of
mottled teeth is related to the level of fluoride in water whereas the incidence
of skeletal sclerosis is erratic and not solely linked with fluoride levels of water,

Takamori and his team tackled the important subject of the action of al-
kaline phosphatase in body tissue and glucose metabolism in fluorosis,

Jiro Imura made a valuable contribution to the explanation of muscle fa-
tigue in fluorosis by studying the effect of stimulation of the gastrocnemius mus-
cle of frogs under varying experimental conditions,

The current and next issue of FLUORIDE will honor the memory of Pro-
fessor Tokio Takamori, At the same time, the two issues will fulfill another
purpose: they will bring forth a variety of essential information which is not
available in other current treatises concerned with the health effects of fluoride,

Regrettably space does not permit presentation of more than a limited
amount of the vast material made available by Takamori and his collaborators,
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RECENT STUDIES ON FLUOROSIS
by

Tokio Takamori
Tokushima, Japan

( Reproduced in part from the Tokushima Journ, of Exper, Med, 2:25-44, 1955)

I Introduction

For three years odontological and medical studies on fluorosis were car-
ried out in our department in association with field work in several natural fluo-
ride districts and with animal experiments, The characteristic changes of teeth,
bones, blood picture and heart in fluorosis were investigated, Moreover, the in-
terrelation between the amount of fluoride in drinking water and the children's
physique (height, weight and chest) was explored, Experiments on rabbits, rats
and dogs were carried out to supplement the clinical data,

The studies reported here were executed by members of the author's de-
partment and by H, Kawahara, M,D, and D,D, S,

I The New Method for Classifying Mottled Teeth Based on
Fluoride Content in Drinking Water

In the past, various classifications of mottled teeth have been published,
but most of them were unsystematic and inadequate, No attention had been paid
to the differential diagnostic features of dental fluorosis. Therefore, Kawahara
introduced a new system of recording mottled enamel based on the fluoride con-
tent of drinking water exclusively,

His classification (Fig, 1) takes into account the following features:
a) Presence of Streaks (Streifen) on Teeth: S-System

Chalky lines of the S-system appear when the enamel is abnormally calci-
fied, When the lines cover the whole enamel surface, this change approaches the
P-system mentioned below,

The lines are caused by intermittent attacks by fluoride during the period
of enamel formation, In other words, the chalky lines represent enamel not com-
pletely calcified, They appear near the neck, edge or cuspid of tooth-enamel in
response to the developmental stage when the tooth germ is attacked by fluoride,
The width and shade of the chalky line is determined by the concentration of fluo-
ride and by the length of time during which the tooth is affected by fluoride, This

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan,
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Studies on Fluorosis 155

Fig, 1

Classification of Mottled Teeth Based on Fluoride Contents

S-System: Streifen (Streaks)

O @8 @0

P-System' Porzellam (Enamel)
1 2 3 4 5
B-System: Brown‘
@ 2 3 4 5

D-System: Defect

0688 &

concept can be documented by experiments on dogs, rats and mice which have
been given NaF solution subcutaneously or orally,

Based upon the width and shade of the uncalcified lines, the S-system is
divided into 5 degrees designated as Sy, S, S3, S4 and Ss,

S-system changes are found often in areas where drinking water contains
comparatively small amounts of fluoride (less than 1,0 ppm), The effect of
fluoride is dependent on additional factors as mentioned below,

b) Chalky or Porcelain-like Teeth: P-System (Porzellan or enamel)

The P-system changes tend to become more severe in proportion to the
increase in fluoride in drinking water, The mild changes of the P-system (Pq,
P2) are caused by small amounts of fluoride in drinking water of the order of 0,4
to 0,8 ppm, Such mildly altered enamel has the appearance of a lustrous marble,
The moderate P3 change is caused by a greater amount of fluoride in the range of
0.6 to 2,0 ppm, The enamel changes resemble frosted glass. Severe lesions of
the enamel (P4, Ps) caused by large amounts of fluoride (over 2,5 ppm) appear
chalky and are very brittle,

Volume 4 Number 4
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156 Takamori, et al,

As mentioned above, the interrelation between P-system changes and
fluoride content of drinking water is evident, Such changes are enhanced by un-
balanced diets,deficiencies of amino acids and low intake of vitamin A, D, or B
complex,

¢) Brown-Spotted Teeth: B-System

Villagers in the affected regions believe that mottling progresses with
the lapse of time, Some investigators have incorrectly assumed that mottled
teeth become severe when they are attacked by fluoride even after dentition, It
is certain that the brown or brown-black spots in enamel become more pronounced
with the lapse of time, They must be considered as secondary changes superim-
posed upon the P-or S-system changes, Exogenic pigments derived from food and
beverages penetrate into and lodge in the uncalcified parts of enamel thus accoun-
ting for B-system changes. We verified the occurrence of brown stains in our ex-
periments on dogs. The brown pigment of the spotted teeth is likely to originate
from endogenous factors,

As our field work shows, brown-spotted teeth are usually found in high
fluoride zones, Whether or not the abnormal pigment formation in ameloblasts
is related to fluoride,should be further explored,

According to the intensity of the brownish discoloration, the teeth are
classified at five degrees, By, By, B3, By, B,

d) Enamel Defect: D-System

Enamel defects are caused by various factors, D-system changes of den-
tal fluorosis are accompanied by the severe changes of the P-or S-system (P,
P, 54, S5). Enamel defects are divided into 5 degrees according to their extent,
The dxffe.tentut:on of defects due to fluorosis from other abnormalities is rela-
tively easy,

Method of Recording Mottled Teeth

As outlined above, the changes of mottled teeth are classified into 20 fun-
damental kinds including 4 systems and 5 degrees, It is common that several
changes can appear in a tooth simultaneously, As an example of recording the
changes, the logogram, P4, B; Dy would indicate three kinds of changes of mot-
tled enamel, namely the 4&\ degree of the P-system, the 3rd degree of the B-
system and the 1st degree of the D-system in a tooth, If we employ this method
we can record more than 300 different combinations.

Differential Diagnosis of Mottled Teeth

The principal enamel defects from which fluoride mottling must be dif-
ferentiated are as follows (Fig, 2):

FLUORIDE



Studies on Fluorosis 157
Fig, 2
Differential Diagnosis of Mottled Teeth
Turner Teeth Brown Teeth

a4 &

Teeth with White Lines

8540

a) Turner Teeth:

Turner teeth are caused by local acidosis associated with apical periodon-
titis of deciduous teeth, The defect of enamel calcification is localized and well
demarcated, It usually appears in the upper incisors of permanent teeth, A few
early investigators assumed mistakenly that mottled teeth are identical with
Turner teeth,

b) Brown Teeth:

There is no literature on Brown teeth in our country, and we have little
experience with this disease, It is not impossible, however, to differentiate
Brown teeth from the B-system changes of mottled teeth, because the brown
discoloration of mottling is always preceded by P-or S-system changes,

¢) Teeth with White Lines:

Characteristic of this condition is the fine white lines which appear in
a part of enamel that is not completely calcified, As this symptom becomes
more severe, the fine white lines cover the whole enamel, At this stage, the
appearance of the teeth simulates that of the S-system change of mottled teeth
and cannot be easily differentiated, Therefore we temporarily named it "false
mottled teeth", In this severe form there are some differential diagnostic fea-
tures: The uncalcified line in the S-system change has a homogenous chalky ap-
pearance; it iswider than that in the "Teeth with White Lines", The nonfluoro-
tic "White Lines" consist of many fine white lines, However, the distinction be-
tween the mild change in S-system (S;, S3) and severe "White Lines" is difficult,
Probably it will be differentiated in the near future by histochemical and elec-
tron-microscopic techniques,

Volume 4 Number 4
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158 Takamori, et al,

The "White Line" defect occurs frequently in mountainous regions not
readily accessible, According to investigations by our medical and odontological
teams and to the survey of blood and water contents by Kuroda on affected chil-
dren, it seems that "White Line Teeth" are caused by protein deficiency,

The method used by the Welfare Ministry of Japan distinguishes four
groups of mottled enamel, namely M;, My, M3 and B, This classification is a
simplified version of Kawahara's method. M, is equivalent to S-system changes;
M,, P-system changes; M3, D-system changes; B, B-system changes,

111 Relation of Mottled Teeth to the Fluoride Levels in
Drinking Water and to Children's Physical Development

We made determination of fluoride in water by using the synthetic cation
exchange resin column process and the aluminum-haematoxylin method improved
by Shimizu in 1949, The accuracy of the method is + 0.1 ppm, We obtained the
following results,

1) Mottled Teeth and Fluoride Content of Drinking Water:

Throughout the Uchinomaki hot-spring district, mottled teeth are wide-
spread and its main cause is beli eved to be the high fluoride content of drinking
water ( Table 1),

TABLE 1

Relation Between Mottled Teeth and Fluoride Content of Drinking
W  and A 3 Uchi i Bot-Sprine Distri

Village Kind of well Fluoride No, of Mean No, of Percentage of
in ppm wells fluoride cases mottled teeth

content
. ordinarywell 0 -1,7 17 0.2 92 37%
Nakanomachi 0.9-3.6 5 2.1 i
ordinary well 0,2-1,4 2 0.8 16 3
Narikawa artesianwell 0,2-3,3 21 1.4 54 93%
Yunoura ordinarywell 0 -0,5 5 0.2 128 0%
Imamachi and ordinarywell 0 -1,7 8 0.3 10 3%
Kuronagare artesian well 1,3-7,0 12 3.4 8 100%
surface watexr 0 4 0
Ogura spring water 0 2 0 17 0%
artesian well 0 B 0
Namino and ordinary well 0 -1.,4 25 0.3 103 5%
Akanita ordinary well 0 10 0 105 0%

FLUORIDE



Studies on Fluorosis 159

2) Intensity of Motthgand Children's tht:

P-.system changee (enamel defects of mottling) become more severe as
the fluoride content in drinking water increases, P; and P, changes are caused
by a little fluoride in drinking water (0, 4 to 0,8 ppm), The moderate P3 change,
by a moderate amount of fluoride (0,6 to 2.0 ppm) and the severe changes Py, Pg
are due to a relatively large amount of fluoride (above 2, 5 ppm), Therefm, the
relationship between the P-system changes and the fluoride content of drinking
water is firmly established,

The author investigated the relationship between the severity of mottled
teeth and the height of 52 children with various degrees of P-system mottling
in Narikawa village,

Another 52 pupils of the same age from Yunoura village, where no mot-
tled teeth were found, were chosen as controls, The results were tabulated,

It is obvious that the 25 children with a high degree of mottled teeth (P,
and P¢) are inferior in height to the control children without mottled teeth in
the nonﬂuonde area, and that 15 children with a low degree (P; and Pz) are su-
perior to the control, Almost no significant difference was noted between 15
children with a moderate degree of mottling (P3) and the controls (Fig. 3).

Fig, 3
Effect of Fluoride upon Childrens Growth

Height
cm
above ¥ ':
normal [ O
1t .
N\
L) > Control*
r 1 - |\
below 2r .
normal 3r e
L 4r
a—— S P-system
P, P, P, P3 Py Ps "
Severity of Mottled Teeth

*Yunoura Village (Fluoride free)

Average height of cases with slight enamel change (Py or P, is increased signifi-
cantly ( x = 0,045),

Average height of moderate cases (P3) is neither increased nor depressed,
Average height of severe cases (P4 or Pg) is depressed significantly ( x = 0,014).
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160 Takamori, et al,
3) Severity of Mottling and Body Weight:

Nine boys and girls with severe mottled teeth (P, and PS) were selected
at random among the first and second grade pupils of Uchinomaki intermediate
school (born in 1936 to 1937) in Narikawa village, where mottled teeth are known
to be widespread, The average weight of the pupils from the high fluoride zone
(31,9 kg average) was less than that of 9 children from a non-mottled teeth area
(34, 6 kg average), Mathematical appraisal confirmed this relation ( x a>0, 05),

4) The Severity of Mottled Teeth and Chest Circumference:

The chest circumference of nine pupils selected from each of two groups
(those with and those without mottled teeth) was measured, The average values
for the pupils residing in Narikawa village was 67,3 cm and that for those from
Yunoura village (the control) was 69,7 cm, The group of pupils with severe mot-
tled teeth, had a smaller chest circumference than the group without mottled
teeth (x a>0, 05).

5) Geological Considerations:

The author analyzed the soil in the Shionoe mineral spring district, one
of the high fluoride areas in Shikoku province, It was established that the geo-

Fig, 4

_Diagram of Vertical Cut Geology Near Well in Shionoe District

Passage of water

' Fracture

[2] Agglomeratic Andesite  [] Sandstone and Schale
Basal Conglomerate E Granite
@ Spring causing Mottling
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logical formation in the environs of Shionoe mineral spring originated at a latter
stage of volcanic activity than the Aso-Volcanic district,

The geological studies revealed that fluoride in well water in this region
is derived from the magma reservoir which erupted agglomeratic andesite, As
one of the phenomena which happened during the last stage of the volcanic activ-
ity, the Shionoe mineral spring must have gushed out and subsequently become
mixed with ground water which appeared in the well (Fig, 4).

IV Influence of Chronic Fluoride Intoxication Upon Bone Growth,
Particularly Upon Epiphyseal Cartilage
A, Bone Changes of Growing Rabbits Given Large Doses of Fluoride

(This portion of the article contains the experiments by Kunimitsu Kono
presented on page 180, Editor)

The findings obtained are in full agreement with the histological investi-
gation, The impairment of the longitudinal growth of long bones (in fluorosis)
appears to be due to retardation of synostosis of epiphyseal cartilage,

B, Changes in Growth in Body and Bones of Young Rats
Fed at Various Levels of NaF

Growing 30 to 50 day old rats were given a standard ration mixed with 375,
100, 50, 10, 5 or 2 ppm of sodium fluoride, All groups which received more than
50 ppm NaF decreased in weight, Especially in the 375 ppm group, weight dimin-
ished markedly (o = 0,05), However, in the 10 ppm group, 1,08 to 2, 86 mg fluo-
ride per kg, and especially in the 5 and 2 ppm groups the weight increased during
the first six weeks,

2) Histologically, the bone trabeculae and cortical layers, of the groups
fed more than 50 ppm, increased in thickness, turned into coarse fibrillar bone
after which they were transformed gradually into osteoporotic bone with active
osteoclastic resorption, On the other hand, following short-term administration
of 50 ppm, 5 and 2 ppm, the bone trabeculae thickened and the length of bones in-
creased, Regeneration of cortical layers was active,

Whereas a delay in synostosis occurred in the 50 ppm and more groups, a
tendency to premature synostosis was noted in thel0 ppm group, Premature
synostosis occurred in every animal which received 2 and 5 ppm, In fact, in the
metacarpi and metatarsi of these groups premature synostosis was already com-
pleted at a time when it had not as yet begun in the control animals,

3) In the groups receiving more than 50 ppm of fluoride, epiphyseal car-
tilage became thinner and developéd into a wavy borderline or a saw-teeth shape;
cartilage cells showed atrophy and pyknosis, On the other hand, with the smal-
ler dosage, thinness and slight waving was seen but no change in the cells was de-
tected,

Volume 4 Number 4
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162 Takamori, et al,

4) The total bone width and the width of the epiphyseal cartilage zone
were measured in microns, The percentage of zone width in relation to the total

width of the bone, the ratio of ZoR€ width of hypertrophy , the number of cells
zone width of proliferation

of every zone and the mechanism of normal synostosis in the control animals were

determined, When the rats matured into the stage of synostosis of the epiphy-

seal cartilage, the following three conditions were noted:

a) A decrease of the total width of epiphyseal cartilage,
b) An increasing difference in the ratio of zone of proliferation to the

percentage of hypertrophy.
¢) A marked decrease in number of cells in the zone of proliferation,

Comment

Extensive literature on bone fluorosis as an occupational disease in cryo-
lite factories and on endemic fluorosis in certain regions of the world is available,
These papers were chiefly concerned with the bone changes of adults, but no data
are available on the effect of fluoride upon bone growth,

The current study was undertaken in order to observe the effect of vari-
ous amounts of fluoride upon bone growth in animals by experiment, Compara-
tively large doses of fluoride prevent bone growth and delay synostosis whereas
small amounts of fluoride accelerate bone growth and the synostosis is comple-
ted at an earlier age, Such findings are of interest in interpreting the results
of studies of children's growth in field work, Varying amounts of NaF adminis-
tered to growing rats cause markedly different skeletal changes and influence
the body weight in various ways,

The relationship of skeletal fluorosis to the magnitude of fluoride inges-
tion is not as marked as the relationship of fluoride to mottled teeth, Moreover,
the bone changes in endemic skeletal fluorosis are not identical in different areas,
The inhabitants in the fluoride districts which we investigated are generally of
poor and needy circumstances, Our findings, therefore, suggest that the effect
of fluoride in soil and water upon the development of bones is influenced by defec-
tive nutrition, especially a lack of vitamins or amino acids in the diet,

Other factors such as malnutrition, age, race, etc, appear to influence
bone changes in high fluoride areas,

V. Blood Picture of Chronic Fluorosis

(The author summarizes the findings of his collaborator Mitsugi Hirao* as follows)

1) Erythrocytes and hemoglobin value decreased slightly,
2) The nucleus of neutrophiles showed a slight shift to the left,

*To be presented in detail in the next issue,
FLUORIDE
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3) Toxic granules of neutrophiles and reticulocytes increased slightly,

4) The above-mentioned changes in the blood picture were observed not
only in children with mottled enamel, but also among those without mottling re-
siding in the high fluoride zone, The changes were more marked in the group with
mottled teeth than in the latter,

5) There was no significant difference in the blood changes in the two
lowest degrees of mottled enamel,

These results are similar to those reported by Flemming, Mgller, Gud-
jonson and Roholm,

(For the purpose of classifying anemia due to fluoride, Takamori and his
group investigated the blood changes in experimental animals with the following
results, Editor):

1) A hyperchromatic macrocytic anemia and an increase in reticulocytes
and platelets were noted in the experimental rabbits ingesting sodium fluoride,

2) A marked increase in toxic granulation and a shift to the left of the
nucleus in the heterophile leucocytes occurred,

3) A leucopenia due to a decrease in heterophile leucocytes and lympho-
cytes was observed during the last half of this experiment,

The above-mentioned results support our observation that the changes in
the blood picture of individuals with mottled enamel due to chronic fluoride up-
take constitute a hyperchromatic macrocytic anemia,

Bone Marrow Studies in Experimental Fluorosis

The histology of bone marrow in experimental fluorosis was described only
briefly by Schwyzer, Roholm, Shimada and Kono, but no reports are available on
the total nucleated cell counts of aspirated bone marrow, the differential cell
counts of marrow smears and the systemic histology compared with the peripheral
blood picture in experimental fluorosis, Our results were as follows:

1) The total nucleated cell counts decreased markedly in a large number
of experimental rabbits,

2) At the beginning of the experiment, a slight hyperplasia of the bone
marrow occurred but during this experiment and at its termination, marrow hy-
poplasia with an arrest of the production of marrow cells was noted,

3) Fatty degeneration of the marrow was found in group A which had re-
ceived 10 mg sodium fluoride per body weight daily, Gelatinous metaplasia of the
marrow and congestion of sinusoids were observed histologically in all groups,

It appears that the changes of the peripheral blood picture in chronic fluo-
rosis were brought about by bone marrow pathology.
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VI, The Heart Muscle in Chronic Fluorosis

(The data of this investigation are presented on page 194, Editor)

1) Among residents of a high fluoride zone, electrocardiographic examina-
tions revealed greater myocardial damage and X-rays showed a higher incidence
of cardiac dilatation than in low fluoride areas,

2) A higher incidence of myocardial damage was found in children with
mottled enamel than in those without mottling,

3) Children residing in non-fluoride districts showed no myocardial damage,
4) The myocardial damage appears to be due to fluoride in drinking water,

_Experimental Studies on the Effects of Sodium Fluoride Upon the
Heart Muscle of Rabbits

(The data of this investigation is reported by Okushi on page 199, Editor)

Summary

1) The complicated changes of mottled teeth were classified into 20 fun-
damental types including 4 systems: S (Stxipes), P (Porcelain, enamel), B (Brown
stain), D (Defect) and 5 degrees (1-5), By combining the basic systems and their
degrees, more than 30 kinds of changes can be distinguished in mottled teeth,
Dental changes have been described which simulate mottled enamel, They are
liable to be confused with it, The classification used by the Welfare Ministry
is a simplification of Kawahara's method which originated in our department,

2) The relationship of mottled teeth to the amount of fluoride in drinking
water, furthermore to the physical development (height, weight and chest) was
studied, Children with severe mottling showed a reduction in height compared to
that of the controls (children without mottling in nonfluoride areas), The skele-
tal development among those with minor dental mottling showed no significant
changes, It even appeared to be superior to the controls, Almost no significant
difference was noted between those with a moderate degree of mottling and the
control,

3) In experimental rabbits,given large doses of sodium fluoride, a de-
crease in weight and osteoporosis occurred in all cases,whereas fluoride inges-
tion for a long period (178 to 200 days) caused apposition of immature bone at
the periosteal and endosteal surfaces, In the experiments on rats fed various
fluoride levels the comparatively large amounts of fluoride seemed to retard
bone growth and account for a delay in synostosis, Small amounts of fluoride,
on the other hand, accelerated bone growth and completed synostosis at an ear-

lier stage,
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4) A decrease in erythrocytes and hemoglobin, a shift to the left of the
nucleus of neutrophiles and an increase in toxic granules of neutrophiles and re-
ticulocytes were observed not only in children with mottled enamel in high fluo-
ride areas but also in the experimental rabbits which had received sodium fluo-
ride orally, Our experiments also produced a hyperchromatic macrocytic anemia,
an increase in reticulocytes, platelets and toxic granules, a shift to the left of
the nucleus in the heterophile leucocytes, and leucopenia due to a decrease in
heterophile leucocytes and lymphocytes, A review of our work on bone marrow
discloses that the changes of the peripheral blood in chronic fluorosis are closely
related to the changes in the bone marrow,

5) In residents of the high fluoride zones, myocardial damage and dilata-
tion of the cardiac silhouette were noted, In experimental rabbits given sodium
fluoride orally, we observed a pattern of myocardial damage characterized by de-
pressed ST, inverted T, prolonged QT interval, multifocal ventricular premature
contraction, bundle branch block and pulmonary P in the electrocardiogram, His-
tologically regressive degeneration, cellular infiltration, hyperemia, hemorrhages
and thickening of vessel walls were found in the heart muscle,
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PRELIMINARY REPORT ON THE INFLUENCE OF NaF SOLUTION UPON THE
EARLY DEVELOPMENT OF TOAD-EMBRYOS

by

H, Kawahara and K, Kawahara
Tokushima, Japan

(Abstracted from Tokushima Journal of Experimental Medicine 1:98-104,
July 1954)

Experiments on fluorosis have proven that excess fluoride inhibits the
development of an oxrganism, Studies on various kinds of mammalia concerned
with development during the early stages, including fertilization, egg-division,
incubation, metamorphosis, have not been satisfactory because of the difficul-
ties involved in observing these stages, In addition, these stages require a long
period of observation and the necessary number of individuals could not be simul-
taneously obtained from the same mother, Also, it is difficult to obtain serial
sections of whole organs in many experimental animals, In order to avoid the
above-mentioned defects, in the present examination the authors used 1400 em-
bryos acquired by artificially fertilizing toad-eggs from the same mother, The
effect of NaF upon the early development of toad-embryos was observed satis-
tically and histologically,

Method

The mature eggs were collected from the uterus of Bufo Vulgaris during
breeding season, The sperm suspensions for insemination were made by mashing
testicles in concentrations of NaF solution varying from 3 mg to 100 mg%, The
eggs were fertilized by the dry method with the sperm suspensions previously pre-
pared, The fertilized eggs were kept in various concentrations of NaF solution,

To observe histological changes, 10 embryos were selected at random
from 200 embryos in each experimental group and in the controls, They were
fixed with Bouin's fixer, sectioned serially and stained with hematoxylin eosin,

Results

A, Influence of NaF Solution upon the Fertilization and Egg Division:

In the fertilization rates in NaF solutions, there was no significant dif-
ference between the groups exposed to 25 mg% or less and the control group, How-
ever, in the groups exposed to 50 mg% and upwards, the inhibiting effect of NaF
upon fertilization was recognized to a marked degree, However, once the mature

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan,
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eggs were fertilized in the NaF solution, their egg-divisions proceded as fast
as those of the control group until the 16th cleavage stage had been reached, At
that point the cleavage furrows were not as deep and as clear as those of the
control eggs.

B, Slipping Phenomenon and Hatching Stage

The slipping stage of young embryos was inhibited with NaF solution, es-
pecially in the groups of 50 mg% and above, This finding was probably due to re-
tardation of the development of the embryos and to inhibition of the effect of
the enzyme involved in the slipping of embryos from the jelly string,

The hatching stage of the embryos was remarkably accelerated with NaF
solution, The acceleration became greater in proportion to the increase in NaF
concentration, Such acceleration had been observed previously by Kawahara with
KCN solution (1,2). It is of interest that the hatching stage of the embryos is
accelerated in conjunction with the marked inhibition of their development due to
excess doses of NaF or KCN,

C. Early Development and Metamorphosis

The development of the 7 day-old embryos in the 100 mg% NaF solution
group was delayed and a number of abnormal embryos appeared ( Table 1), Most
of them showed the so-called "Lordose-Form" i, e, the retroflexion of the cranio-
caudal axis ( Fig. 1), These abnormal embryos had 3 to 10 wrinkles on their dor-
sal side, From the histological studies, it seems probable that the lordosis de-
formity is caused by retardation of the dorsal development with degeneration of

TABLE 1

Appearance Rates of Abnormal Embryos 9 Days After
Fertilization in NaF Solutions

Sampling Abnormal  Abnormal  Confidence limit
Embryos Embryos

No, No. %

Contxrol S0 0 0 0-4

3mg 50 0 0 0-4

6 mg 50 0 0 0-4

12 mg 50 0 0 0-4

25 mg 50 0 0 0-4
50 mg 50 2 4 1.6 -11.8
100 mg 50 12 24 15,8 - 35,1

the medullary tube, notochord, mesoblastic somites of the notochord, primor-
dium of trunk muscles, etc, ( Fig, 2). Almost all degenerate embryos in this
group died about 10 days after fertilization (Fig, 3),
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Fig, 1 Fig, 2
Influence of NaF Solution Upon the Influence of NaF Scolution Upon
Early Development of Toad Embxryo, Hatching
100%
=

solution

(Pond water)
Cont, 12 mg 100 mg NaF
TABLE 2
Appearance Rates of Abnormal Tadpole 20 Days After

Fertilization in NaF Solutions

Sampling  Abnormal  Abnormal  Confidence limit
Tadpole Tadpole

No., No.
Control 50 0 0 0-4
3mg 50 0 0 0-4
6 mg 50 0 0 0-4
12 mg 50 2 4 1,6 -11,.8
25 mg 50 4 8 5.5-17,0
50 mg 50 12 24 15,8 - 35,1

100 mg All had died.

In 1,6 to 11, 8% the group exposed to 50 mg%, the same deformity which
has been described above as having occurred in the 100 mg% group was observed
but the appearance rate was not significantly different from that of the control
group until 15 days after fertilization, However, 20 days after fertilization
marked changes appeared in 15, 8% to 35, 0% of the abnormal embryos, namely
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short tails and distended abdomens (Table 2)(Fig, 3). The short tail may be the
result of arrested development due to degeneration of tail muscle fibers in which
the disappearance of muscular striations and the kariolysis were observed micro-
scopically and the muscular fibers run in wavy and irregular lines, It seems pro-
bable that the distended abdomen was mainly caused by the stagnation of intes-
tinal contents due to dyspepsia which was observed histologically,

Fig, 3

Prelimi Report on the Influence of NaF
Solution upon the Early Development

Y4

Control Smaller tail; distended abdomen

Among the embryos in the groups exposed to 25 mg% orless, only a small
percentage were abnormal, The development and metamorphosis were markedly
delayed with NaF solution,

Discussion

It is difficult to analyze fluoride's inhibiting mechanism upon fertiliza-
tion, because the problem is very complex as reported by Hartmann (3), However,
it is significant that egg divisions in mature eggs which were fertilized in NaF
solution, proceded as fast as those of the control eggs., Also the position of clea-
vage furrows in eggs did not differ from that in the control eggs. Such a finding
is of interest in relation to Dicken's observation of glycolysis in egg-division, In
addition, it seems probable that the shallow and less pronounced cleavage furrows
are related to the changes of the egg plasma structure particularly to fluoride's
effect upon the Gel-sol in the cleaving egg,

Studies on the effect of NaF upon the development of organisms have been
carried out by many previous investigators, but the studies on amphibians have
not been clear, Arisono reported that NaF in a particular dose accelerated the
development of frog embryos markedly, However, such an accelerating effect by
NaF is only temporary, For example, when embryos immediately after incuba-
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tion are placed in a 50 mg or a 25 mg% solution, they develop faster than the em-
bryos of the control group but their development is inhibited later, Besides,
there is much misunderstanding concerning the role of NaF solution in the develop-
ment of embryos because NaF solution strikingly accelerates the incubation of em-
bryos. The hatching stage is decided by the embryos' development as well as by
the lowering of egg-jelly viscosity and egg-capsule solidity, Also the effect of
hatching enzyme and slipping enzyme (4) must be considered, One of us, H, Kawa-
hara, referred to many cases in which oxidation-reduction chemicals had accelera-
ted the hatching stage, whereas an excess dose had inhibited the development,

The above-mentioned abnormal development seems to be caused by tissue
degeneration due to inhibition of the Embden-Meyerhof glycolysis in young embryos,
The percentages of deformity and mortality suggest many interesting features,
For example, the 15,8 to 35,1% of deformities in the group exposed to 100 mg%
solution is significantly different from that of the control group, but the 1,6
to 11, 8% in the 50 mg% group is not significant, However, it is reasonable to
assume that the abnormalities in the embryos receiving the 50 mg% NaF solution
were caused by NaF because the deformity was similar to that observed in em-
bryos of the 100 mg% group (Table 1),

As mentioned above, there are many cases in which the changes are closely
related to the influence of fluoride, but these changes are not statistically sig-
nificant, In addition, when fluoride is administered, the mean square (unbiased
estimate of population variance) of measurement values widens in many other par-
ameters, such as in the number of erythrocytes, the hemoglobin index, the num-
ber of white cells, height and weight of children, etc, Moreover, the sensitivity
of embryos toward fluoride does not show a normal Gaussian distribution,

The rates of mortality in those exposed to solutions of 50 mg% and less
were 0%, 10 days after fertilization but gradually increased with the passage of
time, Eventually, almost all embryos died, especially in the metamorphosis and
slipping stage (Table 2), Such a finding suggests that the appearance of fluorosis
is closely related to the developmental stage, The effect of NaF which had ac-
cumulated in the body was also observed,

It seems that the current findings are related to many problems of vital
investigations in the case of water fluoridation,
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ODONTOLOGICAL OBSERVATIONS OF MT, ASO-VOLCANO DISEASE
Part 1
by

Shunko Kawahara
Tokushima, Japan

(Abstracted from Shikoku Medical College Magazine, 1:49-53, October 1950)

One of the most conspicuous symptoms of the so-called "Aso-Volcano
Disease" is dental fluorosis or mottling of the tooth enamel, It is frequently
found among the villagers near the Mt, Aso-Volcano,

Mottled teeth in the Mt, Aso district show macroscopically no special
difference from those of other districts, Minoguchi determined that the water
of an artesian well at Bochu, a village in the Aso district, contained 1,4 ppm of
fluoride on a rainy day, According to my survey made at Kokuryu, Imamachi and
Narikawa in the Aso district, the percentage of the patients with fluoride mot-
tled teeth reached almost 100% among children who were using water from artes-
ian wells, but no mottling occurred among those who were using ordinary wells,
According to another survey made by the author in the Dogo district, Ehime Pre-
fecture and in Osato-mura, Tottori Prefecture, the amount of fluoride in water
and the incidence of mottled teeth were directly related, Mottled teeth in the
Aso district, as in the other districts, must therefore be caused by fluoride,

Concerning the percentage of caries among M (children with mottled
teeth) and M (children without mottling) at Osato-mura, Tottori Prefecture and
certain towns and villages of the Aso district, the Yates' index showed x 90%,
Thus, M and M did not differ significantly, Only in the intermediate school of
Miyaji, where the highest percentage of caries was encountered x was 33%, a
value closer to the significant standard ( x = 5%) in comparison with every other
village school,

It appears that caries preventing factors other than fluoride predomi-
nate in places where the caries incidence is comparatively low, Although the per-
centage of mottled teeth in this school did not differ from that in other schools,
it was recognized that mottling in the Miyaji school was less severe,

This fact suggests that a rise in degree of mottled teeth is associated
with an increased percentage of caries. As staged above, the lack of a signifi-
cant difference in the percentage of dental caries between M and M may be due
to the fact that mottled teeth are already in existence before school age, More-
over, since most children of school age are often obliged to move from one place

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan,
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Mottled Teeth

TABLE 1

Teeth and Caries & termediate
School Year 1 2 3 Total 1 2 3
No, of Cases 36 104 88 228 28 4a 29
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*M+ C; Number (percentage) of children who have both mottled teeth and dental caries of first molar § 6).
**M+ C: Number (percentage) of children who have no mottled teeth, but dental caries of first molar (6 6),

Note: Classification of mottled teeth (by SATA): L pearly-brilliant; I, chalky-spotted; Ill, chalky-linear;
IV, map-like mottled; V, chalky; VI, b Vi, 1 defective 1-hypoplasia),
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to another, they have many chances to drink various kinds of watexr, in which the
percentage of fluoride is not always constant,

In an investigation of the caries incidence at the Kuchiyama intermediate
school, Kuchiyama-mura,Tokushima Prefecture, no fluoride in drinking water nor
mottled tooth were found among villagers, This served as a control for compari-
son of the results with the previously obtained data at both the Uchinomaki and
Namino intermediate schools in the Aso district, The living standard of the
Kuchiyama children ranges approximately halfway between that of the two other
communities,

The results of the investigation were as follows:
1) As to the difference of percentage of caries between
Narmino (C =2, C = 37) and Kuchiyama'(c =21, C = 65)
we found the following indices respectively (Table 1):
t=12,5 Gt=0,49, «=1,2%

Namino therefore showed a significantly lower percentage of
caries than Kuchiyama,

2) As to the difference between Uchinomaki (C =17, C = 70) and
Kuchiyama, a significant difference must be recognized (Table 2),
t+1,64, Gt +0,45, o +10%

As mentioned above, we could not find a significant difference in the
caries incidence between mottled and nonmottled teeth within the same environ-
ment of the Aso-district, but could clearly establish such a difference between
two low fluoride places (Aso and Kuchiyama), This fact suggests that the caries-
preventing effect of fluoride is not necessarily due to the entxy of fluoride
through the blood stream,

However, since the counts of acid-forming lactobacilli in the salivas of
those children were also very low, it is difficult to ascertain whether the caries
reduction can be attributed to lessened solubility of the teeth or to a bacterici-
dal effect on the acid-forming organisms,

Whereas fluoride therefore acts to prevent dental caries as noted above,
its excess in drinking water causes dental fluorosis which leads not only to mot-
tled teeth, but to many other pathological symptoms,

The height and growth of children in the Aso district compared with that
of children in Osato-mura, Tottori Prefecture, was below average in the Prefec-
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ture and the surrounding area, In the Aso-district, I found radiographic changes
on Ossa corpi, Ossa metacarpi and Ossa digitorum manus and, at the same time,
a slight anemia, a slight shift of leucocytes toward the left and appearance of
the toxic-granules in blood cells, The degree of these symptoms of fluorosis
seems to be dependent on various secondary factors, especially intake of vita-
mins, Therefore, we must question whether or not the accepted concentration
of fluoride in water of 1,0 ppm advocated in America is appropriate for preven-
tion of dental caries in Japan,

(The data of Part Il of this reseaxch is covered in the article by Prof,
Takamori on pages 158 to 160, Editor),

X-RAY STUDIES ON THE DEVELOPMENT OF THE BONES OF THE HAND IN
HEALTHY JAPANESE AND SKELETAL CHANGES IN
"ASO-VOLCANO DISEASE"

Part I

STUDIES ON THE DEVELOPMENT OF THE BONES OF THE HANDS IN HEALTHY
JAPANESE

by
Hiroshi Wakatsuki
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 10:442-455, June 1957)

Before undertaking studies on skeletal changes in the "Aso-Volcano Di-
sease", it is necessary to record the normal bone development in healthy Japanese,
Previous reports have dealt with the time of ossification and the development of
pseudoepiphyses of the hand bones,

This investigation was therefore undertaken in order to obtain a more
exact knowledge of the development of the hand bones in healthy Japanese,

The studies reported here are based on a careful app:aisal of roentgeno-
grams of 600 males and 650 females from 9 to 24 years of age in Tokushima city
compared to 475 male and 536 female controls, 9 to 19 years of age in the moun-
tains, Tokushima Prefecture, Among elderly persons, roentgenograms of 22 men
and 18 women in Tokushima city and of 20 men and 20 women in the Tokushima Old
People's Home from 69 to 99 years of age were examined,

The following observations were made:

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan,
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L. The ages when the process of ossification is completed and the carti-
lagenous disk has entirely disappeared, are as follows:

1) In Tokushima city Males Females
Phalanges and Metacarpals, 14 to 18 20 to 16
Distal extremity of Radius and 16 to 19 14 to 18
of Ulna,

2) In the mountains
Phalanges and Metacarpals, 14 to 19 13 to 18
Distal extremity of Radius and 17 to over 19 16 to 19
of Ulna,

3) In young subjects, ossification was completed earlier in city dwellers
than in subjects residing in the mountains,

4) In females, ossification was completed about two years earlier than
in males,

5) The sequence in which the final stages of ossification occurs is as
follows:

Distal phalanx; — Metacarpal I; - Proxdmal phalanx; — Middle phalanx; -
Metacarpal; - Distal extremity of radius and of ulna,

6) The process of synostosis advances from the thumb towards the
little finger,

7) In Japanese, ossification is completed much sooner than in the Euro-
peans and Americans,

I, An irregular, wavy borderline of epiphyseal cartilage appears im-
mediately before the synostosis commences, Only slight variations occur in the
normal female and even less in the normal male,

III, Bone Atrophy: Both in Tokushima city and in the mountains, slight
atrophy was observed in a few individuals,

IV, Osteosclerosis; The frequency of osteosclerosis in the male is rela-
tively low, In the female, it is manifest about age 15 and increases with advanc-
ing age, A higher incidence of osteosclerosis was observed in the mountains than
in the city,

V. Brachyphalangy (shortened phalanges)! The order of incidence of bra-
chyphalangy is as follows:
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Middle phalanx of the 5th finger — Distal phalanx of the 1st finger —
Distal phalanx of the 5th finger

Other phalanges and metacarpals also exhibited brachyphalangy but less
frequently than the three phalangeal bones noted above,

VI, In the male, pseudoepiphyses were observed up to age 12, There-
after they decreased gradually and disappeared at age 15 in Tokushima city and
at 16 to 17 years of age in the mountains, In the female they are most frequently
observed up to age 10; they disappear two years socner than in the male, Pseudo-
epiphyses occur in the following order:

Metacarpal I; — Middle phalanx V;— Metacarpal II; — Metacarpal V; —
Middle phalanx IV

With the exception of the distal phalanges, pseudoepiphyses may be
found sometimes in other phalanges and metacarpals also, They appear to be a
general physiological phenomenon,

VII, The incidence of atrophy and arthrosis deformans, which are recog-
nized as senile changes of the bones, was higher among the inmates of the Toku-
shima Old People's Home than among residents of Tokushima city,

Part I

SKELETAL CHANGES IN "ASO.VOLCANO DISEASE"

by

Hiroshi Wakatsuki
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 10:456-463, June, 1957)

Mottled teeth are found among humans, cattle and horses in the Aso-
Volcano district, Kumamoto Prefecture, In 1942, Hatano and co-workers ob-
served both dental and skeletal changes, They named the disease "Aso-Volcano
Disease", Takamori and his colleagues,who surveyed the same district in 1949,
observed that the abnormalities in the skeleton and blood caused by the disease
were similar to those which had been recarded as Kaschin-Beck's disease in Man-
churia, Because of insufficient material, their investigations were not comple-
ted, Subsequently, they carried out five additional surveys in order to obtain a
more exact knowledge of "Aso-Volcano Disease", The author, one of Takamori's
co-workers, examined the skeletal changes as a part of these investigations,
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Roentgen X-rays of the hand bones of 582 males and 610 females from
7 to 90 years of age in Aso district were compared statistically with those of
healthy Japanese reported by the author in Part I,

The following conclusions were drawn:

1) The development of the bones of the hand among the inhabitants in
Aso-Volcano district was very similar to that in the mountains, Tokushima Pre-
fecture,

2) The changes corresponded to the third stage of the skeletal features
in Kaschin-Beck's disease in the aged, but they are believed to be senile pheno-
mena,

3) No significant difference was observed in the development of bones
between persons having mottled teeth and those without mottled teeth, The de-
velopment of the bones in the Aso district, therefore, is not believed to be in-
fluenced by fluoride in drinking water,

4) The present study revealed that the changes which were thought to be
similar to "Kaschin-Beck's Disease" do not occur in "Aso-Volcano Disease" ,

Ossification of Bones in Hands

F&&' : & E!& 2
Age15 @ Incomplete Age 17 § Complete

Note: Brachyphalangy -(B)
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ROENTGENOGRAPHICAL STUDIES ON SKELETAL CHANGES OF SCHOOL
CHILDREN DRINKING PRIVATE SERVICE WATER IN OMUTA CITY

by

Tokio Takamori, Sukio Miyanaga and Hiroshi Wakatsuki
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 11:731-735, Dec, 1957)

Mottled teeth can be found among the inhabitants in the Aso-Volcano
district, Kumamoto Prefecture, In 1942, Hatano et al, observed not only den-
tal but also skeletal changes; they named the disease "Aso-Volcano Disease”, In
1953, Takizawa et al, reported that the skeletal changes caused by "Aso-Volcano
Disease" were similar to those of Kaschin-Beck Disease, The discase was ob-
served not only in the Aso-Volcano district but also in Fukuoka Prefecture, Na-
gano Prefecture, Shizuoka Prefecture and various districts in Japan,

In November, 1956, we explored the skeletal changes of school children
drinking private service water supplied by the Mitsui Coal Mine Company in Omuta
city, which is practically fluoride free,

X-rays were taken of bones of the hands in 250 male students and 217
females, 10 to 18 years of age, The data thus obtained were compared statis-
tically with those of the development of healthy Japanese reported by one of us
(H,W,). The following conclusions are drawn:

1) The development of the bones of the hands among the school children
drinking private service water in Omuta city is similar to that in Tokushima
city where the fluoride content is low,

2) The kind of skeletal changes in the "Aso-Volcano Disease” which have
been thought to be similar to those of Kaschin-Beck's Disease, were not encoun-
tered in the Aso-Volcano district nor in school children drinking private service
water in Omuta city,

3) In drinking water in Omuta city, both in city water and in private ser-
vice water, the fluoride content is only 0,1 to 0,2 ppm,

From the Department of Internal Medicine, School of Medicine, Tokushima Uni-
versity, Japan,
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Part I

INFLUENCE OF CHRONIC FLUOROSIS ON THE BONE GROWTH,
PARTICULARLY ON THE EPIPHYSEAL CARTILAGE

by

Kunimitsu Kono
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 4:151-162, August, 1953)

An extensive literature has accumulated on the bone changes due to fluo-
rosis, However, little attention has been given to the influence of fluoride on
bone growth, particularly on the epiphyseal cartilage which plays the most impor-
tant part in the longitudinal growth of long bones,

Furthermore, the findings in spontaneous and experimental bone fluoro-
sis are contradictory, In cryolite workers, the bone changes were recognized as
sclerotic, In experiments, osteosclerosis has been reported in some instances,
osteoporosis in many others, The current study has been undertaken in order to
determine how a fluoride regime affects the growth of bones in animals,

Method

Rabbits, 30 to 60 days of age were given orally 30 to 140 mg/kg of sodium
fluoride for 30 to 200 days, The animals were sacrificed at various intervals dur-
ing this period and every long bone was studied both macroscopically and histo-
logically,

Results

1) Fluoride poisoning due to the above dosage led to an extreme distur-
bance of the longitudinal growth of long bones and a reduction in bone weight com-
pared with that of the contxols (Fig, 1),

2) Bone trabeculae and compact cortical layers were reduced in thickness
and increased osteoclastic resorption (osteoporosis) was recognized, A long-term
fluoride regime caused apposition of immature (coarse fibrillar) bone adjacent to
the periosteal and endosteal surfaces (Fig, 2 to 4).

3) The epiphyseal cartilage became thinner and showed a wavy borderline
associated with a group of osteoclasts adjacent to the metaphysis (Fig, 5 and 6),
Prolonged fluoride intake caused formation of the terminal plate at the zone of
hypertrophy (Fig, 7). In the zone of proliferation, the cells were reduced in size

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan.
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Fig, 1

Size of Fluorosed Tibia and Femur
(Rabbit No, 37: Control; No, 33: NaF 30 mg/kg., 91 Days)

Fluorotic
bone (NaF)

'Spontaneous Fracture

and number and their arrangement was irregular, Less proliferation and a de-
creased tendency to cell regeneration were noted, In this study a comparison of
the age of synostosis, i, e, the closure of epiphyseal cartilage, in the control ani-
mals with that of the fluorotics showed a distinct retardation of closure in fluo-
rosis,

By means of measuring total bone width and epiphyseal zone width in mi-
crons, we calculated the percentage of zone width to total width, namely

zone width 100, furthermore the ratio of Zone width of hypertrophy
total width zone width of proliferation

and the number of cells of every zone, Thus the mechanism of normal synosto-
sis of rabbits was observed (Fig, 2), The epiphyseal cartilage of early closing
bones, i, e, phalanx, metacarpus and metatarsus, showed an increase in percen-

tage of hypertrophy and a decrease in proliferation, Therefore the ratio was
increased,

On the other hand, in epiphyseal cartilage of late-closing bones, i, e, proxi-
mal humerus, femur and tibia, there was little difference between the degree of
hypertrophy and that of active proliferation of cells in order to grow., The resul-
ting ratio was below or above one, The observation made upon the preparatory
stage for synostosis even in the early stage of growth was of major interest,

The growth curves of the control animals were obtained in the same way,
These curves were compared with those of the experimental animals, The zone
width of proliferation in the experimental animals was reduced both absolutely
(expressed in microns) and relatively (in percentage) as well as in the number of
cells, The ratio was also reduced excessively compared with that in the normal
control animals in which the ratio increased gradually from the time of birth,
In other words, in fluorosis a retardation of synostosis occurred,
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The decrease of zone width in microns and percentage and the number of
proliferative cells suggests suppressed proliferation, A decrease of the ratio
indicates retardation of synostosis, These observations are in agreement with
the histological investigation, The impairment of the longitudinal growth of
large bone seems to be due to the retardation of synostosis of every epiphyseal

cartilage,

4) Cells in the bone marrow were decreased and the marrow showed ge-

latinous change,

Comparison of Normal and Fluorotic Bones of Rabbits

Fig, 2
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Fig‘ 6 Fig. 7
Rabbit No, 27, NaF 30 mg/kg (31 days) Rabbit No, 32, NaF 30 mg/kg (91 days)
Humerus (proximal) ( x 100) Tibia (distal) ( x 100)

L Favar-N

P: Irregular arrangement of the

& " 2 TE: Terminal plate of the epiphysis
proliferating cartilage cells, 8 . .
W: Wavy borderline of the cartilage. TM: Terminal plate of the metaphysis
Part II

GROWTH AND BONE CHANGES OF GROWING RATS FED
VARYING CONTENTS OF FLUORIDE

by

K, Kono
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 5:30-39, April 1954)

Endemic dental fluorosis occurs in many parts of the world, However,
cases of chronic fluoride intoxication with skeletal changes reported to date are
comparatively rare, Endemic bone fluorosis was recently found where water con-
tains fluoride naturally in India, Italy, Africa, South China and in Japan, These
reports are chiefly concerned with the bone changes in adults but no data exist
on how fluoride affects bone growth,

From the Department of Internal Medicine, School of Medicine, Tokushima
Ul'livadty, ]apno
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The effects of fluoride upon bone vary with the magnitude and duration
of fluoride intake, age and species of animal, It is possible that varying amounts
of fluoride affect bones differently in childhood during the active phases of growth,

Both in the Aso Volcano district and in other fluoride areas, Takamori
(20) found that large quantities of fluoride inhibited height, weight and chest de-
velopment in school children, but in some cases fluoride accelerated growth,

In this study, the effects of various amounts of fluoride upon bone
growth and, especially, upon epiphyseal cartilage were investigated and a clas-
sification of the mechanism of bone fluorosis is presented,

Methods and Procedures

Growing rats, 30 to 50 days old, were given several kinds of food to
which sodium fluoride was added in concentrations of 375, 100, 50, 10, 5 or 2
ppm, The animals received Sherman's standard ration and Morinaga dry milk
which contained vitamins and mineral salts, The animals were sacrificed at in-
tervals of about one month and were compared with littermate controls which
were fed the standard ration without fluoride,

Sherman's standard ration consists of wheat flour 65, 8%, powdered
milk (Morinaga dry milk) 32,9%, NaCl 0, 65%, CaCoj 0, 65%,

Vitamin and mineral contents in 100 gram of Morinaga dry milk: Vitamin
A, 2000 L, U,; Vitamin By, 0,63 mg; Vitamin By, 0,9 mg; nicotinic acid, 4,0 mg;
Vitamin By, 2y, Vitamin C, 40,0 mg; Vitamin D, 400 LU,; Ca, 820,0 mg; phos-
phoric acid, 510,0 mg; Fe, 5,0 mg,

Results

1) In each group, which were given more than 50 ppm (F: 5,84 to 6,93
mg/kg) the weight decreased (Fig, 1), In the group receiving 375 ppm (F: 24,21
to 31,03 mg/kg) it decreased markedly (&< = 0,05), On the other hand, in the
group receiving 10 ppm (F: 1,08 to 2,86 mg/kg), the weight showed a tendency to
increase only during the first six weeks, Both in the 5 ppm group (F: 0,49 to 0,71
mg/kg) and the 2 ppm group (F: 0,18 to 0, 44 mg/kg) the weight showed a marked
increase (o¢ = 0, 05) starting with the administration of fluoride, especially the
5 ppm group,

2) Histologically, in the groups which received more than 50 ppm, the
bone trabeculae and cortical layers showed excess resorption, They turned into
a coarse fibrillar substance and were transformed gradually into osteoporosis
with active osteoclastic resorption, On the other hand, in the animals which re-
ceived 50 ppm on a short term basis and those which received 5 and 2 ppm, the
bones developed fairly well; bone trabeculae became thicker and longer than in
the control; the regeneration of cortical layers was active,
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Fig, 1
Average Weekly Body Weight of Rats Given 375, 100, 5 and 2 ppm NaF

Weight

Gramasl = control
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Grams 2ppm F
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100
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3) With respect to the synostosis of epiphyseal cartilage, the retarda-
tion of synostosis appeared in the groups which had more than 50 ppm of fluoride,
whereas in the 10 ppm fluoride group, a tendency to premature synostosis was
recognized, Premature synostosis occurred in every rat which received 5 and
2 ppm, In fact, synostosis was already completed in metacarpi and metatarsi,
when it had not as yet commenced in the controls,

4) In the groups receiving more than 50 ppm of fluoride, epiphyseal car-
tilage became thinner and developed into a wavy borderline or a saw tooth shape;
cartilage cells showed atrophy and pyknosis, On the other hand, in the smalldo-
sage groups, some degree of thinness and waving could be seen, but no atrophy
and pyknosis of cells could be detected (Fig, 2 to 4),

5) By measuring the total and zone widths of epiphyseal cartilage in mi-

crons, percentage of zone width to total width, ratio of zone width of hypertrophy
zone width of proliferation

and the number of cells of every zone, the mechanism of normal synostosis of
controls was observed when the rats matured into the stage of synostosis, The
epiphyseal cartilage showed the following features:

Volume 4 Number 4
October, 1971



186 Kono

Eg 2 EFig, 3
Rabbit No, 78 Fed 375 of NaF Rat No, 103 - Contxol

Epiphyseal cartilage (E) thinner; Beginning synostosis
wavy borderline followed a group of

osteoclast (O) adjacent to zone or

hypertrophy, The cartilage cells

show severe atrophy. Bone trabecu-

lae are extremely scarce,
Fig, 4
N Fed 5 of for 100
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Synostosis of epiphyseal cartilage completed,
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a) Diminution of total width of epiphyseal cartilage,
b) Increasing difference of percentage of zone of proliferation from

that of hypertrophy,
c) A marked decrease in number of cells.in the zone of proliferation,

Comparing the curves of the fluoride groups,it is clear that in those which re-
ceived more than 50 ppm of NaF, the difference in the percentage of zone of
proliferation and that of hypertrophy was not increased, Consequently, the
ratio was not higher and it did not occur in the pre-stage of synostosis, On
the contrary, in the small dosage groups the three conditions were apparently
shown,

Summary and Discussion

The literature on bone fluorosis as an occupational disease in cryolite
workers and on endemic fluorosis in certain districts of the world is extensive,
These reports were chiefly concerned with bone changes in adults, not with bone
growth,

In Part I of this study, 30 to 140 mg/kg of sodium fluoride was given
orally to growing rabbits during a maximum of two hundred days; diminution of
weight and osteoporosis occurred in all cases, Long-term fluoride ingestion (178
to 200 days) caused apposition of immature (coarse fibrillar) bone adjacent to the
periosteal and endosteal surfaces,

In the current study, it was shown that comparatively large amounts of
fluoride prevent bone growth of rats and delay synostosis, In contrast, compar-
atively small amounts of fluoride accelerate bone growth and synostosis is com-
pleted in an earlier stage, It is of striking interest that fluoride when adminis-
tered in differing amounts causes marked differences in bone alteration and exerts
an influence upon the body weight of growing rats,

Skeletal fluorosis is not as directly related to fluoride intake as are
mottled teeth, The amount of fluoride which usually causes marked bone changes
in certain districts in India apparently rarely does so in America, It is notewor-
thy that in a given fluoride area, no bone changes were observed in patients with
severe dental fluorosis, whereas deformities with only slight mottling were mani-
fested in others, In general, the inhabitants in these fluoride districts are poor
and in needy circumstances, The findings, therefore, suggest that fluoride in
soil and water may influence the development of bone changes especially when it
is associated with defective nutrition (vitamins or amino acids),

Takamori published studies on bone changes, i, e, premature synostosis of
epiphyseal cartilage caused by acceleration of enchrondral ossification, bone atro-
phy and malformation of large bones and joints (Kaschin-Beck's disease) in the
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natural fluoride areas in Manchuria, Hatano found bone changes in the Aso-Vol-
cano district, which were considered identical with those in Kaschin-Beck's Dis-
ease, Takamori suggested that morbidity in these two diseases might be reduced
by improving the nutritional standards, However, the bone changes in fluoride
areas show marked differences due to such factors as malnutrition, age, race,
etc,

EFFECTS OF SMALL QUANTITIES OF FLUORIDE ON THE GROWTH OF BONE,
ESPECIALLY EPIPHYSEAL CARTILAGE, IN VITAMIN A DEFICIENCY

Part 1

CHANGES IN THE GROWTH OF BONE, ESPECIALLY EPIPHYSEAL
CARTILAGE, DUE TO DIETS DEFICIENT IN VITAMIN A

by

Hiroshi Kakihara
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 12: 721-728, April 1958)

Impairment of bone growth in vitamin A deficiency has been well docu-
mented for many years, No systematic and detailed description, however, has
as yet been forthcoming concerning the ossification period of the epiphyseal
cartilage of long bone,

In order to observe the effect of fluoride in small doses on bone growth
in vitamin A deficiency, it was necessary to make a preliminary study of the
bone changes, especially the ossification period of epiphyseal cartilage in vita-
min A deficiency, The purpose of the current investigation was to obtain know-
ledge upon which to base Part II of this study, namely the effect of fluoride in
the diet in minute quantities upon the ossification period in vitamin A deficiency,

Material and Method

Young albino rats of the same sex and same litter were kept alive for
35 to 121 days and fed a Saheki and Fujimaki diet which is deficient in vitamin
A, Histological observations were subsequently made on their long bones.

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan,
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Fig, 1 Fig, 2
Vitamin A Deficiency Epiphyseal Car- Control Normal Tibia ( x 100)

tilage of Proximal Tibia ( x 100)

Marked cellular infiltration, irregular
outline of trabeculae (T), reduced
thickness of cartilage (C)

Fig, 3 Fig, 4
Vitamin A Deficiency, Metacarpus Control - Metacarpus Ossification
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1) The body weight was considerably decreased in the group of absolute
and relative vitamin A deficiency compared with that in the contxol group, A
difference was also noted between the group of absolute and of relative vitamin
A deficiency,

2) All long bones showed a marked decrease in length in the experimental
groups compared to the bones of the controls,

3) Histologically, the epiphyseal cartilages became markedly thin; the
columns of cells were arranged disorderly; the cells in general were atrophied
and markedly decreased in number (Fig, 1 to 4),

In the deeper layers of the epiphyseal cartilage, an invasion by newly
formed blood vessels occurred, The endochondral bone growth was markedly
impaired,

4) That the ossification period of the epiphyseal cartilage was markedly

delayed, was confirmed by measuring the width of the epiphyseal cartilage and
by the cell count,

5) The cortex of bone was severely thinned and was devoid of trabeculae
in the sections examined, The osteoblasts were less active and osteoporosis
was present, The bone marrow showed pronounced hyperemia,

Part I

CHANGES IN THE GROWTH OF BONE, ESPECIALLY EPIPHYSEAL CARTILAGE,

DUE TO DIETS DEFICIENT IN VITAMIN A AND TO FLUORIDE ADDED
IN SMALL QUANTITIES

by

Hiroshi Kakihara
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 12:729-742, April 1958)

A previous report dealt with the changes induced in bone by vitamin A
deficiency, This investigation delineates the results of experiments concerned
with the influence of fluoride, added in small quantities to a vitamin A deficient
diet, upon the growth of bones, especially upon the epiphyseal cartilage which is
of primary importance for growth of bone in length,

Method
Vitamin A deficient diet, devised by Saheki and Fujimaki, was given to
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young albino rats of the same sex and the same litter, Sodium fluoride was ad-
ded in such a way that the total fluoride intake did not exceed 5 ppm or 10 ppm,

The rats were kept on this diet for 39 to 103 days, after which they were sacri-
ficed and their long bones examined histologically,

Results
1) All experimental animals showed a decreased body weight compared
with that of the controls (Fig, 1), The rats given 10 ppm of fluoride combined

with the vitamin A deficient diet, however, weighed generally more than the rats
which received the vitamin A deficient diet without supplementation of fluoride,

Fig, 1
Weight Curves of Vitamin A Deficient Diet
weight (grams)

123456 789 buz days

Rat No, 110: Vitamin A deficient diet,
Rat No, 108: Added 10 ppm NaF plus
Vitamin A deficient diet,

No significant difference was obtained in the weight between the group
which received 5 ppm of fluoride in conjunction with the vitamin A deficient diet
and the group kept on the vitamin A deficient diet without added fluoride,

2) In all experimental animals, impaired growth of long bones was con-
firmed by measuring the length of the long bones.
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Increase in bone density; cellular in-
filtration and of marrow,
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3) Histologically, endochondral bone growth in the epiphyseal cartilage
was notably impaired, This growth impairment was less pronounced in the group
given 10 ppm of fluoride together with the vitamin A deficient diet than in the
group submitted to vitamin A deficient diet alone (Fig, 2 to 5),

A distinct difference in the degree of growth impairment was observed
between the group given 5 ppm of fluoride in combination with the vitamin A de-
ficient diet and the group given the vitamin A deficient diet without fluoride,

4) The ossification period of the epiphyseal cartilage was delayed in all
experimental animals as compared with that of the controls, Ossification was
detected earlier in the group given 10 ppm of fluoride combined with the vitamin
A deficient diet than in the animals on the vitamin A deficient diet without fluo-
ride supplementation,

No particular difference was observed between the group whose vitamin
A deficient diet was supplemented by 5 ppm of sodium fluoride and the group
whose vitamin A deficient diet contained no fluoride,

The histological changes and the ossification period of the epiphyseal
cartilage were corroborated by measuring the width of the different layers of
the epiphyseal cartilage and by counting the number of cells.

5) Osteoporosis was observed in the cortex and trabeculae of all bones,
The number of bone marrow cells was decreased and hyperemia was present in
the fluoride rats,
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CHANGES OF THE HEART MUSCLE DUE TO CHRONIC FLUOROSIS
Part I

ELECTROCARDIOGRAM AND CARDIAC X-RAYS IN INHABITANTS
OF A HIGH FLUORIDE ZONE

by

Iteshi Okushi
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 5:159-165, June 1954)

Studies on the influence of fluoride upon the heart are sparse, In re-
viewing the literature, clinical data pertaining to the cardiovascular system in
acute fluoride toxicosis were presented by Tappeiner (1,2), Roholm (3,4) and
Larner (5), pharmacological data by DeNito ( §), Gottdenker and Rothberger (7, 8)
and Chenowith (9) and electrocardiographic studies by Chatel (10) and Lepeschkin
(11), but no systematic studies on the involvement of the heart in fluoride toxi-
cosis are available, Dental fluorosis occurs in chronic fluoride poisoning but not
in acute fluoride toxicosis,

Sodium fluoride in drinking water has recently been advocated for the pre-
vention of dental caries, A study of the effect of chronic fluoride toxicosis
upon the heart was therefore of interest,

The author has conducted electrocardiographic and roentgenologic ex-
aminations in Shionoe village, Kagawa Prefecture,in 1952, and in Odani village,
Sanyo town, Okayama Prefecture,in 1953, Many instances of myocardial dam-
age were observed electrocardiographically; other cases, exhibiting hypertrophy
and dilatation of the cardiac chambers, were recorded roentgenographically,

Methods and Procedures

In 1952, the author examined electrocardiograms and X-rays of 35 resi-
dents (25 children and 10 adults) of Shionoe village, Kagawa Prefecture, and of
four adults of Odani village, Okayama Prefecture,in 1953, The electrocardio-
graphic examinations were carried out with standard limb leads, and roentgeno-
logic examinations were performed by 2m, 58KV, 30 m®, The fluoride content
of drinking water was determined by the aluminum hematoxylin method (12),
The mottled enamel of the inhabitants who were examined was classified by
Kawahara (13),

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan,
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Results
Many of the inhabitants of the high fluoride zone had myocardial damage,
A higher incidence of myocardial damage occurred in "mottled-enamel" children

than in those not so affected, The Q-T interval was prolonged frequently in the
mottled-teeth subjects (Fig, 1).

Fig. 1

Q-T Interval in 35 Residents with Mottled Teeth

Q-T
50,
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45, o limits
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251

R-R

30 50 70 90 110 130 150

Electrocardiogram and X-Ray Findings in High Fluoride Okayama

Four residents with mottled enamel and marked limitation in various
joints of Odani village, Sanyo town, Okayama Prefecture, were selected for the
roentgenological studies, The roentgenoclogic bone changes were identical with
those seen in chronic fluoride poisoning, Patients whose movement had become
restricted because of the skeletal changes were eventually unable to move about
without aid, Usually they had no general complaints, except for periodic mild
rheumatic pains, The fluoride content of their drinking water ranged from 6
to 13 ppm, The patients had been drinking this water daily for more than 10
years, The following are the cardiological findings in the four cases:

1) C,T,, a 57 year old male had a blood pressure of 140/100, The fluo-
ride content of his drinking water was 8,5 ppm,

Electrocardiogram: R-R=0,95 second, Ry =0,6 mV, Ry =0,7 mV, R3 =
0.2mV, T{ =0,5mV, T3 =0,7 mV, QT = 0,4 second, QRS = 0,14 second, and
was characterized by a tall, slender R wave in lead I-II and the wide, slurred S
wave, i, e, a pattern indicative of Wilson's right bundle branch block.,

X-Ray picture: (Moritz' measurement) Lb (Lungenbasis) = 26,0 cm, Mr
(Mediandistance right) = 5,8 cm, M1 (Mediandistance left) = 10,2 cm, therefore
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Tr (Transverse diameter) = 16,0 cm, L (Longitudinal diameter) = 16,7 cm, there-
fore L-Tr = 0,7 cm, uQ (unterer Querabstand) = 5,9 cm, Br (Querdurchmesser)=
10,5 cm, therefore Tr-Br = 5,5 cm, Bh (height of arch) = 2,3 cm,

This X-ray established evidence of considerable dilatation of the right
and left ventricles. ;

2) E,F,, a 54 year old male with a blood pressure of 110/90, The fluo-
ride content of the drinking water was 8,5 ppm,

Electrocardiogram: R-R =0,75 second, R; =0,5mV, R; =1,3mV, Ry =
0.8 mV, Ty =0,25 mV, Ty =0,4mV, T3 =0.15 mV, and P wave showed notched,
pointed elevation (0,3 mV) and broad (0,12 second) in lead II-IIl, This electro-
cardiogram showed a marked pulmonary P with prolonged P-R interval (0, 23
second),

X-ray picture: Lb=2,65cm, Mr=3,9 cm, M1=10, 8 cm, Tr-14, 7cm, L=
16,7 cm, L-Tr=2,0 cm, oQ=3,7 cm, uQ= 6,5 cm, Br=10,2 cm, Bh=2,2 cm, This
X-ray showed evidence of marked dilatation of the left ventricle figure.

3) K, F,, a 46 year old male, Fluoride content of water was 6, 0 ppm,
blood pressure 130,

Electrocardiogram: R-R = 0,8 second, R; =2,0mV, Ry =1,2mV, Ry =
0.5mV, T{ =0,5mV, T2 =0,3mV, T3 =0,3mV, S3=1,3 mV, This EKG
showed a marked left axis deviation wi th elevated S-T in lead I and slight pro-
longed P-R interval (0,2 second).

X-Ray picture: Lb =25,5cm, Mr =5,5cm, Ml = 6,1 cm, therefore,
Tr =11,6 cm, This X-ray revealed evidence of dilatation of the right ventricle,

4) S,H,, a 29 year old female, Fluoride content of water was 13,0 ppm,
Her electrocardiogram: R; =0,7 mV, Ry =1,4mV, Ry =1.5mV, T; =0,2 mV,
T3=0, $; =0,6 mV, P-R =0, 2 second, and P showed pointed elevation (0.3 mV)
indicative of right ventricular strain with pulmonary P and prolonged P-R inter-
val, The X-ray picture: Lb =22,0, Mr = 3,9 cm, M1 = 6,6 cm, therefore, Tr =
10,5cm, L =11,8 cm, oQ = 5,3 cm, uQ = 3,7 cm, therefore, Br =9,0 cm, Bh =
1.2 cm, This X-ray is normal,

(The original paper contains a tabulation of all EKG changes in 20 chil-
dren with dental fluorosis and 16 without mottling, Editor)

Discussion
The electrocardiograms showed marked myocardial damage in the two

cases residing in the high fluoride areas and the x-rays provided evidence of
greater dilatation of heart in local inhabitants than in individuals elsewhere,
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According to investigators at the lowa Agricultural Experiment Station
(15,16), studies on the effect of fluorides upon growth and reproduction of al-
bino rats yielded the following conclusions: "The toxic effects produced by so-
dium fluoride vary directly with the amount of calcium salts in the ration";
"the toxic effects of calcium fluoride are much less marked than those of so-
dium fluoride"”, Own observations showed that the myocardial damage was pro-
portional to the fluoride content of drinking water and to the extent of mottled
enamel, Our data have been confirmed by laboratory experiments which will be
published later,

Larner (5) observed that the heart and brains appear to be organs which
are very susceptible to fluoride-containing compounds, The authors, in their ex-
periments on chronic fluoride poisoning as well as in inhabitants of the high fluo-
ride zone, observed myocardial damage, bundle branch block and pulmonary P and
such pathological changes as myocarditis and myocardial degeneration,

In a survey of "Aso-Volcano" Disease, Hatano (18) quoted Okinaka (17)
who had performed electrographic and X-ray examinations in inhabitants in Shi-
kimi village, Kumamoto Prefecture and found right bundle branch block and dila-
tation of the ventricles, The author (19) surveyed the same district in 1953 and
obtained the same results, but the myocardial damage of the inhabitants in this
district was less severe than in the high fluoride region of Kagawa and Okayama
Prefecture, The fluoride content (0,1 to 1,1 ppm)of the well water of the Aso-
Volcano district was lower than in both high fluoride areas, Okinaka attributed
the myocardial damage to an endocrine disorder associated with the parotis gland,
However, the author considers the high fluoride content of drinking water the
cause,

Summary

1) The author examined inhabitants of a high fluoride zone (Shionoe vil-
lage, Kagawa Prefecture, and Odani village, Sanyo town, Okayama Prefecture).
In residents of these zones, greater myocardial damage was detected electro-

cardiographically and dilatation of the cardiac sillouette roentgenographically
than in nonfluoride areas,

2) The myocardial damage appears to be related to the high fluoride con-
tent of drinking water,

In concluding, the author wishes to express his deep gratitude to Prof,
T, Takamori for his cordial guidance and for revising this paper,
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Part 11

EXPERIMENTAL STUDIES ON THE EFFECTS OF SODIUM FLUORIDE UPON
THE HEART MUSCLE OF RABBITS

by

Iteshi Okushi
Tokushima, Japan

(Abstracted from Shikoku Acta Medica 5:238-245, June 1954)

Fluoride is abundant in the mineral as well as in the plant and animal
worlds, It is present in water in varying amounts, In the earth's crust it is
found as the 20th element in abundance occurring as the minerals fluospar (CaF,),
cryolite (NajALFg), and sedimentary phosphate rock (Ca3(POg), CaF,,

In the past, the toxicity hazard of fluoride compounds has been encoun-
tered in the smelting of cryolite, In 1932 Mgller and Gudjonsson (1) detected
toxic effects in 30 workers who had been employed for a long time at a factory
crushing cryolite in Denmark, About the same time, Roholm described "Eine
neue Krankheit" (2, 3) after conducting several detailed expenma:ts on fluoride
poisoning, Todcity by fluoride, as severe as that from working in a cryolite
factory, can be caused by a high content of fluoride in drinking water as shown
by Smith (4), Smith, Lantz and Smith (5) in 1931, by Churchill (6) and others (7
to 13),

In Part I of this study (14) the author reported a higher incidence of myo-
cardial damage electrocardiographically and cardiac dilatation roentgenographical-
ly, in inhabitants of a high-fluoride zone than where water contained little or no
fluoride, The myocardial damage was related to the high content of fluoride in

drinking water,
In this study, Part II, rabbits were given sodium fluoride orally to sup-
plement our previous observations,
Experimental Material and Methods

Healthy mature white rabbits weighing about 2kg were divided into four
groups according to the dosage of sodium fluoride:

A Group: 11 individuals
received orally 10 mg/kg NaF daily

B Group: 10 ” 30 mg/kg NaF
C Group: 13 " 50 mg/kg NaF
D Group: 3 » 100 mg/kg NaF
E Group: 16 e Control
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Nutritious food such as the "Tofukara" (the residue of bean-curd) and
grass (standard diet) were given to rabbits, and their health was given constant
attention,

Electrocardiography was performed in limb leads, Each limb was fixed
on an insulated table, Since the rabbit heart had a tendency to move with the
change of the body position in the photography, great care was taken to avoid an
error due to this factor, Normal limits of PQ and QT interval were employed
in accordance with Shimizu's (24) expression as follows:

QT = 2,83 L~RK +0, 025
PQ = 2,32 L"RR +0, 025

Rabbits were killed at various intervals and every heart was studied ma-
croscopically and histologically.

Discussion

The author had previously described a rise in myocardial damage electro-
cardiographically and cardiac dilatation in the X-rays in residents of high-fluoride
areas, These changes which appear to be due to the high content of fluoride in
drinking water, were fully confirmed by the current laboratory experiments,

The degree of myocardial damage was proportionate to the dosage of so-
dium fluoride and the length of time of its administration, The pathological chan-
ges appeared to be more prominent in the papillary muscles and on the inside wall
of the myocardium than at the exterior cardiac wall,

Patterns of myocardial damage such as depressed ST, inverted T, pro-
longed QT interval, bundle branch block, and pulmonary P, were ocbserved in these
laboratory experiments as well as in our field work (14),

In autopsied cows in Nango village, Kumamoto Prefecture, Kono and the
author found hypertrophy of the myocardium associated with dental fluorosis and
fluoride bone changes, In the heart muscle, we observed numerous small hemor-
rhages, slight infiltration of round cells, and marked regressive degeneration

similar to that produced in the current laboratoty experiment (Fig, 1 to 7), We
also observed the same changes in rats recently (15). Takamori and Kawahara

(16) noted marked cloudy swelling of the skeletal muscle of frogs suspended in a
25 mg% of NaF solution,

Among the available studies, Friedenthal (17) assumed that calcium pre-
cipitation is the principal cause of poisoning by sodium fluoride. Meyerhof (18)
reported that a n/500 NaF solution completely inhibited fermentation, Lipine
(19) noted that fluoride inhibited glycolysis in muscle.

Embden drew attention to the fact that fluoride decreased the amount
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Fig, 1
Heart Size in Fluorodic Rabbit No, 301

Heart weight 10,5 gr.  Rabbit No, 101, NaF 10 mg/kg (132 days)
Left ventricle (x170)

orrhages, Infiltration of Round
Cells and Cloudy Swelling

M«"".-.':.", » ¢ o 24 “.t e )o:. ' > — ad
Rabbit No, 304, NaF 30 (19 days).
Papillary muscle ( x 130 ),
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of free phosphoric acid formed in muscle suspended in butyric solutions, Exten-
sive studies concerned with the action of fluoride on glycolysis and the influence
of fluoride ions upon the chemical changes associated with muscle metabolism
have been carried out by Embden and his school (20-23), Their experiments indi-
cated that tartrate and fluoride inhibit or even reverse the glycogen breakdown
in muscle, It is concluded that fluoride affects the muscular metabolism by de-
pressing the enzymatic reaction and the intermediary metabolism (24),

Summary

In the electrocardiogram of rabbits given sodium fluoride orally, a pat-
tern of myocardial damage was observed, namely depressed ST, inverted T, pro-
longed QT interval, multifocal ventricular premature contraction, bundle branch
block, and pulmonary P, Histologically, regressive degeneration, cellular infil-
tration, hyperemia, hemorrhages and thickening of vessel wall were noted in the
heart muscle,
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ELECTROCARDIOGRAPHIC STUDIES OF THE INHABITANTS
IN HIGH FLUORIDE DISTRICTS

by

T, Takamori, S, Miyanaga, H, Kawahara, I, Okushi, M, Hirao and H, Wakatsuki
Tokushima, Japan

(Reproduced from the Tokushima Journal of Experimental Medicine 3:50-53, 1956)

In the Aso volcano districts of Kumamoto Prefecture, Japan, a dental
disease occurs which is known locally as "Y ", meaning "teeth affected by
volcano ash"”, Undoubtedly, this condition is identical with mottled teeth, irre-
spective of the cause,

Since the reports of Smith, Lantz and Smith (1) and Churchill (2), we know
that mottled enamel is usually caused by drinking water which contains fluoride
in excess of 1 ppm,

No systematic studies on how fluoride affects the cardiovascular system
had appeared previous to Okushi's report (3) from our department in 1954,

The authors examined the inhabitants of a high fluoride area where a high
incidence of mottled enamel was encountered, In 1953, electrocardiographic and
X-ray examinations in Shionoe, Kagawa Prefecture, and in Odani, Okayama Pre-
fecture, revealed many instances of myocardial damage, cardiac hypertrophy and
dilatation, In 1954 Okushi (4) published experimental data concerned with the ef-
fect of sodium fluoride upon the heart muscle of rabbits, This communication
presents EKG observations on subjects residing in the Mt, Aso fluoride area,

Method and Procedure

In 1954 electrocardiograms were taken on 102 inhabitants ( 90 children and
12 adults) of the Aso volcano district and 59 children in Beppu city, The examina-

From the Department of Internal Medicine, School of Medicine, Tokushima
University, Japan,
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tions were carried out with standard limb and chest leads by means of the Sanborn
electrocardiograph,

Fluoride content of drinking water was determined by the aluminum hema-

toxylin method (5). Kawahara's (6, 7) classification of mottled enamel of the in-
habitants was adopted,

Results

A) Electrocardiograms of Residents of the Aso Volcano District:

1) Narikawa Village ( Fluoride content of drinking water 0,6 to 4,4 ppm):

Among 12 adults the following results were obtained:

One case with a high degree of myocardial damage, with coronary insuf-
ficiency and mitral p wave; one case of multiple ventricular premature contrac-
tions with prolonged Q-T interval (Fig, 1); one case of nodal premature contrac-
tions, with nodal escape and coronary insufficiency (Fig., 2); one case of auricu-
lar fibrillation with multifocal ventricular premature contractions and coronary
insufficiency (Fig, 3); one case of coronary insufficiency with prolonged Q-T in-
terval; five cases with prolonged Q-T interval, In only two of the 12 cases with
mottled teeth was a normal electrocardiogram obtained,

Among 22 children, one case showed evidence of right ventricular strain
with a high degree of coronary insufficiency (Fig., 4); two showed ventricular
strain; five prolonged Q-T interval, In 14 cases, the ECG was within normal
limits,

2) Kuronagare Village (Fluoride content 1,6 to 1.9 ppm):

Of 8 children, one case showed right ventricular strain with coronary in-
sufficiency and p pulmonale pattern; one patient had a right bundle branch block;
one case, right ventricular strain, Five cases were within normal limits,

3) Imamachi Village (Fluoride content of drinking water 5,9 to 6,2 ppm):

Of five children, two cases showed a high degree of ventricular strain

with coronary insufficiency; one a prolonged Q-T, Two cases were within normal
limits,

4) Onoda Village (Fluoride content 0,5 to 0,7 ppm):
Of three children, one case showed left ventricular extrasystoles with

right ventricular strain and p pulmonale pattern, one case right ventricular strain
with sinus tachycardia, In one case the EKG was within normal limits,

Volume 4 Number 4
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Samples of EKG Changes

Fig, 1 Fig, 2
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Marked myocardial damage; auri- Right ventricular strain; coronary
cular fibrillation, multifocal ven- insufficiency,

tricular premature contraction;

coronary insufficiency,
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5) Nakadori Village (Fluoride content 0,6 to 0,7 ppm):

Of 4 children, one showed prolonged Q-T interval, The other three elec-
trocardiograms were within normal limits,

6) Other villages of the Aso volcano district, Yunoura, Dabaru, Hosen,
Tamachi, Yamada, Ogura, Kurokawa and Miyaji (Fluoride content 0,0 ppm):

Of 45 children, three showed a high degree of myocardial damage; five,
slight myocardial damage, The remaining 37 were within normal limits,

In the inhabitants of Aso volcano district, of 56 subjects with mottled
teeth, 30 showed myocardial damage but, of 46 without dental fluorosis, only
six had myocardial damage,

B) Electrocardiograms in Beppu city with practically no fluoride in drink-
ing water (0,0 to 0,1 ppm):

Of 59 children, two showed evidence of slight right ventricular strain;
one exhibited a prolonged Q-T interval, The remaining 56 were within normal
limits,

Discussion

The relation between the electrocardiographic findings and the fluoride
content of drinking water in the respective villages is shown in Table 1,

Our studies indicate a higher incidence of myocardial damage in the high-
fluoride districts, namely 10 among 12 in Narikawa village (0.6 to 4,4 ppm), and
0 among 11 adults in fluoride-free Yunoura village (a>»0,01). It is also notewor-
thy that a significantly higher incidence of myocardial damage in school children
occurred in high fluoride districts, namely 8 among 22 children in Narikawa vil-
lage, than in nonfluoride districts such as Yunoura village (a>>0, 05),

A higher incidence of myocardial damage was also noted in inhabitants
of the Aso volcano districts than in those of Beppu city (0,0 to 0,1 ppm), Of
102 inhabitants of the Aso volcano district, 36 cases had myocardial damages
whereas of the 59 school children examined in Beppu city, only three were thus
affected,

The relation between myocardial damage and mottled enamel in the 102
inhabitants of the Aso volcano district is shown in Table 2,

Our results further indicate that the majority of residents with myocar-
dial damage also have mottled teeth (a> 0,01), Conversely,among those with-
out mottled teeth, the negative EKG findings outnumber those with myocardial
damage (a> 0, 05),
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The Relation between the Electrocardiogra

Takamori, et al,

TABLE 1

ic Readings and the

Fluoride Content of the Drinking Watex

E.C,G,
No, | within [Degree of myocar- Fluoride
Village of |normal | dial damage in ppm
cases| limits 1 I m

Adults  Narikawa 12 2 5 1 4
Marliewn 22 i¢ § 2 1 %68l
Yunoura 11 11 0.0
Dabaru 2 2
Hosen 1 1
Tamachi 1 1
Onoda 3 1 1 1 0.5to0 0,7

Children Kurconagare 8 5 1 2 1.6 to 1,9
Imamachi 5 2 1 2 5.9 to 6.2
Yamada 16 12 3 1 0.0
Ogura 2 1 1 0.0
Nakadori 4 3 1 0,6 to 0,7
Kurokawa 6 4 1 1
Miyaji 6 S 1
Beppu City 59 56 2 1 0,0 to 0,1

TABLE 2

The Relation between Myocardial Damage and Mottled Teeth

Mottled
teeth
(+) (-) | Total
Myocardial

damage

(+) 30 6 36

(-) 26 40 66
Total 56 46 102
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Conclusion

1) In the Aso-volcano district, a higher incidence of myocardial damage
based on electrocardiographic studies was found in inhabitants of high fluoride
communities than in "nonfluoride” villages,

2) In subjects with mottled teeth, greater myocardial damage was en-
countered electrocardiographically than in persons without mottling in the Aso-
volcano district,

3) The authors conclude that the myocardial damage observed in the in-
habitants of the Aso-volcanic district is predominantly due to the excessive
fluoride content of the drinking water,
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Corrections:

Volume 4, pages 5-15:

In the article by Drs, Buck and Reusmann "A New Semiautomatic Method for
Fluoride Determination in Plant and Air Samples"”, the names of two co-authors,
Dr, Ixfeld and Mr, Pallasch, who collaborated in the development of the appara-
tus illustrated, were inadvertently omitted, Herewith we wish to acknowledge
their co-authorship,

Drs, M, Buck and G, Reusmann

Volume 4 e 105:

The editorial cited the article by G, A, Posen, ], R, Marier et al, as documen-
tation for four deaths in Ottawa, Canada, The reference should have been "New
Facts on Fluoridation” Saturday Review, March 1, 1969, page 54,

In the following sentence the word "probably" should be substituted for
"considered" so that it reads: "Fluoridated water for hemodialysis was probably
the cause of death,"
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In the January 1972 issue, articles by the following
collaborators of Prof, Takamori will appear:

Kasaburo Abe Tadashi Iwase
Setsuo Tanaka Mitsugi Hirao
Hitoshi Kawahara Jiro Imura
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