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

by 

Iteshi Okushi 
Tokushima, Japan 

(Abstracted from Shikoku Acta .Medica S: 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 amount&, In the earth' s crust it is 
found as the 20th element in abundance occurring as the minerals fluospar (CaF2), 
cryolite (Na3ALF6), and sedimentary phosphate rock (Ca3(P04h CaF2. 

In the past, the toxicity hazard of fluoride compounds has been encoun
tered :in the smelting of cryolite., In 1932 M,mer 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 experiments on fluoride 
poisoning, Toxicity 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 (S) 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 &tudy, Part n, rabbits were given sodium fluoride orally to 5Up
plement our previOU5 observations, 

Experimental Material and Methods 

Healthy mature white rabbit& weighing about 2kg were divided into four 
groups according to the dosage of &odium fluoride: 

A Group: 11 individuals 
received orally 

B Group: 10 II 

C Group: 13 II 

D Group: 3 " 
E Group: 16 II 

199 

10 mg/kg NaF daily 
30 mg/kg NaF 
SO mg/kg NaF 

100 mg/kg NaF 
Control 
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Nutritious food such as the "Tofukara" ( th.e residue of bean-curd) and 
grass (standard diet) were given to rabbits, and their health was given conatant 
attention. 

Electzocardiography was performed in limb le;ads. Each limb was fixed 
on an insulated table. 5.ince the rabbit heart had a tendency to move with the 
change of the body poeition 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 Shirruzu1s (24) expression as follows: 

QT = 2. 83 ~ + o. 025 
PQ"' 2.32 V"''m! 0.025 

Rabbits were killed at variOU!S intervals and wery heart wa.s studied ma
=oscopically and histologically. 

Discussion 

The author had previously described a rise in myocardial damage electzo
cardiograpbically 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 labocratory experiments. 

The degree of myocardial damage was proport:imate 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 mi.IBCles and on the inside wall 
of the myocardium than at the exterior cardiac wall. 

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

1n autop&ied cows in Nango village, Kumamoto Prefecture, Kono and the 
author found hypertrophy of th.e myoc:ardium associated with dental fluorosis and 
fluoride bone changes. 1n 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 laboratory experiment (Fig. 1 to 7). We 
also observed the same changes in rats recently (15). Takamori and Kawal\ara 
(16) noted marked cloudy swelling of the skeletal muscle of &ogs 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 Fig. 2 

Heart Size in fluorodic Rabbit No, 301 Infiltra tion with Round Cells, 
Thickening of Adventitia 

Heart weight 10, 5 gr. Rabbit No, 101, NaF 10 mg/kg (132 da)'11) 
Left ventricle ( x 170 ) 

Fig. 3 

Diffu.se Hemorrhages, Infiltration of Round 
Cells and Cloudy Swel!ing 

Rabbit No, 304.. NaF 30 :mg/kg (19 days). 
Papillary muscle ( x 130 ), 
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Fig, 4 
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Rabbit No, 310. NaF 30 mg/l<g (51 days) 
Right ventriCle ( x 400 ), 

Fig. 6 

Cloudy Swelling. Vacuolar and Colloid 
Degeneration 

Rabbit No. 502. NaF SO mg/l<g (60 days) 
L eft ventricle ( x 130 ) 

Fig, S 

Cloudy Swelling 
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Rabbit No, 503, NaF 50 mg/l<g (59 days), 
Left ventricle ( x 400 ), 

Fig. 7 

Infiltration with Rol!!ld Cells and 
Small Hemorrhages 

Small Hemorrhages 
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of free phos]?ho.ric acid fonned 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 a:ssociated with mw;cle 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 mu.scle, It is concluded that fluorid.e a .f£ects 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, bW'Idle 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, Wak.atsuki 
Tokushima, Japan 

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

In the Aao volcano districts of Kumamoto Prefecture, Japan, a dental 
disease occurs which is known locally as ''Yonaba", meaning "teeth affect.ed 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 fluorid.e 
in excess of 1 ppm, 

No systematic studies Ol\ how fluoride affects the cardiovascular system 
had appeared Fevious to Okushi1s report {3) from our department in 1954. 

The authors examined the inhabitants of a high fluoride area where a high 
inc:idence of mottled enamel was encOWlte:red, In 1953, electrocardiographic and 
X-ray exam.inatio.ns in Shionoe, Kagawa Prefecture, and in Odan.i. 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, 




