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• ABSTRACT 

-• 

Ingest ion of fluoride in excess leads to its accumulation in the erythro

cyte membrane. The biochemical and structural abnormalities detected are 

reported in this communication. 

Blood samples of rabbit s administered with 10 mg NaF/kg body weight at 24 

hour intervals for varying durations were investigated. Human subjects 

afflicted with hydrofluorosis were also investigated. 

Fluoride and calcium contents of serum and erythrocyte membrane were 

estimated using an ion selective electrode and an atomic absorption spec

trometer respectively. The erythrocyte morphology was studied using a 

scanni ng electron mi croscope. 

The results indicate that fluoride accumulation in the erythrocyte mem

brane led to depletion of calc ium in the membrane. Erythrocytes with 

spinous projections were at a maximum of 7% in human subjects. However, 

the number in the rabbit rose from 1% to 9% as the duration of exposure to 

fluoride was increased from 1-20 months. It was also evident that older 

erythrocytes were more serious ly affected than the newly formed erythro

cytes as fluoride accumulation increased. 

Thi s study has confirmed that fluoride is one of the chemical agent s 

r esponsible for inducing echinocyte formation. 

INTRODUCTION 

Susheela et al. (1) have reported an accumulation of fluoride in the 

erythrocyte membrane in rabbits that had ingested excess fluoride. Changes 

have been reported in the hematological profi le of rabbits as a result of 

excess fluoride ingestion. Anemia also occurred as a result of fluoride 

ingestion. The conc lu sions drawn were based on studies conducted using 10, 

30 and 50 mg doses of fluoride administered to rabbits for five months (2). 

Information on blood ce ll profi le was further augmented by studies con

ducted by Susheela and Jain (3). According to these investigators the 

erythrocyte and leucocyte population revealed a significant reduction after 

6 and 12 month s of fluoride ingestion. However, those animals that were on 
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NaF for 7 months produced offspring which did not reveal any deviation 
• 

either in erythrocyte or leucocyte population. Ba sophi ls, l ymphocytes and 

hemoglobin content were also significantly reduced in both treated animals 

and their offspring. The reduction in blood cell count and hemoglobin 

content was considered as a result of adrenal cortical malfunction. Rao 

and Susheela (4) have reported earlier that hypertrophy of the adrenal 

gland and reduction in delta 5,3 beta steroid dehydrogenase activity was 

due to excessive fluoride ingestion. 

The present communication reports that erythrocyte membrane abnormality 

occurs in human subjects afflicted with skeletal fluorosis and in rabbits 

that ingest excessive amounts of fluoride. 

MATERIALS AND METHODS 

Human Subjects Afflicted with Skeletal Fluorosis 

Blood and urinary sam ples were collected from two patients (A and B) 

afflicted with s keletal fluorosis diagnosed radiologically and the blood 

samples were used for studies on erythrocyte morphology using SEM. 

Rabbit Model 

Male albino rabbits weighing 750-1000 g each were kept under laboratory 

conditions, segregated at random into two groups, and fed a balanced diet 

obtained from Hindustan Lever (Bombay) and water ad libitum. The animals 

ln one group were glven orally 10 mg of NaF/kg body weight one dose daily 

for a period of 20 months. Animals in the second group served as age and 

sex-matched controls. Blood was drawn at intervals of 1,3,9 and 20 

, 

months after fluoride treatment. Blood samples from control animals were ' 

also collected at the same intervals. The samples were used for scanning 

electron microscopic studies of erythrocytes, serum fluoride content and 

plasma calcium content determinations. 

Scanning Electron Microscopic Studies of Erythrocytes 

Blood sa mples from humans and rabbits were transferred into cold buffered 

(pH 7.4) gluteraldehyde (2%) for 45 minutes. After fixation, samples were 
-

washed three times in cold phosphate buffer (pH 7.4) (5). A thin film of 

the material thus obtained was placed on a small stub. air dried and 

sputter coated with gold. The cells were scanned at 30 KV using a Philips 

Scanning Electron Microscope 501. 

Counting of Abnormal Erythrocytes 

A minimum of 11 and a maximum of 300 cells from a number of specimens 

obtained from the 2 patients investigated were counted on the television 

screen of the scanning electron microscope at a magnification of 640. 

Further, a minimum of 78 and a maximum of 310 cells from a number of stubs 

o 

• 



• 

• 

233 

obtained from the experimental animals (for detai l s refer Table I) were 

also counted. Abnormal cells among the total population of ce lls were 

scored and the percentage of abnormal cells was calculated si multaneou s ly. 

A se ries of photographs were taken from the same fields at the same mag 

nification (6 40 X). and cells were counted from the photographs to confirm 

the observations made on the screen. 

Serum Fluoride Dete rmination (Human and Rabbit) 

Serum flu ori de wa s determined by usi ng a pH meter model PHM 84 (Radio

meter. Copenhagen) with F- specific electrodes as described by Hall et al. 

(6) . 

Plasma Cal c ium Estimation (Rabbit) 

To tal ca lcium from the plasma of the rabbit was determined with a Pye 

Unicam Atomi c Absorption Spectrophotometer Model SP-900 as described by 

Barker et ~.!. (7). The precision wa s checked by internal standards. The 

pla s ma calcium ion concentration of rabbit was estimated by using a pH 

meter model PHM 84 (Radiometer. Copenhagen) with calcium-specific 

electrodes by applying the method of Hulanicki and Trojanowicz (8). The 

gla ss ware and sa mpling bottles were cleaned in hot nitric acid to remove 

all possible conta mination. 

RESULTS 

Erythrocyte Morphology 

Erythrocytes from human subjects afflicted with fluorosis and sodium 

f luoride treated rabbit s revealed certain specific morphological c hanges 

which are depicted in Fi gu res la.b.c and 2a.b.c. respectively. It is clear 

from these electronmicrographs that the earlies t change observed was that 

the outer membrane has a wavy outline (Figs. 1a. 2a). The crenation of the 

ce lls enhanced to the extent that projection s from the s urface of the 

erythrocyte in all directions appeared as large spinous processes (Figs. 

1b.c and 2b.c). Blood samples obtained from normal human subjects and 

control rabbits did not reveal any s uch abnormality. 

The human s ubjects investigated had serum fluoride contents ranglng from 

0.12 to 0.2 ppm (normal value: 0.02 ppm) and urinary fluoride ranglng f rom 

1. 7 to 2.8 ppm and the number of abnorma 1 erythrocytes were 4.4% and 6.7% 

in the two su bjects investigated . 

In rabbits. the percentage of erythrocytes which had undergone such 

morphological changes increased with duration of exposure to fluoride. In 

Table I it is revealed that the percentage of abnormal erythrocytes was 

1.28% ,i n rabbi ts treated for one month. whereas in ani ma 1 s treated for 9 

and 20 months the abnormal appeari ng erythrocytes increased from 6.25% to 
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(a) 

(b ) 

, 

(c) 

Figure lao Scanning electron micrograph of erythrocyte of human patient A 
showing normal erythrocytes (a) and those with crenated margin (X 6300). 

Figure lb. Scanning electron micrograph of erythrocyte of human patient B 
sh o wing a normal erythrocyte and another with wavy outline and spinous 
membrane outgrowths (X 13125). 

Figure lc. Scanning electron micrograph of erythrocyte of human patient B 
showing a large number of spinous membrane outgrowths (X 9800). 
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(a) 

( b) 

(c) 

Figure 2a. Scanning electron micrograph of erythrocyte of rabbit treated 
with NaF for 9 months (X 15750). Note the wavy margi n of erythrocyte. 

Figures 2b,c. Scanning electron micrographs of erythrocytes of rabbit 
treated with NaF for 19 months (X 17500). Note the membrane abnormality 
leading to spinous prqjection. 
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9.0%. It 1 sal so evi dent that the serum fl uori de content increa sed from 

0.09 ppm ln normal animals to 0.33 ppm and 0.78 ppm over a period of 1-20 

months of NaF treatment. The number of abnormal erythrocytes increased as 

circulating levels of fluoride increased. 

The total and ionic calcium contents of the plasma in rabbi ts increased 

sig nificantly (P<0.05) (Table II) after fluoride ingest ion for 9 months. 

TABLE I 

SERUM FLUORIDE CONTENT AND PERCENTAGE OF ABNORMAL ERYTHROCYTE POPULATION IN 
HUMAN SUBJECT AFFLICTED WITH FLUOROSIS AND IN RABBITS EXPOSED TO NaF FOR 
VARIOUS TIME INTERVALS 

Duration of 
exposure to 
NaF 

Human Subjects 

Patient A (35 

Patient B (51 

Rabbits 

Normal 

1 month 

9 months 

20 months 

TABLE II 

yr) 

yr) 

Serum F
level s 
(ppm) 

0.2 

O. 12 

0.09 

0.33 

0.63 

0.78 

Percentage of 
erythrocytes 
with altered 
morphology 

6.7% 

4.4% 

-----

1.28% 

6.25% 

9.0% 

Number of stubs examined 
with reference to number 
of human/animal s studied 

3 stubs/ patient A 

3 stubs/patient B 

4 stubs/2 animals 

4 stubs/2 animals 

6 stubs/3 animals 

6 stubs/2 animals 

TOTAL AND IONIC CALCIUM CONCENTRATIONS (PPM) IN PLASMA OF RABBITS 

No rmal Rabbits 

Rabbits treated with 
NaF for 9 months 

1Values are mean s + S.D . 

• 

Total Calcium 
ppm 

(n=5) 

61.6+6.71 

76.3 + 5.3 

Ionic Calcium 
ppm 

(n=4) 

16.35+1.48 

18.52 + 1. 22 (p<0.05) 
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01 SCUSSION 

The morphological changes of erythrocytes in human subjects affl icted 

with skeletal fluorosis and the experimental fluorosis in rabbits reported 

in the present study bear considerable similarity to red cell membrane 

pathological stages I - II referred to as echinocyte I - II (9). It has 

been reported that echinocyte formation can be induced by (a) washing of 

, r ed cells free of plasma and examining between glass slides, (b) extrinsic 

factors, and (c) intrinsic factors. In the present study, washing erythro

cytes to remove plasma and examining them between glass slides did not 
• 

, 

• 

occur since the experimental procedure involved an entirely different 

method. The effect of glass can also be ruled out as such changes were not 

obser ved in blood samples obtained from normal material and processed 

simultaneously in identical manner. 

Because of the scarcity of human material, only the erythrocytes from 

fluorosed rabbits were further investigated for the possible involvement of 

extrinsic and intrinsic factors responsible for producing erythrocyte mem

brane abnormality similar to echinocyte I - II. 

It is known that certain chemical substances such as fatty acids, lyso

lecithin, bile acids, barbiturates, dipyridamole, phenylbutazone, 

sa licylate and rose bengal can induce echinocyte transformation (9,10). 

According to Hoffman (10), alterations in the morphology of the erythrocyte 

depend upon a transmembrane concentration gradient of respective chemical 

agents. Recent studies have shown that fluoride penetrates biological 

membranes as the undissociated acid, hydrogen fluoride, whose absorption 

rate is pH-dependent in both humans and rats, as is the case with sub

sta nces such as salicylic acid, acetyl salicylic acid and some barbiturates 

(11). This pH dependent absorption of fluoride through the membranes leads 

to the formation of a transmembrane gradient (12). Hence, fluoride can 

also be grouped with those agents which are known to cause echinocyte 

formation. 

It may also be possible that certain intrinsic factors are responsible 

for the observed transformation of erythrocytes reported in this communica

tion. Weed and Chailley (13) have suggested that morphological transfor

mation i s associated with a generalized increase in permeability to 

calcium. The increase in permeability to calcium is attributed to energy 

depletion of the erythrocytes. Susheela and Jain (14) have reported a 

s ignificant decrease in the activities of glucose-6-phosphate dehydrogenase 

and pyruvate kinase in erythrocytes from rabbits following excessive 

intakes of sodium fluoride. Reduced erythrocyte membrane calcium content, 

and enhanced plasma and hemolysate calcium levels have been reported by 
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Jain and Susheela (15), suggesting enhanced permeability of calcium ions in 

fluoride toxicity. The observed erythrocyte membrane abnormality in human 

subjects afflicted with skeletal fluorosis and in experimental rabbits 

exposed to fluoride may be associated with an indirect effect of fluoride 

on intrinsic factors such as increased membrane permeability to calcium and 

energy dep 1 et i on of erythrocytes. Therefore, the present study poi nts out 

the possibility that the observed erythrocyte membrane abnormality may have J 

been caused by fluoride and other causative factors. However, it should be 

noted that the entire erythrocyte population does not show the abnormality. 

In the two human subjects studied the percentage of abnormal erythrocyte 

ranged from 4.4 to 6.7% whi 1 e in the rabbits the number ranged from 1.28 to 

9.0% when exposed to fluoride from 1 to 20 months. This is possibly due to 

the fact that erythrocytes are known to have a definite life span. In 

humans erythrocytes, thi s ranges from 120 to 130 days, whereas in rabbi t 

erythrocytes it is 68 days. It therefore emerges that in older 

erythrocytes the fluoride content 1n the membrane may be higher and more 

severely affected than that in newly formed cells. This explains the 

reason why only a certain percentage of cells have shown "echinocyte" 

formation. 

In conclusion, it may be stated that fluoride 1S one of the chemical 

substances responsible for "echinocyte" formation. 
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