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condition of sheep industry in India is still deplprabié{_?pq_

A NITRODUCT I'D N

"A HEALTEY MIND DWELLS IN A HEALTHY BODY"

But all this depends upon availability of right type
of food. Food of animal origin has a higher nutritional value
and provides certain required nutrients which cannot be adequate-
ly obtained ffgm many plants.

In the Rigvedd there are hymne and thefe are references
to the bleaching‘and spinning of wool. A verse from fubhashitani

is quoted below:

sTafteTY w: gra; §rfanr Possyivaeg ¢
gtand’ difoes;  aolfler e Yo8 0

(A man loves more to others when in need. As Shephered

in greed of wool serves more to their sheep and get them

fattened with green grasses).

In India there are 40.22 million sheep producing 33,298
metric tonnes of wool, valued at rupees 122.6 million per annum.
In 1959-60, 153 million sheep skine valued at 68.3 million
rupees were produced.

With all its qualities of wonderful farm animal, the
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productive capacity of the sheep in India is very low as compared
with other foreign countries. Now in India people have realised
the importance of sheep. The Indian Council of Agricultural
Research has fbrmulated ambitious plans and research scheme for
the development of sheep.

€heep suffer from several diseases and many of them are
known to die from parasitic, viral and bacterial infection at
times. Minett (1949) has cénducteé a survey on mortality of sheep
and goat in India and he came to the conclusion that helminthic
disease was an outstanding source of mortality.

Deficiency diseases and different poisonings cause deaths
of sheep. Fluorine poisoning has hither to attract notices of
several workers in India and abroad.

Fluorine is present in most plant tissues because of its
wide spread ocecurrence in the soil, water and rock. A greater
concentration 1s found in legume plants than in grasses. Fluorine
is normally a constituent of animal tissues, particularly in
herbivorous animale which feed upon these plants directly.

Fluorine toxicity in domestic animals may be acute or
chronic. The toxic effect of fluorine is related to the solubility
and absorbability of the fluorides, the quality of feeds ingested,

duration of ingestion, degree of storage in the bones and teeth
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and presence or absence of physiblogicai stress, e«.gs growth,
lactation, pregnancy, inadequate nutrition, disease and clivatic
condition.

The signs of acute fluorine poisoning are an immediate
loss of appetite, progressive emaciation, and debilitation
leading to death. Chronic fluorine poisoning results from the
Prolongec and excessive ingestion of fluorine in mineral supple-
ments, drinking water, fceds, concentrates and contaminatecd
forages.

Fluorine poisoning of human beings and farm animals has
formed the subject of study in our country. Clinical observationd
have not always proved very helpful, because of the well known
fact that osteomalacia and chronic fluorosis in ruminants can
not be differenciated by purely clinical methods, as the syn-
drome in both the diseases is very similar.

Young calves showing brown pigmentation were found in
Madras Preslidency. These were diagnosed to be a case of fluoro-
sis. Fluorine content in water in the affected arcas is as high
as 2.) parts per million. Nalanda end Nawada are suspected gonese
of fluorosis in Biher. West Codavari, Nalgonda, Nellore and
Anantpur are reported to be suspected areas of fluorosis in

Andhra Pradesh.
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All these places are situated in the viecinity of mounte-
ain ranges. Many of these places are near the sites of old vole
canic regions. Hot or sulphur springs are still in existence in
the vicinity. It is thus possible, &s suggestéd by the Wilson
(1939) that in all these regions there is substratum of rocks
which includes lavas and associated granites and cryolites givie-
ng rise to an increased fluorine content of the soil and water.

Detail study on the fluorine poisoning may urnfold the
different fact of this emergent disease preveiling in our State.

The object of this research wori is to throw light on

the pathologic changes in sheep poisoned experimentally with

RAJENDRA AGRICULTURAL UNIVERSITY M. Sc. (VET. PATH.) THESIS 1975

fluorine in order to understand the pathological changes in
sheep and aleo correlates these changes with those occurring
in natural cases of fluorine poisoning. The findinge on the
pathological changes will be also profitable to future research

worker on this disease in sheep.
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s

Moissan (1886) was the first man to isolate fluorine.

As an element, it is a pungent, poisonous. and yellow-
green gas. It is a dangerous material and one of the most react-
ive elements known so far. It does not remain as‘an element in
nature but alvays exists in some compound form.

Some of the important compouﬁds of fluorine which are
found in nature &re Aluminium trifiuoride, Cryolite, Boron tri-
fluoride, Fluoboric a&id, Hydrogen flﬁdfﬁde, Fluosilicic acid,
Polytetra fluorcethylene, Tetra fluoroethylene, Folychlorotri-
fluoroethylene, Folyvinyle fluoride, Sodium fluoride, Calcium
fluoride, Apatite and Rock phosphate etc.

Fluorine is frequently found in wateyr from underground
sources, particularly in areas where rock phosphate is found. It
is also present in most plent tissuesubeéause of its wide spread
occurrence in the soil, water and rock.

Lilleengen (1934) described the histological examination
of the bones of sheep suffering from chronic fluorine polsoning.
The bones examined originated chiefly from experimentally pro-

duced chroniec fluorosis. The changes have a strong resemblance

to those found in typical osteomalacia.
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Roholum (1934) reported fluorosis in Iceland after
volcanic eruption. The sight of some bones from Iceland sheep,
which had died after volcanic eruption caused the author to .
investigate the condition, as-the tones, showed similar changes
to those of animal poisoned by fluorine.

Velu (1934) described that under experimental condition
in the case of chronic fluorine poisoning, it required at least
8ix months to produce teeth lesions in sheep.

Henry and Benzamin (1936) analysed the fluorine content
of some phosphatic materials used as mineral supplements in the
feeding of sheep in Southwales. The results showed that fluorine
is present in almost negligible amounts in samples of dicalecic
rhosphate (0.127%), bone meal (0.068%) and a bone meal product
(C.33%). Ground rock phosphate contained as much as 2.511% and
a superphosphate 1.3607¢. It is pointed out that if sheep consum~
ed 3.5 0z« of &2 lick composed of four parts of salt and one part
of rock phosphate, they would ingest 80 mg of fluorine per day
which has been shown to interfere with the development of the
teeth after two years.

According to Roholm (1937), fluorine occurs in nature
in rocks and minerals such as apatite, cryolite, fluorspar and

phosphorite and traces of it are found in certain soils and
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and vater. Emll quantities were found in plant and animal
tissues specially in bdne ash (0,01 to 0.0%" ). He described the
signs of acute fluorine poisoning. Acute poisoning was manifes-
ted by local irritation or corrosion and by symptoms due to
absorption. Haemorrhagic vomiting, diffuse abdominal pains,
weakness and diarrhoea accompanied by a lowering of blood press-
ure wvere among thalusual symptoms.- Postmortem examination reve-
aled haemorrhagic gastroenteritis, acute nephritis and varying
parenchymatous degeneration of the viscera. lLethal dose of
sodium fluoride for lower mammals was 23 to 90 mg. per kg. body
welght. Chronic poisoning of fluorine pfincipally caused dege-
nerative tooth changes, diffuse osteomelacia and a generalised
osteomalacia like bone diseases.

, Peirce (1938) made observations on the toxicity of
fluorine in sheep. Fhosphatic licks, bone meal and dicalcic
phosphate were widely used for sheep in Australia. Doses of 60

.and 120 mg. fluorine had no effect oﬁnphysical appearance of
bone. Higher doses brought about replacement of normal colour
by & white chalky appearance and the walle of the bone become
thickened and in extreme cases exostoses appeared on the long
tones. The mandible also showed exostoses and increase in dia-

meter. fheep receiving 60 mg. fluorine showed changes in the
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e — e B
teeth roughly proportional to the amount ingested. Fluorine intake

caused incisors to erupt at an earlier age.

JPeirce (1939) discussed the chronic fluorine intoxication
in domestic animals. It is divided into observations of the disease
as it occurs, (1) naturally e.g."gaddur" in lceland and "“darmous"
in Morocco due to high fluorine cdntent*of the soil,herbage or
water derived from natural sources, (2) due to the animals grazing
in arcas around the industrial concern and (3) due to experimental
induced poisoning. Symptoms of the disease included dental changes
(mottling of the teeth), emaciation, weakneés, lamness and impaired
locomotion associated with development of exostoses on the long
bones and mandibles. Experizental observation had been reported in
sheep. Young animals grow less rapidly and show general unthrifti-
ness with marked chemical or pathological changes in the bones and
teeth. The severity of the chronic intoxication depends upon the
species and sge of animals as well as upon the nature of the fluo-
rine compound involved and duration and mode of administration.

Greenwood (1940) described the fluoride intoxication in
animals. Fluorine was a gencrsl protoplasmic poison and could in-
hibit many enzymatic reactions. Acute poisoning was characterised
clinically by salivation, nausea, vomiting, urination, muscular

weakness, excitement, tremors, convulsions and lowering of blood

st s |
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pressure. Death was due to inhibition of respiration. The scute
toxic dosage was about 0.5 gme. per kg. body weight for marmals
per os and 0.08 + 0.15 gm. per kg. body weight on intravenous

or subcutaneous administration. Mottling of the teeth was first
detectable symptom of chronic fluorine intoxication following
the consumption of water containing more than 1 pep.m. fluorine,
although such water were said to reduce the incidence of dental
caries. Pathological changes in the kidney, thyroid and lymph-
node had been reported.

- Hotfield et al.(1942) described the effect of fluorine
in rock phosphates in the nutrition éf fattening lambs. The
teeth of lambs ingesting highest amoﬁnts of fluorine showed
discolouration but all the other lambs had excellent teeth. The
fresh and dry weight of thyroid glands decreased but both the
percentage and total content of iodine increased as the level
of fluorine in the diet increased.

Spira (1942) described the effect of fluorosis on the
parathyroid gland. He supported the hypothesis that the primary
disturbance in chronic fluorosis is centred in the parathyroids
and that mottled teeth, certein dermatosis and alpecia are secons
dary changes in tissues over which the parathyroids are said to

exercise & regulatory function.
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Shrewsbury et al.(1944) described the effect of fluorine
in the nutrition of sheep. In the teeth of the sheep receiving
1.5 mg./kg. body weight daily, there was erosion of enamel.

Moule (1945) reported cases of fluorosis in sheep in
Queensland. Water containing 2 partslier million of fluorine
will produce symptoms of fluorosis in teeth of young animals.

_~ According to Roholm (as quoted by Nicholson,1945) the

lethal dose for sheep is 15 mg. per kg. of body weight.

Seddon (1945) deseribed the cases of chronic endemic
dental fluorosis occurring naturally in sheep in central Queens-
land. Water of artesian vells contaiﬂed upto 19 parts per million

fluorine. Mottling of the enamel, chélkiness and marked irre-

RAJENDRA AGRICULTURAL UNIVERSITY M. SC. (VET: PATH.) THESIS 1975

- gularity of wear were characteristic lesions in both incisor and
molar teeth.

Boddie (1947) gave the details of the clinical signs
observed in affected sheep. The dental changes involved mottlingq
hypoplasia and abnormal brittleness of the enamel of the perma-
nent teeth of the animals graezing on contaminated pasture during

the period of formation of permanent teeth.

I BElakemore et al.(1948) reported the industrial fluorosis

in farm animals in Englend, attributable to the manufacture of

bricks, the caleining of iron stone and to enamelling process.
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Delanoe (1948) correlated the experimental and natural fluorine
poisoning. Fluorine is fatal in doses of over 68 mg. per Kg.
body weight experimentally but in districts where natural phos-
phates containing fluorine occur, animals and human beinge deve-
loped resistence to the inhaled fluorine. Lffects on temporary
and permanent teeth were discussed.

Becmeur gt 21.(1951) reported the dermous and fluorine
poisoning in Morocco. Calcium fluoride produced osteopetrosis,
but the sodium fluoride caused osteoporosi#.

Harvey (1953) reported fluorosis in Merino sheep. X-ray
and chemical analysis indicated that effects of fluorosis on
incisor teeﬁh are permanent. Bone defects (rareficetion and
shortening of the horizontel ramus of ;he mandible) are not
permanent.

Siddique (1955) reported cases of fluorosis of Nalgonde
district in India. He described the clinical features of fluoro-
sis in the inhabitents of 3 villages in Nalgonda district.
Incidence of fluorosis has been reported from different places
since 1933,

Herman (1956) discussed the fluorine poisoning in
urinary tract caleuli. Fluorine weés found in high concentration

in 8 out of 10 urinary tract calculi.
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Liegeolis et 21.(1956) described the chronic fluorosis
in sheep. The clinical symptoms and postmortem findings associa-
ted with chronic fluorine poisoning in 5 sheep were described.
The main changes were in the bones and teeth. In the latter
there was irregular wear on the molars giving the tables & wavy
appearance. There was loss of enamel on the anterior surface of
incisors which became dull and chalky. £ignificant changes were
observed in the fluorine content of urine, bones and teeth.

Weatherell et al.(1959) described the skeletal changes
of chronic experimental fluorosis. The gross and microscoplc
features of skeletal fluorosis in sheep to which sodium fluoride
had been administered were described. Considerable haphazard
exostoeis developed upon mandibular and long bones.

Flatla (1962) reported the éases of industrial fluorosis
in livestock in Norway. The total aluminium production in 1960
amounted to 1,89,700 tgns about 59 of the world's production
but as those are plans for stepping up production to about 800000
tons in the next 10 years, tﬁe magnitude of the problem of chro=-
nic fluorosis in livestock will steadily increase.

Faccini et al. (1965) attempted to see the effect of

sodium fluoride on the ultrastructure of the parathyroid gland

of sheeps Pour pairs of twin lambs were useds One received

= = e e e )
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distilled water containing sodium fluoride, while its twin and
the control received distilled water only. Slight pathological

chenges were observed after a month. Results suggested that the

4 :
phrathyroid glands were over active in severe skeletal fluorosis,|
/1 / /

but it‘ygg/suggested‘that this could be due to early renal damage

f

#

A

4, Minciuna et al. (1966) reported the cases of industrial

_ﬁ‘fihorosis of cattle and sheep in Roumania. This was the first

|
el /
ey /1

f rpport of disease in Roumenia. It appeared in a herd of about
190 dairy cows and sheep grazing in the vicinity of a factory

producing sulphuric and superphosphates. The clinical features

ineluded lameneﬂé, dental lesions and emaciations.
Tararov et 21.(1968) reported the industrial fluorosis

in cattle and ‘sheepr in Bulgaria. Fluorosis was established for

the first time in Bulgaria in 1966. Fluorine was detected in

herbage upto 5 kilometer from industrial works, its content

varying from 18.4 to 391 parte per million dry matter. Cattle

and sheep have severe dental lesions. The teeth of the sheep

upto 2-3 years old were severely affected.

No published information is avallable on the haematolo-

glcal changes in cheep poisoned with sodium fluoride.

L B L
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JER AND_ _METHOL'S
EXPERIMENTAL SHEEP AND ITS MAINTENANCE:

The present research was conducted on 25 sheep of non-
descript local breed. All the sheep were tagged with number and
kept in same environment, management and food throughout the
researchs The standard ration comprises gram bhusi, salt,berseem
grass and adlib supply of water. The sheep were kept in clean,
dry and airy sheds which were cleaned dalily and desinfected
once in a week. Animals free from diseases and parasitic infes-

tations were selected for fluorine poisoning.

BLOOD COLLECTION AND F7aMINATION:

About 5 c.c. of blood was collected aseptically with
stertlised syringe from jugular vein of all the experimental
sheep three deys before the administration of the sodium fluo-
ride to them. One drop of blood was dropped on clean glass
slides and uniform smear was made for differential count of
leucocytes and rest of the blood was transferred into a clean
test tube containing 0.2 ml. of Wintrobe's isotonic anticoagu-

lant for 5 ml. of blood. The Wintrobe's anticoagulant consisted

ofﬁaolutiongcontaining_24£“potassium"oxalate and 3% ammonium__f_w
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oxalate. It was evaporated to dryness in the tube on a vater

bath previously. The tubes were shaken for a few minutes to
ensure a thorough mixing of blood and anticoagulant.

{ This blood wae used for the examination of the total
( ,,['
epunt of ReBeC.y WeB.C., haemoglobin percentage, erythrocyte

‘sedimentation rate and packed cell volunme.
ota e counte=

Double Neubour's counting chamber was used for totel

erythrocyte and leucocyte count.

Hayem's solution was used as diluent for total erythro-

cyte count.
[*) Uucoe count .-

Double Neubour's counting chamber was used for total

leucocyte count also.

Turk's fluid was used as diluent.

Fre & of staining of blood smears.-

Properly 'spread blood films made on polished and abso-
lutely clear slides was used. Uniform smears thus made were

stained by Leishman's staining technique. Two hundred leucoceytes

were counted in eacl slide following the "battlement” system
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——ee— 2

(1 memedowny, 1 mem. across and 1 mem. above).

Haemoglobin determination.-

Haemoglobin percentage was obtained by Sahli Haden

Heemoglobinometer following the direction enclosed for its use.

Erythrocyte se dimentetion rate and packed cell volumee=

This test was done with the help of Wintrobe's haemato-
crit method within an hour of collection of oxalated blood.

Clear VWintrobe's haematocrit tubes with a uniform of
3 me.m. bore and double 10 cm. scale caliberation with millimeter
division were used. The scale on the left was read from top to
bottom while the scale on the right was read in reverse. Tubes
vwere filled with oxslated blood upto 'O' mark on the left hand
scale and allowed to stand vertically only. Only one reading
wes taken at the end of one hour. The Wintrobe's tubes were
aftervard centrifuged to determine the P.C.V. at speed of 3000

per minute for 1 hour and then for 30 minutes. The results were

recorded as the number of ml. of cell per 100 ml. of blood.

Sodium fluoride administration.-

All the sheep were divided into three groups for pro-

| ducing poisoning.
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1+ First group.- This group Qas taken for produeing
acute fluorine poisoning. Ftve sheep were taken and poisoned
with 15 mg./kge body weight. Two aheeh vere kept as control
animals in this group.

2. Second group.- This group is also taken for produc-
ing acute fluorine poisoning. Nine gheep vere taken and poisoned
withk 0.5 gme/kge body weight. Four sheep were kept as control
animal in this group.

3« Third groupe= This group was taken for producing
chronic fluorine poisoning. Three sheep were taken and sodium
fluoride was given in dfinking water at the rate 20 parts per
million. They were taking water adlib. Sodium fluoride was ad-
ministered over a period of 5 months. But out of these two
animals died after one month and two months respectively. There
vere two control animal in this group.

After administration of sodium fluoride these animals
were kept in close observation. Blood from jugular vein with
sterilized syringe were collected in test tubes for haematolo-

glcal tests half an hour before death and the analysis of blood

was done a8 in normal cases as detailed above.

Fostrortem examination.-

When the animels died due to poisoning,a postmortem
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Etatistical analysis.-

examination was adopted (Rubarth,1964). First the animals were
examined externally. Colour of external mucous membrane of the
body was noted. The carcases were opened and various parts of

the body were examined systematically.

Histopathology.-

Pieces of organ which showed the macroscopic lesions
were collected in 10f formaline for histopathological examinationk
After fixation for a few days, the small pieces of tissues were
washe,;i in running tap water for 20 hoj.lrs, dehydrated in acetone,
cleared in benzene and the blocks in paraffin were made.
Sections were cut at 5 /¥ to 6 /¥ in thickness by hand driven
microtome. These sections were stained by routine stain haema-
toxylin and eosin (Lillie,1954) and studied under microscopes

For decalecification of the bone formaline formic acid

mixture was used (Culling,1957).

(1) The following, formulae were used to obtain mean

and standard errors.

n
Mean = i xi ©  Where 2 = Summation
15%— n = Number of observation
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S8 a 2:1 2 0
1 - i
1=t : 1:? )
n
SeEe = n( 1)
\ =

Where E+.E« = Etandard error

B

n = number of observation

Summation

i

(29 't' test was done by conventional method as

described by Panse and Sukhatme (1967).

L
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Eheep procured for experimental purpose were divided
into three different small groups to facilitafe easy execution
of fluorine poisoning and recording of the haematological and
tissue changes. Only those sheep which were free from diseaces
(parasitic infestation etc.) on three successive deys were given

sodium fluoride per os to produce intoxication.

€odium fluoride (15 mg/kg body weight) was given to
produce poiséning in a8 group of 5 sheep against two controls.

Eheep vere destroyed after seven days of poisoning.

§1 Egtoms o=

gheep were dull and depressed. There was passage of
thin watery nasal discharge in them. They did not take feeds for
tventy houré after ﬁoisﬁning. They had sterting rough coat and
even avoided grazing and intake of water. They ren subnormal
temperature (98°r). After twenty hours, they took water and feeds.

They even started grazing in the fields as usual. lLater, they

looked healthy and ran normal temperature. The animal of this
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experimental group did not succumb to administration of sodium
fluoride (15 mg.per kg.body weight) even within seven days.
All of these vwere destroyed on seventh day and their organs were

collected for histopathology.

Haeratology.-

Different blood values (Red blood cell count, White
blood cell count, Erythrocyte sedimentation rete, Haemoglobin
percentage, Packed cell volume and Differential count) were
estimated from second days onwards after poisoning (Table 2).
There was significant increase in value of erythrocyte sedimen-
tation rate on 3rd day after poisoning in the sheep (F.E.R.
value « 35 mme in sheep no.1). There was decrease in red blood
cell count and haemoglobin percentage. Ihefe wags slight increase
in the percentage of neutrophils whereas no decrease vas seen
in the peréentage of lymphocytes. There were no other significant

changes in other blood values. All the sheep showed normal blood

values on 7th day of poisoninge.

Cross_pathologye=

There were few subpleural reddened areas in the lungs.

Several subeapsular greyish-white foei were present in the livers
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of the affected sheep. The kidneys were slightly reddened and
swollen. The intestinal mucosae vere also slightly redéened and
covered with blood tinged mucoid material. There was presence of
clotted blood in the ventricles of heart. The meninges of the

brain were moderately hyperaemice.

topathologye=~

Iungs.- Blood vessels in peribronchial spaces were
severely filled with blood. At places, the alveolar capillaries
were slightly engorged with blood. The bronchi contained round
cell and pink-stained material. There.was increase in the size
of lymphoid nodules in the peribronchial speces. The arteries
were thickened due to hyperplasia of muscle cells in media. The
alveolar walls were slightly hyperaemic and pink-stained material
was present in the alveoli. The interstitial tissue was more

thickened and emphasized due to some round cell infiltration.

rne

Livers~- Central veins of the livers contained excess
of erythrocyte. The liver cells vere swollen and more granular.
They contained empty areas in their cytoplasm at places.

Kidneys.- The vessels in the interstitlal tissue of

the kidneys were engorged with blood. Interstitial tissue of the
filtration.

kidney wes slightly thickened due to round cell in
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Small intestines- Many cells lining the crypts of

Lieberkuhn vere chaénged into goblet cells and were very much
distended. There was also excessive number of goblet cells in
the crypts. Epithelial cells lining the gland were desquamated
to form clumps into the lumens. The lymphoid patches contained
more dark pyknotic and almost hyalinised areas (Fig.1).

Heart.~ Cardiac musculature has lost the striation.
There was fragmentation of cardiac muscle fibres at places. They
contained granular material.

Brain.- There were several dark stained microglia
around the neurons. Nucleus had got eccentric position in the
Neurons .

Autopsy of the control animals did not reveal any

changes in then.
ute exper t sonin Croup Il)e=

Sheep 1ﬁ the éeconé experimental group were adminis-
tered sodium fluoride (05 gm. per kg. body weight) per os. Some
of these sheep died even after an hour of poisoning whereas
others died at veriable periods (Table 3). One of these sheep
survived for more than 5 deys after poisoning and it gradually

reverted to normal. Its different blood values wWere normal. It
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was killed on seventh diy of poisoning.

thms.-

\

Affected animels became dull and depressed. They showed
frequent nervous excitement and frequently stretched thei? heads.
They were restless and lied on the ground and stood on their legs
at times. There was profuse salivation and watery lachrimation.
There was passage of blood tinged discharges from the nares and
temperature was subnormal in them (Table 3). They were excreting
loose blood tinged faeces at frequent intervals. There was scanty
urination in them. Hurried difficult breathing was seen in the
affected sheep. While lying on the ground, they preccsed their

heads on the sides of their bodies.

Heematology.-

The data on total Fed blood cell count, total White
blood cell count, Haemoglobin percentage, Erythrocyte sedimenta-
tion ;ate. Packed cell volume and Differential count of the leuco-
cytes were subjected to 't' test to see significant difference
between the experimental and confrol group. The 't' test revealed
that there was highly significant difference in total Red blood

cell count, Haemoglobin percentage, Erythrocyte sedimentation rate
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Packed cell volume, Fosinophil percentage and there was no
sigrificant difference in total Vhite blood cell count, Monocyte,

Lymphocyte and Neutrophil percentege (Table 3).

Gross pathology.=-

There were a few subpleural depressed areas below the
level of adjacent tissue into the lunés. There were also raised
greyish white subpleural areas (Figs.2 & 3). There was presence
of regurgitated ingeste in the trachea and bronchi. Blood clots
were present into the trachea. Liveréfog the affected sheep vere
severely swollen and reddened. Elood ;as flowing from the cut
surfaces of the liver. The gall bladder was distended with bile.
The edges of the livers were round. Kidneys were swollen and
pale. Urinary bladder was empty. Abomasal mucosa was reddened
and hyperaemic and contained blood stained mucoid material in
two cases(Fig.4). The ruminal papillme were severely reddened
in patches. Reddened patches (about 6" in diameter) were frequen-
tly seen close to esophageal grbove in the rumen. These lesions
were seen in all sheep except two. These two animals dled after
72 hours of poisoning. Reddening of the mucosa of small intestine

was seen in seven ceses. Mesentric veins were engorged with blood

Epleen was slightly swollen. The blood tinged material was presen

7
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on its cut surfaces. Trabeculae and Malpighian corpuscles were
not visible. The right ventricle was severely dilated and a
groove was present between right and left ventricles. The muscue-
lature of the right ventricle was soft and pPliable. There was
presence of unclotted blood in the ventricles of heart. Meninges
of the brain were slightly hyperaemic. Adrensl glands were mod-
erately swollen and slightly reddened. Thyroid glands were

slightly swollen.

gtopathologye=

lungse- There were areas of atelectasis and emphysene.
There were small focal areas where alveolar walls were very much
approximated to ’each other to leave behind narrov slits. Many
alveoli were very much distended and even broken alveolar walls
comunicated to each other (Fig.9). The vessels in the peri-
bronchial spaces were highly hyperaemic.The bronchi conteined
eosinophilic materiel with nuclear debris. The vessels in the
alveolar walls were hyperaemic. The bronchi were very much
distended. The bronchioles contained exudate consisting of
neutrophils and lymphocytes etc. The alveoli were filled with

pink stained eosinophilic material in the sheep dying on the 4th

day after poisoning (Fig.6). The capillaries in the alveoler
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walls were highly engorged with blood. The bronehi and bronchio-
les conteéined pink stained material along with few epithelial
cells. There was presence of hyperaemia and oedema.

'L;ggggr The vessels in the portal tract were hyperae-
mice Epthelial cells were highly hyperchromatiec throughout the
lobule. Some of them contained vacuoles. The cell boundries were
indistinct. The liver cells were swollen and showed vacuolic
dﬁgeneratiog- Sinusoids contained excess of erythrocytes (Fig.?);
The central veins were engorged with blood. The cells in the
hepatic cords were highly eosinophilic throughout the lobule
and contained pyknotic nuclei at places. Epithelial cells had
lost their nuelei at places. There was pink stained material in
the interlobular spaces.

Kidney.~ Many of the tubules contained an almost
homogeneous material along with few nuclei. The tubules were
lined with highly eosinophilic cells which were showing degene=
rative changes. Many of them were vacuoclated, enlarged and
contained pyknotic nuclei. Bowman's capsule was slightly widened
and contained pink steining material. The tubules contained
pinkish material with a few nuclel. Epithelial cells lining the

tubules had lost their boundries &nd contained almost homogene-

ous granular material (Fig.8). The blood vessels in the
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interstitial tissues vere engorged with blood. The vessels in
interstitial tissue contained eosinophilic matterial (ocedema).
The epithelial cells lining the tubules were desquamated to form
eosinophilic granular matgrial in the lumens of tubules. Ipi-
thelial cells 1lining the tubules were very much swollen and had
almost obliterated lumens of the tubules.

Abomasum.~ The epithelial cells lining the glands were
desquamated to form clumps into the lumens. Lumens of the glands
of stomach had contained dark nuclei at places. Degenerative
changes were present. The epithelial cells lining cértain glands
in the lamina propria were separated from each other by empty
spaces. 1he cells of the gland had got pyknotic nuclei and
contained cosinophilic material in the lumens. The cells of the
lamina epithelialis of the abomesum were highly eosinophilic with
unusually round and hyperchromatic nuclei.

Rumen.~ The cells of the epithelial layer had got
hyperchromatic and pyknosed nuclei. The subepithelial capillaries
and blood veﬁaela in the lamina propria were severely engorged
with blood (Figs.9 & 10).

Emall intestine.-~ Brunner"s gland had got widened

lumens and contained many mononuclear cells and lymphocytes, The

crypts cell had got hyperchromatic nuclei. The lumen was filled
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with eosinophilic material. The Brumner's gland eontained éos:lno-
philic meterial with a few nuclei. The lining epithelial cells
of the crypts of Lieberkuhn were swollen and desquamated with
pyknotic nuclei. The vessels in the lamina propris vere exee-
ssively filled with erythrocytes (Fig.11). There were areas of
focal haemorrhages in the lamina propria. There was pink stained
eosinophilic materiel into the subrucosa. The epithelial cells
lining the crypts of Lieberkuhn were highly eosinophilic and
desquamated to form clumps into the lumen. The celle in the
lamina propria were hyperchromatiec and pyknotice. The lamina
epithelialls was almost lost. The cells in the lymphoid follicles
were very much pyknotice. The cells in the gland of lamina prop-
ria had been desquamated to form clumps in the lumens of the
glend. The vessels in the lamina propria were hyperaemic. There
wag pink stained materisl in the submucosa. The epithelial cells
of the villi were more granular and swollen and had vacuolated
appearance.

£pleens- There was excess of erythrocyte in the red
pulp (hyper&?mia). Malpighian corpuscles were numerous and

large in size. Lymphoid cells at the centre of the follicle

vere more pale stained than those at the periphery of the b @

F - P
A A

follicle and there were also such numerous corpuscles. gs

—— A
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Heart.- There was loss of striation in muscle fibres.

The fibres contained eosinophilic granular material. The blood
vessels in the heart were hyperaemic. There were areas of focal
haemorrhages. The nuclei are hyperchromatic and fibres are
broken at places (Fig«12). Dark stained pyknotic nuclei were
present.

4 Brain.- Flood vessels were hyperaemice. The cells of
ngqfops were located peripherally. Perineurel and perivascular
5p;q§s vere widened (Fig.13). There were several empty spaces
of q".fferent shapes and sizes. These empty spaces contained

b,
hﬁd%Seneous material at places. Glia cells were present at the
lurﬁin of these empty spaces. Eeveral glia cells are found around

/
tho degenerative neurons and have even entered into the cyto-

p’irsm of the neurcns. Neuronophagis and satellitosis wvere

I,

ph.?hant in these cases.

Wi

,/ nal s.~ The cells in the cell corde of zona

}[bsciculat.a were swollen. They had got granuler cytoplasm with
more vacuolation. There were irregular spaces within the gland
cells. There was an excess of erythrocyte in sinusoids of

medulla (Fig.1%4). There was presence of pink staining material

in between the cell cords (oedema). Such pink gstained meterial

was also present in between the columns of cells of
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gsonafasciculata of cortex (vedema). Cells in cords were very
much disorganised at places. The vessels in the cortex of
adrenal were hyperaemic. The epithelial cells of zonafasciculata
were swollen, more granular and vacuolated. There were irregular
spaces in the cells of zonafasciculata. There were areas of
haemorrhage into the cortex. The cells of zonafasciculats had
got irregular empty spaces in the cytoplasm. The cells of the
medulla and cortex were swollen. They had got granular cytoplasm.

Ihyroid glands.- The vessels in the interstitial tissue
were filled with blood. Most of the follicles were filled with
eosinophilic homogeneous colloid whereas in other, there were
several very conspicuous homogeneous acidophilic spherules
(Fig.15). |

Autopsy of the control animal did not reveal any

changes.
rimenta isoning T o=

Three sheep were given 20 parts per million fluoride

against two control sheep.

Symptoms,-

Of these three animals, two died after one &nd tvwo
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they were under poor nutritional condition. The conjunctiva of
the eyes were pale. The last animal of this group was killed
after five months. There was no any abnormal symptoms noticed in

this sheep. It was having fair nutritional condition.

Heezatologye~

Changes were noticed only in differential count of the
affected sheeps There was increase in the percentage of lyupho-
cytes and decrease in that of neutrophils (Table 4). Erythrocyte

sedimentation rate was also slightly increased.

Gross_pathologye.-

Lungs of the first two animals were slightly reddened
and blood was flowing on the cut surfaces. There were several
hydatid cysts. There was also areas of consolidation. Kidneys
wei-e swollen and pale. Small intecstine was slightly hyperaenice.
Gall bladder was severely enlarged and elongated. Spleen and

-

thyroid glands were moderately enlarged.
stopathology.~

Eidneys.- Epithelial cells lining the tubules vere
slightly swollen and the interstitial tissue was slightly empha-

sised due to dirty pink stained material (Interstitial oedema ).
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fmall intestine.- Epithelial cells iining th; crypts
of Lieberkuhn were more swollen and almost filling the lumens.
There were lymphocytic infiltration in the lamina propria.

£pleens- Lymphoid corpuscles werg Present more than
usuale Lymphold cells were deeply stained ang had very 1little
cytoplasm.

Ihyroid glands.~ The blood vessels of the thyroid
glands vere hyperaemic. Thyroid glands contaiﬁed pink stained

material.

Autopsy of the controls in this group did not reveal

any changes.

[
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JA-ENORA AGRICULTURAL WUNIVERSITY. M, 80, { VT BaTH, § THESIS 1875

PIBECUSSION

Perusal of the pertinant literature went to show thet
there are little informations available on the pathologie
changes of acute fluorine poisoning in sheep. However,certain
informations could be found on the chronic fluorine poisoning
(Fluorosis) in sheep. From results of the present studies,
certain facts appeared vwhich might be valuable in elucidation

- of the pathogénesis of fluorine poisoning.

At first acute fluorine poisoning was produced in a
group of 5 sheep by administering sodium fluoride 15 mge/ kg
body weight per os. Results obtained after poisoning were
compared with those of controls and as well as the vélues of the
same sheep estimated before the administration of poison. The
sheep in the first group showed signs of improvement from second
day of poisoning and become almost normsl after 5th day. The
different bleod values taken in them on 7th day were inm normal
range. On the third day there was well marked increase in
erythrocyte sedimentation rate (7able 2) and fall in red blood
cell count in all the sheep of this group. According to Roholm

(1937), acute toxic dose of sodium fluoride is 15 mg./kg. body
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weight in sheep. But the results obtained in the present studies
ol N AREIiS Nix SAnAsngs on KA SEEgsot s

The toxic dose of 0.5 gms per kg. body weight was
adopted for producing acute poisoning in the sheep of the 2nd
group and the results obtained were more or less in accordance
vith studies of Greenwood (1940). The main pathologic iesions in
the sodium fluoride poiscning in sheep were those of gastro-
enteritis, hepatitis, and nephritis. Several hyperaemic patches
in the ruminal wall were the most conspicuous lesions in the
affected sheep (about 78%). There werg no significant pathologic
lesions in the organs of one sheep killed on 7th day. Only one
sheep in this group did not die beforé 6th day after poisoning.

The symptoms observed in the second group of sheep
given 0.5 gme/kge body weight were frothy salivation, profuse
vatery lachrimation and nervous excitement. They passed very
little urine. There was blood iinged discharge from the nares.
Temperature was subnormal. Greenwood (loc.cit.) described sali-
vation, nausia, vomiting, excitement, convulsion and lowering of
blood pressure in the animals. Inhibition of respiration was
ineriminated to cause death in snimals. Aress of atelectasis,

enphyseme and dilatation of right ventricle were important
poisoning. In the

lesions in the sheep dying of acute fluorine
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present studies, deaths of sheep appear to arise from acute
dilatation of heart and collapse in lungs. There vere areas of
degenerative changes such as oedema, hyperaemia,atelectasis and
neuronophagia in the brain of sheep. Nervous disturbances would
have been caused in sheep suffering from acute fluorine poisoning
due to degenerative changes in the brain.

Hyperaemic patches were noticed in the rumens in most
of the cases ( 7 out of 9 sheep). Papillae were deep red and had
red valvate like appearance. The author is not aware of any
description of such lesions in literature. Smith and Jones (1966)
have described lesions of acute gastroenteritis in fluorine
poisoning in animals. The affected animals showed increase in
erythrocyte sedimentation rate. It seems that there has been no
work on this aspect of haematological change in fluorine poiscn-
ing in ovines. There was conspicuous fall in the red blood cell
coupt and haemoglobin percentage in sheep of both acute and
chronic group.

The sheep of third group were given 20 parts per
million sodium fluoride over months. The conspicuous changes
Vvere noticed in the spleen and gall bladder. Splenic corpuscles
were very much enlarged and prominent. Epleen was very much

swollen and enlarged with round edges. The gall bladder was




RAJENDRA AGRICULTURAL UNIVERSITY M. SC. (VET; PATH.) THESIS 1975

41

severely elongated and highly distended with bile. Red blood cell
had decreased values wherees erythrocyte sedimentation rate was
slightly increased. Pandey and Lall (1946) carried out haerato-
logical studies in cattle and their main haematological findings
vere decrease in the number of erythrocytes, haeroglobin content
end predominance of lymphocyte over neutrophils. In the present
studies, similar haématOIOgical findings were also noticed. There
vas decrease in the nuuber of erythrocytes, haemoglobin content
and predominance of lymphocytes over neutrophils. At this stage
it is also pertinant to mention that lymphocytes showed increased
values in chronic cases whereas neutrophils predominated over
lymphocytes in acute cases of the first experimental group.Thus
haematological picture in acute and chronic cases differs from
;nch other in some respects. Hyperchromic ansemia was produced
in all these three groups of experimental sheep given fluorine
intoxication.

Ko gross and microscepic lesions were noticed in the
sheep even after daily intake of 20 parts per million for 5
months. Attrition and mottling of the teeth were not seen.

furvey of incidence of fluorine poiscning was conducted

in the villages on foot hills of Rajgir. Gross examination of

one thousand sheep for attrition and mottling of teeth and also




RAJENDRA AGRICULTURAL UNIVERSITY M. SC. (VET: PATH.) THESIS 1975

b2

presence of exostosis was conducted. No sheep showed lesions of
fluorosis. According to pioneer work on fluorosis in India by
Ehortt and his collaborators (1937), Majumdar, Ray and Sen(1943,
46), Pandey and Lall (1944,46), Mariekulandai and Remiah(19%1,45)
fluorosis in man and animals is prevalent in certain areas of
India. Fluorosis zones are situated at an attitude of between
600-1200 ft.of sea level mostly in the vieinity of mountain
ranges. Sahal (1937-38) reported probably cases of fluorosis in
Bihar. It is apparent from the results obtained in Rajgir area
that there is still the need of detai]’_,ed and thorough investiga-
tion for finding out the extent of fluorocsis problem and confir-

mation of the elinical cases of fluorosis in animals in Bihar.
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In the present studies fluorine poisoning was produced
in three groups of sheep. Administration of sodium fluoride
15 mg./kg. body weight per os to the sheep in the first group
failed to produce deaths in any sheep of this group. However,
there was increase in erythrocyte sedimentation rate and percen-
tage of polymorphonuclear leucocytes in the sheep of this group.
Red blcod cell count and haemoglobin percentage was less than
normal in the affected sheep. These findinge do not support the
work of Roholm (1937) about the tcxicity of sodium fluoéide at
the dose of 15 mge. per kg. body weight. Gross and microscopic
changes have been described in animal of this group.

The animals in second group were given 0.5 gme.scdium
fluoride per kg. body weight. There was conspicuous fall in red
blood cell count and haemoglobin percentage in the affected
animals. Large reddened patches were very remarkable gross
lesions in the rumen of the sheep in this group of acute fluorine
group. Rumen papillae were severely swollen and'reddened. There

appears to be no description of such lesions in literature in

sheep in fluorine poisoning. Fathologic changes in the different

organs of the dead or killed sheep have been described.
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The enirals in the chronic group were given 20 parts
per million sodium fluoride. None of the sheep developed lesions
in teeth and bones of their bodies. -

Some survey of the incidence of fluofine poisoning
vwas carried out in one thousand sheep maintained by shepherds on
the foot hills of Rajgir (Bihar). No sheep with gross lesions of

fluorosis in the teeth and bones could be detected.
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ELAIE - I

Fig.1. Section of small intestine of a sheep,

showing necrotic changes in the lymphoid
follicle.

H & E stain x 100. Sheep no.1

Fig.2. Emphysenatous patches in the lungs of a
sheep affected with fluorine poisoning.

Sheep no.8.




PLATE - II

Fig.3. Atelectatic areas in the lungs of a sheep
affected with fluorine poisoning.

Sheep no.11.

Fig.%. Marked hyperaemic changes in the abomasal
mucosa of a sheep affected with fluorine
poisoning.

Sheep no.10.




m.s. aoet:len of a lm of a lhnp -how:lng
 ebnormally distended and intercommni- :
cating alveoli.

H & E stain x 100. Sheep no.16.

m-ég Eection of a !mu; of a sheep showing
hyperaemic and oedematous changes.

Note.- Oedema fluid with a very few cells in the
alveolar spaces.

H & E stain x 100. Sheep no.1k.
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Fig.7. GSection of a liver of a sheep showing

Fig 8

—

]

distended sinusoids containing excess of
erythrocyte and somewhat disorganised
epithelial cells in cords.

H & E stain x 400. Sheep no.16.

Section of a kidney of a sheep showing
almost honogeneous granular materiel in
the tubular lumen and somewhat slightly
pink stained material in the bowmen's

capsule.

H & E stain x 400. Sheep no.15.




PLATE - V

Fig«9. EBection of a rumen showing hyperaemic
changes in the subepithelial vessels
in the lamina propria.

H & E stain x 400, Sheep no.1k.

Fig.10. Hyperaemia in the subepithelial vessels

of the lamina propria of a rumen of the
sheep.

H & E stain x 400. Sheep no.13.




PLATE ~ VI

Fig.11. 8ection of intestine of the sheep showing
focal haemorrhages in the lamina propria
and degenerating changes in the crypts.

H & E stain x 400. &heep no.1k.

Fig.12. Eection of a heart showing fragmentation
of muscle fibres and disappearance of cross
striation in a sheep. -

H & E stain x L40O. Sheep no.9.



Fig.13.

Figo"lf-

PLATE « VI

Section of cerebrum of a sheep showing
hyperaemia and perivascular oedema.

H & E stain x 400, Eheep 10416

Section of adrenal gland of a sheep
showing hyperaemia in the medullary
portion.

H & E stain x 400. Sheepr no.17.




FLATE - VIII

| Fig.15. Section of thyroid gland showing

several homogeneous spherules in
the follicles.

H & E stain x 400. Sheep no.15.
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