BULLETIN 568 NOVEMBER, 1935

Fluorine in Animal Nutrition

C. H. Kick, R. M. Bethke, B. H. Edgington,
O. H. M. Wilder, P. R. Record, W. Wilder,
T. 1. Hill, and 8. W. Chase

OHIO
AGRICULTURAL EXPERIMENT STATION
Wooster, Ohio




This page intentionally blank.



CONTENTS

B30 LT it 717 ¢ 3
Review of Literature .. ... .ot inerricnirsacaccracnsncsannuss . 3
Experiments with Pigs ... ottt it ittt iaareriiaanana R
Experiment 1 oo ittt rria sttt eaaan cessnees B
051637 111 1<0 ¢ L /RGN 15
EXperiment B L.ttt e aaaas eee 21
Eperiment 4 ...ttt irr it r et e e e e var 2B
BExperiment 5 .oviuieninriirrrrinrrrsrsononerorasionanananan veens. 28
Long-time Feeding Trials with Swine ... o iiiiian.. weirees 28
Fsperiments with Chicks ... iiiiiriir it i iin s ian s .o 42
Experiment 1 curiieeiinrnrrstnanssatisansrsarssnsrsasssassarsnsaa 43
EXDEriTREnt 2 1t vrerroraionacmanannansrasroranassnsararesnrsaranses 45
Experiments 3 and 4 ..iiiiiiiiiiiiiiiiiiiniiienny, Siiemarsnarases 45
Experiments with Rats ..., B, U - |
Experiment 1 ..o iiiaiiiiarrrirrnaiiansaserrrreirasanarcan verees DO
Experiment 2 ...iuuiiiarr et ottt e i 51
Experiment 3 ......c.vvnann e ieiaeeecaasiaere s ... B8
Experiment 4 ...... e vm e e eet e et e A b9
Skall and Teeth Studies ...v i i viseassaas 61
Dhscussion ........ CerisersreRna bt aaaan U
SUMMATY vvverinannrnnrrrnns AeraeAn rrersreseesreracranrrrrrirarnnns 15
Bibliography -ceveirerrcerrnanivieiiniee saaan. P £ 9

(1)



This page intentionally blank.



FLUORINE IN ANIMAL NUTRITION

¢. H. KICK, E. M. BETHREE, B H. EDGINGTON, 0. 3. M. WILDER,
¥, K. RECORD, W, WILDER, T, 7. HILL- AND 5. W. CHASE"

INTRODUCTION

It has been repeatedly demonstrated by numerous Investigators that
rations eomposed of cereal grains and their by-products are low in ealeium and,
to zome extent, in phosphorus. Therefore, such rations should be supple-
mented with materials which contain large amounts of these twe elements,
since they are essentizl to bone formatien and other life processez. Bone
meal, & by-produet of the meat-packing industry and the manufacture of
gelatin, was recommended as a mineral supplement to cereal graln rations for
swine. Such a rapid increase in the demand for this material resulted that the
available supply became inadequate, and, consequently, the price was increased.
In secking another and possibly cheaper source of calcium and phesphorus,
rock phosphate was considered, This mineral containg approximately the same
amounts of ecaleium and phosphorus as bone meal and, therefore, might be
expected to replace hone meal efficiently as a mineral supplement for livestock
and poultry at a considerably lower cost. However, in the attempis to use
rock phosphate for this purpose uniformly good resultzs have not always been
obtained. :

Rock phosphates are known to contain appreciable amotnts of fluorine.
Jacob and Reynolds (25) made exhaustive studies of the Huorine content of
varions rock phosphates from the principal depesits of the world and found
this element present in amounts ranging from 2.62 to 4.08 per cent in the
different grades of the commercial materials. The fluorine in these products
appears to be associated in some manner with the phosphorus of the mineral,
sinee Reynolds, Jacob, and Hill {(39) found a fairly constant ratic between
these two elements in products from wvarious sources. Phosphatic limestones,
which contzin approximately one-third as much phosphorus as rock phos-
phates, also contain approximately one-third az much fluorine.

It has been supgested that the fiuorine content of rock phosphate was the
cause of the lack of uniformity in the results obtained in feeding trials where
thiz mineral has been used to supplement the rations of farm animals, Such
an hypothesis appears to be well grounded, in view of the fact that good results
have been obtained with phosphatic limestone and some questionable results
with rock phosphates.

REVIEW OF THE LITERATURE

As early as 1909, Hart, McCollam, and Fuller (21) improved the efficiency
of Iow-phosphorus rations for the growth of pigs by the addition of roeck phos-
phate. Later, Hart, Steenbock, and Fuller (22} reported that “Hoats”
inereased the ealeium and phosphorus refention of growing pigs and tended to
form heavier skeletons. These trials were all of relatively short duration.

‘Resigned.
#Drs. T, &, ITiH and 8. W, Chose, of the Bcheel of Medivine, Western Reserve Tiniversity,
leveland, Obfo, condueted the histological studics on the teeth snd bones.
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Forbes and co-workers (17) were the first to report poor results with
swine when rock phosphate was uised as the mineral supplement. They found
# to be less efficient than limestone, steamed bone mesal, whiting, marl, pre-
cipitated bone, or calcium carbonate in improving bone formation and calelum
and phosphorus retention of growing pigs. The femurs of the animals which
received rock phosphate were less dense, contained less ash per unit volume,
and were actually weaker than those of the animals on the control ration which
received no mineral supplement. Chemical analyses of these tibiae, softened
as a result of feeding rock phosphate, were characterized by maximum mag-
nesim and phosphorus contents and minimum caleium and carbon dioxide
contents.

Considering the results of a comparative test of rock phosphate and other
minerals, Konantz (28} stated that “the best hones were produced by rock
phosphate™.  However, no iests were made of the comparative strengths of
the beones of the animasls, his criteria being other physical measurements. It
does not follow that the largest bones were necessarily the strongest or best.
In this fest, precipitated phosphate proved decidedly toxie. This latter ohser-
vation agrees with the observations of Bohstedt and co-workers {18) who fed
precipitated bone flour. Whether or not this toxielty was doe to Huorine was
not definitely determined. Tt is quite possible that a concentration of the
fuorine from the original material may take place in the process of the manu-
facture of these products.

A decidedly favorable effect on the gains made by pigs on 4 tation of cotn
and soybeans was demonstrated by Vestal (56) when acid phosphate alone or
in combination with wood ashes or limestone and salt was added fo the ration.
Lager, the Indiana Agriculiural Experiment Station (8) reported poor resulis
with & combination of egual parts of rock phosphate and limestone. The
Kentucky Agricultural Experiment Station (5) obtained good results by sup-
plementing the rations of swine which were hogging down cormn with a mineral
mixture composed of 3 parts roek phosphate, 1 part limestone, and 1 part salt.
Soft bones occurred in hoth pigs and rats which had been fed on rations con-
taining rock phosphate at the Arkansas Agricudtura]l Experiment Station (2}).
Bohstedt and co-workers (11} found no ill effects on growth and fattening
when pigs were fed rock phosphate at a level of 0.4 per cent. In some cases
0.8 per cent of rock phosphate retarded growth, while 1.6 per cent had a
deleterious effect on both rate and sconomy of gains. However, no injurious
effects were noted on the livers, kidneys, intestines, or teeth of these animals,
and there were no apyrecisble slterations in the pereentasge of bone ash.

MeClure and Mitchell {33) compared rock phosphate with synthetic min-
eral mixtures of tricalcium phosphate and varying amounis of ¢alehum flueride,
fed in amounts to insure 5 grams of ezleium per pig per day., They found that
rock phosphate was more harmful than the mixture of the two salts and stated
that a mineral containing 2 per cent of fluorine, when fed at this level, had a
detrimental effect on the growth of pige and reduced feed consumption. A
mineral containing 3 per cent of flucrine was decidedly deleterions, Metabo-
iism trials showed a decveased caleiym retention when the ration contained
0.017 to 0026 per cent of Huerine.

In a comparison of phosphatic limestone with a mixture of bone meal and
Hmestone supplying approximately the same amounts of calelum and phos-
vhorus, Tolle and Maynard (48) found both supplements equally efficient for
growth and bone formation in pigs.
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The inclusion of rock phosphate in the rations of mature dairy cows was
studied by Reed and Huffman (38)., They reported that the animals were
thrown off feed when 1.5 per cent of rock phosphate was included in the grain
ration. Taylor {48) obtained poor resuits with dairy heifers when rock phos-
phate was fed at the same level used by Reed and Huffman. The animals
became unthrifty, and their teeth showed an abnormal amount of wear and a
characteristic “step” formation. When ealcium fiuosilicate was fed at the
same fluorine levels similar results were obtained. In a comparative test with
dairy cattle, Huffman and Reed {24) fed bome flour, rock phosphate, limestone,
and a complex mineral mixture at a level of 1.5 per cent of the grain ration.
They found that the rock phosphate - fed animals made slower gains, were in
a poorer state of hezlth, showed a lowered milk production, and had more badly
worn teeth than did the animals receiving the other supplements. These
investizators also reported that afier the first parturition, when the cows were
approximately 2.5 vears old, the teeth became sensitive ic ¢old water and the
jaw bones and metatarsal bones showed a ihickening and an exostosis.
Reproduction was not affected.

The Wisconsin Agricultura] Experiment Station (311} reported no injuricus
effects when rock phoaphate was fed at a level of 2.5 per cent of the grain
ration to dairy heifers for 2 years, This was attributed to the fact that only
4 pounds of grain were fed daily per head. After parturition, as the grain
ration was increased, these animals lost their appetites, lost in weight, and
their milk flow declined. Changes in the teeth similar to those reported by
Huffman and Reed (24) were noted in these animsls.

Kennard and White {28) found that steamed bone mesl and rock phos-
phate were equally efficient in mineral mixtures fed to puilets or cockerels,
Mixtures consisting of equal parts of limestone, salt, and either rock phosphate
or steamed bone meal! were equally effective for growth and egg production.
'The same investigators (27) reported good results with laying hens from the
use of mineral mixtures composed of 60 parts rock phosphate or steamed bone
meal, 20 parts ground limestone, and 20 parts common salf.

Studies by Buckner, Martin, and Peter (13) on the availability of caleium
in different compounds for laying hens showed that the ealeium of rock phos-
phate could be utilized for the growth of bone but not for the production of
egg shells. The mature birds which received rock phosphate were troubled
with diarrhes and showed z decreased egg production. Later, Buckner, Martin,
and Insko (12} reported that rock phosphate interfered with the growth of
chicks during the first few weeks but later permitted a continuance of normal
growth.

From a study of various levels of rock phosphate feeding to chicks, Halpin
and Lamb (20) concluded ihat no harmful effects were indicated at g 1-per cent
level; some depression of growth resulied at a 2-per cent level; and seriously
harmful effects were ohserved at a 3-per cent level. The 3-per cent level also
caused a decrease in egg production, but there was no observable effect on the
ash content of the bones of the birds at 17 to 20 weeks of age.

In studies with rats, Tolle and Maynard (47) reported that the addition of
bone meal to a Jow-calcium ration resulted in a higher bone ash than did the
inclusion of reck phosphate on an equivalent caleium percentage. They also
noted poor growth on the rock phosphate ration. These differences in growth
and bone ash were alse accompanied by a noticeable ehange in the incisors of
the animals which received the rock phosphate. These teeth became soft,
white in color, and greatly elongated. The same imvestigators (48) observed
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similar changes in the teeth of rats which were fed rations containing 2 per
cent or more of phosphatic limestone. No ill effects on reproduction were
observed even when the Iatter supplement was fed at levels as high as 3 per
cent.

Investigators at the Wiscongin Agricuitural Experiment Station (I11)
found that 0.6 per cent of rock phosphate was the maeximum amount which
could safely be fed to rats. No deleterious effect on growth was observed
when 2 ration containing 1 per cent was fed, although a decreased efficiency in
reproduction and retarded growth of the young resulted. A Z-per cent level
proved detrimental to growth.

The physiological effects of fluorine have recently been reviewed in an
exeellent article by MeClure {31)., No attempt will be made to review the
Hterature in this field and those interested are referred to the above-mentioned
papay,

From the review of the work done on the feeding of rock phosphate and
phosphatic limestone, it iz obvious that great variance exists in the results
obtained, In most of the work no effort was made to control the fluorine
intake, and no systematic attempt was made to feed graded amounts of com-
parative fluorine-containing minerals or salfs sweh as rock phosphate oz
sodium fluoride, With these observations in mind, the authors concerned
themselves chiefly with a study of the specific effects of fluerine in the form
present in rock phosphate and chemically pure fluorides on growth, repro-
duction, hones, and various other fizsues of the pip, rat, and chick, An
endeavor was alse made to determine if the excessive fluorine content of rock
phosphate is directly responsible for the poor results enccuntered when this
mineral is uzed at a relatively high percentage in practical livestock rations.

EXPERIMENTS WITH PIGS

The pig was selecied as one experimental animal beeause, under oxlinary
farm conditions, rock phosphate is mwore likely to be fed to this animal than to
other classes of livestock., Also, ils shorter life cycle and more rapid repro-
duetive period allow results to he proeured in a shorter time than with other
species, In addition, the larger size of pigs makes them better adapted for
more detailed chemical analyses of the bones than are smaller laboratory
anfnals,

Five separate trials were conducted for the purpese of comparing the
effects produced by rock phosphate and other mineral supplements and ecom-
binations and of studying the effects of fluorides fed at different levels, While
the fluorine present in rock phosphate is undoubtedly not in the forms of the
fluorides used, the latter salts were arbitrarily chosen since they were readily
available in chemically pure form.

The basal mixtures used throughout the experimental work with pigs were
as follows:

Pigs welghing Plgs weighing
under 135 o, over 125 H;,

Ground yelow vt ... 55.0 5.8
Flour wheat m]ddnug\, 25,0 4.6

msee&i oil meal. . . 19.5 10,5
Bair ENaCE ....... 8.5 0.5
Cod-liver oil , .5 3]

NEneTal SUPBIEREE. ..o ol eereireons oreeeeirr i " as indicated
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In those experiments which were conducted out-of-doors, the cod-liver oil
was omitted since the antirachitic factor was supplied by sunlight. These
rations when properly supplemented with minerals are satisfactory for pigs,
ag shown by previcus trials. While not the best rations to feed under crdinary
farm conditions, they have the advantage, from the experimental viewpeint, of
being low in minersl content, thus throwing the added burden upon the mineral
supplements.  The proportions of the ingredients were altered at the time the
animals attained approximately 125 pounds in weight in order to widen the
nutritive ratio of the mixture. At the beginning of each experiment all the
feeds were individually znalyzed for calcium, phosphorus, magnesium, and
fluprine. The corn was grownd in 3 hammer mill, ysing a medinm fine sereen.
All the various ingredients, including the minerals, were thoroughly mixed
together.

Yellow corn was used to supply vitamin A. The four wheat middlings,
linseed oil meal, salt, ground Hmestone, stearned bone meal, and phosphatic
limestone were the ordinary commercial products used in lvestock feeding
operations. The treble superphosphate was of the grade commenly used as a
fertilizer. The precipitated hone flour, according to the manufacinrer, was an
hydroeldoric acid —precipitated by-product from the manufacture of gelatin.
Truring the course of the study four different rock phosphates were used. Rock
phosphate A was supplied by the Ruhm Phosphate and Chemieal Company, It
was # brown phosphate rock, mined nesr Mouni Pleasant, Maury County,
Tennessee. Rock phosphate B, used only in one experiment, wag & gray land-
pebble phosphate, mined in Florida. Both producis contained approximately
3.5 per cent fluorine. The rock phosphates designated as “treated” and
“untreated” were obtained through the courtesy of the Mellon Institute of
Pittsburgh, Pennsylvania. The “untreated” material was comparable to rock
phosphate A in mineral] composition; the “treated” product had been processed
te remove the fluorine and contained approximately the same amounts of cal~
cium and phosphorus as the "untreated” but considerably less fluorine.

Previous to being placed on experiment, all pigs were immunized against
cholers and treated for worms. They were then divided info their respective
lots, aceording to liter, sex, and weight. In the experiments which were cofe
ducted indoors the animais were kept on a concrete floor; whereas those experi-
ments performed out-cf-doors were conducted on brick-paved lots which were
supplied with adjoining houses. The animals were weighed individually every
% weeks, and complete records of growth, feed consumption, and general
physical behavior were maintained,

At the close of ihe experiments the animals were slanghtered for post-
mortem examinations, 'The femurs, kidneys, and mandibles were removed
from each animal. Pieces of the kidneys were preserved In a 4 per cent solu-
tion of fermaldehyde for subsequent histological study. The femurs were kept
in a refrigerator at approximately 28° F. They were cleaned of adhering
tissue, and their maximum lengths were determined by means of a micrometer
calibrated to read to 1 millimeter. The smallest diameter of the femurs was
measured with a vernier micrometer calibrated to read to 0.1 millimeter. 'The
volume of the bone was determined by the difference between the weights of
the bone in air and in water. These measurements ware made with a Toleda
balance calibrated fo read fo 1 gram. When weighing the bone in water,
several sources of error were encountered—namely, air bubbles collected
around the bone, especially in the crevices, and some water was absorbed.
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However, with a lttle care and rapid reading of the weight, both these sources
of error were minimized and a fairly accurate measurement was obiained.
The breaking stirength was determined with an Clsen dynamometer calibrated
1o read to 1 pound,

After the physical measnrements had been completed, the entire femur
was ctushed in a bone cutter and dried in a drying oven for 24 hours at
approximately 100° C. The dried material was then transferred to flasks and
extragted with three applications of warm aleohol and two applieations of
ether, This treatment removed sufficient fat and lipeid material fo zllow the
hone to be finely ground in & hury mill. To insure the complete removal of the
fats and lipeids, the finely-ground samples were further extracted for 18 to 24
hours with ether in Soxhlet extractors. They were then dried and analyzed
for ash, carbon diexide (4%), and fluorine (40}, Calcium (56}, phosphorus (),
and magnesium (35) were determined on the ash of each hone.

The mandibles were cleaned of adhering tissue and kept in the refrigerator
at approximately 28° F, They were examined for gross changes in the bones
and teeth. In one experiment, various physical measurements were cbtained.

In the first two experiments, four incisors snd six molars were extracted
from the mandibies of each animal and a composite sampie made for each lot.
These were dried, ground, extracted with aleohol and ether, and dried again as
in the procedure followed with the femurs. The moisture- and fat-free feeth
were analyzed for ash, carbon diexide, and fluorine. Caleium, phosphorus, and
maghesium determinations were made on the ash. In the case of the sows
(Experiment 5) histological studies were made on representative {eeth 2znd
mandibles and on the femurs.

EXPERIMENT 1

The first experiment was planned to study the effects of the addition of
various amounts of sodium fluoride to a control ration and to compare the

TABLE 1l.—Mineral Composition of the Rations—Calenlated

Experiment 1

Lot | oag i4s, " ; L Phirs- M Ca:P
N Minera! additicns to 100 1b, basal ration | Calefum b S?g;:a‘ Fraotine r:ti.u

Fof, P Fet, Fri,
1 | 5094, sround st e} | S| 85 | B8 | A | 13
2 BB g, ground lmestone L, ... ..e. . i 0.802 527 0. 260 6,029 1.5
30 gar. scdivm fuoride. .. . vt §.766 G422 §.212 029 L8
3 008 g, ground Jimestone ..., ... ... i 0.802 0.52¢ 0,269 0.058 L5
60 g, sodivm Broride. ...y eineinn., 1 4.766 0,422 0212 0.058 1B
4 008 prrm, gromnd Tmestons ..., ... 4.8 0.526 0. 268 0.087 1.8
1 g, sodivm Boeride ..., 0. 766 421 0,211 4087 LE
5 454 grm. ground Hmestone ..., .786 0,578 0,054 9.033 1.2
454 gm. roek phosphate A .., §4.751 0,570 0,187 2,433 1.3
' 8712 0.827 0.235 047 | 0.9
| 906 gm. rock phosphate Bo....oooo.no i 8E | 0¥ 018 | oo | 19
7 |, BOB goo. reck phosphate A Lo 3 gm E% 3%% gﬁ ?3
i1.735 {822 .240 Trace 0.5
£ [ 902 gm, steamed bomemenl............ 'I o 700 bt o158 ngce 19

*Upper figures represent starting ration. Lower figures represent finlshing ration,
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results with those produced by rations in which rock phosphate was fed at
different levels. This was done in order to determine, if possible, whether or
not the fluorine content of the rock phosphate was responsible for the results
obtained when this mineral supplement was used.

For this purpose, 64 weanling pigs were divided equally into eight lots.
All lots were kept indoors and hand-fed their respective rations twice daily.
The rations for each lot, together with the mineral analyses and the Ca:P
ratios, are recorded in Table 1. The mineral analyses of the rations were cal-
enlated from the following analyses of the various ingredients:

Freed Calciom Phosphoras Magnesipm Fluoeksme

Pt Pre, Pot,

Ground yellow corn®. . ..o e (RO 8.301 0,109

Wheat middfings*, . 0,057 8,981 4,375

Linseed oil meal®, . 0.365 0,743 0.489

Grround Imestone., . s 6.4 Gl 1.

ROCK phosphate A .uevsiiierinniarianaas.suns i4.79 15,20 48

Rock phosprhate 8., cen 24,90 15.34 (.39

Stearsed bope meal. .. 33.01 15, 0.48

Sodivm Muorkde.  ovee v i OSSR TR SR TR

*Analyses taken from Menry & Morrizon's “Feeds and Feeding'!,

Tots 1 and 8, which served as the control lots, received the baszal mixture sup-
plemented with 2 parts of ground limestone and 2 parts of steamed bone meal,
respectively. The rations of Lots 2, 8, and 4 consisted of the basal mixture
supplemented with 2 parts of ground limestene and increasing amounts (30,
66, and 100 gm. per 100 pounds of mixture) of sodivm fluoride, In the ration
of Lot 5, one-half of the ground limestone of the contrel ration was replaced
by Tennessee rock phosphate A, while in the rations of Lots § and 7 the ground
limestone was replaced entirely by the Florida rock phosphate B and the
Tennessee rock phosphate A, respectively.

The calcium, phosphorus, snd magnesium econtents of the rations of Lots
1, 2, &, and 4 were the same, while the percentage of flnorine was increased by
the additions of sodium Buoride (Table 1), The substitutions of the rock
phosphates in the rations of Lots b, 8, and 7 slightly altered the caleium and
phosphorus comtents and the Ca:P ratios. 'The magnesium and fluorine per-
centages of these rations were increased. The fluorine contents of the rations
of Lots 6 and 7 (2 partz of rock phoesphates) were appreximately equivalent to
the addition of 70 grams of sodivm Hueride fo 1006 pounds of the basal mixture.
The Ca:P ratios of all the rations fell within faverable limits, according to the
work of Bethke, Edgington, and Xick (3). The amount of calelum consumed
daily by the pigs was in excess of that fed by either Forbes and co-workers
{17} or MeClure and Mitchell (33), so that there was sufficient of this element
present for maximum growth.

The pigs were continued on experiment for 144 days, at which time the
animals were slaughtered and the tissues removed for analyses. In order to
study the effects of these rations over a long-time feeding pericd and on
reproduction, one gilt frorm Yot 1 and two gilts from Lot § were saved and
continued on their respective rations,

It iz evident, from the dats presented in Table 2, that, when more than 30
gramg of sodium Auoride were added to 100 pounds of the ration, the average
daily gain was decreased and the feed reguired to produce a unit of gain was
inereased. The addition of 30 grams of sodium fluoride to 100 pounds of the
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basal ration slightly decreased the aversge daily gain and the feed require-
ments per unit of gain. However, these decreases were so slight that they
might well be within the limits of experimental error. The decrease in the
average daily pain when one-half of the limestone was replaced by rock phos-
phate A was also guestionsbly significant, but the feed required per unit of
gain was definitely increased. The lots in which rock phosphates comprized
the sole mineral supplements (Lots 6 and 7} showed a marked decrease in daily
gain and a large increase in the feed requirement. None of the lots compared
favorably with Lot 8 {steamed bone meal) in either gains or feed requirements.
The average daily feed for the animals in the different lots elosely followed the
average daily gains, The presence of sodium fluoride or rock phosphate in the
rations caused a decrease in feed consumption in proportion to the amounts of
these materials present.

TABLE 2.—Gains and Feed Requirements
Experiment 1

i ) rage Averd Faed
Lgt Mineral additions to 1001, ; E:l:;?:g]te %;f;iff" AE;?I“ A;:{{;ge {;;gr};ﬂ required
No- basal ration of ration | weight | welght gain feed 1%‘“ 158
. gain
P | L6 ze L. Lé, Lt
b3 W m. ground limestone ... ..., Erace 4.6 1 2.6 104 4,62 £72.4
2 BOR g, wround limestone | .. .. f
30 g, vodinm funoride ... ..., E 0.028 52.0 m2.8 0.67 4.48 4513
3 BB g, grownd limestone ... .. i . .
50 g, sodlam fuoride ... { 0,458 54.0 N 85 4.3 83,1
g 908 gm, ground limestotie .., § y
I g sod ium Anoride . ...... i 0097 52.5 H Ha.L .58 5.62 610.5
1 454 gm. pround limestone ... £ 0,013 54,0 196,80 .90 4,84 4857
464 gm. rock phosphate & ... F * . ' "
[ Y08 gm. rock phosphate B... ... 001 #.1 139.4 .55 3.89 £15.8
¥ 808 gm. rock phosphate A ...... 0,565 53.1 130.3 .54 3.48 50,1
& 405 gm. steamed bonemeal. ... .. PTrace 2.1 217,90 L1 503 438,77

¥rom daily observations it was evident that the animals in Lots 6 and 7
{2 parts of rock phosphates} were consuming considerably more water than the
animals in the other lots. 'The paved pens in which these animals were kepl
were always wetier than thoze of the other animals, showing that their excre-
tion of water was also considerably greater. Unfortunately, no record of the
water consumption of any of the lots was kept during this experiment. It was
also noted that several of the animals In the rock phosphate and sodium
fluoride — fed lots manifested 2 reluctance to move and showed definite signs of
stiffness.  This was especially true in the higher fuorine lots. Oune pig
Lot 6 (2 parts rock phosphate B} died st 103 days. Fost-mortem examination
revealed contracted, roughened, firm, pale lkidneys.

It was apparent, on gross examination, that certain differences existed
between the femurs of the pigs in the various lots. Those of the pigs in Lots
1 and 8 {2 parts ground limestone and 2 paris steamed bone meal, respectively)
were smooth and dense in appearance, with a nermal yellowish color and a
definite luster; whereas those frem Lots 5, 6, and 7 {rock phosphates) were
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rough in asppearance, with some exostoses, whiter in color, and lacking in
luster. This contrast became more exaggerated as the amounts of sediam
fluoride or rock phosphates in the rations were inereased. The weight, volume,
length, and smallest diameter of the femurs are obviously dependent upon the
type and size of the animal at the {ime of slanghter. Taking this fact into
consideration, there is some evidence, from the data presented in Table 3, that
a slight incresse in the diameters of the femurs accompanied the feeding of
high levels of rock phosphate or sodium fluoride, The evidence is rather difi-
cult fo interpret and Ig, therefore, somewhst inconclusive.

The outstanding difference mnoted was in the bresking strengihs of the
feraurs (Table-8). The addition of 100 grams of sodium fluoride (Lot 4), or
the substitution of rock phosphates {(Lots 8§ and 7) for the 2 per cent of lime-
gstone in the control ration (Lot 1), capsed & marked deersase in the breaking
strength of the femurs. Smaller amounts of sedium flueride or rock phosphate
had no significant effect on the breaking strength of the bones. In the break-
ing strength of the bones none ¢f the lots approached the one that received 2
parts of steamed bone meal as the mineral supplement (Lot 8). The most
obvious factor affecting the breaking stremgth is the size of the bone. In order
to take this factor into consideration #t was thought advisable to put the break-
ing strength on the basis of a unit of weight of bene. This was dene by divid-
ing the breaking strength by the weight of the femur, thus obtaining an arbi-
trary value which should approach the relative strengths of the bones in the
various lots, On this basis, Lot 2 {30 gm. sodium fuoride) and Lot 5 €1 part
each of limestone and rock phosphate A) showed an increased strength over
Lot ¥ (2 partz ground limestone). On the same basiz the femurs of Lot 5 {60
gm, sedivm fluoride) are equal in strength te those of Lot 1, while the addition
of 100 grams of sodium fluoride (Lot 4) decreased the strength of the bone, as
did the substitution of the rock phosphates {Lots 6 and 73 for all the limestone
{Lot 1}. Likewise, the femurs of the animsals in Lot § (1 part each of ground
limestone and rock phosphate A} were as strong as those from the animals
receiving steamed bone meal 85 their minersl supplement (Lot 8).

The ash centents of the moisture- and fat-free bones (Table 8) show mno
significant variations from those of the contrel lots (Lots 1 and 8), with the
exception of Lot 4 (100 gm. sodium fluoride). The femurs of the pigs from
the latter group show a small decrease in the percentage of ash. When the
ash contents are put on a unit value basizs (ash per ee. volume), the resulting
values approximate the densities of the bones; i e, weight per unit volume.
There is a noticeable correlation between the ash per unit velume and the
breaking strength.

The detailed chemical analyses of the femurs of the different lots (Table 4)
show that the amounts of carbonates in the moistore- and fat-free bones
decreased with increasing fluorine intakes. 'The fluorine compound present in
rock phosphate seemed to exert & grealer effect in this respect than did sodium
fluoride, since Lots 6 and T had the lowest carbonate content, while the fluorine
contents of these rations were lower than that of Lot 4 (100 gm. zodium
fluoride)., The percentages of fivorine in the dry, fat-free bones increased in
direct proportion te the amounts of this element present in the rations of the
various lots. The caleium and phesphorus contents of the bone ash were the
same in all the lots regardless of the mineyal supplement fed; whereas the per-
centage of magnesium increased with increasing amounts of sodium fluoride or
rock phosphate in the rations, but independently of the magnesium intake.



TABLE 3.—Physical Measuremenis and Ash Contents of the Femurs
Experiment 1

Average of
Fivorine Lreakhong
Lot | Ainerai additions to 100 th, basal ration comtent | Average | Average | Average &?ﬁﬂ?f {;'}iiiﬁgﬁ sirength Average aitfigﬁ
No. of weight valurme length | diameter | strength divided by ash yolme
Taticen weight of
bone
Pei, G, Ce, Cae, O, L, o R G,
1 | 908 gm. groand HMEstone. ...y cecrvrvaaresers] TERCE 13 135 18.4 2,00 650 = 62 5.94 61,3+ 0,38 0,805
R o B Rl e | s |1 | o208 | masw 451 23402 | o8s
PRGBS eew | ] e | ;) ewes | am | @swod [ o7
R i R ok L 0007 | 138 | 3| 208 | amel 2.8 80402 | 078
5 484 g, rock phosphate A oiuveevirieinas
B T T e et } 6,61 160 126 1.1 2.12 766 51 4.81 61,9 w 8,51 0.760
§ | 908 gm. rock phosphate Bu.u.ssesieesiinss. 6,670 133 111 16.3 .65 407 . 67 nol 56.4 = 0,68 0,707
7 | 988 gm., rock phosphate A 0.065 134 109 6.1 2.01 56 = £0 3.34 60.8 = (.54 0.743
.3 98 g steamed boue meal Prace 177 134 18.58 1,85 841 = K% 4.80 £1.6 = 0,32 0.815
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TABLE 4—Chemieal Analyses of the Femurs
Fxperiment 1

Fingrine Bone ash Muistute- and fatfree bone
Tet Mineral additions to 100 b, basal ration content
ration Calcium Phosphorus Magnesium Carbon dioxide Fluerine
Bt Pet, Pet, Dt, Ped, Pz,
BO8 g, ground LImeHtoNne o uueearrressarasrrnrrasareratrrsrrrrrines Trace 38.4=9.11 17,56 = 0.21 £.79 - 4,012 2,76 = Q.07 G0 = 5,003
2 ] 908 gz gronnd BIBeStONg .\ uvaen e reraear e meaan .
30 gm. zodium ﬂjual‘ld.e ........................................... ‘[ 0929 8.5 7 0.13 18,42 0.09 0.98 = 9.009 272005 .53 = 0.016
3 | 90E gm. pround JImestone .. oiiiiirnrresssiociiniarrrssinsiininas
£0 gim, Bodiam HIOTIA & rvrre e P [’ 8.058 B3 20,12 17.7 = 0.18 0,97 = 0,031 .37 % 0,05 9.78 = 0,014
4 | 908 gm. ground limestona ... e e e _ :
106 pm. sodiocm finoride .. ... i 4 e E e ra s e i a e f 8097 35,4 = 0.0 17.6= 064 1.34 #0.041 £.34 = 6.04 111 = 8.028
B | 4 Fm groand Hmestone -+ 0.3 | 3814032 | 178015 | 104&=0.019 25T=0.05 | 0.59=0.016
6 | YOB gm, rock phospRALe B...\eeeiiiaiaieaarr i e 0.07¢ 37.8 £ 0.20 W05 | LIr=0031 1,92 = 0.07 1.04 = 9,034
7 008 gor. Tock PhOSPHALE A L \rucativaunreniieiiiniarriasnsosnrarerass .065 37,0 + 8,20 1.1 =017 1,34 = s 2,06 « 0,07 1.09 * 9,032
B S0B g, steamed DOME el .oyt ) ier i racaiair e Trace B0 el 0,52 = 0.004 2.8 =002 0,04 = 0,001
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The mandibles of the rock phosphate and sodium fluoride — fed animals, on
gross examination, showed conditions similar to those noted in the femurs.
They were rough in appearance, with exostoses, white in color, and lusteriess;
and the bodies of the bones were thicker than in the control animals. This
condition became more evident as the amounts of sodium fluoride or rock phos-
phates in the rations increased. The teeth showed no definite differences in
any of the lots and the amount of wear on the molars was quite comparable.
However, there was a tendency for the teeth from the snimals in the higher
fluorine-fed lots to chip more easily than those from the contrels.

The chemical analyzes of the teeth {Table 5} revealed no significant differ-
ences in the ash contents or in the ¢aleium, phospherus, or magnesium per-
centages of the ash in any of the lots, The carbon dioxide contents of the dry,
fat-free teeth were not affected, execept pessibly in the cases of Lots 6 and 7
{2 parts rock phosphates A and B) where evidence of a slight decrease existed.
The percentage of fluorine present in the teeth was directly proportional to the
amounts of this element present in the ration in zll instances.

TABLE 5..Chemical Analyses of the Teeth
Fxperiment 1

Toath ash Diyy fat-free tooth

Fluorina
!‘.N»t Mineral gd&iiions per 100 th, mn;f.e:nt ask | o - M Carbo
% asal ration al- [0 ag- arbon :
. ration ciem ! phoros:inesium | diexide Fluprine
e, Pt | Pel, P, Fce, Pt, Pot,
1 998 gm. ground iimestone. . ...... Trace § 740! 35.8 LG L5 2,03 4.083
# | 8 um. grognd Uimestone L | g (7.0] 36,3 | w8 | 154 | 208 | s
3 | 998 g grround Hnrestome. ...
69 g, sodinm Heoride. .. .., . E 8.058 | .2 36.8 | 7.9 163 2.47 0.281
4 | 908 g, ground limestene., .. ...
180 k:mso{iiumﬁuorid&........E' 0.097 1747 310 .9 L5 2.15 0.581
[ 454 o, ground Hmestone. .. ...
45¢ gm, rock nhosphate 4 ... E~ 0.033 | .81 367 7.7 1.51 2n {.228
3 808 gm. rock phosphate B....... 007 | M4 367 17.6 1.50 1.83% 0,331
98 gm. rock phosphate A ... o085 | TR.E | 3V.0 14 1.56 1.95 0,378
8 HE g, steamed bone meal. ... Trace | T.E| 36,9 17.3 1.78 2,12 0.062

{irosg examination of the various organs at the time of slaughter revealed
ne abnormalities, exeept that the kidneys from the animals which had heen fed
rock phosphate exhibited a chronie, parenchymatous nephritis, They were pzale
in color, coniracted and firm In texture, with numerous nodules and depressions
covering the surface. The capsules were slightly thickenad and, in some
insfances, fizmly adherent to the surface. Occasionally, small cysts containing
a clear or amber colored fluid protruded above the surface or were deepiy
situated in the kidney. On section, the cortex appeared reduced in width, and
freguently the medulla contained a considerable amount of fat.

Mieroscopically, the kidneys showed a nephritis with a varying degree of
degeneration of the tubular epithelium and, as a terminal result, the replace-
ment of many tubuies and glomeruli with fibrous fisste., None of the animals

in either the contrel lots or the sodium flueride ~ fed lots exhibited this condi-
tion,
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From the data presented, ¥ iz evident that, with the exception of the
detrimental effect upon the kidneys, the sodinm flueride in the ration produced
practicaily the same results as did the rock phosphate. It would appear that
the poor resuits obtained with rock phosphate in pig feeding ave due, in part
at least, to the fluorine content of this material

EXPERIMENT 2

The second test was designed to check the results of the previous trial and
also to study the effects of including smaller amounts of sodium fluoride and
rock phosphate in the rations of growing, fattening pigs.

A group of 48 weanling pigs was divided into six lots of eight pigs each.
Al lots were kept indoors on s concrefe floor and were handied as in the pre-
vicus experiment. The animals were condinued on experiment for 160 days,
at which time they were slaughiered, post-mortem examinations made, and
tissues removed for analyses.

TABLE 6.~Mineral Composition of the Rations—Calculated
Experiment 2

Tt Mineral additions per 100 1h. 3 i x o : Cap
e e B Calcium | Phosphorss | Magnestum | Fluorine vatio
Pk, B, et Pk,

H 454 . grovnd limestone, , ... | & 714* 01,6564 0,348 1 race L1

£5d g, steamed Booe meal, .. b §.672 0,556 0,260 Trace 1.2

2| $tem ground limestone ... (| oo 9,654 0.348 .00 11
Fm. steamed bone mezl. ... ) " - * '

10 pm. sedivm fueride,,...... H 8.6 £.556 .260 9.010 L2

3 43 gm. ground limestone. , .. .. i 0,714 0,454 0. 248 0.029 11
43¢ g, steamed bong meal.... ; N - . . :

3 gm. sodinm f#uoride., ., .... } 0.672 0.556 6.260 0.02¢ L2

4 454 got, ground limestone ... i 6714 0,854 0,348 o058 .1
434 gm. steamed bone meal.... ; ) - N . N

8 gm., sodium Buroride........ ) 8.672 0.5%6 0.260 0.058 1.2

8 428 gm., groand Umestone. .. 0.4 0.654 0,148 G.018 1.1
227w steamed bone meal. ... - ; ) : i :

222 gm. vock phosphate A ..., b 0.671 0.557 0.258 8.016 L2

& 404 g grotnd Hmestone, ... 8,714 2,604 &.243 G032 L1

#44 gm ook phosphate A ... 0 0,672 {.557 &, 365 G032 12

*Upper figures represent starting ralion. Lower fgures represent finishing ration.

The rations were so planned that the percentages of caleium and phos-
phorus were maintained at a constant level throughout (Table 6). The rations
of Lots 1, 2, 3, and 4 confained the same amotnts of steamed bone meal and
limestone. Sodium fluoride was added to the rations of Lots 2, 3, and 4 in
amounts of 10, 30, and 60 grams per 100 pounds of feed, respectively. Roek
phosphate A wag substituted, on an equivalent phosphorus basis, for one-half
and all of the steamed bone meal of the contrel ration in Lots 5 and 6, respee-
tively, Sufficient ground limestone was added to the rations of the latier lots
to make the ealeium content of these rations compsarable to that of the other
lots. The amounts of magnesium in the rations of Lots § and 6 varied slightly
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from those of the other lots. The fluorine percentages varied from a trace to
0.6578 per cent, ‘The mineral compositions of the various rations were cal-
culated from the analyses of the various ingredients zs given below:

Faed Cafeium Phosphoras Magnesiom Fluetine

ot P, Bk,

Ground yellow corn® 0,014 0,301 0,109

Whent middiings 0.077 G.814 B.465

Linsced oil meal,, 417 0.%79 . 645

Grownd limestone - cireraees 4.

Rock phosphate A 34,13 15,32 o

Bteamed hone meal 29.84 14,59 0.4%

Bodium fluoride

*Annlyses taken from Henry & Morrison's *“Feeds and Feeding®’,

The gain and feed-requirement dats are presented in Table 7.

It is evi-

dent that neither the addition of 10 grams of sedium fluoride to 100 pounds of
the ration (Lot 2) nor the substitution of rock phosphate for one-half of the
steamed bone meal of the control ration (Lot 5) had any effect on the average
daily gains, When 60 grams of sodiom fluoride were added to 100 pounds of
the ration (Lot 4) and also when all the steamed bone meal was replaced by
rock phosphate A (Lot 6), the average daily gain was decreased, The feed
requirements of Lots 2 and 8 (10 and 30 grams sodium fluoride) were some-
what lesg than for the control lot (Lot 1), However, it ig questionable
whether the differences are significant. The substitution of rock phosphate A
for one-half of the steamed bone meal of the control ration {Lot §) made prac-
tically no difference in the feed reguirements, while the addition of 60 grams
of sodium finoride {Lot 4) and the substitution of rock phosphate A for all the
steamed bone meal of the control ration (Lot 8) increased the feed require-
ments. The average daily rations of the plgs in the various lots deereased
with Increasing amounts of sodium fluoride or rock phosphate A in the rations,

TABLE 7.—Gains and Feed Requirements
Fxperiment 2

) Finorine | Average | Average! Average] Average | Fred re-
%0'3 &iﬁg’rg‘ladfﬁd"“ﬁ per content | inftial | final daily | daily | gquired per
o ¥, basal ration of ration | weight | weight | gain feed | 1601b, gain
: - B, L, FaR L, AL, L3,
T grosnd 1§ 12 e
{4 Em. mround Hmestone 1| Trace 39,3 23.4 | L 5.08 58,4
2 454 gm. ground Hmestone, ,
454 Fm. steamed bone meal .00 37,7 2§4.6 .29 4,92 380.2
1 gre. sodinm Huoride. ...
3 454 o, ground limestone. .
§51 gm. steamed bone meal 0.089 38.8 213.8 LG4 4,08 380.9
30 gm. sediom Auoride. ..,
4 454 gm. ground lmestone.
454 gm, steamed bone meal 0.058 38.4 161.3 89.76 3.41 §50.2
60 gm, sedivm Hooride. ...
5 428 gm. ground imestone, .
227 pm. steamed bone meal 4.018 4.4 246.0 1.29 5.06 384.7
222 gm. rock phospbate A
1] 44 g, grovnd Hmestone. .
$44 gm. tock phesphate A =- 0.052 4.4 2194 1.1z 4,85 4340
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Toward the end of the feeding pericd, a careful record of the water con-
sumption of the different lots was kept for a period of 2 weeks, The resulis
are recorded in Table 8. Tt is evident that, regardless of the differences in the
sizes of the animals, all the lois consumed approximately the same amounts of
walter. When the water consumption is put on the basis of the weight of the
animalg, there iz a direet correlation between water consumption and the
ameunt of fluorine in the ration—that is, the greater the amount of fluorine in
the ration, the larger the water consumption.

TABLE 8.—The Effect of Fluorine on Water Consumption
Experiment 2

Lot | Fluorinecontent | Yeed consomed | Water consumed A\;egagz Wzteggqgngmpeﬁ
No. of ration in 7 weeks ity 2 weeks weight of per 160 Ib. live
Pigs weight,
Fel, L, =af, Lk, Gai,
1 Trace 45 165 212 7.8
2 IR a64 is6 208 .
3 0,028 767 153 188 81.38
4 0,058 471 158 144 1HL41
5 0.0 a27 165 212 .83
[ §.032 817 168 1% £8.42

As in the previcus experiment, the femurs of the animals in the various
"lots exhibited differences upon gross examination. The bones from Lot 1
{control) were smooth, with a normal yellow color and lustrous appearance.
The femurs of the animals which received 10 grams of sodimm fluoride and
approximately 0.5 per cent of rock phosphate A also appeared normal, while
those of the other lots showed the characteristic changes which accompany
fiuorine feeding, as described in the previous experiment. From the dats pre-
zented in Table 9, it is again evident that there was a slight inerease in the
diameters of the femurs as the percentages of fiueorine in the rations were
inereased. ‘lThe breaking strengths showed a decrease with increasing amounts
of flucrine in the rations. The differences in the brezking strengths of the
hones in Lots 1, 2, and 5 were not significant; however, the decressed byeaking
strengths of the bones of the lots which had received the rations containing
greater amounts of fluorine, either in the form of sodium fluoride or rock phos-
phate A, were decidedly significant, "When the breaking strength was pui on
the basis of the size of the bone (bresking strength divided by the weight of
the bone), the relative positions of the lotz were unchanged, and the bresking
strength on this basis was directly correlated with the fuorine content of the
ration.
There was no gignificant difference in the ash percentages of the femurs
of the different lots (Table 9}, However, when the ash content was put on a
volume basis {ash per unit volume); it was noted that the addition of 10 grams
of sodium fluoride to the ration {Lot 2) increased the density of the bone. Lot
4 (60 gm. sodium fleoride} had the least dense bone, while the lots which
received 30 grams of sodium fluoride {Lot 8} or rock phosphate A (Lots 5 and
8) showed only a slight decrease in bone density over the control lot (Lot 1).
The detailed chemical analyses of the femurs {Table 10} substantiated the
results of the previeus experiment. The percentage of carbon diexide in the
dry, fat-free bones of Lots 2 and 5 showed no significant differences from those



TABLE 9—Physical Measurements and Ash Contents of the Femurs
Experiment 2

: Average of
Lot Mineral additions to 160 b ﬂ:ﬁ;”f Average | Average | Average ‘;m"gﬂ?eﬁf,f ;',‘r‘;‘;‘;,’?;,“g breaking strength|  Average a‘:; :’;{é
Mo basal ration of tation weight voltirae length Aameter strongth divided by ash rolnme
weight of bone
. i5a P, e, Ce, Case, Came, Lb, Fet, e,
gt pround lboestome, ... L )
£5d gm, steamed bonsmeal, .. ... i Trace 178 138 18.4 1.% 1643 4= 3B 6.06 6F8 = 3,34 8
2 454 pon. grround Hmestone. ...
454 gm. steamed bore meal, e . 010 142 140 8.3 2.04 876 == 55 B.03 62,9 = (1,42 0.826
H gm- sodinrm Auacide, ...,
3 454 gm. grontd thnestone., ..., ..
454 gm. staamed botwe seal .. % .08 142 132 I7.3 212 87% = 42 5.2 62.5 + .41 4. 72
30 gm. sodinm Anoride. . ... ...
3 454 gm, ground Hmestona., . . e
454 om, steamed bone menl . 4.058 187 131 17.1 2.22 350 4 23 3.49 80,7 £ (.52 472
B} gm, sodium fluoride. |, . {
5 420 g, ground limestone, N -
227 g mleamed bone meal, . ‘r 4.016 176 138 18.1 2.03 1050 = 58 6.17 2.8 0,25 .78
222 . rock plwsphate A . .
[} 404 gm. ground imestone. ., et 4
44 o, vock PROSPHALE B o or r {1032 1% 14% 183 2.10 827 = 37 4.76 #2,8 = Q.30 T

8T
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of the control lot, while the bones of the animals which veceived larger amounts
of sodiunm finoride or rock phosphate A (Lots 3, 4, and 6) showed & decrease in
the carbon dioxide contents with increasing amounts of fluorine in the ration.
The percentages of fluorine in the dry, fat-free bones varied directly with the
amounts of this element present in the rations. The percentages of calcium
and phosphorus in the bone ash of the varicus lots showed no significant differ-
ances, regardless of the finorine intakes. The percentages of magnesium in the
kone ash, on the other hand, were increased by fluorine feeding., This increase
ig directly correlated with the amounts of fluorine ingested.

TABLE 10.Chemical Analyzes of the Femurs
Experiment 2

Fluor- Hone ash Mpisture- and fat-
) ine fren bone
Lot | Mineral additions to 1001 | onsant
Now basal ration of ’ H
ration | Calcfum Phos- Magne Carbon | Fluge
PROTNS sium diogide ine*
Fee, et ek, Fer, Fef, Pee,

1| B zm. groond lmestone. || Prace | 37.620.10 | 18.50.11 |0.920,011 | 2.93=0.02 | 0.05
2 454 gm. ground iimestona, .
454 gm, steamed bone meal

10 gm. sedimz #ueride, ...

0.010 | 37,6+0.89 | I8,3+0.08 {C.O7+0.011 | 3.01=0.03 | ©.32

454 gm, steamed bobe meal G029 1 37.6=0.08 [ IB.3=0.04 ] 1.00==0.0281 2,71 =000 | (.67

30 gm. sodinm flnoride. ...

4 454 gm. ground imestone.
454 gm, steamed bone meal
60 gom. sodinm fooride. ..

0.058 | 3T.7w (.05 § 18.220.05 | 1.21 0,107 | 2.31=20.02 | 1.08
5 429 g, ground Haestone. |

227 g, steamed Done meal

i

;

3 454 o, groand Hmestone, }
222 gov. ok phosphatle A %

0,016 | 37.7+0,05 | 18.2x0.05 | L04+-0.013 | 288003 | 0.41

4i4 gm. rock phosphate A

6 | 404 gu. groundiimestone, . 4| ¢ 3y | 38,20.13 | 19,0=0.18 | 1,100,014} 2.78=0.04 | .62

*Flunrine rin on eonposite semples.

On gross examination the mandibles of the animals which had been fed
sodivm fluoride or roek phosphate A presented a rough, white, lusterless
appearance, with many exostoses. In the lotg which were fed smaler amounts
of sedivm fluoride or rock phosphate A (Lots 2 and 5), these changes were
very slight but they became more exaggerated as the percentages of fluorine
in the rations increased. The total lengths and heights of the mandibles in
the different lots showed considerable variation which could not be correlated
with the fluorine ingested (Table 11). These differences were probably due to
such factors as size, type, ete., rather than to any effects of the rations. The
buccolingual dimensions, taken at the positions of the three melars, were
mmereased with the increase of fluorine in the rations. The vertical dimensions
showed no significant differences in any of the lots. The width of the dental
arch, at the position of the second melar, was increased with fhe thickening of
the body of the mandibles {Iigs, 1a and 1h).
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TABLE 11.—Physical Analyses of Mandibles
Experiment 2

! A verage buccolingual A verage vertical Average
Fluorine | Average Average | dimensions dimensions width of
Lot | content length height | dental
No. of of of arch at
ration | mandible | mandible | First |Second | Third | First | Second| Third second
| molar | molar | molar | molar | molar | molar molar
Pci, M, Mo, M, M, M, M, M, | Mo, Mo,
1 Trace 199 102 21.2 2eL.7 3.1 42.1 40.5 41.1 42.4
2 0.010 205 103 21.3 22.3 23.4 42.3 1.8 42.2 45.6
3 0.029 194 102 22.7 24.6 2.3 40.7 41.0 41.2 46.8
4 0.058 192 102 24.1 25.0 25.1 41.3 40.5 41.1 45.6
5 0.016 203 105 23.0 22.9 2.2 42.3 41.2 41.6 45.5
6 0.032 200 104 | 24.7 20.8 25.9 43.5 | 42.0 ‘ 42.3 44.0

Fig. 1a Fig. 1b

Fig. 1.—Mandibles from pigs in Lot 1 (control, 1a)
and Lot 6 (0.032% of fluorine in diet, 1b)

The teeth of all the lots showed no significant differences in the amount of
wear; however, those of the animals which received the highest percentages of
fluorine in the form of sodium fluoride or rock phosphate A had a greater
tendency to chip than those of the eontrols (limestone and steamed bone meal).
The chemical analyses of the teeth (Table 12) showed no significant differences
in the ash contents or in the percentages of calcium, phosphorus, and mag-
nesium present in the ash. The carbon dioxide contents of the moisture- and
fat-free teeth were the same for all lots, while the amount of fluorine varied in
direct proportion to that present in the rations.

Post-mortem examinations revealed no abnormalities in the wvarious
organs, with the exception of the kidneys of Lot 6 (approximately 1 per cent
of rock phosphate A). These kidneys were rather pale in color and slightly
mottled in appearance. Histological examinations showed the presence of a
chronie, parenchymatous nephritis. The epithelium of the convoluted tubules
was degenerated, with an infiltration of fibrous tissue throughout the organ.
This condition was the same as that noted in the previous experiment when
rock phosphates were fed at the same or higher levels.
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TABLE 12.—Chemieal Analyses of the Teeth
Experiment 2

Fluorine “Tooth ash Dry fat-free testh
i Lot | Mineral additlons to 10015, content | Ak
- No. basal ration of Cal- | Phos- § Mag- | Carbo | ®iporine
ration clum | phoros inesiom|  diexide
Fed, Fet, Falaa Fet, Pod, Pei, Per,
Y fiemegoundlmestone. 1| eace | 3.5 | 367 | 19 L Les | 176 | 004
2 454 gro. ground Ymestone,
454 g, steamed bone meak 0.010 .4 .G 1.8 1.67 1.68 0327
1 gm., sodium Raockde. .
3 454 gm. ground Hmestone. .
454 gm. steamed bone meak 0.029 b2 R - | 1.7 1.6 1.9 .56
3 gm. sedinm fuoride. .
4 454 gm. ground mestone. |
4 g, steamed bone meak 0.058 .5 36.7 17.% 1.56 1.7 &.373
&0 g, sodism Auoride. .
5 428 g, ground limestone.,
237 gm. steamed bone meal 4.6 4.6 6.5 7 1.7 1.64 0.124
222 g, rock phosphate A
§ | tem ground timestone,. L} gog2 | Mz | 368 | W1 | LW | Les 0.228

The dats, in general, substantiated those of the previous experiment. It
was evident that sodivm flueride had precisely the same effects sz rock phos-
phate on the bones. These changes became more exaggerated as the Huorine
contents of the rations were increased. Rock phosphate preduced changes in
the kidneyvs which were not produced when fluorine in the form of sodium
fluoride was included in the ration, even at much higher levels than in the form
of rock phosphate.

EXPERIMENT &

The third experiment was planned to study the comparative efficiency of
preeipitated bone flour, “treated” and *“untreated” rock phosphates, and a com-
bination of treble superphosphate and limestone, as compared with steamed
bone meal, for growing, fattening pigs.

Bix lots of eight pigs each were housed indoors on a concrete floor and
hand-fed their respective rationg twice daily. The experiment was continued
for 140 days, at which time the animals were slaughtered and subjected to
post-mortem examinations, tissues being removed for analyses.

The mineral compositions of the various rations were calculated from the
analyses of the ingredients which were as follows:

Faad Calcitm Phoaphoras Magnesium Floorine
Pt Faz N Pet, P,
Ground yeliow cors®......, ., D0.014 $.30% 0.104%
Wheat middlings...c.ooo0 . L 309
Linaeed ol meal. oooaaeas [ 2,361 03?2 {.513
GEround Jmestone. ..o .- T - ¥ . PO 3.9
Steamed DORRWEAL v eciv i iririreenenannd  SL5D T 0,389
Precipitated DONEBOUT . 1vme:srersessnnssnsoen 25.45 36.59 £.062
Treble superphosphate ., .vveeen.. ceand 14,34 20.45 £.215 1.08
'Tz-eatad” rock phosphate, ... L dALE M.25 @.508 0,50
“Hntreated™ roct phosphate, . 33.30 .50 0.452 3.56

*Analyses taken from Henry & Morrison’s 'Freeds pnd Weeding''.
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The rations of the various lots, togethar with their minersl compositions,
are presented in ‘'able 13. ‘The rations of Lots 1 and 2 contained 2 per cent of
“untreated” and “ireated” rock phosphate, respeetively. Those of Lots 3 and
4 were the same, each containing 2 per cent of steamed bone meal, except that
96 grams of calelum fluoride were added te sach 200 pounds of the basal
mixiure in the former group. Freble superphogphate and limesfone were
added to the ration of Lot 5 in such amounts that the calcium and phosphorus
contents of this ration were comparable to those of Lot 4 (£ per cent steamed
bone mesal}, In the ration of Lot 8, the steamed bone meal of the control
ration was replaced, part for pari, by precipitated bone flour,

TABLE 13.—Mineral Composition of the Rations—-Calculated
Experiment 3

; s
Lot Mineral additions to 100 Ib. bagal ration Galehum | Phos- Mag- : pyqorige] CaiP
Na, phorus | nesinm ratio
) FaTa Frod Fred, Fret,
1 908 gim. “unireated” reck phosphate.. ..., ; ggﬁ* gggg 3 ?‘g gg% {%
b4 908 g, "treated™ rock phosphate ........ ‘: 8 33; g ggg g %ﬁ gg}g ;’%
3 8 gm. steamed banemeal, . v oirienraan . { 0811 0928 238 (.06 1.2
8 g calcium Aooride. o oiiiiii i, 0.9 {1,658 £, 180 0,641 L%
4 HHE gm. steamed bopemeat. ... .ol jf gg%? gg&? g‘%gg gi:ﬁ }ig
5 842 par, treble supsrphosphate oo ) &Y .73 0,278 a,815 1.0
570 g, ground Bmestons. ... ..oooiiiien P 0.671 3,653 0.222 2,815 1.0
[ 08 g precipitated bone Soue.. .. { g%g gzgg g‘ﬁg %:::3 g:g

Flpper fpures represent startiog ration,  Lower Apures represent finlshing ration.

It is apparent, from the data presented in Table 14, that neither the sub-
stitution of “treated” rock phosphate (Lot 2) nor the addition of caleium
fluoride (Lot 8) to the steamed bone meal of the contrgl ration (It 4} had any
effect on the average daily gains. However, when treble superphosphate and
limestone in combination or when precipitated bone flour was substituted for
the steamed bone meal, the average daily gain was slightly reduced; whereas
the substitution of “untreated” rock phosphate caused the average daily gain
to be reduced by one-half, at the same time materially reducing the average
daily feed intake. The feed requirementis of Lot 4 {stcamed bone meal) were
slightly less than those of Lots 2, 8, and 5 {“treated” rock phosphate, 80 gm.
caletum fiuoride, and the combination of limestone and treble superphosphate,
respectively), decidedly less than those of Lot § (precipitated bone four), and
very materially less than these of Lot 1 (“untreated” rock phosphate).

‘With the exception of Lot 1, the physical analyses of the femurs of the
vartous lots (Table 18} showed no significant differences in weight, volume,
length, and smallest diameter, The femurs of the animals in the latter lot
were lighter in weight, smaller in volume, shorter in length, but larger in
dameter than those of the other lois. Despite the Tact that these bones were
larger in diameter, they had a much lower breaking strength than those of the
other animals.
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TABLE 14.—Gains and Feed Requirements
Experiment 3

- Fead
Lot Mineral additions to 100 1b. Fluorine | vt | fon d‘:EY aatie | reauired
Ha, baral ration of ration | weight | weight; main [ feed per 100
ib, gain
Pei, LE, L8, L5, L&, Lb,
1 08 gon, “untreated™ rocki phosphate....| 8071 w7 123.6 | 0.68 3.54 8927
2 908 gm. “treated" rock phesphate.......| 0010 39.9 213.2 | 1,24 4.89 395.2
3 B8 gm, steamut Donemeal....oovoreri,
8 gm, caloivm ﬂtmride...........m'% 0.081 .9 7.5 128 4.7¢ 3%6.2
4 908 g, steamed Dote meal iiiirrrieee. | Arace | 39.4 2241 1.23 4,95 374.9
5 642 gm. treble superphosphate. . ... 1
3¥0 grm. grownd Smestobe. ... ..., Top| 001 | S8 2004 L16 | L2 397.0
3 908 gm. precipitated bone oty ... .. ... Trace | 39.0 WY | LODE 4.71 435.5

The percentage of ash in the moeisture- and fat-free bones exhibited some
variations among the lots. The femurs from Lot 2 {(*treated” rock phosphate)
had a significantly higher ash content than those of Lot 1 (“untreated” rock
phosphate); whereas the femurs from those which had received the addition of
fiuorine as calclum fluoride to the steamed bone meal ration (1ot 3} cansed no
significant difference in the percentage of ash in the bones. The ash contents
of the bones from Lotz 5 and 6 {treble superphosphate and bone flour, respec-
tively) showed no significant differences when compared to those of Lot 4
{steamed bone meal},

The chemical analyses {Table 16} revealed, in contra@t te the results of
the previous trials, significant differences in the caleium and phosphorus eon-
tents of the bone ash from the different lots. The femurs of Lot 4 (steamed
bone meal) had a significantly higher percentage of caleium in the ash than
did any of the other lots, with the exception of Lot 6 (precipitated bone flour).
There was no significant difference between Lots 1 and 2 in the percentage of
caleium or in the percentage of phosphorus in the bone ash. The percentages
of phosphorus in the bone ash of Lots 8, 4, and 5 (caleiom fluoride, steamed
bone mesl, and freble superphosphate, respectively) showed ne significant
varigtions but the phosphorus contents of the bone ash of the control group
{Lot 4} were significantly lower than those of Lots 1, 2, and 6 (“untreated”
and “treated” rock phosphate and precipitated bone flour, respectively). The
magnesium contents of the bone ash of Lots 2 and 1 {*treated” and "untreated”
rock phosphates) wvaried directly with the fluorine contents of the ratioms,
while the addition of caleium fluoride (Lot 3) 1o the control ration (Lot 4) had
ne significant effect in this respect. The percentage of magnesium in the bone
ash of Lot 4 was significantly higher than that of Lots 5 and 6 (treble super-
phosphate and precipitated bone flour, respectively) regardless of the differ-
ences in the fivorine or magnesium contents of the three rations. As in the
previous experiments, the substitution of rock phosphate {Fantreated”} for the
steamed bone meal of the control ration caused an inerease in the filnorine con-
tent of the ration and a decrease in the carbon dioxide content of the dry, fat-
free bone. This decrease did not occur when the steamed bone meal wasz
replaced by “trested” rock phosphate, which contained a low fluorine content,
nor when calcium fluoride was added {o the ration. The outstanding difference



TABLE 15.—Physical Measurements and Ash Contents of the Femurs
Esperiment 3

Flaorine Average of A
Lot Minerad additions to 100 1t content | Average : Average | Average ﬁ‘r;’ﬁﬁf;;i {;.;;g&gg kreaking strength Average ;:};am
No basal ration of welght yolume enith | Giameter strength divided by ash DT O
ration weight of bone wolome
Pce, o, Qe T, e, L&, Feu, e,
3 8 gm, “untreated” rock phosphate. .., 0,071 130 68 15,9 2,08 Fi - 47 518 2.5 w25 {640
4 Y08 gm, “treated™ rock phosphate ..., 0.G10 139 122 17,2 1.82 046 = 28 7.53 H$4.1 =0, 18 0,737
3 9 gm, stearned bone | U,
e g;_ catcinm ﬁmﬁé’;‘?‘t‘“ 0.081 13 9 17.6 1.4 B66 = 13 £.51 63,8+ 3,28 071
4 B8 gm. steamed bonemeal.. ..., via]  Trace 137 120 7.4 LAY B30 = 22 £.83 63,1 « (.27 0,726
5 647 gm. Lreble superphosphate . . "
B0 s, ETORRE LHMESLONE, v o eeen s 4,015 135 120 17.5 188 038 = 34 6.73 63.1 2 8.16 2,731
& HE gm. precipitated hone fleur.. ... Trave 135 137 iT.2 PR} 861 = 42 6,38 83,8 =014 0,736
TABLE 16.-Chemical Analyses of the Femars
Experiment 3
Fluorine Bone ash Maiature- and fat-free bone
%0; Mineral additions to 100 Ib. basai ration W‘:;:e“f-
ration Cateions Phosphoras Mapnesi Carbon dioxide Fiuorine
i, Pei, Pct, Pt Pat, Far
1 008 g, “untreated” rock pRoPHAtE. . . it ieraianraranr i 0.0 3RS 4058 8.6 =418 1.51 = 0,036 2.05 = Q.07 AT w §.031
] S0B g, “treatad™ rock phospHate .o eenn 0,010 38.8 = 0.08 8.6 = 8.17 0.96 = 0.014 7,85 w 0,03 0.33 w 5,087
3 908 grm, steamed botiemeal. ... ..ol iiiiie e i
B g, calcinm Aaoride, oo oe. ey .91 38.6 = 0,10 100 = 0,09 1.02 = 0,014 72,80 + 0,05 0.07 # 0,003
4 | 908 g, steamed bonemeal. ...... Frace 39.6 + .09 7.3 0.5 1.08 = 0,024 2,83 =+ 0.03 0,93 + 0,001
5 £42 gren. treble ssperphosphate .
B0 1. @romd Hmestone, . ... 5,013 35.8 = 0,09 7.9 =0.19 0.92 = 0,005 2.86 - 0.02 0,43 & 0.004
B | 908 gm. precipitated bome BOWr. ..o iiiiii s i Erace 39.1=0.18 18.9 = 0.21 0.92 = 0,009 .83+ 0.02 .03 = 0,001
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in the chemieal snalyses lay in the fluorine contents of the bones of the various
Tots. It was clear that the fluorine of the calcium fluoride and the treble
superphosphate was not transferred to the bones as efficiently as the fluorine
from the two samples of rock phesphate. Comparing the results obtained
with calelum fluoride in this experiment with those obtained with sodium
fucride in the previcus experiments, i is obvious that the calcium sgalt is not
so deleterious to pigs with respect to growth, feed consumpiion, or bone com-
position as is the sodium salt.

The mandibles of the pigs in Lot 1 {‘“untreated” rock phosphate) showed
the characteristic symptoms of excessive fluorine feeding, They were white in
eolor and rough in appearance, while the hodies of the bones were considerably
thickened in contrast to the yellowish, lustrous color and smooth appearance of
those in the other lets. This same roughened, white zppearance was also
apparent in the femurs of the animals in Lot 1.

The kidneys of the animals in Lot 1 (“untreated” rock phosphate), on
gross examination, were firm to the touch and exhibited various degrees of
fibrosis. Those of Lot 2 (“treated” rock phosphate) generally were slightly
congested, while those of the animals in the other lots appeared normal
Micrescopic examination showed varying degrees of fibrosiz in the kidneys of
Lot 1, congestion of the blood vessels and dilation of the capsular space in
those of Lot 2, and normal conditions in the kidreys from Lots 8, 4, b, and 6.

¥t is apparent, from the resuls of this trial, that calcium fluoride does not
exert the same effects upon swine as does sodium fluoride or fluorine in the
form present in rock phosphate. The various effects on the bones and kidneys
noted in the previous trials when rock phosphate was fed were agnin demon-
strated. No such kidney changes as those reported by Bohstedt and
co-workers (10), a3 a result of feeding precipitated bone flour, were observed.
Bince the kidney changes in Loty 1 and 2 (Yuntreated” and “ireasted” rock phos-
phate} were not of the same magnitude and no patheolegical changes were
noted in any of the previous experiments when sodium fHuoride was fed, it
wotld appear that these kidney changes must be caused either by the form of
fluorine present or by some other substance present in the rock phosphate

which was removed in part when the mineral was processed for the removal of
the fiuorine.

EXPERIMENT 4

The fourth experiment involved a study of the maximum amount of rock
phosphate which could economically be fed to growing pigs and a comparison
of the effects of phosphatic limestone {Fos-for-us) and a combination of rock
phosphate and limestone when fed at the same caleium and phosphorus levels.

Forty weanling pigs were divided info five equal lots. All groups were
confined in outdosr, brick-paved pens and self-fed the respective rations pre-
sented in Table 17. The mineral compositions of the rations were calculated
from the following analyses of the various constituents:

Feed i Calcivm Phosphorns Magnesinm Fluorine
Pet, Pet, Pet,
Ground yelow corn®. .. .iiirrraiariirarorenns .04 $.5301 0.109
Wheat middlings. .. e 0.084 . 562 D192
Linaeed oil meal. ... 0,364 3.7 .£20
Greund limestone, . . 34,10 2,900
Rock phesphate A 3.8 12.96 .36
Steamed meal, ., 31.58 14.45 .580
Phosphatic Imestont ...oocvvrrraineinreiaa. 34.87 4.55 {664

* Analyses taken from Henry & Morrison's 'Feeds and Feeding'.
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The ration of Lot 1 was supplemented with 2 parts of rock phosphate A; Tot 2
had half of the rock phosphate A replaced by limestone; while Lot 3 received
a combination of steamed bone meal and lHmestone in such amounts that the
ration eontained the same guantities of calelume and phosphorus as did the
ration of Lot 2. The ration of Lot 4 contained 2 parts of phosphatie Hmestone;
this was replaced in the ration of Lot B by a combination of rock phosphate A
and limestone having the same calcium, phosphorus, and fluorine contents.
The experiment was continued for 148 days, at which time the animals were
glaughtered, Post-mortem examinations were made and tissues were removed
for analyzes,

TABLE 17—Mineral Composition of the Rations—Calculated
Experiment 4

Lot Mineral addjtions to 1001b, | Catchum | Phos- Mag | Fruorine | CaiP
N, hasat ration : phiorus 1esinm r&tio
a. . g,k W07 1.1
1 808 g, rock phosphate A ........ 5 o7 .23 3,150 8.071 1.2
2 454 gm. rock phosphate A ....... % 0. 764 0.568 6. 225 0.035 1.3
484 g, grognd Homestone....., ... 0725 0. 501 ¢.189 0.036 i.4
3 405 gm, steamed botenseal ..., g . 7653 0,568 233 Trace 1.3
53T gm. ground Hmestone. .. ...... 4 §.724 0. 501 5197 Trace 1.4
4 %8 rm. phosphatic Hmestona , . ... { g:gﬁé 3_4535; g: ig gggi i:g
] 320 gm. Tock phosphate A ........ { . 780 3,431 0.138 0.025 1.5
811 gm. ground Hmestone.,,,...... €. 742 D, 4684 &, 202 0025 1.6

*Upper fignres represent sisrtiog ration. Lower flgures represent finishing ration.

The data presented in Table 18 show that 2 parts of rock phosphate A in
the ration were not as economical frovs the standpoints of aversge daily gains
and feed required to produce 100 pounds of gain as when only one-half as much
rock phosphate was fed (Lot 2). On the other hand, the ration supplemented
with one part of rock phosphate A (Lot 2) caused a slightly greater average
daily gain and a sHghtly smaller feed requirement than did the ration of Lot 2,
which contained its supplementary phosphorus in the form of steamed bone
meal. The average daily gains and the feed requirements of the pigs in Lots
4 and 5 (phosphatie limestone and rock phosphate A, respectively) were com-
parable to those of Lots 2 and 2.

TABLE 18.—Gains and Feed Requirements
Experiment 4

Lot | Mineral additionsio 100 ib. | Floorine | Av. Av, Av. Av. 1 Feed re-
Nao, basal ration ontent initial fnal daily dally i aulred per
of ration | welght | welght Fain Tewinck 100 1b, g=in
: Pet, L3, L3, 73, Lk, Lé,
1 908 gm. rock phosphate A .. 8.471 42.3 170.¢ 0.88 4.3 488.4
7 | ®{gm. ;
Digm-rockphosphate A Ll pose | 420 | 2244 | 13 | 513 §5.9
3 46 . t
Sq e mteamed bone meal Ll oprace | 42 | 1949 | 102 | 445 434.6
4§ | 908gm,phosphaticlimestone] 6020 | 4L7 0.6 { 113 4.8t 424.6
5 | 320 em. 1




TABLE 19.—Physical Measurements and Ash Contents of the Femura

Experiment 4

Fiuorine Average of Average
T.ot Mineral additions to 100 1h, content Average Average | Average Average A VeIRge brealing Average ash
Nao. basalration of weight TOLERE kength smaliest hrez kmg ;‘.tr??‘:it;; ash per oo,
ration diametet strengt livided by voiame
weight of bone
Ped, L, Ce, O, Cane, L&, Ped, T
1 908 gm. rock phosphate A ... ....... 0.471 145 126 6.8 2.22 82 = 43 59,6 = 0,78 6.726
2 454 g, rock phosphate A .., ... i
454 pm. ground Hmestons. . o 0.036 153 134 17.4 1.93 BEG = 30 63.2 # 0,49 . 767
k1 405 gen, steamed bone meal .! g
536 g, ground Bmestone, .. {1 Trace 136 12 18,7 1.5 861 + 33 61.% 2 3,51 0,783
3 98 gm. phosphatic imestone |, ., 0.0 155 134 17.6 1.5 060 = 27 €16 = 0.58 0.788
5 320 g, rock phosphate A,
611 gm. ground limestona : %\ 0.025 169 47 18,4 2,03 il = 28 63,8 = 0,59 6777
TABLE 20.—Chemical Analyses of the Femurs
Experiment 4
Bone ash holsture- and fatfree bone
Lot . Fhorine
Mo, Mineral additions to K i, basal ration content.
of ration Caleisvm Phosphorns Magnesiun Carbon dioxide Fluorine
ot FrI Pef. Bt Pt Fed,
1 308 g, roch PROSDHALE A viiviiicirir st §.071 378+ 0.20 16,8 = 0,16 1,18 =+ 0,018 2,53 =0,04 8,70 = 0,033
4 434 gm-rock phosphate A i, T I :
134 . ground tmestoner. LU f 06 | 6007 | 16018 1,03 = 0,033 264 = 0.03 0.33 = 8,011
3 405 g, steamed bone meal...... e
B30 g grronnd HInestone. .y cvvievaiaennninn e } Trace 884+ 0.06 16.6 + 016 0.98 = .02 3.08 = 0.02 0.04 ~ 0.002
1 S08 g phosphatic Hmestone. ... oviieee i cia e e aaanaas 0,024 37.8 = B.32 7.1 = 0.20 108 = 0.012 81 = 4,07 0.26 = 0,011
§ 320 gm. moch phoBDNALE & i rrae e, - = g
GL1 g gronnd LmeStoBne. ... vovirinrsiaminiariisirenrtrionen 1L h.025 8.9 = 0.2 .6« 0.2 162 = 0.018 2.90 = 004 0.26 = 0,007
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The femurs of the animals in Lot 1, on gress examination, showed the
characteristic rough, white, lusterless appearance found in the previous experi-
menis when the rations contzined 2 per cent of vock phosphate. In comirast
to the previous experiments, those of Lot 2 (1 per cent of rock phosphate A)
appeared normal in color and shape. The femurs of the animals in the other
lots ali had the smooth, yellow, lustrous, normal appearance. The smallest
diameters of the bones of the various lots increased as the amounts of fluorine
in the rations increased, The data on the breaking strengths of the bones
{Tahis 19) did not show the extreme changes found in the other trisls,
especially when the ration contained 2 per cent of rock phosphate A, The per-
centage ash in the bones showed no significant differences in amy of the lots
when compared with Lot 3 {control). Fowever, the ash content of the femurs
of Lot 2 {1 per cent rock phosphate A) was significantly higher than that of -
Lot 1 €2 per cent rock phosphate A). No differences were noted in the results
obtained on phosphatic limestone and & combination of rock phosphate A and
limestone containing equivalent cuantities of calcium, phosphorus, and
fluorine (T.0ts 4 and B).

Table 20 gives the data on the chemical analyses of the femurs. The cal-
cinm contents of the bone ash of the various lots do not vary significantly from
that of the control lot (Lot 331 however, that of Lot 2 {1 per cent rock phos-
phate A) is significantly higher than that of Lot 1 (2 per cent rock phosphate
A). The phosphorus eontent of the bone ash of Lot 2 iz significantly higher
than that of the other lots. These results are not in accord with those of the
previous experimentz. However, as in the other trials, the magnesium con-
tents of the hones increased as the fiuorine contents of the raitions incressed.
The carbon dioxide content of the dry, fat-free bones showed & decrease in the
case of Lot 1 (2 per cent rock phosphate A}, and In zll cases the percentage of
fluorine in the bones increased in direct proportion to the fluorine contenis of
the rations. The increase was, however, not of the same magnitude as in the
previous trials, when flucrine was fed at the same levels. There is no obviocus,
explanation for the spparent discrepancies in this experiment when compared
with the previous tirials.

EXPERIMENT §
LONG-TTME FEEDING TRIALS WIlH SWINE

Inasmuch ag the effects of feeding rock phosphate and sodium Ruoride over
short periods of time had been establizhed, it was desired to determine the
extent to which these effects would proceed if such feeding was continued over
long periods of time. Furthermore, it wag desired to determine if such feed-
ing had a detrimental effect upon reproduction and lactation.

Fo this end, gilis from the previous experiments had been saved and con-
tinwed on their respective rations. Three animals were fed the Hmestone
control ration; two each were fed rations containing 2 parts of limestone and
30 and 60 grams of sodium fluoride per 100 pounds of ration, and fwo more
received as a mineral supplement 1 part each of ground limestone and rock
phosphate A, Five animals were maintained on the basal ration supplemented
with 2 parts of rock phosphate A,
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The same basal ration was used as that fed during the latter part of the
fattering period in the previous experiments. The ingredients of the rations
were analyzed separately and Lhe mineral compositicns of the rations cal-
culated from the following resuits:

H
Feed Caleium Phosphorus % Magnesiam Fiuorine

Pri, Pet. Pk, Fref,
Ground yeilow corn®
Wheat middlings®,
Linseed ofl meal®. .
Ground limestone. .
Rock phosphate 4

Bodism Buorlde. ouie i iiiiaiiine. 44.75

*Anglysen taken from Henry & Morrkson’s “‘Feeds and Feeding'',

The mineral compositions and the Ca:P ratios of these rations are presented
in ‘Fable 21. Subsequent to the removal of the gilts at the clese of the fatten-
ing period, all the animals were hand-fed in order {o prevent excessive fatten-
ing and {0 avoid breeding troubles from thiz source. After parturition, the
amounts of the rations were again increased so that the animals were receiving
ali the feed they would consume in order to cover the reguirements of laefa-
tion, No record was kept of the water consumption, but from daily observa-
tion it was cbvious that the animals en the high levels of rock phosphate and
sodium fucride consumed much larger guantities of water than did the animals
on the other rations, Judging by the condition of their lots and houses, water
«limination was also much greater in those lots on the high-fluorine levels.

TABLE 21.—Mineral Composition of the Rations—Calculated
Experiment &

Lot Misteral additions to 100 ib. : Phos. Mag- Cap
Mo bagal ration Calcinm phorus nesjum Fiuorine ratio
B2, Per, Ped, Pk, Pl
i 808 g, ground Ymesvone. ... .. . 766 0.422 $.012 Trace L8

2 908 gm. ground Hmestone. ... ...
30 gon. sodiom Buoride............ f 0.768 0.422 o.212 0.628 1.8

3 08 g, grround limestone..........
60 gen, sodivo Suoride... ... % &.766 0.422 &.212 0.658 1.8

4 454 gm. ground Hmestone, ... ...
£2 e round Hmestono,: -+ b ot 0,57 597 033 13
5 808 gm. rock phosphate A .......... 73 0. 718 &183 8,065 1.0

The gilts were kept out-of-doors on brick-paved lots and shelter was pro-
vided in well-ventilated houses adjeining the lots. They were first bred when
approximately 7 to 8 months of age and subsequently to have pigs fwice a
year. At each breeding period all the animals were mated to the same boar so
that in 2 comparison of the litters the male factor remained constant. 'The
sows were allowed to farrow in the houses adjoining the lots and at no time
were they allowed off the paved lots. The young pigs were confined to the
pens until they were 2 weeks old, at which time they were given the run of an
adjoining binegrass pasture., The litters were weighed at birth and weekly
thereafter until they were 6 wecks old, at which time they were weaned.
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The sows were maintained under these conditions for approximately 2
wvears, with the exeeption of four animals in the lob recelving 2 parts of rock
phosphate. One of these sows died afier 16 months on the ration without
having preduced a litter; two others died after being on the ration 14 and 19
months, respectively, each having produced and suckled one litter; the fourth
animal was 2 replacement but had been on the test 19 months before the termi-
nation of the experiment. Af the time of slaughter, or after death, post-
mottem examinations were made and tissues were removed for analyses and
hiztelogical examinations.

Until the time of their first parturiticn, all the animals remained in good
physical condition, with the exception of Sow 12 (2 parts rock phosphate A).
This animal began to lose weight and became unthrifty after she had heen on
the ration approximately 7 months. She was hesitant to move and ususlly
stood with her head down and her hind feet drawn far up beneath her body.
When foreed to move she did so with a stiff, stilted galt and walked on the iips
of her toes, with her “knees”™ bent, The sow comtinued 1o 1ive in this condition
for ahout & months. )

Naturally, all the animals lost some weight after parturition, but the
greatest losses oceurred in the lots which received the largest amounty of
flugrine {Lots & and 5}, An attempt was made 1o increase the food consump-
tion but it was found that the animals, except those in Lot 1 {control}, refused
to eat all of the extra amounts provided., The lot which received 2 per cent of
rock phosphate was especially cutstanding in thiz regpect. After the young
were weaned, none of the sows, with the exception of the control lot (Lot 1},
consumed enough feed to bring them back to good condilion until after a long
period of time. None of the sows on the 2 per cent rock phosphate ration ever
retmrned to good condition after having produced one litter, and in only one
case (Sow 34) did 2 sow produce more than one litter. When feed was offared
to the sows in Lots 2, 3, 4, and 5, particularly to these in Lot 5, they would take
a wmouthful and, with a baekward toss of their heads, attempt to swallow the
feed without allowing it to come in contact with their teeth. No effort was
miage to chew the feed. Cold water was taken very reluctantly, and the great-
ezt part of the water was consumed after the sun had warmed it in the troughs.
The reasen for this behavier became apparent when the teeth were examined
at the time of slaughter.

Data on reproduction (Table 22) are too meager Lo be conclusive, Sows
20 and 3% (2 per cent rock phosphate) produced only one litter each. The con-
dition of these sows after their pigs were weaned became similar to that
described I the case of Sow 12. They became unthrifty and were disinclined
to move, standing most of the time in the position previcusly described. They
walked with the same stiff, stilted gait as Sow 12 and lived only a short time
after their litters had been weaned. The data indicate that, when the fluorine
content of the ration doez not exceed 0.058 per cent in the form of scdium
fluoride or 0,065 per cent in the form of rock phosphate, no deleterious effect. is
produced on the namber or size of the young at bixth. However, the feed
intake of the animalzs on rations containing 0.028 per cent or more of fluorine
was eurtailed o such an extent that lactation, as judged by the growth of the
young, was impaired and the sows became unthrifty (Fig. 2 Upper). These
effects became more exaggerated a9 the amounts of flucrine in the rations were
increased. Sow 20 produced only one litter of nine pigs and lactation was so
inadequate that had the pigs not been fed skimmilk the entire litter probably
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TABLE 22.-—Reproduction Data on Sows
Experiment §

AV, number
y per litter
Lot Miners] sepplements Sow | No.of | —eee— P Tirth | AVErARE | Wasning
No. per 1o ib. Ne. | Htters welght | PETCENE | copippg
Tebv | pega weaned
ing
LE, L,
j 35 3 .0 o 2.5 .00 6.7
1 208 pm., ground limestone, , 42 3 10.0 0 2.0 63,63 17,9
i s 2 6.5 o 2.4 40,00 2.0
Avearage. ..., PR, Chranias e BB B 2.3 TL.21 19.2
08 g, ground limestone, , a2 ] L0 ] 2.5 43,63 e
2 W gm. sodim Auoride. .. 1 35 3 8.7 0 2.3 T2T i2.7
ATETARE . - vvcevretvnitnn o rrrrnrnionnnnnas B . 2.4 0,45 15.3
3 §08 gm. ground limestone. . { 39 2 &0 o 2.0 88.59 10
i 60 go. sedium Auoride, | 44 2 7.5 1] 2.8 80,40 15.3
ATETAEE. cavuarvriiinas el B L 2.3 84.44 13.7
4 454 pm. limastone. ., .., ... 25 3 HLO [£] 2.3 35.29 14.5
434 gm. rock phosphate A, 1 65 3 71 g 1.% 45.45 17.5
AVOrage..ciias e ossiri|immsrr]arens Ll BB 2.1 40.37 18.5
12 . .
20 1 9.8 G 2.4
& 408 gm. rock phosphate A, ¢ 23 1 5.0 1 i.2 60,00 21.3
{ 3 1 8.4 ¢ 2.5 B7.50 110
] 34 F3 7.5 i3 1.3 [1:8:1 16 2
Y T PPN F, T4 | 2.2 48,54 .2

would have succumbed. The other sows on the same ration (2 per cent rock
phosphate) produced more milk than Sow 20 but apparently not so much as the
contrel animals (Lot 1).

The femurs of the sows on gross examination showed conditions similar to
but more extenzive than those observed in the femurs of the pigs from the
previous experiments. The femurs of the animals in Lot 1 (control) had a
normal yellowish color, with smooth exteriors, a dense appearance, and a
decided luster. The bones of the animals In the other lots had a lusterless
appearsnce, were white in color, had many protuberances, and showed a
decided thickening (Fig. 3).

The physical measurements of the femmurs (Table 23} are not especially
conclusive, due to the small number of animals in each lot. Considering the
differences in the size of the animals in the various lots, the dala seem fo
indicate that the diameters of the bones were increased with increasing
amounts of fluorine in the ration. The data showed no significant differences
in the breaking strengths of the femurs of the various lots, even when put on
the basis of the weights of the bones, except in the case of Lot 5 (2 per cent
rock phosphate) which showed s considerable decrease in tensile strength over
the conirol lot {ground limestone).
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Fig. 2—Upper—Sow 20 (2 parts of rock phosphate A) with her
litter, which she was incapable of suckling. The young were
fed skimmilk. Note the poor condition of the mother.

Lower—Sow 42 (2 parts of ground limestone) with her first litter
of nine pigs, which she suckled successfully.
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TABLE 23,—Physical Measurements and Ash Contents of Sow Femurs
Experiment 5
Breaking Ash
Lt M : . : ' 3 i streagth &

; Sttt X | Temen | wWeient | Vowme | Temgtn | gmeiest | Breaking | S0 vy | asht | poree
weight ol
of bone

Mo, i Ce, £, o, Lk, Py, Tar,

j 35 26 304 236 2L.8 2.78 822 2,70 65,7 0.846

8 ot grovnd Hmestone o............ 42 2h 272 06 2.5 2.7 1041 3,83 &Y. 1 £.885

’ 53 i3] 263 i8¢ 20.5 2,56 1il6 4,24 67.6 0,940

T P 280 21 213 2,7 a3 3.59 §6.8 0,850

B8 gm. ground Hmestone ... ... _i it 25 s 274 22.1 3,15 620 1.04 7.0 0. 795

38 gm., sodium flueride . ...l ki F 283 227 0.6 3.13 772 2,72 67,7 0844

ATOTREB st viat sautratnrainnreanaiin]onreasssrese]ivsnimiinnnn 04 251 21,4 3.17 0t .3 7.3 0.820

8 gm. ground limestone........., cae i ] 23 45 176 18.5 2.97 1087 4.44 67.3 C 0.7

88 gm., sodivem faoride ...l 44 25 221 186 18,8 2.93 584 .64 6.1 0.780

R Y S PP PO 213 18t 8,7 2.55 8ig 3.54 6.7 . 862

454 g, ground Hmestone. ..., { 25 26 I8 234 3.2 3.00 874 2.7 7 0,934

454 gm. rock phosphate A ..., ..., 65 26 455 346 25.8 3,02 2000 4.40% §7.9 9.802

B B P fettmaneas 387 290 23.% 3.0 14371 3,58t 68,3 0,913

12 g 176 1 13,6 2.97 248 1.41 3.4 0,637

a0 14% 167 187 .5 2,83 322 1 it £.678

308 gm, Tock phosphate A............. 14 3dd 287 215 3,67 613 1.78 67.1 0818

( 31 b 238 ik .9 2,99 379 1,58 85.8 714

54 23 3 201 8.4 3.37 645 2.78 5.8 0.760

N T ORI PUUSININ B 37 28 18,8 3.15 441 1.54 5.4 0,722
*Bows died. 1 Ash bosed on moisture- and fat-free bone. IBeyond the lbmite of th  dynamometer,

NOLLIENN TYWINY NI ENIHOATL

1
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Fig. 3.—Femurs of sows fed various mineral supplements. The
increase in the diameters and roughness of the hones with
increasing amounts of fluorine in the ration may be observed.

Sows 42 and 53, basal ration plus 2 parts of ground limestone.

Sows 22 and 36, basal ration plus 2 parts of ground limestone and
30 gm. of sodium fluoride per 100 1h. of ration.

Sows 39 and 44, basal ration plus 2 parts of ground limestone and
60 gm. of sodium fluoride per 100 Ih. of ration.

Sows 12, 20, and 34, basal ration plus 2 parts of rock phosphate A,
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'he ash econtents of the bones (Table 23} were practically constant in all
the lots, i the age and condition of Sows 12 and 29 at the iime of their deaths
and the fact that the latter had just passed through a lactation petiod are
taken into consideration. 'There were indieations that the benes of all the lots,
with the exception of Lot 4 (1 part each of ground limestone and rock phos-
phate), were less dense than those of the control lot {Lot 1}, as shown by the
ash per unit volume., These results are in agreement with the findings in the
previcus experiments with growing, {attening pigs.

TABLE 24—Chemical Analyses of the Sew Femurs®
Eyperiment 5

) |
Lot Mi i fement t B Cat- | Phosphor- ;| Magnes. Carbun N
Nao. ?&E?l‘). Fg?;ii _zz‘rzlii,ion © N:: cinm 0?12 ) um dioxide Fluorine
5 | dds| Isdr b.758 7.5 850
1| 908 sm. ground lime- % g | mel| 1839 8.760 3.27 0,230
B s 53 39.25 18,46 G.703 3.42 0.101
F o T Y D 39.00 18.34 0735 3.2G 0.134
2 | 908 gm. ground limestone ., { 22 33.94 17.74 £.931 2.97 100
30 gm. sodium Aueride ..., 36 38.46 18.44 0. 856 45 0. 867
F 8 o T P 3820 18.09 0,914 2.94 0.975
% | W8 gm, ground limestone .. { 35 38.46 18.31 (. 564 2,40 1,307
80 gm. sodivm Buoride .... 44 32,36 18.18 0.978 2.64 1.375
F R T P 39.38 18,25 G4.8971 2.52 1,341
4 | 451 gm. ground limestone .. % 25 38,98 17.86 0,915 2,24 0.927
454 g, rock phosphate A .. &3 310 18,30 0,839 .39 0.829
AFOTARE ot ieiarrranir i farannens 38.03 1B.08 0,877 2.32 0.5978
Bppl pe | w1 |
§ | 908 am. rock phos- 2 | Woee| 7Em 1610 251 1278
PRALE Bhrvveroieninins 3l 38.75 17.74 1.929 2.43 1.567
34 38.56 17,65 1.221 2.33 1621
F T g X P 38,51 18.08 1.144 2.03 1.463

*(Malciwm, phosphorns, and magnesivm besed en bone ash.  Carben dioxide and fluorine
based on dry, fat-free bone,

The detailed chemical anaiyses of the femurs, presented in Table 24, were
also In agpreement with the resulis obtained in the previous experiments. They
showed a decrease in the amounts of carbonates in the hones with an increase
in the fluorine content of the rations. The percentage of fluorine in the boney
varied directly with the fluorine content of the rations, The perceniages of
caleium and phesphorus in the bone ash did not vary; whereas the amounts of
magnesinm increased with incereasing percenfages of finorine in the rations,
the increase being independent of the magnesiom intakes,

Ground sections were made from the central portions of the shafts of the
femurs from zl the sows. A decided difference in the struetures of the hones
Trom the various lots (Fig. 4) was observed. The bones of the animals in
Lot 1 (control) presented the appearance of normal diaphyseal bones; whereas
the bones from the animals in the other lots showed evidence of markedly
increased rate of production of subperiosteal bone, lack of unifermity in the
process of converting this bone into compact bone, and varying degrees of
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Upper—Sow 35,
basal ration plus
2 per cent of
ground lime-
stone.

Middle—Sow 65,
bhasal ration plus
1 per cent each
of ground lime-
stone and rock
phosphate A.

Lower—Sow 23,
basal ration plus
2 per cent of
rock phosphate
A

Fig. A—Transverse ground sections of femurs
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secondary resorption of the compact bone to form large spaces filled with
vellow marrow. These departures from normal were most marked in those
animals which had received the higher amounts of fluorine. This phase of the
study is receiving further investigation.

The mandibles of the sows which were fed rock phosphate or sodium
fluoride appeared rough, uneven, and less translucent than those of the normal
controls. The most striking change was a marked increase in the size of the
bodies of the mandibles. The mandibles of Sow 35 (control), Sow 65 (1 part
each of limestone and rock phosphate), and Sow 23 (2 parts rock phosphate A)
were studied in detail. The average buccolingual dimensions in the molar
regions of Sows 65 and 23 were respectively 42 and 60 per cent greater than
those of the control, Sow 35. The width of the dental arch, taken at the posi-
tion of the second molars, was definitely increased by increasing percentages
of fluorine in the ration. In addition to the general thickening, exostoses were
common. In slices cut transversely through the mandibles of Sows 85, 65, and
23, extensive local thickening of the compacta was observed. The medullary
space was markedly inereased in size as the amount of fluorine in the ration
was increased (Fig. 5). Microscopical examination of celloidin sections
through the mandible showed that the compaet bone in certain thickened
regions was imperfectly transformed from its cancellous, precursory state.
The concentric lamellar systems were irregular and meandering in their
course, and the Haversian canals were often greater in diameter than in
normal bone. Aside from the irregularity of the concentric lamellar systems,
the appearance was that of compact bone being formed with great rapidity.
The resulting effect was hyperplasia of certain portions of the compacta,
chiefly restricted to the buccal plate of the mandible. The medullary spaces of
the mandibles of all three sows were filled with yellow marrow. Red marrow
was lacking, even in the marrow spaces of cancellous bone near cortical bone.

Fig. 5.—Sections of mandibles cut through distal
roots of second mobars of Sows 35, 65, and 23.
(Metric scale)

While some mild gross hypoplasia of the enamel was occasionally observed
in sows on the control ration, those which had been on rations containing high
levels of fluorine showed severe hypoplasia of the enamel. This condition
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involved those portions of the enamel which were formed after the time when
experimental feeding began. For the purpose of comparison, the three per-
manent molars were selected for microscopical examination because the eal-
cification of these teeth covers a range of time, including before and during

Lyears
£l maz
1B mos.
15 mos

Tyear

A ok

Gmos

Imas

Weaning
Birth

Fig. 6.—Schema showing progress
of caleification of permanent
molars of swine

experimental feeding. Besides the gross hypoplasia observed in the enamel,
many of the teeth exhibited a longitudinal fluting where the surface was
formed after experimental feeding had begun. A marked example of this is
shown in Figure 7. Abrasion was not notably different in the teeth of the con-
trols and of those on rations of high fluorine contents, but friability was evi-

denced by many chipped and broken teeth of animals on rations containing
additions of fluorine.

Fig. T.—Ground cross-section of fluted central incisor
from Sow 23. (x T)
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Microscopical examingtion of the feeth of Sow 3b {limesfone), Sow 65
{1 part each limestone and rock phosphate), and Sow 23 (2 parts rock phos-
phate) showed a progressive increase in the hypoplasia of both enamel and
dentin with incregsing amounts of fluorine in the rations. A synopsiz of the
microscopical findings is wade in Table 25. Figure 8, showing a buccclingual

TABLE 25.—Microscopical Observations of Molars of Sows

Ageof

- Per cent . .
sOW and Diet First matar Becond melar ‘Third molar
nnmber fluctine

Enamel good Enamel good Paxtially erupted.
Enamel good ex-
cept for two thin
oo z];mes olf mild
Contro . ypoplasia
2931@510. Basatl Trgc?%?)
Dentin good, Two | Dentin good with two | Dentin gond ex.
zones of mildly oty of mitd cept for {wo Zones
hypoplastic hrpaplasia of mild hypo
dentin plasia
HEname? gowd Toerepted, Yery

Enamel bypoplastic
and reduoed in

littie enamel. Ex-

Aanunt treme hypoplasgia
sxcept hear cet-
Basal 4 1 vix, where it is
2 parthrockA tmild
it phosphate
&5 and 1 part 0.053
groutid Irentin fair in Dentin mildiy hypo- | Dentin has severe
lraestone superficial hall; | plastic in superficial hypopiasia
Dy popiastic in nalf and severaly hy-
pulpal half popiaptic in pulpal
half
Enamel good. Crown nearly devaid Unetuptad.
of enamel, When pres-§  Slghtiy more
ent, less than 3/10 enamel than End
normal thickness and | molar but alf ax-
extremely hypoplas- : tremely hypoplas-
14 mo. Basal phus 2 tic. tHe,
23 parts rock 0,065
phosphate
Dentisn in super- Daatin hypopiss- Deatin bas
ficiad third good; | tic in superficial third | severe hypoplasia
in pulpal two- and extremaly hypo- throughout

plastic in pulpal
two-thirds

thirds, severe
hypoplasia

section of & first molar of Sow 23, ilustrates well-formed dentin deposited
before the experimental feeding was begun and marked hypoplastic dentin
formed after the inclusion of rock phosphate at a 2 per cent level in the ration.
In a section of the second molar of this sow (Fig. 3, calcification of which was
almost entirely subseguent to the start of fluorine feeding, the dentin exhibits
severe hypoplasia throughout. Enamel, extremely meager in amount, is found
chiefly in sulel and on cervical portions of the crown. Figure 10, showing
higher magnification of one cusp of an unerupted third molar from the same
gow, illustrates extreme hypoplasia of the enamel.
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Fig. 8—Ground section of dentin of first molar from
Sow 23, illustrating dentin formed before and after
experimental feeding. (x 100)

Fig. 9.—Buccolingual ground section of second molar from Sow
23, showing hypoplastic dentin and scarcity of enamel, (x 6)




FLUORINE IN ANIMAL NUTRITION 41

Fig. 10.—Buccolingual ground section of huccal cusp of unerupted
third molar from Sow 23, illustrating extreme hypoplasia
of enamel. (x 150)

Post-mortem examination revealed no abnormalities in any of the other
organs, with the exception of the kidneys of Lots 4 and 5 (1 and 2 per cent
rock phosphate A, respectively). These organs were firm, pale in color, and
presented a “hobnailed” appearance (Fig. 11). The kidneys from the animals

Fig. 11.—Kidney of Sow 12 fed the basal ration
supplemented with 2 parts of rock phosphate A
for 10 months. The lower picture shows the
characteristic “hobnailed” condition of the
exterior of kidneys of sows fed rock phosphate.
Note the small amount of active tissue in the
upper picture.
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fed 2 per cent of rock phosphate showed more extensive lesions than these fed
1 per cent. Histological examination showed a destruction of the epithelium
of the convoluted tubules and a marked infiltration of fibrous tissue through-
out the organ (Fig. 12). In the cases of Sows 12, 20, and 31 (2 per cent rock
phosphate A), the degeneration had progressed to such an extent that it
apparently was the cause of the deaths of these animals. The kidneys from
the sows of Lots 1, 2, and 8 (ground limestone, 30 and 60 gm. sodium fluoride,
respectively) showed no abnormalities upon microscopical examination. The
livers, in all cases, showed no histological changes.

Fig. 12—Kidney section from Sow 12, fed the basal ration supple-
mented with 2 parts of rock phosphate A for 10 months, show-
ing degeneration of the convoluted tubules and presence of
fibrous tissue. H. and E. (x 225).

From these data it is evident that the feeding of rock phosphate and
sodium fluoride over long periods of time produced the same effects as noted in
the previous short-time experiments, although in a more exaggerated form.
No direct effeet nupon reproduction was noted, but, due to the serious curtail-

ment in the consumption of feed, poor lactation occurred when the ration con-
tained 0.029 per cent or more of fluorine.
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EXPERIMENTE WITH CHICKS

The investigations cited in the review of the literature suggest that
fluorine, as found in rock phosphate, may be a detrimental factor in the nutri-
tion of the chick, The data do not give any definite information as to the
tolerance of the bird for this element or the specific effects of a surplus. The
present investigations were underiaken to study the effects of rock phosphate
and various fluorides on the chick and to obtain mformation reparding the
tolerance and physiological reactions of this species to fluorine.

Four separate trials were conducted. The basal rations used In all the
experiments consisted of:  ground wheat, 26; soybean ciimeal, 20; wheat hran,
5; dried sidmmilk, 5; cod-liver ¢il, 2 in Experiments § and 2 and 1 in Experi-
ments 8 and 4; sodinm ¢hloride, 1: and ground vellow corn to make 100 parts
after the addition of the minerals. This ration, when properly supplemented
with minerals, had given good results under similar experimental conditions.
The mineral supplements were frowm the zame sources as those used in the
experiments with swine.

White Leghorn chicks were used throughout the several trials, They were
started on their respective rations when one day old. The birds were confined
in hattery brooders provided with false sereen bottoms, and feed was kept
before them at all times in hoppers attached fo the outside of the brecders.
Tap water was supplied from ordinary drinking fountains. The chicks were
weighed individually each week and aceurate records kept of thelr feed con-
sumpiion. Twenty chicks were placed in each Iot at the stari of the experi-
ment.

At the end of B weels the birds were killed. In three of the trials the
tibiae were removed for ash determinations from 10 represeniative birds of
each surviving lot. The ash values are expressed on a moisture- and fat-free
basis.

In the caleulations of the coefficients of variability, the male welghts were
put on a female basiz, using the factor of Ackerson and Mussehl {1). The
biweekly welghts given in the tables are the mean weights of the binds without
regard to sex distribution.

EXPERIMENT 1

The initial trial consisted of eight lots which received t¥e basal ration sup-
plemented as indicated in Table 26. Rock phosphate A, containing 3.17 per
cent fluorine, was fed at levels of 3 and b per cent (Lots 2 and 4, respectively).
Asg control rations, steamed bone meal was fed at levels which furnished the
same amounts of calcium as did the rock phosphate {(Lots 1 and 3}, Sodium
fluoride wags added in amounts of 1, 2, 5, and 10 grams per kilo of ration to that
containing the lower amount of steamed bone meal (Lot 1), and these rations
were fed to Lota B, 6, 7, and 8§, respectively,

From the results presented in Table 26, it iz obvicus that rock phosphate
exerted a detrimental effect on growth and feed consumption when fed at levels
of 8 per cent or more of the ration (0.095 per e¢ent flworine), The addition of
sodium fluoride in amounts that supplied more than 0.845 per cent Auorine also
decreased feed consumption and growth. 'The birds which received a ration
containing 0.22 per cent of fluorine as sodium fluoride (Lot 7) were all dead by
the end of the fifth week; whereas those that received the ration containing



TABLE 26.—FEffect of Additions of Rock Phosphate and Sodiwm Fluoride to the Rations of Chicks
Experiment 1
Average biweekly weight,
ot . . . Fiuorine | Feed con- | Fluorine in grams Coeficient | Averaie
o Mineral additions per kilo basal ration content | sumed per | CORSREID of ashin
Ne efration | chick tien per variability tibiae
chick el 2 4 [ &
Pei, Gm. (xas, Fri,
1 32,8 gm. steamed one meal. . ...oieeea rerrmsaennns]  Trace 1547 ciiaieeaa| 34 8 188 313 435 13.64 50.6 = 0.31
2 30,0 em. voek phospbate A..oviivaiis. Piarrsareia 0.095 1un 1.11 34 18 156 280 387 23,65 811 = 0,28
3 34,7 gm. steamed bove mead .......... vrassvisea.af  Trace 1500 PP B | 88 192 313 450 .25 49.2 = 0.20
4 50,0 gm. rock phosphate A......... P U UUUUUUN B I 171 886 140 M 12 125 163 26 44.56 58,7 = 0.45
H 328 gm. steamed DORE Meat. oo iiiiinsaiaviiiiiaa
5.0 gro, sodivm Auoride oo iaviinrcass . } 9.045 1450 0.6 U 82 182 @8 444 1.3 495+ 0.2
6 32.8 pm. steamed bone meal ... iiiieiiiaias P
2.0 gm. sodinm Huoride .. ..o ierei i, } 0.088 1358 L M 154 0 363 15.09 50.0 = 0.2
7 32.8 gm. steamed Dore meal oooiiiiiiiiee e cie. 3
S0 g, soditin Huoride v i I' 4221 a2 &1 U 43 BB e
8 32.8 gm, steamed Done meat ... ... iieiiiiiiieea.s
$2. S Em Steamed honemeal e Foosa 123 0.54 3 0 JU FRRUUTR SRR FSUUEO SUUUURORR
¥ ]
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0.44 per cent fnorine {Lot 8) survived only 3 weeks., The data clearly show
that feed consumpiion and growih of chicks are adversely affected when the
ratien conizing approximately 009 per cent of fluorine in the form of either
rock phosphate or sodium fuoride.

The lots which received the largest amounts of fuerine in their ration also
showed the greatest wvariability in growth. This iz probably due to the
individual ability of the birds to withstand the toxic effects of fluoorine.

A comparison of the ash contents of the bones from the birds of Lots 1, 2,
5, and 6 showed thaf the addition of fluorine, either in the form of sodium
fluoride or rock phosphate, had no significant effect on calcification. However,
the ash contents of the tibige of Lot 3 (steamed bone mealy were significantly
lower than those of Lot 4 (5 per cent rock phosphate A), but it iz doubiful
whether this difference can be atfributed to the fluorine content of the rock
phosphate,

EXPERIMENT 2

The second lest was in part a repetition of the first tzial, except that cal-
c¢inm Buocride was used in place of sodium fluoride and high- and low-fluorine
rock phosphates were also fed. These latter minerals represented the
“treated” and “antreated” rock phosphates used in Plg Experiment 3. Both
products were of the same orvigin, The “treated” product, which had been
processed to remove the greater portion of the fluorine, contained only 0.56
per cent fluerine, in contrast to 3.56 per cent for the “untreated”. The caleiom
and phosphorus in the rations were adjusted so that they were comparable to
either 3 or & per cent rock phosphate A. The caleium fluoride was added in
amounts to make the fluorine content of the rations equivalent to either 3, 5,
or 1.5 per cent of rock phosphate A.

Tahble 27 gives the amounts of minerals included in the rations, the fiucrine
contents of the rations, and the feed consumption and growth data of the
different lots. Again the data show that 3 per cent or more of rock phosphate
in the ration decreased feed intake and retarded growth, The addition of cal-
cium fluoride, even at & fluorine level equivalent to 7.5 per cent of voek phos-
phate (0.27 per cent finorine}, had no effect on either feed consumption or
growth. These resultz are in direct oppositicn to those obtained with chicks
with sodium fluoride (Experiment 1) but are in accord with the results
abtained with pigs. The growth of the birds in Lot & (5 per cent “untreated”
rock phosphate) was significantly less than that of the birds in Lot 9 (5 per
cent “treated” rock phosphate), due te the higher fluorine content of the
former ration {0.178 per cent flucrine as compared to G.025 per cent). No
bone ash determinations were made in this trial,

EXPERIMENTS 3 AND 4

Since the first two trials hed definitely shown that a ration containing
approximately 0.09 per cent or more of fluorine, either in the form present jn
rock phosphate or sodbum fuoride, had a deleterions effect on growth and feed
consumption, it was desired to determine the effects of smaller additions of
rock phosphate and also to ascertain the comparative effect of flmorine iIn the
form of the phosphorite mineral and sodium fluoride,

Two separate experiments were conducted to answer these questions. In
Experiment 38, two lots of 20 chicks each were fed the same ration; in Experi-
ment 4, each lot of 20 chicks received one of the seven different rations.



TABLE 27.--Effect of Additions of Rock Phosphate and Caleinm Fluoride to the Rations of Chicks
Experiment, 2

A verage biweshly welghts,

Finerine | Feed con- | Fluotine in grams Cloefficient
Lot Na, Minerat additions per kilo basal ration mn(‘!tie:at s“l:‘;:é ‘-"&E:“;E rioii .
ration chick chick 8 2 4 § g | Tarabiliy
1 1.8 o bo . Pet, x4, G,
g, ateain
5.6 i, aronnd Limentone . Trace -2 (OOOPPUI I 4| 230 1 407 | 53 14.02
2 45.4 g, gteamed bone meal ..
B oo Te: Trace k- T P s | w7 | zm | 8% | 1| v
3 .0 gm. rock DhOSPHRLE A .1\t ieiiaiirernieirs e iiiiini e, 0.108 1718 1.89 34 a3 211 360 4483 16,22
4 50.0 gm. rock PBOSIRALE A L\, i1uissiesssinennen e on e aneannnans 0.181 1327 2.76 34 7] 18 P 23| 3 .82
5 27,4 gm. steamed Bone meal
1.6 gvo. ground tmestona , .. 0,108 bk 1.9% 34 112 245 425 574 15.88
2.3 gm. calcium Auoride......
6 1.0 gva. steamed bone meal
“$ gm. catcium fHuoride, ... G, 182 1916 3.48 24 108 242 426 570 12.83
7 %27.0 gm. steamed bone meal ..
L. § Em. steamed bone m 0,271 1868 5,06 3¢ | 109 ] 23 | 393 | 59| 1884
8 500 gm, rock phosphate funtreated) ... ool cras 0.178 1531 ] 34 9% 180 291 491 28,02
9 50,0 gw. rock phosphate {treated) ... iiei i £.025 1756 .4 34 il 201 32 4720 25,87

i
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The caleium and phosphorus contents of the rations were kept comparable
throughout both trials. Steamed bone meal and ground limestone were added
to the control ration (Lot 1) in such amounts that the percentages of caleium
and phosphorus were equivalent to those suppilied by 3 per cent of rock phos-
phate A. The latter mineral was fed at 1, 2, and 3 per cent levels and replaced
such amounts of hone mea} and limestone in the contrel ration as to mammiain
the same calcium and phospherus contents. Sodium fluoride was added to the
control ration in such amounts that the fluorine contents of these rations were
comparable to those containing 1, 2, and 8 per cent of rock phosphate A. Done
ash determinations were made on the tibiae of 20 chicks on each ration in
Experiment 8 and of 10 individuals of each Jot in Experiment 4.

The results of Experiment 8 are shown in Table 28; Table 20 presents
those of Experiment 4. The results of beth irials showed that when the ration
contzined spproximately .07 per cent or more of fluorine, either in the form
of sodivm fluoride or rock phosphate, a decrease in feed consumption and a
retardation in growth resulted. These effects became more pronounced as the
percentages of fluorine in the rations were increased. With smaller amounts
of fluorine no deleterious effects were noted,

As in the previous trials with chicks, there were no signifieant differences
in bone ash, in either experiment, between the control iof (steamed bone meal
and limestone) and 8 per cent of rock phosphate (Lot 4). However, the sub-
stitution of 1 and 2 per cents of rock phosphate for part of the steamed bone
meal and limestone (Lots 2 and &, respectively) resulted in a significantly
higher ash content of the tibiae. In Experiment 3 the ash contents of the
bones of the birds in Lwois 5, 6, and 7 (sodium #uoeride additions) all had a
significantly higher bone ash than the control lot (Lot 1}; whereas in ¥xperi-
ment 4 none of the corresponding lots (Lots 5, 8, and 7) showed any significant
differences in bone ash when compared to Lot 1. It would appear that a smali
amount of fluorine tended to increase the percentage of hone ash but more
work will be required before any definite conclusion can be drawn in this
respect.

At the time the birds in these fwo experiments were killed for bone
analysis it was thought advisable to determine the coagulation time of the
blood, since some decidedly contradictory results on the effect of fluorine on
blood eeagulability had been reported in the literatuyre. The drop plate method
was used, The average of the individeal determinations is presented in
Fable 30. It is apparent that finorine, fed either in the form of sodium fluoride
or rock phosphate, decreased the cletting time of the blsod.

Considerable mortality was experienced in Experiment 8 as a result of
palioruns infection. The mortalily, however, was not associated with the
fivorine eontent of the ration. 'The resulis, in general, were the same as those
in Experiment 4 or in the other trials in which mortality was not a factor.



TABLE 28.—Effect of Additions of Rock Phosphate and Sedium Fluoride fo the Rations of Chicks

i Toed Fluerine Avernge biweekly wetghis, . .
Yot Nineral additions to 1 (b, basal ration Fluotine | eonaymed | comsamp- W grams Coeflicient Average
No content per Tion per of ash in
of ration chick ohick variabiity tibiae
L] 2 4 ] g
Pk, o, Gm, Pet,
1 1380 gor. steamed one meal
o wrownd Bttt .. Trace 1237 L 34 B4 177 ik} 486 21.18 47.% = (.26
2 220 gm, steamed bune meal
133 gm. grownd Hioestone .. &.038 1268 0,48 34 B ¥4 34 482 18.43 51.1 + 0.32
43 gm. reck phosphate A
3 460 pm. steamed booe meal .iaieaiieiaan PO
66 g, ground iimel;wne e 2.071 1474 0.76 34 #1 160 280 §24 24,48 50,5 = 0.2
908 pm. rock phosphate & ..., ...oiiiaiia.n heiaaaas
4 1362 g, rock phosphate A ..., v eatnae arrreerrres §.107 653 o 54 & %1 153 fie) 3.7 47.8 = 0.57
5 1380 gem. steamod Dome Meal ...
199 em. ground Himestone 0,038 1268 0,48 34 3 182 325 | . 451 22,48 B3 o (08
37 g sodiom Baoride oooi i e
5] 1380 oz, steamed bone mead ... i
156 gm. ground [in:}cstme % 0.072 159 £.78 34 ki) 151 et} 421 20,22 40.6 = 0.30
4 gm. sodinm fueride .. iiiii i
7 1380 pm. steamed bone meat e f
199 gm. ground lmestone L 0168 BZ7 089 ad &6 122 2 o 33,87 50.1 < 0,30
111 gm. =odium fuoride ........
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TABLE 29.—Effect of Additions of Rock Phosphate and Sedium Flueride to the Rations of Chicks

Experiment 4

Fluorine Average biweskly welght,
Lot . Fluorive | Feed con- | consnmp. in grams Coefliclent Average
No. Mineral additions to 100 1b, basal ratlon content sumed tiom per af ash in
of ratien | per chick chick variability tiviae
o 2 4 £ 8
1 13% s Pei, Gane, Can Pt
g8, steame WMEAl e
109 Bia steamed bome meal ..., e Ho Trace B8 Loveerrenne 3 3} me | 426 | exn LI | 4.0 =032
2 420 gm, steamed bone meal e
133 g, ground Hmestons . i % 0,036 1466 8.53 34 03 223 1 575 2.3 2.6 + 0.20
451 gm. rock phosphate A . ..
3 460 gm, steamed bone meal ,.............
&6 g, ground llmestons ., ... s { 0.071 1450 1.03 34 it} 218 376 546 19.92 L5 = 0.43
08 g, rock phosphate A ..ot i e, 5
4 1362 gron. rock phOsRAtE A . oiiiieeii i iiaa e 8.107 1673 L1 34 LR 46 by 38 26.36 49.2 = 6.34
5 1380 gm. steamied BOME WMBAL .oooiliiieenrrrrirn.s
g ground limestone E 0036 572 457 3 1% 7 430 616 13.47 50.% + 0,34
37 gm. sodiuts froride . oiiiai i iieiiir e eaa s
[ 1380 zm, eteamed hone meal ...
199 gaw, ground limesetcn? 0072 1052 0.93 i 86 185 2 456 2481 513 == 0.31
74 gm., sodinm fleoride .....
7 1350 gm, steamed bone meal , .,
199 gm, ground Jmestone . .. iieiiiiiannns E 0.108 9Eg 154 1 69 jh w0z 88 26,45 47.8 = .36
111 . soditee AROrFFde e i
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Fluorine
Lot Mo cotrtent of Hxp, 3 Exp. 4

ration
Fep, Secarnds Seconds

Trace 5% 196
. 038 128 144
0,071 66 il
2,107 2 27
{4,036 68 2i1
8,002 34 a8
B, 38 17 7

EXPERIMENTS WITH RATS

At the time the previously reported experiments were in progress, it was
considered advisable to check and extend thiz work, using the rat gz the
experimental animal. This species affords several advantages gver the larger
animals, The relatively short life cycle of the rat greatly reduces the length
of time reguired to cbiain data on growth and reproduction. Also, the ease
with which the animals are handled and the rations conirolled are distinet
advantages from the experimental point of view. Another advantage is the
fact that the permanently growing incisers furnish opportunity to test the
effects of different rations on tooth structure.

Several separate trials were conducted for the purpose of studying the
comparative availability of fluorine in different compounds and its effect on the
formation and composition of bones and teeth and on repreduction.

EXPEEIMENT 1

This experiment was planned to study the effects of the addition of vary-
ing amounts of sodivm and calcium fluorides to a sypthetic ration on the
development of the bones and teeth of rats. If invelved seven lots of five rats
each—ihree femalos and two maleg per lol, The animals were confited in wire
eages provided with false sereen bottoms and were started on thelr experi-
mental rations when 24 days of age,

The basal synthetic ration was composed of: casein, 18; dextrin, 67; yeast,
7: agar, %; cod-liver oil, £; and Osborne-Mendel zalt mixture, from which the
sodium fiuoride had been omitted, 4. To this ration were added 6,01, 6.92, or
6.05 per eent of either sodium or calcium fluorides of C. P, grade. One lot
which reeeived the unsupplemented basal ration served as s confrel. All
rations were fed ad lilitum, and distiled water was used for drinking.

After the animals had been on experiment for 19 weeks, they were chlore-
formed and the heads, femurs, homeri, and tibize were removed. The heads
were preserved in a 4 per cent solution of formaldehyde for examination of the
teeth. One of each of the threc sets of cleaned, dided, extracted bones was
used for ash determinations. Composite samples of the ash of the bones of
each lot were analyzed for ealcium, phosphorus, and magnesium. The remain-
ing femurs, humeri, and tibiae from each lot were composited and used for
carbon dioxide and fHuorine determinations,
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The data presented in Table 31 show that the incorporation of calcium
fluoride in the rations had ne effect upon feed consumption, growth, or percent-
age of bone ash. Sodium fluaride did not influence the ash content of the bones
put had a depressing effect upon feed consumption and growth when fed at a
level of 0.5 per cent of the ration. The slower growth wag directly correlated
with the decreased feed consumption of the animals in this group (Lot §).

The detailed chemical analyses of the moisture- and fat-free bones,
recorded in Fable 32, show that with inereasing amounts of fluorides in the
Yations there was an increase in the percentage of fluorine in the hones. 'This
increase was greater when sodium flnoride was fed than when the ration con-
tained corvesponding amounts of calclum fluoride. The carbon dicxide content
of the bones of Lots 6§ and 7 (0.05 per cent sodium and calcium fluoride,
respectively), when compared with the bones of Lot I (contrel), showed & ten-
dency to decresse. Analyses of the bone ash showed ne significant differences
in the caleium and phosphorus contents of the various lots. The magnesium
contents of the bone ash varied conziderably, but there appeared to be a tend-
ency for thiz to increase in the lot receiving the highest amount of sodium
fluoride (Lot 6).

The teeth of the rats In the control lot (Lot 1) and those of the lots which
received 0.01 and 0.02 per cent of calcium fluoride {Lots 8 and 5} were normal
in size, shape, and color. The lots which were fed (.05 per cent calcium
fluoride or 0.0% per cent sodium fluoride (Lots 7 and 2, respectively) had teeth
which were normal in shape but which were characterized by lack of the
normeal orange-yellow color of the enamel. The presence of 0.02 per cent or
more of sodium fluoride in the ration caused the enamel te lose all color and
beeome aoft and white. The mandibnlar ineisors showed considerable wear,
while the maxiliary incisors became greatly elongated and curved backwards,
forming the greater part of a circle. Pigure 13 shows the skulls and teeth of
reprezentative animals from the varions lots. The changes in the testh were
more severe when sodium flueride was fed than when calcium fluoride was
included In the ration at the same levels. '"This Is in agreement with the effects
of these two salts upon the chemieal eomposition of the bones and uwpen growth
as previously reported with pigs and chickens,

CXPERIMENT 2

Experiment 2 was designed fo obtain data on the effects of feeding rock
phosphate, phosphatic limesione, and caleium fluoride on reproduction and
lactation in the rat and also to study the effects of these supplements on
growth and bone and footh development in this species. It was also expected
that this experiment would serve as a check on the swine investigations.

Weanling allinoe and heoded rats, 24 days old, were divided into 11 lots of
five rats each, mceording to litter, sex, and welght., Two maleg and three
females were placed in each group and were given access to feed and distilled
water. All rats were weighed individually each week, The males and females
wete kept in the same cage and were zllowed to breed at willk When the
females became pregnant, they were removed to individual cages for parturi-
tion and lactation. All litters were weighed at birth and reduced to six in
number. The young were allowed to suekde until they were 24 days oid, at
which time they were weighed, weaned, and destroyved. The female was
returned to her original cage until she again became pregnant, Two or three



TABLE 31.—¥Effects of Adding Varying Amounts of Sedinm and Caleium Fluorides to the Ration of Rats on Growth,
Feed Consumption, and Bone Ash

Hxperiment 1

Flusrine L. . Teed Average ash in bones
ﬁ"t Fluorine additions {F‘;’i’;;‘lt \f;‘;';ﬂt consumption
(19 .3 - i
ration per rat Femurs Humeri Piviae
Fed, L, G, &, Fel, et By,
1 MNonsa 4.6 7 56 279 1637 5.6 = 047 66.2 = 8,43 658 = $.30
2 .01 sedivm Auotride. 0,0044 55 279 1615 66.4 = (0.23 66.9 =10.15 £6.8 0,12
3 .01 calcium fluoride 0.0045 B& 284 1"hd 64.3 = 018 66.2 = (.27 5.7« 0.21
i 0.02 sediom Hasride 0,0088 BB 282 1587 63.3 = (.57 66.0 = 0.28 668 = .27
5 0.02 catciom Buoride 0.0452 54 261 1634 65,0 = (.28 65.4 = 0,28 £5.2 = 0.3}
4 0,95 sodivm Huoride, Q.0220 &1 26 1269 64,3 =027 65.5 = 0,24 65.5 = 0,11
7 £.05 calclum Buoride . . G,0238 £1 85 1503 65,6 = 0,13 65,8 = 0.07 64,6 = .54
TABLE 32.—Effects of Adding Varying Amounts of Sodium and Caleium Tluorides te the Ration of Rats
on the Chemical Composition of the Bones*
Ezxperiment |
Cailclum PhosploTns Magoesinm
Lot Fluorine additions Carbon | xguoring
No. . diexide
Femurs | Humeri | Tibiae | Femurs | Humeri | Tibiae | Femurs | Humert | Tibiae
et Prf. Fed, Py, i Fa Pk, Pt Fed, Fed, ok, Frel,
I B ar.2 37.4 37,4 8.0 18.1 18.7 4.7 055 4.7% L35 .05
2 03.01 sodium fueride .G 381 7.9 18.5 1B.4 18, .76 2,89 0,84 3.42 0.43
3 .51 calcivm Suoride 1.5 3.9 7.8 18,3 B2 18, .67 Q.88 (.68 3.42 0.04
4 {102 rodiom flasride 1.9 382 7.9 13,3 18.4 18.5 .68 L] .68 3.20 0.58
8 0,02 calcium fooride ar.a B4 38.0 1.1 1.5 18.9 .67 0.63 8.63 3.20 0.11
§ 4,05 sodinm fluoride 3§ 8.0 37.6 18,9 T8 1R.3 0.8} .82 4.79 2.81 Li¢
7 5,08 calcivm Anoride T 384 7.8 18.4 1.5 18.4 0.65 0.68 .62 .02 0.17

*Caleium, phosphorus, and magnesiom based on bore ash.

Carbon dioxide snd fnorine baged on dry, fat-free hone,
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FLUORINE IN ANIMAL NUTRITION 5

Fig. 13.—Skulls and teeth of rats showing the effects of varying
amounts of calcium and sodium fluorides in the ration

1. Control ration

2. 0.01 per cent sodium fluoride
3. 0.01 per cent calcium fluoride
{, 0.02 per cent sodium fluoride
5., 0.02 per cent calcium fluoride
6. 0.05 per cent sodium fluoride
7. 0.05 per cent calcium fluoride
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representative young were selected from the third litter of the females in cach
lot and continued on the same ration. After the majority of the females in a
lot had produced three ltters, the entire lot was chloroformed and the heads,
femurs, humeri, and tibize were removed. 'The heads were preserved in a 4
per cent solution of formaldehyde for pross examination and histologieal study.
The bones were cleaned of adhering tissue, dried, and extracted with aicohol
and ether for ash determinations,

The basal ration used in thig study was composed of: 10 per cent casein,
10 per cent seybean oilmeal, 3 per cent veast, 2 per cent ced-liver ail, 1 per cent
sodium chloride, minerals as indieated in Table 38, and ground yellow corn to
make 100 per cent after the additions of the minerals. Table 83 records the
amounts of caleiom, phosphorus, and fluorine In the mineral supplements
included in the rations of the different lota.

TABLE 23, Amonnts of Caleium, Phosphorus, and Fluorine in
the Mineral Supplements Added to the Ration

Experiment 2

i?;t’ Minera} supphements in 100 gm. of the ration Caljeium | Phosphoros | Flaorine
G, &, e,
1 200 pm. rock phosphale A ... e 8.677 {. 258 {0472
b4 2.00 gm. rock phosphate (untreated) ... ... . ... ..., 0.666 .29 4.071
3 2,00 g, rock phospbate {treated) . ... ..., R 0.663 0.285 4.610
4 1.78 gen, steamed bone mead ...
0,34 g, #round Mestone ... veiees iiienieiansians i’ 0.678 &.289 Trace
5 2.00 gm. phosphatic lmestone ,...o.viiiniiiiinisiaann, 0.607 4.091 0.024
& 4.00 gov. phosphatle Hmestons ... oo e L3685 ¢.182 0.048
7 0.7 g, rock phosphate A
L.35 g, ground limestone 0.597 &.090 0.025
| 1. 4] pm. reck phosphate A
2.69 gm. stound limestone 1.394 0,382 0.053
9 178 g, steamed bone Meal.......veieisieiainiaaaas
0.1 g, ground Hmestone. . cov. eiin i %‘ 0.678 0,257 0.075
.18 g, calciom fuoride., .. .o.iviiiiiein i inia s,
14 0.63 gm. steamed bone meal ..
1.3% gmi. grovnd limestone . .. 0,687 G081 0,024
0.06 gm. calcinm Auoride. .. ..
11 1.25 goa, steamed Dopemeal. .o eii
2B pm, Erontid BOmtstone. cuu e e 1.394 0.1B2 0.048
G0 gm., caleium Auoride. ... o e

'The experiment was continued throughout four suceessive generations,
with no change in rations nor any introduction of other animals. The rats in
Lot 1, which received 2 per cent of rock phoesphate A, failed to reproduce in the
third generation and were necessarily discontinued. Those which received
rock phosphate A and Himestone in surh amounts a3 to make the caleium, phos-
phorus, and fluorine contents of their ration equivalent to 4 per cent of phos-
phatic limestone (Lot 8) failed to reproduce in the second generation. Stock
males of known fertility were placed in both eagey in order to cheek the fer-
titity of the females, but ne pregnancies ocemrred in either lot. These results
cannot be attributed to the fluorine contents of the rations entirely, since the
animals in Lot 2, which received a ration equivalent to or higher in #uorine
than Lots 1 and 8, respectively, reproduced normally,
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The rats in Lots 1, 2, and 5 (Table 823) grew more slowly than those In the
other lofs and never attained the size of the others. They were in poor condi-
tion, as evidenced by the degree of fatness and the condition of their hair
(which was longer and lacked the glossiness of well-fed animals), This condi-
tion in the cases of Lots 1 and 2 {2 per cent rock phosphate A and “untreated”
rock phosphate) may be attributed {o the high fluorine contents of their rations
{0.072 and 0.071, respectively), ut the poor growth and condition in Tot 5
(2 per cent phosphatic limestone)} cannot be accounted for on thiz basis since
the ration of Lot G (4 per cent phosphatic limestone) contained twice as much
fluorine and the animals grew well and appeared to be in excellent eondition.
Other than Lots 1, 2, and §, growth was comparable in all the lots and all the
animals were in good condition at the end of the experiment,

The ash content of the bones from rats of some of the generations are
presented in Table 84, These specific generations were chosen because of the
similarity in age of fthe animals st the time they were killed. No signifieant
differences were observed in the percentage of bone ash hetween any of the
lots with the exception of the lot which received 2 per cent of “treated” reck
phosphate (Lot 3}, The bone ash of these animals wag significantly higher
than that of the oiher lots, All the rais were approximately 29 weeks of age
at the time they were killed.

TABLE 34.—Effect of the Additions of Mineral Sepplements Containing
Varyving Amounts of Fluorine to the Rations of Rats en
Bone Formation

Experiment 2

A Per cent ash
Lot Mineral supplements par No. | age | A% | (enera.
Nou 100 gm. basal ration of of final tions .
rats | pgig | weiRht Femurs Hureerl
Wk, i G
1 2000 g, vock phosphate A L.l 7 28 67 Fand Fy | 65.8=0.40 | 65, T+0.35
Z 2.00 gm, rock phesphate (votreated)] 9 28 A58 | P oand Fy | 66.2=0.27 | £6.5=0,17
3 200 gm- rock phosphate (treatedy L)) 1L 31 M7 P PandFy | 67.0=0.23 | 67.70.22
] 1,18 gm. steamed bonemeal....... I
0,34 gm. ground Hmestone,, ., ... 1 1 2 50% | PandFy | 65.0+0.33 ) 66,1:0.30
§ 2,00 gm. phesphatic Hmestone., ....| @ 24 280 | Pand My | 68.0=0,34 | 65, 8+0,36
4.00 gm. phosphatic limestone....... i3 249 328 | Pand Fs | 66.4=0.41 | 66,4=0.24
7 0, ™ gm. rock phosphate A ....... i = -
1.35 gm. ground Hmestone. . .. ..... 1 1 2 385 Pand Iy | 65.8=0.10 | 66.20.22
8 1,41 gm. rock phosphate A ....... t . "
2,68 gm. ground limestone......... [ 5 =& 2P 85.7w0,88 | 65,4057
& 1.78 gm. steamed bonemeat.......
.13 gm. ground limestong. ........ i3] 29 321 Pamt Pz | 64,720,231 ; 65,9=0,18
0.16 gm. calcium Buorkde....o.n ..
HE .83 g, steamed bone meal, ..
1.3% gm. ground mestone, .. . 1t 20 M | Pand Fs o 65,4028 | 66,5=0,15
0.0% gm. calcinm Buoride. .........
il 1.26 gm. steamed bove meal., .. ...
2,78 gm. groutid Fmestont, (o, ... 0 23 a4 Foand #5 | 65,3038 | 66.0--0,33
0,30 grm. calciam Aworide. ... ... ;

The reproduction data are presented in Table 35. The number of infertile
females in Lots 3 and 2 (2 per cent rock phosphate A and “untreated” rock
phosphate, respectively) was greater than in sny of the other lots. However,



TABLE 35.—Repreduction Data on Rats Fed Fluorine in Varying Forms and Amounts

Experiment 2

Lot Tluotine | Number | Number n%‘fntbaér Numberof | Averae Average | Average | Per cent of
o p————p— I N I R Bl B T
rations | femates | females litters female titter welght | weaning weatied
Pet, G, [eTR
1| 2,00 ym. rock phosphate A....eoeee.... e, 2.072 5 3 9 1.8 5.6 S0 3.4 18,84
2 2.00 gm., rock phosphate (untreated) ... 0,071 ¥ 4 % 3.8 T2 5.4 36.2 702
3 | 2.00 gnu rock phosphate (treated}.. . ovvereaun.. 0.018 14 8 54 3.8 B4 5.7 45.6 82,08
4 ¢ L7Bgm.steamed bo | S
0,36 iy, mrond Lnteotone . limmenes Trace 14 1 54 3.9 1.8 5.5 £2.8 86,51
3 2,80 gm. phosphatic limestone ,.......... 0,084 It i 25 2.5 1.4 5.8 48,8 Y&
8 | 4,00 gm. phosphatic HmMestone .. veerrrrrrranareen 0.8 13 1 ] 4.5 &5 5.9 .4 30,42
B.70 . Rophosphate & i
R il Cy bt bLILIBAMITE S B X 1 z o 3.4 8.4 5.7 4.7 8164
8 | 141 gro. rock phosphate A ... e aas
2165 b prowid trmomtome L1111 I o oo 6 1 2 2.8 7.2 5.8 4.9 0.5
9 1.78 g, vock phospBate A ... . ivviiriirinnnian, ]
0.11 gm. ground limestone , E 0,675 4 1 55 4.0 8.3 6.1 48.2 95,37
0,16 gm. calcium fuoride. ,
1¢ 0.63 gm. steamed bomemeat, ..o oo E
1.39 gm. greund limestone | 0,024 13 ¢ 53 3.5 7.5 5.8 47,3 88,49
0.05 gm. calcium Buoride. o ouiiiiieirinianianaanan
11 1.2 g, steamed bonemmeal, ... enn e iaaas
2.78 gm. gronnd limestone e e E 0.348 12 2 €5 5.4 8.8 5.8 42.9 95,23
.20 g, calobum Baoride. oo
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gince infertile females ccourved in a2}l the lots, with the exception of Lots 8 and
10, the presence of the larger number in Lots 1 and 2 is probably not signifi-
cant, especially in view of the small total number of females involved. More
data must be accumulated before it can be definitely stated that rock phosphate
cauges infertility in females, The average number of young per lifter and the
average birth weight of the young were not affected by the feeding of either
rock phosphate, phosphatie limestone, or caleium fluoride, except in the case of
Lot 1 (2 per cent rock phesphate A} which performed poorly in all respects
throughout the entire test, The average weaning weights of the young were
fower In Lots 1 and 2, which received 2 per cent of rock phosphate A and 2 per
cent “untreated” rock phosphate, respectively, than in the other lots. This
indicated poor lactation on the part of the females receiving these rations, The
feeding of ealeivm fluoride and phosphatic limestone appeared to have no effect
on reproduction or lactation. The percentage of selected young weaned was
not sighificantly different in any of the lots, with the exception of Lots 1 and 8.
The animals of these two lots died out in the third and second generations,
respectively. However, these discrepancies cannot be correlated with the
fluorine contents of the rations, since Lot 2, with the same perceniage of
fluorine as Lot 1 and more than Lot B, reproduced nermally.

The teeth of the animals in Lots 1, 2, &, 6, 7, and 8 showed the characters
istic effects of fiuorine feeding. All these lots received rock phosphate or
phosphatic limestone {0.024 fo 0.074 per eent fluorine) in varying amounts.
The mandibular incizors showed extensive wear, while the maxillary incisors
were greatly elongated. All the teeth were chalk white in appearance. It
became necesgary to clip the maxillary incizors of these animals at frequent
intervals in order fo keep them from growing against the roof of the mouth,
The teeth of the calcium fluoride — fed rats lost most of their normal pigmenta-
tion, butl in no case was any elongation evident.

Post-mortem examination showed no gross abnormalities in any of the
tizzues. However, the results obtzined with pigs made it advisable to retain
certain of the tissues for histological examination. Accordingly, the livers,
kidneys, spleens, thyroids, and parathyroids were removed and preserved in
formalin. .

The thyrold glands were weighed at the time of dissection {o determine
whether the feeding of rock phosphate, phosphatic limestone, or calcinm
fluoride had exerted any effect upon the size of these glands. The weights of
the glands from the various lots are presented in Table 36. Thyroids were not
obtained from the animals in Lets 1 and 8, which had previously died. it ecan
be seen from the data presented that the weights of the thyreids from the
different lots varied, even when placed on the basis of the body weights of the
animals (mg. thyroid per 100 gm. body weight}. No eorrelation existed, how-
ever, between the fluorine content of the rations and the weights of the glands.
Histological examination of the glands, made by Dr, H, Goldblatt of the Patho-
logical Institute of Western Reserve University, Cleveland, Ohlo, revealed no
changes which could be attributed to the fluorine in the rations,

Histologieal examinations of the livers, spleens, kidneys, and parathyroids
of the animals from the different lots of the third generation revealed ne
abnormalities,



58 QHIO EXPERIMENT STATION: BULLETIN 538

TABLE 36 —FEffect of Fluorine in Different Forms on the Size
of the Thyreid of the Rat

Fxperiment 2

Fluorine | womper: Averazge | Average [ Mg of

Tt Mineral supplement per Hid gm. content of weight waight thyrokl
e, basal ration of rats of of per 00
rations thyrroids rats g, rat
Pk, Mg, (e,
2 2.00 g, rock phosphate (untreated) 3071 7 16,3 308 5.3
3 .90 gm, rock phosphate (treated) . .00 12 1.4 339 6.3
4 L.78 gm. steamed bone meal....... y
B34 gm. ground imestone ... ... % Trace u A a8 5.8
5 200 wre. phosphatic Hoestone . 0,024 7 4.0 94 8.2
[ 4,00 et phosphatic Hmestone ... .. &, 048 10 5.4 360 7.1
7 0.70 g rock phosphate A 095 9 21,5 282 TG

1,358 gm. ground Hmestone |

VT8 g, steamed bonemeal, .. ... ]
L g, ground limestone ..., ... 075 12 23.1 324 6.8
W16 . caleivm Buaoride. ... ..o

18

L83 g, steamed botte meal.......
.05 11 0.8 288 7.2

1

i]

0

]

1.39 gro. ground fimestone. .. ......
0.05 gro. calcium Aueride..........
1

2

&

i1

gm. steamed bope meat.......
.?g gm. ground Hmestone ... ....

048 il ! 2.1 326 7.0
gm. cafcinm fluoride.,........ i H

At the time the rats of the fourth generation were kilied for bone analysis,
blood coagulability itests were made in order {o check the results obiained in
the chick experiments and also to attempt to clarify some of the conflieting
data in the lteraiure on this peint. Table 37 presents the results of these
determinations. It is apparent that in the case of the rat the coagulation time
vwas definitely lengthened by increasing gmounts of fluorine in the ration. This
is eontrary to the results obtained with chicks.

TABLE 37—Effect of Fluorine Feeding on the Coagulability of Rai Blood

Tot Mo, Fizorine conitent of ration  § Tima
|

Fof, H Seconds
0.4971 H 2
0.014 4

Trace : 3
0.038 H 143
0977 H 188
LT i 156

EXPERIMENT 3

The third experiment was planned to study the effect of Alvorine in differ-
ent forms on the rate of caleification. According to the resulis of Tolle and
Maynard (47} and investigators at the Arkansas Agprieultural Experiment
Station (2}, the feeding of rock phosphate resulted in a decreased ash content
of the bones of rats & weeks old. The resulis of the previous experiments
reposted in this paper showed no such differences in the rats killed when from
19 te 31 weeks of age. Accordingly, it was thought advisable to study the
effect of fuorine in various forms on the ash content of the bones from ratg of
different ages.
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Six lots of weanling rats, consisting of 12 animals each, were placed on the
same corn-casein-soybean oilmeal ration as that used in the previous experi-
ment. The rations of Lots I and 2 were supplemented with 2 per cent of
“yntreated” and “treated” rock phosphate, respectively. Lot 8 received the
control ration which was supplemented with 1.78 per cent of steamed bone meal
and 0.24 per cent of ground Hmestone. The rations of Lots b and 6 were the
same as that of Lot 3, except that 0.16 per cent of calcium and sodium fluorides
was added, respectively. A proportienate amount of ground lMmestone was
omitied fram the ration of Lot 5 in order to maintain the same calcium content
ag In the control ration. Lot 4 received g ration containing 1 per cent each of
steamed bone meal and “untreated” rock phosphate. These rations were fed
ad ibitum and distilled water was used for drinking, At the end of § weeks
six animalz in each lot were killed and the famurs and humerl were removed
Jor ash determinations. The remaining six animals in each lot were main-
tained on their respective rations for & additional weeks, when they were killed
and similar material collecied for ash deferminations.

The data are presented in Table 38, 1t was noted that the ash contents of
the bones of the animals which received 0.07T12 per cent of Huorine as
“untreated” rock phosphate and 0.07VO8 per cent of fluorine as sodium flucride
(Lots 1 and 6) were definitely lower than those of the other lots at the end of
5 weeks. At the end of 10 weeks, the animals which had received “untreated”
rock phosphate (C.07I2 per cent fluorine} had overcome the difference to some
extent, although the ash contents of their bones were stili not so great as those
of the other lots (Lots 2, 3, 4, and 5). The existing difference, however, was
fess than it had been at b weeks. On the contrary, the bone ash of the animals
in Lot 6 (0.16 per cent sodiuwm fluoride} when compared with the ash values of
Lots 2, 8, 4, and § still showed a difference of approximately the same magni-
iude at 10 weeks as I had at 5 wesks. These reduced ash contents of the
bones were nof correlated with the amounts of fluorine consumed but rather
with the percentages of fluorine in the rations. Considering the results of the
two previous experiments, in which the rats had been killed at 1% and 28 to 51
weeks, it is apparent that the bone ash reachez a normal value at the time the
animals become mature. 1t is clear, therefore, that high fivorine feeding
retards caleification of bones of the rat during the early weeks of their life, but
with the progress of age the bones become compleiely calcified. Caleium
flucride feeding exerted no effect on the rate of calcification, which is in agree-
ment with the other chservations previously reported.

EXPERTMENT 4

The evidence presented in the preceding experiments showed that fluorine
in the form of caleivm fluoride was not so detrimental to either pips, chicks, or
rats as fluorine in the form of rock phosphate or sodium fluoride. This is in
agreement with the reports of many other investigators, Workers at the Towa
Agricultural Experiment Station (4} suggested that the difference in action
between sodium and caleium fuorides was due to thelr difference in solubility.
In order to obtain information relative to the rate of retention and paths of
excretion of different fluorine-containing materials, metabolism trials, involv-
ing voung male stock rats weighing approximately 125 grams, were conducted.
Three rats were placed on each ration and were housed in & metal cage
designed for the purpose of making quantitative collections of feces and wrine.



TABLE 38.—FEffect of Fluorine on Growth and Calcification in the Rat

Lot
N

Rats killed at 5 weeks

Rats kifled at 10 weeks

Fluorine
Mingrat additions to 100 pm, contetit | Average Bone ash Average Bane ash
of 1he rations of fluarine Average finorine Average
ratioR | consomp- gain CONSEN - 431
tion Femurs Humeri tion Femurs Humeri
Fet. Mg, frue, Fred, Fed, .;‘)fg. £33 e, e,
2,00 grm. rock phosthate (untreated)... | 0.0712 281 124 BT = (57 56,6 + 0,65 660 230 62.9 = 90.28 $2.9 = (.30
200 gm. rock phosphate {treated} ...... 00E0 41 147 60.9 = 0.19 8.3 = 0.01 .3 243 64.9 = 0.18 64,6 = Q.14
1. 78 grm, steamed bone meal L .
0,34 gm, ground Hmestone 1 0004 2 151 6.7 = 0,18 £0.0 + 0,28 4 231 6.4 = 018 3.7 = 0,26
1.0} gm. steamad bone meal. .. i i
1,06 g, rock phusphate fantrented) .. § i, 0358 187 138 60.6 + 0.27 60,1 = 0,27 ars 238 6.9 = 0.15 add = &1
1.78 gm. steamed bonemezl, ..., ...... i
1] gm. ground timestone, | . { 0. 0765 335 146 611+ 0.28 60,3 = [, 16 736 238 64.8 = 0,18 641 + 6.28
$.16 g calcium fAueride.. .. .oo00., !
1. 78 gm. steamed bone meal. ..., ......
{.54 gm. ground limestone. ., % . 708 153 25 54.6 = 0.6 53.% = 0,67 oz 7 3.2 = 0.75 58,0 = {,35
{116 gm. sedhsm fluoride
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The same corn-soybean cilmeal-casein ration as used in the previous trials
was fed, For twe groups this was supplemented with “untreated” rock phos-
phate at a 2 per cent level. This material was from the same source as that
used in Experiment 2. 'Two other groups were fed a ration containing 1.78
per cent steamed bone meal, 0.34 per cent ground limestone, and 9.16 per cent
sodium fluosilicate; another group received the same ration, except that the
sodium fuosilicate was replaced by sodium fluoride. In the ration of the sixth
group, calciem fluoride replaced the sodium fluoride of the previous greup and
the limestone was reduced proportionately in order to maintain the zame cal-
cium content as that of the other rations, Three hundred grams of each ration
were mixed and fed ad [iditwm until consumed. When the 300 grams of the
experimental ration had been eonsumed, the animals were given ground yeilow
corn for a period of 3 days in order’to clear the digestive tract of any residues
of the experimental rationg. The feces and urine were composited and
analyzed for fluorine.

The data ascquired are presented in Table 39, Approximately 30 per cent
of the fluorine ingested ag “untreated” rock phosphate, sodinm fluosilicate, and
sodium fuoride was retained in the body., In the case of calcium fluoride less
than 2 per cent of the ingested fluorine was abserbed and this was excreted
quantitatively in the urine. Apparently, the absorbed fluorine which iz not
refained by the body is excreted through the kidneys. Since the amounts of
ingested fluorine retained in the body in the cases of rock phosphate, sodium
flnosilicate, and sodium fluoride were of much greater magnitude than in the
case of caleium fueride snd since the majority of the fluorine of the latter sup-
plement was excreted in the feces, the reason for the difference in the effects
of these supplements is apparent. The extremely smali amount of fiucrine in
the basal ration was not faken into consideration in these ealeulations.

N Time ! Pypopine | FIorine | Blperine | Floorine | piparine | Pluorise
Fiuorine supplement o0 ingested, n abgorbed n balence |retained
ration faces urine

Daps Mg, Mg, Mg, Mg, A, =8
Rock phesphate (untreated) .. 1] 217.2 128.7 88,5 3.5 4 B7.G 6.2
Rock phosphate (untreated) .. 10 2136 131,5 8z.1 20.5 + 61,6 28.8
Sodium foositicate .. oo 23 49,9 94,3 1753.6 93.6 + 220 g
Sodiym Huesilicate s i 22 26%.9 94.4 175.5 9.2 + 85.3 3L.6
Sodinm thzoride. .o 18 F1 1] 116.5 .7 .8 + 68.9 2.6
Calcium Auoride . sosii e It 229.6 225.5 4,1 4.2 — 0.1 oo

SKULL AND TEETH STUDIES

In order to study the alterations in the skulls and teeth due to the inges-
tion of fluerine, the heads of the rats from Experiments 1 and 2 were pre-
served in formalin, Jaws from five lots were examined histologically. The
teeth and jaws from all 18 otz were used for gross examination and compari-
son.
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Sixteen measurements were made on each skull, as follows: length of
entive skull, fronto-eccipital length, length of nasal bone, zygomatic width,
squamosal width, length and width of both dental arches, distance from dental
arch to foramen wmagnum, height and length of mandibles, distanee from
anterior alveolar crest to angle of jaw, distance from last molar to condyle,
distance from last molar to angle of jaw, and thickness of left mandible in
plane passing between first and second molars, A comparison of the average
measurements of the skulls from control grouwps with greups on rations con-
taining added fluorine showed no significant differences for either sex. Con-
trary fo the findings with swine, the mandibular thickness was not altered.
No decrease in the width of the dental srch, such as was reported by Bunting
(34}, was found. In spite of the imahility fo demonstrate differences in the
proportiong of the mandibles by actual measurements, those from rats on high
fluorine rations had blunter contours and were less graceful in appesrance than
those of normal rats. As has been observed by others, the bone was whiter in
appearance and had a2 rougher surface, lacking the normal luster. Miere-
scopically, the bone from fluorized rats exhibited no significant differences
frem normal bone. The marrow spaces in the mandibles from all groups con-
tained red marrow showing no deviations from normal

The addition of fluorine to the ration resulted in gross changes in the
incisors, similay to those described by McCollum, Bimmonds, Becker, and Bung-
ing (34), Schultz and Lamb {41), Bergara (7), Chaneles {i14), and others.
These changes appeared as a graded series, thely severity depending upon the
amount and compound of finorine fed. The nature and severity of the ensuing
changes are briefly indicated for individual ratg of all lots in Table 40. At low
levelg of fluorine intake, the pigment normally present in incisor enamel was
reduced in amount; ait higher levels, the pigment was further reduced—the
enamel lost its luster and gross hyperplasia began {o appear. At still higher
ievels, the chisel edge of the incisors became worn and dulled and the angle at
which the plane of abraded surface met the enamel surface was increased.
Continuation of this condition resulted in either excessive wear or the break-
ing of one or more incisors and consequent ioss of ocelusion. Ineisors withont
an antagonist eontinued to grow and became markedly elongated. Any or ali
ineisors might have hecome elongated, depending upon deficiency or loss of
occlusal relations through wear or divergence. We were unable to eonfirm the
reports of investigators who have claimed or inferred that elongation is
peculiar to upper incisors, that it results from more rapid growth of the
incisors, or that it mvolves a change in their radiug of curvature. Bunting's
explanation of the elongation of incisors was confirmed, With fluorine toxicity
sufficient to produce conditions of elongation, Incizors usually exhibited longi-
tudinal corrugations of the dental surfares——referred to in Table 40 as fluting.
In most rats which had incisors that were fluted and elongated, periodontal
tissues immediately overlying the enamel organ near the alveolar crest
appeared blood-red after the gum had been excised. Thizs condition wasz not
found in rats jo which fluting and elongation were absent. Microscopical
examination and microchemical tests showed that this condition was due to an
iron-containing blood pigment, which was chiefly intracellular, and was con-
fined to tissues immediately adjacent to or in the remains of the enamel organ.
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TABLE 44.—Microscopical Observations of the Incisors of Rats

. . Blood plg-
Forin in § [dentifca. o
Lot Fluorine whicly tion pum- | Shizpe and] Pigment [:;;tf;c?:f k G;‘Dls:sia anrge:z!}yg;d
additlon | fAuorine ber and | occlusion | inenamel Fhon 3
Na. | "o diet was sux of | of incisors | of Incisors | O £RAMEL | ofenamel | ginglval
added Tats of ingisors | of incisors | enamel
argan
Fed, . . . - -
l'C}m 8190 o Normat Normat Normal Mot None
trobs) N I 8182 ¢ Nermal Normal Normal Mome None
2 194 @ Normal Trace Normal Neone None
£.0044 Soziitlxm Uppers
fiworide | 43198 &0 | Normat [PAETSION Normal | Nome None
lowers
3 0.0046 Calcium 808 9 Normal MNaopmal Normal Nene Nona
’ fuoride 202 & Normai dgé:‘%;l;c Mormal Nouorte MNane
4 Incressed Luster
8205 o angle of Lacking Tacklsg; Marked Slight
wear chaiiky
0.0088 Bodizm
. fAuoride - Traces of
Liengated | Traces in Iuster; p
8207 ¢ uppers spote chipped Mid Marked
enanek
5 . Catciam 8213 Normal ﬁ?clrg:;;e Normal None Nooe
L0032 Huoride Drutleds ot
Deacreased., i) Mild in x
8213 ¢ Normal biotchy cél&f\k!? UpPErs None
pots
& Elotgrated «
4314 ° HUppers! Lacki ;"‘f"’fwr . o e
msrked Lacking Acking: Marked Marked
Sodiam futing chatky
9.0220 flupride
Elotyated Luster
8216 @ § WS | Lacking | jacking: | Marked | Marked
Ruting chalky
7 g2 v Normal c?gg:g:gé Normal Kone Mot
p.02s0 | GRichim Marked _
gy 2 Normal {:”%;E%a;g; !ﬁsé:r None None
nppers
8 Eiengated Nitd i
Akl appers and uppers]
BA ahz v lowers: Trace Pulind nong in Trameme
wopers luster lowers
divergent;
HAuting #a
T Lacking to|" &= festar; T
553 # Normal pale yellow céa:;i:ay None
Rock
G.4720 Phﬂsi’hﬁte Ei‘ang;i\gd Lacking |Luster fair | Maried in
B35 ¢ S%p e inlowars; | in uppers; | uppers; Maried
fintgin trace in | lacking in| momein b
¥ BwHPers owers lowers
Elongated Luster
RH3T ot éj?r?‘l;?& Tacking lacking: Marled Marked
Auting chaltky
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TABLE 40,—Microseopical Observations of the Incisors of Rats—Continned

Blood pig.
: Form in | Identifica- Luster and] Gross ment in
Lot Fé"é‘??!“e which | tiod nem- Shncﬁipﬁs%gd ‘f: igrml character |hypoplasia iand around
No. at &i"“t“ fluorine | berand | SERISCR | M ENATE ) of enamel | of enamel | gingival
8 (LI was added | sex of rats S | of incisors | of incisors | enamel
orifan
9 b E a L
ngate ALSLer
1410 utrpers; X lacking iyﬁ;’;z‘;_
slight Lacking | in uppers; | e e | oeereanin
Rock fluting ‘Izs‘l)::"a 1;; [
60710 phospliats
‘ {Untreat-
ed} Luster Marked
E‘lmgarzt‘?d Tracein | JACETR | oo pers; Narked
un e | GRRES | towers | FLURRES| Cemildin ARRE
jowers fowers
1e 1413 & Normal d%iifé‘lie Normai None Nane
Rock
0.0106 | phosphate Deereased ,
(Treated) | 1415 & | “wear; | Trece | 057 | None None
slight
fluting
11 . 200 ¢ Normal Normal Normai Nona Nonea
éfn‘::‘ Trace 3&3‘;‘3 1418 & | Normal | Normal | Normal Kone Nane
M9 e Normal Narmal Normal MNone Noge
1z Efg‘f:r?d Luster
1427 9 bkt Tracs "”Q}T%f;{kft: Moffid. Aarked
A £
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) limeatone Hlongated | Pale yello
i W
1498 @ nppers] in nppers; Pair Mild in
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i3 Increased Marked
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angle of Trace .. i In uppers:
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Phosphatic ; Ruting lowers
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Ix1cre£se{¢ T Luster || Marked
anile o race ot b in uppers;
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i - o Fai a h;;ter: Marlted
Clotipat . chalky in uppers;
45z % Wppers Traces spots L Tild 1 Marked
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0. 0250
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TARBLE 40.—Microscopical Observations of the Incisors of Rats—Concluded

Blood pigw
. Form: Tdentifica- Tuster andi  Gross mant in
Lot fé‘é?i:ﬁ in which | tiom mum- S&%ﬁf&ﬁ&d }zigg‘ﬁ:i character | hypoplasialand arenad
No, tq dist fluorins er and of incisors | of inclsers | O3 enamel | ofename! | gingivat
was added [ sex of rats of incisore | of incisors ¢ enamel
organ
1 Fref, Pale
Elongated | yellow in Markad Slight
i1 9 EPPers) spots n Larater | inuppers: | in nppers;
mild uppers; lacking mitd in nome in,
fiating darker in lowers lowers
Jowers
Calciym
.0250 fincride
Pala .
Elongated | yellow in la%l?is;:-rin Marked
58 o uppers; spots in uppers: | 1T UppEs:
ﬁmiid dup'}pers; faili' i r;:ild ja frrrrrererer .
ating arfer in OWETS
towers lowers
by Tisepemsed ;
Pale Fair :
70 2 ar;,‘g;}ﬂr Yyellow luster Reme Note
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8.0z40 fluoride Ixark
Increased yellow Fair
473 9 angle of spots o Juster Mid None
Wt pale
yaollow
33 Hight g,
475 & Normal dboranss Neormal None Nong
Q4RD Calcium
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478 ¥ angle of & L Wormal Noma Nooe
WeRE LCTOASE

When the changes in the incisors, listed in Table 40 and described above,
are arranged in order of severity and plotted against the amounts of fiuorine
in the rations (Fig. 14), a graphic approximation is made of relative effecis of
different fluorine compounds on the formation of ename? and dentin, Since
divisions on the ordinate are somewhat arbitrary, a numerical relationship can-
not be expressed between the dosage and the effecty on the teeth, and yet it is
ebvious that sodium fluoride produced mest and caleium fluoride least damage.
Rock phosphate and phosphatic limestone had analogous effects intermediate
between sodium and caleium fluorides. Thiz iz in agresment with the resuits
reported by Sollman, Schettler, and Wetzel {48} and contrary to the report of
McChire and Mitchell (52}, The teeth of the control rats had normal dental
tissues {Fig. 15). The teeth of fluorized rats showed graded hypoplastic
defects, the severity of which was directly proportional to the amount of added
fluorine when the form of fluorine was considered. Both upper and lower
meisers of Rat 8219 {Experiment 1, Lot T}, which veceived 00280 per cent of
fluorine zs calcium fuoride 'in its ration, were histologically normal. The
effects of fluorine rations were consistently more marked in maxillary incisors
than in mandibular. The lower ineisors of Rat 550 (2 per cent rock phosphaie
A}, which received 4.07 per cent of fluorine, showed only mild hypoplasia of the
enamel (Fig, 18); whereas the upper incisors exhibited severe hypoplasia
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(Fig. 17).
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Both upper and lower incisors of Rat 8215 (0.05 per cent sodium

fluoride) showed the most severe hypoplasia of any microscopically examined

(Fig. 18).
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Fig. 14—Effects of different dosages of I' on incisors of rats.
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Fig. 15.—Longitudinal section through lower incisor of

control rat (Lot 1).

H. and E. (x 160)
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Fig. 16.—Longitudinal section through lower incisor of Rat 550
(Lot 8, 29 of rock phosphate A added to diet).
H. and E. (x 160)

Fig. 17.—Longitudinal section through upper incisor of
Rat 550 (Lot 8). H.and E. (x 160). (See Fig. 19)

67
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Fig. 18.—Longitudinal section through lower incisor of Rat 8215
(Lot 6, 0.05 per cent of sodium fluoride added to diet).
H. and E. (x 160)

The hypoplasia of the enamel involved either general or local decrease in
thickness, or both. Concomitant with this decrease in thickness, there were
disturbances in the uniformity of the arrangement of the prisms and some
difference in the composition of the enamel which rendered it more easily
retained following decalcification; its stainability with hematoxylin also was
increased. Associated with the changes in the enamel were alterations in the
appearance of the enamel organ, involving a decrease in the height of the
ameloblasts, an unevenness of the inner ameloblastic surface, and an increase
in the length of the interpappillary projections of the enamel organ (Figs.
16-18). In some cases the height of the ameloblasts became so small that they
were reduced to a squamous type of cell (Fig. 19). A similar decrease in the
heights of the ameloblasts normally occurs toward the end of amelogenesis, in
whieh condition it signifies diminution and ultimate cessation of amelogenic
function. In the hypoplasia of the enamel, decrease in height and decrease in
function of the ameloblasts occurred before the normal amount of enamel had
been formed, a econdition that may have been more severe in some locations
than in others, resulting in the characteristic pits or grooves of hypoplasia.
In Rat 8215 (0.05 per cent sodium fluoride) the lack of function of the amelo-
blasts was so extreme that enamel was lacking in several regions. Micro-
scopical findings, with respect to the severity of the effects of fluorine in the
rations, are confirmatory of the microscopical findings in Table 40. The dentin
showed hypoplastic changes which paralleled in severity those of the enamel
and were manifested as an increase in the thickness of the predentin, an
accentuation of the incremental lines, and the presence of interglobular dentin.
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Fig. 19.—Longitudinal section through hypoplastic defect in enamel
of upper incisor of Rat 550 (Lot 8). H. and E. (x 600)

DISCUSSION

The results of the foregoing experiments show definitely that fluorine
feeding exerts definite physiological effects upon animals. In general, these
effects are evident whether the fluorine is fed as a fluoride salt or as present in
the naturally occurring minerals, such as rock phosphate and phosphatic lime-
stone, although the severity of the effects are dependent upon the percentage
and form of fluorine.

It is evident, from the results of the experiments on pigs, chicks, and rats,
that fluorine in the form of calcium fluoride was not nearly so toxic as in the
form of the sodium salt, when fed at corresponding levels. This is in agree-
ment with the report of the Iowa Agricultural Experiment Station (4) that
rats can tolerate more fluorine as calcium fluoride than as sodium fluoride. We
were unable to substantiate the results of McClure and Mitchell (32) that
caleium fluoride and sodium fluoride were equally effective in producing
changes in the teeth of rats. In our experiments, 0.05 per cent of caleium
fluoride in the ration produced approximately the same effects as 0.01 per cent
of sodium fluoride in causing changes in rat teeth. On comparable fluorine
bases, rock phosphate, phosphatic limestone, and treble superphosphate
occupied positions intermediate to sodium and caleium fluorides with respect to
the characteristic effects produced by fluorosis.

Metabolism trials with rats showed that very little of the fluorine of the
calcium fluoride was absorbed or retained in the body; whereas in the cases of
sodium fluoride, sodium fluosilicate, and rock phosphate much greater quan-
tities of the fluorine were absorbed, with approximately 30 per cent being
retained in the body. These findings would tend to explain the differences in
toxicity between the different forms of fluorine as reported by Marcoviteh (29),
Cristiani and Chausse (16), and Sollman, Schettler, and Wetzel (43).
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The feeding of excessive amounts of fluorine resulted in & decrease in feed
consumption and in an inefficient utilization of the feed in the animals studied.
Pigs fed rationz high in fHuorine (0.87 per cent) made significantly smaller
average daily gaing and required again as much feed to produce a unit of gain
a5 similar animzls fed low fluorine rations (frace of finorine). The curiail-
ment in feed consumption due to flucrine {0029 per cent) was especially noted
in the case of sows suckling pigs. These animals did net consume sufficient
feed to prevent them from losing abnermsal amounts of weight, and, in most
instances, it was not possible to return the animal to good condition even after
the young were weaned. Similar observations were made by Huffman and
Reed (24) when rock phosphate was included in the rations of dairy cows at
levels of 1.5 per cent of the grain retion. } was noted that chicks were able
to tolerate higher levels of fluorine in their rations (0071 per cent) than pigs
{0,025 per cent) before showing any deleterious effects. This iz in agreement
with the findings of Halpin and Lamb (20}.

The presence of fuorine in the rations of pigs and rats, either in the form
of sodivm or calclum fuorides or rock phosphate, exerted no effect on repro-
duction, as determined by the number of young born and the weight of the
young at birth. It was observed, however, that high-fluorine rations adversely
affected lactation, since the average weight of the young at weaning was
generally less than on similar rations of low-fluorine content. We are of the
opinion that thig apparent decrease in Iactation was not a specific effect of
Huorine per ge but rather due to the curtailment in feed consumption, Similar
gbservations were reported by Huffman and Reed (24) when high-fluorine rock
phosphates were fed to dairy eattle,

The data also show that excessive amounts of fluorine produce certain
definite changes in the bones of animals. The long bones, as represented by
the femurs, become larger in diameter, due fo an increased thickness of the
walls, This is accompanied by a loss of the normal yellow color and luster and
the gccurrence of many exostoses, Similar conditions were noted in the fat
hones, a8 typified by the mandibles. However, in the case of the mandibles the
increase in the body of the borne was not due to an increase in the thickness of
the bone wall, as in the femurs, but to an increase in the size of the meduliary
space. These medullary spaces were filled with a yellow marrow instead of
the normal red marvow. This condition was not observed in the rat mandibles
that were examined. In the latier case, normal red marrow was present.
High-filucrine rations also caused o marked increase in the width of the dental
arch in pigs; whereas no such increases were noted in the case of the rats,

When fluorine was fed to pigs in the form of sodium fluoride or rock phos-
phate, the cutstanding physical effect on the femurs was the decrease in the
breaking strength of the bomes, Neither the physical changes nor measure-
ments could account for this deerease in iensile strength. Likewise, the
decreased breaking strengths could not be explained on the basis of perceniage
ash in the bones. Although the ash contents of the femurs were somewhat
lower in the short-time pg experimernds when large amounts of available
fluprine were included in the ration, in the case of the sows no differences in
ash percentages were noted and yet a great differemce in tensile strength
occarred. Obviously, the decrease in breaking strength was not direcily cor-
related with the percentage of ash, bul, as the data showed, with the ash per
unit volume, or what probably approaches the density of the bone itself.
Accordingly, it would seem that some change In the structure of the bone must
have occurred as a result of excessive fluorine ingestion. Microscopic exami-
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nation of greumd sections of the femurs showed definite differences In bone
structure. The data were insufficlent to warrait any definite conclusions as to
the nature of the change. Work along this line is being continued.

The data pertaining to the effect of fluerine on the ash contents of the
bones are of imterest. Although high fluorine ingestion did nof appear to
affect appreciably the percentage of bone ash in the case of pigs, chicks, or
mature rats, evidence was obtained which showed that high available finorine
intakes retard or slow up caleification, However, ¥ the fluorized animals are
continued on the ration for a sufficient length of {ime, the bones will acquire a
normal percentsge of azh. Thiz would tend to aceount for the oeccasional
decreased ash percentages due to excessive fluorine intakes noted in some of
the short-time pig experiments; whereas, in the case of the sows, no differences
in ash content due to fluorine were noted,

That a highly available fluorine intake affects the composition of osseous
tissue was shown by the analyses of the pig and rat bones. The fluorine con-
tent of the moisture- and fai-free hones was dirvectly proportienal to the per-
eentages of available fluorine in the rations; whereas the carbonale content
was deereased with increased fuorine intakes. The calcium and phosphorus
percentages in the bone ash were unaffected, while the magnesium percentages
were increased with Increased amounts of floorine in the rations. These
resulis confirm the work of Forbes and co-workers (17} az to the changes in
caleinm, magnesivm, and carbon dioxide contents of bones due to the feeding
of rock phosphate, but we were unable to demonstrate any such inerease in
phosphorus content as was reported by these investigators. Tt is worthy of
note that the high-magnesium and low-carbonate contents of the bones were
independent of the percentages of magnesium and carbonates in the ration, the
source of calcium and phosphorus in the ration, and the form in which avail-
able fluorine was ingested, To determine whether thiz change in composition
in the case of large flucrine intakes iz due to a partial replacement of the car-
bonate by the fluoride or to an actual shift in the percentages of the different
bone galis normally present to compensate for the increased fAuorine content
requires more detailed study.

The effect on the teeth of feeding fluorine was, in general, the formation
of imperfect enamel, either in normal or deficient amounts, resulting in vary-
ing degrees of hypoplasia. The teeth of sows kept for two or more yvears on
a ration high in fluorine were frequently worn ito the gumg and the pulp
cavities exposed. This was due fo the lack of a normally resistant enamel
which permitted rapid abrasion of the teeth. The dentin was, by comparison
with the enamel, very little affected. Similar changes were observed by Huff-
man and Reed {24} and Taylor (46) in the case of dairy cattle which had been
fed rock phosphate over long periods of time. In rats the condition was evi-
deneed by an overgrowth of the ineisors, as has been reported by numerons
investigators (T}, (14), {32), (34}, (413, {43}, (4T}, and (48). Both in caze of
rats and pigs, hypoplasia of the enamel and, to a much less degree, hypoplasia
of the dentin cccurred, the sevority of which was propertional to the amount
and form of fluorine in the ration. Fluorine in the form of sodium fAvoride was
most effective in causing tooth changes; whereas in the calcium form it was
least effective. Roek phosphate and phosphatic limestone occupled intermedi-
ate positions in thig respect. The chemical anslyses of the teeth 4id not reveal
any striking differences in their inorganic composition, aside from the increase
in the percentage of fluorine--the increase being directly correlated with the
availability of the fluorine and ity confent in the ration, which is In confirma-
tion of the work of Sonntag {44} with dogs,
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The only difference, other than in the severity of the changes noted,
between the fluorine derived from rock phosphate and sodium fluoride was the
effect that liberal amounts of the natural minersl (3 per cent or more of the
ration) exerted on the kidneys. Equivalent, or even higher, levels of fluorine
in the form of sodium fluoride had no such effect. Two explanations preseni
themselves as 1o the canse of this discrepancy. KEither the naturally occourring
substance must have contained some substance or material, other than fuorine,
which caused pathological changes in the kidney, or the fluorine cowpound in
rock phosphate was more toxic to this organ than sedium fluoride.

The inecreased water consumption of the pigs on the high-fluorine rations
may in part be explained on the basis of the results of Gottlieb and Grant (19).
These investigators reported that the intravenous injection of sedium fluoride
inte dogs caused & marked diuresis. Although no urinary velume determina-
tions were made In the experiments reported, it was noted that the litter in the
peng of the high fluorine-fed pigs was much mmore goiled with urine than that
in the other lots. A marked increase in urine velume must therefore be sccom-
panied by an increased water intake to avoid a serious dehydration of the hody
tissues.

The data refative to the effect of flucrine on the coagulability of the blood
appear to be contradictory. The coagulation time of rat bloed was definitely
retarded and that of chicken bleocd accelerated by rations containing large
amounts of fAucrine, Much eontradictory evidence has been presented in the
literature on this point. Schwyzer {42) found that chronic doses of sodium
fluoride produced an increased eoagulability of the blood of rats, dogs, and
pigeons, with which our results with chicks agree. Omn the contrary, Stuber
and Lang (456} suggested that the presence of large amounts of fluorine in the
blood decreagsed its coagulability. Their opinion is based on the observations
of a number of hemophilic patients whose bleed eontained large amounts of
fluorine. These investigators alse state that goose and rabbit bloods clot
slowly and contain relatively Iarge amounts of Suerine, while the blood of cats
and dogs, containing no fluorine, clots rapidly. Since no analyses for fuorine
were made on the blood of either the rats or chicks in these experiments, it is
not possible to state whether the resulis which we obtained were due to the
rercentage of fluorine in the hlood or to some other factor.

The weight of the thyroid glands of rats was not increased by fluorine
feeding. This corroberates the resuits of Tolle and Maynard (48) and is in
disagreement with the findings of Maumene (30) and Goldemberg (18). The
thyreids and parathyroids showed no histological changes which could be cor-
related with the fluorine eontents of the rations, Similar results have been
reported by Hauck, Steenbock, Lowe, and Halpin (23) with chicks.

The experiments with pigs and chicks bring out certain practical aspects
in the use of minerals, such as rock phosphate, which contain high percentages
of fluorine. 'These materials may be used as efficlent carriers of caleium and
phosphorus providing they are fed at sufficiently low levels to avoid any of the
detrimentsl effects due fo excessive fluorine. The pig experiments indicate
that rock phosphate containing approximately 3.5 per cent of fluorine may ba
fed at 0.5 per cent of the fotal ration to pigs for 20 to 25 weeks without any
injurious effects. The results with chicks show that & maximum of 2 per cent
of a similar rock phosphate can be included in the total ration without deleteri-
ous effects. Since the toxic effects of fluorine are cumulative, it is advisable
te feed smaller amounts than the above mentioned if the animals sre to be
maintained on the ration for extended periods of time.
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SUMMARY

1. 'The toxicity of fluorine varied with the form of Sucrine fed. Sodium
fiuoride was much morve toxic fo pigs, rats, and chicks than caleium fluoride
when these two salts were fed at comparable fluorine levels. Rock phosphate,
phosphatic limestone, and treble superphosphate occupled intermediate posi-
tions in this respect.

2. Rations containing exceszive amounts of available fluorine reduced
the growth and the feed consumption of pigs and chicks and definitely increased
the feed reguirement per unit of gain for the pig.

8. When the rations of pigs contained more than 0.02¢ per cent of
fiuorine as sodium fluoride or more than 8.033 per cent as rock phosphate, the
hones were characterized by incressed thickness, losz of normal color and
luster, presence of exostoses, and a decreased breaking strength,

4. The weakened, thickened hones resulting from fluerine feeding con-
tained normal percentages of ash, caleium, and phosphorus, nereased amounts
of magnesium and fiunorine, and decreased percentages of carbonates, These
changes were directly correlated with increased amounts of fluorine in the
ration,

§. The inclusion of fluorine in the ration of the pig increased the thick-
ness of the walls of the femurs but not of the mandibles. The increased thick-
ness of the mandibles was Jue to an increase in the size of the meduliary
spaces. A change also occurred in the type of marrow present.

6. High-fluorine rations increased the width of the dental arch in pigs
but not in rats.

7. The inclusion of excessive amounts of fluerine in the rations of pigs
and rats caused hypoplasia of the enamel of the teeth. In pigs, the feeding of
such rations over long periods of fime caused the teeth toc become so soft that
they were worn down until in sotne cases the pulp cavities were expozed. The
incizors of the rat became white In color and some were elongated with the
cecluding incisor worn down or broken off, These changes were accompanied
by hypoplasia of the enamel, The dentin was similarly affected to a less
degree,

8. The percentages of ash, calelum, phosphorus, magnesium, and carbon
diogxide in the teeth were unaffected by the fiuorine content of the ration bui
the percentage of flucrine was increased in direct proportion to the amount of
thiz element present in the ration.

9. High levels of fluorine in the ration exerted ne direct effect upon
reproduction in rats or pigs but adversely affected lactation through decreased
feed consumption.

10, Rations containing large amounis of fuorine ¢aused an Iincreased
water consumption and = diuresis in pigs.

11, Sodium fluoride, ealcium fluoride, and phosphatie Hmestone had no
evident effect on the livers, kidneys, spleens, thyreids, or parathyroids of rats
or on the livers or kidneys of pigs.

12. The addition of I per cent or more of reck phosphate to the ration of
pigs caused s degeneration of the epithelium of the convoluted tubules and &
fibrosis of the kidney. This 4id not oceur in the case of the rat.
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13. The feeding of sodium fluoride at levels of D.G5 per cent of the ration
caused a retardation in the rate of growth of the rat but had no effect on the
percentage of bone ash at maturity,

14. When fluorine as rock phosphate or sedium finoride was fed at levels
of 0.071 per cent, a retardation vccurred in the caleification of the bones of rais
at & and 10 weeks of age.

15. The availability of fluorine varied with the form in which the fluorine
was fed, Approximately 30 per cent of the fluorine ingested in the form of
rock phosphate, sodium Auvosilicate, and sodium fluoride was relasined I the
body by the rat while none of the fluorine in the form of caleium fuoride was
retained,

16. The effect of fluorine feeding on blood coagulability varied with the
species. High-fluorine rations increased the rate of ccagulation in the ease of
the chick and decreased it in the case of the rat.

17. For practical feeding purposes, rock phosphate may be fed to pigs at
0.5 per cent of the ration and to chicks st 2 per cent of the ration for shori
periods without danger of fluorine toxicity., If the animals are to be main-
tained on the ration for long periods of time (12 menths or longer), the use of
smaller amounts Is recommended.
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