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I NTRODUCTION. 

'ruE su pplementary feed ing of minerals has beeom e an essential 
f<~ ctor in the nutrition of fnnu aniuw ls. Due to its beneficial effects 
i n general on growth a1Hl r eproduction anrl its favou rable arnolmt" 
<l ll d proportions of the bYo ehie£ clefieient mineral el ements caleium 
and phosphm us, hone m ea l is the most popu lar ancl generally used 
mi neral compoun rl. I n 1ecent year ,;, minends m·e fed on a morP 
L'XtPn c; iYe a nd elabor at e sca le t h an formerly, and consequently t he 
e('onomic aspect of su('h a supplementation com e,; up for eonsiclera ­
iion. Th er e is a gTO\Yiug demand for oth er sources of caleium awl 
phosphorus, whi eh "·ould be less expensive yet effi('ient in supplying 
t he defiC'i ent minerals. A s a r esu lt attention was d irected to t h e 
na t urall)· occuni ng calci um phosphate better lmO\nl as rock phos­
phate. Thic; r·onlJlOUJHl eoll t ains approxim ately t he sam e amounts of 
caleium :mel pho~phate as hone m eal. From t hi s it would appear . 
t hat we might expeet to finrl in 1·oek phosphate a suitable substitute 
for hone Jll eal. H o"·eyer , the results obtained b.1r the addition of 
rock phosphate ac; a m i neral supplem ent do not at present justify 
its adoption . The r esults in this direction are Yel'Y variable . Some 
in Yesti ;rators h aYe -foun d a bnorma 1 growtlJ n nrl even de trim ental 
effects through the admi nistration of rock phosphate, other:> have 
notic·eclno s tu·lJ ill-effed s. 'f he i nj urious effects of this mineral h ave 
i nvariably been :1ttrihuterl t o i ts fluorine con tent. It is npparent from 
fh p cliYerg·e1w:-;· in t he results ohtnined, t hat the leYel of feeding or the 
c·o n t·Pn h ·:d ion of fluorin e presen t, is th e fa ctor determining the }Jl'P­
SP nc·e or ahsenc ·e of irregularit ies. At this Insti t ute definite toxir: 
s.l'lnptom s haYP been obtai ned h:-;r feeding rock phosphate to bovinP~ . 
Th e,;e resulh; partially exc·l ude t h e possibility of u t il i7-ing roek phos­
ph ate as a mineral supplement. H owever, there is no eviden ce nvnil­
ahle as to " ·h at limit fluori ne containing m inerals llla:V be fed \Yit.hout 
affecting t he g·pneral " ·elfare of th e an imal. Tu onl Pr to g:et some 
inf01matioa on t his point , fo ur g r onps of hoYines consist in g of threc­
:mimals eaf'h \\'ere given in r·reased conf'entrations of flu orinP. Thi ,; 
Axperiment is still in progress and " ·ill be r eported on in cletnil later . 
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During the course of this exper iment, i t becam e eYiclent that an 
oppmhmity " -as offered to study the meta holism of fluorin e in 
bovin es. Consequ ently this study was undertaken which deals 
chiefly \Yith t he r et en t ion , ex cretion and paths of elimination of this 
elemen t. 

LITERATURE. 

That flu or ine is a norm al constituent of body tissues is now a 
recog nised fad. The "\YOrk of Son ntag (191G), Gautier and Claus­
mann (191 3), Z(larek (1910) and Sh arpless and MeCollum (1933) has 
settled this isRue beyond clou ht . The latter workers courlud e t hat 
r ats no rmally contain con~ idera hle fluorine in t heir bones and tret h 
and th at this element \Yithin ("ertain limits i11<Tenses \Yi th ag·e. A ccord­
in g to Gau tier and Clausm ann (J 910) animal tissuel':l can he arraug·ed 
in t he follO\Ying order in r espect to t l1eir fluorine f'on tent : - <l ent[d 
enamel 118 to ] SO mgm. , bone 5G to 87 mgm. , epidermis ](j · 4 
mgm. , hair (~. · 1 to 19·7 mgm., Thymus :3·9 to 11 mgm. an cl blood 
2<J mgm. All the,;e figures are based on 100 gram s (lry material. 
It appears that the great majori ty of studies 011 the fluorine content 
of t issues were eondu rted on bones ancl teeth. \Yram11elmeyer 
(1893) fouJ](l the pen·entage of fluorine in bo ne to Yar.v from · 0.) 
Jler eent. to ·32 per cent. Gnut.i er ancl Clausnwnn (H)] :)) repon 
1!)0 mgm. fluorine per 100 gTams dry <l en tn l euamel nn(l 4() m g·m. 
per 100 grams of bone ash. \ Vhile bones ancl teeth eontnin ih e 
high est pe1cen tage o-f fi uorine o-f all t issues, i t iR interesting· th n t 
t he per cen tage of thi s element ma y ,-nry CJUite eonRiclerahly in the 
cli:ffe1·rnt types of hone. L ars Slag·syold (19;l4) in hi s extPns ive 
observations on fluorine poisoning fin<ls that the humerns of cattle; 
conta in · 14 per cen t. fluorine, \Yhereas the r ih of the sam e animah 
only f'on tains ·09 per cent. fluorine. The human skull contains ·18 
per cent. fluodin e . 

Whether fluorine is an inrlispensahle componen t of a ration is 
still a problem of t he fu t ure . If, ho\YeYer, i t parti cipates in certain 
vital physiological funetion s, t hen only minute quanti ties must. be 
normall~· adequat e to fulfil thi s role. Sharpless ancl MeCollum 
(1933) on <1 1·ntion exeeeclingly lo\Y in fluorine found , t h at rats gTew 
nor m ally, g ave normal reproduction and exhibited no stru ctural 
changes in t heir t eet l1. 11 m ust be m ention ecl that som e slight pro­
lifer ntion of the f'apillaries in the tooth pulp ancl surrounding hone 
was noticed. A "i111ilar conclit.i on was nlso noticed in some of the· 
stoc·k rats. It is therefore cloubtful wheth er this abnormnlity '"'"as 
clue to a fluorine clefi f' ien cy . 

·while nnimals may apparently thriYe quite well on a lm': 
flu orin e ration, t hey invariably show toxic symptoms when t he 
coneentrat ion of fluorin e reaehes n f'e r tnin limit. . ThiR limi t Yaries 
with the rli:fferent flu orine eompom](ls as well as with th e diffPren t 
susceptibilities of species. It is an i nteresting ph enomenon , that 
n t ox i(o snh.;tan(:e like fluorin e is reb in ecl hy the tisRues of t h e 
an imal. Slagsvol rl (1904) foun<l that the asi1 r,on tent of fl uori nP 
r oisonecl sheep contained O· GO per cent . flu orine, while t hat of thco 
normal con trol sheep f'o ntn ined only 0·10 per cent . Chri~tiani and 
Gauti er (1925) are o£ the opinion , that the tendency of fluor ine iR 
to aecumulate in t h e bony t issue and produ ce n eondition resembling· 
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bilirubinaemia a ncl h en cP thP e::dr1d to \Y hi ch bile " ·as lH'ing 
e liminat t>d f r o n1 lhe liYer. T he follo"·ing nwter ia ls " ·pre a th n in islPre cl 
to d iller en t s hrt>p sull'erinp: f r om th e pftecl,; of Li p pia poison iug, i. e . 
a s ~oo n a ~ a definit e h iliruhiuaPm ia h :1tl ht>Pn P~i<1 hli s h e tl :1 n rl t h E' fi n=t 
sig n of dinical j n. unclicce ha d ma de• its nppea r an cP. All anim als 
r ecei,·ecl !) ()0 gTams L ippia as s ul' h or it s t> qu inJl Pnt am ou n t of 
alcoholic ex tn1d closE'd t hroug h a s tomach t u be : -

1. B ile dosecl r epeatecl h in large q uanti I ies (1,000 r·.c. ) . 

2. Sodium tauroch olate -:'j g ram in(raYeJJ ou sly . 
3. Ca lom el closPcl in amo unt s of ·5 to 1 gram . 
4. ~Iagnt> ::> iun1 sulpha te per o.-; m J moun ts of f'JO grams to 70 

g'l':llll S. 

0 . . \ loPS l-2 gTalllS pe r O S . 

o . Cas lo r oi l {i0 c .c. 
'- Cas tor oil GO c .c . + 5 clrops cr oto n oil. 
8. Oli,·e oil 120 c .c . 
9. H e:-; a 1nin e and C" ll olic a cid 1 g r am ea l'h JW l' os . 

10 . .i\Ierl'nrochrom e ·05 g ram in h a Ye nou sly. 

G RAPH Xo. 5. 
Effect o f dos ing b ile on fl o11· of bile i n sheep wi t h fhtul n. 
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A ll th e above-mentioned mate1·iab a r e us uall_y considered to 
exert a purgative action a11 d po ~::;ibh aLo som e degTee of stinllllation 
?f the bile fl o1\'. Tu e1·e ry t·a sP hoiY eYe r the effect p t odu ced 011 the 
1cteru~ of sh eep ,.;uffering fro m Lippia poi::oning 11·a s Yery di s­
appo in tiug . Althongh purging wa,; eYP ilhw lly caused by tl 1e Lt rge 
d oses of ca lom el , a u d mag 11 esi um s ul ph ate , t his only follo\\·e d after 
repeated dosing. The j a un dice ho\\·eyer r emai11 ed un:d'fec t ed , the 
bi le fl o11· he iug sca n ty a nLl 1 he se rum charged 11·i1 h large amount~ n-f 
bi le pi gme nt s . 

ln a tldi tio 11 to the abon', Y<lrious ot he1 forllls of tre;i!ment 11ere 
tec;le d ou t in an endea1·om · l.o st iinulat e bi le flo11· afte r th e onset of 
icter us , e .g. by dosi ng so d ium sali<"_ILit E', q ui n in e ,; ul p li ;i!P , l'OlJPer 
sulpha te a1Hl subcut a neou s in jedim1s ol' adren;Ji in ,,·it hnut anv nf 
t h ese h o1Ye 1·er IHOdu ciiJg an y benefici al effec t. 

I11 anoth er ser ies of es:pei·i lll ents, pre,·eutiYe treatm ent 11·as und er­
taken .aga iust t h e j au ndice. 'l'hus, b efore and abo after <losing 
L ippia, sheep 11 ere kept ou a n exclus iYe la xa t ive feed of green barley 
an tl green luce rne for t 110 11·eeks. This ho;YeYer lwcl no influence on 
t h e se ,·eri l.l' of the j a un dice. Similarly the regu lar daily <l o~ i ng of 
250 gT;tms of g lucose so as to i ncrease the gly<" ogen content of th e li 1 er 
h a <l no effPd ou t lw jaun d i<" e. In order to preYent ihe l .ippi a from 
acting- on t h e liYer, attem pts were t hen m arlP to ina ct iYat <> the to;.;ic 
principle while passing t hrough the digestin· trad. Thus two sheep 
were < l o~e tl cl a il ~- 11·i th ;) grams su lp h ur for l-1- dn1·s lwforP dosing the 
L i ppi a . In both t hese l'ases h o11·en' r t h e jauucli<" P tlw t follmn'<l was 
pal'tic ula rly se Yer e . T hree ::;h ee p "·hich 11·e , c dosed ,,·ith 000 grams 
L ip pia and im m etlia.tely af tPn Y;Ir<ls 11·ith 4 gT:nns poi;1ssium Jl<'rnwn­
ge nate in ,,·ate ,· , ·en ~< t ine <l hP;d th_,. " · i1hout am sig ns of phntosensitisa­
tion Ol' j.a undi ce tleveloiJin g aftenlal'lls . vVhen hOII·eyp r in th1·ee 
ot her shPP Jl dosed \Yit h L ippia , t h P pota~sium pernwng·anat·e 11·as 
given 24 hou r s la ter , i t ha<l n o effect in p reYeuting t h e onset of jaun ­
dice ;dti ch "~>-as of th e mma l sew rih·. T h is ill<lit·ntes that potassium 
}Jerma nga nate most proha hly tln ough its oxi clati Ye al'tion, can 
inact iYa t e t he Lipp ia t oxic p r inc·iple before its abso rption from the 
intestin a l can al. 

E x PERD1E:\'TS \\TnT O TTl ER L I VE R Pmso:\' S . 

Of the Y:n ious substances kiw\\·n to exer t a poisonous effect on 
t he liYer , chlor oform , carbon tPtra<" hlorirle . pl10sphonts. anrl man­
g a n esP chlori rl e are amongst t h e mo::;t \Y ell -known ones. Experin1Pn ts 
on 1Ierino sh eep \Yer e n n rl ert aken ,,-jj h earh of thesP materials 
especia.lly \\' it h th f' ,·ie 11· of ascPd a in ing to ,,·h at· e:xte nt ihe_v mi gh t 
influen<"e the hile :HolY a ntl t hus l ead to s.nnptom s of .iauntli cP. 

Chloroform. - A fu ll-gTO\Tn shPPp <losed hy st·nmach tul1e with 
8 e.c. c hl or oform in nli,· e nil tlietl withi11 :2-1- hour.-;. T he lPsinns found 
\Yer e th osP of acute p ul mo u:u·;;· oedPma ancl congrsiim 1 .:ll·r·ompm1i ed 
b .1 seYPre fa t t .1· ch ;111 ges of i h P li ;-er ancl Licln e\s, "ithnnt ho"~>·eyer 
a n y signs of di niral ja un<li ce. This in tl ica1P<I that l'hlorofo r nl ,,·ns 
hig-hl~- toxic for s heep t h u s n ecessit:ding the aclministration of 
srnaller anJ omd.R iu snhsequ ent experiments . 'rhus four sheep rlose rl 
with amo unts fro m · i1 c .c. to :2 r.<". claily for i) <lays sho\\·ed no 
u nto\\·a.r<l effect. R8gn l:tr examinat-ion of th e serum howeYer re,-ea l ed 
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administration of fluorine below a certain concen tration, probably 
the lethal concentration. 'l'hese authors also dra\Y attention t o t h e 
fact that fluorine is accumulated in th e hair, nails and epidermis 
a nd may be excreted in th i~; \Yay . 

EXPERIMENTAL. 

As mentioned before the bovin es u sed in th is study actually 
sel'Ved in a major expe1·iment in which th e toxicity of flu orine at 
differen t levels was tested out. Two groups of anim als wer e u sed. 
On e g roup recei ,·ed GO· (j mgm. fluorine l)l'esent in preci pita ted 
Cai-IPO" and th e other 738 · 4 m gm . fluorine in t he fm'm of CaHP04 
and CaF 2 • These animals received th e aboYe quanti ties of fluorin e 
for several months before the metabolism studies " ·ere conducted . 
Before t he actual collection statrted, the animals wer e put in m eta ­
holism stalls for 7 da;p; to accustom them to their new sunou ndings. 
'l' he minerals " ·ere \Yell mixed with the basal ration and j ust so 
much of t h e ration " ·as g-iven as th ey would clear up per feed . Con­
sequently t here was no food left over and the " ·astage was 1·educe<l 
to niL The meta holism stalls " ·ere carefully cleaned and wash ed 
before the anima ls were admitted. During- the collection p eriod, 
which lasted 10 days, the faeces and urine \\·ere colleete<l daily 
and a 10 per ce nt. aliquot taken and stored . \\Tith eYery colledio11 
the m eta holism stalls ''ere ''a shed with a lmom1 amount of distillerl 
water an d an aliquot of t he washings t aken . A t t h e end of th e 
period t h e aliquots \Yere thoroughly mixed mHl analysed 111 

clupli cate . 

Along with the metabolism studies on boYines a suh,;i rliary t est 
on similar lines was conclud ed with rat~. Twehe rat s ''ere select ed 
from the same litters anrl paired in triplicates accordin g to age, 
sex an<l weight . One l{)t '"as killed at the start, a shed, and total 
ash , cal<-ium and phosph orus and fluorine of each rat determined . 'fh~ 
pairs of the remaining hnJ gro ups were trea 1 eel similarly ant! 
received the sam e amount of food ex cept t hat members of the one 
g roup received fluorine " ·h ile the others Teceiverl the basa l ration 
without the addition of fluorine . The rats were first put on the 
basal ration for 7 clays and t h en a eollection period of 7 days. Tl1is 
was followed by an other p er iod of 7 clays on tll e basal rat ion phts 
fluorin e and a collection periorl of the same duration on the sam e 
feed. At t he end of the experim ent member s of both groupR ''"ere 
killed, ashecl and analy serl for t ota l ash , ca lcium, ph osphorus aucl 
fluorine . The metaboli,;m studi es " ·ere ex eeuted on the same lines 
as that pradi,;ed by Smuts (1934) . 

Fuorine \\as deterlll ined bv the m ethorl of \Villard a nd 'Winter 
(1983) . Althongh the m ethod \ ,or ked well in g en era l , it was founrl 
necessary to starulanlize certa in <l eta ils in the p-roce<hue before satis­
factory results eoulrl he ohtainecl . \Yhile no diffi culty '"as encon n­
terecl in the ashing of faeces a <·onsiclerable nmount. of t r ouble arose 
when urine ancl blood " ·ere ash e<'!. U sually ~pl a ttering of the 
samples took plaee as soon as they \Ye re pu t in th e muffle f urnac:e . 
Consequently the standardized met h od fully desrribecl by Scott and 
Henne (1935) "·as aclopte <l. 40 to GO c.c . of a satu rnted solution of 
lime wa s adde<l to t h e aliqu ots of urine and !Jloorl . The amount of 
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li 1n e add ed depe 11decl 011 the Yohu nes of alic1uots u~Nt. They 11·ere 
t hen ('aref ull~- eYapora tPd on a ;-;(pa m hath , plac:E'd i n a hot oYen 
allll lefl t he re for ~eYe ra l days . This procedure 11·as found <IOSO­

Jutely P~~eniia l i o preYPnt ~platterin ,!..!· a11d lo~~ of ~:1 111ple,;. Ashing· 
,,.,b co ll l]lletPd \\'il lt t h e gTP<ltP.-;t Pil~P ilft Pl'\l·ilrds. The ad11ition of 
li111 e pre \·e ll (P(I f us ion 011 ;bhi ug- a .-; \I'P il as a loss of f-luor i11 P b~· 
Yolatiza l ion. He~· 11 o lds a n cl .) at·oh ( 19:3:) ) '' ·' m ·ll ils lleYno ld.-; ( I !J:YJ \ 
clr;l\1- ;dlt·nlion to thE' Ltd that thP ,;o-!'allPrl n>l a tiz;ilion 111etlw d for 
i hP <l <-·I Pr iHi ll <ili o ll of f-l uo rillf' 11·h i('h inl'olYe~ thP d isti lLdion of i hP 
sa mplP 11·it·h p E' n ·h loril' il <·id or l'Ont·Pnir;IIP<l sulph ur i1· al'id g·;n·p ]011' 
Jp,-; ul t_-; i11 ( Ill ' )ll '('Sl-' ll ('f' of g·I'Lfti ll OU:i ,;j [ j('U illl <f ill'il1 (II'I'Onlpi).-iilhlP 
s ilil'a l t•:i . \\' illa rd <II Hl \\ ' iniPl ' ( ] !):{:)) ad,·ol'nl<• :1 clist ilblion Yollllli P 
of HHI- 1--JU 1· .c. to on•rt ·OJll P lhP pos,;ihi l ih· of ;111 ~~~1:-: orpli o n of 
Huorill l' in l hP pn• .-;(Jll('l' uf sii it·<l. ll f' \ ' II Oicl,; hmi-P \'I' r f ou111l th a t a 
nor111a l blank as g·i1·eu 1)\- 1'1<-'il ll Hasb t·on ld o11 h- hP ohLiill P<l ilftf'r 
t he• 1--, mL <li~ti .l latioiJ.< ,,-h PII a fi<hk lip:h tl1· · coated 11·ith ,;ilic.l 
11· a ~ USI'<l. lfe fi11d ;; t h;tl ll\- hoi l i ll !..!' out ihP distilLt! ion fbsk 11·itl! 
st ro ll !..!' .-;oclitll ll h 1·1hox id E' n-o ill(Pr! .Pl'E' IH't' ,1· ith sili1·;1 11·as noticed. 
T11 ap pl _,· in g- th is. lll eth od eYE' r.l di,;t iiLlt io11 -Aa .-;k wa~ oul~- u~Pd onr·E'. 
1\ Her that t he-• <' lllirE' ~l' l'i E's of f-lil ."ks 11-I'I'E' hoilt>d out 11·ith s tmng­
socliun l h_l'llmx irl E' ,;olution. 'J'hp di..;tilL!ti <H\ Ynlump of f' YPr\· sa111pl E' 
' '" " 1(111 to 1:20 1'. 1·. 

1\ nothPr p ossi iJ]p "lllll'l'E' o f E'JTOl' \\Til'h Jl\<1 .\ - ari,;l' in ilt t' app lir·a­
tion of ihP ahoYf' li iE'th nd i..; t ~1e presence of phosphoric nl'id in th •· 
rli~tilLlll' E'~ Jl P < ·i:t ll.,- 11·ll l'l'l' Lir!.!·f' Sil ll\ ]111'~ or sampit- -; ri t·h in plt o-;­
] dwru ~ <li 'P tl.-it'd . 'l'h P ph o . ..;p\ lor u.-< i.-; Jl l'(' l' i]tiLttPd '"' thorium pho~­
phil tP 11· it h ! It t' l 'l'~ ttl i' t hat till' fluorinp figlll'l' is I'IJ I ' I 't • .-;po ndin g· \ _~ · too 
lt ig·h. T his point 11·n,; ll',;h-'d out on t lw mag-niiull<• of il11• clifi'Pre nt 
:;; l! tlplr·,; \! ~I'd hy t l<' ~ l trnl i z il l ,!..!' i lw tli ..;tilLlt<•, E'Yapor;tlilt).!' i t to ;l sma l l 
l'oltlll ll' ()- -111 r·.('. ) and l'f'-d ist ill i ng· i t 11lth Jlf'J'I· hl o ri r: ar- id . Xo 
"ig- n ifi<·;t!l( d iffE' l'l' ll l'P:i \l't'I E' "ftL1inPd <ln<l i( 1\'i\:i i h i' IPfOJ·p US.-illll lf'll. 
iltnt : 111 e rror du p to t h P ]Ht'~PnCE' of phns phoru;; r-o ul<l lw Plimi nate1l 
il~ a l l t he-' s;l! tll llP:; 1\'Pl'P " f I IH-' ..;:\1111' nature illlll ntilg·nihlllP a:; thmw 
< l llilh ~l '<l in t h i~ " turl Y. 

E\:PEHDIE::->T.\L 'R1-:srr: rs. 

In T :!l tlh I nu rl I T arl' p:i1·E'n t h E' <·ompn~ition of t lw ra tio ns ''" 
l lsP<l \\' ilh t h t> b01·ines <lllll r ilh. Th e fluo•·inE' conlP nt of tlw hasal 
1·;1tion of J'ills is <·o n ~ i rlPrNl n P!..!'li .\tiltlP. 

Tilhl f' l r r g·i \'('S t h P ]'('((' !I t-ion of HurninP . c·nl <· i tll ll illld pho,;­
ph orus ;\1 di-ltP I'I• n t <·On<·t' nhntion ,; of fiuorin P. I n ilw firs( (\l·r, 

inshll\1'1'.-i , \1-hP I'P ( ){) · (j 111!_!' 111. of fiiiOI'lliP \\' fiS I'O ll SIIIn E' Cl ,J.iih, 011h 
12 ·S <11 111 l S -0 ]>PI' f'E' ll l. . \\'(' I'P rPLl ine<l I'E'S]H't·liYPh-. AlnJO.s l fiy~­
,;ixih ~ o f l h l' E' n lirP i n tnk E' 11·Pr E' <-•xr-rel<'ll in thE' LIPC'P." . IToii'('YPI' 
in t hP !II'O ];\ltP r <· a.-;es 11·h Prl' i h P daih- inliib' of finorin P 1\'il S in ­
l' l'l'il~P il io j :)S·-l- 1ng-m. ill\ altngE't lll'l' diffE'rE' nl pidu r<' prPsPnts itself. 
Th P hPI'il l tl no1·inP rlf'n PasPrl nn rl the urinan· -Auorine i n('J'E' :l .-iP<l in 
jl i'Oj)O I'(i on (o t]H' <li fi'P I'PIII'E' in i nl :lk PS of t-J \p.(\1'0 P,T OU)l fi . 1'h p per­
I'P ll tH!JP rE'tPnlion i n <'l'Pi\~E'Cl l'ilpi<lh- "·ith thE' incJ·e;lsP<l flu orin E' fpf'll-
111 ,!..!'. Hrll·inP X o. fi29R l l'taint•d 0-l- · 0 p E'r r·ent. a n rl hoYinP ~o . ():30+. 
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T A BLE I. 

Tli e Fltwtin e , Calciwn a111l P li osz!lt ot?ts Co 11ten of Nations 
F erl to B m· i11 Ps . 

ln;:rred ients in Hat ion. 

Ye llow maize mcn,l .. .. . ... . . . . . 
HlooJ mcn,l .... . ... . . . . . . .. .. . . 
Lucerne (wet) ........ .. . .. . .. . . 
Teff hn,y ........ .. . .. .. . . . . . . . . 
}[inerls (Gr·onp Il ) .. .. . .. .. . . .. 
:V[incmls plus (G roup Tll) ..... .. 

lh ily fooJ 
ln t>Li-: <' . 
Gram~ . 

L 300 
:200 

:.',:?70 
1,580 

;)6 . 7 :) 
.57·:.':) 

Flourine 
in 

Ra lion. 
~~~tn s . 

3·0 
1 ·4 
!) 0 

1+ -:1 
:3:2. () 

710 ·7 

Cr.!(· itlln 
in 

H H,t ion. 
G rms. 

. :2 1 
· :2~ 

7 ·85 
4 08 

16 ·7 
18 42 

L'hosrhorus 
lJ1 

Rat ion. 
G rn1 s. 

4· 8 
:26 

·6() 
1 ·74 

13·0 
()-9 

Grou p Il. .5,61:i · 7.i 60 ·6 :20· 1 20;) 
ToTAL I )Ar LY l s TAl< E ----------------- - ----- ------

Grou p I ll .3,61.5 ·7:) 7:18 -.t :l0-8 17 ·4 

--------------------------------------------------------~--------

T AHLE II. 

Th e Co mposition of Notion fo r Ha ts . 

Ingredients of H n,ti on. 

Y ellow ma ize m en,l ......... . ................ . . . . . .. . . ... .. . .. .. . 
Linseed meal ................ . .. . . . .... . . .... .... .. . . . .... . ... . . . 
Cr-ude casPin ... ........ . .................... . . .... . . . . . . . ...... . 
Lucern e n1 ea,l .. ...•...... .. ....... ... ... .. . .. .. . .. . .. . . . . . . .. . . . 
Bone meal ..... . .... . . . .. .. .. . ........ . . .. . . . ... . . . . .. . .. . . . 
CaCO" .. . .... . . .. . • .. . . ..... . . ............ . · . · · · · · · · · · · · · · · · · · · · 
:'\aC1 ........ . . .. . ....................... .. . . . ... .. .. . ..... . .. . . 
But tcrf,_Lt ...... .... .... . . . ... ... .. .... . .. . ..... . ... . . . .... . .... . 

Per cent. 

67 
li\ ·5 

:2 ·;) 
;) ·0 
1 0 

. ;; 
·5 

8 0 

Co l(' ium, PltosJJhonts (l,nd F luorine Conten t of Ratio n .for ?'ats. 

Per cen t . Pe r· cen l. P e r cent. 
Calcium. Phosphorus. 1\lourine. 

G rms. Grn". Grrns . 

Basal rat ion .. . ..... . ....... .. . .. ... . ·4;)8 · 1G-2 ·0015 
(negligible) 

·4.58 · 19'2 ·040() Bnsa.l ratio n plus ·1 % N n,F ..... . ... . 

365 



J l· (; per cenL of fi.uorine. lt 11·oul ,] appear th Pr efore thn t a~ tlte 
t-Oilt;eutrati on ·of fluorine i ::; i nnea~Pd thP r etention a utom at ica ll v 
JllCtea,;es . Up to \Yhat l imit t hi,; innea~e IYill co ntinue i,; st ill 
pro blemntica l . 

Although t h e HUil tber of aninwl~ utilized is ~ tllnll , t here exi~t , 
ho,,·c ,·e r , defi ni te imli(';l tions tha t Jlno riut> n•ten tiou dist urb:; the 
normal meta boli~m of both ca lct ttllJ <Uid pllo~phorus . The aYerage 
t·etentiou of c<tlcium i u the low fiuorine g-nmps is 40 · 0 per !'eHt . , 11·h ile 
in the hi gh tlno ri ne gnmp it r i::;ec; to ,)-1, ·:2 per cent. \ \' h et·he1· t hi s 
iu uea::;e i~ on l1· ;I ch ;tll CP Y;lriation i s diffi cu l t to say . Th e consi~te nc·.r 
ancl t h t· magnihtde of the cliHerences it> n e Yeriheless ind ic.;at. ivP of a 
lti g lt e1· retention of cnlt-inJn 11·ith lite hi g·lteJ· lHel of fluori ne fePcl i ng. 

The ph o:;phoru:; r e teJli ion is utnch higher iu t.he fl uorin e l01Y 
g roup ;11Hl ;I YP t·age,; .fi) ·S pPr c·eut. i n co ntparison " ·itl1 3 \ -:J per r·e n t. 
of il te high Hnorine g r oup . T hi ,., !lifteren('e see ms fa irly c1efini te, 
;lnt1 in c· onjundio n wit h th P r;1(· experim Pnt on ~imilar line:; t;:tll 011l\· 
he con ~idere <l as du e to tltP influe nr-e of fluorinc•. 

Th <-' flu or inP c·o ,tf ent of th :" lil uod \';lriPs <I!'!'Ol'!lillg to i h <• fluor ine 
('OJII·en tntl ion of t lw r;di u 11. 'l'hc~ a1·er;1g-e pe n :ent ag-r~ of flu orine in 
Uro up J. i~ ·11 n1g- 111 . per [ ()() 1·.!' . l,lood, IYh ile i hnt for Uroup I II 
i ~ d i~ti ndl_,. high er ;1n d l'P;t('lte.-; ;tn aYPr::tg-e leYel of -(;() lllg'lll. p er 
1 (l() e .1· . hl ood. ' l'hPre are no i ll!licaho ns t h n t eit he r t l1 e blood c·;tl­
c· iu nt or pho~pho rn~ t·onc-entr;ttiolt i~ im pairecl h1· iiuori ne fePrlin g-. 
'.l'lw p lwsphatasP fig· nrPs are Ynr inhle ;md no condu;; ion s ran he 
r1r::ti\'Il hom ;t l im i.te11 ~et of clata ~IS Y;lri;thle as the~e. 

In tl l(• ~ub~ i~li;tr,\· rnt te,;t:; c·oudut·lP<1 in c·onjun dion 11·ith t h at 
(If b(J\·i n e~, r·on firnt;tf on· p ·. i <1 Pn<·c-• of n defi nitP n•tention of fiuor in e 
i ~ ;Hh;lltC<-' c1 ;1,.; i~ ,; \t rm ;t in 'l';1blP Y. The major p;llt of fluorine i,; 
ex n ett•d thnJ ug·lt t he fn e1·p,;, '-~"ltilP the nrinni'Y ext:r etion of i his 
el.e111e n t i~ il]l];roxi n1 atd_\· lwlf i lwt of the Lte;·al Pxnelion. The 
;IYPrag-P Jdeniion i.~ :{8-: l ]JPr 1·P ul. 'l'h i~ fig-un~ YPry do~cely appr oxi.­
ntC~te .'i th;il of tlJP ltig-h fluo ri ne gto11p of 1JoYine.'i, ~~-l,il'h ~ho,,·e cl a n 
;1\·e ra g-P rP(Pni ion of :J2 · 8 per c·en L 

Th ;tf ·f\uo ri n<-' h;l ~ ;I c1 t-·finit P d ep re~~ing- ,-.fh-·d on (\tp ('alt-i11111 ;1 1111 
phosplt ont.'i J·p(pJJtion i. .-; E' Yidt•fd· hom ilt e r E' iention fig-u re~ in ' l';~ h le 
\-_ Th P ;1\·Pr;lg'P 1·elPn tion of c·;1\c- i. um in ( \t p flll orin<· l o11· peri o<1 i~ 
:{4·(; ] JPl' 1'1-' tli., ;1nd in tluorill<' ]Wr iod 22-~- 11er C' Pnt. 'l' !t i ~ dift'p rem· .:• 
i-; I lOt ;1 !'\i;I JII'P 111'!'111 I 1-' lll'e and i~ t1PI·it1Pdh- 1 lJr• Ollfr-lllll e of a fl11 0l ine 
<-•Hec·L Tf thc-• Y;l ri ;d iono heb1 Pe11 tlJt" gTO;I} <'i arP <·Onlp:tn •l1 11·it It t he 
l't'm niJI(l e r o r E' ITOl' Y; lri <tn!'e hY Fi .-; \wr·~ t iPst ii i~ f.ounc1, th;li 
t ~ 2 · S-.J.fi - () · ,-, ,-)1) ~ '2 · 281 aml i h;•-;e c1egTee-; of frp ptJom ;I re g-i ,-pn l,_\-
11 , 1 ;tnc1 11 .• :{ . \<'o,· t-lli' "e c ., Pl!T0e~ of fn·Pdonl tbP l e a ~t Y;tlu e for 
-;i!.(' ll iTI1·;1n c·p ;If 1 p<-' 1' t·t•nt. pmh;1hilih· i~ ~' '"~' " ],,. l"is ht• r <I S I· i (i,). 
Thi .'i Y<il ut- i~ l! I'Pn1h i11 <'XC e' ·' of t h e J'P(j cl i retl 111ini ltlll ll l :t11 <l thP re­
forP hil!·hl_,. s io'n ifi,·:att. Ac('orr1ino· to Sttl!1 ellt-~. nwlh ot1 Z llP!'Ollle~ 
,-1-:l, \\·h i.ch g·i;p,.; n ploha hilit~- ofr;i pproxinw(p]y 1 in j:)() th ;t t i he 
o;1ic·om e i~ n ot due to l'hance (for n , = 1 Fisl1er 's t iest is i(1enti!'nl 
1\ i t-h Stnci Pni's Z tPst ) . 

W' ith refPrenr·e to the phosplton1s 1·Pten tion i h e evit1ence is even 
more strikinu· a11cl l1' ; I YP~ n o 11 oul 1t- illal the 1·eten ii on of th is elPment 
IS ser i<l1lS1)· · in flu e nc ·P cl l1Y t l1e Jn·e-enc·<• of tlnori nP. 'J' he ::tYera~re 
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ST G DIES I X MI KE HAL )1ET.\ BOLIS1I XXXV 1. 

r etention on the fluorine low ration is 49 ·1 per cent . and on the 
flu orin e ration 10 · per cent. A sta tistical treatment of these results 
gives according to Fi she1· a value fOl' t = 3 ·870-0·20G=3·G 4, with 
degrees of freeflom 11 t = 1 and 11 2 = 0. This nil ue for t greatly 
exceeds the required mi nimum value of t for significance at the 
1 per cent. probability level, whi ch nceonliug to F isher for the 
a hoYe degrees of freedom is 1 · 766. 

In Table YI the tota l ash, fluorine, ralcium and phosphoru s of 
the total r ats are g- iYen . I n young- 1·ats on a normal ra tion Yar)'ing 
in weig ht from :)8 to 44 gm1s. the percentage fluorine in the ash 
varies fro m ·040 to ·000 per rent. Litter mates of t h e same age 
at t he start of the experiment sh lm· no sig-nifieant variation in the 
pe1·centao·e fluorine of the ash after r ea(·hino· wein·hts Yaryino· fro m 
109 to 1'39 g rams. K onnally the refore the fluori1~e corH'et;tra'"'tion is 
not inneasefl in the t issues . If, howeYer, fluorine is aclministerell 
there is a defini te in clination for t he system to retain and deposit 
this element in th e tiswe. This is strikingly flemonstrated in the 
last column of Table YI. L itter mates receiYing ·1 per cent XaF 
in th eir r ation deposited approximately 20 times as much fluorine 
as the r·o n trob . T he aYei·age percentage flu orine in the ash of the 
fluorine fed r ats is ·846 iu compar ison with ·044 of the controls. 
K o significant J ifterences appear in the per(' en tage calciulll au d 
phosphorus of the ash of th e rats under these conditions. The ash 
per 100 g-ram s en1pty " ·eight im:reases as th e rats gTow older. For 
r ats killed at the star t of t he experiment aml \Yeighing on the 
aver age 42 grams, t h e ash per ] 00 grams empty weigh t reaches an 
average figu re of 8· 0G8 grms. This fig-tue is significantly less than 
th e a \·erage of 3· 708 grms. per 100 g-nns. empty weig-ht attained by 
litter m ates of an average weight of 126 grms. Thi s difference 
is uorm ally expected sinre these rats \Yere gTo\\·ing anrl continually 
clepositing salts. HoweYer any difference " ·hich may arise in the 
ash conten t between litter mates r t>t,eiYing- the sa llle t r eatment ex­
cept for t he fluorin e addition m ust he ascribed t.o the aetion of 
fluorin e. 

'l'he mea n aYerage of ash per 100 gr am s for rats on th e basal 
ration is 3 ·708 an d that for rats on fl uorine ration 8 ·888. 
A nalysin g- t he results by F ii<her's t (or Stu(lent Z) method , where 

diff. of mea ns d d 1 · · S"' ) £ t = S"' £ l'f'f it is found that the sta n ar c evwtwn ( _, o 
"" 0 ( l . 

t he differences is · OGOS and t equals 2 · 9Gl. According to Fisher's 
probnbili t:v tahle, t he prohabolit~- P that this difference is due to 
chan ce lies between 0 · 05 and 0 ·02, \Yhich is equinlent to 2 to 5 
eYents out of every ] 00 t r ials. 'rhis difference is dearly significant 
and i t can sa t el\' he ('onduderl th nt. Ruch n difference is due to the 
operation of flu~rin e . 

'l'he calcium per 100 grams empty "-eight rlefiniteb· increases 
with in cr ense in \\·eight an rl advanrement in age . 'l'his filllling 
agrees with the results of Sherman and Mc0leoc1 (Hl25) who founrl 
t hat the percentage ral l'ium sho\\-etl marked successiYe increases up 
to the age of 1 year. If fl uori11e sho11ld affed the calcium content 
of the horh it sh oulrl sho"· up in an analysis of the results heb\·een 
rats of eolmnu 2 and those of colnmn 3. A statistic-al trea tment 
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of the results gives t = 0·497, which aecording to Fisher is equivalent 
to a probability P beween · 7 and · 6. Th1s means that the chances 
are 6 out of 10 that the difference is merely a chance effect. Conse­
quently any effect which fluorine might have on the Ca content of 
the ash is quite insignificant. There is shght increase in the phos­
phorus content with inerease in weight and age. This corresponds 
with the data of Shereman. and Quinn (192G) v•ho find an increase of 
4!:1 per cent. from the weight of 21 grms. to 71 per cent. at a weight 
of 300 gnus. Fluorine may be considered to have influenced the 
phosphorus content of the ash. The mean differenee in this case is 
0 · 06 and t is equal to 2 ·178 giving a probability P, according to 
Fisher, which lies between 0 ·1 and 0 · 05. This is more of a border 
line case, and although the 5 per cent. probability level is not defi­
nitely reached, it closely approximates it. 

DISCUSSION. 

From the results obtained in this study together with the data 
of Sharpless and :McCollum, it appears that although fluorine is a 
normal constituent of the body, animals do not require fluorine in 
measurable amounts to complete any of the normal functions, such 
as growth, reproduction and lactation. In fact, rats varying in 
weight from 44 to 139 g-rams contain the same percentage of fluorine. 
This seems to indicate that unless fluorine is purposely or accidentally 
administered to animals, the tissues will maintain a fairly oonstant 
amount of this element, even under oonditions where the fluorine 
content of the ration is negligible. Whether the fluorine normally 
present is indispensable to life is still a problem to be solved. Under 
conditions of fluorine feeding the system can definitely retain appreci­
able amounts. In bovines the retention is as high as ·2 gms. per day. 
It seems possible that at a certain limit the tissues must almost 
become saturated wth this element, and unable to eope with a con­
tinual influx. 1'he chances are that at this limit, the natural func­
tioning of the tissues is so seriously upset that death occurs aue to 
fluorine toxicity. A single dose of too high a concentration may on 
the same principle destroy the activity of the tissues and cause 
death. 

Gautier and Clausmann (1913) have shown fluorine to be pre­
sent in a number of tissues. vVhether the retained fluorine accumu­
lates proportionally in all the different tissues is not known, but it 
appears from available data that it concentrates in the bone and 
teeth. These two tissues contain normally chiefly calcium and phos­
phorus and if any fluorine is deposited there it must be at the ex­
pense of either or both of them. 

From this stucly on rats it appears that fluorine interferes with 
the absorption of both these salts as is witnessed by the propor­
tionately higher faecal excretion of these elemens. On the other 
hand it may l:e equally possible that absorption proceeds along the 
usual lines and that fluorine prevents the normal deposition of 
calcium ancl phosphorus from the c:irculating fluicls in the tissues, 
with the result that these salts are excreted by way of the bowels in 
si!Ynifirnntly lnrger quantities than 1mder normal conditions. A<:rren 
(1935) belieYPS thnt calcium is excrete([ in the pancreatic juice 
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where it exists in higher concentration than in the serum. After 
injection of calcium chloride the serum of cats in which the pancreas 
was stimulated by secretin eontains less calcium than that of the 
controls. He suggest that this is the mechanism underlying the 
excretion of calcium by way of the bowels. It is known, that 
fluorine has a c1eflnite effect on certain enzymatic reactions and it is 
quite possible that fluorine may enhance the supply of secretin, 
stimulate or · retard their enzymatic; reactwns and so increase the 
excretion ·of calcium and possibly phosphorus by way of the bowels. 
vVhatever the modus openLndi of tluorine lil respect to calcium and 
phosphorus metabolism may · be, the fact remains, that it has a 
llefinite depressing effect on the amounts of these elements retained. 
H appears, however, that the antagonistic action of fluorine is more 
severe in 1espect to phosphorus metabolism, since the retention of 
this element is diminished by approximately 33 per cent., whereas 
ihe calcium retention under the same conditions is onlv diminished 
by approximately 12 per cent. -

vVith bovines the effect of fluorine on calcium and phosphorus 
metabolism is somewhat different from that of rats in that the 
calcium retention is increased, while the phosphorus retention as in 
the case a£ rats remains decreased. However the ratio of the per­
centage calcium to phosphorus retained in the normal and fluorine 
cases is very nearly alike in both species. In normal bovines the 
average percentage ratio of calcium to phosphorus retained is 1: 1· 4 
and in normal rats 1: 1 · 4. vVith fluorine administration these 
ratios become 1: 0 ·58 for bovines and 1 : 0 · 60 for rats. This 
seems to indicate that although there appears to be an apparent 
difference in the retention of the salts by the two species, the 
results nevertheless agree in the fact that phosphorus is 
eliminated in preference to and in larger amounts than calcium 
m the presence of fluorine. Consequently it is plausible to assume 
that in the presence of fluorine certain disturbing conditions in the 
normal sc;heme of calcium and phosphorus metabolism are created, 
which cause an extensive elimination of phosphorus. The proba­
bility further exists that by the continual presence of fluorine a 
ronrlition of phosphorus shortage may ultimately result. Such a 
c:ondition would then in general be analogo1is to osteomalacia. The 
evidence obtained through the retention studies together with the 
histiological examination of bone sections from bovines and rats at 
this Institute strongly suggest such a possibility. Slagsvold (1934) 
on the basis of extensive histiological studies is very emphatic that 
fluorine poisoning causes osteomalacia. I£ this is actually the ease, 
it \Yould seem that the fluorine problem is of special practical im­
portance, in that mineral compounds containing a fair amount of 
f1 norine when substituted for bone meal and fed to livestck llJ:IY 

actually help to produce osteomalacia instead of preventing it. " 

CONCLUSIONS. 

1. Appreciable amounts of fluorine is retained by bovines am1 
rats on rations to which fluorine has been addecl. Bovines retain 
approximately · 2 grm. and rats 1 mgm. of F per day under the 
conditions of the experiment. 
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2. 'l'he percentage F occurring normally in ash of rats varies 
from 0 · 039 to 0 · 05. 

3. The ash per 100 grams empty \Yeight in rats is increased by 
fluorine feeding. 

4. Fuorine causes a decrea sed retention of both ca lcium and 
phosphorus in rats, a slight increase in calcium retention and a pro­
nou•J ceu decrease in the phosphon1s retentwn of bovines. 
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