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sro¡f
Tbe pueceat cf crlcl¡n træt'port, rcûÐl¡ ttre ¡cotl tnte¡tlne

of tår €åt* r¡¡ ¡dtrd !y ¡Èn¡f æC lg_¡*& trchnlçrs. 5n
ô*¡act¡slútl¡rÈ of lgJil$¡l t¡.n6fort dtffcmd fru the m&rl pñDc¡s¡¡

Th* tltr of edcltn rboorptlon rra detnrdrr¡d rlttr re,httlc s¡d vtt¡l,n
D3-t¡'mt d cl¡lch¡r R¡cülttc cñIet¿ 91üm lfr) f rlJ. vtt-lñ DS Ð ntà
16 hr¡¿ præf.nnly ehæed ¡ ¡ertcd t+çomnt t¡ c¡lcltn abaorpttar

rr¡d slü,Iåt tnntå of c¿lclrn ue¡l rtaorùod rteng thc úeb of lte
*qsll lnb*tlnr &JÊ8. {11û¡ cvrrt¡d gnt ercr¡ huwcl¡ the dtetal

onc-tåt¡d of tùr !.aU lntcst|.no trræportrd nch næ srlclrr tà*
tùc ôæfu¡¡l .nd d,dlr ¡totl,qm-

Oo sr rçret rrlght berlsa vlt d,n D2 hrd ttttle eettufe h
tbo c'hlctr ht ûthçrtæbehyttrrol rcrlçs 2 d diùfdrot¡ct¡f¡t r{Dl ml+¡ 3

rtrt Elrst s ¡ctlvr ¡¡ vltnta D, for c¡I,elrn ù,rrnrport. .la læCt¡tr
rff¡ct of rlt¡ún Ð, raa rnt ¡cør clthnr la vln or l4-!tt¡t. A

rlalsl tl.* prtod of ¿t hilr¡ ms ¡¡wlnd, rt r¡r po,rbhtrt, üùrt

tb dcley r¡r cr¡tod by thr fon¡tlc¡ of ¡n ¡strur edctrr cærlrr
togrtäar rlth tt¡ sub*F¡rnt reqr¡l¡tloa at tùc ¡ltc of crlcln t¡rnc-
pott.

Ït¡e tnflscncr of errtrla rd¡æ¡f srd syrrtùotte ¡t¡rqldo ca

calclrr lüaorptlon nra t¿ettd fñ trhltlc a¡d ritd,a D3-t¡rat¡d eblcl¡.
Lonpt¡r. ¡dd,nlst¡stton cf co¡ttsol or U-d¡orycartlcoetrrqre lntorfcnd
rûü tåc dmc*r¡t of crlcltn trmoport grenfly brc¡gþt üd¡t ùf

vrtda Ðr. lTe gtålslda hrd no effcct m tlrr rÞccrptteo br ncùrtlc
cùlclr. fho lúrbrtor¡ cffoct n¡¡ not ¡ dlnst entagnnt¡¡ ef ytt¡d¡
D, rctton¡ ar certteol, a,l.æt{d,sol ad tl-drorycoatlæct roæ ¡nt¡srced



tbo effæt of vlt¡dn DA rûGfr 1àr rtrroldr us¡r lalætad latrr.-

cerdfally I hflr bcfe'¡o tàÊ te6t

Ïùc taar¡tlm rlth loagr.tûn f,ddal¡tr¡tlsn of aortkol

¡nd ff-dæ¡ysorttetctcrnm sould bc æ¡tc}¡tsd:ltå lntrrfore¡rcc of

ad¡¡en¡l ñ¡acttm¡ Erl'd.a€. fror thc u¡r of, l,-(2-çåtongÈçofl)*l*

(a-càfsrophc¡ff)-AÈdldrlo¡octù¡p, a aprclftc tûlblt¡¡r of {Jro ¡dr*snl

cortu¡ tadtc¿tnd tàr lçortarær of th ¡d¡auf C.rd In c¡lclrn

æt¡bolt¡r ïtls rübstaeicc, ctßn fGd fo¡ 3 d¡p prtor to tb tætr
eltd,nat¡d Ê.ld'u trcmport ururlly bsolght rbflt bf vf tüln Dr.

Ëhãt th€ rçch¡nlo of caloltn taurport ra* l¡¡vçsttgetcd¡ ü*
cvtdæcc aryçstcd tb¡t c¡lclur trs¡¡port rmCa: th lnflucnor of vttr[n
D, ne .â rctlte p'rûGtôT. F¡u rludlco rltù ætaDoltc tùtbltûrs, tt
rc¡ drûæad tàit tþ #n.yr$m Çasrlly for tbs psìoccsr ne dcrlrd nlnly
frn gtyvol!¡Dltr wtth orld¡tlrn pbotphoryl¡tlq¡ co'nt¡tbttng to only r
¡arll cxttat" Emagy for crlclrÐ ¡bror?tlq¡ IA¡*!E dtd aot .ppæt

dcacndeot ryr ott{ur of tlros rütrrplË* A ¡d¡c rro peaù¡lrt¡d to

rrylaln ætlvr srlsln trntuport¡ å ar¡ter æchsrl,n rle cugçtrtrd.

A dor ef tl¡¡¡m r¡rd ttacuq flstd¡ flu yltda Dg-t*eird

cht*¡ rean r*rdn¡d fsr tho prrstnc. of rgtlw cr¡¡le¡¡ sterlrl.
Hæwr¡ tùa tcolrtlon uü ldontlftcrtloa of *rd¡ rot*rlal rr* æt
q¡sc¡stfirL t crrclrn rorplsr üæ pstp¡rd fror choler-t¡¡¡l' h¡t
tàlr cçlor cu¡lC æt bc tdæ$flrd er tàe c¡lclr¡¡ ehrl¡ta af lctmo.o.
Ët rla tt fcnd to bo Þlologlcelly rctlr: lç tt¡t reeùttle chtct+ Ib
pnceosr¿ nrü¡rÊ of tln c¡tel¡l creüæ; bcltrrrÉ to bâ dêrrtlc frü
vtt d.n Dg by ¡ t¡anrfc¡netlæ ta Ëa rdrüìrl ættotr rlr dl*e¡c¡od.



Ë* th¡al¡ mt¡lnr æ ntrcürf grrfæly nHtÊd
be rnü orhm egnr æ dlpl* !n q hüürñttt* Îc tùr ffi
cf rf lnrlsr r¡d Ècllrt¡ là1r hat¡ dm nt Êñt! q
rrtæld erulærtl Ftfùü ¡r çlttn þ atu grûiär

fiarpü úr ù] rrfcræ le rrdr þ arct *tr¡lc¡ l¡ tùr ffi+



rqp¡LÐFEresÌE

th rpl} Òec¡l,bcd ln thlc lirc¡l¡ ræ e¡¡*lrü nrt la tb
OrerrtsmË sf Eloffietry¡ tblvüì*ft¡ af Adctrl& rtd ms npported

tt gett ¡U g*ry*¡ fru ttrc ÌÛrttoüûl l{.rlth d rhüÉrl Rracrrct¡

Cmrcfl ef åFt¡dlr. I n gcbfrf to Prcf¡¡cer Str il¡rt llt4ùril
for ps sclcã tp rort ln hls ¿remantl to Df. Ë.S. Ìbldærtå üoÌ

hta lu¡ anpervtclct rrd reny b¡lpful ðlsæa¡[olr¡ örfñg ü¡r p¡gsËû

af thl¡ roltl md to df ntar of tùo ùFûreo* ù h¡w rt¡lrtd
ta rrttng Ürtr pmJcct pccttblc,

I d¡o rlcr to .üprrot ry tbutr to Tr. F. F¡lttr (C.S"!.Rê.,

Addafdc) for pneprrtng blotologûal æcttoar¡ aeid to Dtr. A. lt/þrtt¡

(O¡p¡rht of Or¡nnle Chaf,stry¡ tfrrlr*rlty ef Add¡14) for ttrr

lnfrr¡¡rd salyelr.



tr
rtP

âf-.tOz

âI--r%

Srpilr.

o¡p€Ð

ffi

Eprr

Il
f .E.

w

flFEilrrfts

dÐûtrü d.Btosphob

rdcÉelor tr|'pbs$tr
üFot*tf¡rtæol sorlcn¡ 2

dt$rntrôptæof ¡æ{¡c S

Btnts ¡rn d,nctr

¡.'(?-eùrfo¡¡fkmf )-t{a.dùo¡rrhmt ).q,*.dl ehlo¡s

c{ùæ

ff-dcnryørt!,coetcræ '

ctùylw dtd.m t tcr æcÊLc æld

lnfeprrd

f¡tr¡mttonaf qilt
ulkr¡tlold





I

rNrn0DtrilIqû¡

Calclt¡n ls qrantltatlvely an !,ryortant X.norganlc elenent ln

the bodyr belnE one of the prlnclpal nlneral conEtltr¡ents of ttre skeleton"

Àlttchell¡ Hantlton¡ Steggerda and Bsan (fg4S) haæ shcrflr tJ¡at gÇÉ of the

total body calclrm ls contalned ln the skeleton and tæetù¡, A¡tlml¡gh

there ere Eany facto¡s lnt¡olved whlch can lnfluence calclum absorptlon¡

Nlcolaysen¡ Eegi{arrsen and matm (1963) have descrtbed vLtætn D aç

itt¡e æst dod,natfng slngle factor concerned 1n tf¡e regulatlon of the

absoptlon of calciu¡o'.

A deflclency of vita¡nln D causes the dls€ase knwn as ric&ets.

Thls dlsease ls charactætised by an lnadequate calclftcatlon of bony

stn¡cù¡res together rlttt e nuúer of narked bf,oeheolcal abnomalltles.

Unttl the early par{ of thls centr¡ry¡ altJiough the dlsease had becone

well dcflned f¡om a patbologlcal stardpolnt¡ llttte pro$¡ess had been

mde ln the lsolatlon of the antlrachitle substances present ln the

naü¡¡al products cormnly used for rcsredial tr¡tpÐsea. llonographs by

Korencùßvsky (t9?2l and Hess (fgZg) sr¡urarlse lùe krwledge galned froa

early retabollc sù¡dles on tt¡e aetlology of ¡lckets.

In l92l¡ ttre nø classlcal lnvestlgatlons by mellanby

dænstratcd thEt, rlckets cor¡ld bc prodnced experloentatly tn ¡rupples

and subseqrently cured by tåe feedtng of cod-ttver otl. McGollun¡

Slmnds, Shtpley and Park (fg2t) nrêle amng frhe ftrst to trduee rlcket¡

ln rats and ln IVæù Mdollrror Slmonds¡ Becker and ShlpÌey fatrnd that

the antlrachltlc propertles of cod-llwr oll we¡e qutte diotlnct frm
tlhe tátantn A ãntlxercphthalnlc pnpertles u*rish we¡e also presont.
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They later terned tl¡ls substance vitantn O (fcCcttun, Sf,mrìds, Boc*er

and Shlpleyr 1925).

I¡radlatlcn of, foodsù¡f,fe was also knwn to proòrce antfrachltlc

substances andt 1n l93lr vitanln D, was lsolated ln a pnre state as an . ,

l¡tadlatlon prr&rct of crgcstercl (letew, Bnrcc¡ Call*, Phllpot and

Tebater¡ 19Bl¡ lllndauc, 1931. a¡ b). Vttántn D, has sl.nce been crTstalllsed

f¡æ crd-llwr otl (Bæcknann and R¡sserlgæ). Follmlng the f.solatlon

of vltamtn D, cax tl¡e subseç¡er¡t ¡,eallsatiÒn thet thls vltanln nas not

the maln conponent cf ce'd-llvø¡ o1l h¡t that another ferm of the vtt-

amln crlsted wlth potent antlrachltic properties, Evenü¡ally Sehenck

(t*eZ¡ nanaged to crastalllse thls compound, rur k¡wn as vttantn D3r

follmlng lmadtatlon ef the vltanln prcantsor¡ 7-detrydracholeste¡el.

Botù these vlta¡nlns FssÊss an eqral antlrachltic potency

(40.m I.U,/ng") f,or rats and huoans (srelttr, Gtynn, lltlklnson and Peevers,

19ß). In chlcts¡ atthauEh the poteacy of vltanrln Da ts tlre sane as ln

lü¡nêns, vltanln D, ls ¡uct¡ less potent (Attlsn f 935). The btstory and

chemlstry of the vlt¡$ln D group har¡e reçently been adeqrrately ¡evlered

by Btlls (reaø¡.

Use of r¡ts and ehtcks tn calctrm studies.

Th mJortty of lnvestlgators have prefencd to use rats ln

thetr attenpts to shrdy dlsü¡rbanses ln calclun netabollsm. These anlmals

are not always ldeal subJects far work Ef this nafure¡ as recently polnted

out by Gerslpff and Hegsted (f956). Clearly def,Ined rlcLets ln ¡ats can

enly be proùtced by alter{,ng the levels of calclum and phosphonrs ln a

vi.tanln D-deffclent dlet. The respcnse to vlt¡nln Ð n¡ay then dlffer

accordlng to ttre t¡pe cf dtet eryleyed (need, struck and stect, 1939),
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especially lf ttrcse dlcts a¡e sevttnly unbalanced wtth regard to their
ca¡F ratlo (oay and Mccorrun, tg39g sehnetder and steenbock, lggg).

Unde¡ these esnditions¡ lt has even been sugrgested ttrat a vitanln D

doflclency ls not necessarlly a prereçrlslte to disbrbed calclflc,atlon
(Coteoan, Bec;hs¡ Koht ar¡C Copp, fFg). Even wlttrout ttre abno¡nallü.es

of tJ¡e calclr.m and ptrosphon¡s contÆrit of the diet, hoyuener¡ Harrlson¡

Har¡ison and Park (fæg) claln that a vltaln D deflctency does produca

blochenlcal abno¡rallties tn ttre rat whtch can readily bc correetnd by

the fesdtng of vtta¡¡1n D.

fn contrast to rats, ehlcts doflq!.ent in vitanln D can becoae

rachltlc at the usual dtetary calclun and phosphonrs levels, and ürey

are ext¡eæly lesponslve to v!,tenin D treatnent. ltlgicovsky and EreIlo
(WazÌ dænstrated that vitml.n D coutd otllt lnfluence calclun abscrp-

tion¡ despite varlatlons rn the dletary c¿¡p ratlos. Horever, early
lnvestigatlons lndicatcd that an alteratton of t'lhese ratics could contol

the severity of the ¡lckets produce¿ (geüke¡ Kennar.rc, Klck and Zlnzalton,

L9/9¡ Hart¡ Scottt Kllne and Hatpf n¡ l93O¡ Næotarskl and Bltd, 1943).

The actlon of vltap!.n D ln lnc¡easing calciurn absorptlon froq
tfte lntestine was çstabliched durinE early investigatlons by Telfer
(tgZçZz). Slnce then, numerous workors have st¡¡dled ttris aspect.

Ha¡rls and Innec (t$f) were the flrst to poshrlate tùat ttrc actlon of
vttantn D was to increase the net ebsorptton of calctr.m and phosphonrs

fron the intestlna.

Nlcolaysen (fgsz ar b) suEgasted that vltantn D acted speclflcally
on ealclun absorptlon and tJ¡at the mveænt of phospùron¡s was thereby
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lndlrcctty affectcd. Cllnlcal obsen¡atlons l,n nan furt',he¡ confh.a

these flndlnEs (etbrtgfrt and Sull¡owltch, IggS). these studle¡ wc¡c

nalnly ln Èhe naù¡rs of balance erperlnents, as t*¡e¡e u¡er:e no neans of
dtotingulshlng beü*een absorption fron and exc¡etlon inte the dlgestlve

t¡act.

Wlth the avallablllty of radloactlve calcl,r¡n and the lntro-
ô¡ctlon of tracer teclrntques cam an era of rapld progress. Greenberg

(f94s) uslng Ca45 lactate solutlons dcmonstrated that vltanln D not only

fncreased the lntestlnal absorptlon of calclun h¡t also appeared to exert

a d1æet ef,fEct on the nlnerarlsatlsn of bones ln rachlt!,c rats.
lliglcovsky and Eeslie (fg¿*SO) we¡a unablc to substa,ntlat¿ tlrese ftndlngs

ln chlcks. they sù¡died the effects sf oral and lntramrscular affntst¡aÉr
of Caa%t, to racbltlc and non-¡achttic chlcks and concluded that¡ alttouqtl

vttanin D glven by muth affeeted tåe absorptlon and exc¡etlon of calclua,

there sltas no evidonce to sugqest a dírect effeot on the nlnerallsatlon of

bone rhen the lsotope was lnJeetrd lntramrscularly. Although crlticisn
has been levelled at the assessment of tlreEe results (un¿erwood, Flsch

and Hodget 1951), Mlglcovsky and Nlelson (fgbf) conflrr¡pd these carller
fltdings ar¡d further suggested tihat ttre mr¡nt of radfoactlvtty appearing

in the tlbia after a certaln tlæ lnten¡al was an acsulats estlnÂtlon of

the absorptlon rat€. Thls estlnate was regarded as a sensitlve c¡Iterfon
of the respnsc to vltetn D t¡eatment.

The naü¡re of the vltantn D effect has been furtt¡er elucidated

by Keane¡ ColÌ1ns and G1111s (f956) who neasured tùe amount of radlo-

actfvlty present f.n the bones of rachltlc and of vltanå.n D-treated chlcls

follorlng an lntræ.¡scular lnJectlon of Ca45clr. Deposltlon of the lsotope



5

occurred ln tùre bsres of the vltemln D deflclent chtc&s to approxtuately

tlre same extcnt, as ln nornal chlcks. Thls flndlng confhæd the earlier

¡vo¡t of lllglcovsky and Nlelson (f*Sf). The data galaed f¡En tt¡elr ex-

perlnents suggested that once the celclum had been abootbed from thc

fntestlne lnto the blsod-st¡ean, then vltanln D was ræ longer greatly

stgntflcant ln tlhe actual nechanism of calciflsatlon.

R.esorotion of bone salt

Erperlmente wltlt rats harre shorn that the effect of vftanln D

on serum calelw lEvels pers!.sts under csndltlons nrhera any appreclablc

lnfluence of the vlÈanln on the lntestl.nal absorptlon ls excluded

(Carlsson , L*32¡ t9þ4 ar b¡ Nlcolaysen and Eeg=l.arsen, fçSO). ileLlanby

(f*lg) 1n a study In dogs found tl¡at 20 f.U. dally were sufflclent to

prorrcte the maximal absorptlon of calcluær h¡t that mrcùr larger doses

ner€ Ìequlred to p:coduce a norsal bone stn¡chre.

Vltantn Dr contrary to the oplnlon of lllglcovsky anC Enslle

(f g4g), can eloo prouote ttre resorptíon of calcfr¡n fron the skeleton wlth

Its subseçent appeârance ln the blood (findqr¡tst, 1952). Gartgson and

Llrutquist (fçAg a) found tlhat, lf the dletary lntake of vitarutn D was

adeqrate to pernlt nax!.nn¡n calcium absorption frorn the gutn then lncreas-

lnE the dosage of vltsnin D could stlll côuse a rlse ln sen¡n calcfum.

Sürdles by Bauer, Garlsson and Lindqrlst (f955 ar b) led to t:lre proposal

that this bone resorptlon effect was of prinary lm¡ortance ln the pûrenorn-

enon of bone-salt accretion.

llore recent investlgatlons by ltltglcovstcy (t9ti?), trowever, ralse

doubts as to whett¡er the process sf resorption ls ach.¡ally under t*te dlrect

infruence of, vltanln D, as previously suggested by Bauer et al. (t95t)"
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Mlglcovsky fmrnd that t*te net effect ln the pìescnte of vitauln D was

always a galn of calc!.un. He has suggested that if vltantn D d¡es

exert a diseet effect on bone¡ then lt ls ære llkely tD be aseoclatcd

wltih the rate of calclun accretLon. So far, there has been no concluslvrc

evldence to show that vttanin D has a speclflc effect on the Ealclflcatton

æchanlsn.

EffectÍvaness of vltanln D wfth tlne

Ltndqllst (fæZ) has studled the effectiveness of a physlologlcal

dose of vltanln D ln relatlon to the tlme req¡ired for lts lnfluence on

calclun absorptlon to be obseryed. Using rats rhlch had becn well dosed

wlth Yltaaln D tre concluded that the nlnlmrn tlne reqr:lred befota obser-

lng art eff,ect of vltad.n D was 4 hours beùreen ttre adnlnlstratlon of

vltantn D and of tlhe radloaetine calciun. A narlnrs effect was not

obtal.nad under @ ha¡rs. Patslc& and Schreltzer (fg55) claln to have

Eeen an effect in chlcks 4 hours after supplenentatlon wlth vitanln D¡

whlle Mlglcevskv (rg5z) bellcves Ûrat onry 2-4 ha¡ro are reqrlred.

Investlgatlons so far¡ have faild to dmnstretc an lædtate effect of

the vltadn an calciun abrorptlon.

Slte of absorntlon

Althougüt ttrere ls general agreeaent conce¡nlng the ef,fect of
the vltanl,n ln Lncreasing calclun absorptlon¡ ño concluslve evidenee has

yet been pnrt fonrad to tndlcatæ a speclfle ¡lte for thls absorptlon.

In 1939r Recdr Stn¡ck and Steci suggested that calclun was aalnly absorùed

fron tlre upPat Intestlnal t¡act. Ha¡rlssr and Flarrlson (lFI) found that

calclup uptake fron the proxlnal üro-tht¡ds portlon of the small intestine

was æst rapld wlthln 4 honrs, but tåat t'}¡is absorptlon was not under
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1ù¡e lnfluenee of vlta¡ln D. The naJor portlon of the unabsorbed calsltm

was located tn the dlstal one-thlrd of the saall tntestine after 4 hours

and abeorptlsn of calcltm fron this reglon was obsenred only ln rachltlc

rats recelvlng vltanln Da. Frpu tÌ¡e data avatlable; it appeared that the

vltanln only ererted lts effect unde¡ condlt!,ons ln which the calchn was

poorly soluble, The concluston was tl¡erefo¡c reached that tt¡e slte of

actlon was tlle d!.stal portlon of t.t¡e small lntestlne.

The p¡eblem was fi¡rtt¡er investlgatcd by Nicolaysen (føf) wfp

follcr*ed the uptakc of ¡adloactlve calclr¡n f¡on lsolated segørents of rat

snâl! lntestlne ln v{r¡o over a perlod øt 24 hours. Results fron these

experinents poÍnted to the upper half of the small lntestine as ttre

princlpal sitc for calclr¡n absorptlon. Horeverr tIrc phystologlcal

conditfons undel whtch theee lnvestlgatlonE wene carrled out would not

seem conduclve to an accurôta appralsal of the s!.tuatlon. Underoodn

Flsch and Hodga (t*St)¡ Carl,sson (fg54) and Lfndqtrtst (IqtA) atso conslder

vitaaln D to lnfluence the absorptlon of calc!.un fron ttre upper part of

the small lntestine. Uslng iB vtvo loops of chlcken ô¡odenun¡ Gershof,f

and Hegsted (f966) cløarly present evidsnce for the lnfluence of vltantrn

D tn {:}¡1s sectf.on of the lntesttne. As yetr there has been no reel

evldence to e¡tabllsh ttre hypotfiesis tlhat vltanln D increases tÙte

salubility of calclrm salts. It ls plalnly evldent that a mre detailed

exanfnatlon of tl¡e smll lntestinc ls sti3l regÍred to lndicatc Þrê

speclf,lcally tÀe site of ealcir¡m absorptlon. Such investigatlons would

also conslderably advance the llmited knryledge avallable on the mde ef

actlon of vltanln D.
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Calclun adaptatlon

An lnterestlng feaü.lre of calclue absorptlon ls t*re efflclency

with whlch rats can adapt theæelves to the vartable ratlos of calclr¡m and

phosphons ln tt¡e diet, Rottensten (fg$) f,or¡rd tlhat calclun deprtvatlon

&,6tng tÌre perlod of granth establlEhed a condltlon whercby, calclua absorp

tf.on was rapidly speeded up when the rats worc retl¡rnGd to t htgh calcl¡¡n

dl.et. Thcse flndtngs we¡a conflmed by Nlcolaysen (t9+3) but he was

unable to show a r€sponse wlttr vttanln Þdeficlent rats, rhich led hln

to posùrlate tùe erlstense of an erdogenous factor. This factorr ol

factors¡ 1n assoclatlon wlth vltaeln D, was thought to control t-he abeorp-

tlon of calclr¡m tn yotrng anl.nalsr altlrough tihe prlnarry regß¡latlng factor

was stllL constdef,ed to be vltanln D. the cfflelency of calclul absorp-

t!,on was four¡d to vary aecordlng to the needs of ttre body (ttlcolay'sea¡

Eeg-Larsen and llaln, 1953¡ llaln¡ Nfcolaysen and Stjelkvale, I9õ5)¡ so

t*rat when the skeletal dneral stsrês we¡ê dePletcdr a hlgher parcentago

ef a glven anø¡nt of calclrn was absorbod. the adaptation phenoænon

doos not functlon rttrhor¡t vltæln D. The questton of adaptatlon ln ratc

and ln nan and the role of tlre endogenous facto¡ have baen dlacussad by

Nlcolaysen and E€g-¡,a$€n (fggg¡ 1966).

at present the nature of the proposed crdogenous faetor ls

rather obseure ard¡ tndeed¡ secent evidence leaYes soræ doubt as to its

acù¡al exlst€nce. Henry and Kon (tçãS) sù¡dted the effect of vttauln D

on calchs rstentton la tìhe rat oYe¡ 2 years. Ilurlng thl's perlodt

gnçgps of rats wqns aeared on hfgh (0.8S) and ltr (0.25ñ) ealctr¡n dlets.

These mr"L,e¡s reported ttrat tùe¡'e rere no effects on the calcluq retabollsn

cf the rat which were att¡lh¡table tÐ yttæin D¡ and tln¡s were unable to
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support thc hypottresls propesed by Nlcolaysen (tga3).

Follælng ttre gtvlng of an oral dose of c.45gt, to chi.eks¡

giglcovsly and Janleson (f965) foì¡nd tÀat vltanln D lnfluenced tt¡e ¡ato

at whlch ttre lsotope appearcd ln tho blood and bone. Keane, Colllns ard

Gtllis (fgã6) have confl¡ued thls report, Furtlær, the presence of the

vltanln enabled tÌ¡e chlcks to adapt tÀeir capoeity to absotù calclrn to

ttre dlfferent dLetary lntahes of calclrn. Thcs€ wor*ers also co¡ld fttìd

no diregt evidenee for the Pr'€senco of an endogenous factor.

Dlhvdrotqchvstç¡ol

A rn¡¡nbet of conpounds related to tlre vltaain D grolp have baen

lsolated and tested for t}relr antlrachltlc propertles (glttsr 1S4).

Perhaps the nsst useful of ttrese ls dlhydrotaehystemf (¡t-tO) r a

substance rhlch dlffers etra¡cturally froo vltaaln D ln ttrat a netJryl

gror¡p replaces the æt*rylena groue at CrO positlon of the orlglnal

molecule (fl$r¡c r),

Since lt was flrst lntædr¡ced by Holtz (tgSS)¡ A1-10 has been

wldely uEed as a therapoutlc agent ln tt¡e c-ootrol of hypocalcaenlc tstany

in eeses of hypoparathyroldlsn. The plaana c¡lclr¡n eoncent¡atisn ls

rapldly ralsed aE å result of an lnc¡ccsed lntestlnal absorptlon ln

conJunctlon wltih a general æblllsatlon of bone calciun. AT-10 ts

knorn to cure rlckets ln ¡ats ard chlcks (Correll and [flse¡ fg42] and

It has also been used to trsat phosphat¡¡rie rickets ln nan (Savlllct

l{assim¡ Stevenson afd n¡tllgan¡ I9õ5). Although AT-10 ls rÉlatcd to

vltanln D tn lts cheulcal¡ antlraclrltte ar¡d calcaealc prropertlesr the dose

of AT-I0 required to eure rickets ts very mrch graater then the norual

dose sf vltanl,n D and ths the¡apeutic ranEÊ se€ms to b€ nrch narrmen
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(St¡otrtr Fan ¿nd Farùer¡ f939¡

Ltrdqrlstr 1S5.b).

lo

Shohl and Fart¡er¡ l9ltl¡ Garlsson and

Cllntcal sü¡dles by Atbrigbt¡ Bloooberg¡ Drake and Sulko¡rltch

(f%S) lndlcat¿d tl¡at the prlaaty actton of AT-10 $tas sn phosptronrs

e¡c¡etlon rather tùan on calc!,un absorptlonr rhlch ls 1n dl.roct cont¡ast

to the actton of vl,tanln D. fl¡ese sorke¡s have postulated that tùe

differing ¡atlos obsenÞd¡ 1.e. colld

explain why vitan!.n D ls a m¡ch mre potent entlrachltle agent trhan

AT-IO. The effect of vltanln D on calelun aboorptlon ls n¡ch slcrer

t{ran t}¡at of Â1*I0r whlch oay also expLaln rhy AT-10 gonetlnes appealo

to be mo¡c efflelent ln lncreaslng senrn calciul tt¡an vltanln D'

Albrtght and Relfenstein (f9¿a) have reccntly dlseus¡ed ttte

nodes of aetlon of vitæln D and AT-IO based nalnly on cllnlcal evldonee.

It is apparent, however¡ tÀat tlre nechanlsn of actlon of AT-10 on calcltn

absorptton l¡ stlll obEcure. Furtlre¡ lnvestlgatlons wlth ttrls sterold

!n erperlnsntat anlnals Etght slgntficantly advance ot¡r knadedge on the

node of actlon of vitæln D.

Fetone 
=O

The exlstôncc of an antlrachltlc coryund knorn as tetonc*O

has recentty beon rrportrd (Raoul, f 958). Tlrls coryount lay bo pre-

parod syntÌretlcally from choleste¡olr vltaaln D2r vltanln D, ot dl-

hydrotachystcrol ae st¿rtlng materlal. KetoneO. has also been lsolated

from ffsh llver and vegatable natte¡, Tro forms of tÌ¡e ketone a¡e eaid

to exlst¡ hetone*O cc¡les 2 (slda chaln ltke vitonln Dr) and letone*O

saries 3 (side chaln llke vltad.n Da). Altt¡ough thts naw substance has

only ona-tenth tl¡e antl¡achlttc potency of vltad,n Ð3r a€ deænstratad
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fron chick assays, the enol form of ketone*O can be stablli.sed 1n the

presence of calclum. The calcirm emlate possesses an añtlÌachltlc

potency approachlng vltanln Da ttself. Hence tt¡e fo¡rnation of such

a conpound has encouraged speanlation as to fts nstu¡al rolc ln calcl¡¡n

transport.

there are Eåny fact¡rs lnwlved in reg¡lâting ".:hc dynala5.c

eqrilibritn of tÌts body calclun which are beyond the scope of tùese

present lnvestigatlons. Neverthelessn an lntroô¡ctlon of trhls naù¡re

a.rst be consldered lnconplete wtthout sone refelence ta ttre relatlonshlp

exlstlng bcùyeen vltanln D aîd cft¡lc acf.d, and thç parathy:ofd gl,aruCs.

Vttamin D end cft¡lc acld

The role of citrlc acid ln pronoting calcl¡m absorptlon has

¡ecetved rruch attentlon slnce thls substance can forn a soluble, poorly-

lonlçed conplex wlth calch¡m. Many mrkers have stuwn ttrat orally

adnlnlstered citrate can brlng about an tnc¡eased calclflcatlon of the

aetaphyses (ttmtttoû and Dewa¡¡ 1937¡ Shohl and Br¡tler, 1939¡ Yendt

and Bovardr 1955¡ Harrlssn and Ìtarrlson, t9Ë2 a). The mchanlsn of thls

effect remains obscure. Yendt and Hæ¡a¡d (fçES) belteve tñat the

cltrate assl.sts by coraplertng rlth thc calciun, ttnrs reduclng the annunù

of unabsorbable calclun phosphate belng formed and aLloning a greater

absorptlon of phosphate fron the gut. Recent studles by Schreler and

Schnepf (føø) usf,ng both rachltic ar¡d vltasln D-treatcd rats demnstrate

that orally adnlnlstered citrate can lnc¡ease the absorptlon of calclun.
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DlckEns (fg4l) found that over tuo-thlrds of the body cltrate

vfÉ¡s present in tJp bone salt. In rlckets the¡e ls a decrease 1n {:fie

cttrlc acid content of the bone tlssue (Dickens, 1941¡ Ntcolaysen and

Nord$r I9a3¡ l{aasJo and Eeg"darsenr 196I). Vltanln D lncreases the

cltrlc acld level ln bloodr boner kldneyr heart and small lntestines

when glven to vitanin Ddeficl.ent rats (Steenbock and Êetlln, l9ã3).

A dlrect effect of vltanin Ð on citrate metabollsn ls lndicatcd

by recent experlænts carrled out ln Steenbock's laboratory" I4 vtt¡,o

the utlllsatlon of cltratÊ üras f,our¡d tÐ be conslderably reduced 1n

kldney twgrenate and kidney ¡sitoetprd¡ia preparatlons obtained fru
vitanln l)-t¡eated rats ln contraEt to tåe dEflc!.ent animals (De Luca,

frran and Steenbock¡ 1957¡ DE Luca and Steenbock, f957). Freeman and

Chang (fæO) dcmonstrated that parallel changes ln plasma calcltru and

cltrlc acl.d can be produeed by givlng vltæln D ln largre doses t¡ rpn¡al

and parathyloidectomlsed dogs, l,larrlson and Harrlson (fg6e b) arø

Harrtson¡ Har¡ison and Pe* (fg5B) polnted out, lrewever, tlrat f,olloring

vitanln D-treatænt the changes ln the eitrata content of ttre blood ù
not necessarlly cor¡elate with changes ln tàe calcft.m content. Ca¡lsson

ard Hotlr-nger (f954) concluded that the dtetary level of calcil.¡m playcd

an lnportant tole 1n influenclng the vttantn D effeet on clt¡ate Retabollsn

ln rats.

The ¡elatlonshlp of vlt¡¡aln D and cltrl,e acid le stlll uncertaln.

A rnder of rçvles¡s er¡deavd¡r to oun up our preccnt knorledge from the

controverslal reports pertaining to this aspect of calclun metabollsa

(tUclean and Urlst¡ 1955¡ Bourtre, lËó¡ Neunan and Ner¡nan, lgtig).
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Parathv¡sid oland and vl,tanln D

An lnpo¡tant co¡relatlon erists beùrecn tñe câlcl¡¡n Levels 1n

the body flulds and tfhe actLvity of tàe parathyroid glands. The tolatlon-

shlp was firot investlgated by MacCallr¡¡a and Voegtlln (f909) who shmed

tJrat ttre senm calclrm fell foUorlng parauhyroldectoryr but tåat suctr

changes could be preventæd or allevlated elthar by the ad¡einlstratlon of

calclwn salts or ry tJte lnJection of cn¡de ert¡act f¡om the parathyroid

glands. There has been u,¡ch dlscusslon concernlng t¡e prlnary slt¿ of

actlon as tt¡e hormone produces ùro dlstinct effects, viz. an lncreased

pùrosphate e¡crEtlon vla t'he kidney¡ and an lncreased noblllsatton from

the bone. The present weight of wtdence would suggest that the maln

actlon of the parathyroid sesretlon ln regnrlatlng calclun metabollsu is

dlæcted b*ards the nobtllsation of calctun f¡on the bone. Barttcr

(f*S4¡ has revlwd t*rese çontr,onerslal flndings. More recent theortcs

advanced auggest tttat the üro effects nay not be due to the sa¡¡e parattryroid

hormne br¡t are caused by bro dlfferant factors (fenny and Àü¡nson¡ tS9).

Tl¡ere ôppears to be no eoncluslw evidence that tho paratlryrofd

glands exert a direct influencc on calclun absorptlon f,ron the lntestlne.

Evidence recently prt forrard by Hamtson, Ha¡rison and Par* (t958)

¡eveals tùat vtt¡nln D-deflclent ¡ats sho¡, no ¡esponse to parattrymtd

ertract unless the vltantn ls ad¡nlnistered prior to the givÍng of tl¡e

homne¡ Âs a reeutt of these flndìngs, lt ls zuggested that vltæIn

D ls req¡ircd fsr thc actlon of tlre parathyreld secretX.on¡ The fole

of the pasatihyloid glands ln relatlon te the hmeostasls of blood c¿lelun

has bê€n the ruSSsct of many revfas (Hor¿ard and Connor, l%4, Mc¡ean
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and urfst¡ 1955¡ Bourne¡ 156¡ copp, ls?¡ Hmardr 19õ?¡ Ner¡aan

and Nernan, 1qi8).

The wor* presentsd ln this tt¡esic a¡tllnes attenpts to deflna

mre clearly ttre rcdc of actton sf vitmin D ln requlatlnE calcirrn

absorptlon f¡om the lntestine, Inttfally¡ nethods are dsscrtbed for
sùrdylng nore effectively tl¡e calcfr,rn absorptloa phenæena both þ
ln vlvo and å¡..:Ê!tr9 technl.ques. Several factors influenelng calclrn
uptale ate eonsldeæd andt ln partlctrlar¡ the nec,hanlsr¡ of actlon for
tl¡e acttve t'raneport of ealclun hse bsen closely eramlned. The ¡ole

of, tt¡e adrenal glards ln relatfon to calclun nstabollsm has also been

i.nvestigated and crgerloentat evldence le presented to lndlcat€ a

posstble clte for ttre transfsrmtlon sf vltantn D, to a m¡e aqtirc
funn of cal'clr¡n cerrleÍ. Further sü,¡dles ¡slated to thg nature of
such a prcpsed tectivor factor ara dlseusgcd.
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CXIAPTËR Ì

UATERIAI.S A}Ð METÌþN

Thle chapter deals rlth tlroEe ætlrods and materials used

trhrougü¡out tbcse psesent tnvestlgatl,ons. It 1e tJprefore not

lntended as ìr Eumu¡ty of atl the nate¡lals and ætlæds rcferred to

fn trhts tiheols as these ç1ll bo dealt rlt"h separately tn the

r¡Elevant chapters. There are¡ lrøevetr one or lro exceptlons to

tùris arùltraq¡ divlslonr for eraryle¡ lt has been found sore oor¡-

r¡enlent to group togrether ¡æthods relevant to P32 and !¡aP sù¡dle¡

ln thls general ætl¡ods aeetlon.

l{anaoenent of chlche

thlte loghorn coekerels were obtalned locally on the day

of hatchtng and ¡re¡c tmediately t¡rused tn alectrlcally heatcd tler-

brooders ln an afrcs¡dttloned ¡oon from shlch sunltgrht was excluded.

The prcvlous hlstory of these ct¡lcke aseu¡ed a ninlnn carty-.evs¡ .¡

vltanln D, ln the 49¡ and tilx¡s enabled a ForÊ rapld depletlon for

tlre early productlon of rlckets. Ghlc&s we¡e ralsed by feeding the

follorlng rachltogenlc ratlon for a parlod of approxtmately four to

flve wceks.
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æHPTEIÎION OF DIET

Constlt¡rent

Grrund wheat

Grq¡nd raLza

Soya meal

Gasein (N,8.C. vl.tanln free)

Drled yeast,

Drted luce¡r¡e

Salt

flood charcoal

Í tn dlet

26

30

13.5

5

3

6

I
0.5

ß ry./tæ 9. dictltlanganese sulphate (a nrO)

Galclu¡ phosphate (B"D.H. prectpfbt*d) 2

vitauln ¡t æoo€mo r.tJ./1w g. dlet

Vttæin Ë 13 I.IJ./1SO g. diet

A¡achis oll I

Th€ vltaalns, dlssclved tn l*ro arachls of.lr were t¡lturated with tñe

calcl,un phosphatc before addltlon to the renalndet øf tha dtet. Unless

stated otherrrlse, the chlcke rere allæed acccae to fosd ard watcr at

all tlæs.

After I8 days the blrds ghwed a decllne !,n body weight and

wl{*rln 5 ncelcs rlckets was plalnly evldent. The chlckã urera reak and

unabls to srppcrt tlwelves eri legs wtttch had become splayud and de-

fo¡nçd. Ftgure 2 lllustrates thc condltlon of a raclrltlc chfck a¡

compared wlth a chi.ck of the sanß ege glven an adcqtratc Y{tanln D3.

cupplænt fran blsth. The degrec of rickçte was assesesd frm the

ash csntent of tl¡e dried fat-free tlbla. Tpteal fignrree for rachltl¿
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chlcks approxlnately 28 days old rere 2Ê30ß bone ash¡ whç¡eas ehlcks

ralsed to the san¡e a{¡G on a dÍet supplelænted wtf"t¡ rrita*tn D3 (25O I.U.

vttanln D{4W g. diet) gave a bone ash content from 4O-44#. For

cxperlaental ptrposas¡ the chÍcks rere sel,ected as gaeupo of approxl.nately

cq,ral weight and slze from the 26th - 35th day of, hatching.

Gontrols

Two cont¡ol groups of chlcks were fncluded ln all the experiæntt

perfornedr vlc. rachltlc and vltanln Dr-treated g¡Ðûlpe. fhe Ét¡oÍn D3

control gÌor¡p rscelyod 1æ I.U. (2.S pq) vitacln D, ln erachts ctl by

st¡rnach fube 16 houre prlor to åû eperlænt" Thls pnocedu¡e has been

abbrevíated ln the text to (fm f.U. - 16 hours). The rachitlc cont¡ol

group recelved the vehlclc alone Ln the manner descrlbed for each ln-

dtvldual experlnent. Hatever¡ prellnlnary tests uslng undosed rachltfe

and rachltic eh!.cks dosed orally wttl¡ araehle o1l ló hours prevlously

indlcated {:hat thls vehicle alone had no slg'nlflcant effect on ca}ctua

absorptlon ln tJ¡ese blrde.

Bono-ash nrocedu¡c

On the cryletlon of thc erperlment thc etricks wers kllled

by wrtnglng thelr necks and the left tfbta uras renoyed. The bone wa¡

scraped clean of all flesh wlth a sealpel and allæed to soak overnlght

in absolute ethanol. The follslng mrnlng¡ l*re tlbla ras soxhlet-

extracted fer I bnts uelng a nlxù¡re of petroleun ettre¡ (aOo-6go¡ ana

absolute ethanol (2r1, vþ) Uetore drfng to a constant welght tn a

hot-alr oven (ræo c). The welgùrt, of the drled fat.frea ttbta was

noted. Uslng an electrlcally heatÆd ruffle furnace at 8@o C, tbe tlbta

w¿s ashcd ln a slllsa c¡r¡clble for I hours, allowed to eool and ltre welght
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of ashed tlbla e¡pressed ae a Fcrcentðge of the welght of, tlre drled

fat-free bone.

Cheoieals

-

All chemtcalE and sslvents used ne¡e of A.R. qaltty whcnevet

posslble. All sol,utl,ons wers prepared wlth glase'dtsttlted wat€¡.

(a) . Intestlnal looPs¡ ræved

from the body at the conpletlon of the experlænt1 uretê destroyed by the

ræt6 of wet-oxfdatlon¡ essentlelly as descrlbed by Reltzr Smlth and

PIuæa (rg60)' lg'o nl. nltrlc acld (11.8 N) were addsd ts a 1@ r¡l'

conical flask contalnlng tlrc loop and dlgestad slæly on a. hot platc for

4 hours¡ At the end of this pertod,2.0 ml" sulptn^rrlc asld (96 f.¡) werc

careftrlly added and tl¡e nLrù¡re rapldly boll€d untll charrlng appeared.

Oxldatlon was coryleted by the drcpríse addltlon of a nfxturo contalnlng

?2S perchlorlc acld and 15.8 N nltric actd (2¡fr v/v) and tl¡e rnixt¡¡rc

was then heated to funtng for 15 nlrnrteç untll onty sulphurlc acid and

a whltc reslùra renalned. When cool, the qontente of the flask we¡e

taken up ln fO 'Ðt. 
distilled rater¡ fslloned by the addltlon of, 3'0 nl.

hydrochlortc acld (fO U) and flnally nade to a constant volupe (ZO lal.)

with dlsttlled wat¿r.

(U) . 5.0 nl. sanrPles of the dfgest

propared ag aboue wera plpettad lnto 15.0 ml, c€rit¡lfugp fubes together

wlth 2.O nl. sah¡rated amonluq oxalate solutlon. Fcllming the additlen

of 2 drops of rethyf red lndlcator solutlon (0.6X), ttæ nlxùrre was Just

neütralised wltl¡ amnla solutton (s"g. 0.88) and allæed to stand ov€!-

ntght to ensure corylete precipitation of, the calclur¡ olalate"
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The calclt¡s oxalatc was sedinented by lwr speød cent¡lf,ugatfon

(e.Sm X g) and the supernatant carsfully asplrated to ar¡old any undue

lesses of the precipltate. After washing ùriee ln the sanc r¡anner wlth

0.5 ûI. walB altrnonia solution (l Vol. aænla B.g.0.88 r 99 Vsls. water)¡

tìhe calclum oralete was taken up ln a fær drops of 4 N nltr!"e acid wl1¡r

gentle watnlng, and the calefua csntent eetlnatod by the EDTA-catclr¡n

titratlon netlrod.

(c) nDTe-calcl.uu tltrattsn, The titratlon was carrled otrt

essent!,ally as desc¡ibed by Herrnarn(fq5g). Xhe assay nlxl*¡re conclsted

of 0.5 ml. calslnn sanplel L.4 nl. EDTA (0.025 M), o.3 nl.2 N Ko*l con-

talning lÍ KCN¡ 1.O nI' calcein Indlcato¡ solutlorË and 1 drop noctyl

ale,otrol (to prevent foanfng). Tltratlon ¡¡aE carrled out using a starda¡d

calclur chloride sorutlon (r ng./Br.) and durlng thls procedute üre

nlxù¡¡e was çontlnually ae¡atd to eneu¡e conplete mlxlng. The en*
point as vieuued under an ultravlolet ltght was sharply defined by the

pres€nce of light g¡een fluorsseence. tltJr each erperlænt ttre EÐTA

solutlon was standalrtlsed agalnst tÌ¡e etandard calclun chlerlde solutton"

The aæunt of calclun preeent ln the sa4ple wes calçulat¿d by dlfference¡

after taklng into conslderat!,on the ualue_of the control b¡bes.

A reagent blanl together wl.tt¡ a serles of hrbas contalnlng yary-

lng kno*n aaot¡nts of calclun chlorlde was earrled ttrrough the cntfre

procedure. Tlrese controls not only setyed to check for any posslble

calclun contmlnatlon¡ but also enabled the efflelency of the procedure to

be assesscd. Recoveries of not less than ffi werc estlmated wtth tlrls arettrod.

s Calceln indlcator solutlon was prepared by dÍssolving g q. calcel.n ln
O.2 !Ê1, I N KOH and diluting to l0O cc.
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The clrlck hras anaÊsthetlsed with etl¡er and tl¡en fastened to

an operating board on the teft slde rith tl¡e right leg pulled well f,o¡rva¡d

to expose the right abdoolnal watt (Ffgre 3) ' FeatÌ¡etrs werre clea¡ed

from the zurglcal area and an lnclsion appnÐxinately IÉ long was nade

tlrough the wall so {:hat tJre reqrtrcd seet!"on of the int¿stlne couLd bo

bralght to fihe ouùsi.d€. The loop was luredlatcly placed on a cottonr

wool pad eoaked ln warrn sallne. For tlre tsolatlon of the duodenal loopt

one llgaùl3e uras tled Just betcr tlre glzza¡d and anotl¡etr tie made I cn.

above the entry of the blle dr¡ct. tflth dlstal loopsr a sectlon of saall

intectine ras neasured uprards fmra tlre bottm of ttre cêecum tor ln most

casgs, a ferv ø, past ttre yolh sacr andr a6 dêGqrlbed aþowr ùro ligratures

rere tled at ttresc ext¡enltles. The langtrh of lntestlne nornally uscd

wae 12.5 cn.

The l1grah¡red sagænts werè partlally seve¡ed belou tha upper

end aþve the to*e¡ ligatures, ard glaes cannulac Lnsertcd. Each loep

was flushed throrgh wlth physlologlcal sallne at 3f C to remove lts

contçnte and the loops dralned by bloring a wlurne of alr through wlth

a hand syrlnge, Î?re ca¡un¡laa rere tJren either remved o¡ tled lnto

place¡ deperdlng on the naü¡re of the eryerlænt.

IËTHOD A.

In vlræ fsolated looe tecånlgn¡c. Aftcr renoving the eanmrlae¡

tùre lwer end of the loop was tied off, and the tast solutlon of Ca45CI,

(0.5 nl.) lneer,t¿d tlhrough tlre upper erd of the loop by æans of a 2È

f¡ff¡ga bh¡rrt-enH needle ftttÊd to a l.O nl, gra*ratæd ù¡bereulin syrlnge.

Â lfgature held tl¡e needle ln place and was prfled tight as ttrc needlc ras
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wlthdrarn, tlnrs prevanting any loss of the radloactlve solutlon. Unless

ot*¡erwise stated, each loop recelved 0,5 ml. Ct45Cl, solutlon contalnÍng

4 mg. Ca& and 8.0 pc. 6a45 at a $l 6.0. The isotated loop was lmedtately

æplaced in thc body cavlty and tlre openlng closed with ùro o¡ three

suülres.

tTlthln a fs nlnuteE of ths operatlon the chlchs breæ

sufflciently recovered and blood sanples we¡e thereafter moved at vaty-

lng tlrre interæls f¡on a ring vrî,n. When the lntestine and bonee we¡e

to be analyeed for calclurn l*¡e birds wera alløued to llve for 2 hot¡rs

before reßwlng the respective tlssue. At the end of thls period¡ t"Ìre

loops appearcd perfectly norual" reveallng no slgn of any fluld dlstentlon,

METI{OD B.

-

Perfuslon of laolated loops ln vivs. the ån-g!g transport of

calch¡n across tl¡e lntcstlnal nembrane was et¡¡dled using the apparatue

descrlbed þ Holdswor{:h and Coatee (fg6t). Chlcks welìE given an lnt¡a-

¡n¡scular lnJectlon (O.tS ml.) ef sodtrm norntn¡tat* (tø ry./nl,) 15 nln¡tes

prlor to comenclng the surgieal operatlon and the¡eafter¡ anaesttresf,a

was ealntalned wltlt the ald of, a llttle ether. After rlnslng and draln-

ing the contents of the exposed loopr the glass cannulac were ttad lnts

place and conne¿ted wlth short piecec of n¡bber fubtng to the perfuslon

apparattrs (FlErrc S). Care wes taken t¡ ensure tÀat the connecttons

dld not gull or cause any eonstrlctlon of the loop at the entry of t*tc

canrrulae. Before çorwnçlng the operatton, the perfuslon fluld weE

a An aqueqr¡s eolutlon of sodlum pentabarbltal ras a product of Âbbott

Laboratorf es¡ Nortlh Chtcago¡ Illlnolsr U.S.A.
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placed in the vessel to allø the eontents to equillbrate wlth the water

tenrperatrrre (38o C). The cl¡culatlng fluid consisted øf l0 nI. Krebs-

Rtnger-buf,fer solutlon (UÈrelt, &rrrls and Stauffer¡ I%9) to whlch had

been added glucose (O.ZZ M), Ca4O (Z *g./^L.) and Ca45 (1.2 ¡rc./ml.).

FIøw of fluld wa6 prevented wlth scrtr clips untll the canrnrlae werc

connected,

the fluid was clrcl¡lated by æans of carbogen gâs (W gr,

Str æe) lnJected through a rubbe¡ connectl,on wltlr a 24{auge hypodernlc

needle, wt¡tch also prevlded adeqrate oxygenatlon of the tlssue. On

occaslons tÀe loop was reùrrned tø tåo body eevlty but successful

clrculatlon rúas not always achleved ln ttris positlon. It was prefer-

able¡ therefore, to leavc ttre loop outslde t'he eavlty whe¡e thc tlssue

and surrürnding area could be kept æist wlth saline pads. Therø wag

no lndicat!,on of any harnñrl effect on calclun transport wltl¡ thls

prooedure. Perfuslon was r:,.i',rally carrted out for 45 nlnutss a¡rd blood

sanples wer'o taken fron a wing ræln at intervals.

EIEÐ..G¿

Perfuslon of lsolated leoos ln vlv¡. Perfuslon of in vlve

lsolated scarænts of intestlne ras nadø posslble by m€an6 of a snall

perlstaltic pmp connected to tù¡a loop thrcugh glass cannr¡lae (Figure 4),

The pnp and resertair were enclosed wltl¡ln a theroostatically controlled

chaúe¡ naintalned at So G à 10. The connestlons froa the prrnp and

reserrcir to the sannulae were of necesslty kept short to reduce losse¡

ln tmperaùrre end also to ¡estrict the volum of the clrculating fluld.

A rynchronoE¡E mtor ensurd a constant ¡ate of circulatlon and thls rate

could h ve¡led tårough a rl'¡eootat.
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A prrtrtelttc pry we¿ u¡ld to prrful¡ l,¡olrtod loopc ef ¡n¡ll lnt*¡tlnr

lO$8. thr pry rnd glrer vr¡¡ol cont¡ln!,ng tùt porfucl.on flu!,d err

rncloard wÍtlrln r tlurrprtrtlerlty cont¡olhd polythrar ehrôæ n¡lntrlnrd

at gAP C, A rmrll hmùæ rra phard bmmth trhl prry and l¡n btrdr¡ rttrohrd

to tûr¡ prry mru¡rd em¡t¡nt alra.rlrtlon of thr rtr wl$rln thls ehañt,
Âltcl lnccrtlng thr e¡¡un¡lro lnto trhr prcpcrad leop tbry wcrr tùrn connrotrd

to thr pnp end to¡crplrr
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Befors cosænclng the surglcal operatlont tlre outlets froû

tlre apparat¡¡s were eftpped off and porfuslon flutd was placed ln the

rcsewoi¡ to enabla 1t tÐ reach ttre reqrfred Èençeraù¡re beforç circulat-

lng the fluid ln the bl¡d. $lhen cal.clun absolptl,on was sù¡dlcd by æars

of thls apparatr.rs t.le perfuslon fluld conslsted of t0 nl. sf Krebs-flfnger

Eolutlon qontatntng 2 ng. ca&/rltr âßd 2 ¡tc. C"as/nt Dc¡rlng slnllar

experleents wl,t¡ì N^2, the perfuston fluld contalned lO Bl. O,l5 M NaCl

to which had becn addad Elucose (0.22 m.) and Na22 (0.2 pc.finl.).

fhe intestlnal loop was prepared wlth the cannulae tted ln

place¡ and¡ after connectlng them to the apparatus, ttre perfuslon was

started. Blood semples were taken at interwals frosr a wing velnr ôrldr

at the cotryIetlen of the test period, the apparaùrs and gut were dralned

thoroughly Lnto a graduated cylindar.

METIÐD D.

In vlt¡o e{ert€d-intestital sae tcqhnlque€. Tt¡e apparaü¡s

described by Satomn and Johnson (fg5g) ras nodlfled to study transport

of calclun a€¡îoss sunri.ving evertsd segnents of chick snall lntestlnø,

Details of the apparatrrs are given ln Flgure 5. Follwtng the eurglcal

operatlonr ttre eegment wes severed at the llgaùrres and rapldly trans-

femed to a bath contalnlng Krebs-Ringer.-blca¡bonate-h¡ffer praparcd ln

the absence of added calclun to contaln glucose at a concentratlon of

0.006 M. Thls solutlon was continually aerated wlt'}r carbogen gas and

tùe tamperat¡¡re of the bath was matntained at So C. The lunen was

carefully strlpped of lts aesenteri.c attachments and l*re loop evert¿d

by neans of a gì.ass rod. The evertad segrcnt was then tled fnto place

on the capillary supports with suü¡res and lmnedtately placed ln 3O sl.
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rrccsål nedlrs conslstlng of Krebs-&lnger buffer wtt,t¡ dded glucose

(o.oos t¡), ceæ (o.z u) 
"rrd 

ca45 (s ¡rc./nl.). carbogen gas was used

to ci¡culate the outer mrcosal flufd. 1.0 nl. of a solutlon of Krebs-

Rlnger buf,fer contalni.ng glucose (o.oos À{) and cað (o,z !t) was lnJected

lnto the loop ard bathed the serosal su¡face. orygenation of the

se¡osal fluid was not consldered nee€ssary as Salomøn and Jolurson (fg5g)

have suggested tihat such a procedure makes ltttle dlfferenca to tù¡e

tesult.

Transport of calclun was estlnatad by the appearanso of Ge45

Ln the serosal flu1d, At va4rÍng tlnÊ inten¡als thls fturd was e,oa-

plotely rmved and tmedtately replaced wlth fresh solutlon. Total

transport ovet a period of 6O nlnutes was calcutated as the sum of tle
tadioactivlty present ln the lru¡ltvtdrral sanples. flhen the lncr.rbatlon

was corylete¡ tÌre segænts werÉr rerrcned, blotted wittr abso¡bent tlssue,

and flnally plaeed ln a desrccator untll dry. The ave¡age dry welght

of tlssue fron each gþup was deteralne<l.

[{ETIT}D E.

-

In, vttrq everted lntestlnal sac technlq¡es. Eve¡tæd sacs sf
snall lntesti.no were prispared essentially as deserlbed by llarrlson and

Harrlson (feeO¡' After remvlng the washed portlon of lntestlne fron

the bodyr the segruent was placed ln an ice-cold solutton of O"I3 tr{

sodiun chlorlde End 0.02 M potasslun chlorlda and everted by neans of a
glass rrod. Each er¡d of the ewrted loop was tied over a slrsrt length

of gl,asa caplllary and the ùuo supports were fastæned together wlür

adhesive tape (Ftgnrre 6) " Flr¡td contalned wlthln ttre loop and bathlng

ttrc serosal surface is called se¡osal flutd and that ln contact wlttr ttre



g¡g8ß-É

ftrr dtqrm tllr¡strch m æertrd gut 3.ç plapütttoty to pleclng ln

c ær¡lcrl flüe corrtalnlng ã-0 É1. of f,nh"f,lqsr*ùfcarbrl¡tÁ-çlu+oee

sotutloa dtå dd'Gd Ce€ (O*æ yc;j 2rltfr r 10€ l). Ttrø prrapr*ttoa

me tfed rttù $utrrrrro to grtes* mryprts È1ú rle¡o tùâD b¡td togcütct

rfü ÊilFelw tape. À :rÀùef eowroctlæ sç¡l¡d st ooe d rlth a gtæt

rod r*a sttppd æ to tha etr.t$t æatlËroto cÐfftr¡? ¡nd l.O ll- ef

f¡rùc.*tæ¡-Ulc¡rtea¡tc.ghrcrcae tolutlen contalolüg c.4O (2.ã ¡ IO€ rl

ras lnj.cttd th¡otdt tåe n#æ rttå ¡ þpodefdc eyrlqr tÞc fllllt¡¡

tûrc tnetdc of tìhc cærtd slcç åftsr plecln¡ tùe loop ln thc coalcaf

ftrs¡r tùre glrrt ü¡bü¡g irã hold flnfy ln pt*a bf c pleg of ættm

al tn fùr mcl cf tho flasl'
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u¡cosal tlssuer the m¡cosal fluid. Serosal lncubatl.on ædtun (1.0 ¡nl.)

was forced fnto the loop by lnJectlon through the connectlon n¡bber wltlr

a h¡ryoderatc syrlnge. Thls solutlon conslsted of Krcbs-Ringer*.blcarb-

onate tn¡ffer wlth glucose and caæ added in fl,nal concentratlons of

O.O2 û[ and 2.25 X 1O-3 H¡ respectlvely. ïhe everted sac $ras transferred

to a 30 ml. conlsal fl.ask and lmedlately l,mersed ln 5.0 nl. of Krebs-

Ringer-blsarbonate h¡ffer contalnlng glucose (o.oz M) and cr49 (2.t2s x
-?lO-" lár 0.25 pc.). The preparatlon was incubated wlth shaking for I hour

at 3Eo C in a rnetabolic shaker bath and was contlnually gassed with

carbogen.

At the end of the incubation periodr the sacs were removed,

¡lnsed erternally with cold O.tfr sodlua chlortde solutlon and then

blotted dry wlth abso¡bent tlssue. The serosal flul,d was dralned tnto

a welghed containe¡ and ¡insed through with exactly 1.0 nl. O.gÉ sodlua

chlorlde solutlonr folløred by severaJ. volunes of air forced througùr wltlr

a syrlnge so tl¡at conplete eunptying was obtained. The volune of solutton

ruoveled was Epðsured b,y welghlng. The effectlve length of tissue

used was 12.5 cm. long. Accum¡latfon of C"45 ln tlre serosal fluld was

recorded as total counts accu¡n¡latod/hour, leê. c.prn./O.I nL X total no¡ne.

Vlt¿aln D and related conpounds

Gr¡rstalline vltanlns Drr D3r ând dlhydrotach¡æterolr(nf-fOr)

were obtained from L. Llght & Co. Ltd. (Colnbrook, England). Rrre

crystalline samples of dihydrotachysterol serles z (nr-ror) and di-
hydrotachysterol series 3 (AT-f03) were kÍndly pmvided by Dr. t[esterhof

of Phltlps-*oxane (Amsterdam), Fo¡ oral dosing, tlre coopounds were
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dlssolved tn arachLs ol1 and 0.15 Dl. was adnlnlstered by stornach tubê.

When tÌ¡e conpounds were given by intracardlal lnJectlon, the appropriate

qrantity of the substance was conpletely dlssolved ln a small voluine of

absolute ettranol and dtluted to voluæ with pæpylene glycol¡ the final

soncentratlon of etltanol betnE less than 0.5Ë" Each chick then recelved

O.15 - 0.20 81. of the solution" The crystalllne cospounds and tl¡e

solutl.ons were stored at 40 C ln atr-tlgÈrt contalne¡s.

Calcluq qhlorldg

fne Ca4fol, was obtained f¡om the Radlocheoical Centre,

Amersharnr Englandt and was dllutcd for uae wlth unlabelled calclun

chlortde to glve a speciflc actlvlty of approxlmately 2 ¡tc-/wg. calcfun.

As each solutlon usually lastad slx montjhs or nore, the activity of the

standarrC solutlon was counted at the same tLme as the erperlnental naterlal

and the necessaEy correctlonE nrade 1n order to standardise, as m¡ch as

posslble¡ the amunt of radloactivlty present. The calciun was In-

variably in the fora of tñe chtrorlde. Unlabelled calci¡¡n chlorlde was

prepared by dlssolvtng the appropriate amsunt of Ca@a (pr,evlously drled

for I hour at ttOo C) ln 2 N tEl, evaporatlng to dryness and flnalty

making to r¡olu¡nE wltl¡ dlstilfed wate¡. Tha pFl wao adJusted to 6.0

with sodlwa hydroride.

sodluqZ chlollSe

Naz ,ras obtalned fro¡n tåe Radloshemlcal Cent¡e, Aærshan,

England, a¡rd dfluted for use wfth unlabelled Nút (0.15 M) to contaln

2 yc./øL.

dbo
the car¡ier*-free orttophoophate from the Radl.ochentcal centrel
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Arerehan¡ England, was diluted wlth sodlua phosphate to glve I0 pc./tcE. ÐO.

Radloactive countl.no orocedureg

^-45lrd

(a) p.LeEE. (f) Blood was collected f¡om a wlng vetn into a

heparlnlsed syr,nge and the plaema prepared by centrifirgatlon. Vlrùrally

all of tihe calclun present ln the blood is present ln the plasoa fraction

(trvtng, fqi?). 0,I nl. plasøa'was spread on a t cn2 alunlntun planchet

toget'her wlth one drop of lË detergent sol.utlon to facllltate spreading.

The nixü¡ro ütas allq*ed to dry and the ¡adioaetlvlty present measured by

noans of a G.E.C. El$12 end+lndm counter. The efftelency ef this

¡nachlnc was 5-10ã'

(if) ptasna (t.2 nl.)r obtained as descrlbed tn

t*re preceding peragrapbr was nixed witth O.3 nl. 0.5 N perehlorlc acld

and allsod to stand for 5 nlnutes. The proteln was renoved by

centrlfugatlon and 0.ã nl. supernatant taken for sc!.ntlllatlon corrntlng

ln an Ekce N6ó44 cannter. The sanple was added dlreetly to 5.0 ¡nl.

scintiltator phosphor, as develeped by Bray (fO0O¡. Quenching æasure-

mnts were carÍled out using an lnternal standard of C"45Clr. The

efflclency of countl.ng as dete¡mlned f¡om a standard c"45Cl, eolutlon

was 64Í. Perchlorlc acld oxtracts of plasna gave approxlmately tFff

quenching.

(b) I¿eSUg_ElgIg. (1) $erssal fluld (O.t mt.)¡ obtatned &rltng

¿Utl¡g etudies with everted sacs (Uettro¿ E) ¡ was addcd dlrectly to

5.0 mt, of Brayrs sclntillator phosphor and the Caa%f, was estlmatcd

by sclnttllatlon cnrntlng.
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(ff) Se¡ssal fluld (O,t nt.)r obtalned as unda¡

in vlt¡.o sac tschn!.qre (nethod D), ïas plated dkoctly on I cn2 alunlnlun

planehets and cqrntcd at lnfinlte thlnnese uslng a Gffi-EFttl, end..wtrdær

eg¡nter.

(c) m¡cosal ttsFue. the evettcd oâcs ürene q¡t lnts uery onall

pi.accs and retained in centrlfuge t¡bc¡ togetJrer rvLtå 2.0 a!..5 N perchlorlc

acid. Af,ter onernlght extractlon, the ù¡bes rere heated at 8Oo C fcr 2
hour*¡ glass stoppers preventing any lcsses during ttris pariod. Prectpttated

proteln was cellected by cent¡lfugatlon and saryleo of the acf.d extraet

rcrpved to esùlmate radloaetlvlty by sclntlllatlon eountlngr The q,,renchlng

effect due to tl¡e perchlorl.c acld vras taken f,nto account for the flnal
evaluatlotr. Accunr¡latlon cf Cu45 ln m¡cesal tlssue was Ëêasured as total

counts accu¡aulaÈeOþour irêo c.p.n.r/O,l ni. X total wlume. The waight

of tissue nas not taken lnto account.

(A) Eggg. Ashed tlbta was dLssolved ln IO n¡. 2 I'i l{CI and tt¡o

calclun precfpitated as tt¡e oxalate by the adClt5.on oi 4 nl. satr¡ratcd

asmonlun cxalate solutlon folrøred by neutralisatlon to nethyl red

lndlcatsr. The nlxhrre was allov¡ed t, stand I hou¡e before centrlfugatlon.

èfter wasbÍng the matertal tn the saræ ¡Rånoet ü¡rlce wittr dilute amnla
solutlon (f.gX) and trvlce wlth absolute ethancln the calclun oxalate wae

final!y drled and urelghed.

Fsr eor¡nting, the calclu¡n oxalate was spread on L co2 polytheno

planchets and cor'mted at tnflnlte t'hickness using a C¡Ë(iEll¡tÍ, nica end-

wlncte¡r caunter. The anount of r¡aterial recprired to count at lnflnite
thÍckness was determined frorn a self-¿bsorptÍon Gürver
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Eld. For the ca'ttng of, p32 rn hlæd, ttre æterlal rag

corlcctrd frs c rlng rcIn lata a traperlntaed ryrlnge. flÌple blðod

(o.l nl.)r togotherrttlr a drop ef lË dctcrgnnt, solutlon¡ wee æcqty
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gslsu
Elood. nhola bloed (o¡ n¡.)¡ collactd as prevrorsly

descrlbad fæa a wlng vetn¡ raa plpcttcd dtrectly Lnto a decp,rcll

pol¡theae sclntlllatlon fube and tñc Na

llel crystal eclattllatlon Ganrtç¡.

n ca¡nted ln an Ekce lù3gt
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CI{APTER 2.

VITA¡üN D, DIHYÐmlACHrSrEmL AND OT'¡{ER FACTOß INFLI EtCItG

CALCItfl TRA}SFORT.

INTROD{,ETIOX

pllor to exaatnlng the mechanls¡n of calcl¡n transport ln tl¡e
srn¡ltr lntesttne of chlcks lt was flrst nesessary to establlsh test system,

ln vlvc and tryl!¡g capable of denonstrating changes affecting thls

pÌoGasso Part 1 rcports early attryts to aürdy calclun transport urrder

condltlons descrfbcd ln the prevlous chapter. Galcfum absorption ln

rachltlc chicks was sürdled before and ló hq¡rs after giving an oral dose

of 2.5 pg.vltanin Dr. the experl,encc gained f¡orn these experlmentE was

an invaluahle gulde to nore detailed investfgatlons on calclua transport.

In Part IIr the influense of several factors oa the absorptlon

of calcluu unde¡ natu¡al condltlons ls descrtbed. Attempts were made te

locate the slte of tl¡e narin¡m absorptlon of thls lon¡ as prevtous studles

wlth rats harre prodttced no concluslve evldence ln this regard. Nlcolaysen

(fgSf) has suggested that calch.m ts natnly absorbed from tho uppe¡ portlon

of the small lntestÍner under tt¡e lnfluence of vf.tanln D, Studles by

Harrlson ar¡C Harrison (tgSl), trorever¡ do not support this vls. These

autho¡s belteve that vltanln D ls conserned only wlth ttre uptake of calclun

frrm the distal regt,on.

Uslng both tn vtw and &_g!3¡l tæchnlc¡res lt has nmr been

possl.ble to compare more tJærougrhly t'he Ìesponse of varlous segrnents of

chtck snall lntestine to vLtanln Da troatment. The fnfluence cf vltain
Da on tl¡e transport of lons other than calcl¡¡n has also been lnvestlgated.
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Thc cffætE of vtt$a D, end dthyilrûtúrùryatoüol, on cal*t¡¡

cbeorptlon ¡¡c con¡Lderrd ln Ësrt IIf . Tttad¡ Þ, le reortc¿ to hrn

li,ttle rntl¡actrtttc åÇttrrtty ln thÊ ct¡lct (Blt¡sr fg$) sl¡e¡r¡e ln ¡at¡

rrd tnnns¡ rltarln D, ts açlelly or potcnt ¡c yf,tdn O, (srlttr¡ Glyur¡

ntlklnsm rr¡d Frcs; 19d3) r tlu effsqtlwÞBs of vitd,n Da hee bm
¡rlñrsetlg.t d by tùrË cclcls¡ sbaorpti,on t âtt üetr¡g læl¡td ùedonrf

foopo l¡.tl¡¡. Slitlerly* thö lnfluoncç of A1-I0r c ceçad uscd

tt*rrpcuttcrlly ta pucùrca a ryld l,rrc¡r¡sc ln thc tml of ¡cnn c¡lclu¡

hs¡ biln co+uc¿ to vltnln D" for lts cff¡ctlusrcs ln tùr cilúút.
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rIfi IlfiJælæE OF V¡Tâ¡fit D3 or{ côlsrtn affimFTro{ir â$ snÐtEÐ 8tÍ vAfrr€[.s

¡g Yrüo A!Ð ¡EJIm, Îæruuqffi

C¡lctt¡l rhcrptlør f¡on ellfr¿r ôdsn¡f or d.tstal portlos¡

of tJ¡¡ sæ¡¡ tntattf¡¡e x¡c ¡tudled tn ¡r'cürl,ttc cl¡tcls by rthodc pr,r-

vtaæly dreerlbed ln chryt;er !' rÏ.p levçl of Gr€ la tilp prrmr or

th¿ ¡ccrnlrtLon of c¡45 ta thG ¡rnoeül ftntd of eurorted gut eaco rår
n¡w¡ed rftor chtcta h¡d barüù gtvro gr or¡l doco of læ f.U. vltd,n
Dg 16 hqr-c bcúcn làç ealclt¡r to¡t. TkÐa rgluo¡ rrrç cûry¡lcd tÐ

tås wlueo obt lâGd f¡or etdl¡¡ wl¡¡ælrt* sd. rlth ttrn rrct¡ltlc
control g$d¡p.

hrtlag chc crrly prrt of thcæ pmocnt lnuættgnttaa¡ ürc

ù¡odoorf læP rrs ottcnstyuly uecC ae lúol,furttr (psæmof con¡rü,c¡üm)

had ruggt*trd that tlrc¡ç siË at pottlca of thc slt totretlm æ¡ç

stt¡d fcr eù¡ülcg of thto n¡tær, lúc¡gntr Drrr ncçnt oboeçstlom

ln tl¡lc teùontarl ú1dl ü!¡ü brrn deesrfùcd rlsdËrc ta thlE cìåpterr

l¡dlcat¡d thst tlÐ dlgt¡l locp wæ I Þr'D *neltlr¡r eyetæ fcr øùrdytq

crlcttt furptim ¡ftæ yttdn D'-trmbDtr Nærth¡rlesa, tfrr¡r le
ao cryorlnatål enrtdütÐ te crggnft ttut t*re rffects obecrwd f¡o¡ thp

usc of t*tc dlatal lcop ¡¡t nct lryleûrclble rilltr ù¡odcn¡f eogrortso
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RESUTTS

-Calclr¡o absorption was measured in ù¡oden"r r"oj" preparcd

from rachltlc and vftanin Da-treated c,hteks (uet¡o¿ n). The lnfluencc

of vttanln D, on thls procêss wag observed by fotlaølng plasma ca45 lev*ls

at varylng tlæ lntenrals. Il¡ese results have been zunmarlsed ln Ftgnrre

7. A strlking increase in the anount of calclum present ln tJre plasoa

can bc denonst¡ated wttl vltanln Dr-treated chicke. A naxim¡E¡ Dråactrltlc

ratlo øf 3.7/L was obsetved wltl¡in 30 nlnutes.

On occaslons varl.etl.ons fron thls ratlo haye been obse¡ved and

tlrese a¡e Are uainly to the age and severlty of ¡lckets ln the ehlch¡

the naxlm¡u¡ ratlo at 3O ninutes obtained with ù¡odenal loops uslng thla

method was 5.5f and the ralntmrm 3f . r{hen calclum absorptlon was

allsed to proceed for longer perlods tl¡ere was a slcnø desllne in tÌre

amunt of ra.dl,oactlvlty present ln ttre plasrna untll at tJre end of Z hours

levels conparable to those measured from the rachitic group wero reco¡ded

for thc vltanf-n D¡treated birrls.

(a) rt+¡rc I cmpares plasa¡ C"45 Iw*ls wÌ¡en O,r*"n., loopr

from raehltlc and r¡l.tæ¡1n Dytreated chtcks were perfus.ed f ln sftl¡f
(UstÌ¡o¿ B). Folloring vlt*nln D3-treat¡ænt ttre rachttlc ctricka ohor¡cd

a th¡ee-fold lncrease in plasma c.45 con"entratlon. These flndi.ngs con-

ftrm the results obtained witl¡ å¡-g[¡E lsolated duodenal loope. pret4ouslg

Çoates and Holdglorth (tf)6f) haA been unable to dwnstratc any effect of
vltanin Ð, on calefu.a absorptlon when duodenal segrnents ursre perfused !.n

a sinllar oânrr€to
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(U) nec¡¡¡¡c of clrculetlsr dtffk¡¡¡lttee oftßn ¡¡rcça¡tcred

çtth tt¡ perftreloo rygrHtur dcecrlbcd þ ltoldærtñ ¡nd Co¡tcs (fg6f) ân

ettornstÍve mtftod for perfrrclng tlre lateetlne wee sougürt. lhan flt¡ld

cootatnl¡S Cr€ rr¡ ct¡sr¡lrtcd efq¡gh lsolatsd s.gnrr¡ts Þy mcur+ of a

perletrltlß Ëü¡p p!Ê ennotatnat ¡rm¡It¿ rcrc cbtal$sd, Tàs tnflurnco

of vttdn Da m îlre trptafe of G¡€ ¡¡a etudlod $ltb perfuacd dlçt¡t Imp*

of çrctrlt'lc chlcle. ft{o preaont ln plasu úrlÉ ürasüæd ry sclattll¡tta
cnrntlng (p.ãf, (å) tl). Thc dat¡ sueËrl¡cd ln Flgure 9 trxll,crtc ttrrt
tÌ¡e¡e r.s Ð ø¡!ù,6d lac¡a¡*e ln t$to*c,tlvtty tn thc pleane froo ttp vttdn
Dg-trcnt*d grpr Ïtrc ratto Dy'rochftlc rr¿ S¿1 rftar 3O utrutc¡. ts

Elntlæ ¡nEr¡rts of *ater rsre tr¡slcpartod by botù glælpÊ* the re¡ült6

obtÐtnd çc¡a rot lnfl¡snced by ürts facto¡-

(¡l lool¡ted æett6d sqmrts ef å¡odeffim r€rra grraprred frm
rechltlc äd Ylte[a Ðr-treat€d Gñlcks ead thc trssport of c¡lctr¡a sc¡oõ6

'tlre n¡co¡¡l rrùrue rra otrldl"ce ¡û.ILtn, (t¡eün¿ o). Ího epgerrærca of
Ott to th ¡erug¡l flutd rae conrlderd I rersu¡e of c¡lclræ trawpcrt

f¡aúr ths crcosal to thê selosåt m¡lf*rû, tt te evldant, frw Ffçrrs tO

tlhet ù.p'doml arce frs chlct+ gil,vea vtt¡nln Ða eàared a greater ¡hl¡fry
to transfer catcltn b tàe ss¡teel eürfrce tåaa slnllæ s¡ee frn tha

nchltlc grrcrÐ¡ 1l¡o reto of celclrn transport aftsr ao dilrt¿s rpcucd
¡¡l*tlvsly øonetaat lrlth tlr. Re¡ults obtôlnÇd rith thl.a ¡ctlpd wore

ofton dlfftcolt to lnterpret fte tc ths sn¡ll dlffersnces otaorvrd bstæsn

tùc ùþ grrdrP€,' {iü¡dlcs r1tf¡ l¡.¡t¡g preperrrtlene b¡d lndlc¡tcd ¡ g¡rd¡

greatæ fçrovcæirt lo cal,c.lræ rbeorptlm a,ftgt yrt¡d,a D, treetænt.
(b) llore rcprcùrclblo ¡e¡¡¡lt¡ Bd r greater eæ*ttlvlty ef tha,

rachttle chtck to vltanln D, treatnsút, wer¡ oboç¡vrd úån avurtcd ¡¡cc cf
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G¡lclr¡r trutcprt, r¡r tt¡üled *Ítù sçrtcd duohrt rrce prprrrd

f¡n raclrltle ¡nd vttd,n Dg-t¡çåtôd drtchs (rst¡pa O}. âcqn¡lalúm

ef Ca6 ta tùc rs¡oerl lluld çrs *rrud ¿t lat¡ru*ls. Tl* ¡oa¡lb

E r €rys¡ered rc totel erurts t.e. t*tc rdloæt!,rtty present, la fùt

lnöúô¡t trytc pluc t¡a rndloætlrtty of tår pccrðag sela(e).
Eectù pltat ls thc affis of 9 bl¡ds.
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d¡trl nll tnta*ttar ürlr prnr¡e¿ td tacnbrt¡d to îâç mr
desæfürd Þ tlrudræ d ¡krrá.Ð (f$CI) (rctb¿ f). rei¡'"ql¡ttm cf
Crü 1r.t! tùc rc¡uerf flulC :s rrnrrrd rftæ I åfil¡* 

^c 
.Cilæffid

f¡¡r tb ht¡t{ræ ftf¡rn ff) s r¡lÍt Dy'rNcbfËc of 2.9fi tæ rùne**d

rbrn rdltlc càlür ur ôd:tlà rltda D3" In lår rÊf hffi
of dÚ,*¡ ¡dnd bf lùilc üd làl Í¡¡rr Oy'nc*rfUe lrtlr ffi
ælq ü¡td füpó foflllf,a¡ fé Èilsr ¡nrrlrortrat ülth læ f.ü. rlt*¡
Do no 2.1fr,



Hgf,ÊJ¡

lsillü,ca ûf c.4i *rE nrff!ìcü tâ tlr rËû.t tlúd of craetrrl

Cf¡td ¡¡æ of tntretlnr frn s*tltle nd litdn Ðr-ürrtrt #tD
(f¡Ûbod g). Êsf,ù U¡togrn ls tDr sa rrl¡o fnr li rrBi+ Ih
bbclr¿ Ë¡tngrn rqæmt¡ Cr{l la ûr ¡ð!ûill tll[d flr b
rrül{,e psre¡s¡tton* {*'{ ü!. bl,rÊ btrtagrn ttNt flr * ütrd¡
Dt-üaertd prçrrrtücat.
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PåRT II

FAgfoRs åFFECTillG GATCTUU TRA¡$PORT AND THE SPËCIFICITY OF VIIA}üN D3

ilATERÎAI,s A¡.¡D METTÐDG

3, 2.5 rng. erystallÍne vltad,n D,

we¡e sruspended tn l0 nlo u,atet contalning O.05ff Tween 80. The mixture

was shaLen vlgorotrsly for 2O seconds ln a hlgh speed mechanlcal disinte-

grator descrlbed by lrlossal (fg5g) using Ballotlnl Number 12 glass beads.

An amunt of suspenslon equlvalent tÆ 2r0OO I.U. yltanln Da was wlthdrsvn

lnto a hypodernlc syrtnge fotl¡red by tñe test dose of caa%f, and t*re

mlrù¡æ expelled lnto the loop. A soluttsn of water and Tween 8O

prepared as aboye but contatnlng no vltanln D3r was placed in loopo of

the raehltlc control group 1n tJhe 6aæ Eanner.

. 12.5 ng. crystalllna vltmln

D, were dlssolved ln a nlnlç¡n of absolute ethanol and the flnal r¡olr.æ

adJusted to l.O sI. wlttr propylene glycol. Im¡edlately before usen ttre

vltaøln soÌ.utlon was rapidly lnjeeted into 4.0 nlr srater¡ uslng a 24-gauge

necdle attasM to a hypodemlc syrlnge¡ and then thoroughly nlxed. Of

tÀis solution¡ each chtck recelved by stomach tube an amunt eqrlvalent

ta 10r0O0 I.U. vttamf.n Da. Rachítlc controls recelved the vehfelc al.one.

Admlnlstratfon of CaSCI bv sloqåch-ùrbê. A solutlon (0.5 nt.) con-

talntng 2 W. cS and 2 ¡rc Ca45 was given to each c.hlck.

RfÞoflayln aolutleî. A lff eolutlon af rlboflavln ln propylene glycol

was adnlnlste¡ed by stønnach Urb€.

Çltrate h¡ffer. Cftric aeid (O.zM) was adJusted to É{ 4.0 or gl 6.0

wlth sodltm hydroxlda.
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{r¡4 ßûF* $olotlma of L-l¡a¡æ u¿ f-r¡g|afnr ÞyñGtlËsld!

(tO f.N/tt-) *t rdjËbd tr Ël ó.O rtth r¡ürr ùfùufdr bçü¡ct r¡co'

ctqflz {o.s rl*} firrlüd }t o*â ü1. ûf tà. dñ ætd trßt nlrrtlæ
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*-dmrf lclpr.
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RESUITS

Stte of absorptlon of calEll4t

(a) In vtvo. segænts of snal,l intestine fron rachitic and

vltantn Dr-treated chicks w6re Prapased by tbe !¡-gLg, lsolated loop

technlqge (Uet¡o¿ A) to locate the slte of marlnrn absorption of calclu¡n'

The duodenal or dlstal loop was prepared in each chick to contaln 4.0 rq.

C"45. Figure 12 presents t{re results obtalned ln a typlcal experinent

by follorlng ttre plasrna C.45 l".rela at varylng tiæ intenrals afte¡ glvlng

the test dose. å marked increase ln clrculating calclr¡n occur¡ed frm

afthe¡ loop under the lnfluence of vltanin Dr. Hocever a greater ratl'o

(Oy'achltlc) was obtalned wlttt dtstal loops (7/L, as conpa¡ed wftl

duodenal loops (3/1).

Furtt¡er evidence ttrat this plasna C"45 I"""1 was a rallable

lnd1catton of ttre absorptlon rate ls sha¡n by tlre ßÊasurensnt of calclun

disappearanca f¡om the loop and lts subseq¡rent deposltlon or exchange 1n

bone after 2 hours (fa¡te t). Vlta¡¡ln Da lncreased the uptake froa

duodenal loops tihreefold and thls salclun was deposlted ln boner An evcn

Ereater (sevenfold) lncrease ln uptake occumed f¡om dlstal loops. Hcn¡-

ever the total æunt of calclun absorbed by dlstal loops of vitamln D3-

treated chlcks after 2 hours was only sllghtly gteater than the aæunt

abso¡bed from duodenal loops of vltanln D-treated chlcks. The dlfference

obsenred befureen trhe ratlo of these sltes appears to be due to the lorY

absorptlon froa tt¡e rac.htttc dlstal loops.

Sone crltlclsn could perhaps be levell.ed at ttre nanner ln whlch

these results have been conpared ê.g. thê lsoLated loops wete pñÐpared ln

separate bi¡ds. TG ulnlmlse tùis, a double-loop technlque was used ln
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çr€ qs n sEGd ta plmr rftcr fep¡r[¡g la vlæ ]mp6 of n¡lt
lntrstlæ f¡n ¡¡càlttc mü tttdü Ðo-treetad ltrds. Ercà pctat

la lâc nm cf ¿l à[rù la a typtcrl qur{ænt.

o
A

o
A

Y¡td,ô D3-t¡c¡tcd dlst¡l leops

riltdn Ðg-t¡¡¡tcd ùn&rf leo'c

¡¡chltle ù¡¡'doncl tooFc

rachltÅc dlstat loopa
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nq EFFECT OF VITAtrIN D

OF Ï{E S¡¡ALL INTESTtrNE

Treaied bf.rde were glven l0O I.U. vltanin Da 16 hours prlor to tlre

calclun test. Uptake and deposltlon of calclun ln bone was measured

aftar 2 hor¡rs f¡om !!-yåg loops cøntalnlng 4 ng. C"45. The reslduaL

ealelun tn the loop was deternined and S calclu¡a uptake ls the ansunt

abso¡bed erpressed as â percentage of the lnittal calcl.um present.

Each valuG Fepresents the nean (nu¡ùer of birds ls ln parenthesfa) t
the standard error of the ß€âor

- Rachltlc _ A3Segncnt Ë calclun Bone Ca-'

"ptiä-' ::f,]îJ,l:"/

Vttanln
Í calch¡rt

uptahe

D.-tleate{ ou
Ëone uê
;.;:": x Lo4/
ashed ttþta

Il¡odenal

Dietal

16 t 3.5 (2O) 10.65 È 3.€ (8)

I t 2.1 (12) 5.r2 t 2.39 (8)

48 t 3,9 (N, 27.7A t 4.12 (8)

56 I 6.5 (re) Zs.æ + 3.15 (8)
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which both the duodenal and distal segnents were lsolated Ín lndlvldual

chicks from each gr'oup. Unlabelled calclura chloride was placed lnto

each loop and at the end of 2 hours tf¡e æunt of restdr¡al calcfum was

estlnated ln tÌ¡e manner described. The results obtalned confbmed tlrc

values and conclustons establlshed frm tt¡e radloactlve studles (ta¡le Z).

(U) ¡¡-Ut@. Experlænts slnllar to the in vlve sù:dles

hrt uslng lsolatæd evelted sacs (llettpd E) added support to ttre observ-

atlons nade SEJd¡4q. The wlple of ttre small lntestine was ¡lnsed ttrrougùr

wlth wa¡n sallne a¡rd then dtvtded lnto three equal segments¡ &rodenal,

mi,ddle and dlstal. The effectlve lengtñ used durlng the lncubatl,on was

12.5 cm" Accua¡latlon of c"45 tnto both the n¡cosal tlssue and se¡osal

fl,uld was rÊasured after I hourrs lnerbatLon. The greatnst anount of

transport occurred wlth distal sagøents of s¡nall lntestlne froa vltamfn

D¡treated chlcks (ffE¡re 13) wlth lesser anounts ln the nlddle and

duodenal segrnents. ïhe results epressed "" c"45 accr¡m¡lated in t*¡e

se¡osal fluld¡ shov that the Dy'achtttc ratlo was I/t with dlstal loops.

ilfhen tlre nethod of Harri,son and Harrlson (tg6O) was used for as-

sasslng total transport l.e. the sun of C"45 ln the ser,osal fluld plus

the m.¡cosal tlssue c.45, then the ratlos werc 1ft dlstal, 2.4/L ntddle

and 2.4/L for dr¡odenal loops. It ls interesting to note that slnllar

arcunts of calclum urere accumrlated b'y mrcosal. tlssue in all parts of tlrc

small lntestine of the vttanln Da-treated chlcks. The absslute ar¡ount

of calclun transported by the dlstal segment was Sd¡.tg. Qa¡I'tt./g. for

rächltlc gnrt and tsO Ca/hr./g. wif:tr vltanln Da-treated clrlcks.



îtß[.8 ,2

hpderaf e¡d dlctål loopt of arall l¡testiã. ln cach c!¡lct rere

fepa¡cd Ðtd 4 ry. calelur ree placad ta ereh loop. Bcclô¡al

calclä ïas eâti,¡atcd ¡fte¡ 2 hor¡rs. E¡ch value roprecmts tlu

æ¡¡r of 4 bh,ri¡.

Sqmnt cf
l.ntcgtlno

GqlctÐ ¡broråed (¡g.)
fracùlttc D'-t¡e¡t¿d

üdmel
Ðlcta!,

0.6õ ! o.13

0.29 t O.O?

1.98 È O.2l

2.0ã å o.Il



f,w,lil,

lßGtrhit¡& of C.4i 1ú no¡c*l, tlanp d ¡awt ftd,d cf rout¡t
ilrl¡ tr¡t¡¡t{* rß rwr¿ rftræ t àre. Eß bl.rbgm t¡ {ln
rn cf 8 ræ. lürto¡** Ir II ãd III aæ dt*trl¡ dtla *d
prúr¡f *F srnprctt*ly.

IlúÉùd

Êw.ffihr*
rld
Éæf hrtgùd

ldtttc¡ ¡tilæü ttd¿
nrùltfc¡ nesrl tt*n

*crrt ndd
renrt ll,r*c
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$ctt¡¡l lnvesttgntors h¡r¡c €nùffi{r¡.d tô sfÐ lmdt¡tc æ chortr

ta¡l effects oo crlsln aet¡bolts¡ foltrtng vdtd"n Þ dnlstrrttan to

rÐts er ohlcte (Xfgfco{tsty¡ Llß7t CoatË rrd ñoldsrttr¡ l96t¡ Ha¡tleot

üú Hår5trcr¡ 196O¡ Dordle¡ Schrtlrtat ¡rd Schonltr¡ 196O¡ Schæhtcr¡

Ktücrg rr¡d Scbenecr! f96t). ThGËc ettcÇts h¡ç brcn crt¡ndcd ln t{rle

preÊart sürd¡r. In æ tnttkl t:çerlurt Ytt¡dn D r¡e sùlütd fcr sr

lmadt¡tr çffæt qr.eclclrn ùeorptlm by tæcrtL4 dì ¡r¡t+tfled lbn
of tlre cltda tþgoüretr rltå Ce€Ct, dtroctly tnb ûffiraf læpo rt tåt

êær@nt of r*¡¡ t 'Et- Î¡ùle 3 lrdlc*tce thåt tht Searptlcn ot

e¿lclrn ¡t mr¡rærl by pfær C*€ lmlt rr¡ ur¡flect¡d Étco th cl,td,a

ræ grturn lo tl¡le Gon. FyêÊ 5 hütf¡ sftet m cml doca of 2.5 ¡tg

Ét¡úa Ui tL.n rae ontT ¿ sltght locroe¡e tn tù¡s lml of Cr6 ln tfu

plæna. å rartrd lmr¡¡co ln plrne ¡ndXercttrlty rrs obeæwd follmlqg

16 tn¡rs prrtnaErt rrltt¡ ult*,n Or*

Thc f¡ch of cffrct of yltdn D, rlthln 5 hn¡rt of 1ù¡ ¡ù[m
lst*atlon eq¡ld !¡ th6 rca¡J,t of b festo¡r (¡) the ffirrt of ultartn Da

gûEn (l0O I"U.) çæ noÈ zufflctant to prætr a +lgntflcmt loæe¡Ee ln

calslr¡¡ *orptlør (b) thr É of aùilotçtnttsr. TbêÉc frctoec rfll
lnvustÍgnt¡d ta tf¡e fcllctq eaçerfm¡te.

A largp dooc of l0rün I.U. vt,teûln Da ræ ¡traletmcd cltått
(¡) h¡ shch üÈe rs e collotd¡l eqlous enragørslm ûr (þ) lntræuúhlty
ln pcopytêúNË glycol t ùurr bcÍorr grlYlog 2 n0, c¡4É Þy stnæñ ãûo" ca4t

Hrs cdntcd fn tho left ttÈto 2 hn¡¡t af?et glytrrg thö Ca45' tra ¡ ñ¡r&
crycrf^æat¡ yltdfi Da wa* grtvwr r* úoue brt 2 lil¡¡q btfoso tltc CraS n¿

tàr tlàl¡ rrs tlhen rwwd r3t* ¡ û¡ttl¡er 3 lrn¡¡a' Tflg rqault* cf tùle



ÎAETE 3

-
slggElglEaus¡

c"45 """ æasured fn plasna after preparlng in vlro ù¡odanal loop",

Vltanln Þ3 (fOO I.u.) dlssolved ln aract¡ls otl ras ad¡¡tntstered by

stonach tube 5 Ìrou¡s arld 16 hou¡e beforc insertlng t¡¡e ca45cl2 tÊst

sslutlon ln the roopsr An em¡rsif,led fern of vltøtn oa (zrooo r.u.)
was addcd dlroetly to th€ loop togettror r!,tfr üre Ca€Clrr wtrelr atteugts

were nade to st¡d an tædlate eff,ect wtth the vftad,n. Each value is
tlre æen of 4 bl¡ds.

Trsabnt Tlae of
treabent
(tu¡r¡)

c"45 
".p.n. x lo-3/nt

TIIE (rlnE
r plasne
)

I5 st 45

0

5

16

Da

Dg

Dg

o.5g

o.57

o.60

1.æ

o.?5

Oræ

o.90

2.75

o.?0

0.?5

0.go

2.æ
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fetter GrpGslenû qÇ ¡twr ln Tebl,c 4 *td 1o epltc ef tIç hlghf¡r

nophpfcfogû,ssl üüt of vltdn D, ln ckrn¡l¡ttqlr ¡Þ *lgnltlcrnt

lnc¡¡¡er ln bong ce¡nta w¡a ffict¡d.
$æ dcÈù rûo8. rs to ct¡ctùpr tha tt¡c lepec bnblGn thr ocûl

¡¿dnlsÈ¡etlon of vl,td"u D3 r¡¡d thc tnacrtton of tfË Ct€ ælutlor¡ 1¡rÞ

lntootlnef' srf¡nt¡ r¡ø Er¡fflclcnt to ccü¡rlty ella th¡ riltdn to

pcnctratc t¡¡Ê l$taettart tttct. Ia c¡dtr tr tsst tåta h¡pollrrslc¡

prdtdnara erycrfmnte ilrlt ø¿rtted ont e*lng r coluttor¡ of rtùofl¡vtn

cs a fltn¡scor¡t n*rtct. 2 hdrrr ¡fttr ¡¡at dotkùg r1th rlbofiryl,n¡ tûre

drolc of tl¡a ¡nll lntcsttnc rro rpll,t leogthÉao crd ffuåacd for

flt¡o¡aecencc ÈidGs rn ults¡rrtslet lq, Ycrl ltttle ltbofiðrln cn¡ld

fo dtttttßd tn {û¡c upper or larr partu ef the sndl tntortl¡re elttraryh

ør¡eldstdlc çrcntlttÊs re¡G ptGsGnt ln t¡he glazard. rftrhonr$r tûrl* ry
bc consld€ttd a s¡udc tcst fo¡ dcter¡tntng tùõ reta of ærenont, of vttdr¡
Dg dtrt Ë¡p tutaetln*r tùc ûryfdcncc docø arygnat lt¡rt ¡ùû,nlEtrstton of

vltdn Dg by stndù ùrbc sqrld lad to a écley to tl¡c los¡Ils¡ttqr of

fr rrtsln rt rte altc of rtaorptr,oo ro tlp tntactlnc. KodlcGl (rgúo)

hre s¡gpetêd thðt tho qeln attt of cùøarptlon sf vtrt*rlo Ð tc tù¡e r¡t
It tùe læcl por{lcr of tlrc eÐltr lntcotl¡rr.

To ollrlnrtæ thle dlffls¡Ity, IrOfil I,U. Tltadn D, ln prapyl*æ

gl?col wc¡c tqJcct¡d thrøûdr tln lntcstln¡l r¡11 of thc üþdan E Aftrt
2 er 4 lroure 1 ca€ w¡e pl¡cod ln tcÐl¡têd dlst¡l leope lûJts,. rì.
!,ncrc¡¡ae fn plasnr CrS lcrcls obt¡tæd ¡n shmrr tn Ftgurr 14 ¡rd tndtc¡tr
¡r effrpt of vltdn D, rftar 2 hout¡ tr¡t r rFrl¡ læuç¡ec foltætng tùo

4 hr pret¡o¡brt rtth t¡¡G n1ltd.nr

Fwt*pt açedrentr rmc dcËfgncd ln ar ettaryt Þ atør an
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Yltadn D* res d,nlstenrd 2 haure bafûæ gtyùE e q Caa%fe Ð
stmas,h tnba. Ttbla lae ¡æwd 3 heur¡ trater.

8æte sf
#,alstæ.tloü

äo. cf
bt¡d¡

fßüt ûg tu eä4ã
Grprro X fÉ/rshd tlÞùa

Intraca¡dtal

O¡el

1

1

1
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c.€ *r¡ ¡rr¡mrd tn pren rfb pÉpûrrne tn up dt*,trr r.opÕ

f¡r ¡uÈlifc er rl,td,n Dr*+nrrtd îtìlcls* ?ltd,a ûg Ifflþ
IJt. fn puqrylæ effef na hfrrtrd tûtÊ th. ùodm¡, Eæù

polnt ls th æm of 4 bt$,

oo
x x
A'---.A

4 h! rftæ glvtfry rftrûa Oa

2 htr rftæ glvtry rl,tde D,

rrdtlc cmtrot
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Imedtate effect on cal,Ctun uptate. Horaverr when vltaoin Dt

(torooo I.u.) in propylene glycol was added to ca45cl, Present tn

dlstal loops ln vlno or to the q.¡cosal fluid ln vlt¡o (Nethoa e) t

there was no obsewable lncrease ln ealclun t¡ansPort.

Jhe lnfluencq of pH en cñlclun,t¡ansmrt

Since the É{ of ttre lntestinal fluids mtght erert an lnfluence

on the solubtlttyr ad therefore inClreetly on the abaorptlon of calctua

tÌ¡e Ël of tÌre duodenal and dlstal loop contents ü,as neasured ln bot*¡

rachltlc and vltantn Da-treated btrds. lX¡¡lng t'he surglcal procedtrrat

O.l Bl. f,Iul,d was wlttrdrarn by sytlnga fron the respective loops ar¡d tt¡e

pl neasured çlth a Becknan slngle-drop electrode. The $l was found to

be 6.9 lncreaslng ta 7.2 ln the lower reglons of the snall lntesttne tluts

confl¡stng th€ recent flrdlngs by Coates and Holdsorth (If6t). There was

no difference ln ptl follonlng vltanin Dt-treaknt.

The solubllity of sorre calclum salts va¡lee markedly wltå the $l

sf the envlronnent. It would appear ll}ety that a rnore acld nedlum would

prorcte better abaorptlon of salciun. Inltlallyr attcnpts were made to

stndy the lnfluence of thls factor on calciun absorptlon f¡oa preparatlons

of !.ntestlne å!-g!¡¡g in the presence of phosphate buffer. Howevert

dtfflculty uras exp€rlenced wlth tt¡ls ædlun as calciuro phosphate preclpltated

afte¡ a short intenral. Instcad¡ 0.2 ll clt¡ate buffer togettrer wlth 4 mg.

calclr¡n was Lnserted lnto ¿EJi¡g åtodenal loops. Goates and HoldmrtÌ¡

(1961) bave demonst¡ated that cl.t¡ate has no effeet on the in vlvo absorp-

tLon of calclun ln chfcks. Flgnrre 15 shons that trt¡ere was tp dlffe¡cnce
Ã"aln plarna Ca-- levels when the loops contalned nedlum åt Èl 4.0 or Ê{ 6.0.
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Thg influence of amino aclds sfr c4lgium abso¡ption

f,tassernan, Comar and NoId (f956) have exa¡nined the effect of

varlous amlno acids on calciun abserption ln the rat and have shryrn tåat

lyslne and arginlne can prornote a tnro-fold increase 1n mineral absorptlon.

The lnftuence of lysine appeared lndependent of the vitamln D effect as

the comblned effect of lyslne and vitamin D could be attrlbuted to tl¡e

sum ef the effects of t:"he individual components. Further lnvestlgatlons

on the effect of amtno aclds on calclum absorption tevealed an interestlng

species dlf ference (t{asserman, Comar, Schooley and LenEemannr l!Ð7).

Orally admlnlstered lysine and arginfne Cld not lnfluence the absorptlon

of calcium when tested ln the rachltic chlck.

In via¡r sf tlrese lnterestÍng findingsr calciun absorptlon from

ln vivo duodenal loops of rachitlc chlcks was studled ln the presence

of 10 mg. L-lyslne o¡ lO ng, L-arglnine. Table 5 surma¡lses the results

of thls experiment. There was no increase ln the level of plasrna Ca45

afte¡ adminlstering these amino acl.ds.

The effect of vitamin D3-oo-tÌtg.-knspgrt of other ions.

(a) Phosnhate transport. The uredium Ìntrodt¡ced lnto the

duodenal loops ln vivo was npdifled to lnclude I n€. t3ä, (tO pe. t 32¡

and unlabelleC calclurn and the absorption of the phosphate ion was followed

by counting the total p32 In whole blood. The results from rachitic and

vltanln Dr-treated chlcks are conpared f-n Table 6. A snal.l increase in

the a¡rpunt of P32 in the blood $ras observed. The residual P32 in the

l;op at the conclueion of the experirent was also co:nted, but no slgnlficant

effect of vitaruln Da could be detectel. Nors¡al values for calclun absorp-

tion were recorded durîng tihis experlment, belng 16Ë for the rachltlc



lltçq s

c.45 r." re¡su¡çd la plaru aftcr prepartng fuodmaf looPe ¡S-¡¡E
f¡¡ r¡sålttc ¡rd vltd.n Fr-traat*d cälcEs" I0 rE. ad,rw ae,td

ras lase¡tcd tegetler rtur cJfoI, iato loops e¡eear¡¿ ln r¡e!¡lûte

ôlcùe. Eaeh val¡lc rsprescntË lùs leor of ó b[rd¡.

c"45 ..p-. x ro-3/rr. prrs
TIE (¡1n¡)

l5 30 ¡ç¡

T¡ostront

o.€

!,.46

o.ãË

o.60

o.6?

1.96

o.g2

0.6Ë

o.æ

1.7ã

o"Ë

o.69

D3

L-ty*fæ

L-arltnlm
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nc p& csrtgrt of rtol.ç bloed nrs rGs{rGd st tataw¡l¡ after

lrrorttag I rg. -%a tratp 18..¡É8, endcn¿f fæpa of ¡¡shlttc

srd vft rü,n Þr-trcatcd bl¡*ç

T¡eatr¡nt tco cf
bt¡di

blood

120

6

éÐ3

3"47

3*€

2.69

4.tl
1.9õ

2Æ

2-6l

ã.6
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û¡odãÞl loop rrd æ ûtll¡ foope' fr¡¡ t¡e rltdn Dg*tctrt¡d gËæpr

(f) gqfin t*zrso¡}. AtÊ¡lpt¡ rnr{Ê n dr tû *ü¡ôy trh

eDcopttm ol çcdln by lhe l&,Ffup kol¡t¡d try te¡turfço (nctn¡C $.
[t¡un t¡acmr 1.0 El. leotonlc s.ltnr (fúrff* rlü ñræ] rre pfrød

lnto òndcnnl leopor rbærptlaa to* phca ao ngûdt¡ Ith*t !t ¡as-

Iapaatble b ùüceÊ dlffers¡çcs ln trytrle or to obtrtn npro&cLblc

r¡tulte . Fs tålt E¡ñrBür ùnda¡rf tæpe mü, prrtscC Ig¡fE ftc
¡ rrrsctïDlr cmt¡trúng to d., l¡ots¡!,q ss¡laG coût tntr¡g Xrfl (nrtm¿ Cl*

?bË d¡tN in Tûlc ? shil tùrat llro t¡ruropert af qodtrl ru rpt affocd
bf vltü[n Þ3. ntm Xrä ras ilãÐ¡çd tn t¡rc fæå¡¡fan ftuld ¡f,lcr

dt drtac.lt çes cctlntcd tlrrt npplortrrtely S of tàe 1altt¡l XgZ

hd b€Én .ùÉorüêd.
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ïtr¿ X622 Occts¡t of rùole bltÊd nir;¡ lçÐEu¡ud eft¿r pcrftslng

fud¡asl foopo cf ¡¡aùltle ad rltnlß Ð3 ta.eetnd Ghlcl¡ tlth

raubr, å&JdE.

Î¡satrÊût to. of
btrds

ilru c.p.n. r to-3/d.
TIE (¿n¡)

btoed

4920lo

12 1.12 l.Tf 6.04
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Ëå$L¡II

II{E IrGLrrEttE OF VITAnIN D2 A}Ð DI}TDrcTMIYSTEROL ON CATCII${ TRÂ}6P(}RT.

BEqtr'

The lnfluence of vltaqln D, on ealclum absorptf.on was shrdled

after gtvfng a test dose of CaæCl, to l¡-¡¡i¡E isolated duodenal loops

from srûall lntestlne of rachltic and yltantn D;treated blrds. The rise

Ln level of circr¡tattng t"45 ln tl¡e btood subeequent to vltanfn [Þtreat-

ænt ls shæn ln Flgnrre 16 and lndlcates that on an eqral weight baslst

vitanln D, ln coøparlson tÂ vttantn D, had only a sllght effect on calclun

uptake. Only wlth larEe unphyslologlcal doses of vltanln D, could tfie

plasna level of Ca45 be ratsed to a value slnltar to that obtalned wltt¡

I00 I.U. vltamln Da,

The apparent leck of any striklng lncrease ln calclun uptake

follanlng t¡eaü¡ent vrit}¡ 2.5 ¡rg. vltad.n D, would suggest that the relatlve

Lnertness of tÌ¡ls sr¡bstance uras assoclated with the stn¡cture of the slde-.

chaln. If tt¡ts h¡pthesis urere @rrect, then vltanln D, nlght well act

as an antagonlst to the functlonlrig of vltanln Dr. ülhen chlcks rece!.ved

25O pg. vit¿¡¡û,n D, and 2.5 ¡lg. vltasln D, together ln sil 16 hourE prlor to

tåe test, tlrere was no slgntflcant alte¡atlon ln the level of plasna Ca45

from that obtalned wlth the group recelvlng the vLta¡rin Dr-t¡p¡tnent alone.

Albrlght¡ Blooúerg, Drake and Sultorftch (1938) have deærr

strated an lncreased calciurn absorptlon from the gnrt and an lncreased

phosphons excretlon ln the u¡lne when patlents $¡fferlng fron hypopara-

tåyroldlsn were treated wlth AT-10. fn thls respect, AT-I0 Ls eon-

sldered to have the same ft¡ndamental actlon as vltanl.n D. llorevar,
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AT-IO in cont¡ast to vltam!.n D, had r:ery llttle anti¡achitlc pot'ency.

When AT-102 (2.s ¡rg) ras glven orally to ¡achltlc chlcks t6

trours before ttre erpertaent there ytag a raarked lncrease !n the plasna

C"45 l.r"l (Flgure tZ). The response t¡ AT-L02 Ìrrueve¡ was not as

great as wlth vlta¡¡ln D, when cornparlson was made on an eqlal welght

basls. trhen ttra dose level of AT-10, was tnc¡aased to t0 Fg. thcn

plasna C^45 levels Herc comparable to those obtalned f¡on chtcks wblch

had regelved 2.5 ¡rg. vltæ!.n Da. llo fi¡sther l,ncrease ln calclr¡n abeo¡p-

tlon wae obsewed when larger doses of AT-IO, were afulnistered. If

the deposltlon of Ca45 1n bone was taken as a æasu¡e of actlvlty, the

{t}re ¡çsults i,n Table g stw that AT-1O, was nore actlYe on a welght

baels than vltaln Da.

In earlier experlænts lt ras not¿d that vltantn D, ras

relatlvely lneffecttve ln ralsing plasna calch¡o levels ln the chlct.

An explanatton for thls obserratlon nlght be psùrlated on stn¡cü¡ral

grounds. If thê stn¡ctr¡re of the slde-chain eters of prfuoe luportance

to tt¡e process of calch¡m transport¡ then AT-I03 should be aore actlve

ln tlls respact than AT-10r" The prevlor¡s expelln¿nts were sarrled orrt

wtth a sanple of AT-10, from Llghts. To conpare the effact of AT-I0,

and AT-IO3 on cal.cltru absorptlonr crystallÍne sanples of ttrese coryounds

rere obtained fron Phlllps-fi,oxane and thls mate¡ial has been used ln the

followlng ln vlvu arul ln vitro experlænts.

rtT-103r when glven by nouth 16 hou¡s prtor to studytng calclun

absorptlon fron in vlw d¡¡odenal loopsr was found to possess ttre sane

aetlvity as AT-IO, (taUte g). Both A1-lO, and AT-103 were lneffective

ln increaslng calclun uptake when glven at a level of 2.5 pE. lntra-
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Ihe ¡ubtt*cr¡ rare gú,vur Þy mth 16 ào¡rr bcfsæ preearlng Lt-ËB
ffisl !ry. IlÈ'l¡ rirr rtiltwd tftGr 2 krt' thc f,fgnrer

æpnasent trtro r¡lues of 4 bi.rds'

1re¡&st BoE ce/f,t
Geprir X fd/asm¿ tfbüa

2.5 pg. D,

2.3 pg. AI-102

lO,0 pg. Atr-tgz

2.4i Ê, 0.31

6.50 ! 0.fi1

10.99 å l.æ
12.83 È 3.5O
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fbr æparnù rerr glvur cltùrt orelty ln otl 16 hfis blfo¡r ü¡¡

erp.rt rt or lrt¡¡o¡rdlrfly h parpyfær glycol I hffi prtor tc

ab$ng celctr¡ ebcor7tton. Fle¡ol crõ lcæle ltaG r¡¡curçd

rft¡r plcpcrlqg ¡[,IlB ô¡odcnel loopa.

lrcaÐ¡t !þ. cf
btrü

cr€ ø.p.4. Í to-3/bl. plrnr
IrE (dæ)

tli 30 ¿$

0

I
4

I
a

I

o.?2

?,ão

2.æ

2.33

o.?6

o.óE

0áû

t.qf
2"gi

?'42

0.Et

0.s6

o.ffi

2æ

2*æ

2.áÐ

o.Tl

0.9ó

Da (oretty)

lT*loz (o¡nlly)

rT-l0g (o¡r¡fy)

A1-loA ( tnt¡aerr{ldf l)
rT-l% (fat*æa¡Clc[f)
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srrülsllv f bur here tlucrtfg tfr* c$cfz lntu tùc üffirl loc¡r.

In-$E c$tce (¡¡tf¡aC E) üfä ærtd dletrl øcgmtr ef tçtrsttr
âbùtlrËd f6 tan eftct tre.t¡ßût of, tihc cãlcùc rt{f¡ 2.å pg. â1-lOî ot
2.û ¡g' rT-lO3 tndtccùrd th¡È ìluæ ãû*t*ær üçnr eq¡dll rctln ta

færrsøfng crlclur æcrml¡tlsr la ttlrc sG¡Darl fÌ¿ld (ffçræ fS),

mruør th¡ s¡at ef Co49 ¡cc¡nl¡t¡d ln tlra s*æsål flutrd of grrt,

orcs ftl thccr cü|,¡t¡ shcd æly e treÍotd fæçrs€ ær tlrc

rsdtlc ¡pdtpr rËperra r fur¡rfold lnc¡aroc r¡E ¡ùtrtnd rftæ tücst-

æt çiü ultæln Þr.
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Cr¡Fl ræ rrrt'ul lr h *,Ër.il firfd cf mr$ úûrtrl msc

of nll fürrt¡n rltrÌ I h. ã1*úæ ¡rpr¡rÉ t*
m cf e rÉù f,Dn ó tffitr

Sl¡efrt

¡rd
Df¡nrd b&t
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glsqiëçrot

Sorer¡l tecl¡¡úqlcc h¡rç bean d¡scrlbd for øùStÐ c¡lcltr
abo*t7ttør froe tåe cngll lnte*tllur IüÌHt grtrlln Ln sr.ll nçts tD

r¡strtttc cf¡lch¡ té hær.Ê erller¡ yttfiln Da etlnlatod ¡ ¡stcd llær¡æc

ln the ¡¡ormt of crlcl¡a tbûÈGd f¡ln ttrç tonl¡ lntcettac both fn rlltg

¡n¿ lg.gl¡Efr Tltc rbl]tty to æreurr ¡O.¡¡¡I¡ auâ clrãrgns ln s¡lelrr

trurepert mablct ¡ n¡ct¡ nre pÛryrlologrlccl epproætt ìo tùû ¡rm¡çr la

drtch tlrlr lon le trursportod¡ ar both tb bfood u,pply arrÖ thc ebeolptlw

mehanls¡¡ ¡wln lnt¡ct

tt ts ùrl,ous h*trrtt; tl¡at tho fq Éqo æthodø ùsc¡tbsd ¡¡r
ttæ card,ng esd tht¡ errlouely ftd.tÊ tlp n¡nbrt of blrds rhlch ny
br çrrnt¡p¿ ln cry o*le day. Rscùttlc ¡nd vttdü Dr-¡¡çqtsd (f00 LU. -
16 lu¡ml chlels rcrc lælud.d tn ell r¡parlruate to Gitf,b¡tgh a¡o¡r¡tdy

ttc D*lreclrlttc ¡rtio for th* plrtlanler Þetclr of chlcls trtdæ sùlú;r

AfUFrd¡ lûrts ntlo lt¡otf çre rçlrtlv€ly conrtrntr thû læl of r¡dlc*

ectlvttl tn th¡ plasnr yar{ed rccoedlng to tñr rgc üd ¡dtttc co¡dtt!,qr

ef tlrc btlds. Co¡toÉ ¡nd lteld*síù (196¡) hrre rlso pctated nrt tåo

l,+otts¡cc of frodtryg ændlttor¡s ùrrlng tùe æçarlutt¿l pcttod.

Ukr tÊtctttnsl crgmrt+ øara pctfued I¡-É¡f uclng . gnÉ-flü

tactrnlqrs (rattp¿ B) | ttu ¡rautt¡ flG¡D not cen¡trtantly rrpæùrclblc.

Orr occ¡slomr ¡ßrll tlssr¡c prrtlelaø ¡ccun¡l¡t¡d ¡t thc ghss pe¡r of tlts

wscål a¡rd ca¡sed tr¡egplrr æw¡¡çtrt cf tluld thru$ tlu Ertr Thc¡r

ç¡e alço r n¡bçd tradcney fs¡ f¡otf¡tng wltìh tàts typc of tystel, DoUr

thecô h¡s¡sd¡ *Gnr h¡nwËs sllÉn¡t¡d ct¡sr sl¡culetlsr r¿e Goñbþllid bt

r pct{ctrttl,c pq. A co¡rat¡nt f}¡r w¡s o¡rarnad fld tåo ¿bccncc of

coæt¡tctlons allcrd thc freç pssoâge of cny eölld n¡torl¡l whtcb d'üt
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be preoent ln tJre perfuslng flutd.

The tryortance of an ¡!.Jå$g technlque for str¡dles on calcltp

traneport was manlfest f,ron an early stage. Beyond demonstratlng the

dependence on vl,ta¡lln D¡ prevlous studles.lE¡4[lE, gave llttlc lnfornatton

concernlng tåe transport mechanlsn and the ¡uode of actlon "¡ vltanln D ln

this proeess. Attenpts yrere the¡afore made to provide a systeß wheroby

lsolated aegnents of lntestíne could bc ¡eadlly exained. Although tt

was posslble to demnstrate an effect of vltanln D on calclun transport

uslng a nodlfled fo¡n of the apparabts descrlbed by Salorcn and JohnEon

(f*Sg) (Uetno¿ Ð), dlfferences prevlously noted with slmllar st¡rdies

ln vlvs were not obseryed unde¡ these eondltLona. This loss of

rsensltlyltyn ln the test system made prelld.nary studies wlth metabollE

lnhlbltorE axtrenely dffftcult to lnterpret.

Dr"rring tåls plrase of tJre wor*, Harrlson and Hamlson (tgeO)

¡xrbllshed a report desc¡lblng a nothod fo¡ studylng calclun transport

in everted sacs of rat small lntastine , tllhen tùIs teshnlque (met¡od g)

was applled to stsllar investlgatlons ln the chiek it was fsurd tÐ be

entirely satisfactory ând reproduclble rcsultE could be obtalned.

Huæ¡ous lnveatlgators have sù¡died ttre lnfluence of vftanln D

on the ÅUlg absorptlon of calclun ln tlre rat (C,reenberg¡ t94.5¡

Harr!.son and Harrlsonr l5l.¡ Llnc¡ristr 1952¡ Ntcolaysen and Eeg+tarsen¡

1953¡ Carlsson, l9ã4r a). Calcfim uptake fr.om the snall i.ntestlne ls

lncrcased, deposltlon of calcfum 1n bones occutË and tÌrere is a mar*ed

¡lse ln the plasna calclun level. lúore recently tl¡ese fn vtvo ¡Èsults

harre been confiraed and extetded by ¡Eglgg experlmnts u+ing lsolated

eve¡ted segrents of rat snall intesttne. In Rany rÊspects, rats do not

seem Yery sultable for wort related ¡o v'lf,enfn D and calclun netabollsn



s
es rlctets cîn only be prduced lf these anlnals e¡e fcd rn a diet ln

which tùe Ca/P ¡attos have becn grrossly eltarcd. Further¡ rlckets so

produced can be healed slnply by testoring thc ratfos to those for¡nd ln

ttre n¡t¡rral dlets evcn wit*pt¡t vltanln D. Dfetary factors are known to

exert a naJor lnfluenee on thc results of such erperloents¡ Often tl¡a

data nay be dlffl.cu¡t tÐ interprat, dr¡e to ttrle interplay of dletary

cffects and vltanln D actlon.

Thcse factors Day accrount for the verlable reeults rcportcd

by Schachter and Rasen (1959). When c¡lclun transport was sù¡dlcd

¿EJ¿SE9 wtth everted sacs of s¡all int¡stlne, G"45 was transferrcd

f¡om t'}le outsldc (n¡cosal) nedltm to trtre inslde (scrosal) aedlu¡. The

Ca€ concentratlon ratlo lnslde ædlum / outsidc ditu was expressed

as Iþ. In tlhetr early axperiænts, rats wcre fed a vltam!.n Ð-free

dlet ccntainlng s lffi F¡ hlEh Ca ratlo and these anlnaLs developed rlcketa

ln 14 days. The final tþ tor cont¡sl anlmals varled fron 5.2 - 3.2

and actlve transport could only bo slrorn to occur in tJre proxlmal ono-

flfth sectíon of the small intestine. Hereyer, a mrê ¡ecent 1r¡vest-

lgatlon (Któergr Sch¿chter rnd Schenherr 1961) I¡rdlcates that whe¡ rats

wera fed a lqr Ca¡ hlgh P dÍetr rlckets was not cbserved wlthin the s¡ne

tfune partode t*re Iþ was 2.0 and aetlve transport could be dwnstratcd

ln all parts of tha st¡¡Il lntcgtine. Schachter, Dordle and Scher¡ker

(f9óO b) have also eûphasised tÀe grcat va¡latlon ln results obtained

with eve¡ted gut sacs prGpär'od froa rat sr¡all Intestlno. these authors

statc l*t¡t 'tlre gut-sac preparatlon ls lintted ln fts usefulneEs by tho

va¡labillty ln calclun transport aoong gut sacs f¡om different rats ar¡d

fron diffcrent segænts of tJre lntestine.in the sanre anin¡l.r
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nany of tht6. üfflq¡lttit l¡rt etld,¡r¡t¡d rfira chtcls rtrt

u¡¡d for øperlænt¡l studlee of thls n¡ü¡8l¡ te ss aecrütüy shwn Þy

Cr¡shûff rrd Hcgsted (fgËó). Furtl¡crr tlre û¡odc¡ral lcop of llrc chtcù

ts cf rætfir¡ cte¡ æd ¡ll*e rcprü¡ctblc lengttre of tfsa¡lc t¡ br

sü¡dtedr ThG chfcßs t¡Eêd for ttr prcoent lnvocttgntloas bcc¡Ë rachN,tlc

aftor l8 deye oo ¡ dlct contatnlng rpgrorlortafy O,Sñ Gr ¡rd O.4g P, €d

tåls dlot res rqloto ntth tùc arccpttdì of vttd.n D. t-ho eryerlæot¿

dcscr{Þcd ln tlrle cheptar tdlc¡ùr tùte .blltty of t¡rc Drchttlc chlat tn

¡€sefid to ¡ ls¡ læl of vttaln Dg (fOO f.U.), Coâtås ¡d Holdmrth

(t96f) àrue recxrtly fur thgt calelu rb*crytlsr crn b¡ rerter¡d tr
tcvcls rpprecÞtng tlnt 1n rprnrl blrdc 16 h¡r¡ rfter gtvlqg l0O I.U,

vlt¡dn Þ3r ¡nd t¡ ln cont¡sat to thß lar.ge wphycteteglcal ¡mrnts of

vttd,n D, nomlly uscd ln ¡rt erycr{rat*r

G¡lclrn ebætpttur r¡¡ cbuctüd þ t¡lc phcr ln tl¡e ÐIl
iateottn* -rd t¡rt rctlon of vltdn D cotrld bo dmpt.r.tcd by botñ

tr 4fc r¡¿ ln-úln tcctnlçrcrr TltIs 1¡ tha fl.rrt dt¡ect sv!,dcn€o

thrt vlt d,n Da cen lnflumcr calclu traupcrt Ð l¡-ftl¡f prrper¡ttms

of eùtcl ¡rrll int¡ctlnt ln r m¡cr etd,lar to th¡t oÞoonrd ln vt!p.

fhe lg..ün oùecrptloa of c¡Ielrn f¡æ ¡ leop of chict er¡ll
ln&etlna *r¡ Eü¡dlêd bt ærsurlog ürc dtcqpcnrrncc of calclul frn
tåo loop orr bf tln eppcærnee of Êr€ tn tl¡r pleeta er bry caurtlng thr

C.4i ta honr edr ¡t tho conclueloa of tlre rçertr¡rt. üttù dlst t loopr

fru ¡rct¡ltlc tfttclc mly 8S of thÊ fdttal 4 q. c¡lclrs x¡¡ ¡bsorbcd

h¡t thls rrs Inc¡r¡sed ¡cven-.feld tr 9óß shßn 1@ I.U, vlt¡d,o D, rr+

gÉ,vrn ló hætú oætler* ttth úpder¡rf loepo tlu lm,ro¡er tecord¡d n¡e

g¡ly tlr¡erüofd (fÚff tc ¿|ry)- It r¡s tato¡est¡U to notar lwawr¡ tihaè
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üf, yttåda Da-3¡¡¡¡.¿ dlet¡l lccp gngt æfy Iü bettêf, rÞøorpäm

th¿a slrttrdy t¡a¡t¡d ùpfui¡l ecAnotlts' Thlc ftdtrq lt tn rqnec..

s¡t rlth tlc mrt of Çcrtcr or¡d HolðscrtÀ (tg6f) rm hæ suggcotrd

ü¡¿t celetro abeorptlon t¿too pl*cr rlong the eltlrr longtä of tåe qrll

latcstlnc. stú¡¡r llçrc¡cârD ro¡ro fo€ad ül¡ã¡ ca'15 *¡s c¡st¡¡Éd la

plrc,m' fi¡Ç rbærùcd C.1Ð wls ¿lso degnelted tn bonc gtvfng , D{

rredrltfc trtte of l/t ntren uslrq dt*tal læps.

Thc trrmgort cf c¡lclrn obtalnçd rfth scçcnts ef fntc¡tt¡ç

fn fll¡f lt ryeltt¡tlwly ¡l¡ûlrr to th* regortd f,ltÉtnp IA-$Ð,. Tìc

mrrt of edcln tru¡Eport¡¿ ra6 rsetssd to b. ttrt ur¡? apgoeúng lo

tlrl s.Fo¡¡l fluld ef tJrc swrted locp slocc thls le ærc coryenbl,o ta

mrcrrrlrq sen¡D ealclr¡ Å¡-t19. Àt tht usual dûs.gc of l(X) I.U.

vltdn Dg 16 lþr¡rõ before thr cryerlnat tlre r¡tÍe Dy'mchfttc tr dtet¡l

loopr lrs 3.õ/f . ilhca 2rm I.U. vltd.a D, ree gûwr ornr a perlod of

{8 hanrs tn ¡n erperfrcnt drtlgn d to æ¡eutç thc qxlnm *rt¡t of cdcln
tlret rcanrl¡t¡d fe f*u tlsstn ¡nd ecrle¡l fluld, thc ¡ctle Dilreclrltlc

r¡s túrctÊ.sed t¡ 7.6fL. Tho grrutost tnnsport rec obü¡tnêd rltå dtstål

loope¡ r¡¡ller nq¡at¡ betûg trrnsportad bf ttrÊ úddlc srd üpdsr¡l scgÞ

m¡t¡ rocpecttwly. schschtcr rnd Ra¡en (19õ9) erd SclÞ€htcr¡ Ocdtr

.d Schûn*cr (tSO e) n¡rl rupertcd øl¡llrr ftr¡üfng¡ for tJrs bÐstsrs

errrt¡d gr¡t e¡ßs.of haoate¡ Lleqn sd ündea¡¡ trreferæd tlto crlcl¡n

agelnst oonceatrrtlon grdtcnts hrt ln cor¡trs*t ta rstr¡ c¡lclrn trr¡¡Wrt

tn tl¡e hæota¡ rra gæcrtcr ln the tlcnn tl¡sr l¡ tùr ú¡odemm.

fhe ¡rtlçr calet¡nt ælsrt of c¡lclræ bor¡rd bf tlto c¡coø¡I colla

f¡m c¡ch ef tàc tåtGc sçrel regrilts of lntcstina sugçnetó tåst calclur

nf b* *rürrrtfu¡g ¡ aottn¡tlon of tlsa¡¡-hlndtng oatçrl¡l (o.g. protctn)
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s¡d e c¡lclr¡¡ c¡rrtcr syrsteo. Thc tac¡æcc ln t¡¡r bladlry of thc

e¡let¡n ¡it¿¡ gü'vfr¡g vlt¿¡la D3 *y br ùt to tåû lætc¡co la Ëctù &so

nct¡rrtcn¡ h¡t ætr pmbrDfy to ¡n tnc¡c¡ec tn thc crrtllar tyetel. t

rro rapld rat¡ of c¡lcln ürrÐrrm ãGæ to cco¡r çtth tåe dlct¡l pcotlon

of tlp lntertlnr¡ toedlr¡g to r græt 'r t¡rnÊf,rl of c¡lcltr te tàG sclc¡¡l

fluld.
8¡th lg-SÐ ¡rø J¿.¡fl¡f tlu grcrtcrt rffcct of vltæla Da

trr¡ bc¡n obt¡tnod r1tÙ¡ dtetal loOgs urd fon r.fif F¡ryû6€E {ùe ¡¡sc ol

tl¡Ie tlwua úoe aùfflE calctrn rbolptlon r¡e tàc Frç oolælttw

t¡tü¡rtt¡r. If cnfy IA¡¡[8, eùdlcc håd boln nrð lt mrrld hrw brrt

orsy to eo¡ctudr ttut In tht chl,* tår gmrtctt mxrt of ebcorptlon

tûcs plrce lô tb. dlct¡t prtt of ttr. m¡t lntcotl,nc. Hsstsfr tlË

fg.¡[g retü¡ts shd tlt*t ttro û¡¿dcn¡I putlan f¡u vttd'ñ Dt-þç56

ebtcls la enly Eltgbtty loes cffcctlvt tb¡a ttre dlctaf ægmtt rnd

¡llggrctö thÐt rlrdcs n¡hrrrl cerdttton¡ c¡lcltn rbccrptlon t¡*ec ptrcr

effcctltuly *lonç tt¡e cntlrc ¡¡.ll t¡¡toetlm' Althnrqù It h¡e bom

cst¡bltsbed ta tha ret tt¡at llu prrorfnl flfth of t'lto seell latr¡tlnc

lo mra lr¡plf retpantlblç for cdclltm trpteùe tn 
"ttr?. 

Ëfteûg ct rl.
(fgóf) ÌÐÊ Êlm thet G¡lclrn aùeolpttsr c,r¡r t*r ptrcr rlong tþ crtl¡r
¡crll lnteetlnc.

Attå¡pts to 6lw an lædl¡t¡ aff¡ct ¡f r1ltdn DU m calcl¡n

ebeolptton Ð h*vfrq üs ytt'lt'ft præcnt ¡6 ¡n ecFoû16 c,ol,lol&l susperlort

ott*r¿t ln loopc ln tJre ltw btrd or rddod tô tlú rucos¡l ¡cdtuc ln ylt{o

$e¡t 6r6uccoocfbl- Cortcr grd tþldsorth (f96f) ryf Mla at ¡1" {ffCO¡

rttü stdlrt o¡perlmt¡ hrw cleo bcGri ur¡blc to cbtala crt rtqporiût.

tho rlnstc€t tÍ,er p.dod fo¡ ûtcb lt *¡s pcerlbla to shÐ r poeltlrr

effoct rlt!¡ vltdn Da res 4 har¡e. À ¡¡crot ilpost þ llrrrl,coo nC
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Harrfson (fg60) lndicates that, In rats glveñ 1r0æ I.U. vltanln Dt

tùrere ls a tl.nre lag of 4 to 10 hours before an effect can be $ÊÊrlr

It ls suggested however tlhat ttrls tlne lag may be slrort'ened wtrcn a

nrch largrer dose e.g. 5O¡@O I.U. ls glven.

The t.ntracardtal method of ad¡¡lnlstratlon ensured large

elrcr¡lating levels of vitanln D, ln the blood and would thus ellalnate

any tfune lag rfue to slor absorption. That there is a tlne lag before

tåe vltanln can be sho¡rn to lnfluence calctr.rm transport would suggest

that elthe¡ the¡e is a change ln the ra¡cosal cells tl¡enselves or that

vitamln Da is converted into a nora actlve form or lndeed that botfr

tl¡ese transforuatlons are necossarlr

Otlrer factors were consldered that could have an lnportant

bcarlng on calclr¡n uptake. The $l of the duodenal ard dlstal loop was

æasured and confims tlre ¡scent findinEs of Coates and ltoldswodh (1961).

The solubtllty of cal.clun phosphate Is veq¡ 1orl undet physlologlcal

condltlons of gl and lonlc strcnEth and tt¡us lt would appear that unleEs

lts golublltty ls alterd by eolæ unlnq¡rn factorr the calclun mrst ¡enaln

lneoluble as the phosphate. The presen€e of a mre acld nedlun ln the

duodenal loop dld not lnfluence the absorptlon of calelun.

Letrmann and Follacf (fg¿f-aZ) have suggested fron lndlrect

evldence ttrat amino aclds can proæte calcluu absorptlon by vlrùre of an

lncreased solublllty of calcitm in thelr prcsence. fùasse¡:can, Conarn

Schooley and Lengenann (1957) however, do not belleve tÌ¡at sueh a coÍ¡-

cept is tenable in vls of the dlstlnct specles difference ln thE ablLXty

of these substances to prorcte calclun absorptlon. They polnt, out thaÈ

ttre general envlroræntal condltlons in tho lntestinal t¡act of both tlhe



s
rnt üd thß çùtcl ¡pp..t to bc stÉt.s (mßet¡ IFO).

c*ascl,

Th .ddtCl¡a of t -lyslaó or f'f,lglnfnt to laopc cqtrtnlng

dtd ¡pt lac¡o¡ee tlre plrsm c"4ã t¡ucl¡ ta l¡chl'ttc cl¡lcts.

Ttpse æanlta e¡r la agffit rtllh tha ßadlngc of xr¡ccrml ct ¡l'
(fg6Z) ald ¡¡c ln dl¡¡ct oaatrast tp ¡eeülta froe¡ slnil.l¡r st¡dlce rLtt

r*ts (ftesç¡laüù, Çmü gd þldr lF6). Iãc lrttar wol*¡rs havr

crryûÊãt¡¿ thõt thG rr Epûn6€ ta ¡ets ts bmoght .bant Ð tlhe lnflqsace

of tt¡eoo cnfitu rclds m thc ætùllsa of tùt lotestlæ.

It chæld be pclated alt heunr thÐt urd€¡ tt¡a csrdltlom of

the teat ln these pnesart sùrdleå tùe L¡r¡a affect of the müm acld rey

¡pt ba nradtly damlst¡¡ble rq the calcl¡æ !e nlrcady proøæt la e

s¡rlrÈle fo¡n. trtlp aslds preacnt u$er naturl coadltl.ss cæld pea-

trlps tnflu€îcs tùa rolúlflty rrd h¡occ tb abcorptlm of c¿lclrm tn tt¡e

¡utßa eüggßstcd Ëy rahm ed Folrsct (t9¡t-<a)"

Thc Yft¡!¡la Dr-effect ¡poaead tD be ¡clat!æly spcclflc ta ths

trrauport of qalclrn loüe. $odltu trmaport fq g$vq rra ¡pt faffrcncod þ
Ttt&tq D3 ml tJ¡ts ftldlaç Cwe øupgort to æsult¡ obtslüFO f¡æ a

sta{lu tpa ef IE.:¡llng ctÉy (ttrr¡føon sd Båtrl'uont L9ÚÐ). $ldtrrly¡

pbrdnt¿ trærp-ort t&jrllp r¡e mt graatly alt¿¡ed after vttnl,n D3*t*eat-

ælrt. Althgrgh ttrers rae pooalbly r *rrll effcct of vttrato D, tn relølq

tho plrsra phaepùrorut leuelst ?JrlE n¡a no$fflble tn ctçerlsffi to t?hÐ

effeet of vftæin D, oo calcù¡o ebeorpttoo under old,lo¡ cordlttant¡ *o

thât vltd,a D, doas net sppear t¿ ba prtnertly trelwd la t{tc trans¡nrt

of üre @spàate lm, Hlcolaysen a¡d Ecg-L"r-* (t*S¡) rlso ruggcat thrt

ury cffcct of vltaaún D oo pttoøSon¡e abeorptlon nrct be coaeldcred

recondary t6 tt$ offect oa c¡Icltn tnnsport.
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Crrlsson (fg¡ a) t¡ra oþttrlad fæo l¡¡tg sbdlÙÛ an lçrowd

s¡6orpttoo of pftægo¡rrc uûdêr tlu taft¡rsnce of vttdn D¡ bllt he be-

ttewr tlrrt thlt effrct tr probbly lrdtrect ond t¡ret tt dopædÐ sPm sr

lncrcrøed ebærptlon of celcln. In æro dctrllcd rt¡dlrÉ l¿¡l$gr
lt¡¡rlsæ âûd garstcaû (f96f) n¡w elso conctuùd thât vltd'n Ð s¡n

lnflurnr,¡ $rosphetr rbeorptlon¡ peætdlñg Gf,lcluil lærs a¡c ptccrnü'

Tï¡e wluc of ÀÍ-lo ln pronttûg côIcllo abeorptloo üd 1î

€ü"fn$ rlctats tr¡s bccoæ a cat¡t¡wç¡¡l¡l lsst¡c. AIbt{.Srt¡ Blooôolg¡

D¡rha snd sutlsltctr (rffi) .âd A$úrght' sul,Iul,tch md BrooúßDg (rgc9l

fbæ eltnleal ob¡arr¡tlorw, cantrd ft¡rd m ñldüæ.r.to nrggnet thtt AI-IO

æuld ¿¡¡¡rÈ flchcþ¡ &cpltê tÞs o!ûcntcd tçetr¡sc ln crlctt¡ eb¡orp¡tloa.

|Ìrce,c ¡¡otetc potülatød tt¡tt tùê pntrary rffett of Al-1O ræ æt m

erlclsa abec¡ptlæ bat r¿tÌ¡cr on pÞsphon¡¡ c¡c¡ot'lon (fa contr¿at to

ttr yltil[D D eff¡st)r *lttch tlrcV nggrstt c*rtd exple!,n t*¡c dtfferoço

tn rnttæcl¡ttlc potoney ab¡ctnd ffiGeu {t¡o*c Èro c4ourdoç

Sbûhlr Fsa md frrùcr (t9t9) haw tntarprctcd ttralr tseltû s6

belry la rgrcmrt rltlr tl¡te hypotfualo. Thasa rorùsrs htrid thrt

tT-lO cu¡ld povtù a ælG cffcetlw çtr¡t for rlclcte la r¡tå lf th,

plrocsonm l,ntûr ret hlglr rrrd thÉ c¡lclta r¡8 lfi" Corillt and llar
(1942) d¡mnatr¡td thåt frrgn dosêÊ of AT-IO canld hcaf r{c3tts la r¡te

md cfúehs a¡rd thût tåG sffcetlrrneso of ÂT-lO ln chlda r¡s anch gËmtæ

tt¡ån vltdn Dr. [n rr¡ recsrt lnwettgstlons¡ C¡tl¡oæ eûd Lltdr!¡lct

(fçO b) cqsn¿ tÌ¡e v¡lu¡ of AT*10 snd vltd,n D [n curtng rt*et¡ tn

¡rt¡ ¡¡d ttr.y üumd thrt tfÐ do¡r of A1-lO rläqptæd to cr¡re rldot* r¡e

ü¡Gh hlglreÌ thd +ttúio E .
Ilq¡d.lc tt rI. (fm¡ hrru cæar¡d the rffrctlvrlnrsa of utt¡da
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DA, yftd,n Dg ånd À1-lO ú c¡lclÐ trrrspo'+ rn Tl,t¡o' uslnq rnltrd
¡æs of rat *ll lnte*ttn¡. AT-IO ttercrced tt¡¡ armt cf cdcts¡

tnrrcportod ùtË thot drm bf vftdn Ð, rnd vlt,dn Da. tho præatt

lnæetlgnttw¡r ütth chlcts al¡o dærstr¡t¡ tJp etfactlvemet sf Á[-lO

ln tnsre¡slng celcltn trenspert both ¡û.¡[!l trd ¡$ fltt?r fn a m:lr
ea €.lcfuD *tabeltcn¡ Hlcob¡ear rd gq'¿artsr (fg$g) lrrtç at¡td tirrü

AT-IO ha+ lces offcct tàgr vttð.tn D on c¡l,elt¡ torpttoa. The prçEært

firdlr¡Ea arggêtt bo,Gmt th¡t s¡ en rçlrl uctght besl*¡ À1-lO la caly

sltght{y lc¿¿ effoetlrr thm rttdn Da ln pætlng c¡lcltn rb€oûptlcr.

Hacytr¡ ln ¡eletts¡ to c¡lsl¡n @alttoa ltl bqc ¡11-lO ntld appmr

r¡cl¡ rre útlæ tfna v¡,tütn Dt' 
I

Yltd,n D" rcs fü¡td to h# only e eoll pcæontap of the

actlvlty of vttdo Dg: Ihlc çoûfllnß I prevlcrs rçort by ilfls (fæC).

The st¡¡¡ghrr¡l dlffc¡cnc¡ b¡ùreßû t¡E6c bû ttttâdnc llôs ta tlre rldr*ùr¡tn

at C,, {ff9r¡¡r f)¡ lT-10A (¡lù.<haln llhr vtt¡ün DA) aúd ¡T-103 (std¡-

dratn tlh¡ vltdn D3) src both Glp¡ffy gE .ctlæ t¡ trc¡c¿slng tlrr

oårorptJ'on ef salcl¡l tn tùo cù¡IeI. ThösG eubetanøe are mly ell$ttly

lose .stlw ttrsr vltdn D3 ül¡s¡ tæù6d .$&¡[!¡¡' lhúeærr tüto ¡cn¡lte

aÐgpot th¡t ca¡ttm 1r rùcç€*Derlf nûrca lntmplrtl¡rg tÞ sffrct of AT'IO

on G.¡clr¡¡ rt¡Þoltn. tr6 ¡Þoûad rmdcr ttr* tnflucncr of ttrl¡

cf,pærtd c¡n lr d.peôfted ta tl¡a bo¡n (T¡bh S) trÉ yot tfrc ¿e batd¡

ef A1-I0Z rtlan¡d rn ¡ctlvlty of lcee tttryt I I.U. çt¡sr tett¡d fc¡ ¡ntl-
¡nclrttlc potørq tn cfrlcls (Dr. lt E.. Coetee, I.I.R.D,¡ $trinfleld¡ porsoort

smnlæão*).
It dûcs åppaü unlllely ü.t tho lnflusrcu of t'h¡ sld*-cheta 1o

fructlor¡efff l+ortmt to tåc ær¡po¡t of celclrr. llntetttr thc €harqc



.EÊ

¡3 üffir Dn * r re¡lil* **teiln *trfen rry ll ¡lr lr * n¡û{t.

ft È tùG ütfcr:¡¡r l¡ tàr etd;.*ùdr ftua rttsÉü qb d rûùqf e¡

{ m¡æ I }. fts rrt hwüætrd fmær t ùå cnp*tc rû cæqt*

rlF ettàÉ fte-#r r* à¡fü rttd¡ D* d Íltdr Ð, æ *çatly

eß .¡ff€ßttçr l¡ thlc ¡alnl.
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l. ¡¡.-üE sd lF qf systæ for &ervlûg celcttlr ffiPôtt

ry G¡¡e¡ ¡¡5ll tntçstln. h¡u¡ bçsn dæc¡lbed" tll stÊtæ 4mçtmts

¡ m¡*d lrrc¡r*¡ce tn c¡lclrn trrreport tn tæhltlc blrde grl,vwt læ f.U'

Y:ltrd,n D3 t6 fsrro PscvletclY.

2. fiF silÐff tntcstlrË h¡Ê b¡ÇNl Gr.drËd br 1ûro sltc of ¡erlrn

rboorptter of cdctrn C¡lctn trzrtport ooc¡¡r¡ud aleng thc ætt'¡l

flnûth of tJro ¡nrlt tntertlr¡o, but lt cæ ferlld thot tht dlstrl loop

rts . ¡r¡e gcr¡¡ltLw syrtco fu d¡ryætnCtng Î*¡c lnflucr¡er lf rttda

D3 * c¡lelu¡ rrytrÈc.

l. ló ho¡rc sert rrçrfrrd bGæü¡ thc c¡rl cff¡lst¡'¡tlon of

vltdn Dg rrd thr gfyfûg of C¡€bf, tn erùr to at-lrul¡t¡ e lilln

anopot¡ßGo Alert wÐ6 tÞ æfd.ncG to argqCrt vttrln Ðt earld pÐôæf

en l¡¡s.t UËËa¡sG ll c*lelrn rrptake. IIre Eûnta tfæ æS¡frd

Ðppåild tr bc 4 har¡¡. Lårgc dffiçr of vltdn D, elvcn lntrnøuæly

f€r{r rttlnrt cffoct fn thc ¡ho¡t p€rlod tttoy rcre gü¡dl,cd.

4r Grlqtrr aboorptlon frm ö¡odø¡¡l læpa w tæffæt d by ô ælìt

¡ctd Êl thñ thrt fqrnd qdtr arã¡r¡l curdltl,srø.

3. ¡.',,f;ctne rrrd ¡Éelgfrrlæ dtrd rþt pæts . ãrË efflslent uptetr

of, c¡lcl¡¡ f¡m ùndm¡f laepo of nf,åftlc c*rlcks¿

ó. The trrrsport af çodlrn rtd pht+atc lo¡rs Ln rrd¡lttc d¡l,cta

rrs not affoct¡d by üt paeü€rtßG af Ytt¡dn Da.

?. trhcn vl,td,n o, (2.S pg*) n¡s gtvcn ¡t tlu sm ûs. lcçl r¡
vttdn Dg þ.3 pg.) tt¡ero rrg Itttle etlr¡l¡tlon of crlcltn &crp*

tl,on. Ìhæh l.úgcr ærnûc (e.¡ ry.) rÊ¡¡ me!6sary to prtüm a

pl¡¡nr erlcl¡n lcucl cryrr*fc to üu vltda Dj-t¡,'Grttd bhdt.
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8. tr¡th ff-f% d Af¿O$ rrrr $fy æ lfftgtlt ln ¡Etrt{nt
ÐtGNü ¡l¡.û9il|ffi heå l¡¡þ3 gl le.üþ. Üfa qrnÉ *
últdt DA - s nil'ght batr¡ $rtt ¡æ* lE¡ nr3 æ stltl

fn f¡l5t¡rg û*püm cf q¡õ æ r¡mlrt þt Pfrnr¡ C.{l lrnil¡ç

nmær tt-10 fr çrr1¡æ t¡ rttds Dgr ffiihil ¡ ¡ßrrE
fofl¡æ o tùr cqæltûn of cr6 lr bur üXr.
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CIIAPTER 3

c^LcIuM UETABOLISH IN RELATION TO VITAIIIN D3 AND ADRENÂL FUI€ÎIO!|.

¡ETæ'HEIIgU

The concluslons of the previous chapter¡ and the worh of other

Investlgators (tindçrlst, f952¡ Har¡fson and Harr!,son¡ 196O¡ Coates and

t{oldsnort-l¡r 1961¡ Schaehter et al. 196I) suggest t}rat before vltanln D,

can produce an effect on calclum absorptlon lt m¡Et flrst of all undergo

a change to a ¡nore actÍve form. The gireatest anount of vltanln D actlvlty

ls normally fourril in tùe liver (Kodtcef , 198 6 a) and thus tt would seam a

loglcal place to expl,ore for tj¡e nodlfled forms of the vltanln.

Holever, Gn¡lckshardr¡ Kodicek and Arnltage (tgSq)have demorp

strated that, 4€l bours after the glvlng of an oral. dose of vitanin D to

rats, the adrenal, glands contalned {:hls cubstance ln a çoncentratlon

approachfng that found in the liver, Raoul and Gounefte (f9ni8) have

also reported flndtng 80Ë of the lnltlal dose admlnistered to rats ln

the adrenal gland wfthln 30 mlnutes. More recent work by Kodlcekt

Crulckshank and Ashby (føO) uslng Cl4-l.b"lled vltaqtn D, did not support

thls claltr, aE only lS of the vltanin could be located 1n the adrenals

after 2O nlnuteE. these reports srggested that the ad¡enal gland could

play an inportant role ln regr,rlating calciun netaboliem. Hypertrophy

of the adrenal corte: has been obse¡ved when blrds were nalntatned fo¡

long perlods on calclum deflclent diets (u¡ist, 1969) "

The effects of co¡tlsone on calclun metaboll$s have not yet

been tho¡oughly lnvestlgated. Cortlsone ls knorn to increase calclun

excretlon in the urlne and faeces (tntlngt 1957). fn patients sufferlng
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. htFrc.lc¡d,¡ f¡m e¡rsoldeels or f¡c r hypsnrltd,mtlc cooütl,sa

cared bl to¡tc dosas of rritaln Drådcrect¡ Þerrt¡ Phllpot and Farper

(f*ff) foúd thrt eortlgoor cauld rçsb¡a t¡ nor¡rl tl¡eçe -elea¡tçd lcælg

ef, scrr¡n calcl.tn F¡ncc¡l (fç¿ì hgs ¡tco rçport¡d oa ttr bçneflclal

effcct of co¡tts¡nc ln oas€s ef hypclcelecale. lfoisr cortlacne le

Ëgsr# rø e spaclflc .utldcts fot vft'.{o D potaortrry (Dentt f#6)

¡¡d Andçrem ct al (f954) hæe petü¡I¡t¡d tñst GoÉfsonc acts ¡s l¡r

mtt¡ct¡hlltt to nlt¡d.n Iì. R¡tsr bmvetr do not elw ¡ sl¡[l.l

rrÊrpstoe to cortlaorp t¡Gatsrt¡ r8 Eô rccørtly poîntrd üt bf Kodtc*

(fçO b), rÈùo fn cetlebar¡tlon;lth Cn¡lce¡h^d, cd¡¡d f,fud ru GütfuË.

to eug¡æt ttrrt certlsons rr* rctir4r rt .a mt{nt¡holltr (Cn¡lcfsh¡rù

üd fodfcctr tËB). Ihe*c l¡tt¡r mttett aAgrsted thst cortlsonr

ny ect ry eft¡8lr¡g tùo ætùlls¡ of cctt¡la tlsauao u *¡tch thr

vlt¡ún .pprå;tË to cnrt tts lnfluGrlcl¡

Eyl&næ ls prcseit¡d ln tñts chrpbl rÛtl€ùr oCfrrr¿ u tryIaartlon

frr tlro ectloo of eortlsct ¡nd ¡ nder of ot*rct ata¡oldc ln nçtlatlng

c¡Ictr¡ hl¡næ. Thc ¡oa¡Its my bÊet ba lntcrpoctrd by ¡sstniûg t¡trt

ür drnnrl cort¡r l¡ cqrcerad ln tùc ü¡ilgo ef vtt¡dn D, to lts æt¡rt

cærlt fo¡r' Âfüma¡h no attapù hrc bccß mdc to c¡ltlc¡lly crd,m

tfp lnfluarc cf tùE pa¡¡tåy¡qlde on s¡lctrtr ct¡ùstlsn lt rre cf lnteætt¡

ln vlc¡ of thc t*o¡t¡nt lntsr¡drtlurtltlp erlatftq bcùrem 1Èr prretùyrold

¡rd tlb ad¡cmal g¡ædr tc rhÉy thc Infltmør of a pacstùyrotd srt&Ét oa

c¡telrr e!ærptlon. 11ü. flndtnç l¡¡n rlsc brra tncludrd lo tà14

cñlptar.
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IIATERIAI,S AIÐ IIEIIÐF

The influence of adrenal sterolds on calclum metabollsm was

examlned uslng ln vlvo lsolated loops (t*et¡o¿ f) and ¡g-ylþËg everted

sacs (Uettrod E) of small intestine. C"45 $tas ßcasured ln plasna as

previously described (V Zt, (a) t). Unless othen¡lse stated¡ chtcks

receivtng vltanln D3-treatn¡ent we¡e glvan an o¡al dose of l0o I.u.

vltaatn D3 16 hours prlor to preparlng the segrnent of intestlne. Chlcke

recelvlng only vitanr n Da-treatænt as descrlbed above are referred to

as the vlta¡¡1n D, control grouP.

ShorS-te¡n adalnlstratlon of , ste¡olds

The sterotd to be sù¡dled was glven as an intracardlal

lnjectton (0.1s n¡.) I hour before the calslun test'

Lonq-tet,û adntnlotratlon of Eterolds

Rachttic chtcks were glven an intran¡scular lnJecÈlon (O"Ig nt")

of the storold dally for 3 days. On the evening of the thl¡d dayt the

usual pretreaürent wltj¡ l@ I.U. t¡ltanln D, was glrren. Galclun uptake

frs¡¡ tt¡e intestlnal segnent was süudled on the fourth day after courencing

sterold t¡eatunnt.

o.D.ÐDÐ

t- ( e-cntorophenyl ) -l-('t-chlorophenyl ) -2, 2dl chloroethane

{orp-ÐDD) was obtalned fron the Aldrich Chemlcal Co. Inc.¡ Wlsconsin¡

U.5.4. Fo¡ ad¡nlnlstration¡ gelatln capsulee containlng 50 mg. cryetalllne

o1p-ÐDÐ were glven by æuth ove¡ the reqti¡ed t1re perlod. Control g¡oups

recelved æpty capsules under the sa¡ae condltlons"

Sterolds

Crystatline cortisol and ll-deorycortlcosterone (æC) were
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obt¡lûód fsn L- Llút üd Cc. Ltd. (CotnËcsn[i Engt¡ûd]. Thc fcll¡-
fuq rtæot& ¡¡¡r ltndlf prniltdcd Ð Dr* Felle¡rc of tlerck, Sheæ ¡nd

Dfu Rç¡c¡¡rù lrÞontoryr lÛcr Jru*tyr O.S¡A.I aldostr!¡a+-2t-aætstrr

ft fluo¡c-l¡4-frsgdlcn¡ llg, le, lt, 2l*tet¡ol.-3nãdtm (Al*
Èr-flu¡rr-f&-ùf¿@I ¡ S-flnrt'{.frggmar..tlgrltr
ã-t¡.lol*?rãl.dloolr ll-ætrtr¡ (S-ffuoc*¡dæccatil'¡oûo r6tNt )l
l¡a.4rrgrnütnc-llårl*-21-dcl 3r20.¿¡rn ¡af-cortfsl). Scr lnt¡r:-

cudilal ct Intrilsçt¡l¡r lnJccttronr the st¡¡old¡ re¡c dlsrolu¡d ta

¡{trrmVpuapytcnc glycal rûrù:rr¡ thc flasr cgn€€ntil'rttq¡ of stå¡rnl

ã¡lng hc¡ thna 0.iñ' Eont¡cl gpü¡Fc lr¡t rücrtvlnç otarotd çc¡r t¡ut û

dth tfùr rpprupd,tto mrt of wtrlcle.

Se!ùr¡¡o

A at¡¡rdr¡ültcd c¡trçt of tiho ¡d¡rnrl ee¡tçr rõ$ . pn'ùct ú
Prr.b¡ Drylc d GE.¡ E*tlott¡ llchlgmr

P¡¡alùyrold rxtr¡ct

-

rhê Fço*¡ct uÐ¡d rrs . ¡t¡drrct¡ec soluttæ of parathyrctd

c¡t¡wt ft,n hof g¡¡ads pnprrd for lalætiæ by Ell Lltry ard cc.

Indtrnrpell*" U.S-A*r ttt ectlvlty rro not lees t¡¡¡ß lm Or$.F. pagl¡yrctd

ìnt& ¡lcr d.
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RESULTIS

Eschatin - a puriff.ed natr¡ral e¡tract of the adrsnal c'ortex¡

was tested for lts effect on calciu¡n absorption ln the chf'ck. An

intracardlal lnjectlon of 0.1 ¡ol. Eschatln ¡ìtas glven t hour before trhe

C"A%fn was placed ln !q-g[¡p, ùmdenal' loops of rachltic and vltamln Da-

treated shlcks. The calclum absorptlon was sù¡died by followlng the

level sf clrarlating plasna calclum at varying tifæ lntervals and

Flgnrre 19 presents these results, Ttre ad¡enal extract stim¡lated a

smalt lnc¡ease in plasma calclr.m above the level shsrn by ttre vltanln Dt

control groupo A relatlvely larger stln¡latlon of, uptake was observd

ln raehltfc chlcks.

Cottlsol ard vltanln D

Galclum absorption sù¡dles with cortlsol indlcated that tho

results were profoundly affected by the condlttons of pretreat¡nent wllfi

cortisol before the appllcat!.on of the lq vlw calcium uptake test. It

has¡ therefore, been convenlent to group the results accordlng to ttre

tlme perlod of pretreatment with cortlsol.

Short-teru administratlon. Cort1sol (50O p9.) was glven

lntraca¡dtalty to botr¡ rachltfc ånd vltaßln Dgtreated chlcks I hou¡ before

lnsertf.ng the Ca45CI, lnto ÅgJæ, duodenal loopo. A marked lncrease in

the level of clrqulating calclr¡n occurrcd wlth the cottisol group receív-

lng ln addition vltanin D3r as compared wltù the cont¡ol grouP raceiving

ttre vltamln alone (flgure 2O). The level of plasma ealclum frôm the raebltlc

gror¡p ¡er¡alnd unchanged follwfng tt¡e cortlsol inJectlon¡ these values

have been onltted from the flgrurre to avold unnecessary confuslon wi.tt¡ the
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cr€ ræ rcr¡rrçd ln ptam rftcr gcperlag !l vtvp ônd¡arr læpcr

o.l rl. dræl ãtrÉet (gs*¡tlnt rre cwo robecq.dtally. Ë.cñ

pctot ls the nn of ? bkdr.

A
-¿\ 

Ë¡cùrtla tæsrtad rltld,n D3.ôscd cùlcts

O--_O
vltr.{n D3¿scd cs¡ttolt

EscùrtlÈ-tsç¡tod nchtt{,e dücù¿

¡a.lrltlc mt¡olr,x

oo
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àõ rtf ültúd tn plme rftcr øresfl4 tf É? turhrf
lcepe. flltù ¡brt¡4æ túrtffi, rùtct¡ nm gûrn !ffi IO,
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legends. A sfrallt but posslbly slgrrlflcant lncrease ln plasma Ca
45

was t€lsoxled when botJ¡ cortlsol ard vttanln DU were glven lntracardlally

to rachltlc chtcks I hor¡r before inserùing the Ca6Cl, solutlsn lnto tÌ¡e

ù¡odcnal loop.

Fur"ther data fn support of these firxllngs a¡e auffirrlsed ln

Tablo IO. Vltd.n Da stlulated a threofold lncrease ln calclum absorp-

tfon¡ 54 of the inltlal calcltn belng absorbed f¡on the segænts after

2 hq¡rs ¡rhfle in the untreated rachltlc g¡otJlp the correspotdfng value

was lfi. Honevet¡ 1n tlre presencê of, cortisol¡ calclun uptake was Ln-

creased ta 64 with tåe vltanln D'-treated gFoup. The¡e was no stgnlflcant

effect on the absorptlon f¡on ¡aqhlttc chicks wtren cortlsol alone was gf,nen

lnt¡aeardlally. G.45 *""uremnts frm ashed tlbla confln¡ed that de-

posltf.on of ca45 was gleater ln vltantn Dr-treated chlcks recelving

oortlsol (32.1x 1O4 G.ponr) than tn the vltanln Da control group

(zl.g x I04 G.p.û.). Agaln, a Ehall lncrease fn botl¡ ttre absorptlon

of Ca43 f¡om the loop and also tåe deposttlon ln t'he bone can be shown

for chlcks glven vlta¡¡tn Da and cortlsol at the sane tlm"

The lnfluence of short-te¡m cortlsôl treat¡ent on vltanln D3-

treatæd btrds was also st¡¡dled wlt,}r .lp_yålæ, everted dlstal çacs of

small intestine. The ¡esultE whlch are suutarlsed 1n Table 1l lndicate

tÀat cortisol had no slgnlficant effect on calciun transport ¿$-gl!Eg

when given ln short-tera elpe¡lnents.

Lonq-te¡r "drtntr*"at*o. Rachltlc chlc&s recslved 2 ng.

cortlsol dally for 3 days ln tlre nanne¡ descrlbed above and ealcfun

absorptlon was ttren sb¡dted wlth t4 vtt¡o isolated duodenal loops. A

ua¡ked decrease ln clrculating calclu¡n was observed 1a the plasna of

chlclcE t¡eated with eottlsol as coqar+d wlth the usual plasna calctr-¡n
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In ¿hort-term erperiænts 5OO ¡rg. corttsol was glvuo lntracardlally

I hor¡r befor. the calelu¡¡ test. Longrtern t¡eaknt eonslst¡d of an

lntram¡¡cr¡lae da5,ly dose of 2 q. coltlsol oYel a p€rlod of 3 days.

The vltantn Ða-t¡'s¡ted ehicksr rlt*r ttre erceptlon of tùet group r€-

celvlng botlr cortlsol and vltanLn Da I hour before the Ca45Cl2r sror'c

glven 10O I.U. vltaln Da ló houre before tle test. Control gr'oups

rìscelrred ool.y the whlcle. Uptaha and deposltlon of Ca45 ¡res æasuted

2 hou¡s after comenclng thê'test. The reeults of each grouP are

exprested as tlre mean of 4 blrde.

Ra¡tc of cottlsol
adrlnlst¡atlon

Tlnc pertod
of cortlsol
dosags

S c¿lclrn
U.) abeorptlon

Bsne deoosltlon
c.prBo ft rra
ashed tlbla

Ð^
(f.

Intraeardlal

Int¡aca¡dl¿l

Int¡aq¡scular

Int¡aangcular

Intraca¡dtal

100

I h¡.

I h¡. IOO

3 days

3 day¡ I00

I hr. together tOO
wlttt D5̂

l?

52

16.5

62

Ió.0

45

n

IO.5

2:1.8

9;7

3l.7

11.l

23.7

14.0
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Cortt¡ot (æO ¡rg.¡ ros laJccted latmc¡¡dfally tnto vtt*ln Dg-tðact¡C

btrdr 1 bur brfo¡a rrsrrlag eatrclun transportç Eæ¡t¡d s¡sa ef

dtct¡l snll Lntcstiæ re$e psep¡¡¡d fm t¡chltlo. and stt¡úfu Dg-

trestd ct¡lcle.

T¡aat¡crt ilo. of
bfrdt

1

6

6

3.ã61

8.7{O

g.1a
Da

D, + cort!,sol
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level abtained wlth chlcEe slmilarly treated wlth vltanlÉl D3 but necelr¡-

lng no cortlsol (Figßræ Z0). tortlsol given under these condittons had

no effect on calclum absorptlon ln ttre ¡achltlc control grlrup.

These fLndingo are eryhaslsed ln Table 1O where the percentaç

absorpt!.on of calch¡n 1s trecorded. Calclun absorptlon, evaluated as 52X

for the r¡ttaaln Da control group¡ has been reduced tô 45S by longrterm

cortlsol treatænt. Slnllarly¡ deposltlon of Ca45 1n bone has decreaeed

fran 2?.8 X lO4 Crprttr wlth vltad,n Da alone t'ø 23.7 X IO4 c.prûr froil

chlcks reccfvlng both cortlsol and vi.tanln Da.

Effect o,f ¡¡lneralocortiçoidE

The posslblltty tàat s?¡mids possesslng nineraloco¡tlcold

activlty can lnfluence the metabolls¡n of catlons other ttran sodlttü ard

potasslun has never been fully establlshed. It was of lnterestr thent

to study tåe lnfluense of ll-deorycortlcostororlter aldosterone-2l-acetate

and seyaral syntÀetlc sterolds ln pæmtlng calclu$ absorptlon f¡oru the

s¡alt lntestine of tùe clìlck.

Lldeoxvcqrtlcostcrche

The effects of thls st€rold are also dependent upon the

condltlons used in respect to lts ¿'lçtnlstratfon'

Short-tprm admlnlst¡atlon, llhen 5@ pg. FC was glven lntra-

cardfally I hour beforc lnserting CaaSCf, tnto lg$E dlatal loops of

vltamln Da-treated chlcks there wa6 a constderable lne¡ease Ln the plasaa

C"45 1"rr"l above ttrat slrs¡rn by tlre vltam!-n Da control gnoup (flE¡¡e et).

When XtC was glven ln a slnllar manner to the untreated rachltlc chlckst

no lncrease ln circulating C"45 was obsewed. Tl¡ese findlngs are slmllar

to ttrose obtalned from studles wlth short-term cortlsol admlnistration.
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Lono-terr #lnistratlon. An lnt¡u¡scr¡lar &se of 2 og.

IÞC datty fo¡ 3 days followed by the usual vltml,n Da Rrotreatnent

and tÌrs te-gtg dlstal loop tnclmlqre decreased tt¡e plasma C.45 ctr-

centratlon fron that grl,ven by tihe vttanln Da control gænpr as ir¡dlcatcd

in Fign6c 22. fhe results suggest, ttrcn¡ that DC has m lnfluence as

a nlneraloco¡tlcold fn ralslng plasna ealct¡p lewls. the ¡olotlonshlp

of ttrts ste¡otd to calclrn transport would suggest tåat tt ls tnvolved

ln a m¡ch mre wldcspread prenownn¡ poestbty lnpllcatlng the adrenat

glands wlth ttre vitæln Da offect.

Aldostcronc

Thls steÞld has been reoognlsed as one of the mst potant

substeaces lnyulved Ln the regnrlatl,on of nlneral netabollso. It woa

dænstratod from earller experluønts ùhat tÌ¡e transpo¡t of ædtua

across the srmlt lntsstlne ras not ur¡der tt¡e lnftuenci of vltanln Dr. As

alùstê¡one ls kfglrr¡ to erert such a plofourd effect on sodluË balance

ln the body lt was of ínterest to obaerwe ttre effcct of thle ste¡old on

sociluo transport rhan glven int¡ecardlally I hour befo¡e perfuølng

¡ûJ48, ù¡sdenal seEoents of snall intestina (netnoO C). Tabte 12

deænstratss that aldoste¡one docs mÈ influence the intestinal abær¡>

tlon of sodlrn 1n either rachitic o¡ vltæln Da-treat¡d chlclsn

That rf.neraloeortfcolds a¡e theoselves lncapable of increaslng

calelrn absorptlon ls evldent from the rasults of an .U-g!¡P, experlænt

using lsolat¡d dlstal loops from both tachlttc and vltaln D¡treatcd

gñrups (ft$¡re 23). Aldoste¡one (ZSO pg.) glvon as an lntracardlal

lnJectlon I Ìpur prlor to placinS Caa%f, lnto the loop, slrowed no

stgrnlflcant offect tn lncreaolng plasna çalcluq þnelo of elthe¡ thc
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Alt¡teroæ (ä pg.) mr gulvan lntreca¡dtrlly I hr brforr tûre

cryerlrat. x¡2 ræ æesrçd ln blcod ¡ft¡r pcrfudr¡g edcaal

leopc fær ncüüttc ¡né vttdn Ð3-t¡totd ct¡lel.¡ ln-vt¡n (rctAa¿ C).

Eadr çalue 1¡ tlp æsr of I bfr{s.

Tre¡las$t [az c.p.r. r ro-E/rr. bl#
IIIE (dns)

to ao *i
l.9e

r.89

r.6
l.E

3.S9

4,16

4.O4

¿1,13

lo,olt

9.97,

9,tl
9,3ti
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vltanln D, control group or the unt¡eated rachltic groüp. A slnilar

erperlnentr bt¡t using only 50 pg. aldosterone, also shcrred no effect.

Further evldence to substantlate these fÍndings is presented in Table 13¡

C.45 deposltlon ln bone tlbl,a was not influeneed by the presence of

aldosterone. Slnllarlyr resldual calclun present ln tÀe gut after

2 trours was unchanged from {:t¡e control levels follorlng al,dosterone

treatænt.

Svnthetlc stemlds

Of recent ycars many new synthetic stemids have been prepared

and eranlned for thelr trsefulness wlth regard to gluco- or ntne¡alocortlcold

actlvlty. Th¡ee of t{rese sto¡pids have been studled for thelr effect on

calciun absorptlon f¡om the snall lntestine of the chtck. 0.5 mg, of the

respcctive ste¡old was glven by lntracardial inJectlon I hour before ln-
serting C"45Ct, into l¡-g[¡4q lsolated dlstal loops and ¡ecording plasna

C"45 lr""ls at varylng tlme lntewals. Flgure 24 sumarlses the effect
-lrof ô--cortlsol¡ h-fluorohydrocortlsone acetate and ['-h-fluoro-lóq-

hydroxyhydrocortleone 1n alterlng the plasna salcluu level of vltanin
I

Ðr-treated chfcks. Â '-co¡tlsol was the only sterold whlch stl¡n¡lated

an tncrease ln plasma calsiun above that shonrn by the vltamln D. control

group.

lntestlne

The effect of the parat-l.¡rrold gtand ln ralslng the concent¡atlon

of plasrna calclum has been adequately descrlbed in the llterature (Mclean

arul urlst¡ 1955¡ Neunan and Neuoan¡ 1958¡ Fourraan, l%o). Followtng

the actlon of parathyrold hornone cElcium can be made avallable aE tlre
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ltcat¡d bl,rd¡ rele gfu.en lg0 I.U. r¡ltantrn D3 16 h¡rs prfor to the

calcl¡m test. Aldost€rone (25O ¡rg.) was Etven lnt¡aca¡dlally I hor¡r

before thc tost. Uptake and deposttlon of calchn w¿s aeåsured aftar

2 lroure frm tgglg dtstat loops contalnlag 4 ry. caleirn. Eacû¡ ralue

ls tlre æan of 4 blnls.

T¡¡eatncr¡t f caleLt¡n
abcorptlon

ashed tf.bfa

T

7

56

3¡t

5"31

5.æ

24.90

25.æ

Aldogtaror¡e

Dg

Da + aldoete¡ose
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result of a bone rceorptlon phc,noæaonr Thcre !.s no real cvldense to

suggest hqrever tl¡at the lnc¡cescd calclun levels obsçrcd a¡o tl¡e dl¡cct

result of an lnerçascd calclrn at¡sorptton f¡ou thc anstrolntestlnal tract.

In yietr of tJre present sü¡dles rhich havE clearly dænstrated tha tryorù-

ancs of adrenal frr¡ctlon fer vltaln D, actlont and ¡lso fron r eonElde¡etlct

of tl¡e lntot¡cl¡tlonshlp er.lsting bcürscn tlre parattryrold and ¡drEnal gland¡

calchm absorptlon f¡on tt¡e snall lntastine $ras æå6urcd follqrlng thc

glvlng of a paeathyrotd ertract.

Rachltlc and vltanln lla-trcatêd chlqhs ¡Êeelved paratlryrold

ertraet (0.2 nl.) by i.ntracardtal lnJectton I hour before lnscttlng caa%f,

lnto .lUg[:g isolatåd duodcnal løopa" C.45 p""rcnt ln ttro plasrna war

æ¡sured.and Flgrc ã prescnts tlrcsc flndings. tlrcn ptacar Ca45 l.vels

of bl¡ds trc¡trd wl.th parathyrotd ertract wera coça¡êd wlth tåclr respcct -

!,ve cont¡ol gæups tihs¡e was no algnlfleant dlffc¡crrcc ln the uor¡nt of

¡adloactlvlty presant. An analysls of thc Ca45 pmsent tn ¡shad bcne

tlbta demnstrat¡d tÌ¡at tåe ertr¡ct had not lnfluenced tho deposltlon of

calEltn tn tha boú¡c (lebfc la). Further data, also presentçd ln tåte

Tablc¡ conftræd that tàe¡e wes ¡p lnc¡øasc ln tl¡e aæunt of eelqtrr

¡bsorbcd fron the gut follmlng trea@nt witl¡ ths cxtract.

In ttrc Ught of thc experlæntal data galned f¡om the sü¡dlçs

ritÀ the vgrlous ad¡en¡l sterolds tt was conslde¡ed neocssary to exainc

norc closely the posslblllty that an acttvc fo¡e of vltantn Da was balng

produced by fùa adrenal gland. To sürdy ttrla aspect o¡p.DDD¡ a lÈnørn

spcclfle lnhtbttor of adrenal cortlcal ñ¡nctlon, wa6 usd as a neans to

dete¡nlne rù¡etrbÊr vttanln D, cotrld sttll lnfluence calcùur absorpttoa to
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Paratihylold q¡tract r¡a 'laJscted lnt¡ecsrdlalLy I hmr boferç tùc

addltlor¡ of Ca€ClZ to the l-p' lbcorytl,on .nd drpoalttoa of

csleirn res n¡¡ulrd 2 hor¡rc eftst pepertng Ín t1.w Menaf laope.

Yalues rrpreæat tha maa ! etardard ÇrrrÐ¡ of tùe ¡eerr for 4 chlcke.

lrcehat, f csldur
abeerpt.læ

9J È 1.9

9.S È O.?

il¡.g å 2.3

31.2 ¿ 4.I

15,5

l?.e

ãl.o

51.O



a
tüa ¡æ 66¡nt erwt 1f ltp ådt€nal fr¡rctlon rere l.ryallld* Capsulec

cgatalnl¡Ð e¡pÐÐ rcrç fcd d¿lty to ¡rshl,tlc shleåe for o pe¡lod of 3

days tn fu nsrar u¡tllñ¡d Eûdêt flçttrod¡. Ë¡ct¡ thtcl trtrcr¡ t*crlwd

IOO I.U. üttrntn Ð3 16 hc¡¡6 bcfore porforntng {*u calcita abeo¡ptton

tåst rltl¡ fn vfE løolrttd, dtstll foopcr nrs d¡t¡ ftlnl one su¿ù

erç+rlæat e¡e gnaeated la Ft$¡re 2ó s&d bavc bæa cryrft¡æd cn ùre otlpr

occ¡alons. Aftêr S d¡r¡tcs tlrc plasn C"45 læl glneo bf tbe vttds

Da contæl grury rae flve tlæe gn*rtsr thsr tl* valuc obtrtned fo¡ tfr

rochtùic g8ffP. tlrelur¡ ltros¡ chlcts ûlcl¡ rEcclvad o¡pÆD t¡e¿Þnt

ln adttlæ to vltedn D, ølwed r trylate tßEbtftry to relee ttra calclrn

læel ùG thrt shmr¡ þf tñ€ utre¡t¡d rrchltlc csrt¡ol glü¡pr lrble 15

c+ûr¡r*lees stlll furthe¡ ttrc nagntù¡do of tåls lddÞltloo. Of h

ln1tt¡l c¡lciun pscoent¡ 34 ¡æ eorùGd bf th€ vl.tæln Dt control ¡mæp

rd only T/ of tûro catclr¡n *as tôteo uP Þy chtcls æcelvlng the .o¡- ü@

treafurt. fhls coopÊ¡Eû f¡vq¡¡¡bly wtttr 6Ë rbso¡ptlm f¡on tåe loopo

of r¡¡rtrcated ¡aclrltlc cälcl¡*

Stollar eü¡dles rllà orp'Ðtr) çere elao c¡rled æt å4¡lt@
u*lag eyert¡d Eåcõ¡ Afü¡flgù¡ mt proèrctrrg such a drn¡tlc füribltlqr

of calcfu¡r¡ traasprt¡ ãdref,tlrslors otp.ûDD tdrced tilre rp¡n¡l letll of

traæpott shm hy thr poaltlve sont¡ol trflp bf ac r¡tå aE 6'W (¡a¡fe 16).

Th.t thc fu¡hlbltloo of ealclm t¡anspo¡t follølng o¡p'ÐDD

t¡e*t¡ent lc åBrðcl¡tod wltù aùsûsf ñnctton ls rtrrorçly g¡ggrestod

fm a htrtologcal enlnatlen of adrrnsl altc.re. ThT lùtblt¿¡ ræ

fed for 3 d¡ys and aftet glvlfq s strrylo doae ef læ I.U. vlt¡úlß Dg

wernlght tho ðdr€f¡al gùads çG¡e carÊfully dlssecþd frco utd lmedlately



rreffit 26

cartlt r.o n¡s¡fld tn phn rf,tcr pmpr¡roe t' urH dl¡trr loopa

la rectrrüc rd ylt¡rla og+¡mt¡ ùfcls. s ry. o"p{Ë nr
glwñ try n¡tù sr cscl¡ of 3 d¡Tt. Vltrln Dr-trr*hl sblcla

rærtnd læ ¡.U. þ rtnrcù äûc on thü ttfsd d.y f6 hF¡
baforr tùr crlelc to¡t¡ tho üû!r. ef btrds tq gûrm tn
prrrntbrele.

O - - - O rlt-ta Ða-tmtrd oørbl¡ (S)

A- A erp-ÐD tçûffi, of vttatn D'-tr:¡tÈ¡d ctúGfs (fO)

O- O orp''ÐD t¡ættr nt of ncàtttc cùlste (á)

X- - -X rgGhltlc cocrt¡ol¡ (S)
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vtt¡ntlt D, ree grlü orrtty attlrer læ r.u. t6 lnrrs hcfo¡e thc c.¡6
tset or lrffil f Jl,. ewr a pertod of 7 drys. SO üer orp-ÐÐ rre fcd

dalry fo¡ elthcl â os 3 conee¡r¡tlyc d.ys prler to thr grvrnq of cratr,
on lùc fourth dayo c¡lelur rbærpt!,wr fm l¡¡[g dtatrl loope w
memrrrd rft¡r 2 lron¡r¡.

lrcctnart Ferlod of
tnû.bst

Ptrlod cf
o¡P'Ð0O
t¡at¡cût

Dec ôt
càtrt¡

5 c¡lcttr
rbccepttæ

Þg

1

$

s

¡l

1

6

3ó

7

30

æ

D3 (1oO rJJ.l

D3 (rm r.s.)

D3 (lrm r.u.)

Þ3 (troæ tJ¡.)

16 b.
16 hs,

7 d¡ye

? d*¡l 3 daçr

4 drt¡
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Ëvar{ed dÍst¡L gut satr f¡or dlttc ¡¡rd vtta[n Ðr-kcttd rhl*¡
¡rEBa prupaæd (Igtàed Ë). e¡p-IÐD rae fed fer 3 dayr prlor tc
newrl,ng calaltr trmrport on tbe Íowtùr ùy. cNrlct¡ rcoctv!.ng

vÍta¡Ln D, rera Cmn læ r.lJ. þ nrr:h 16 lpur¡ boforc prcpertng

tlw guÈ Íaag¡ Escå relus rcpæoents tl¡a ¡eæ ! rtarderd çrrae of

lhe æ¡¡¡ fot LO blrdr.

Î¡eobnt

Dg

D, + c¡p.ÐÐ
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trursqd ln tanln'¡ tlratlr ¡dtt¡o. P*effln *edded ¡ostlons rürr
tfreo preprred UÍ Sr, F. Fnce!' (c,S.f,R&., ldalale) ðtr ststtr d rllt
hemtorylü¡.eoÊlr¡o

Ffglrr 2? æqarcs sqctloao of drencl tl,smc frm orp.{x}D

trsstcd ald q¡t¡cntrd vttüûn Dr-doeod h!,¡do. Ihr eflîftr pettcun of

ccll sÈtcüun trr tho ped,pùerrl r¡"rs* obeoncd ta tåe control prperetloæ

ms ilt lqnr ryerwt ¡ft*r o¡p.ÐDD treet¡eat, TI¡e ad¡qrt¡l ss¡tlcrl erllg
rppearcd to h¡yr bcur dtrenpted üd tÐ have coatrecttd ray fræ lt¡c
c*Psulç. A r¡rtcd brd of cbrwfffr¡ tlssua rr* evtdot bcaeatà l*rte

cspmle srrggËsti,ng atrephy l¡ thts ilEsår llth ¡rr¡Ðtoxtffumoc,l¡ øt¡le-
lng¡ tåc chtu¡ffln tlsq¡¡e ryrled strqrgly bocophfftc ;btlst t;l¡c strú
of lnt¡¡rural tl¿¡uc reæ nlô prler ln rppearaacær

llræ¡ (fgãg) d¡ænrtrEt¡d a¡r lne¡e¡so tn ;elght of the ¡drcr¡¡l

glsd ¡ft*r cùlek¡ h¡d nc*ltrd 2 r¡. crpü)Í) susr . p€Efod of ló d.tr.
ilhÊa 200 ¡Eo erp-fl)Þ rre gtvcn ovìçr o Forld of 4 deyr to ¡¿cùtrtÍc eùlct¡
(1.e" 5o ry. d¡lry) trùre æJorrty of the bl¡da dled or¡ the flftt¡ d¡t*
thrwrr¡ úst t{¡ls t¡sataeßt ras gtwt for only 3 deys md th. b¡da rcr¡
rllryed to lLw fot ¡ furtkr 7 dr¡n ds¡t?h scldan rccult d.

fhe relgtrt of adrenels ras &tanlmd ta ¡ 9¡.æp of 5 ctú,c&s

glven o¡p'&Ð fot 3 drys follded Þf f6 te¡r¡ pretrcatront nlfil¡ l(þ f"U*

vltad'a Dt. fhase v¡lr¡es üsre conp¡ud rlth a ccnt¡ol g6oup æcelvlag

rltstn Da only. Tho æ¡n wlue obt¡lmd (crp¡eeÊrd ra eo I borly

rel$t) f,or t¡l¡e grf,ip recctvl4g o¡p.ÐDD r¡s 25.6 ù ?.g úllet tåa ft$Et¡
for tùe coat¡ul grg¡p rcc 2l.g ¿ 7*6. The¡a vrlues nætd arggcgt ümt
tre¡tunt rltlr orp-ÐÐfÌ had l,ocreesed üþ relgftt ef làp ad¡ea¡t gledc,
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ilrfit ¡rqfp
¡ù¡ ft¡togæ¡ cüF.üc ttl tpferf rgpcrsÈË of rt dûtæ

t ct¡oo of thr rûrnrf gil.d of r clÉcl ¡ilrr ¡rp.p00 ür*b
nt rftt r ¡ldlp scctl,cn trcr ¡r ¡¡fu,tlf Èûrú. CËct*

rrll giltro & q¡ ¡¡pÐOD drtff fu ¡ óüts f!¡fñ¿ ùf 16

tnÉr ea*rsmt rlÈ lfil IJJ. vltd.n Drr fir ç¡ñæt
Þûle üclr glvn æl¡ vltd,a Dr. tb æll¡ wr ¡trûa¡{

rltù @ta¡ fln fbtc¡rçU m t*n thñú$

s Ltltú crthclru Éeolcaprr r¡grúßcrtin X SÞ'
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llqrlcrr tJp ros¡lts obtåiñrd çe¡o not atrtløtlc¡lly etgnlftcant

(p > 0.05).

AfthoN¡gh o¡p-DDÐ ls þallcvsd to gs¡t r specffte actlqr oo

thc .dratr¡l corÈlc¡l tlcst¡c tlre poostbtttty rart¡rcd ttrat tho tahlbttlqr
of c¡lelur trrrnsport r¡s ú.¡e to r to¡dc effçet cn iåc gnt rucost.

Furtl¡er crycrhents rert tlre¡eforc conducted to olld,n¡te thls poastbtllty

lrf tltc fcedfng of I'DO I"U. rlt ún D, ovat r perlod of 7 daya bcforc

¡pplytr¡c tùr c¡lctrn taat¡ thc!Ëby æreurtng ar rdoçete srpply of ¡ctl*u

canlcr¡ p¡ovldlng tl¡at such I coúpo¡nd r¡s rçl¡tlwly non-l¡bllc.

Capsulce of o¡p-IÐO (¡O ¡e.) rcre fcd oa 2 cmee(r¡tlyË drye prtor to
cxrd,nlng tlrc lg-¡¿9, cb*orptlo+r of c¡rctrn f¡oo dlctål loops. pl¡sn¡

c¡s leæl¡ rrc shffi tn Tabtc t? and rndtc¡tr thðt, tàc vltd,n D,

effact co¡¡ld ctltl bç oücerwd follatrq thê fædfng of o¡pÐDo h¡sr¡rc¡-

stt of ths # nt of cel.clrn ¡b*o¡brd ftm tl¡c læp cenftrûêd thNt t¡cet-
nont rlth e¡pÐ0D uadtr trhe¿ç cordltlona hrrs æt lnlribltory to thr vtt¡tln
D, effoct (raute ts)"
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aH¡aPf&ü

Yttrla D3-4¡Çrtd €hlcfË mtrud lræO l.ll. onr r prrtod of 7 dryut

ü¡e fta¡l døee brtag griü.ût 16 htrÉ bcÍc¡e thG t6t. 30 rg' c¡p.Ðtl}

ras fcd tfty üor 2 drfs putor to t$¡e glyftry oC cr%t, o tûre tàttd

dsî. Pta¡¡a cc€ lælr arç roæ,rdrd rt arttrn tlm tntc¡mlt ¡ft¡r
gtvlng tùr crlclt¡.

T¡rrtrral to, of
bttrtt

BG¡ûed
*D3 e.¡f.n. I a plrsm

ts
TTre )

30 4$

+ I
I
I

? dryr

? drys

0.Íl
l.?l
t.58

0.5¡l

2.22

2,19

û-52

l.çt
1.S

D3

D, + o¡p'lÐ
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SIW!9U
The effect of vltanln Da on the absorptlon of calclnn 1n rachitlc

chlcks has beEn clearly denonstratæd fron the experiments descrlbed ln

Chapter 2. That there ls a tirne lag before vltanln Da can exert an effect

rculd suggest tl¡at t'ltis compound Ls belng transfo¡d to a nore actlve foro.

The localfsatlon of vltanln D in the adrenal gland of tlre rat has been re-

ported by Kodlcek (f96O) b*¡t the lnportance of thls fi.nding 1s at present

obscure. If¡ horeverr the transforoation of vttanln D were to sccur ln

this organr then evldence of the localisatlon of vltanln D in a partlcular

reglon of the adrenal gland would galn naru slgnlflcance. The posslbifiry

of active material being prcsent ln adrenal extracts $ras therefore consldereô

Ithen a comerclal preparation of adrenal co¡tlcal extract was

glven lntracardtal.ly to rachitlc and vltanln Da-treated chlcks tl¡ere were

small but sLgniflcant lncteases ln calcl,un uptake. The stsall response de-

tected nay have been due elther to the use of the less sensltive techniqr.rc

of duodenal rather tÀan dlstal loops, or perhaps te the snall blologlcal

potency of the eltract. No further v*orl was done wlth thls ext¡act slnce

lt could have contalned a nr¡n¡ber of sterolds, known or unknovrn. Instead¡

a t¡unbe¡ of knovrn adrenal sterolds were sürdled ln relatlon to thelr ln-
fluence on calcltm uetabolisn ¿I-y!gg. Cortisol has been ldentlfied as a

mJor conponent of ehlck ad¡enal sec¡etlon (Professor GhesterJones, peracral

comnicatlon). Recently, de Roos (1960) has demnstrated the 1n vlt¡o
production of cortlcosterone, cortisol and aldosterone by cock ad¡enals.

Cortlsolr glven by lntracardial lnJectlon I hou¡ before ttre erperluent¡

had no effect on the uptake of calcir¡m fron the intestfne or rachltlc
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chlcts, Èot lf thosc chleks bd ¡æclwd vttåd.n D3 t6 hors pre*lanely¡

ürere ü15 ¿ n¡tad ¡tlqrlatlon oú tlre c¡lclrn uptdro to rn æ¡at 20ß

greetcr tñur ttÞt gtvrn bf tln vttdû rloru¡ rs cslcnl¡tod fron crlcltm

rbtorptloû valuesl pte.see c¡€ lcyals¡ or dqo*[tton of c¡4$ La tåç bonc.

Lcrtg-¡es ¡dril.nfst¡rtlon of ¡d¡an¡l stcrofds h¡s bcoñ sltrn tô
pnoùcc etlophy of the ¡drrnrl glurde fn rata (fngtc, Hlgglno åñd Ked¡ll,
lfr€¡ H*rttnl¡ Þecug ard eúIlåÂlr rso, ÐrÁ¡cy rr¡d H*a¡d, lsB).
ln vlrr of tho ¡ea¡lù¡ obt¡lncd f¡om tå¡ chort-tern elperlænt¿ fr¡rtlrrr

¡ù*dlre ro¡o rndc¡t¡k.n tó lætøtlgnt tl¡ê lnfluoncc of the lntruøcr¡l¡
lnjcctlon of tùe cdpo¡md for 3 daye. elùough tûrlr tre¡tænt caruràt fn

thc ctrtctæü ¡oeis€ bG cdlcd r lengrSs¡¡ one, tf¡å ¡osults fnüc¡te th¡t
under ¡ueh cordltlom cortlssl rxerts r proferrd lnfluence on crfcfin
abnorptlør. ÎbË lncrs¡sc ln c*lcltn ahcotptlm !n,f ïn rrerully ù.rvçd
eftær vltdn Dg-t¡a¡tænt ute ræùleeably decraesed follo¡tng 3 day+ ef

cortfsol trc¡fuit"
fl¡¡tissr and HanlsoD {f960}r froo ln vrtm sü¡dlc¡ h*ve ¡lso

deænstratad ü¡ot cortlsol uhan fed ddff to r¡te ovÊt r pcrtod of 3 drys

fcds to ¡ ¡uúlcod leml ln tJrr ¡ct!,vc transport of c¡lclr¡o" Îtæe l¡ttsr
ulorkctt sttggstt that cortlæl t¡c¡tnsnt antagnnlsçe tlrs vltntn D cffect

m làc dlff¡relen of c¡lcltn. Dot¡ì cø¡tlsol .nd vtt{fur D r¡o bcltcltd

þ lnfluance c¡lctrr¡ truroport by ürefr rctlq¡ ær t¡lre prmeeblllty of tfrc
lntç*tl.nrl crll sr¡rfrsss to celetrn Slnce the erporlænts on lor¡grg¡¡
costluol t¡crtænt rert cqletcdr fltlllrui 8æaer¡ Hder¡an and Uzgûrleo

(fg6f) uslrlt fûvtg¡s gut ssca fm ¡ats hsm Efwo aa fuúrtbltlon of tñc

vltd,n D effcct rlæn ea¡tlsono tls gûYuû ouar e pertod of 6 daye. tortg-

t¡r¡ cørttsoaç trc¡bût ln nc!¡ftlc rets h¡s ¡Lso bGGñ Ëtrffit ta poðær
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profmd cI¡æ tî boüt stñEtÐñt (starcyr I9ð).
f ndcr of rortc¡a haæ dmwtñtcd lù¡t cortl€on cåúr

ræto¡o ts rprnl tt¡c eleratçd srnn crlctur lfûl e:mltLng fræ hlpar-

vlt¡d,¡locl¡ or gacssüdott¡ a¡d tlrl¡ cffect has lcd A¡de¡sc¡ st ¡l* (fnf¡

b a,q¡¡aot tl¡st cortlame ütilñ.sæ tttrnln D md t'h¡a lnhtblts c¡lslur

#orptlon f¡oo th* gnL tþ¡e ¡qçgt eüdlr¡ on tln effçct of costl¡cno

tsortrcôt ln r¡t¡ fcd *rccs¡ t¡ttd.n Ð, hcevcrr h¿w dlecoungrd üra lüa¡

of ¡ ¡¡rlctsrtc cqctltlsa ælra¡rt¡r (r¡teoñr t¡¡o r¡É ån&tton, 1F7l

Cnrtct.shs* a¡d Í,odlcel¡ lS8¡ fbm¡¡ rnd l5ryurr 1938). Ûrs prsemt

€vt&lGG f¡m tå* ehmt-tcn ¡t¡dlç¿ rlth oo¡ttsol rl€o eugç*ts îi¡¡t ¡
¡t¡r¡ot¿ral ætsæl¡n 1s mllkcly. I pctef"ble clue to tÀ14 apprrentty

anælq¡¡ bd¡rlour of cørtl¡cl tr prwldd ln r furthor cnnle¡tlqr
frm Dcnt (fe6ø¡ ùe¡r b polnted a¡t tlrat t¡rr&¡t of pattllttt rlttr

lt0 lg. ærtl¡'qrc fs¡ 10 drF fd to e &pmælor¡ of ed¡s$.I ccrtlcrl

*ttvlty. Ibtr potnt rlll br dlsa¡s¡od furtlrcr ¡ftcr ømldçratfæ of

Îàs ¡ffÊets af t{re other $torolde.

E gnrc r ¡lúla¡ æ6poûEe to cortt¡el. Int¡acr¡dl¡l 1o-

Jectús I hd¡r beforç thc crlcltn rDaorptlon trøt ¡hcrcd c n¡ted cabu-rc-

t*g of tår yltd,n D, aetlÉtyr dr¡nr¡ l¡trurc€r¡l*r lnl¡ctlqr lor 3 d¡y¡

tcd to ¡ dsc¡e¡æd effrgt of vltda D, on crlct¡n aboorptt*t. trc Þt

ttÐGlf hd no offçct (slo¡t-tctl cryo*tmrt) m the çtrlc of celcln bg

ractrlttc cl¡lcls. It ts ¡pprrørt" t'ùe¡cfs¡rr thåt ttn offeet dopccdr oa

t&r præeroecf vltrtn Dr. tf tf¡. ¡tl,nl¡tlm of c¡lclu upt*c rl*r
th¡ æq¡lt of rtnerelocortlcotd rc{Éty¡ tùcn sàffitFt n lajcctlo of ¡
nll potcnt dacmlscortlcofd Eùðld ¡tirtrt¡ ea ñh lsr].t¡r lnc¡resr

ln c¡lelr¡ rùoæpttoa. Aldoctr¡o¡lo lt rppnortr¡tatf 23 tt*f, æ¡e rctlrr
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as a Elneraloco¡tfcold than DOC, as measured by the sodlun retentlon test

(Desautles¡ Trlpod and Schr¡ler, 1953) yet¡ aldoste¡one at levels of 5O ¡rg"

or 25O ¡rg. had no effect on calclun uptake ln either the presence ot

absence of vltanln D, when tested by tna sbort-te¡o procedure.

Several synthetlc sterolds ¡rere tested in an attenpt to establlsh

softr general pattern of actlvtty. Àl-cortisol gave very s1nlla¡ results

to cortLsol ln sho¡t-te¡ß erperimentsr htt nelther k-fluorohydrocortlsone

acetate nor ô1-h-fluono-16c-hydroxy hydrocortisone had any effect on

calclun uptake. The substitutlon of tJte k-fluoro group in the cortlsol

mlecule causes a narked inc¡ease ln both gluco- and nlnetalocortlcoid

actlvlty, and the further lntroductlon of the lóet-trydroxy grroup had no

effect on the glucocortlcold sctlvity bttt ablfshed the nlneralocortlcol,d

effect (frie¿ and tso¡mant Ì958). ft ls clear from the ¡esul.ts however¡

that the property of enhanclng the effect of vltanin Da actlvl.ty ls not

connected in any way wlth the possesslon of gluco- or nÍneraloeortlcofd

propertles. llany of these obsewatlons nay be explalned if thoEe ste¡olds

enhanclng or decreastng the vitanin Da effect are deing so through a

speclflc effegt on the adrcnal cortex.

In ttre rat¡ prolonged ad¡tinlstratlon of cortfsone and Àl-

cortlsol causes extcnsive atrophy ln tåe zona fasclculata of the adrenal

cortex wlth depletlon of tåe sudanophlltc llplds (D'Arcy, lf¡óf). ThG

deposltion of Cl4-labelled vitaain D, ln rat adrenals was sha,yn by radio-

autography to be located 1n the zona fasclculata (KoAicek, 1960). Thr¡s

ttre disfunctlon of tåe cortex brought about by cortlsol could tead to

interference wlth ttre slte of forr¡ation of actl.ve naterlal fron vltanln Da.

The slnilar effects produced by D6 are mre dlfftcult to explaln sinÇe,
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ln thp rrte tbts cqnsf rppaæod to ¡tú¡cr tào eudraopütltlc llpl& la

tln ¡on¡ gù,oûGtr¡tæå (D'trcl X96f)¡ Htxqryülrr it tùü ófË, tlp ¡ams

a¡c not cfo*ly dtffo¡a*tletsd r¡td tb *pcclflc cffcct¡ of o¡tlæl ¡¡rd

XE m tùc chl,d adra¿r¡l cortæ hrn yct to b. dctcrt,rnd. F¡u ftlo

seúrrlts, tbrû, tt ror¡ld .pprar tûr¡t lonqFterr ¡ùrlnlst¡rtloa ef cortfool

and ru lcd to a dldnl¡lred proôetÉ,on of ¿cth¡ c¡rrlor frul vlt^d.n D,

alrd¡ Mel to thc ùeilrd d¡e¡eaea la c¡lcftr trennprt fru the gut.

To ¡cw¡t for tùe ¡hottËtonr rffcst¡ of csrtt¡ol and qlGf lt
la poetul¡t¡d tt¡¡t ttrceo st rÊI& ¡ülslrted rn l¡rrnrsd sGãrt¡oe frÐ
tå¡ cd¡¡r¡el cortar øf rctlrç ¡rt¿rl*l foæd f¡ol tùe lm f .U. tttËrilü

Ð, øtyun lé hnr¡¡ prøf.clely. Ilrla 'fluslr.üq outi rffetÈ lry aæmt

for thc obe¡ratfon that vttlta Þ3 ¡rd corûlsol¡ gtttrú¡ taqptàcr I ìürr
'prlor b thr t Étr h¡d * ¡r¡Il tffrct sn crlcttr uptrlc. Ae npttd
tn tlre ¡rrcrlane Gheptm¡ tÌrc$Ê rat F lnc¡¡a¡r lE celstu eDaorptlæ ln

tlc r¡drtttc Þ1rü ú¡Gn Étdo Da nen gluwr Èrlr tt$ff I hrr brforr tüc

t rstr It lc æ¡r dlfflcult to cryldn ttç ù¡cnæ of rny els¡"t-t¡n

æ¡tltol effæt or¡ calclrr trryepo¡t rn r{l¡p- [f thc¡c le ¡ cqrtl¡u¡l

'fluehlng q,rt' of ætlw retertal¡ ltËt tht prrecttrtlca of tht btood

aryIy rr! br en tçortmt frc@t ln tmtttl,ng tl¡le cffæt'
&m oil,æs r.ï tc præ ttrc bpetàrtl¡ that t*rc odru¡sla rne

¡c¡entl¡l for vlt¡dn D, actlytty rould bc tô d¡ærwtseto tårt vltdn
Dg hff no lnfluæsc oa cd¡u¡lcetdæd rrdútlc chict¡. Adrmafcetry

bt tùß eÉEåt tulgtcel psûcú¡tû or !¡¡ s¡stcrlg¡tlm rrt¡ bffi'nÊrr füd
to bc l*r¡ctle¡bb ln ¿l !G.L cld t¡hlcü¡ ùtc ùo t¡tr fa¡cos¡lÈlltÈy of

tùc glendc È1â lrr atcddrd eto¡t to th. ûtô rrd pætcrtor vrnr {ÊlñÍìrr

In tl¡le ¡æpectr ¡¡ts rrul.d rymr tÐ bo rch ææ ¡e¡lt¡blo arbJoett rc
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the ad¡enals are easily renoved. Tlre¡e hane been fel* lnvestlgatlons

directed ttrard a sürdy of, the lnfluence of adrenalectony on calclun

metabolisn. Conray and lllnge¡ty (fg¿6) obsenrad a sllght hypocalcaemla

ln adrenalectælsed rats" Kfunberg et al. (føf¡ forrnd that ad¡enalectory

enl¡anced tl¡e transport of calclun.¡qg¡Eg when rats were fed a low calclun

dlet. If¡ trorrever, the rats were nalntained on a htgù calclt¡n dlett

transport ¡vas not affected.

Gatrnt, Chart and Renzl (fg6f) have dfscr¡esed thê prlnctple of

speclflc chedcal inte¡ference wltlt cc¡tain glands as in tt¡e well knarn

cese of alloxan causlng atrophy of the cells of the pãrlc!€âsr The shernlcal

o¡p-ÐÐD was reported to causs atroptry of the ad¡enal cotter (Rtetrote ard

Green, l954t Bronn, f96O). Nffcomr (fgsg) tested this conpound ln

chlcks and found that tt fed to a decrcase ln l7-hydmry sterold outprt

wltùr a subseqrent i.ncrease in the weight of the adrenal gland whlch he

att¡ibutes to an lncreased acct¡u,¡latlon of A4-g keto-1?-hldroxy sterolds.

When orp-DDD was fed to ¡actrltlc chlcks for 3 days the enhanclng

effect of vltamin D, on calciun uptate co¡ld not bc obse¡ved froa ÅE_g$g

segnents of lntestine. Everted segnents f¡on these treated chlcks also

shured a dec¡eased abtltty to Èransport ealel.um. In the snall group of

chlchs exanlned, ttrere sras no slgnlflcant lncrease (pr0.6) tn U¡e weight

of the ad¡enal glarrC follmtng o¡p-DDÐ treatnent.

It ts dtfflcutt tô assess the effect of o¡pÐÐD ln relatlon to

ttre welEht of the adrenal gland. ÂIthough Nencmer (fg5g) has deænst¡ated

å moan lncrease ln the welght of the adrenals taken frorn blrds treated wlth

o¡pÐÐD¡ ttre conclusions fro¡¡ these data are based on a snall group of

chlcks Ln whlch the slze and welght of t,t¡e adrenals could have varl,ed
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ænrtdareblyr Thc t¡tuttÉ rruld oùrrteroly grln ntc atgrÉflcenør ft

lar'gnr glgps of bt¡d¡ rrro u¡cd årÌd thc detô oùtâfuud e¡¡¡ld tlçt ùt

o¡¡dned etstlcttaelly. tt t¡ tlrtg¡ættrag tÐ ætarhøcærr tàåt thr

prcsant ùtsmlnetloa of the rnl,drt of ttn úrrûôf gfân{/Èodry rcl$t of

tÀû chtrü t* qrr$lc te ì*sconts's cçtla¡ttoo'

ÎJ¡c ad¡corf glrad ürõ rd,ned hl¡talqilcrlly tû ürtürlûr th

cffcct of orpÐÐD oû ttu crll st¡{¡Gtr¡Ç. ttûtllr tùe nn¡l¡rn gfsrdt

tlære l¡ ac drflaft ¿oûrtJ,q¡ !a thc f,øl rdnr*I. fhc lntr¡'-¡srrl tlsa¡a

(cçlvalant to thr mllan aùsrat cot-t¡¡) êpp*¡st ¡¡ ù¡ùlo aûÊ or

cord¡ of ccll¡ ñlcñ læp a* tåry ¡pp¡trcà thc eaFt¡le rftãnryÈ tÀry

¡clh ñæh tlrr cepulo lt¡clfr botn¡ ¡¡prretrd f!6 tht lattrr ty

t¡ry¡æ of cñ*tnrffln tl¡rue. In pbcc*¡ thla tl¡e¡e rccupfoe tùr

¡urfac¡ of tlra gl.tìd ùær¡tl¡ ttc cap*rtr tppfos¡ot Chater Jonor¡

pcrronrl cmlc¿tlon). Ctwcefftn tlenn" r nàrlleta tlenrrr 3hil3

æ dcflattc crll rrtãaqffit.
Thc hl¡tolodsrl pfcùuc qltltmd àbffis ræ otcctnd to rdrro¡l

sactúon¿ fru tl¡c +s¡t¡el gËalp+ In eont¡r¿t¡ hnwæn thcn rl3 a raltcd

chtry of crll ¡tnrcû¡¡c la ¡¡cu rsrocl*t d rtü¡ tht l¡tcrrcn¡I tl¡¡u¡

¡ftrr tro.Erit rÍtfr c¡p.ÐÐ. fts fryortæG of thr ¡anr fa¡clalat¡

ln acc¡r¡lnttrq rltda Ð ln lIË ¡rt h¡t ol¡cdf beoo ærtl,ontd. fhffiÕ

ftndlry tq¡ld nryrort &¡t thr túrmofon¡ttor cf vltda Dg *l occ¡rt

ta tht¡ prrÈlculer segÊon of th¡ m*Ilgr glrad- It *q¡Id tJrr¡cforr

.pFGaE rorffirllr to conttn¡r t¡Eõç atndlcç ln rrt¡ rhç¡e lt rry be

posrfblo ts toqrtr FtrG spúslflcetly thc ¡ltc of ¡ct"loû of c¡p.{ffi.

frE tfûf. s¡rult¡ ¡¡ryFrt ttrc prrvlup flndlngc end s¡ggrrt

tl¡¿t dl¡ñætlæ of, ü¡c dæs¡l cort¡r Èeard¡t ùüt bV otpÐ¡ ærtlæl
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où m hteúcræ rtth tb pneôlctlon of astltu ntert¡l flÐ rttda
D3. âttrçtr bãrG beclr sd. to lroletc'acttæ crsrlcr lrtcslrl f¡c
€lrlctr sd ùtrfl¡ of tùÊrû cryætænts üt¡l br doæ¡tbcd to ¡ l¡tar
chapter. ¡t dori, hürctçrr ¡cen mrlüxhlh ts Fotût q¡t thrt tlr
¡Cna¡I glrnd çpct¡ tû bG g¡ ü,r¡hlc sltr for r tr¡asforrtlcr of

Uto rttd,a Þ, rtnæ,t¡¡rc ln vlcr of, thc cegrclty of lù1r or¡m fct
ete¡old slmtlurle,

T¡ ¡ls tñrt o¡p-ÐDÐ ræ not ba*lng e to¡xc cffcsC on tào grt

It¡olfr {ù1r coçoud ¡r¡ f¡d to Ghtalr tàrt, hd ùcen r¡crlvtng vltd,a
D, for cc*3al def p'sfor to c*rclag ürr t¡lrelt. Tlu¡l rrr tÐ

f,¡dlcrtlæ of m ldtlbltLoæ of tàe tltdû Dg cffoGt follrtng thc fidF
tr¡ of o¡pÐDr Îbær rpertnnte ,cq¡Id bo lat*pr,otrd tâ m¡r tà¡t
acü,rc æt¡rrtrl e¡dr la tht rdËnal cort¡r 1o uæd for ür¡ tnnopott of

oalclu¡ !ry tho tnt*stlnr cnd tt¡¡t o¡p{f,Ð doæ not lntcrfon sltrl¡ tù¡

ñmcttæ of prrfotnd c¡¡¡tct. î¡o oüecrntloa þy Th¡s ed rorrgm

(fgg) tùat co¡tl¡me tsçeËont dtd net rçllm ttre optæ of h¡pcr-

rltrtmsl¡ å* ¡rts *¡øt v!,td,s Ð ns* trd cw¡nrttly¡ ceuld rl¡o bt

trylelned Ð tlht¡ hryotharlo.

Tbo ùhy bcfo'¡c ¡o offcct of vlt¡dn DU cori Þ ôm oß G.¡dÐ
trpta&c (rcfortø fe Ch¡ptrr Zl tt netl be ûÐ to tbr nrccs¡tty to hdld
up . aoûoant¡etloa of tåc actlu¡ c,úrl.r ¡stc¡l¡l ln trhe æooel crllo¡
strd tttt trId.næ frn tt¡coc arccmt tnrætlgntlon¡ e4gests thet tÌrl,¡

tmrçfon¡tloa t¡toa phcc tn ttp ¡d¡rn¡l ëoftclrr

Tht p¡dfctprttoo of prcl*ryrold þ*ryro ln c¡leftn upt*t app¡r
tÞ h ¡ ørt¡uærolal ltrnn* In rec¡r¡t mlc¡ twfng (ffZ) wrd !&rna

*rC llrn¡nn (f9B) bw augçrstcd thåt thô laþctlnaf Saocptton of crleln
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ls mt d.s tåa dt¡rst mt¡sl of t'hc plrattrTrold Cûd, lræcn
(fËf¡n uÊtng etnrtcd ù¡oùanf sæs frn prsthflcldrctrúÊrd rrta¡
høtratrd a ùc¡e¡cod rctlüt Effipart of cels1tn ln tkc pqarettoee

.e oúp¡aÊd rlth tùe cut¡rl gronp. Irlmgp and Êlltott (f9SS) æportod

sld,la¡ ¡eEults f¡cr lA-flfg eùrdlss rrü¡ pærthyreldccbda.d rEté.

þrc ¡ccsrt sürlls€ bt¡ Cffr (f9fO¡, hncÞrr ladtc¡þd that,

s¡rycl of ttrs p¡ratùf¡old glrrJs dld nct rffrct erle!,rn aDaorptlm.

Flrrthet¡ ths åbßcoct of pa*uthyrold þtæae dl,d mr pú-wErût tåa vlt¡¡ta
D, ot'terlrttqr ¡f crlclrn rùro¡pttoo. Tl¡arç ftrdt¡ge by Gr¡n hffi h
collaboæ¡td br l¡eeç¡n¡n ¡¡¡d cü¡s (rsr) * træe rattsr æ¡tets

dææt¡cted thrt parethyrofdßctüy ras rttåout cffect cû tàå lnto.ctlaÐl

¡boo¡ptton of ealcfi¡e ¡E-tlsg ór e c¿lcl¡n traaefer .c¡c55 svcrt¡d

lat+ettæl c¡cs lgg!.1Ë9.

üh r pentlryrold rrt¡rct ms gûvta to chtcts br r#sâc¡rü.r
laJectlott I hËf brfio¡e the caletur ekrptlm te¡t tFæfe üüs tF lnc¡a¡sG

ln calcft¡n ábsorpttan f¡æ the lntestlæ. c¡lclga absorptlml tüã, &cÊ

Ht rppcrr to be edar thø tnfls¡nce of prratùylold ft¡nc$,oa. of nrc
lqrttaaclr tlæ ¡eault¡ dmast¡rt¡ tbat thr cf,fects m c¡lcl¡rq rbaceptlm

p'rerlæely æted ta sù¡dla¡ rrlatcd ta thc rdrrnd gf¡nd e¡e not ædl¡tcd

t¡ttsó ttu p*rîùylotd gld*



8¡t

$râEI

l. Ifre effcets of adrcnal stcrold¡ m crlclrn trsntport háË blan

¡ü¡dl:d, tortloolr ôl-corttsot s¡d DOC tra shot-te¡¡ cryt{rrrb
GrbrÉrd tS effect of vttdn B3 ü crlclt¡ trarpoÉ l8lÉ!9.

2. Aff,nlstrrtlon of co¡tlsot or [E fot 3 dayc btrdrût abq¡t e

&plratlør of tha Yltadn Dt effeet.

3. Aldaotersra¡ È-fltnreffiocoæfeolu *ot¡tt ¡üd Al.-ft-flr¡o¡o*

f@¡onr hsd m cffæt on c¿lclu transport rb
cù¡dlrd by rhortácro e'dd.nlrtrrtl,o.

4- Aldorterw dtd rpt læ¡rr¡e rodt¡n rbaorptlon fru tt¡o mtrl

l,nte¡tlnc.

5. û¡p.It0D¡ rtnn frd 3 d¡ys pætor to glvlng vltd,n D3r lohlbtt¡d

ttÞ vttdn D, effcct on c¡lclrr ekcptloo' lhen thc d¡æ¡l gfaad

r¡r r¡mln¡d lú,¡tologlcally toll*fng tl¡ls trortu¡tr nartcd ctrgtgtt

ln tte latcrrq¡el tt*s¡c rrrr oûccrwd- Thnct :t6 m tlgd'flGlrt

lnc¡oæc la th. migùtt of thc eôllrd Elcnd.

6. Fh e¡p{DD rrs fcd to çhtcks pnctou*ly ðoted for ¡¡u¡rel

ds¡p rltå yltd,n Or(trOOO I.E.)p c¡lrlu¡ ttursport r¡e nct rpgrreirùly

cffeetd.
7- Iìe rfürct¡ oboa¡çd cq¡ld Þc cor¡clæcd rlth lntæüææræ üth

lh rdru¡l fuictlon by otp-!Ð¡ eo8ü,sol or D(E t¡o¡trsnt ef r¡cÙ¡ttlc

chlelt¡ drlch dtd,sfßhûd tht rttda Ðr-+rùancænt of crlcltr t*tuporÊ.

8. Tùc thær7 ta propoced thüt yltd.n Ð, te tran¡fond Lnb r ¡rl
rctl* for¡ la tùç âdsünal cortltr

9r Prrathyrold ¿¡t¡rct dld ¡pt lnflumcr ttrc abærptloo of crlctu
f¡a tàe lntætlnr.
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CHAPTER 4

IHE IECHANISH OF CAI.üUU TRAI$PoRT

INTRODIETIOTI

Bcforc t*re coæncenent of tÀls t-hesis tnforuatlon concernlng

the mehanlsa of the transport of calElue was practlcally r¡olì¡erlstent

ln tlre literaù¡re, Neu¡an a¡rd Neuæn (lqtg) have ¡ecer¡tly attenptêd to

desc¡lbe a æchanlsa f¡on tlre reagre facts avsi¡.able but ÈÌrey have also

ryhaslaed tåe dlfftculty of thl¡ task rlttr so llttle Lnmledge of the

ætabollam of tl¡e lntestlnal n¡cosa. Altirough tt¡e cff,ects of vltanta

D have becn odaçratcly descrtbodr the æda and slta of actlon of thls

substance aro still urù¡wn (f¡tcotayEen a¡d EcA¡.Larsen¡ 195.?¡ tFé).
Hcvèvet¡ since tn vttqg technlqucs have becn dcvelo@ for stlrdyfng

calclun transport great strldes haw bG$ made ln elucidatlng the stepc

inwlved ln thi¡ pro.cessr

hrlng tlrnse present lnvestlgatlons Sshachter and Rosen (f95ç)

pbtrtshed a leport describlng the ævenent of calclr¡n ao¡oss everted

segrents of rabblt¡ rat and gnrlnea ptg lntestine. These ¡{o¡te¡s posùrlated

tåE exlstencc of an actlve transport æcÌ¡anisn whlch ras depetlderrt upon

orldatlve @ephorylatlon. Furtherr thls proccss was partlally depedent,

on vltanln D. Desplte tlrese tryortant obsewatlons¡ Schachter and Bocen

polnt a¡t the llnltatlons of these sü¡dles tn provtdlng lnfornatlon on ttre

lryortance of an actlve transport ¡oecùranlsm durtng ths absorptlon of

calclun åE-$gg. Slnce tl¡e wo¡k of Sehachter and Rosen (tg5ç), seyeral

prbllcatlons haye appeared descrlblng calctr¡n transport þ nannall,an shall

lntestlne (Harrisqr and Harrlson; 196O¡ Schachter et al., ltl60 ar bl

ilqrdle et al., t96O¡ Ktnberg et a1., 196l¡ Schaehter¡ Kiuberg ard
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Sc,bsnc&,err f96f ). ËoreveÌ¡ Ë& of, t'hc*e rapcrts psesênt confllctlag

mådcocc orì tha æcha¡ú.sn of Eqtl,vr e¡laltn trar¡sfct so tlrat lt lmc

beer¡ ertæly dtffiorlt to Enln a tn¡e ass€sænt, of tù¡s stür¡tlæ

botb rs to tl¡G Éner5tt suuace lrrutved ¿nd as to üp ¡olc of vltptn D,

ln thÍs p¡ocass.

fne p¡¿rrca sf calqlt¡r transport uder thc fnfl¡¡encc of

vltatn D, hea thcrcfoæ Þceo ¡c-lÞyestlgntcd ln tbo st¡lcl. An attaryt

ras Fdr to locste æ¡c spêctflcally tl¡e sourcs cf thÉ aÊtgy snpply.

Tha crpartæotal ftndtnge arÊ eonrldsæd l¡ ¡elatløn to t',l¡e d¡ta atall-

ablc fæa *fd,lar sù¡dlce rlth ocallsr ttsau.. The appllcatlm of

dr ¡g-ILb tmrspott æchanle¡ to ttÞ abeorptlon of ealclu 14 r1.¡p

ls also dlscusscd.
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HATERIAI.S A¡E MEIT.ÐDS

fn vit¡o prcoaratlons

Eyerted ard non<ve¡ted ot¡t saeg. Everted sacs of the dfstal

portlon of snall intestlne f¡oa bth racJrttlc and vltaoln Da-treated chlcks

(fOO ¡rUr - 16 hours) urere p¡epaæd and tested ln the narìner already

dEscrlbed (Xett¡o¿ g). Where anaeroblc condltlons urore enployed, the

flask contents were gassed wtttr a nlxù.¡re W Il2 - SS æe (oxygen content

was less than O.m2S). Ifhen non-everted sacs were tested they were

subJected to thø sæ procedures and condltlons ae desc¡ibed for tlp

everted sâcso

Calcirm transoo-t at Oo C, Evertad gnrt sacs were prepared

and placed ln lce-coLd fncubatlon nedhm contalned ln flasks sur¡ounded

by cracked ice. These flasks werc then shaken for I hou¡ under ae¡ôblc

condltlons.

Sjg¡ggllgq. The effect of starvatlon on calclun transport

was st¡rdlcd ln chlcks deprlved of food fo¡ a pesfod af 24 hours prlor

to preparing everted gut sô€sr

OnlssLon of slucose. As descrlbod In Chapter l" evertcd gut

sacs ilere nornall.y fns¡bated ln a nedir¡n contalning O.02 lt glucose

(Uetnoa U). In an ågJtlgq experlænt designed to observe the effect

of a glucose deficlency on calclun transport glueose was onitted f,mn

both the m¡cosal ard serosal Íncubatlon rnedla.

In vlvo nrenarationg.

Inhtbt$gr str¡dlea. Distal segnent* of snal.l intestlne f¡on

bot'h rachltic and vltamln Dr-treated (fOO f.U. - 16 hours) chlcks we¡e

perfused ln vlvn ln tl¡e nannet prev{ously descrlbed (UeUroa C). The
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loope were perfused fo¡ 45 ntrn¡tes wlth lO ul. Krcbs-Rtnger solutlon

centalning 2 4. caß/øt. arÅ Z¡rc. c"45/"t. together wltrtr the tnhlblto¡
to be eü¡dled.

ChFlatlon of calclt¡n. Thc dlsodlun salt of EDTA was used to

chclate calclun. The absorptlon of calclun was studled fnon tn viyo

d¡¡odenal loops of racùrltla and vttad.n Dr-treated (læ I.U. - 16 hours)

blrds. A solutlon of o.l dloles C.45-ære was Introdrrccd lnto tha loop.

Cært¡ol birds recelved O.l dlole" Ca45 tn e.9ñ sallnc.

Inhlbltor soluü.on¡.

rlhen necessaryr lnhlblto¡ eolutlans rere adJusted to pff ?.0

with rodtun hydaorlde for tn, ì¡tt¡o experlrents¡ and Él 6.0 fer å!J!]4q
sù¡dles. À eolutlon of sod!.r¡c cyanlde ras prepôred by dlssôlv!.ng tlhe

rcrylred anount of tihls coryound ln lce-cold dietttled water and then

na¡trallsing witlr h¡drochlo¡tc acld at oo c. A solutlon of sodlr¡¡

arsenlte ras P!êpâæd by dlssolvlng tlre rcqulred ana¡nt of arsenloue

oride ln a ¡n¡ll vplune of sodiun hydroxtde and, after suitable dlluttm
wlth ratetr hydrochlorl.c acld uas addsd to adJust t"tre Él tþ ?.4 boforc

uaktng to voluæ.

Egtlnôtlon¡.

ca45 in eeigg¡nl fluld. Radloactlvlty was esttnated as

prevlansly deoerlbed (eZz, (¡) f).
ca45 ln blood. c"45 ln plasma obtalnsd durlng ln vlvo sù¡dles

ln tàe plosencå of EDTA was measured by endsfndq¡ countlng as desc¡ibod

earller {pZzt (a) 1). Dr.¡ring tnhtb!,tÐr sü¡dles ln vfw with perfused

lsolatad loops, c"45 "", æasured ln actd ert¡aets of plasna by sotntltl-
atlon countlng (ezz, (a) ff).
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Endooer¡ous resoLration of tl.ssue slices

The consumpt!.on of orygen of resplrlng slices of chlck small

lntestine waË neasured in a Warhrrg apparaürs. Groups of rachltic and

vltamin D*-treatcd (fOO f.U. - 16 hours) chicks (+ chtcfs/group) were

used ln the experlnent, Afte¡ rlnsing the distal portlon of the s¡¡all

intestlne f¡ee of food contentE wlth physlologlcal saline, thls sectlon

was remov€d fron the body and lmersed ln an lce-<old sol.utlon contalnlng

0.13 M NdL and O.O2 tl KCl. The grt wall was sllt longitudlnall,y along

the antlqesenterlc su¡face and then sevsral tlnes horlzontally so that

a m¡mber of sectlons approxirnately I ca2 were obtalned. The procedure

was t€peated in order to obtain sufficlent sllces to sùrdy each group ln

tripllcate.

The slices fron the rachl,tlc chlcks u,ere pooled separatelyl

as çrere those fron the vltamin Dr-treated chlcks, so that t'he flnal

poprlatlon of slices ln each g¡oup was ¡andonlsed by thorough nlxing.

After brl,efly blotting on filte¡ Faperr four sltces ïrere added to each

Warburg vessel contatnf.ng 2.8 mI. Krcbs-.Ringer-blcarbonate mediuu with .

glucose and calclun added ln final concentratlons of 0.O2 M and 2.3 X tO€ l¡

respectively. The centre wcll contained a ftlter paper strip soaLsd ln

0j2 nl. 5 N potasslum hydroxlde solutlon. A ttrermobaroneter recorded

atoospherlc and temperaùre changes.

Afte¡ a 5 mlnute equlllbratlon perlodr the flasks !,vete incubated

wlth shaktng (æ oscillatlons per ntnute) at 3f C for I hour. After

lncubation tJte sllces were lffted out of the flasks, excess fluld renoved

by brlefly blotting wlth fllter paperr and the tlssue titren placed Ín a

deslccator untll dry. The dry welght of tissue was determined gnavinetrlc-
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ally. q(OZ) is daflned as ¡.u1. 0, taken up per €. d¡y wetght tlszuc

per hour.

Lactf.c ac!.d

-

Fcrnatfon of lectic acld. Everted dlstal sacs f¡sm gæups cf

three raehltfc and vitanin Dr-treated (fOO IoU. - ló hours) chicks rre¡c

prepared as descrlbed earlle¡ (uetnod E). Flutd battrlng the n¡cosal sur-

face conststed of 5.0 mI. Krebs*inger-blcarbonate h¡ffer togethet wlth

glucose and unlabelled calclun at coneentratlons of 0.O2 X and 2.Iñ X tO4U

respectlvely. The everted sacs ürerc fltted wtth I.O nl. hrffer nedfr¡o

also contalnlng glucose (0.02 H) ard calclun (2.% x tO-3 x) . The pr-e-

paratlons were lneubated wlth shaklng at Sf C for I hour and weæ gassed

wlth a nl¡br¡e of 9# Ne - S OZ b nalntaln anae¡obic condltlons so

proventing any further brealdsryn of lactlc acld forued durlng ttrls perlod.

At the end of the i.ncubatlon tÀe sass ¡ttete removed and the

serosal and n¡cosat flulds were poeled and kept at 0o. The tlssue

ltself was hoægenised for 2 nf,nutas ln icÈcold dlstilled water using

a Potte¡-ElveJhen honogenlser fltt¡d wlth a tef,lon plunger. Ihls hoægenate

was addsd to the pooted flulds before dllutlng with dlstltted water to a

known voluoe. Salryles f¡on each group yúere then taken to deÈernlns the

anount of lactic acid present.

Estlmatlsn of lactic Fcld. Lactlc acld was detercl,ned by the

method of Bar*er and Sum¡¡e¡son (I9+l). The protæin was preclpltated frou

tJre sanple by treatænt wlth perehlorlc add (flnal e¿ncentratlon ¿S) a¡rd

reæved by lo* speed centrifugatlon (ZTOOO X g. for IO nlrurtes). A portlon

of the supernatant (5.0 nl.) was ns,¡trallsed wlttr 4 N sodlun hydroxtde

beforc tl¡e addltlon of 1,.0 Fl . M copper sulphate solutton. The total
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Fluæ was nurdG tþ lO mle Trlth dlstll¡.ed watcr¡ l@ E. salclun hydrodda

ryas added and the nlxture vlgorotrsly shahen befo¡e allowlng to stand for

3O nlrn¡tes. the copper calclun conpler ras renoved by centrlfugatlon

ard a sanple of trhe supernatant retained for colour developænt wltrh an

alkaline solutLon of p-hydroxydlphenyl. The lntensity of colour producod

was dete¡nlned on a Unicam spectro$lotometer (noaef SP 35O) at ã60 qr.

Reagent blanks and ü¡bes cont¿lning standard æunts of lacttc

acid wcre car¡led tårougùt {:he entl¡e pr.ocedure to eçtlnate contaalnatlon

and efflclency of tl¡e retåod. A standard curye was also prepared wlth

known anounts of laetlc acld not subJected to the above treatnent.

Recovertes of no lesE than SÍ were glven by thls techni.cpe.

Succlnlc dehvdrooenase activlty

Prepa¡atfoa of ¡nltochondria. llltochondrla were lsolated fron

loops of dtstal srnall intestlne of rachltfc and vltanln Ðr-treated

(fOO ¡rUr - 16 hourc) bt¡ds" Each group consisted of 3 chicks. Follur-

tng the usual surglcal procedure tlhe tlssue sras dlssected free and

l¡rrnedlately tmersed ln lce<old phosphate buffer oediuø. After eve¡t-

lng each loop tlre tissue was cut lnt¡ saall pleces and placed ln 2O nl.

lce-cold phosphate buffer d{ ?.7 preparato¡y to hoægenlslng in a Potter-

ElveJhæ homgeniser" The homogrenates ln eaeh gr€up were pooled.

The ¡nitoclondrla were prêpared by dlfferentlal cEntrlfugatlon

of the homgenate fn a ¡nsnner slnllar to that descrlbed by Hogebooro,

Schnelde¡ and Pallade, 1918. To Defnove cellular debrls the honogenat¡

was centrlfuged. fn the cold at B0O X g. for 15 minutes. The supernatant

was decanted and recentrifuged at 5r@O X g. for 20 nltr¡tes at 0o C to

separate tåe mitochondrla. The supernatant fluld was then careftrlly
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Ìenoved by asplratlon and the mltochondrlal pellet resuspended fn an

eqqal volure of phosphate buffer. the suspenslon was cent¡lfuged agaln

at Oo C for 1O nlnutes at IO'ooO X g. Aftcr renoval of the supernatant¡

the nltochondria were flnally resuspended in a ssnll rroluae of lce-cold

phosphate buffer.

Deternlnatlons of enzlme from each gtÐup írete carrled out ln

trlpllcate ln a nanner simllar to t}rat descrlbed by Nactrlast Margnrlles

and Sell.guan (tgóO). The reactlon mixture conslstcd of the follæylng

reagentsa sodlum succinate (O.e U), 0.5 mI¡ phosphate buffer (O.t ttt)

Èl 7.?, 0.75 ¡nl3 gelatln (O.fS), o.ã nl¡ Z¡3e4-ttíphenyltetrazolltm

chloride (TTC, 6 ry./nl.) 0.5 ml¡ €nzlme solutlon, 0.5 rnl. and dtsttlled

water¡ O.25 rnl. Control trrbes contalned either sodlur¡ fuma¡ate (O"f U)

O.5 ml.¡ ln place of succlnate or alternatlvely tlre rcactlon was car¡led

out f.n the absence of any substrate, Detalls of the conplete incubatlon

âre sunìÍBarlsed ln Table 18.

The reactl.on ¡nlxture ïras preincubated at gf C for 5 rrlnr¡i;ss

before addlng t,Le enzynrer årìd t*re conplete plxfure lneubated at gf C for

90 nlnutes. Furt*¡er control data ne¡e also obtalned fronr tubes incubated

ln an ice4ath at 0o C for the saæ period of tlne.

The lncubatlon perlod was terml.nated by the addl.tlon of 4Qft

trlchloracetlc acid (0"2 mI.). Tetrahydrofuran (a.O ml.) was then added,

and the mlxture shaken mechanlcalty 1n centrlfuge ürbes fltted wltå poly-

thene stoppers until all tåe colour had been renpved from the preelpltated

protein (approximately 10 nlnutes). After rensval of the proteln by

centrtfugatÍ,on, the colour present ln the supernatant was estlmated in a

Unlcam Spectrophotoneter (moAet SP 350) at 540 qr, against tetrahydrofuran.
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RESULTS

Norpeverted crut sacs

To show tJrat the accuu¡Iatlon of calclum was a unl-dlrectfonal

process, calclu¡o transport was studled using non-everted dlstal sacs of

small lntestine. Under these eordltlonsr calclun transport took placc

f¡on the serosal su¡face to the a¡cosal surface¡ and the acemr¡latlon of

C.45 *u" measured In t;tre ftutd battrlng the nr¡cosal cells. The results

fron thls experfunent are presented ln Flguro 28.

Less calc!.urc was transported wlth non+verted rachitic sacs

than tÌ¡e everted rachltlc controls. Thls decreased transport nay be a

consequence of the lsrrer transport of wator obse¡r¡ed which sras a net galn

of 0.6 gr water per hour per everted sacç but a net loss from the original

2 g. af O.3 g. ¡rater per hour per non'+vertpd sâGSr There was a tendcncy

for the non-everted sacs to shrlnk conside¡ably ln size during the lncubatlon

perlod whereas no change fn length was observed with the eve¡ted sacs.

re lnterestlng was the absence of any lnfluence of vlta-ln Dg

on the transport sf calcium uslng the nar.r".averted preparatlons. That tl¡e

vttanln D, Rhornnenon ls an actlve process ls shrvn by the inc¡eased

accun¡latlon of calclun ln t.he serosal flutd f¡om the vltamin Da-+verted

sacs, as compared to that fron the rachltlc-cverted sacs (Fignre 28).

Transport at oo C

Evidence fo¡ the enz¡mric natt¡re of calclum transport nay bc

dedr¡ced f¡on Table 19 fro¡n ¡vhich tt ls evident that thera uras very ltttle

transport of, calctum at 0o C. If calctun transport was malnly by

dlffuslonr then lowcrlng t}re tenperature would not be cxpectad to causo

such a mar*ed tnhlbltlon of transport, although there would poesibly be
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Tranrporù ras æasured at 3f ånd oo bf thc ¿ecsr¡latløl of câ45

Lnto se¡osat fluld froq ece¡tsd df¡tal ansU lntpctlnef Thc vl,t¡ún

D3-trastcd cålcls ¡ecalved l0o I.U. Yltda D, 16 lm¡¡ pr!,er tc

prlap¡sl$g the glrt e¡üee¡ Each raltp ls tåo ¡eæ of 6 bl¡ds.

Irc¿brt Twperafuæ

3f
sf
oo

Dg

Eg

3.160

8.85A

0.320
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so¡æ sm¿lt drop f¡on tihe nornal rate of dlffuslon.

Sta¡nation and tJre effect of olucooe

Durlng prellnlnaty elçeriænts on calcl,un absorptlon in

ct¡tcks, Coates and l{oldsort}¡ (personal com¡nicatlon) found t}rat a

pertod of sta¡vatlon decreased the abtllty of vltanin Da-treated chlcks

to transport calcfu.¡s. Lfhen everted dlstal sacs ftts chlcks starved for

24 hours were tested for calslrn transport ln vltror tbê vltanln D¡

t¡eated ehlchs showed a sllghtly dLotnlshed ablllty to absorb calclr¡n.

Sacs fron stawed ¡achftie bfrds geve no chango fron the rachltlc control

Level. Slnllarlyl gut sacs fræ chlcks not starved but lncubated wlth-

out glucose Ln tlre standard dlunr shonsd tihat the endogenous Eubstrate

cm euppott 646 of the nornal rate of absorptf.on. Thes€ resultsr rhich

are shwn ln Table Ð¡ were obtained wi.th vltanin Da-treated chl.cLs.

Incubatlon of ¡achitic eecs urder eitåer of thcse conditlons proùrced

Ilttle or no chango f¡sn tåe rachltlc cont¡sl level.

lletaboltc lnhibltors

Yarilous tn]¡lbttsra urere ueed both in vivo and Åry[!¡g ln an

attenpt to ldentlfy the source of energy used ln calclun transfer. Table

2l presents ttìe results f¡on a serÍes of ln vlt¡o sürdles. These test¡lts

have bern eryrrossed ae a percêntage inhlbltlon of t.t¡e actlve transport

pnocessr by which ts fnferred the dlfference bebeen vltaqln Dytrcat"ed

and rachltlc transport.

Thls seeü6 Justlfted as the data obtatned ¿t Oo G and also

f¡on Et¡rdies srith tÌ¡e nolrevetted gnrt sacs preparations suggested ttrat

calcltm transport 1n tlre rachl,tlc chicks ras probably tha ¡esult of passlve

dtff,uslon and exchange procssses, Further, prellnlnary studles on tlre
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lraneport rås EõÍrõr¡red by tlre aeäK¡latlon sf Ca45 ln thc sc¡osal flútd

f¡m ever"Èed dtstal såGar Secs frEG vltd,n bartraatæd ¿hlcÈe (læ t.U.-

f6 bm¡rs) tna¡bat¿d ln stsãdard ædltn rerc aE¡lgnad an erbltory valr¡c

of 100É.
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effect of lodoacetate under anaeroblc condltlonsr on calclun transport

ln tl¡e rachltlc chtek, lndlcated tt¡at ttrere eas no furttrer decrease In

tJre aæunt of calclun transported. In contrast¡ t*re vitanLn Da enhanced

transport was greatty lrÙrtblted tmder tÌ¡ese condltlons (table 2I).

2¡4-{ltnltrophenol gave only 50Í lnhtbftlon at Z X fd u.

That ene¡gy was not derlvcd solely fron o¡ldotlve $osphorylatlon was

furtlrer suggested froa lfre fact that aven ln ttre presence of I X lO-2 t.

cyanide there was sttll e conslderable aæunt of calclun transport taklng

place (60Ë). Itre greetest tnhlbttlon uras obtalned wlttr an fnhlblto¡ of

glycolysls, nanely 2 X l0-3 il. lodsacetate under anae¡obic condltlong.

Othor well knor¡n glycolytlc tnhlbltors, sodtun fluortde (a X tO€ et.¡,

ptrlorlztn (z x rCa fl.), ad sodlnn arsenlte (e x ro€ M.) gave app¡or-

imately 5Ø reductlon 1n ttre a¡u¡nt of calciun t¡ansported.

It see¡ne mst probable ttren¡ that botJ. glyrcolytlc and oxidattve

phosphorylative pfilcesses are reqrircd to nalntaln a netabollcally activt

nembtane. If energy were derived equally froa substratæ level and

oxldative phosphorylatlons, lt nlgùtt be pesslble by a eoúinatlon of

lnhibltorsr to prevent any calctr¡¡n f¡om belng transported. [hen

phlorlzln and lr4-4lnltrophenol were bottr added to the n¡cosal fltttd

batihlng ttre everted sacs, a small percentage of calclun stlll accun¡lated

ln the serosal ftuld (faUte Zt).

The ¡osults obtalned wlth mercurlc chloride cannot be

lnterpreted because tJrlE substanee caused the m¡cogal flufd to becone

turbld wlttr sloughed cells. Turbldlty of ttre mrcos¡l fluld was also

obsorved but t¡ a lesser ertentr whcn er¡ert¡d sacs were lna¡bated undor

anaeroblc condltlons. Ouabaln, a ca¡dlac glycoside and a potent lnhibltor



ÎåryûE 3l

*ctlve tnrn'rpor1. ræ t¡trn tô b. Îåe dlf ferçm È¡ù¡esr tùç crlcltr
trrmportrd t¡to tto *'rro¡rl fl¡úd by ær*cd üetrt ¡rc¡ f¡m rarñl.tle

cblcl¡ ¡t e+¡r¡d to rldlrr ¡¡se ft¡r càlrù¡ t¡ætrd rrth lm r.u-
rltrún D3 ló h¡rÊ pacrlouelr. l¡Èrbûüan l¡ rryrærrd # r ff,¡ç¡¡¡f¡g¡
of fùl¡ ætln tüncpert. For detrll¡ of tb lmårtlso cdltlm,
rrths þ tå. frlnnû ¡rctfm ll tbl¡ Ch{rt¡r. IÈr lûhl.H,tc¡r r¡æ ¡ffi
b thc ¡coal thrld qd r¡r tçco¡drrl æ ftn*l Hrentntloarr

tdrlùlttl IrüUt¡ú
C0æ. E

It¡. et
bfsdt

f l#httN,æ
of trrwport

afiZtn e¡¡ ry¡c.
Sodltr ctddr
$oðn qmte
2r{.dt¡[*--'¡"-l
Sodùn iodoættrtry'hZ

Sodü,rr fhræ{dr

Sodiu¡ ¡¡tatÐ
Fàlorl¡la

Fhlorlzla
+ $a-¿1¡¡Wonof

Icnr¡¡ls ràtcrldÉ

û¡¡ù¡f¡

ST

IT
er
2X

2T

2,X

2T

3T

ó.8 I

rd
þ-2

10{

1d
rftl
lfÛ
to..

iljl
ld
rdË

r¡
c

t9r6

ã0

üo

5.

16

¡8

- ,

a

4

I
t
t
I
e

2r,
2f ó

{

I

6?

Ët
o

. crllr rlægùrd off.



96

of sodlun transport¡ vúâs also tested fo¡ lts effect on calclum transport.

Evidence presented ln Table 21 shqys tl¡at calclun accum¡latlon under tt¡e

lnfl.uence of vltarnln Da was not lnfluenced by the presence of ouabain.

On the contrary¡ transport was sllghtly stirulated by tltts substance.

An attempt was made to correlate the ÅO-.¡lLEg flndings wlth

slnrllar experlments perforrned on the llve birds. It is ohrlous harevetl

that the rånge of inhlbttors whlch may be tested satlsfactorlly ÅEJltgg

ls severety llmited, e.g. lt was rlot posslble to determlne the lnfluence

of cyanlde. The results frarn these studfes are presented in Table 22.

Contrary to the ln vÍtro flndlngs, there was llttle change ln calclum

absorptlon as E¡easured by plasma Ca45 levels (from vltamln D3-treatæd

blrds) ln the pxesence of lodoacetate, lodoacetaulde, and 2t4dlnitru¡-

phenot. The laek of effect wittr the addltlon of I X tO4 t¡ 2r4-d!,nltro-

phenol to the perfuslon fluld night be explalned lf this substance nere

being rapldly absorbedr or dlluted to such an extent by body flulds as

to be incapabLe of exerting an lnhfbttory effect. To test thls posslb-

lltty, a sample of perfusate was wltl¡d¡a¡¡n on the completion of tJra

experlænt and the a¡nounl of lra4fnltrophenol present was measured

spectrophotor¡etrlcally. There was llttle or no change frour the con-

centratl,on o f 2r4-.dlnl tropherol ori,glnal ly present.

When phlorlzln was added to ttre perfusing fluld there was a S0jt

1¡rhlbltlon of transporte confirmlng the previous ln vitro findings. It
ls apparent hcn¡veverr that these ¡esults rust be interpreted with cautton.

Durlng the first 15 ¡nlnutes, there was a rnarked decrease ln the amunt of

radloactlvlty appearing in the blood stream. At longer tlme lntervals

there was a gradual increase in the amunt of calcfu-¡m absorbed.
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!qPl¡sr¡ C¡'- levels rere rsas¡¡rìed ô¡rlrç tn r¡l"ve pcrfirslcn of dlstal

loope f¡æ raehttlc ani vlta'ntn D¡treaÈcd ehtcts (mtba C¡. Inhtbl.tæ¡

¡e¡e eddcd dlrectly to tl¡e perfueloar flsld and atc ¡eco¡d¿'d es fln¡l

æncentratlons.
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thelatloF of calcltn

Chelatlon of calcl¡m present tn lsolated ln vivo duodenal Loops

by neans of EÐTA car¡sed a ¡narked dec¡ease in calclu¡n absorptlon fron bo{:lr

rachltie and vltanln D¡treatod group€ (figß¡re 29). It ttrus s@ent llkety

that the calclun mrst be ln tlre lonle fom before lt ls absorM f¡am tùe

gt¡t.

Heasurenent of olvcglt¡sl¡

Îs dete¡nine whetl¡er vltaotn D, ttsalf had any effect on

glycolystsl evertad distal giut sacs ¡rere lneubated under anaerobic

condltfons and after I hour the anount of Laetlc acld forøed was deter-

uined. Ihe results of ûro such experlnents a¡e recorded 1n Table 23.

Sinlla¡ am¡nts of lactlc acld werç produced by the rachf.tlc and vltad'n

Dr-treatcd grt sacs.

Enclooenous r]csnl rgtlof¡

Orygen consurytf.on by slfces of dlstal snall lnt¡stfne froa

rachl.tic and vltæln Da-treated ehlckE F es neasuled. The basal A(O2)

value for slfces froa the ¡achLtic grorrp yras 1,57 and the conesponding

value for the vltantn Il, control group was 1.5O. Each value represørts

the ræan of 3 dete¡ainatlons.

Succlnlc dehydrPænase act

lfiltoc,hondria prepared f,¡on smal] lntestlne of raEhitle ard

vltæ1n Dr-treated ehicks wac examlned fo¡ the preøenee of suscinic de-

hydrogenase actlvlty. A tetrazoltun salt was used as an eLecÈ¡on acceptor

ln the succlnoxldase systeln. After 90 nlnutes lncubatlon, Yaluee of

3,53 N tO-2 (O.p ./roq. protetn) and 3,3O X 1O-2 (O.V./q. proteln) werc

obtalned for succl,nlc dehydroEenÊse actlvlty of the ¡achltlc and vltaala
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DISCI.FSION

ft ts generally accept'ed that substances nay Eova aer.oss

blological mdranes by furro maln processes, namly (a) passtve dtffusfon

or (b) actlve transport, ot å csÉlnatlon of both. TagEart (f968) hås

broadly deflned botå these teflas. Slnple dlffusl.on slgnlfles ttrat the

mvenent of rplecules oceurs along a coneentratlon Eradf.ent and confo¡ns

to Flckfs lars of dlffusf.on. Actlve transport ts a tern norrually applled

to those systems in whlch a s-ubstance is transportcd ae¡oss a bLologlcal

merabranen apparently agalnst a eoncentratlon gradlent (often referted to

as uphlll transport), at the erpenee of Gnergy derlved fron both aeroblc

and anaeroblc cell ætabollsn. It rn¿st be reallscdr trowever¡ that tt¡ese

deflnitlons are not rlgld. Actlve transport nay also occur dovYn a

concentratton gradlent. Sterlc factors are of lryortance ln tÀis typc

of transport whlch ls often referred to as facllltated transpert.

The rclatlve contrlbutlon of each of tl¡e above processes to

the transport of calclun has Lnfluenced interpretatlons on the æchanlsm

of calctun transport and tÌte r¡pde of actlon of vltamin D. Hartlson and

l{arrison (fgóO) suggest tt¡at when vltmin D ls lncorporated lnto the cell

surface of the s¡oäl.l intestine the permeabltlty propertles of the nlen-

brane are æ altered that an increased rate of dlfft¡slon of calcttm ls

posslble. These wor*ers belleve that vltanfn D ls nainly concerned wlth

influenclng the dlffuslon of calclun (a process fndependent of oxidatlrre

netabotlso) although lt may f.n part also affect t'le ene¡gry dependent

actlve transport system. ilhen the rate of calcfu¡n transfer was measured

at l0o C lt was fsurd to be conslde¡ably reduced, although the vltanln D

effect stlll perslsted at this ternperature. In a further experi-nett,
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Harrlson and !{arrlson (tç¡eO) studled tJre nat flux of calclun åcross ttre l¡r
testlnal n¡cosa uslng 1n vlt¡o preparatlons. The sutslds fluld contair¡Ed

3 dt calelun and tt¡e fluld batåing the serosal surfaee was I d/[. VltEnln

D was fq¡nd to lncrease the rate of calcl¡rn transfer across ttre pro:doal

lntestinal wall wùren the coneent¡atlon was tlre drivfng forcè. Thore ras¡

hæever, only a s¡uall lncrease in tÀe distal po¡tlon. Thts flndlng ls

dlfflcr¡lt to explaln lf the process of calctun transpo¡t ls pnrcly a

dlffusfon phenooenon¡ as Klnberg et al, (19ól) have al.so demnstrated

calcltm transport urder tt¡e influence of vltaaln D ln the dlstat portlon

of rat ssall lntestlne. Hûreyer¡ Harrlson ar¡d Hamlson could flrcå no

evldence to support the alternatlve concept of, an actlve transport

nechanlsn. Cyanl¿e (5 x 1o-'[ H) an¿ anaeroblc condltlons (n"/ær) onfr

partlalty fútblted ttre t¡ansfer of calciun lndlcating ttrat tJre transfar

æchanlsa was not wholly dependent on oxldative ptrosphorylatlon.

Other wor*,e¡s havet hmever, posùrlated an active læchantsn

for calc!.un transport. Schachter and Rosen (fçSg) f,or¡nd that everted

gut sacs fron t*¡e ¡abbit transported llttle calclun at 50 C. Furttrar¡

tlhe presence of sodlrp cyanlde, or 2r4-dlnftrophenot ln tihe ædtun

conpletel.y abollshed calcttto transport. Tbls evldence strongly eupportod

the h¡ryothesis that calclua transport was an actlve p¡ocess. lfi¡ch of th
evldence ¡rut fonrard ln support of a dtfft¡slon or acti.ve transfe¡ ptocess

ls derlved from such sù¡dies wlth netaboltc lnhlbltors. In many respects

the llterature teportlng tlre effects of lnhlbltors on 1n tro calcltn

transport is rather conf,using.

In thetr early pôper Schachter and Rasen (tgõg) clalned tCrat

nlt.rogen tnhlbttsd the active accuo¡latÍ.on of calclun ln rabblt ave¡t¡d
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g¡t sacs whereas oore r€cently Klrnberg et alo (fgOf) fq¡nd tt¡àt aft¡¡o,-ugh

nltrogen lnhlbtted transport ln the &¡ode¡ral segrments it stfn¡lated

calsluc uptake ln the lqver segments of rat snall lntestlne. Str¡dfes

by Schaehter et al " tl960 b), who æasured the accum¡lation of calclun

by rat duodenal sllces¡ lndicated only partlal inhtbltlon of the trans-

port proccss by tOd m cyanlde. ft ls obvlous that the portlon of tntes-

tlne used t,o shrdy calch¡m absorptton in the ¡aÈ ls a factor whlch !n-

fluences tt¡e effect obtalned wlth the n¡etaboltc tnhtbltor and¡ therefore,

any scheme whlch ls postttlated to account for calclum transport n¡st also

envlsage an absorptJ.on process for calclum ln all parts of the small

lntestlne. rnvestigatlons by llassernan (tmo¡ enphasise thls polnt.

Although sodlun cyanidel todoacetl,c acld and Zr44lnitrophenol deereased

calclunn movement frors the Mlcosa to the serosa ln duodenal segnents of

tat small Intestiner tåese substances dld not influence calctun absorp-

tlon ln distal segnnents. slnllarly, incubatlon of everted dlstar

segrænts under nitrogen dld not influenee calclun transport ln thls

reglon.

Sc,hachter and Rosen (fgãç) suggested on the basls of thelr
experlæntal obsen¡atlons tùat the transfer of calcir¡m roay be accoupllshed

by a serles of carefulry controlled steps in the folloølng mannerr

(a) uptakr of ca45 by the intestlnal mrcosa from ttre lrmen

(U) ttre accum.rlatlon of G"45 ln trhe interstitlat flutd of the gut walt

(c) tfre subseqrent transfer of calclun through the n¡cosal and serosal

layers to 'tÀe semsal fluld.

A reçrirenent fo¡ hlgh energy plosphate 1s postulated for steps (a) and

(b), whereas (c) 1s tlrought to be controlled by diffuslon. These wo¡kers
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also for¡r¡d tåat the bulk of the calciun transfer¡ed to the Ínsldc

ædlun was tn the fonised state and suggest that such evldence supports

trhe partlclpatLon of a catlon transport rrechanlsm analogous to the

sodhn prnp.

Fron mre dctailed ln vlt¡o sü¡dles Schachter et al (f*6O a¡

alse postulated that at least ù*o steps are lnvolved ln the transfer of

çalclus. Tl¡e first ls the rapld absorptfon of calcfr¡¡n fron the intestine

or E¡coãel fluid whlch¡ tåey zugqest, may result from the blndtng of

calcltn lons to anlonlc receptær sltes on or tn the n¡cosal cells. the

second step fnvolves the transfer of thls bound calclrs to the flufd

battrlng the serosal surface. Schachter et al. (1960 a) also claln that

tt¡elr results support the hypothesls of a catlon transfer nechanlsn

betng lnrrplved. An alternattve hlryothesis wlll be eonsidered further

after dtseussion of the present fl.ndings f¡om transport of calclun across

chlck small lntestine. Because the characterLstlcs of the ln vlt¡o
transport rechanlsn do not appeal entlrely slnllar to the process as

studled 1n the llve anlnal the effects sbserved wlth these ùro systems

w1]1 be considered separately.

the results presented in thls chapter suggest that in vttro

calctun ls transported by an active process. Expertænts wlth non-

everted gut sacs lr¡dtcated that the pasaage of calciun fron se¡osal ta

mrcosal fluid was small. The æunt of calciua accum¡l.ated could be

rcgarded as a trtrÌasure of the passlve diffi¡slon and exchange taklng place.

Furthert the process of calclun transport from the seroçal to the m,¡cosal

slde of the meúrane was not lnfluenced by prlor treatnent wfth vttar¡ln

Dtr ln contrast to the stat*ed effect obsened when calclum transport was
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neåsured f¡ou t'he mrcosal to tf¡e serosal surface. the accur¡latlon of

ealciun then urder the lnfluence of vltanin Da was a unldlrectlonal

process. Evertsd sacs ftom rachltlc chlcks transported sllghtly nore

calclun than dld nomevertcd saes fron slallar blrdsr ar¡d thls nay havc

been due to trhe dlfftorlty of enzu¡lng that ttre chick waa conpletely

deflclent tn vitanln Da.

Furtt¡er data supportlng the concept of an actlve transport

nechanlsn ¡rerig r€vealed when calclrn transfer sas sùr¡dled at a rçduced

tenperature. There was llttle accun¡lation of calelun 1n the se¡osal

fluld at Oo C when enizltm aetivlty coul.d be regarded as negllglble. This

evldenca ¡could tend to atgi¡e against a purely passiva dlffuslon ptreaouenon

as although tlrc ¡ate of dlffuslon drops wlth a reû¡ctlon Ln tenperaturc

oû8 wôr¡ld not expact to flnd an alnost corrylete tnhlbltton of calcln
Èransport.

In all the ln vlt¡o eperlænts reportedl calclun was tlans-

ferred agalnst a sltgtht coneentratlon Eradlent, thereby reduclng elryle

diffuslon along a concentratlon gnadient to a nlntmrn. The unldtrectlonal

lncreese ln transport above the rachittc value brought about by vltantn D,

has been asc¡lbed to the actlva transport of calctua. As tlre dlffuslon

process was not under the control of vtt¿aln D, tlhe data fron the present

sürdies do not support the vterys axpressed by Harrlson ar¡d l{autson (tg60),

rt was establlshed ln Ghapter 2 that tlre vltaain D effect was aleo

relativcly speclflc for ealclup tons, Theref,o¡er the effect cannot be

regarded as a non-speclflc alteratlon of the perneablllty of ttre lntcstlnal

wall.

In an attcnpt to establlsh the ene¡gy s{rur€e used ln t}¡e actlve
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t¡ansfer prtocess, transport of calclun was studled ln the presenco of a

nunber of metaboltc lnhlbltors. There was only an ÍtË tnhlbltlon of

âctlve ealch¡u transport ln dlstal segments ln the plesenc€ of 5 X tO4 U

cyanlde. Even when the coneentratlon of thls substance was greatly

increased to 1O-2 il accumrlation of calclun stttl qontfru¡ed under the

lnfluence of vitdn D, to sueh an extent ttrat 6(X of the no¡nal calolun

transport was nreasutred. Thls deoonstration suggests tl¡at the transport

process ls not dependent on aeroblc condltfons. Under anaeroblc

condltlons lt was also posstble to demnst¡ate the capablllty of the

systeur ln transporÈlng calclum.

The accuru¡latlon of calclu¡n in the paesence of high concen-

tratlons of cyanide daes not entlrely nrle ot¡t tJre possiblllty of ttlgh

enetgy phosphate being fo¡rned during the paesaEe of electrons down the

electron transport chaln, The enzyare Eucclnlc dehydrogenase ls not

inhtblted by cyanide and thus the çuccínoxldase system e,ould play an

lnportant role ln supplylng the necessary enelgy fot t¡ansport. Slhen

dlstêl snall lntestlne was eranined for succlnic dehydrogenase acttvlty,

tronvever, there w¡¡s no evidence to suggest that vltanln Da was lnfluencing

the actlvtty of this enzlme.

That oxidative phosptrorylatlon is not the sole contribn¡tor of,

energy for the t¡ansfer proceãs lE also suggested by data obtained f¡oo

studles lrlth zr4-dlnitrophenol. The effeet sf this lnhibltor on oxldattve

roetabollsn ls well known. Loonls and Ltpmann (fgag) and C¡osst Taggart¡

Cor¡o and Green (fg4g) have sho¡rn tl¡at 2r4-dlnltrophenol reversibly un-

couples phosphorylatlon from oxtdatlon. 2t4-Ðlnltrophenol does r¡ot

inhÍblt resplratlon except at hlgh concent¡atlonsr then 2ra4lnitro-
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phenol ças added þ the ancosal madlun durlng ln vltlo expertnents¡

calcltn tlansport wae !,nhlbtted by only 5@. thls flndi.ng doee rrot

correlate wttå tlre Ln vlt¡g results obtalned by Schachter et af " (fg60 b)

who elafn a greater lnhlbttlon of calcltn transfer wlth this reagent.

After asseoslng tihe dats obtai.ned fn t'he p¡esenÈe af nltrogen¡

cyanÍde and 2r4-6lnttrophenol !t seeûâ unllkelyr thenr that calclun

transport ln vitro ln tÀe ehtch euall lntestlna fs deperdenü upoa oxldatlw

phos@rylatlon. Ànstlher possible source of energy does exlst, træevcr¡

since tÌrc energy reqrlrensnt eould be satlsfted by substrate level phoo-

phorylatlon during anaerobtc Alycolysls.

Slnce lodoacetat€ 2 X ¡O€ U lnhlblt€d transport of calctur

under anaeroblc condltlons by 8Q[, lt would åppêåt t]rat the naJor ene¡gï

supply ln vltre ls frm glycolysls. Iedoacetate lnhtbi.tc the foraatlon

of l¡3-dlphospûþgfycerlc acidr an lnte¡medlate retf¡f¡ed for zubstrate

level phosphorl¡latton ln the føllarlng trar¡neü

l tldlphosphoglycerlc acld
+ ÀDP

Þphosphoglycedc acld
+ ATP

phosphoryl g lycerate kl na sc

Other well knou¡n f¡ùlbltors of glycolysic, fluorlde, phlorlz!.n and arsenlte¡

¡educed the lcvel of calcir,¡n transport under tlhe lnfluence of vttanln D,

by as n¡ch as 56.
For nany rears, lt was assuæd tJrat all actlve transport

æchanlsms galncd thelr energy reçlremcnt from oxldatlve phosphorylatlon.

llo¡e recently¡ lt hao been shqrn from ln v!,tto stt¡dles that a n¡nber of

suÞstances rely eqlally upon glyeolysls and aeroblc oxldatlon to pronote

t}¡eir ¡ct!.ve transport. Breuer and fihlttôF (rq5r) a$d d€t Hionte (rxr)
have alEo suggested that glycolysis supplles tlre energy for ü¡e transport
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of glucose¡ water¡ sodlun and potasslun. That vita¡ain Da does not

affect transport by alterlng tùe euat of glycoysis is shmm by tJra

productlon ln vlt¡o of eqral anounts of lactlc acld fron ¡achltlc and

vitamln Dr-treated distal small lntestine.

Vltanln Da was also wltåout effeet on the a(O2) neasured ln

resplring slfces of lntestlnal. tlssue. Thls dernonstratlon substantlates

the ff,ndings fron the iO y!!¡e lnhlbitor experlnents, in that aeroblc

condltions do not seem necessary for active transfer. Zar and Irvlng
(tg5g) ln a recent report were also unable to sho¡r any effect of vltanin D

on the resptratlon of oral tissue fron rachltlc rats.

The additlon of ouabaln, a cardlac Alycoside, dtd not interfe¡e

wi{*r ealclun transfer Åe_^glÐ,. Dan!,el and Roblnson (re6o¡ state t}rat

ouabaln lnterferes with sodlun and potasslr¡n exchange ln rabblt utertne

preparatlon. Csaky¡ Hartzog and Fernafd (1961) have ehown that tlrls
drug cornpletely lnhiblts tÀe ectlve transport of 3-methylglucose and

tåey suggest that the lnhtbltory actlon of ouabaln ls prlnarlly on the
rsodlum p¡npt. lf this is correct, then t,I.e finding of an tnhlbltory

effect of ouabaln on calclun transport !gJ¿$g, would indicate that the

uptake ls lndeperulent of t}¡e I sodtum pnrmpt .

In vi.ro sù¡dles ln the presenee of rætabolic lnhiblto¡s a¡e

m¡ch nore dlfflc¡rlt to lnterpeet. 2r€lnitrophenol and todoacetate

were wltÌ¡out effect on the transprt of calclum. Fmm these data¡ energy

does not appear to come f¡on etther glycolysLs or oxldatlve phosphorylatlon.

only phlorlzln ¡educed the Level of transport to any extent. In Chapter 2,

the dlfferent characte¡lstlcs dísplayed by ln vtw and ln vitro experlænts

concertring the site of calcium absorptlon were dlsct¡ssed. Stnllarly, wlth
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lnl¡tbtto¡ ¡tr¡dies lt nay well be t'hat thc chtct is capable of over-

coning¡ $_lÉ¡4g, the effects of tJre reagent etttrer by detoxlcatÍon or¡

as already polnted out, lf energy ls gained fron more ttran one sourcet

by utlllsing mre efficlantly alternate netabollc patlnrays to aIIær the

active transfer of c¡tclr¡n to occur at a normal rate.

Although the observatlons ruade ln the presence of lnhibltorc

are of great rralue tqyard lnterpreting the nature of the process such

studles do not provlde direct proof of a speclflc reactlon bèlng ln-

r¡olved. tlany of ttre lnhlbltørE are not speclflc for a slngle enz),ilG

reactlon. For example¡ the abltity of phlorÍzln to tnhlhtt the phos-

phatases that hydrnlyse hexose phosphates la well known. HorveYer¡

Shaplro (fç¿Z) and Lotspeich and Kelle¡ (fæ0) have also slrærn that

phlorlzln lnhlblts tj¡e oxfdatlve ¡eactions of the cltric acld cycle

ard tlre generatlon of ATP which norcally accompanles these ¡eactlons.

More detatled work would be reçrlred tó confl¡o the prinafy actlon of

these lnhlbttors. fn a recent revlew, Lotspoich (fg60-6f) has disciuseed

the actlon of phJ.ortzin ln inhibltlng glucose t¡anspo*. The effect of

this lnhlbltor on oxldative reta.bollsn 1s tltought to b€ due to ån

alteratlon ln the peræablllty of the nltochondrial neñrane' Hldt

ener¡gy phosphate ls normally reryired to nalntain tlre permeablllty of

this neabrân€¡ Glucose is belLeved to b€ transported through a blo-

loglcal nenbrane by conbinatlon wlth a ænbrane carrler and phlorlzln

may tnhlbit at t}tis site. Añ actLve car¡ier has already been pstulated

fo¡ calcLun transport so that an analogous slt¡¡atlon nay srell exlst whfch

could partly erplaln the lnhlbltisn obse¡ved wlth phlorizln" Bosenberg

and Ulllbrandt (f957) vlsualise phlorlzXn as a steæld analognre, blndlng
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a ñräne carrler tlrrough raetal chetatlon or hl$rogen bondlng"

Detuca and Engstron (fg6f) have ¡ecently prbtLshed obsenra-

tions on calclum uptake in kîdney nftochondria,' The presence of ATP¡

nagneslun lons and an oxl.dlsable substrate âre nacessary for ttrls process

wtrlch does not appea¡ to be under the lnftuence of vltanln D. AttJrough

ATP ls rec¡riredr lnhlbltor studlas sugçested tttat the pnocess was not

dlrectly dependent on oxfdative phsphorylatlon nor the operatlon of

the entire eleetron chain,

These findtngs are interestlng in ttre fÍût of ttre er¡ldø¡rcs

available fron these present lnvestlgatlons, If tbe levels of ATF a¡e

altered under rachltic condltlons then the presence of v1t¡nl¡ D nay be

an lnportant facto¡ ln contr¡olltng the cellular level of ATP. The enz¡aa

adenoslne triphosphatase may also play an lnport¿nt role ln vler of the

rnore recent obse¡vatlons on the mechanlsm of sod!.um transport (Wnfttan

and Wheeler, 1961).

It would appear from these present studles that actlve tranaport

under anaerobic condl.tlor:, ln the absence of glucose, ls dependent upon

the oxldation of endogenous subst¡atEs. fÍhen the level of these suh

steates ls redueedr as ln starvatlonr the calcl,rm transport ln tt¡e presence

of added glucose ls also reduced.

The present investlgatlons ¡rith chicks strorrgly supports the

concluslon that a metabollcally actlve mernbrane ls requlred for calclrm

transport. It ls not posolble wlth the data evallable to descrlbc ln

dctall the mechanlsn of thls process. As potnted out by Taggart (f.ñg),

tt¡e demnst¡ation that a transport mechanls¡t can be lnhibtted by uru

favourable netabollc condltl,ons such ås anaetoblosts or selectlve enzyæ
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lnhtbltlon¡ provldes only suggestlve evldence of tire actlve nah¡re of

the t¡ansport. The aalntenance of cellulat gt$rcù¡¡e is also dependent

upon contlnuous rctabolic aetlvity arrú subtle changes fn the m€nbrane

stn¡cturer for exampler could ædlfy dlffusion pmcesses as well as

actlve transport.

ft would appear ltkely that calclun transport lgl!¡g can

occr¡r eif:her by actlve transport or dlfft¡slon. Horever¡ condltlons fn

the snâll lntesttner under normal dtetary status, would seen unfavor¡rable

to the presence of htgh concentratlons of calciun ln solutlon and calcl,¡¡n

uptale by dLffuslon mrst therefore be a very slev process. A nechanlsn

tùat rapidly mves tÌ¡e small amunt of calclun ion across ttre ¡nemb¡ane

ryould allow furtt¡er dlssoclation of t*re sparingly sohrble calclrm salts

to take ptace and tùus lead to a nore rapld uptake of calclun. Hence¡

tlrls may be why ttre vltamln D active transport ¡¡echanlsm ls necessary

for the transport of thls snall lon,

Rsbe¡tson (tO6O¡ has posùrlated a general schene to explain

the active transport of lons. He belleves that the drlvlng force behlnd

the mvenent of ions is the separatlon of a posltlne and negatlve charge.

The electron s.o separated ls thn¡s free to aove through an array of,

elect¡on carrferE present ln a llpofdal menbrâñê¡ A stn¡ctr¡re sueh as

nltochond¡ia has been shotn to be hypothettcally sultable for the

separation of, the charges.

liuch of the evidence lnpllcating oxidativa phosphorylatlon

ln an active transport mechanfsa stcms from lrùrlbltor studl.es wltà

2rHlnlt¡ophenol, As pointed out by Robertson, trowener, such evldence

does not neeessarlly prove thåt, ATP formed ln oxldative phosphorylatlon
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ls an lnte¡oedlate in tihe process of transport. Añ alternatlve

explanatlon could be tJrat the separatlon of chargcs and t{re fo¡aatlon

of ATF nay be separate steps whlch¡ indlvldually¡ nay or nay not be

tnhlbtted by 2r4dinitrophenol. This possfblltty mayr thereforet

accq.¡nt for actlye calclum transport stlll tahing plaoe across chlck

snall lntestine in the presence of 2r44lnltnophenol.

To enable transport of lons to take placer Robertson vlsuallses

a car¡ier capable of revergible oxldatlon and rductlon ln a llpoldal

nernbrane. The propertles of tt¡ls compound are irportantr for not only

ls it necessary fo¡ the car¡ler to complex wlth the ton but it, u¡st also

be capable of releasing thl.e fon on the slde of the neûrane through

whlch lts efflux ls slw relatlve to its influx by actlve transport.

Coúlnatlon of the lon wlth a car¡ler ryould thus allow novement of

the lon actross a lipoldal menbrane which was paeviously lmperneable

to trhe flee l,on. Spectflclty of transpert nnay also be erplalned ln

ttrts hypottresls as a carrler ln a non-acfueous membrane would have a

dlfferent affinlty for a dlfferent Lon.

Iltchell (føf) ln an extension of Robertson's hypotlreslst

has proposed a coupllng of phosphorylation to electron and hydrogen

transfer by a chenl-osmtic type of nechanisa. Thls worker also

vtsualfses a coryund present lnside the cell eapable of accepting or

donatlng electrons which¡ ln conblnatton wlth a reve¡slble adenoslne

trtpbosphatase systenr çan transport ions In elther dlrectlon.

On the basls of these ldeasr a tentatlve scheme rnay be po6t-

ulated for actlve calclun transportactross chfck anall intestine. The

accum¡lated evidence from studies ln this ttresis suggests f:Ìrat, provlded



ttt
the¡e ls present an oxldisable substrate capable of proùrcing energy

for the transport and an actlve canler compound, then calclun t¡aasfer

across the meú¡ane barriet ean proceed normally and may be demonstrated

in vivo or Åo_yå!trg. Although calclunr transport å!lå!¡g relles upon

energy fron glycolysÍs, nelther gtycolysis nor oxidative phosphorylatlon

are speclfically reqrired fot t¡ansport under physlologlcal condltlons.

As suggested by Del¡ca and Engstron (fgóf), lt may well be that only a

portlon of, the electron chatn is requlred. Fr¿n lnvestfgatlons reported

ln Chaptex 2¡ lt was concluded that the delay behreen glving vitanln Dt

treatrnent and the obse¡ved lqrovenent ln calclu¡o absorptlon could be

explained lf vttætn D, were being changed to a mre active foro.

Furthe¡ studtes outlined in Chapter 3; suggested that tÀe adrenal gland

was the site of thlE transfonnatlon.

Evidence presented ln thls chapter clearly st¡ars that calci.un

is transported as the result of an actlve p¡¡ocess. To ft¡lffl the

reqtrirements for such a uechaolsm the calclum car¡ier m¡st be lncorpor-

ated into the cell. meob¡ane. Further, ln acco¡dance with the hypotåesls

proposed by Êobertøon (fg60)¡ thls carrler n¡st also be capable of under-

going reverslble oxldatlon and reductlon and thus p€mit the calclun to

be complexed,

It ls postulated then that the follo¡ling steps are involved ln

the general scherne of calclum absorptlonr

(a) vftamfn Da ls changed in the adrenal gland to a form mre active ln

the transport of calcl.un

(b) active materlal 1s rapldly secreted from the adrenal gland and in-

corporated lnto tJre nn¡cosal membrane of tåe small intestine.
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(c! crlåatloa e¡rd rc&¡ctloo restlonc rltùln tþ ætrca¡ lrke eælgy

¡vallable fa¡ ft t¡anefor of, c¡lctu ard atso atlc fùc salcln

too to corylor with tlie Garrler.

(d) calc¡¡n lc treßsferrcd to the so¡os¡t curfEcç of tbc dreæ ûæG

speelflc ¡eactloos penft rslcace of tÌre ealclc åûü the ¡afurs lf
tàe earrle¡ te tbc tftc of e¡lelur uptake.

Tho fo¡¡atf.on ar¡û posolblc cb.creal n¿ture of an actLvs calcltn c¡rrler

l.¡ dl¡ens¡cd fi¡rths¡ ln üç follulng ehaptar.
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Eqtrn"
f. flrc tlrñÉporË of crlctrn ¡rcaûss tùr GnlI lotrcttüt rr¡ trurC

tD bG üâtdlrcctlon¡l- Tharr s¡s l!.ttle tuur+polt of crlgl¡m frq tå¡c

*rnes¡I tâ thG æet¡¡l *lrf¡ee ¡ûd rltstn Da-tlrrhtt dld not

effect thle ævcmr¡t,

2, Gelcl¡n rrc aot k¡¡fortod rt Os Ç ew¡r und€r tàa lnf,Iuqm

of vtt$,n D. It xa* ær¡ct&¡úd nrlllaly tür¡t çrlclrn trsrepqryt, rdcl
{ù¡c loftuence of tât+rln Ð3r r¡r tlu ¡r¡nlt of ¡ Ctffutloo Frost. r¡¡

¡ctttÞ traneport mcl¡arf,¡o res pc+ülrto<l*

3' lffirr ¡tarctlm cmdl,tlæ tr Ia tùc ùssrr of ¡dd¡d qùt¡rtor
tbe smt ef c¡leltr rccrnlat¡C tn tfu ¡r¡eret flutd rae prrtfully
t=ûlçod- Fro¡ tl¡t¡ qvldaaee¡ lt rr¡ colæl,rd.d th.t rndogæû¡ #
et^rate cur auppcrt ¡t lcost 6ñ of mn¡l c¡tcln trmsgort.

4. fu¡bctn dtd aot tttlblt úrysffit of c¡lcÍ¡ .fiF ã¡ psirtrt

dl¡t¡I eec¡ of rltrün Þ3-tse¡t¡d et¡icls. Thls otarry¡ttoa elgErctrd

tù¡t crlcka tr.nspo:t ra¡ fdepmacnÊ of thc r*odlu ¡rqr".
3n 6æu¡al mtahollc l¡üttblta¡t rcrc *tudld for tl¡rlr sffæt m

crlcltr trmopott fn Ët+a¡ Asercbtc co*rdltl€osr 2r&dldltrrpbmol

or c¡ældr (¡fâ I) AtC rnt corytatoly cttdnrto Êctlw syetcnt cf
c¡loltt. Iodoecot¡t+ urrdcr anææbû,e coudltloæ gcrrc fûre gtrsettst

trû¡tùltlon (8qñ). Fr!. ttu¡c sùdlao¡ tt res pooÞlrted tt¡t h
r¡Je¡ portlm of tha f¡.¡ü¡g Gærw for tåe ¡ctlvc trs¡¡fer of câlchü

rae bclag d¡rlüd f¡m rc¡ctrons ll*,ad to thc aryeolytlc c¡æh.

CIlÉdetlvr $eopùo¡yl¡tloa cotrld¡ hffi;Frt co*trlh¡tç to I roll ¡rtæt¡
6- tahlÞItlon of c¡lclu abcotptlm rre al¡o et¡úlrd ¡Ð¡[In.

2ra.dtnftaepbcnol¡ lodoeccÊato ryrd todo¡cctflde te¡r clthnrt rffcct,



ll{

fhlcrt¡la fütbltad tc r sr¡ll rat¡nt- Em!fl for tbr ¡û-üe
Èmrport of crlcl,rl tlnu apporrud ldcpendmt ol eltbr grl,palplr

or e¡ldetlvr phÐ¡pbot$etlor

"l- Lretlc ocld pæ*ent ln tl¡r ælL tatoctlar ræ r¡tlmt¡d r¡
r ¡c¡sr!ç of glycolytle cctlvlty. Yltdo Ðg dtd aot lac¡c¡c¡

Elpolyslc"
8. ïhärr r&s no lactcæc 1¡ rucelalc ffild¡cgtnrar ættvltf ¡r

ln tlrr AtO;l u¡lu cf nrglrûrrg ¿ttc*¡ of ¡ncll lnÈeetfnr fallrlng
vltdû D3-t¡gü¡t.

9. Chrlrtlm of c¡lcln rlth EÐÎl ùc¡ræcd tùs n¡at of srlcln
¡bocrbrd fru ûpdrnel foog* f¡_¡¿p. It r¡s täæght th¡t crl.cll
r¡r ulnrlly lr tl¡a tmle firrr tcr rbcorptl,oa.

1O. thc eryrrtmtål fltÉinnr rçsr dl¡a¡¡¡ed ln ¡rlrtloÊ tr th.
pñ*.úrt proporod thærf,e oü ætln tmnoport of iæs. 

^ 
t rt¡ttt

¡cho¡ hü btt pooürletrd to ¡ËGünt þS c¡letul trrupott tc¡loo

ttË q*¡I latrstfup tmdrr tba lnftuucr of vltd,¡¡ ll,



fæ
clffif{l

clstqlr {t¡¡ilÐ *tt#} fr sæd nF ¡qt i?¡ttt

F ññrrì rFlæ te rl¡nfF W sn *lrtll
.oß4n¡q ¡n €r¡Ð üpps rç

¡¡r 0eEr¡*r ¡r mnrmfrd ?l¡trr r¡ ¡rr¿

rcHilPCq¡ry

g TH¡trËI
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çutPrffi-g

¡WEru
A rnhßæ ræ Foãtúlrtd at tf¡c ond of Cl¡rptÉ 4 tÞ trdtc¡tr f¡tp

o& of ¡etlm of rl,tdn D, rnd tt¡e mcùr¡ús of cateftr t*uraportr

fh crlelr¡a ton res tbryht to cmbûno rltb r tltller Gipded acttwd
úor tt* æwìt of celelur ætüil¡ tlro r¡cosrt drðlo. flr t¡Þrï
ræ posürlrtrd fùrt tJu rstttç c¿lelrn surlsr cmld È. dårlTqËd frn ¡
p*¡¡nt crycnC en¡clr æ vttal,n Ðg by ts¡mþntlm of ttrl¡ wb¡tü6
ln thr e&cn¡f Cad.

Tfp cùrßlcrl nrtum rad puop¡ctl;e of tÀte propoccd crrttra¡
hrorürr ttll rcndn tÐ Þê dctftred. Brut srd ht¡ e,+rterra (R¡onf"

Lüqûfd6 Buun¡ Chogtn rtd Q¡eritlot"{l¡nt¡ t9ãa¡ 8*rn¡ l¡Eouteh ¡d
Rßrtr IgBÉt Aúùtr tçBd¡fÉ,br Êræa¡ Baaler åüd Gærlllot*{flnotr 19Sf

neailr t95Ë) lravu ¡cqr¡cd dcrlvatlËô of vttnûn D josmß61frq poteürt

antfud¡ltl,c pmperths. lìßy Ìr¡tc Cæl¿t¡rt¡d tûrct oo¡ of tàc¡r

Worlldst ltun ee krtonc2pgr am cùrl¡tc crlslr¡¡. Thc c¡lctun qr.*

pl*¡ co ffi w üe¡rd to pc*aet s mttrûåttte potwrcy tn tho €ld.d

øqrlrrlxrt to tb.t of vttnl.n Dr. fhk cqolad n¡ld åpFGür aùtrúfy
gültad fior lt¡r ¡olc of a cc¡lûæ @Far* *s lt te capebto of t¡rdægol$g

Eeto-æl ta¡t¡rutcnr tluc perdtùlrg c¡lclrn b b. tedtly æqteæd

and ælrr¡'ed.

Futtñ*r lctmstlg*tlaas oo the prrapretlon eld pnopcrtloe of
fcþnsæ üd lts c¡lelur r4l+r srt æFrttd tn Pf,rt t of tl¡1E Ghlptæ.

Fcttætq th *¡nt*rettc pl+plrrtlon tm cåotcctsal of r asleltÐ coçIg¡
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. nfirt of ttcËrffi *d ftutds *:æ esl¡red üer t{u pærrnæ rt ntcrt¡l
ætlæ la l,¡ere¡atng tlh kæsfü3 rf calefs" I.tæ|,¡l ræ crly cræ

¡ldc¡cd t¡€tlwt tf ft ettll,atd m ldfatr tryææt of salcl,rr

¡b¡rrptlcn ln th* ræhttto rhlú. Àttæts to lcûl¡tr tlåte rtæt¡l
or &¡cclåd ln F¡rt I rf täl¡ Cbpt a.
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TâELI.

THE AITEMPTED PBEPARATION OF KETObEæ0 AND THE CALCruH ENOLATE OF KEÏONE250

T{ATERIALS ÂND ETFþÍTS

P¡eparation of tetonel^ frorn cholesterol

-ag

The procedure folloured, with Gne exceptlon¡ was essentially

as descrlbed by Raoul et al. (f954), As florLdine XXS was not readlly

availabtel this catatyst was replaced by Fuller's earth whÍch was actlvated

by heatlng at 3OOa G for 2 hours. Cholesterol (tO s.) was dissolvcd ln

4æ ûrl. of carbon tetrachlorlde and after the addltlon of 80 g. Fullerfs

eartt¡ the nlxùne ïras rcfluxed eontlnt¡ously for 5 to 6 hours untll the

nlxh¡¡e h¡rned black. The colour changes prevlously described by Bllls

(f920) we¡e obsen¡ed dr¡ring thls procedure.

After separatlng the Fullerrs earth by vacuum flltratlon tJrc

fllte¡ cake was washed several tlæs with carbon tetrachlorlde and then

allwed to stand for 15 nlnutes wltÌ¡ 5O ml. of dry peroxide-free ether"

stirrlng occaslona),ly during thls period. The orange*yellm ethe¡

extract was flltered and the extractlon and flltratlon cyele was repeated

several. ti.æs untll there was llttle colour appearl.ng in the ertract.

Flnally¡ the Fullerrs earth was rinsed once with 5O nl. of acetone and

thÍs washing was added to the pooled extracts.

The organlc solvent ¡vas ¡enoved in vacr¡o ln a flash-evaporator¡

keeplng tlre terperature below %o C. The rosidue was dissolved in carbon

tetrachlorlde ard chmmatographed on a column (tgO trû, X 25 rm.) of

neutral llfoelm alunlna deactlvated to B¡ocknann grade IV by the addltlon

* The cheml,cal nonenclatu¡e used during tltls preparatlon ls that of Raoul

et al. (fçS¿). This does lrot infer harever, tihat the products obtalned

are necessarlly ldentlcal to those obtained by ttre latter uror*."".
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cf rrtsr. Cø¡ttltmlr *aahlng rlth cuùor¡ totuachlorldc mrud r
Mgû¡fy eolc¡¡ed fractlq¡ rhilst * ham basrd ¡coalned adeorùGd to the

alunlna. ahßn tåô elu¡te beeæ colq¡¡tessr tho solvqrt ras ctrangnd

to tr¡¡e ethÉr¡ ild thé r¡* eluate lpfæed ôs st orflr(þrrèd llq¡td.

. ñê ctinr elucte reø rglla t^*cn to drytuaø rld rcdlssohild

ln a dxl¡¡¡e cf petrolern cthar (b.p. 400-600) and ctlrer (nt, v,hl.
Itr cqnude preerat ln tt¡lt drü¡re Ere s€FærtÆd ùt chræùogpùy
qt e col¡*r (lÐ n. X l5 m.) of noutral ïocl¡ afld'aÐ dractlvctcd to

E¡oclcrm grade II by tbå addttlon of *¡tc¡. On raohlrq tlle col¡m

wlth ttrc petrolcrn trnc*r - €f¡ff drùllc¡ ür oüstqÐ colq¡¡od substmæ

r.6 ¡ènov6d (8'), lÌ¡cr¡ thls solr¡cnt;ss srrpled *ltb ctl¡cr tt¡e rlu¿ta

rgnln eppcåæd olqû-sed la ælan (pr).

Aftar td,fng tlrr clu¡te ræariy to dtlnoeø, tlc p¡oúct (pc)

rte t¡q¡tcd wttå 5 eI" af Ëñ æthælle pctarelnc Srrrlde. tha dr-
ù¡rc rrae bolled for cr¡ctly t rùÊte on r r¡ta¡ bðth snd dtetlllcd w¡t¡rr

th6ù .dd.d te gfn a tot¡l nlæ of Iü rl. A ¡*llæ prectpltate trs

fo¡r¡d. Th¡ ¡llalln* hrydrulfEatc end thr pr¡cfpthto lcrr rr¡hcd r¡çtal
tl,æ* rltll ell¡ar !n a eopenaüqg ftrrnsf and tÌ¡sn rcldlflcd rttûr nrlptnrdc

acld uotll Juat ell$rtly ¡ctd ta lttr¡s, Ihe oq¡Gq¡e layar r&s ef-

trEctsd rlth 5O ¡1. sf cthcr ffÉ tñG cthcr s¡t¡rct r¡s resH oncc rltù
dlstlllcd rat¡s ¡nd thsr tdlen to drync*r ln vacrn,

The proùct t 8 dlo¡olucd ln pat¡olm atlp¡ rnd agsta chæ¡¡rtoF

g¡Sn¿ ør¡ s colr¡r (1SO n. X lO r-) of flocln ¡ltdn¡ dcætlr-ìÐtrd þ
groern gr.ds II úy tt¡e ¡ddttJon of rrt*r. Tln fr¡ctlon ¡dso¡ùcd cn

tlæ coltrl r¡s resÌ¡ed rlth petlelcr¡ etl¡cr arrú flnalty rlutad rltû¡ s

clrþre of petrvlçn ethcr srd cther (tr9, v/vl. fhen tl¡to rlurtt *as
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taken to dryness the pæduct obtalned uras an otange-brdrn wa¡ry naterlal

(ketone*o). The average yield of oaterlal was % q.

Prepgcatton of the calElut conplex of ketone2'O (co+ound 8a)

The etl¡er ert¡act contalning cenpound Pc was taken to dryness

ln a flash evaporator and tùe ¡esldue (ts0 mg.) was bolfed for I nl¡n¡te

rittr 5 aI. of 5S æthanollc potasstun hydroxlde. Ttrls alxü¡te was

dituted to 10O al. wfth a solutlon contalnlng 20 ng. ealclun and Ð ¡tc.

C"45 
"n¿ 

tlren allq*ed tÐ ertract lnte tOO nl. of peroxldc-f¡ee ethc¡ ovet

a period ol 24 bours. Th,ê cthar layer was renowd and evaporated to

dryness Ln vacuo. The residue (æ nE.) was ¡edlssolved.ln a kns¡n.

wlune of ett¡er and {lhe cJ5 present wag estlnatad by sctnt!.llat!,on

countlng.

Bloloalcal assav of actíve materlal

Rachltls chlchs were dosed orally wlf:Ìr conpound I, dlssolved

ln atachls oll 16 hours before preparlng l{t vtvo laolated duodenal leops

(Uettro¿ n). Each chlck recelvcd 2 mg. bf thts eoopound. Radfoactlvlty

in the plasraa wês neasured by an End¡rtndow greiger cotrnter (p Zl (a) f ).
Snectroohotonetríc åssav

Ihe IR spectrr w6¡.f recorded on a double-beam rccording

spectrophotoneter, This work was carrted out by llr. A.L. lt{orltz of

{*re Departraent of Organic Chentsþy, Unlverslty of Adel.e1de. Absorptton

ln tåe UV range was deterslned wlth a Shlnadzu reeording spectrophotoneter.
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EEg!¿t¡s,

the yleld of ketone2'O was poorr being less tt¡an O.95.

AltJrough tlris conpound was prepared six tluesr the maxis,¡¡a amunt of

naterfal obt¿lned from any single preparatløn using l0 g. of cholestarol

was 5O q. The substlù¡tlon of the Fuller's earth for florldine XXS nay

posslbly account for these results. flhen the IR spectrrrn of the kotone,'Ua

was eræined¡ an absorptlon band of hlgh tntenslty was seen tn tÀe raglon

5.? - 5.8 ¡r. which suggested the presence of, a carùonyl grouptng (Ftçrrr g0).

Defomatlons due to ffi and .C[l¡ fr*qtencles h¡er€ prronlnant ln the reglons

2.9[. and 3.4p. respeetlve]y. Ibe IR speetnrn ;as strlklnEly slallar to
ttrat reported by Raoul (f eOa¡.

An attcqt ras also ¡nade to ldentlfy the product fron its absorp-

tlon ln the W range. The produet was dlssolved ln absolute ettranol and

lts absorption determined f¡on 23O Ep. tô 3N +t. fhere rås rþ lndlcatloa

of strong absorptlon at 25O qr whtch Raot¡I (f968) prcvlously observed wlth

ketone*'. Fu¡tl¡err the product appeared extremly lablle under these

eondltf,ons. The lnitlal W absorptlon spectnra of thls coryound Gould

r¡ot be reproduced once the solutlon had been brtefly erposed to the bcan

of tIV ffght ln the epectrophotoæter (Ftgurc 3l).
The senlca¡bazone and 2r4-dlnltrophenol hydraaone could *t I

preparedr contrary to tùe clalns madc by Raoul ¿nd his co-.rorke¡s whe

have prt fo¡sard apparently convinclng chenical evidence ln support of

tln proposed conpound. As the substance f.solated was cortalnly not prrc¡

an eleæntary anatysls of the product was not obtained.,

hrlng the preparatlon of campund 83r tl¡e addltlon of Ca45

inst€ad of Ca4O to ttre reactlon aixù.¡¡e føllæing allallns hydrolysts



FtrGURE 30. Infrr-rcd spcctnrrn of ketonar'O. The ¡nrtc¡irl we rnrlyscd as r nuJol null uslng

¡ NaCl prtsm ¡t 2óo C.
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EIGURE,3l. Ultr¡-vlolet spectnrm of ketone25g (in ethenol). The conrplete llne ls the lnltlal
spectrum¡ and thc broken llne indlcates a re6c¡n of thü ó¡me m¡terlal after one exposure of the

solutlon ln the spactrophotometer to W llght.
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pævlded a mear¡s of dercnstratlng the fo¡roatlon of a calclum conpler.

llhen an cther extract was nade of the orlglnal hydrolysate whlch con-

tatned I ¡rc" per rng. calclum, tlte amount of radloactlvlty egtlmted ln

thls extract was 45rOOO c,p.m./nl. After applytng the necessary back-

g$rundr quenchlng and cfflciency co¡rectlonsr the total counts per ralrnrte

at 100Ë afflclency ptesent ln tlre extract were 556120O. As I pc. ls

eçrlvalen t þë 2.2 X tO-6 d!.sintegratlons per ninr.rte at lffiË efflclency¡

lt ls evl,dent fr,um t'Ìre data availeble tåat the extract contalned 0.25 pc.

C"45 "t ffi 1tg. calclum ln a tctal weight of 9O q. naterlal" Under

slnÍlar cotd!.tlonsr except fo¡ tlhe absen€e of any clplesterol derlvatlve,

rp radloactlvtty was detected ln the ethe¡ extract.

The W spectnrn of this eonpound (er) ras also deteml.ned.

In tlrls caee lt was first n€csssary to lnltlally extract trhe alkallne

hn$rolysate wlth ether to remve any unhydrolysed Pc. Such a procedure

ls practlcablc as Pc ls rapldly taken up by etlrer whereas Raoul and hls

colleagues (fg¿) have shown that the calclura complcx 1s only slæly

extracted lato ether. there was no evldence of stronç absorptlon at 265 qr

ln etherr as previcusly desclbed for thls comp;ound. A peak was obsc¡r¡ed

at 232 qr (f fgnrre 32).

Th€ IR spectnrm sf {*¡1s c¡mpound ls reproduced in Flgure 33.

ilhen conpared with ttre IR spectnm obsenred with keton"2b' (f tgt¡re 3O),

the spectn¡m st¡ms tlrat the carùonyl grouplng, previously mted ln thE

¡egioo 5.7 - 5.8 p. has shlfted to 5¿8 - 6.0 p¡ and ls also reô¡ced ln

tntensit'y (coryaratlvely only) ¡ [hen tested fo¡ Its' abf f iry to lncrease

salclr¡¡ absorptlon ln chiclss, tlrere was nû evldence to suggest ü¡at

c,onpound 8a was actlve ln thls regarrl- Tablc 24 showa that there ur.rs



FIGUIìE 32. Ul tra-violet spectrum of l:he calcium complex of lietonc25O (ì.n ether) .
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IÆPÊ OF RÁG{ITIC CIIICIB

ll¡e calcit¡l coryIex ra¿ Clscolrred fn a¡achle o.:tl and r¡chitlc chtclc

æeclrcd 2 q. by etmacù fi¡be 16 btrr¡ prlor to tntwô¡c,lng Ca€Ct,

lato the loop. Plasm c.'fs lwel¡ ú6ü0 ærsurcd ¡fbes preparlng tsolatÊd

&aden¡l toopr IE_iÍJg. E¡eh ralue tc ttr¿ æ¡n of 4 b,t,¡ds.

?¡c¡trcot ce€ e.p.r. f rd/rl.
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no tncrease ln trhe lcvel of plasm Ca45 above the rachltlc control

value ln the gmup recelving oral treat¡nent wlth the calclun corylex.



L?fà

PARÎ II

â¡û EXå!,IINATIOI{ OF \TARIOIF TISSUES A¡'¡D FLUI$ FOR THE PRESE}GE OF ACTIVE

CARRIER HATERIAL

Kodlcek and hls colleagÈ¡es have re€ently lnvestlgated tJtc

pattern nf cl4-tabelted vltanln D ætabolisn ln the rat (Kodlcek, 1F6 a¡

-Kodfgek, 
1960), Thè data obtalned folløving the glvlng of an oraL dosa

of I mg. Cl4-t"b.lled vltântn D, to ¡achltlc rats lndteated t'hat¡ of the

totål radloactLvlty recovered, ?0,9Ë was ln the foro of breakddrn pro-

'ducts and only 3O.3ñ vras âssoclated wtt'h vltamln Dr. A sl¡llar pattern

of dlstrltnrtfon could also be demonstrated wtth nrch srealler doses of

vitamln D (10 F9.).

tlore lnterestlng¡ horever, was the relatlonshlp of t1¡re wlth

the dlstrfbutlon of the vitanin ln ttre tlssues follorlng lts adnln-

fst¡at!,on intravenously. Iable 25 reproduces EoEe results obtalned by

Kodtcek¡ Cn¡ickshank and Ashby (f g60). Very llttle of tlre vita¡¡ln

appeared ln tÌ¡e adrenal gl.and, contrary to a recent report by Raoul and

C'ounelle (fçg8). fllthln 20 nlnutes the naJor portlon of tihe dose

aco¡m¡lat¡d ln the liver and even afte¡ 5 hours the liver stlll ¡etaincd

one half of ttre dose. A eonslde¡able amunt of radloactlve rsaterlal

belleved to b€ vltæin D assoclated urlth serum protelns (Innes Chalk

and Kodlcekr 19óO)¡ continued to reaaln ln clrculation'

Blte nay also play an lmpo¡tant part ln the netabollsn of

vltanin D as lt mây be involved ln the abaorptlon ard re-excretion of

the vitanln ln mamals (Greaves and Schnldt, 1933¡ 1934 a, b¡ Taylor¡

$feld and Sykes, 1932¡ 19353 Helmann¡ 1937 b). Kodlcef (f gõ6 a) tras

also suggested that the vlta¡fn D breakdown products found in the faecea



Ir#¿ 2ã

&rp-Ë.t:tp

(ncpnoæe¡¿ fruo tùG dat¡ of Kodtstlr C¡¡tclttwrf, lrd lchÞyt 1960)
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originate fron the liver and that tl¡ese products are th€n exereted

through the blle. These lntærestlng obsenratlons suggested that an

examlnatlon of the varlous tlsst¡es and fluids afte¡ vl.tanin Da admln-

istratlon to chlcks mlght assist ln tle isolation and ldentificatlon

of active carrler material,

BITE

Irlaterials and methods

Blle was obtained from the gall-bladders of freshly kllled rachltic ar¡d

vitanln Da-treated chicks. The chicks ¡vhtch had been t¡eated wlth

vltani.n DU recelved an oral dose of lO0rm0 f ,U. vitarufn Da over a period

of 4 days. Blle from these birds has been deslgnated 'nornalr blle,

wh!.Ist bile fron the ¡achitic chicks wlLl be referred to as trachltlct

blle. Isolated duodenal loops were plepared from both rachitic and

vitamln D¡treated (foo I.lJ. - t6 hours) chlcks (ueü¡oa e). The influence

of bile on calclun absorptlon was obseryed in rachltic chicks only, the

vitanin Da-treated Eiroup serving as controls to estimate tJre extent of

calclun absorptlon due to the presence of blle.

An aq.reous solutlon (0.5 nl.) contalnlng 4.0 rq g"40r B.O pe.

C"45 and 0.1 nrl. blle was inserted lnto tire llgated duodenal segmnt.

In place of tJre blle solutionr rachitlc and vftanln Da-treated control

gtoups reeeived tfre Ca4SGl, test solutlon containing 0.1 ol" saline

(o.9ñ). Calclun absorptf.on was measured by follurlng plasm" C.45 levals

at varylng tine intervals. Prepared plasma samples were then counted

uslng a thin end+lndoryr gelger tub€ (P n (a) I).

Results

Flgure 34 presents the reaults of tt¡i.s exper5.ænt. Bile stfn¡lated an
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EtIe r¡s omårËÉd flon r¡cH,ttc cùlçt¡ (netttte brlo) ud fræ ctl*e
doscd irylt ¡ pßrlod of 4 dtrys rltù l@¡(m rJt, vltrdn D, {mel
biltc). cs€ ras HeurGd ln plaror nftm pæprrfag dr¡ode¡¡l loope

l4,,!{flg. O.l rl- of tùa nepcctlra btlc *olr¡tica togsthcr d.tb 0*4 nlc

Ca%f, ¡otutlon rao faeastçd lnto tbo p¡çprled loopr frutrols cûû-

deted cf rast¡ltle æd vttdn Dg*trì6ätd chlctÉ rln a¡cstwd O.¡. .¡"
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Lncrease in clrculatfng plasma calcfun above tùe Leval of the rachltlc

cont¡ol gnoup. The lncrease, høeyer, was not as mr*ed as the effeet

obse¡vcd after vltantn D¡treatnent. rRaehttict btle was eqrally aa

effectlve as Inormalf bile 1n promotlng ealclrrn absorptl.on.

Materials and ¡rethods

Ëlght<reek old cockerels which had been ralsed from bl¡th sn a diet

adequately supplemented with vLtanln Dar were obtained f¡oin a local

hatchery" These bi¡ds were heavlty dosed wit}r vttarnin Da (IOOTOOO I"U.)

ove¡. ô perlod of 3 days befo¡e remving bllc f,rom the gall-bladders.

The blle ryas lmedlately poured lnto 5O nl- of a mixtr¡re of botli.ng

etåanol and etihe¡ (trl, v/v). Tha preclpitate nas removed, washed once

rltù the s¿¡¡e solvent and the combtned extracts rere then taken to dryness

ln vacrp. Flnally¡ the resldue was redissolved ln 3.0 nl. of propylene

glyeol wlth gentle warmlng.

The s¡at€rial obtalned waE tested for i.ts bloloEilcal potency ln

promttng calclun absorptlon ln rachltlc chlcks. One hour after adnln-

lstertnE the extract by lnt¡aea¡dlal lnJectlon to raehltlc chlcks, ln vlw
d¡¡odenal loops urere prìepared (method A) ¡ and calclun absorptlon was

sù¡died by foltøring the level of plasna c*45. samples of prasma werv

counted as prevlously descrlbed (P Z7 (a) 1).

Results

No lnereasE in circulatlng C"45 was obserîed ln the ¡act¡ltlc chtckE

recelvtng the blle extract as conpared to tÌ¡eir rachitic controls (taUle Z6).
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Cr4¡ Ë8 rêffiuüd ln pl,æ ¡ftcr pcgpatlrü tr vrm trcl¡ted ùadr¡r¡f

loep* of r¡c,httls ryrd çltdn D3-tsüo$ cilctr (lfthod Â), O,g d.
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ttn ttgrtrd læpo or archtÈls bû¡&. Gont¡ots r*rr gtwr o.5 rl-
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â grurp of reatlt.lc tñú,È¡ epprodlrtrfy õ dryo old re¡r üæd o'rrlly

rlth 7r0ü' tr,U. ültüln D* æer r pæled of I d- Ih. ùil,rü wr
Hlléd by reærr!.ry blæd frn tt¡ br.rt, u¡ltrg e hçrtntrrd syrtngr*

fhs bfæd r¡o ln¡dl,rtely eæt¡tûryd md tåe plenm pootrd md *tomd

rt f C uttl rrçrt¡¡d. ¡&flln ùerrf bopr rrmc anrprrrd ta

rrcütlc cû¡lctc ütrtH À) rn¿ ðah blrd rnstrrud dhcatly trrto ür
Itgntd oognmt O.5 úl* plrm plrr O'25 rl. of ¡ ealgtlqr mtelnlry
4.O ry¿ Cc4l ed 8.O pc. tr€. fl¡cùtttt sontælc Ëtr] gflwr o.23 rl,
of tlp c#3cf, eolutdon üd 0.å d, seltü (o.fËlr At gtwr tln
lntcwrler ttphñ of btmd wç*¡ wnd snd tùG rsdfoåcttìdtt 1û tàr

gtæro w¡* n¡s¡r*d (P f:'f (r) t).
Êcstts

It 1¡ widüt fn tho rr*¡¡lt* nmrrlt¡d !n Trbl¡ * tfut pl¡cu ôtslârd-

f¡n fÛt* rrftdn Ðg-tñDat¡d úfrttcl,s dld mt f+fon älçlür aborptlm úrrE

tæt¡d ta nehltl'c tùtrùs.

r¡ffB

. Tlutl
hln æ{, old coctrr*lt mn oü¡fnod f¡n a locrl püf$t fora" Îb¡t
blr& h¡d ¡cc¡lvçd r dfçt rdeçntsty ¡rryIrcntd rttà ïtt ill,n Da rlm
brtctltrgr Ihç bl¡ds w¡o lllledr tÅr tl.næ r¡alscd md ldtetdy
étffcd m m lcc+old pçtrt úlrh. åftff øtttrq tnto erúl plæra¡ r
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potency of ext¡acts Ar B and C prepared as above was determlned by

sùrdying calcLun absorption from in vivo dr¡odenal loops of rachltlc

chfcks (Uetnoa E). Groups of chicks received O.L5 El. of the approp-

rlate extract by intracardial lnjectlon I hour before tt¡e calclum test.

Rachitic and vÍta¡¡ln Dytreated control groups were given 0,15 nl.
propylene glycol In a slmilar nanner. The absorptton of calcluu was

follored by neasurlng the amunt of radloactlvity present ln the plasm

after inserting the test dose of c"a%f, lnto the loop. c"45 lo plasrna

was taeasured as described earlÍer (p Zz (.) f).
Results

The experlnental flndlngs are suffltr¿rrlsed 1n Table 27" Follalrrlng ove!-

nlght treatment wlttr vitanin D3r thera was a ma¡ked incrcase ln clrculat-

lng calciuo ln coàparison to the rachltie controls. Extract A, whlch

mlght have been expected to give a posttlve response lf active earrl.e¡

naterial were presentr dld not stim¡late an increased uptake of calell.tn.

Llkarise, plasma levels of Ca45 from rachttlc chlcks recelving ertracts

B and C sho¡ned no sÍgniflcant lnc¡ease above the original rashitlc value.

ADRENAT GI.A}¡D

rachltlc chlcks

Materlals and metl¡ods

Preparation of an adrenal extract. Three ùrelve*eek old

white leghorn cockerels obtalned from a locar hatchery were heaviry

dosed with vitarnln Da ( roorooo r.u.) over a perlod of 5 days. The

blrds were then kllledr bottr adrenal glands erclsed and lmedlately

imae¡sed ln 3.0 ml. ice-cold propylene glycol, Using a Potter-:ElveJlrem
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teflon homogeniser the tissue was homgenised for 3 nd.nutes at oo c.
The hoaogenate ¡vas t¡ansferred to chllled centrif,uge ürbes and {*¡e

debris removed by centrifugatlon at 801430 x g. for 15 nlnutes at oo c,
usLng a spinco refrigrerated centrlfuge (model L¡ rotor No. 40-2). The

supernatant was used ln the bl,ological assay descrlbed belor.

The aeÌ,lvitv of an aÊrenal extract ln ¡achltis chicLs. Of the

supernatant prepared as above, O.2 nlo wÍle lnJeeted lntracardially lnta

rachltlc chlcks I hour prf.or to tåe calclun test. In vivp dr¡odenal

toops were prepared and the caa%I, test solutlon placed ln the llgatcd

segments (meUroa A). Ât Eiven tlne lntertrals, blood was wlthdrawn and

plasma sanples prepared in tlre usual manner (n ZZ ¡¿¡ t). Bstt¡ a

rachltlc and a vltanln Da gretrp were lncluded ln the experiænt¡ eaeh

chick recelving 0.2 nl" propylene glycol i,n place of the adrenal ext¡act

ln the mannel descrlbed above.

Results

$[hen a cn¡de ad¡enal ertraet was inJected lntracardlally lnto rachitlc
chlcks there was no lndicatlon t'hat such a preparatf,on ssuld lmprove

caLciun absorption wftl¡in r hour of lts adnlnistratlon. The data

presented ln Table 26 shows that there has been ¡n inc¡ease above the

rachttlc level ln etrculating C"4ã f-ottorlng ttre giving of the extract"

Under the lnfluence of vltanln Da horever, the amount of radloactivity

cireulattng ln the plasma has increased approxinately flve*fold.

INTESTINÊ

Materials and methods

Extractlon with ether. ¿d gtoup of rachftlc chtcks was ginen
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ar¡ oral dose of IOr00O LU. vltanln D, on ùrs consecutive nlghts prlor

to the experinent. I¡-yigg duodenal loops fro¡o both rachltlc chlcks

and the vitanin Da-treated group were then prepared and perfused nlth

c"asCt, as descrfbed earller (uethod B). After 15 nlm¡tes, the per

fuslon apparatus and loops çere drained of all fluld. The tissue nas

eut into snall pleces and qulckly lunersed lnto a flask contalning lce-

cold et!¡er. ¡{fter overnlght extractlon at -160 C t}re ether extract was

washed ùvlce wlth distllled water and then taken to dryness in vacuo.

The ¡esidue wes redissolved ln 1,.0 ml. chlsrofsrm and O.2 nl. allquots

were spread on I cr"2. alu¡nlnlun planchets and allouved to dry under an

infra-red drylng laqp. Radloactfvtty ln the sarnplês was dete¡mlned

usi.ng ¡rend-¡ulndov gelger counter, Sanples of plasma obtained at tlhe

conpletlon of the perfuslon we¡e also countad ln tùe satre Bunner to

ascertain the effect of the vltad,n treatnent.

(") E¡gg¡e![gg. Everted gut sacis prepared frorn rachttlc and vltaaln

D¡treated chlcks (IOO I.U. - 1ó hours) were lncubatad 1n the pr€sencð

of ca45c1, as descrlbed earl,le¡ (¡¡tethod Ê). After I hour, the loops

eterÊ reæved, rtnsed once wtth physlologlcal sallne and the tf ssue was

tùen placed ln a f¡eeze-drying apparatrrs untll dry. The tlscuo waË

remved" finely Eround ln a pestle and mrtar¡ and tåen stored at 40 G¡

in a destscator contalnlng sulphurtc acld, ln the darh ¡¡ntil requlred.

(b) Perchlorlc acld extract. l0 ry. d¡1ed tfssue fron vitanin D¡treated

chicks was dlgested with l-0 nl. 0.5 ¡ù perchlorfc acid at ?Oo C for Z

hours. The resldue $ras re¡scrved by centrlfugatlon at 2¡OOO X g. for

l0 minutas. Radloactlvlty in tire supernatant uras neasured by scintill-
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atlon countl.ng.

(c) SEpEfe-EËÞEg.

(f ) Preparatton, 200 ng. tlssue from vltaoin D¡treated

chicksr suspended in 9.o nI. water, was digestcd w!.ttr l.o nl. papaln

(n ry./nl. 1n qo3 M cystelne) at ?Oo C for 2 hours and the supernatant

ll.quid was retalnd for furthe¡ shrdy. . 
protein ln a portion of ttre

supernatant was preelpltated by the addltlon of an equal volræ of 0.5 N

perchlorlc acid¡ and the radioactlvlty in the acld oxtract was deteralned

by sclntlllatlon counttng.

(rr) urtraftlt¡atlon of the papa!.n dlgest, A saall. portlon

of the supernatant prepared as above was passed ttrrough e/se vtsntng

t'ubing 1n Yacuo. The radloacttvlty ln the ultrafiltrata was r¡easured

by scintillatlon counting. The sarnple was added directly to the

sclntlllator phosphor csntalned ln the counting vessel.

(itf) An ether extract of the papaln dlgest ultraflltrat€.
An eçaL voluæ of ether was added to a saall portlon of the ultra-
flltrate" The mfxùrre was atlored to stand fot 24 hour9, and ttren

separated. c"45, extracted into üre ettrerlal layer, was measured by

sclntll lation countlng.

Results

-
As lndlcated ln Table 28, oa45 ¡ras detected in small arcunts

ín the residue obtalned from both groups. Sllghtly less radioactive

igatertal was extracted fron tlre lntestine of the vltanln Da-treated

chicls as coqpôred to the rachltic group, suggestlng ttrat the aaounts

of, extractable rnaterlal were not influenced by vltaaln D, treatnent.

That vitanln Da has been effectlve in pronoting calcfun absorptlon

during the 1.5 nlnuta perfuslon is dermnstrated from tt¡e increased plasaa
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Dpdenal loops f¡sû ¡¡€httts ar'd vttd'n D*-troatcd (100 r'u' - I'6 ¡lcffi)

eJrlctrs rÊre pcrftsad $Âélg rftfr Ce1%f, (nctUoa B) for t5 drx¡tos.

C.45 ,." tàc¡r estl¡6têd tn placne es a rGaÉu¡r of, tlu Influcncc of üre

vtt¡dn D3-tü¡et[Ê¡t ør ealclrn abaerptlon. fhe intestlns ras crtËact;êd

fo¡ ¡ercraf tmrs rlth etlrar atrd ft t¡tr¡ct erreporated to 4tanoas.

Ca€ r¡e æ¿nurd ln ttre othar æølô¡c. Erøh valr¡c Ls the rsn of 3

bÊ.rdt.

Caß c.p.r. x lo€fal.T¡ea&t¡t
Fleasa IntcsttnåÌ rxb¡ct

Ë3

1.12

2.S

2.æ

1.50
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counts ln the treatæd group (taUle eB).

Table Ð sumarlses data obtalned during experlænts rlth a

preparatlon of freeze-drled intestine fron vitanfn Dr-treated chicks.

On the assuaptlon that perehlorlc acid t¡eatnent llberates all of the

tissue bound ealct,um, dlgestlon wi.tlr papaln released 5q# of the calclrn.

It would appeat also that the maJorlty of tlre calclun ll.berated duting

ttre lncubatlon was eitjrer lonlc calclun or was calelura bund to a lø
¡rclecula¡ welght materlal. Thls concluslon ls based on the rapid

escap€ tlæ (approxloately 50Ë tn 3O nlnutes) of the calcfu¡n fron the

dlalysis sac. Attænpts to extract the soluble calcfu.m into ether cr€ÌG

unsuccessful.

In recent investlgatLons, Woolley (fæe¡ and t{oolley and

Caapbefl (tg60) have demnstratsd tåat 1g!$¡E" in the absence of any

cells or cell partlcles¡ calclun oay become fat-soluble and aove througùr

a llptd phase. thls forrn of calclun transport requlred the presencc of

serotonln and a cnrde llptd ert¡aet which tloolley has sho¿n nay bc

ertracted from hog duodenal tissue. Froo these lnportant obsenrattons,

$foolley has postulated that serotonln can cosbine with a speclflc llpld
ln ttre cell æmbrane (serotonln-receptor) and that calctun can then be

complexed by tJlls serotonln-r€Geptôr conpound. The resulting eonpler

nhlch ls tåus rendered fat-soluble" ls free to dlffuse ac¡os6 tlhe nem-

brane. As a result of speciflc enz¡ole reactlons, the celclun could

tùen be ¡eleased at the new site.

Thls ¡enarkable denonstratlon of a fat-seluble calclum corylex

and the pro¡rosed mechanlsn for calcium transport ln a llpld phase, hae

rnany features ln coÉron wlth the hypothes!,s outllned ln chapter 4"
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Er¡ert¡d gnrt øacs fmn vltamtn Da-treatcd chtchs werc lncubated ln tttc

p¡es€ncs of Ce45Cl, (Uettrod E). Afte¡ I hour, thc sacs we¡e tercrrcd

and thê tlssue was f¡eozedrled, c"45 *"" extracted frm tha prrlParL

atlon wlttr 0.5 N perchlortc acld and tåe radloaetlvlty in tÌ¡e extract

was dete¡r¡lned. The Èlscue was also dlgcstçd wlth papatn (25 ng.r/nl.)

.rrd Ca45 ras neasu¡e¿ (a) ln a perchlorlc acld ertraet of t*tc superu

natant fron the påpatn digcst (¡) after ultraftltratlon of tùe dlgeøt

(c) tn an ethe¡ ert¡act of the ult¡afllt¡ate.

Trcatnent caÆ a.p.m./
ng. tlssuo

Ë efflck¡cy
of the tseatænt

Ferchtortc acld ert¡act

Papaln dlgest cupcmatant

Ultrafiltrate of papafn dtgest

Ether ertract of the t¡ltraflltrate

y2.82

46.0

34.6

r(þ

19.6

3?.3
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involvlng an actlve ealcium carrler. ft was tÀeref,ore lnportant to

exanine û¡ore clo6ely, ttre effect of serotsnln on calclun transport

and tn partlcular¡ the participatlon of vitanin Da tn such a seil'tonin-

receptor-calclun transport ¡nechanisn.

Materials and nethgde

preparatlon of serotonln-rçceptor. Cn¡de serotontn-receptor

materlal was prepared essentially as described by Tfoolley (fçgg).

Imedlately after death¡ duodenal and dlstal segrænts of small intestine

were exclsed from groups of rachitic and vltamln D¡treated birds" Each

gloup consisled of 4 chlcks. The segments were spllt longttudlnally

and then cut lnto pieces approxinateLy I cn2. and alì.owed to fall tnto

a nlxture of ether and absolute ethanof (Z¡Ir v^) kept at 0o G. For

each g. tlssue 15 nI. of solvent was usêd.

Durfng the ext¡actlon of the serotÐnin-receptor materlal¡ the

mlxture was sto¡ed at -160 G for 24 hours and was occaslonally shaken

during this perlod. The resldue was tùen separat'ed by ffltratlon ln

tàe cold, washed once ¡vith 50 r¡1. of solventn and tt¡e conblned solvent

extracts were taken to dryness ln a flash-evaporator with the temperature

belot 3Oo C. The materlal obtained was imedlately dlssolved ln a small

golume of a mlxture of, eçal parts of n-bq¡tanol-benzene.

ÆEELc For¡ratlon of the serotonin-receptor-calclun complex

was sarried out in a lO ml, graduated centrlfuge tube contalning 5.0 tal.

of benzene-br¡tanol ertract, 4.0 ml. of Ringers-calclu¡n solutlon and

O.I ml. of Ca45CL2(O.z¡tc. and 20 lrg. C"a5). The mixture was shaken

vlEorously for 5 minutes and then eentrlfuged at 2¡0@ X g. for l0 mlnutes

to separate the organic layer from traces of the aqueous phase. Samples
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of tJre organic phase were retalned to measura radloactivity present.

@n$gÞ Two sets of control ù¡bes were lncluded in lùe

experinent. Gontrols wlthout the addltion of rachltlc or vltamln D3-

treated extract to the calclum solutlon rneasured the amount of calclun

transferred to the benzene-butanol solvent ln the presence or abssnce

of se¡otonLn. Further control tr.¡bes which lacked serotonln but son-

talned the tissue extract¡ tested the abtllty of tåe extract to conblne

wltrtr calclun and form a fat-soluble complex.

Rinoers-calclua solution contained N#I (SOO mt.¡, KCt (¿2 ng.),

Natm3 (so ry.)1 glucose (so ng.), serotonrn (s-rryarory tryptanlne

c¡eattnine sulphate (2.5 q.), cJO (¿s mg.) and water to make IOO nl,

Estluratton of ca43. Radioactlvtty present ln the orEanic

phase was neasured by sclntfllatlon counttng. A sample of the axtract

was added dlrectly to the sclntlllator phosprhor contained ln the count-

ing vessel. As the benzene-butanol layer was highly colouredr quencÞ

lng neasureænts were canied out by the additlon sf a standard solutlon

of Ga45Cl, to the countlng fluld. The necessary qr¡enchlng correcttons

have boen taken Ínto conslderatlon ln the final evaluatlon.

Incubatlon of everÊed lntestinal sacs. Everted sacs of dtstal

stsall lntestlne w€re pr€pared fron rachltic and vltanin Dr-treated chlcks

(Uetf¡oA E). Incubatlon medium in the test flasks contained serotonf.n

(zs ¡rg./mt.). Accr¡m¡latlon of c"45 ln the serosal ftuid was neasured

after I hour and compared wlth data obtained fron sacs incubated under

sinllar conditlons but In the absence of any added serotonin. Radlo-

actlvlty was estimated by sclnttllatlon countÍng (P 27 (b) 1).
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Results

Table 3O demnstrates that calcirm nay be nade fat-soluble ln

tlre.presence of an ext¡act fron chick snall intestine. The formatlon

of t'his conplex does not appear to b€ Ender the lnfluence of vltanln

Da as there wâs rþ signlflcant variatlon ln the level of ¡adloactlvlty

using extracts from rachitlc or vltæln Dr-treatcd lntestlne. Fu¡the¡

the presence of Eerotonln In ttte inc¡¡batlon alxture dtd not inprove the

transfer of Ca45 fron the aqt¡eous to the organlc phase.

There was no transfer of ca45 ln the absence of tlssua

ert¡act whether serotonln was plesent or absent fron tho medlun. A

relatlvely greater aæunt of calclua was ttaneferred wlth extracts of

duodenal tlssue as co¡apared to distal tlssue. This would suggest

higher eoncentrattonc of tlhe receptor substance ln tt¡is reglon of, tl¡e

snall lntcstine.

Slmllar observatlons were nade when calclun transport was

stndled wlth &jåhg everted sacs (Tabte 3f ), Under the lnfluencc

of vttanln D3r tlrere was an tncreased accun¡latfon of C.45 ln the serosal

fluid. The addltlon of serotonin to the n¡cossl fluld dld not stlmlate

ft¡rtrher transport in ettler rachitlc o¡ vltaarln D¡treated preparatfonr.

On the contrary¡ the reEults suggest tl¡at there has been a sllght

lnhibttion of calclun mvenent ln the presence of eetotonfn.
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AND AN FXTRACT OF SUATL INTESTITÉ

Accr¡ulatfon of G.45 1r, a nlxtt¡re ef rh¡tanol and benzenc waE ueasu¡ud

afte¡ lncubatlon of a Rtngers Co4sCl, solutlan wlth scrotonln and a cell-
free cxtract of sæll lntestlne f¡oa eithcr raclritis o¡ vltanln D3-

treatad chlcls. Tlre ccll-free crtr¡ct rec Gontâlned ln tþe alxb¡¡e

of ¡rh¡tanol arùd b€nzeûe. Tlre addttion of, se¡otonin to tl¡e Rtngus

solutlen l¡ trullcatcd by a plsltlve elgn.

T¡aabnt ^4ãUa^
coprnr x. Lft/

Ortrglc of Se¡otor¡In
ttssr¡G

g¡ tlssuG

Dg

distal

d[stal

distal

dlstal

duodenat

duodenal

no extract

no extract

+

+

+

+

+

1.99

2.22

2"30

2.18

5.16

4.95

Dg

Dg
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Acm¡latlsn of Ga€ rss nas¡rcd tp tha s€Ec¡al fluld of cre¡ted

dlstal gut sace fæn raehltl,e ald vlt¡ntn Ðg-t¡eetcC chf,*s.

Sølrte'ala (æ pS,/¡Ì.) ras addsd tB thÊ r¡coeal fluld. Ba€ù veluç

rcplesørts tho æan af I bl,¡dc t otelrdard .r$ot of tt¡e lÉloe

Î¡cabant $crotsaln ."*:î.:Îx ro-3
sccrm¡lato{hn¡r

+

+

L.872 + O.23

r.429 ¡ O.5ó

6.120 I 0.5o

4.92ó Ê O.t)

Dg

Dg
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ÐISCI¡SSION

The lryortance of a ca¡¡iler coupor¡nd capable of conplerlng

calclum has been stressed fron prevlous conslderatlons on the node of

actlon of vit¿nln Da and the ¡¡echanlsm of calcltn transport. Using

as startlng rnaterial cholestemlr vltætn Drr vltamin D, or dlhydrotachy-

steral¡ Raoul and hls e¡-tyorkers (Raoul et al.¡ Ì954¡ Baron et al'¡

1955¡ Raoul et al,¡ 1956¡ Raoul, lg:tg) hava prepared a nur¡ber of

derlvatives, the rnost lnportant of whlch appcars to b€ a 9¡lÈseco-steroid

with hydroxy groups ln posltlons C, d Ctg of tihe orlginal mlecule'

Thls colopound nay be stablllsed ln the presence of calcit¡¡ to form a

llpld-soluble ealclum complex" Such a productr when tested for lts

antlrachltlc potcncy ln the rachitlc chiqkr gave a ¡esponse equfvalent

to that of vltamln Dr.

Conslderlng the lnportant properties of thls compoundn an

attempt was made to Lsolate a qranttty of this actlve materlal for

furtl¡er lnnestigatlons of !.ts actlons ln thc rachltlc chlek. When

cholesterol was t¡eated with Fulle¡rs earth the solour changes durlng

the ¡eaetion ar¡l the subsequent separation of the coaponents of the

r€actlon nlxture appeared to follqv the pattern descrlbed by RaouÌ of alç

(tæa¡ , There was, however, no confL¡raatlon that the flnal product

obtalned¡ Ín the absence of calcium, hras a compound of the proposed

stnrcb¡re of ketonerr., The IR spectrun suggested the presence of a

carbonyl grouplng, br¡t the W absorptlon at ãO qr whlch Raoul (fæg)

clalms to be characterlsttc for this compound was absent. If f:,t¡e ùro

compounds are ídentlcal, then it ls hard to lmagine hoi,v one Gârr €ucG6ss-

fully deteminc lts absorptlon ln the W reglon with such a lablle
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cogpound. There was no chemical evidence t-hat the conpound prepared

possessed a ketonlc functlonal grouping suggesting that tlre carbonyl

detected by IR m¡st be heavlly hindered.

Studles wlth the calclum conplex proved a little no¡e fn¡lt-

fu1. The formatlon of a fat-eoluble calclun conplex was denonstrated

á.5
by means of Ca*-. Thls ln itself ls a noterrorthy feat as calclus lons

alone d1d not penetrate lnto tlre organic phase. Agnln lt was dlfflcult

to compare the compound witlr the bl,ologlcally actlve Ealcluo conpler

prevlously reported by Raoul (fgãS). The IR spectnn of thls conpøun¿

strared tJrat the carbonyl absorptlon was reduced tn inteslty and that

there had been a slfght shlft 1n tlhe positlon of the maxinrn absorptlon.

If enollsatlon were îequlred befsra the calclun complex was fotnedr onc

would elpect tÐ flrd slgmlffcant changes 1n the spectrunr wlth m

evidence of a carbonyl greuping. ilhen given to rachltlc chlcksr tlrls

coAound gave no Indlcatlon of belng bloløgtcally actlve tn pæætLng

calcluo absorptlon f¡orn the Enall lntestlne.

Recent lnvestigatlons by huscher¡, tlrts and Daahne (fçS9)t

who have also been unsuccessful in preparlng ketonert'¡ cast soæ

doubt as to ttre authenticlty of the products obtained by Raoul and hls

colleagues. The former wor*ere lsolated a nuclber of dehydratlon prcducts

after florldlne treat¡nent of cholestsxol but 9nl0-seco-sterotds we¡e not

found. these products appeared as reslns wlth W absorptlon at 25O 4r.

and gave IR spectnrn slmllar to ketone*.. Vltamfn Da was also lsoüne¡lsed

lnto lso-tachysterol whtch was furthêr converted by atæsphert c oxldat!,on

to glve a conpourd absorbing at 25O np. and wlth a s!.allar IR spectnn to

that of ketone*O. However, the pûodt¡ct so forned dld not have tJ¡e
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propertles of a 3"lO dlol nor that of an o¡p-unsaturated ketone.

Kodlcek and Ashby (1960) fron an exaninatlon of bl.ologicalty

active fract!,ons f¡om rat tlssuesr were not able to detect the presence

of any ketone-. Desplte thls lack of collaborating evldence the

posslblllty of a change ln the vltanln D nolecule to a nore actlve forn

of the type proposed by Raoul presents an attractlve hypothesis. Sueh

a transformatlon would glve opporù¡nities of oxldatlon and reductlon or

of keto-enol tautonerism that would permlt the carrler to release its

calclua, for example, in the manner raqrlred in the theory of catlon

transport recently postulated by Robertson (tgóO).

Heynann (fggZ a) and uore recently Kodlcek (t96O¡ have st¡¡d!.ed

the dlst¡Ibt¡tlon of vf.tanln D ln various olgans and flulds of the body.

Observatlons from these experlnento suggested a basls fot furt"Ì¡er tn-

vestlgations on the natr^¡re of the naterial postulated as being required

fsr the aetlve transport of calclu¡n.

In l9o4r Pavlovr and later llfisner and t{hfpple ln Lf¿2o

iryllcated blle salts ln t-}¡e absorption of calclun after notlng tilhat

dogs with bllfary fistllas developed ertensive osteoporosls. It was

assw¡sd that blle saltst yrhlch were thought to pronnte vitanl.n Ð and

caleiun absorptlon¡ could account for thls condltion. Greaves ard

Schnldt (f%Z)¡ and Taylor, ltleld and Sykes (fggS)¡ clalmed that bite

enhanced ealciu¡n uptake only indirectly as the result of a greater

absorptlon of vitanln D. lieynann (tf:Z U¡ f,ound that vltanln D wa¡

not present ln the sentn of dogs srhen tt¡e bile duct was llgatad. This

author thus concluded that vltaraln D was not abEorbed unless blle was

present in chyme. Verzar and McDangall (fe30¡ offered a posslble
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explanatlon fol ttre effect of bile on calciun absorptlon when they

observed the hydrotroplc action of blle on calclun soaPs. They have

suggest€d that calcium, b1le fatty acld and blle aclds forn a solublet

dlffuslble cor4plex ln the intestine which¡ when b¡oken down In the livere

leads to the liberatlon of caLclun in the blood sttean.

ltore recently¡ Lengemann and Dobbtns (f958) have re-lnvestlgated

ttre role of blle on calclun absorptlon. tthen blle flor was stlm¡lated

by lnjectlon of sodlun taurocholate, there was an incleased cal.ctun

absorption fron trhe intestine. Llgation of the bile duct removed the

influencø of sodlum taurocholate. The effect of the blle c,ould nst ba

eorrelated with a clrange ln the intestinal il{. Vaughan and Fller (føO¡

were unable to confi:m this reported effect of blle on calcfun absorptlon.

When blte was inserted di¡ectly lnto ll,geted duodenal and lleal segnents

of rat small intestine, there uras no ine¡ease ln calclun absorptlon.

If a physlologlcally mre active foro of vitamln Ð were bei.ng

re-ercretad lnto the intestine tÌ¡en the appearance of such a conpound In

bile would offer an explanatton for the observed lns¡ease ln calcltn

absorptlon. The lnportance of earlie¡ obee¡vatlons by Russell and

Chichester (f93f) and Russell, Taylor and Chtchester (f%4) are¡ however¡

difftcult to evaluate wl^th this concept. These wo¡kers observed that

the gall-bladders 1n rachitic chicks were m¡ch larger and that the anount

of blle was m¡ch greater than ln nomal chichs. lfhether an lncrease ln

btle flow is the result of a coryensatory sæchanlsm for the lact of

carrier material and hence the lack of calclum for skeletaL raqulrements,

ls perhaps a thought worthy of furtt¡er consideratlon.

Although the present investlgatlons confirm t'l.e effect of btle

on the uptake of calciunl vltamln D dld not lnfluence thls process.
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Slnllar findtngs have been reported by Coates and Ìloldsworttr (tg¡6f).

When blle salts wer€ preclpltated from tl¡e blle extract and tù¡e matsrial

elêracted was then glven Intracardtally I hour before measurlnE caleltn

absorptlon f¡om the lntestlne¡ there was Ro lncreaEe ln the absorptl,on of

c"45 ", measu¡ed by the plasna ca45 revel=. the posltlve response

produced witJr bile would tlrus appear to be associated wltlt the blle salts

themselves, whlch nay be exerttng a hydrotroplc actlon on the gutr allow-

ing greater transport of the calc1un ioñ. ft ls obvloust however¡ that

an adeçrate e:çlanatlon for the lnfluence of blle on calciun absorptlon

is stlll lacklng. Further investlgatlons on the ¡ole of blle ln calclu¡s

ætabllsm could prove very lnterestlng"

The lmportanco of llve¡ functlon ln calclt¡t¡ reetabollsb was

emphaslsed f¡om early clinlcal obse¡vatl.ons, Gerstenberger In 1933

posùrlated that the liver could play a declslve mle in tÌ¡e functlonlng

of vltanln D. Ser¡ere skeletal changes have been obsen¡ed when llver

function ls inpalred, whlch Ìras led Áttlnson, Nordin and Sherloct (fg6O)

to suggest that the dest¡uctlon of the llver cells may be interfering

with ttre storage and ¡netabollsm of vltaçrln D. tle¡rnann (fefZ a¡ fc¡nd

that vitanln D was still present in the llver 8-I2 weeks after feeding

vttaraln D to rabbits. Fron studles crlth Gl4-l.b"llad vltanln D¡

Kodlceh (fg60) has also reported that a eonslderable propo¡tlon of an

oral dose ls retalned in tJ¡e llve¡.

hrrlng lnvestigatlons of the aetlon of, vitamin D and the ¡ole

of the llver, He¡mann (feaZ c¡ severel,y ll¡nlted the fi.rnctlon of tl¡e ltver

by obstnrctfve blliary clmhosls and also f¡on feeding carbon tetrachlorlde.

Ithen vlti¡n¡ln D was fed to rachftlc rats tecelving t'his treatrnent¡ tl¡ere
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üras a decreased antirachltlc potency obsewed wlth tùis substancet

whích Helmann concluded was tJre result of severe hepatlc damage.

Hhtpple aruC hls assoclates havc demnstrated tttat osteoporosls

in dogs" developed as a result of blllary flstulas¡ can be prevented by

feeding llver to such anlmals (Whtpple, L9I227 Sllsner and Hhtppl.e, LV2¡

Hakins and l{htppler 1935). F¡o¡r this evidence he posü.rtatæd the

exl.stence of an u¡rknorvn substance elaborated by tha llver and abso¡bed

througtr the lntestinal tract whlch prevented decalclfication of bone.

The present lnvesttgatlons have attamptd to show experlnentally

the presence of, t an wrlno¿n substance' or a w)re potent actlve canler

coryound ln liver. A llver mlnce was lncubatEd ln the presence of

vitarrln Da ln an attenpt to syntlteslse sorre of thls naterlal. Heynann

(fggZ a) has previously denonstrated that saponified ext¡acts from

anlnals treated wlth vltan!,n D are actlve when assayed for their antl-

rachltlc potency !.n ¡achltic tats.

Ert¡acts of chlck ll,ve¡ lncubated in the rÞnner desc¡lbed we¡e

not sapnlfied becar¡se ln all probabilltyr lf t'}¡e actlve carrler were

of tt¡e kind proposed by Raout (t958)¡ then prolonged contact In an

alkallne redluo could readlly destroy such materfal. Further, an

ert¡actlon of the live¡ nlnce witÀ ether oyer a perlod of seve¡al hours

sl¡ould be sufflclent to Ìemove any calc!.um conplex. The effect of

vltamln Da ln tìhe test systco can be n¡led out as previous erperlænts

have falled to shofl an effect wlth thls substance wlthln 4 hours. Agaln

lt m¡st be emphasised that the success of the experiment was dependent

upon an lmedlate effect by the llver extracts, That tJ¡e extracts fatfed

to glve a posltive response ln rachltlc chlcks would suggest that the
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Ilve¡ was not the slte elther for the synthesls of actl.ve materlal or

tts ultlmate storage.

serum was also teEted for the p¡esence of material which

could pronote a rapld absorptlon of calciun. Heyuann (fæZ a) found

that after feedlng vltamin D the blood level ¡emained hfgh f,or several

nonths afte¡ lts adnlnistratlon whtch suggested that there was a con-

slderable storaEe of tt¡e vftanln. Observatlons by Thonas¡ lÄorgan¡

Connor, lladdocl¡ Bllls and Høard (fg5g) and no¡e recently by Innes

Chalk and Kodlcef (f%O) lndlcate that vltaçln D is attached to serr¡m

protelns durlng lts t¡ansPort.

r¿ghen se¡r¡n fron vltanln Dalosed chicks was inserted dlrectly

lnto duodenal Loops of rachittc chtcls there uras no eigniflcant lnc¡ease

ln calclum absorptlon observed. Slmllar studles wltJ¡ a prepared adrenal

extract also failed to lnc¡ease the uptake of calclun fron the lntestine.

Alt¡ough only short-tern experlmnts wetre carrled out tn an

attanpt to sttm¡late an lmredlate inprovement ln calclum absorptlont the

negatlve resu}ts obtained do not neçessarity nrle out the exlstence of

actlve carrler ¡naterlal. In ttrapter 31 it was postulated t'hat the delay

obserrred for vltanln Da activlty was due to the bt¡lldlng up of sufflclent

concent¡atlon of carrler eonpound at the site of calcfu¡rn absorptlon.

Horever, such a delay may be attrlbuted to (a) the rate of synthesis of

carrier naterlal fron vitanin Da (U) ttre lncorporation of carrler naterial

lnto tihe intestinal cells or (c) as a r€sult of both tlres@ ploc€ssêSo If

concept (¡) were the prlme factor eauslng the delayt then an Lmnedlate

effect nay not be evldent when c,arrÍer material ls presented to the

rachltlc chlck ln short-term experlnents.



t43

ff catclum wsre being actlwly transpo¡ted ac¡oss the intestinal

membrane by a speclf!.c car¡ler sub€tance ttren lt see¡ned loglcal to exarntne

this tlssue for t}te presence of such matcrlal. Short-term perfuslon

experlnents were camied out to label the carrier wlür c"45, and the

tlssue was then ert¡acted wlth ether. Although It was obvlous fmn the

plasma Ca€ levels that vltamtn Da-treatnent of rachltlc chlcks was

stinrlatlng a greater absorptfon of Ca45, there was no increase ln radlo-

activl,ty with tissue ext¡acts fron the vlta¡nln Þa-treated btrds, as ntght

have been expected, lf active carrler materlal wefe present. Ttre radio-

actlvlty detected ln the extract was probably the ¡esult of a non-speciflc

blndlng of Ca45 witlr fatty acid naterlal.

Aea¡m¡latlon of C"45 ln m¡cosal cclls has already been dcmn-

st¡ated fron prevrous ln vlt¡o lnvestlgatlons on calclum transport

(Chapter 2). Thls flndìng was e,onflrmed during these present studles,

when ùrlce as m¡ch c"45 *r" acc¡¡fl¡rated by the mrcosal cells of the

vltanln Da-trcated preparation as eompared to the alæunt present ln ttssue

frou the untreated chlcks. Enzynlc dlgestlon of m¡cosal cells obtained

from the vtt¿min Da-Freparatton lndicated that bQS of the bound ca45

could be released by digestlon of the peptlde ltnkage. Ultraflltratton
of the digestlon mlxt¡¡re suggestcd that a large portlon of the released

calclum was elther ln the fo¡m of ionlc calclun or attached to a ssall

mlecular we!.ght particle. Thls concluslon would seem feasible tf the

calsl.un compler we¡e of the type ploposed by Raotrt (f SOS¡.

The exlstence of a compound extractable fron the intestlnal

m¡cosal cells and capable of fo¡mlng a fat-soluble calslun compler has been

demonstrated by Hoolley (tggS). Chelatlon of calciusr was found to ræ
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quire the presence of serotonln. Gatattlnl¡ Gmssln Paolettl¡

paoletti and Þggl (fg6f) clairæd that serotonln lnc¡eased calclun

absorptlon both in vivo and å¡Lg!Þg,. Thelr experiments were carted

out on normal animals.

If tt¡e for¡¡atlon of a serotonin-receptor-calcium conple¡ were

necessaïy for tt¡e no¡nal intestinal absorptlon of calciumt then under

rachltlc conditlons the lack of either component night offer an explanatLon

fo¡ the lnpalred efficlency of calclun uptake. $lhen extracts of the

lntestine were nnade with an organic solvent, calclum was ¡endered fat-

ssluble. Vttanln D d1d not influence the asount of cn¡de receptor

conpound ext¡acted as s!,Ellar amounts of fat-soluble ealciura conplex

were formed with tlssue fron eíthet rachitlc or vitamin Da-treatcd chlcks.

Further tl¡e absençe of serotonin did not prevent the transfer of C"45 to

the organic phase. lloolley and Campbell (tS0O¡ have also obsertred a

stnllar phenomenon and have interpreted these findlngs ås ô ootì-speclflc

blnding of calclrs wlth materlal present in the cn¡de. ext¡acts. They

suggest that'an lmpurlty such as phosphatidic acld could conblne wftl¡

C"45 ln the aqueous phase, thus allcnrulng solubillsatlon of calclun

phosphatidate in the organlc solvent".

Slmilar stiudies witlr everted sacs Å¡-gi$æ also denpnstrated

the lneffectlveness of serotonln to stlm¡Iate calclun transport. Whetåer

the posltive response previously seen in rats ls pecullar to this specles

as, for example, has been shown with anlno acidsr remains a debatable

point. It ¡n¡st therefore be concluded that the formatlon of a serotonln-

receptor-calc1t¡u compl.ex does not explaln the mechanlsm of calclun trans-

port under the lnfluence of vlta¡nln Dr.
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s¡¡flûü
l¡ thåD cholert€¡ùl rrs t¡'art¡d rlth FullÉtrs oorthr r st€lold

deslv¡tlrrc rrre p["6prrcd utt]¡ e IR ebcorptlon spactnæ strlktngly

sl"d.l¡t trl tbo coryq¡Dd prertouely dacctlbed Þt R¡oEf (fm) ¡s

Ectonar'O¡ ]h¡eeBr¡ tihe ttr spectnn ldlcoted ths sÞscnco of ¡
pcalc of s$nn aborptlon st \ r* 230 ¡p" Chsd,cal eçtdq¡cc rrs

dso lacking þ tdøtttfy thle &¡lntlvc rs E€torË2g'.

2. A f¡t¡+olt¡ble calclsn cooplcr ree prcparud fu a ptËtli¡tÈor

of kotona*. The calcl¡ru clulate res rpt btologtcally attlw dpa

t strd ln lùa r¡chltlc .lrtçL. Thà W epoctrur of, ttrlc oüpo$rd

¿hscd e pcat ¡t X = Sl olt.

3ç Blle rss ætlüo ln prontlñg c¡lclu cùærpttoo lD tùc ¡¡¡û-ttttc

chlck. The effoct obt¿tn*d Wer¡od frepaadrnt of tlp lnflr¡cnor of

vttdn F, rs bûlc fror rachltlc shtclc rae a$Elly er cffcctlw r¡

. H'le f¡u vttdn Dr-*ced cü¡trcls. It lc' poeÞIatrd th¿t tlË rffrcÈ

l¡ ce¡sçd bf ü¡û hryeotroplc ætlorr of tlu blls s¡ltc,

4. Ertrast¡ of llyer alncc reæ tc¡tod for tùclr btologtcåf pok¡¡cV

ln st!,r¡I.ttrg rptetc of s¡lelt¡ fiw titr* latcctflË. thË ¡ra¡ltc

tndlcatrd tt¡¡t ¡ctlw corrlæ ncÞrlÐl rsc tpt pcccørt te tùcæ rftlaõto.ù

5- llhn frcaardrled lntpstlaal tlssuc dtålnêd fm vttd,[ Dg-

doeed chlch¡ lac lncilbÊtäl rltñ papdnr 5'W of tJÉ bowd calctrr rac

r¡le¡acd by dtge*tloa of thc pcpùlde llolagas., Ult¡aflltrotloa ¡tr¡dle¡

sr¡g¡gcetêd th.t ttu ns$rtty of thB c¡leltn ¡rle*¡od uos loalc calchr

ar c¡lcl.ru att¡chcd to ¡ Im ælecml¡r rclght gartlclc.

7. [¡ttrlsl ra¡ ertrcct¡d fton tnts+tl¡tel lræscl €Glls ttcùf
ln tln ps't6sËc of cslcl¡nç fouod c f¡t'.celuble c¡lslul ryler. Ib
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actlvlty of tå€ e:tract was testêd by æasurlng the t¡ansfer of

G"45 f,¡on an acg¡€ous to aa organlc phase. se¡otonln dtd mt

lnflueoce tt¡e transfer process. Extracts of r¿chltlc tlssue rçre

eqrally as ef,fectlve as e¡traçts f¡on vltanin Da-treated chi'cts.

It ls sugqested ttrat ttre pheææ.non observcd ls tào res¡¡lt of a rw¡-

spcclflc blruCtng of salcftn wltlt¡ r¡aterlal present ln cn¡de lntestlnal

ert¡acts.

8. The presence of se¡stonln ln tùe nedlua drrtlng tn Ilt¡o

sù¡dles sn tìhe ævæent of calcltn ecl1oss cve¡tcd lntestlnal saca"

dtd not etlt¡Iate caleltn transport. Tlte cffect of vltæl'n Da

appearcd lrdeperdent of tlre forratlon of ¡ se¡otonl.lpreeeptor

calclun @ûplêr.
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æIEU¡SIOìS

The work presented 1n this thesis has been an attenpt to

elucldate the mode of actlon of vitaain Da ln the r¡etabolism of calclun

in tihe chlcl. Prevlous lnvestigations in this fteld have th¡ørn líttle

light on this phenomenon as workers were hampered by the lack of sultable

test systens. A nunber of åg-yågg and ¿!-Jij¡g nethodsn which proved

lnvaluable for further investlgations on calclum transportn were descrlbed

ln Chapter I. For the first tine lt has been possible to dlreetly cotu-

pare results f¡on l¡-g$Eg studies with tlose obtalned under nore physlo-

logical condltions.

Chlcks we¡e selected for the experinental studles because of

the condltlons unde¡ which these blrds developed rlckets. This disease

ls the result of a deftciency of vltanin D and ls manifest clinlcally by

an inadeqr.rate calcifícation of the skeleton together with a ru¡mber of

blologlcal abnormallties. Rickets was produced ln chicks by rearlng the

birds ln the absence of sunllght on a diet contalnlng normal ratlos of

calciun and phosphon¡s but lacking vltamln D. The dlet used was capable

of supporting the optlnal growth of the bird. The rlckets produced fn

chicks then was the result of a single deff.clency, Thls is ln sharp con-

t¡ast to rlckets in rats whlch is nornally associated wlth a number of

varlables.

Calciu¡¡ was found to be poorly absoroed from the small lntestlne

in the vlta¡¡in D-deficlent chicks. Thl.s lnpalred efficlency offered an

explanation for the decreased calclum content of the tlbla obeerved ln the

rachiti.c bitd. Horyeverr as reported in Ghapter 2, when these birds were

glven an oral dose of I0O I.U. vltanln D3 (2.5 ¡rg), catclun absorptlon was

restored to oormal wlthtn 16 hours and it was therefore concluded that
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lrltanln D promted greater absorptlon of calclr¡n froø the lntestine.

Thls positive response of the rachltlc chlck to vltanin Dr-treatment

provlded a basfs f,or the study of the lnfluence of a nutúer of compounds

on calclun transport.

l¡fhen the small lntestine was divlded lnto three equal segnnents

and everted and tíhe moven¡ent of calclum observed !ß-YÍ.89,r the greatest

transport of calclun under tåe lnfluence of vitamln D ocsurred wtth the

distal segrment. This flnding was noted to be ln contrast to the lesults

obtalned fron simllar sü¡dles wlth rats (Harrlson and Harrlsonr 19@¡

Schachter et al.¡ 1960 a) and suggested a distlnct species dffference.

I¡,$8, calc!,un was absorbed alBost eq.rally as well ln the uPper ef

duodenal portlon of the smatl lntestlne¡ although the dlstal segnent

presented a m¡e I sensltive' slte for observlng tlhe vltamln Da effect.

Under physlotoglcal condltlons¡ then¡ it was concluded that calcium was

effectlvely absorbed along the entire length of the snall intestine.

A rapld rlse ln prasma cr45 o"" deoonstrated vrhen 2.5 ¡rg.dl-

hydrotachysterol series 2 (AT-IO2) or dihydrotachysterol serles S (nf-fOt)

was glven to ractritic chlcks. Desplte tJ¡e lncreased deposltlon of calclun

ln the bone¡ A1-lO2 possessed less than I f.U. pel n€. of antlrachitlc

ptency. Albrlght and Relfenstein (tg¿A) have proposed that the lnfluence

of /tT-10 ts prlnarlly on phosphate metabolism rather than on calclun

absorptlon. If thls hypothesis ls correct, then lt m"¡st be concluded

that although calclum ls present at the bone slte the ratio of calclun¡

phosphorus !s detrlnental to the condltlons requlred fo¡ the contlnued

formatlon of calclfled bone.

The influence of vltanin Drr rrltamln D3r AT-102 and frT-103 $,as

also consldered tn relatlon to the stn¡cture of thelr slde-chaln' Hhcn
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caûpard wlth vltanin D3r on an ec¡ual weight baslst vltantn Ð2 hãd

llttle lnfluence on calclr¡m transport. AÏ-lO2was found to be equally

as active as AT-l0rr but nelther of tt¡ese conpounds lncreased calcÍ.ua

absorption to the same extent as an eqral quantlty of vltamln D3r

Vltanin D, and AT-102 have ldentical side--chalns attached to tlre parent

nolecule, as do the pair AT-103 and vltanin Da. It was concluded fron

these experimental observatlons that the constltutlon of the stde--chaln

was not of prlne iru¡:ortance to the transport of calcium.

Although it was firmly establlshed that treatnent w!.th v!.tanln D,

could restore calclut¡ absorptlon to normal a definlte tlme lnterval was

reqrired before the effects of thls conpound becaûìe apparent. Even when

unphyslological amunts of the vltanln were placed near tåe site of

calcium absorption or we¡e clrculatlng ln the blood stream there was no

lncrease ln the uptake of calciurn. .{t least 4 hours were needed before

an efiect with IO0 I.U. vitanln D, could he noted.

Fron these observatl,ons, bvo possibilltfes were consldered.

Either¡ vltanf.n D, was being incorporated lnto the intestinal ceÌIs and

the perneabilLty of these cells was then alte¡ed fn sone speclal nanner

or vlta¡nln Da ras belng transformed t¿ another t¡'¡pe of conpound. Both

ttrese changes would requlre a deffnlte tlme lnten¡aI. If a new coepound

werc belng formed then the taolatlon and subsequent feeding of such a

conpound to rachltlc chicks should prornte an lmtediate leprovement ln

calclun absorptlon and thus elfnlnate any tlme lag prevlously observed

wlth vltanln Da. These postulates weDe examlned 1n later chapters.

Vltamin D has been located ln the adrenat glands of rats (Kodlcekt

f 960). fn vis'¡ of the capacity of this organ for stemld synthesls, tt¡e
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adrenal gland was consldered a llkely site for the transformation of

vitanrn D and investlgations of this hypothesis were presented ln Chapter 3.

Ulhen the functlon of the adrenal gland was seve¡ely lmpaired by

the chernlcal destnrction of the cells cornprlsing the intenenal tissue the

influence of vlta¡¡in D on calclun metabolism was abolished. The lnter¡enal

tissue ln chick adrenals is analagous to the adrenal cortex ln the marr¡allan

gland. Thls ls the fi¡st kncnrn report of the adre'nal being lnpllcated as

a mdlator of the vltamin Da effect.

Fu¡ther conflrnatory evidence of the najor role of ttre adrenal

was obtained from studles with a number of known adrenal steroids. Cortísol

and ll-deoxycorticosterone, when fed over a perlod of several days¡ also

substantialty reduced the influence of vttamin Da on calclua absorptlon.

The effects of these sterolds could not be explalned by thelr possessing

cortlco- or nlne¡alocorticold propertles bn¡t were belleved to be due to a

specific effect on the adrenal cells.

llfhen cortisol or llJeoxycortlcoste¡one was glrren for only a

short lntenral before studying the absorptlon of ealclum ln vituin D3-

treated ehlcks, there ütas a surprlslng lnerease ln the amt¡nt of calcium

abEs¡bed froo ttre gnrt. This obEertratlon could also be explafned if

tl¡ese sterolds eaused a rapld sec¡etion of actlve carrier materlal f¡om

the adrenal, It was stressed that tlre effects of cortlsol or lldeoxy-

corticosterons wÊre only appa¡ent ln the vltanln Dr-treated qhlcks.

Thus, disnrptlon of adrenal function eould explaln tÀe peculfarlties

obsen¡ed afte¡ treatment wltJr adrenal steroldsr together with many otrher

puzzllng observatlons prevlously reported tn the llteratu¡e.

Because of the stn¡cture of chick adrenal glands f.t was not



151

possible to locate any spectflc zone ln which vltamtn Da was transformed

to a mre actlve fotrm. Kodtcek (feeO¡ has located vltanin D ln the zsna

fasclculata of rat adrenals and¡ in vlar of this denonstratl.ont it ls

tenrpttng to suggest that thls reglon of the raannallan cortex ts concerned

ln the change of vltmln D. FurtÌ¡e¡ lnvestlgatlons with na¡rmallan ttssue

are obvlously reqrtred to confl¡m this speculatlon, The evidence fron

these adrenal str-¡dies supported the concluslon that the delay before an

effeet of vitanin D, can be shoc,rn on calciua uptake nay well be dr¡e to the

necesslty to synthesise actlve material in the adrenal cells and thus butld

up a sufficient concentratlon of thls materlal 1n the mrcosal cells of the

small intestlne.

The nechanism of transport of the calclun lon across the small

intestine was lnvestlgated. The process did not appear to be the result

of a dlffuslon phenomenon. It was prevlously noted that the lnfluence

of vltaaln D was relatlvely speclflc to tåe ¡novement of calclu¡n. This

evldence, together with the experinental flndings disctssed ln Chapter 4¡

dlscouraged the theory that a time-lag ln vltarain Da actlon stas causd by

a delay ln changing the perneabillty propertles of the transporting men-

brane. Instead a transport mechanlsm was invoked in which calclun was

¡noved against a concent¡atlon gradient ln one directlon only, and that

this transport requlred an energy source. Such evldence was lnterpreted

to support an active transport mechanlsm.

From sü¡dies with well*nown netabolic inhlbitorsr it was suggested

that the energy source for the transport of calclum å4.g!!¡g was dlfferent

from that used under ¿¡¡_y¡4g candltlons. The ¡eactlons llnked to the

glycolytic cycle appeared to supply the major portlon of the I!-Ji.Eg energy
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altJtough oxldatlve phosphorylation was belleved to contrLb¡rte to sosre

s¡nall extent. Energy for the 1n vlrro transport of calclum dld not appear

dependent upon glycolysls or oxidative phosphorylatlon. It was tlherefore

posùrlated that alternate pathways ulght function qnre efflcientty to
maintafn an energy supply ln vivo ard that perhaps only a small portlon

of the electron transport chaln was speclflcally requined fn thls processo

Vltamln D3 dld not influence calclum t¡ansport by alterlng the

level of resplratlon or glycolysis In the small intestine. The accumrlated

evldence suggestcd that provldlng there was present an oxidlsable subst¡ate

capable of producing energyr and an actlve carrler conpound, then calclu¡n

transport actoss the nu¡cosal barrler could proceed normally.

Although many lnvestlgators have postrrlated the exlstence of

carrlers to explaln the transport of, substances and lons across an lmpercable

membrane¡ the actual denonstratlon of these conpounds has been extremely

difficult and ln rcst cases tàel,r exlstence can only be regarded as hypo-

thetlcal. Robertson (19160) has recently postulated a r¡echanlsm fo¡ ànlon

transport which req,rlres the presence of an active carrier. The carrier¡

he suggestsr should be capable of undergolng reverslble oxidatlon and re-

ductíon uYithin tJle lipoldal me¡nbrane. Ttre applicatlon of thls type of

system to calclur¡ transport was discussed In Ghapter 4 and a tentatlve

schene was put fonrard to explain the mechanisrn of calclura transport under

the lnfluence of vltanln Da. This scheme envlsaged the presence in the

lntestlne of active calelun camier material¡ preformed from vltanin D,

by speci.flc reactlons ln the adrenal gland. Oxidatlon and ¡eductlon

reactlons wlthln the llpoldal ¡uembrane pernltted calcium to conplex wlth

tl¡e carrÍer and also supplied ttre energy necessaty for calciun t¡ansfer
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from the nucosal surface to the serosal side of the membrane where

calclurn could be released and made available for general metabolism.

Harrison and Harrison (Igól) trorn studles on the lnfluenee of

vitamin D on phosphonrs and calcium transport¡ have suggested by analogy

to sugar transport that the transprtlng mechanism may be located in the

b¡ush border rnembtane of the small intestine. McDougal, Little and

Crane (fe0O¡ have deduced from the histochemical locallsatlon of galactose

In va¡ious layers of harnster intestine that the mechanÍsm for sugar trans-

port is located ín the epithelial membrane. Sl¡qllar investigations on

the localisation of calcium canier complex in speciflc cell layers of

the chick small intestÍne could :lso prove equalllr revrrarding.

Raoul (fe5a¡ has drawn attention to the existence of a neyc antl-

rachitic compound, ketonerr., which may be prepared synthetlcally fron a

variety of substances including vitamin D. The properties of ketonerr.

stim¡lated considerable interest as Raoul had found that this compound was

capable of forming a fat-soluble complex with calcium which possessed

potent antirachltlc properties when tested in the chlck. It is belleved

that salcium stabillses the enol fo¡nr of the nplecuLe as the proposed

structure of the compound woul.d readily permit keto-enol tautomerisn. If
calclum ions were being complexed by such a carrie¡ cornpound present ln

the lntestinal cellsr then hypothetically tautotnerlsm of this kind would

also readlly allow the complex to release lts calclum after transfer

across the membrane.

The attempted preparation and lsolatlon of active cauier

materlal was described in Chapter 5. Although a fat-soluble calclum

complex could be prepared by treaùnent of cholesterol with an acid type
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sillcious earth; lt was not possible to conc.lude from tt¡is dernonstratlon

that the compotmd prepared was ldentical t¡ the protfuct obtained by

Raoul et al. (fgS+). The¡e wås nô evidence f¡om studies reported ln

thls thesls to support the conclusf.on that thts compound was blologlcal.Iy

actlve ln prormting calcium transport ln the rachltlc chich.

Several tÍssues and fluids were exanined for the presence of

active carrter naterlal. Btle was found to stinrlate calciun absorptton.

Hørever, blle taken fron rachltic chlcks was ec¡rally as effectlve as that

obtalned from chicks receiving vitanln Dao It was eoncluded tlhat active

car¡i.er material was not causing the stlm¡latlon tn¡t ratl¡er¡ the effect

could be explained by the hydrotropic actlon of ttre blle salts. There

was no lm¡ediate lmprovernent of eal,clr¡n absorptlon when serumr or ext¡acts

of liver from vitantn Dr-treated chlcks wetrs testsd in the ¡achitic chicl.

There was a sinilar lack of rÊsponse afte¡ adnlnlsterl.ng an €xtract pre-

pared from adrenal glands of vltamln Dr-treated chlcks.

Concluslons from sü¡dles reported ln Chapte¡ 3 indlcated tl¡at

the ad¡enal was tñe sÍte for the t¡ansfornatlon of vltamin Da. In the

llght of the present findings lt seemed doubtful that the adrenal was

also a store for actlve materlal. A ho¡neostatlc mechanlsn may bc ln-

r¡ol.ved ln whlch vltanf,n Dr stored ln the liver¡ ls released ln response

to lncreasad demands for the carrier fron the site of actlve calcirm

absorptlon. As the actlve canier is prepared ln the adrenal, thls

r¡aterlal night be rapldly secreted to the srnall intestine and briefly

stored or used lmaredlately. This t1rye of æchanisn would nlnlmise the

rlsk of destroylng the actlvity of the carrler material e.g. by prolonged

storage. In view of the extremely small qr:antltles (0.1 pg.) of
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vltanln E, which can lnfluence cêlclum absorptionr lt 1s obvlous that tåo

lsolation of active naterial nn¡st be ertreoely difflcl¡lt.

An attempt was made to label the proposed calclum-canler conplex

wttù radioactive calcl.un and thus pernit ready ldentf f!.catlon of the con-

po+rnd during ext¡actfon from the small lntestine. Accus,¡latl.on of calctrn

wlthfn the m¡çosal cells was obsetred and vlt'nln Ð, was feund to lnfluence

tlre anount of calclun accuu¡lated. Extractlon of thls tisoue wlth e{*re¡

dld not rerþve calclun camler nnatertal.

#ooJ.ley (1959) has postrlated that calcltrn may be mved through

a llpoldal menb¡ane by comblnatlon with a serotonln-receptor compound. A

substance was extractød fron the lntestine whlch in the absence of any

cells or cell parttclesr was capable of chelatíng calclum. The complex

so formed pernl.tted transport of calcluo f¡om an aqueous to an organlc

phase. Transport of calcfun ln thls system could be obsenred ln the absence

of serotonln. Vltanln D3 dld not lnfluence the aæunt of chelatfng sub-

stance present ln thc intestlne' The proposal put fowa¡d by Woolley ard

Canpbell (tøO) t-hat there may be a no'n-speclflc blndlng of calclun with

fatty acld (e'gi phosphatldlc actd) present ln the i.ntestine, could explaln

the mvenent of calctum obsewed unde¡ these condltlons. lfhen calcluu

transport was studled wlth ln vitro everted gut sacsn from rachltlc ard

vitantn Dr-treated chlcksr setotonln dfd not larprove the accurn¡latlon of

calctup ln the serosal fluld. It has therefore been çoncluded, that tåe

fo¡nation of a serotonfn-receptor-calclura conplex, does not explaln the

mechanisn of calcfu¡m ahsorptfon under the fnfluence of vltanin Dr.
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