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ABSTllACT 

ac 
The objec,tiv'. of thi. stu~y vas to further -invest-

igate the effeetl and .achani •• of action of parathor-
>-

mone upon the kidney and tha ro1e of cAMP a. a mediator' 

" 
of ,it. action on calcium and .agn •• iu. reab.orption. 

Ha.ater. vara used in these atudie. a.·thair rena1 Ca 

transport v.s a~oVQ to be highly PTH sen.itive. C1ear-, . 
ence .t'udie. vere carried out in acutely tbyr oparathyroid-

, ~ l ' 

ectoaised (TPtX) a~ia.1a liven 0.5% saline ip aqua1 to 5% 

body veight. Acute TPTX lad to a riae. ~~ fractio~a1 exere

tion of cal~1u. (FB Ca) (2.8 ±\1.0 to 11.9 ±l.6%,rp<0.00l): 
- 1 

FE Hg(S.4 ±1-.8 to 18.7±2.S'%, p<O.Ol) and vas accoapanied 

by à' dB" :LUe." t dr,op :La p1.... C .. Il,'&''. PEPO 4 ( 4/ • 6± 6. 0 

\ t,o 2,9 ±oS% p< O,.QZ).. l 

PTB i~fu81on ~au.ed' a drop in ~E'~a{13.0± 2.2 ~o l:S 

*0 •. 3% p <.001), FB Mg (lS.6± ~.O to 2.3± ,1.0% p<.Ol), anel 
. , 

a .ignifieant riae in p1a •• a c. and Kg (3.6± 0.2 to 4.1 ± 

0.1 aBq/1 p ~0.01 and 1~6± 0.1 to ~.l tO.1 ~k% p< 0.001 

reapaetive1y). Infu.ion of cAMP eau •• d a drop in PI Ca 

(18 • 9 ± 2. S t 0 9. 9. ± 1 • 9 % p < 0 • 0 1 an cl r B .Kg (20 .. 4 t 1. 9 t '0 

1 .', 'l' 
13.2 t2.S p <O.Ol)'. Infu.1on of 'DlcAMP raducad PE Ca fro. 

, " 1 ~ 

17.' i2.9 to 6.'~ tO.9(p .0.01) and PI MI fT'" 21.5i 3'.6 

to 8.6·~1.2%(p< O~Ol). 
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'Le but de cette étude a été d'investiguer 1ee effects et le 
l , ' 

mécanisme d.'action de 'la parathormone (PTH) 'au niveau du rein 

ainsi que ,le rOle de le cAMP • combe médiateur 'de son action sur la 
, 

ré~bsorption du calc~~ et du magnésium. Le transport rénal du 
1 

\ calcium étant tr~s s~ns1~le à l'action de la PTH chez le hamster, 

/ 1 

~ps épreuves de clearance ont ~té faites chez cette espèce. - Les' 

anima~ ont été tnyroparathyroidectomisés (TPTX) de façon aigue 

et une solution saline à 0.5~, ~1P., à une dose équivalente A 5% 

du poids corporel a été administrée. La ~PTX aigue provoque une , ' 

élévation de l'excrétion fractionnelle (FE) au calciumO?E Ca 2.8 

t 1.0 à' 1,1..9 :!:.1.6%j p < 0.001), du mâgnésium (FE Mg 5.4 t 1.8 à . 
18,.7 t ,2.5%; p < 0.01) accompagnée d'une chute significative du 

calcium et du magnésium plasmatiques; une chute de l'excrétion 
\ 

fractionnelle du phosphore a été observée (FE P04 ~1.6 t 6.0 à 

2.9 tO,.9j p < 0.02). 
j 

- L'infusion de PTll a causé une chute de: FE Ca (13.0 t 2.2 à 

1.5 tG.3%, p < 0.001), FE Mg(15.6:J: 4.0 a 2.3 ± , 1.0% p < 0.01), 

et une élévatio~ significative du calcium et magnésium plasmatiques 

(3.6 t 0.2, à 4.1 t 0.1 ~q/l, p< O.O~ et 1.6: 0.1" '2.3 :t 0.1 mg/dl, 

pc 0.001). 

~'infusion de cAMP a c~usé june chute de: PE Ca (18.9± 2.5 a' 
, 

9.9 ':1.9%, p< 0.01 et FI Ma (20.4 ± 1.9 l 13.2 :1: 2.5 p < 0.01). , 

L'infusion de DBc:AMP a r6duite FE Ca de 17.5:1: 2.9 a 6.9:1: 0.9 

(p <0.001) 'et fi H8,de 21.5 t 3.6 à 8.6 :t 1.2% (p< 0.01). Aucup 
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effet significatif 'de l'cAMP et dp la DBcAMP&n'a 

, 
(; 

i 
servé sur 

le cal·cium ou le masr;tés~um plasmaU~ue t'Ota l , ' L'effet hophatur,ique 

de la PTH n'a été d6montré qu'aveG la cAMP et la DBc • 

Le débit urinaire et la filtration 810merulaire ~ont.demeurés 
1.· ! ' 

s·tables chez' tous les groupes. Cette 6tude démOntre~ 
/ 1 

pour là 

premiere fois, que la cAMP est le médiateur de la ~ 
\'J • ! 

sur ra trans-

port r~nal du calcium, du magnésium et du phosphore. 
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CHAPTER 1 - INTRODUCTION AND STATEMENT OF PURPOSE. 

The effecta of parathyroid horaone on the r~~al hand
,t: 

linl of eiectrolytea have been a aubject of con8iderable 

inveatisation over aeveral dec.des. The horaone haa heen 

.hown ta incre •••. utinary excretion of phosphate (G~eenwal~ 

1925. Ell.worth 1935. Pullm.n et al. 1960.Strickler et al. 

1964. Agùs et:~ al. 1971. biel et al. 197Q. Amiel et ·al. 1974. 

Brunette 1974) bicarbonate (Nordin et ~l. 1960, Bellman 

et al. 1965, Huldovney et al. 1971) and .odium ,(Ell.worth 
'" 

1935, H.IIÎllan et al. 1965, Amiel et al. 1970) and ta Ideerea.e , 

tbat of ca1eiu1I ,(Tal.ase et ,al. 1954. Klee1ian et al. 1961, 

Widrow & Levi.aky, 1962, Sutton èt al. 1976) and magneaium . ,. . /1" 
, (Hclntyre 1963, Ma.ary et al. 1969); 'The phoaphaturie 

~ .;. / 1 

effeet of PTB ia though to· be 411ediatect by cAMP.. A riae in 
, ,\ 

urinary cAHP after ad.inis~ration of PTU baa hee. ob.erved 
l' • • 

1 ~ "'<1 • \ " ' 

in TPTI r.ta (Chaae and, Aurbach 1~67) •• vell .a in humana 
/ 

(K~a~.ky et al. 1970). and PTB .• ~n.itive .deny1-cycla.e 
• • 1 A ~ 

has been 'locali.ed ln. the ren.l cortex (Cha ••• nd Aurbaeh 
/ 1968), and more 're.e'ently to apecific pc:rrbiona of the nephron 

1 

, (Chabardes \et al. 1975). The interaction of.PIB vith 

specifie receptora (Sutel1ffe et al.' 1973. D1B.l1a 'et .,1. 
, 1 " "\" 

1974) 1. felt t.o le.d to at:l.aulatj.oa of' .• 4.n'l:~cycl.a •. at . , , 
, . \. . 

- 1 • ". ~ .. ""9 "c- \ ' 

the contra~u.1n.l c.11 ••• braDe: (Sh1.~ •• t ..... 1. 1'.75) •. '. 
, "" ~' , 

sener~tion of intrac.llu,lar cAKP~' ~Aurb .• ct 1972. Xelao..,,'1970) 
. " 

1 • 

1 
, 

~ 1 .. ~ f • J _ ' ... 

\ ~, "' 1'" ,'\ ... - (~, '1 f • 1 • '1 ~ 

-:'. ":':.;<:~ .î*', .' -.,: .... ~ · ~~.":";':é;'i ~i;?'~{,~;'ifti~4;~;::;:;~;;J( rÇ ':,,;'- ~ '. ;'... .. 
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~~ .' ., 2. 

.ati.~l.tlon of protein kina •• at~he lu.ina1 ce11 .e.brane, 

Pho.'PhOrYlat~on of the .e.brane ,(linne et al. 19'75) and 

ulti.ate1y, activation 
\ 1 .. \ 

~f ion tran.port .ediatins ~Y.te~). 

Althoulb cAM',ba. been .hown to ai.ie tb. phoaphaturie 
.p 

.ff.ct,of 'TB in vivo (Alua et al. 1973~ lunt&lser et al. . ." 
/ 

1974) and to .timulate bone calcium re.orption in vitro 

(aai.z 1969), .evera1'inva.tie_tora bave\ failed to ahow Any 
, . ~ 

cOD..latent .ffect on renal' calcium and .alD.eaiua hancllins. 

, (Jutt1e~ an" Jard 197-2, ltuntziiar et, al. 1974). , 
Tbe pree.nt etudie. tbarefore, vere undertatan to 

furtber elue14at. tbe iole of cA~ aa a .ediator of variou.' 
1 

,TB effect •• Th. experi.enta vare,perfor.ed on haa~t.r. 
" 

,wboa. renal calciua transport ba. been s~ovn to be unu.ually 
\ 

aenaitive to PTB (Bidclulph et al. 1972, Bidclulpb et al. 1974). 
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CBUTER. BISTOaICAL a~VIEW'O' TBI LITI&ATUal • 1,1 .. 

/ 

, ' ) 

A. Geueral Nature of a.ùal Tubula~ Trau.port of Pho.phate 
ealeiu. and Haca.aiu •• 

1 , 
1. Pho.phate 

-... 
'Tbe kidue,. pla" • ke,. l'ole in th. hoa.oatatie re,ula-

tiou' of i~orlaaie phoaphata in bod, fluid.. 'la, .en.r.l, 
) " , . ' '. , ..... 

the vi." that,phoaphate i. larael,. fr •• ly file.red .t'th.' 

810.erulu. of whieh a portion i8 raab.orb.cl. and the exee.a 
.... ...1 1 , 

exeretsd ln th. urine, acr ••• "ell vith t'he experi •• ncal ' 
\ -

evidence. Hoat etudiee perforaecl at en408.ào~. le.el. of 
.... -1 • 

" L.J " 1 _ 

ahow that phosphata clearauc. ~. aube tan-pl.s.a pho.phata 
1 

t~.11,. 1 ••• than Grl (Pitt. 1933, Pitta'1944, ThoaeoD 1957, 
- . , l ' 

B'.ll.an i964~. Cllu •• uII~e.tinl that .xcr~tloll ia •• lnl)' , , 

deter.i~.d b,. th. proee.~.a of filtration aael r.abaorptioa. 

1 
1 

1 

. , 
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4. 

flr.~ occure, .. xt.al tbr •• hold, i ••• ' pl.". le.el. aC 

vhicb 
Il.. l ,~ 

~,.t-... or'pt;ive .ecballi •• i., fully .~tur.~.d, 
1 

1 

hte.bo14 (ta/cri' C.D 'e .hOVD 

o.pb.te loadlnl • udie.. Th. Ta/CIl ~. oft.n 
~ . ' 

$ , 
con.ider.d •••• ore u.eful .xpr ••• ioG of experl.ental 

condltion. in •• n1 .tudie., •• le t.k •• into con.ider.tioo 
f 

•• ri.tlon. )ill CIl pr.v1ou.ly .bova co dlrectly affect tbe 
'./' -' ~ 

T. pbo.phat. '(Blj.oet .t .1. 1969). Vnl1ke gluco •• hov-

i.er, ~hleh und'er Dor •• l ·c!'ndlt'ioll.' i. -Ilav.r .xeret.d l'n 

tb. urin., •• ~t.· Ta II ~~t .ery hilh, the r •• 'lorptlve, 
- ~ ~, . 

c.p.city for p~ol,à.t. i ••• t at.luch • valu., thai a 

.1taht 1Ger •••• or, '. d.cr •••• ~n_ pl •••• pbo.p,hat. eOlleen-
, 1 1 

, -

tr.tion re.ultl ln a éhanae iil the rat. of exeretl0,tt' 

\ 

1 1 
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1 

Bar11 inveltiaat~onl IUllelted that tbe proxi.a,l 
• \ .. l , 

tubule va. alaolt\ent1l'ely re.p~n.'b~e'for4ph~lphata re-
• ~ l' '. 

ablorption' (Pitti l'33.Strictler 1964). Introduction Qf 
() .. 1 

.ore lopbiaticated·.etbodl un.alted the axiltence of a, 

dilta~ .echani •• of~.Phat. reeblorPt~oD (Amiel 1970, , 
, , . ' 

Beck 1973. Inox 6 ,Lecba,~' 1975). ~,b.caa~ appa~ellt froa 

1 

1 tba ••• tudie., tbat a liln.ifieant portion 'of pholphate can , ' 
l ,. 

be reab.orbad- di.tal1y, .~d c~n equal about 30-40% of th, 
1 

fi1tered load. The aaount'of pholphate l'~.blol'bed di.-

ta11y appearl to depend on it. delivery froa tha proxi.a1 
1 

t~bule(Aaiel 1970~. Variability iD the iutrinlie eapacity 
• 

,1 fo'r pho.pha't·é ",eablorption' alolli .. the ,'r~xiaal .asaellt t 

lIor.all~ rel~on.ible f~t 60% ta 70% Qf the filte~ed 10ad, 
h 

ha. baell l'Iportld b! aicl'~-perfulioD fnd tracar illject~oll 

.tudi.~1 32p aicl'oinjectlon'.hoved aaxlaua' pho.phat~ re-
. 

. abaorp.tioll to oceul' il1 the firlt, tblrd' of the pl'oxi.al 
, " ' 

, \ -' 

tubule, '(Stau." at al. ,1972). Gr.ater r~ab'Ol'pti~1l . 'l . i -. • \ t ' 
pbate 111 ~~.,~lr.t portion of 

of' p~OI~ 

.-, 
, ' 

, 
( 

" 

1 

'\. 

" , 
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POlllbl. Tubular S.cr.t'ioD of ~ 'ho.pbat' •• 

Wh.th.r tubul.r •• cr.tioD ,of pho'phat., exilta or 

J 

\ 

6 .' 

.. 

, 

I,l.y' a' rOl~ 1. the , •• c~aDl.~ of ' ,ho"Pb't. axeret,loD in .am •• l. ia 
\ ' . . , 

1 .till a .ubj.ct of c~~tro •• r". Secr.tion of ,ho.phat •. 
\, \ ,1 

ha. b •• ~ dl.arly d •• oaltraCed 1a •• pblbi. (Valt.r ,6-Bud~oao 

1937>, a,lo.llarular fllh (Kar.h~ll .t .1.' \1933). 110.eru~~r· 
1 1 1· 

1 !i.h (Wolb.ch et .1. 1970) aad the chlckea (L •• ialty .t al. 
ii 1 . CI' 

1 

1951). \The •• ide.ce th.t ha. b.en int,rpr.t.d a. indica-. '-
• tive of pho.phate .acretion by, •••••• 1i.a ~~dn., hov ••• r 

. . 
de.a."d. à careful .ppr.~.a1. 'hô'lphat' .ecrec-ion b, the" 

dOl, k:l.da'., haa be.a r.port .. d bJ B.rcl.y et al. (1949) , " 
l " \ \. 

Aad C.r:ra.qu.r.t al. (1960). 1:b •• , .tudi •• ar. not,~oa-'.~ 
Il ~ 'J ' 1 
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of labelled 'phosphate, atcropuncture) vere also unsble 

to deaDnstrata the pr •• enca of a s.cretory aechanism in 
, 

the renal tran.port of phosphate in either the 'proximal 

or t~e distal aesment (Sa.iy et al. 1965. Stricklar et al. , . 
1964, AJaiel et al. 1970, AluS et a~. 1973). ' thu., tu 

contra.t to fl.h. aaph~bia •. and blrd.~ iu whl~h phosphate 
, 

- ,: secretion has beeu clearly de.ou.trated, uo conclulive ' , 1-
de.onstration ha. beau reported in ma •• àl., and althoJlh 

s.èret10n re •• lna a distinct possibility, accuaulatinl 

avid.nce aUlleata phosphate excr.tion\to be-the reault 

of a balance betyeen its filtra~ion and reabsokption. 

2. v Calcium. 

The handliul of calcium by th. kiduey has been a 

'subj.ct of conliderable inv.atisation. Under nor.al 
"- \ 

nondiuretic conditions, .1cropuncture .Itudies indicate calcium 

reabsorption ~o occur throUlhout the nephron, paral1eliu8 

~,hat of .oelium. (l •••• tt.r. et al. 19631- Idvar~. et ,1. 1971" 

Mur~ya •• et al. 1972). lu ord.r to .tu~y' the reual haudlinl 

of calciua hov.v.r •• 0 •••••••••• nt of lta fl1terabilityat 
1> 

the Slo.e~ulu. ha. to be •• de. 
• 1 

In 'pla~.a. calc'lu.' exi.t. , ) 
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CO~P~d are freel)'! filterable. LUte phosphate. Ca conce,n-

/ 

tration in the s10.erular filtrate ba. been appr9xi.ated by 

artificial .e.brane fl1tration .ethod., ~nd ~ec'Dtly confirm- ' 
.r' 

,d by micropuDcture .tud1e.. Mea.ured Ca concentration ln 

fl~id obtaine~ from Bovaan' •• pac~ sa!, value. equal to 

.pproximately 63% of pl •••• v.lue. wh~ch a~i ••• ".11 with 
1 

the sener.lly a,cc"ted v.luë' of 601 ultrafi1terabl1ity 

(B.rri. et al. 1974). 

pa.aive re.b80rption of C. in tbe proxi.a1 tubule, 
~ 

•• reflecte~ b)' tubul~r, fluid to ultr~filt~.te ratio 
;' 

(TF/Ur) Ca of about 1.0 e.tabliahed in tbe fir.t portion 

of the tubule, account. for 50 to 55% of the 'filtered load 

of c.lciu. (L ••• ite~ et al. 1963, Edwarda et al. 1974, de 

RoufflSD.C et al. 1973). Tr~n.port of c.1cium beyond the 
1 

proxi.al .es.ent ia .Il .ctive proceaa .sainat hi,h coneell-" 

tratloi sr.dlell~.. Diat.1 tubule (TF/ur) Ca ratio. of Oi3 , 

to 0.5 hava b.all reporte" by .everal illveatlsators (Ed"arda 
• 1 

et 41.1973,cleJrouffi •• ac et al. 1973, Alua et al. 1975, 
. 

Le Gri.ellae 1973); D.t.~.tnatiou ~f qu.ntitative d~.tri-

bution of calelu.~ •• b.o~ption alous the diatal a.phron 
, , 

ov,~,tb. loop of Keule to b. re.pou.ible f~r th. r.ab.or'· 

tiou ,20. ,to, 30% ~'f ·the' 'fl1~er.d lo.ci of ca1ci~. th. d1.:"\ 

t.l' cODvolute4, 't~\~l~' ,for 1'0 to\ 151,' :au4' eOl1ectl~. 'd'let 'Jor 
, , - , • , 1 

'S t1t 81'-' "',', '. ", 1 l , 1 1. /. 
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Tubular tranaport of calcium i. undet th. ln~luenee of 
, / \ 

both hormonal and nonboraonal faetora and the 'eeu.ulat~ng 
• 

evidenee suggeats tbat vbile th, bulk of Ca is r.abeorbed 
, ' 

proxiaally in parallel vith Na the.e phy.iologieal adju8t-
Il' , 

, 1 

aents of calcium exeretion are .edistect iD tbe ct1a~al a~gm.nt. 
'\ 

where ind~peDdes:at traneport of Ci. and' Na probahly exilta. 

J. Ka.n •• iull 

The available evid.nce auggeeta that .asneaiua ia re

abaorbed aloDg·the nephroD (Kurdough et al. 1960, Sa.iy et al. 

196,0) in, a ~anner roughly ai1lli~ar to ,.that of ealéiu1ll uncter a 
1 

variety of conditions. Lit. Ca,'. fraction of HS vhieb 1. 

protein bound ia Dot filterable at the glo.erulus. AvailabIe 

" ' evidence augg.ate tha.t -about 70% of Hg 18 freely filterable 

at the Ilomerulua (Brunett'e et ~1,. 1971~. Rovever, unlite 

caleiu. quantitative diatribution of Kg reabeorptioD aloDg 
, " ' 
1 

t'he nrphrbn ~aa b.eeà.~ .hown to vary in 'diff erent .peciea examined. 

Thua •• ic~opunctur~ atudiea in. the dog revealed (TF/UF) KS of 
, 

, . 
1.OS "in _the la~. ~roxi.al tubule, indicatinl that Kg r.abaor~tion 

occ:ura ln proport iOD ,tG ,aoeliu. and H20 reab.o~pt ion, and that 
~. - . 

the proxi.al tubule reab.orba about 60% of the filtered lo.ct , 

(Brunette e~ al.1969). Diatal t~bule(TF/UF) Ha-of 0.5 augg •• t. the 

" , , 

i 

, \' -' -
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'\ 
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exiatance of an active 

10. .: 

/1 
tran.port .achani •• in the loop of 

Henle or early diatal .asm.nt. Litt-le iaDortance could tia 1 

.f.a 1 1" 
1 

attach.d to it. tran.port in the collectins duct (Wen' et al. 

1910). / 
\ 

In rodent., ho.evar, late proximal tubule (Tl/Vl), MS 
\ 

reache •• value of about 2.0: In the.a specie. the proximal 

tubule ,thua, accounts for th~r.ab.orption of only 2S~ ol 
~ , 

the filtered load of magne.iua. The Loop of Uenle appear. 

to he • ..in aite of Hg transport ainca a. much as 60% of 
~ 

-, 
the filtered HS can ba ablor~ed in thi. ,sesmç t. Only a 

•• all portion i. hand~.d by the dl.tal convQluted Çubule and 

the collectiDS duct (Huraya.a et al. 1972). Tbui. at pre.eDt, 
- \ ' 

app.a~. ta b •••• tu aite of •• SDeaium 
l, 

handliDS in all Ipaciea atudied and the difterence in the 

prozi.al tran.port of"MS in doss'and rodenta re.aina to,he 

%11 for Halne.iua. 

SUlseat ive evidence for the exiatence of liaitJd" ca~- e. 
\ 

acity of ma8D •• iua reab.orptioD ha. been presented and ,Ta 
, 1 

m.SDe.iuII va. ahovn to axhibit charaetari.tic. of ta phoa~ 
phate (Xa •• ry et al. 1969). 

,- , , 
- ' 

.. 1" ,,:!. .~j-, 

:1" / " ' ,;' 1 
, " 

.- ;j~ 1 J ... M~M!: .... !. .;',. ",' ,;,(:: \' "t<'/,' 
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Po •• ible .ecretion of Magnesiu •• 

The po •• ibility of net tubular .ecretion of' .agne_iua 
\ 

ha. also been sugge.~ed. The .vidence favouring secretion 

coa.s froa studies of Averill and Beaton (1960), who could . - ~ 

consistently .how clearance of .agnesiua to exceed its fil-
_ e , 

tered load. in r~t" ~ho.e plasma .agnesiu. 1~ve1. vere 
1 

rai.ed well above noraal. Other., however, in si.ilar1y 

magne.ium loaded dogs. vere unabl'e to show secretion (S •• 1'y 
. 

et al. 1960, Murdough 1960, Massry 1969). Microperfuaion 
. 

studies in the ratjWitti intracaPill,ary microinjection of \ 

~agnesium, alao fai1ed to support existence qf a secretory 
. , 

mechanis •. (Brunette et al. 1971). Strong evidence against 

seèretion co ••• fro. atudies in chickena~ vhere infu.ion . / 
of masnesium into one renal portal system failed to un.a.t 

trausport of .agnesiua froa the peritubu1ar capil1.ri.s 

into the luaenfRobinson 1962). Thd., at present the e~i

denc~ lD f •• OU\ of '&,n •• lua aecretlon 1. equlvocal .nd ln 

need of further elucidation. 

B. 'actors influencing' the Renal Transport of Divalent 
B1ectro1ytes~ . 

The renal tubular handl~ng of the diva1ent e1ectrolyte. 

Ca, Mg •. P04 1. under the influ,~ce of body .t'ore. and .ev

eral hormonal and nonhormonal factors. .Accu.ulating evidence 

'\ 

, ,.,',~ 1 

-Tf .. 
) d', ' 
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sUI-le.ts that stimu~i that influence a distal 

12~ 
tran.port 

syate. are the .ost i.portant iD the relu1at~oo of divalent 
\ , .. 

e1ectro1yte 'l'an port, and their tinat output in th~ urine. 

Satard ono .... b"'~~ to hava • .-~·ireet affeet 

on nephron Admini.tration of either 

parathyroid hormone or vita.in D and its a.tabo1itea, en-

hance. ca1clum reabo.ot:ption (Ta1aage et 'al. 1954. Puschett 

et al. 1972) whife c~lcitonin and growth horaooe have tha 

oppo.ite effect (~anny et. al. 1965, Ikkoe et ,al. 1959). 

Whereaa P,TB and ca1citonin have '~'een shown to be phosphaturic , 

ln nature, (Greenvald et al. 1925, Kenny et al. 1965) avail-
o 

able 'evidenc •• ulleat. that vita_in D and Irovth hormone 

have a pho.phata retalnlnl effect (Pusche~tet .1. 1972, Ikk08 
,,) 

et al. 1959). Adranal cortic~l hormones 'appeat not,to have 

a di~.c~ efftct- on .ichei ca~cium or ph'osphate transport, J 
• .J -'" aad thb)e o~ •• rved •••• ta he •• condary to exttac:a,11ular~ 

flu1d vo1uae expan.ion. 

Of the v.riou. hormones mentioned hovev.r, the one 
1-

that i. 80st c'learly i.portant i_~ th. relulation of r.na1 \. 

excr.tion lof phosphate and calciu. i. parathyroid horaone. 
l , 

A pot.ntial1y important 'l'ole exiats for vita.ia D and Irovth 

horaoDe, but informatlon 1. ~naufflcient to warrant any con-

eluaioua raaardini th •• e aient •• 

, 
~ r~'~.~H\:'~ ~ , ,i 



\ 
o 

•• 

!~ 

" ~ 
~~----

\ T 

1. IlO~~~ParathY;Oid Bor.oDe 

i. ~hemiatry 

.. 13 • 

TE ,earl~ reeoaoitioD 'of the role of the 'parathyrold 

glànda in calci~. ~nd phosphate hoaef-taSi. led to inten

sive inve.tigatio~ into method~f extraction, purification 

and chellistry. of th~ horaone. ~4years elapeed hovever, 

b~tveen ~he iaolation of the firet biologically potent ex

tract from pa athyroid glanda by Collip (1925) and the pre-.. 
paration 0 highly purified hormone by Aurbach (1959). lt 

l 
her decade before the composition of parathorllone 

becam apparent. The allino acid compoaition of human, bo-

vine and porcine PTH is ve~y ei.ilar, compriaing 84 reaidues 

vith a total molecular weight of 9,500 (Brewer et al. 1972, 
o 

Aurbach et al. 1972). The biological activity of the hor-

mone reeide. in" the initial 30 residues of the allino terminal 

(Ke~t.~~n et al. 1972) end synt~etic pePtid~ri.ing the 

first 34 amino acide are biologically active. (Pot\.S 19.11). 

PTH ia eynthetised .e a prohoraone (proPTH) of 109 aaino 

acide and molecular weight of about 12,ooo(Habener et al.1972), 

wbich has to underlo at leasc one specifie cl\avage before 

being fully activated. This firet cleavage occure in the 

1 
parathy~oi~ celle wh.re proPTH ie converted to the 84 re.-

o 
idue peptid.v(Cbu et al. 1973). Thie fraction, after 
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secretion into the circulation undersoe. further'cle •• -

ase, in the periphery iuto ., 1.~1. biologically in.ctive . ~ . Il ' 
frasment (M.W. 7500), 

, - 1 
.~d / •• a.'ll ,b~ololic.lly activa 

• 
N ter.~nal fr.g.e~t (Fiaeher'1972). ~k. b.1f life of 

PTU, like,.any polypeptide bor.on~. in the circul.tion 

ia relatively .hort'. lt h'as been .e •• ured for both the 
l' 

exogenous and endosenou. hor.du~,.nd .hov~ tG be 'about 
, 

tventy. minutes (He1ick et .1. 1965). 

i1:., Synthe'si. and clear.dation - - .. -

The',syntheaie and aecretion 9f PTS i. regùlated by 
1 

,t~e extracellular concentration of io01ze4 calc1ua. (Sher-
< \ 

~ood et al. 196~, Hamilton et .1. t97~, Oldham et a1.197l, 

T~agovnik. 'et 8:1. 1971, Kas.ry et al. 1.9.69). _ SO~~ .~id~nce 
1 

for .the in'Yolveaeot of .agne'.iu. in tbe regulation of tbe 

levela of ~irculat10g ~TB 41ao exi.t. (Buc~le et al. 1968) • . ' 
N~ 8ucb re .tion of P~B level. to pl •••• -pho.ph.te h •• be.u 

ood et ~l. 1.68)y and pho.phate regulation of ~ , 

secretion PTH ha. b.en .hown to'be' indirect, vi. ch.ns •• 

in pla •• a calcium'levela. 

PTU ia, inactiv.ted. by enz,..tic del~.da~~ou in the 

kido,ey and tbe li~er,' .inee both nephre~to.y and bepat ~ctO., 
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Effect. of Parathyrold Bor.one on the lenal Handling 
of Electrolyte •• 

Tb. Phy.iologlcal i.por~ance of parathyrold hor.ona 

ln calcium and,phoaphate .etaboli •• va. a.~~~l.hed iu the 
1 \.. 

firat, quarter of thi. centllry. Tba firat laud_ark iu unel.~-

acandiua parachyrold function vaa th. vork of KacCallu.'.nd 
\ 

Voegtliu (1909) W'ho observecl chat r'._o .. al 'of th. parathYl'oid , 
\ 

al.uds f~o. dog. cauaed a drop ln pla ••• c~lciu. folla.a4 
" , \ , 

by tetany, vhiçh could ba te.porarily relleved by infu.ioD, 
J, , , 

of calcium chlo~ide. The .econd va. the sucee •• 01 C~llip 

(1925) who w~. tha fl~at to p~epare parathy~oid axtracta, , 
- ri 

to ahov the role'of PTB in pla •• ,' calcium and' boue resorptlon 

r~8ulation. Greenvald and Gro.a (~925) reeognla_cl the i_-' 
. -

portaut phoaphaturle èffect of PTH upou th~ kiduey. Froa . . 
thoa. obae~vationa cleveloped two ac~ool. of thought ou the 

.echa"ia. of PTB action. The Collip, alid. Tbo.p.ou SCho,l, 1 

.,- \, 

propoaed tbat the p~i.ary effect, of PTH va. on bone, le.ding 

to ita diaaolutiou and .ub •• queut l'i.e iu pla._a c.lcium' 
- 1 / 

1 

level.. The repal effact. vere thoulht to occur .e~oudary 

ta boue re.orption (Tho~p.on and Collip 1932): T~e Albrisht 

.School beli~ved that PTB act~d directly on ~h~ kidney to 
" '\' relulate electrolyte lev.l. in body fluida auel that the ~one 

, 

chanl •• vere •• condary. Th .. olu.er"ed' 'ria. in pla •• a calci~_. 1 

va. iu'terpret.ed •• au indirect .ff.et'to'keep the product of 

1 ,\ 

\ - , 

e . l" 
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,the pla •• a cone.ntrationa of calciu., and phoap,bate ion. 

c~n.t.nt. Unfortunat~ly.,ueith~r aroup could pre.ent 

experi.ent.1 .vid.n~e in direct confira.tion of\ their 

p.rticul.r tbeory •• ud the initial intenaive i~tere.t in 

the phyaiololY of p.r.thyroid al~nd.. e.leiua sad' p'ho.~h.te 
, \ f' 

.et.~oll •• abatrd for aeveral yeara. ovina' appa~ent1y to 
l ' 

laek of better hormone preparation and the dlffieu1ty in 
" , 

findins a convenient. econoaie a ••• y .ethod. Only tventy , ' , 

year •. later. a~ .or. purifl.d parathyroid axtract. b.ca •• 

a.,.ilable could tb ••• initi.l int.rpr.tation'.· be .~4if'ted 

and PTll va •• boVil to ~ave four •• parate major aC,tiona. .' - , 
" 1. Incr •••• in urinary phoaphat., exeretion(Gr •• nvald 1925, 

'\ \ 

Pull.an 1960). 

2. Deer •••• in urinary ealelua axeration, preeeding any 
1 

eh~n.e in ~1a •• a calciua (Tal.a.e et al~ 1954. Klé •• an 

et. al. 1961). 
l '" ' 

3. 
1 - " 

Aeeeler-.cioD of aetabolle \ d.a~.ruetioo of 'bolle' (BarnJ.cot 

1948. Chang 1951, G.il1.~d 1961). " , 

• 1 

, , 
'. 

The role of:: tlle, parathyrol. ill r,oal' ph~.ph.t ••• tabolia • .. 

- ' - " - , 

" 

, ' 
" , '. 
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~ •• b.all' raco,Dia,ed '.t.c . .'the, d'l.co •• r,. by Gr •• Il~.~d , (1925) 

t~.t p.r.th,rO:l.d.ctO~~' 'C~u •• ~ '. ~'a"ii',f.'il :l.D:th'~ .~.t~, of 
• , , A,' , .' 

\ " -, l ' 

...,r.hary phoapha..t: •• xer.t:l.oD aDd cOllyer •• l,." iDjact'ioa, ôf 
• \ • \ \ , , " J" \ ' ',1 

p.rathyroid .~ti-.~·t iner ••••• ,ùriaar,' pho.,hac. aXC.l'at:l.oll. 
" , ' '. , " \ " ", ' ' , ' , 

- ' ~ .' 't ' •• 

Although pho.phatuYi. V •• ' ,alÎloft.g th •• al'liai' cI.t'aCta1fl. , , 

raapoD ••• ~to ~TB, it' va,. ,u~~.e~,~.4 f~r, •••.• 1'.1, ', •• ~\. l'''a- . 
, '\ '. 1" l ' ,. j' 'II . l"" , "".", • ,1 

th.r :l.t v •• , 4u. t~ a 1I1l"~~t: ')f'f'.et of the, t'h'l'eZ'ca14 .. iè. , , 
- ~,~ '.,"-'~ ... ' 1 ~\'II ~ ; ... ,\, ~\l. l '.' 11~.' 1.,1 l, 

hO~.OIl." t ~ .,.parata, ':~:Ph~.p~atul'~,e.;:~'~.~~~~.!,~ p .:~~ '. :'~oil,~ '",~, .,,:';: 
, .! \ 1 l ' "" ,r l' ... , .. , .f~, '\; ~ ,', [II , , ,'", j ~,' ' 

horaoll&l eo.poll.nt' of par.th,.l'oi,~i:. eJr.t,l'aet. 8oa~ •• i4.1t;.~~;., 
\ .~ ~::J,).. . . 1 1 

for a •• parate "pho.phat.urie' fria.~.llt" va. pr •• ented b1 
:- ~'. tf .'\ l" 

. " l'i' ' 

Ste~art allcl Bovell (1952),' who .ho~.d, thàt tr~at •• nt of " .\ 

" , , 
~ , 

" . 

• , 1 ~ ~ .. I' ' 

, , ,'.. • ' J'" 

pal'athlfroi4 '.xt'ract ~~,th for •• ldehyda .)0'11'111 •• ~"e h,pe~~;~ :.:', ;' 
,. - ~ .' 4', , 1 ~ ,.:: ,l':.. )' ~ ",\ \ 

cale •• ie ra."OIl.a, but. Ilot ,the pho.phaturie '0D: •• l., ::.O:~:' •• P-" 
1 \ ~' 1 1 - ." 1 1 

\ 

arate frala.Dt.a, ~~ol.tad 

effeet eou1c1 obe reprodueecl 

b.ch 19.59). a.',~.11 'a •• ~t~ \ .,n.~h.t:l.c .B,:"t.~.i~.l f,ralll!.llt.: 
:. ~.,I 

, r 
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prep.1:at10D. ,of Ptl (Aul"b,ach 19S9)'., The', Pho.~baturlè 
, , " ' , ",' " , ;. 

eff.ct of the hora.oaa wa'. th,e" ,.hOVD 'to b. 'iuclep."claDt 
.. " l' 'l' 1 ~I ~ 1 '. " ) 1 t \ 

of. chaDla. in G~a ~uelic.t>1n.' "~ ~ll'e~~, eff'~ct' 0, t~'a reùal 
l , ' " ~ \ ' \ ' 1 \ .. 

tubular tl'a,"port of' 'th.\ pho.ph.ta. '\!_o' .achaD1 ••• , of ' 

.ct1on of parathyto14 •• ra 'Cherefora coù.tcler.cl ."cI lD-
, . i··.l, ' 

'r , ,~.'t',' i" 
, va.tilatacl: 

\ . 
1 J' 1 

, " 
1 

1. AG lDcr •••• 1a t,ubulal'" .ecl'.t1oD of pho.phate. 

, 2. A dècr~~~~',~._lD PhOi~'h.t. r •• b~ol'.Pt1olt:. 
The av1e1.nca that" t'h'., pho.phaturte, efiect, of ~tR 1 •• re-

, ~ ~. J, • 
f ~ ,\ ~ ~ ! f , .. , 

eult of enba1lce. ':tub'ulal' a.cr.tloD- 1. eontrover.aial. a"cl' , 
" 1 1 

l'. ' 

11lcoD~lu'a1vet •• ' the -.~1.t'l~ca of .uch ~ coapoÎaé1lt:, ~f phoa-
l ' ,i 

phat. haDcllins •• chan'la. lD • .1 ••• 1. i. etill ln •• riou. 

Ivlclà1lce of Tubul.r ••• beorptio1l of' Phoaph_te, 
"1 1 \ (r 

., , 
, " 

1 
;' 

, 

\ " 

;' 
1 
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\ \ ,'," ) 

, .. u~i~.~1 lodl ••• xc~.ti~1l :".~-:lhOVll t'o be'· Ullcb~llleci ~ , {n-
I 1 1 .. ' l' • 

" ' ... ' w \ \ 1 1 \ 

4t~.t'DI ,furtbe~ 4i.ta~ 
JI.. • , ; 

aoëlluïf:z..abaoqtioll, pb6a'phat. 
'( 1),. ,. 

'l'oat •• 1, 'effecta of P'tS OD 
'; > ,'II 

- " 

'BDve~'_.~ .. , .il'a.o'èiatJoll of the 
1 ,~, \ ~~. t., 

aod1ua aad pho~Phate' in the 
", 

clOI ,h •• been- ~, .. portecl.~~,. Vea (l974)~!~ ')At 'pl'e •• nt p it t. 
,_ " ·l , ., " . 

knova'cb'at at 1 ••• t "POI'~1oll'~f th, pr'OX~ •• l p~o~P'b.t • 

. hancll,iai s.. clo •• l,. liùkecl to thacd,! H~ (ABul et al. 
1 

, .. ,' \ j 

1973). \ 
, 
" , ' 

, , 

'l'.lultl of V~Dt~ 'Itb.,., bu~ the phoaPb.tu~ic .ffect of 
," . \\ . . ( 

PtH V~I attl'ibut.cl' to tb." pl'osl •• 1 tubule. Cleal' ~vlcl-
, '. ." . , , 

euce for iablbition 'of diltal p~olphate reabilol'pt,1oll 

b.y PTS CO •• I f-roa .Ituclie. of _1el •. ~untailel' ancl llicbe~ 
1 _, 

(1'69> iD llol'aal aDd III ·both acutelT aDd ,cbroll1ca117 TPTX 
\, '" 

, , 
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po1at aot oa1y to a drop 1all ,the ?'Cosi.al pho.phate l'e- ,~ 

• b.orptlo~ after ~!B ad.1ai.tratioll, 'but al.o ia"t~ • 
, 

loop ~f Benle and 'be10Dd the! di.tal tubul~r pUGcture 

aite. iadi~a~in~ an elfec~.vithin the'collectins a1ate.~_ 

tbe l'ole of tbe coll.ctinl ay~ta. in the phoaph.ca band-
, " 

linl va. alao notacl by "iel (1970). riDall,. atudla. 
1 

\ 
of- I.aox aad Leehea'e (1975) ~oa'firatobaervationa of other,.' 

,that lin' adeliti"n ',to tle proxi •• l ae~J.oa.inh:tb1tio" of 

d~atal ,phoaphaee '~eabaorption ia an ~.piort.nt fact~r-' ia 
.' 

the phoaphaturie efiaet of PTB., 

, 
Tha di.tal capacity for phosphate reabsorption aad ' 

\ \ 

its .ans1tivity to PTH eaa be un.a.ked b1 saline loaclinl \ 
'. \ 

or acl.iniatration of~uretie.. Salins-induescl phoaphat-

-au,esatad th con •• quence of PtB relsas. aince .. 
iato TPTX ani.ala proclueacl no phosphaturia 

,1 

, , 

" 

" 
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, , 

Kany diuretic~ ar~ al.o p~o.phaturic in nature, to 

a varied delree. In leneral. the .oat effective are the 

'~n •• t~.t have carbonic .~bydraa. inh1bitory act1vity 

(Goldberl\et al. 1973). rollov~nl iQfu~ion ~f Aceèaz

Ol •• i~. inte intact animala, proxi •• lly rejected pboa

~pb.te ~.c.p •• di.t.l r.ab~orPt1~'. lb TPTX ani.~la' .i.;" 

'il~rlY ~r •• t.4. tb.,lara. pbo.pbat. 10a4 1.av1Da tb.' 

proxi.all tubule ia re.bao,rbed diatally, and lit tle if 

.ny pbo.p~.turi. occura,(B~ck .t al. 1973). Thua, tbea. 

atudiea revea~ tbe axi.tance of'bilh capacity reabaorptiv. 

.echanie. in.t~. diatal tubule for P04 • The co.bi~ation 

of diat.l load and axten't of inhibition by PTU deteraines 

the aalnitude of ph~.phaturia under- a variety of'exper

~.ental c~nditioD •• 

b. Tbe eff.cta ,of PTa on "enal Calcium Sandlinl .. 
" 

Il 

Tbe net .ffect of PTS on renal calcium handlinl ia 
1 

rather dlffiêult to pradict, aiace it i8 th. aum of .ev· 

Aral ferc •• ~cti~1 in oppoaitè direction.: Ita eff.cts' 
- , 

on bone, ~a.'orption .nd l~ta"t~n.l raabaorption "lead.l t'o 
, " 

'incr •••• a, pl ••• ~ 'calcium conc.nt~.t'ion. and a con •• quént 

~~.'é ";~n filte,,~d, ,~~'lCiU. 10ad 'wbich •• y incre .... uriD~r, 
...... 
t:alclu. excratioa~ 'therafo'r. ma.tillS • df.t"ect effect OD 

, II'~' ~ (..... 1 ~~ IJ I~ ~ r ~ f' 1 

~Ub';kJr';':~~.lèiÛ~" l'e.b.of~~ioll. Tb.' .avidanc.- for a direct 
\, t.': ,r >,, ... t..~~"'~ i ~... ; \.,- r , ' • ft 

~ .. ~ ..... ', " - ~ 
, .l'{i ~,' 

"';l'~i 'r~,.~~l I~ ... 

/ 

/ 
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• ffect to enh.DC. tubulàr c.lciu. re.b.orption i. consiel-

.r.ble. t.l ••• e. Ir.iDta .Ilel a"ch.nan (1955) cIeaon'.tr.teci 
" 

in r.t. that TPt'X c."... incr •••• d renal calci"a exctet-

ion at th ••••• ti •• ' lo •• riRa pl •••• c.lci".;p.r.tbyroiel 
1 \ T 

1 .xtr.ct inj.ctioll r.ator.cl botb vari.bl.s to norm~l. 

Wielrov .nd Levina"y (1962) ,sbow.el e /IIrop in c.lciu. ex
\ 

cretioll clurinl PTB infua~on ~n clol. cla.pita,. ri •• or-no 

ch.ag. in fllt.rael loeel of c.lcium. 'l •••• n .nd co-vork-
, 

.rs (1961) •• de .i.i1.r·obaerv.tion. in •• n, \.hovinl tb.t 

PTB .pecific.ll,. el.~raeaed ren.l c.lciua cl •• r.nce. li.-1 ' 1 ~--" ~ 

enberl {196S) •• ve P~B to bypop.r.thyroicl p.tia~ts con-, 
, 

tlnuously infuaecl vltb c.lciu. .nel showea the hypoc.l-
. ' 

ci"ric eff.ct. to b. inclepell4.llt of ch.nges in plas •• 

c.lciu •• "" ,Si.l1.r ob.ervationa of hilh c.lcium cl.ar.nce . 

r.laCive t~ pl •••• c.lci". iD hYpop.rathyroi4i •• bave bean 
o 1 

r.portecl by other. boch la •• D anel l.boracory ani •• ls 
- .1 ( • ' 

(Horc1in , ',e.cock 1969~ li4dulph .t al. 1970). Al.o, 10" , ,'\ , 
, -

c.lcium cle.r.llce'rel.Clve to pl •••• calciu~ level. ha. 

b~.a, .hovn in h,.p.~p.r.th,.roic1 pati.nts. '(Norcli\1l ec al. 

19,6'). , .. ' /, 

·Sit •• '\ of ~h.· Aétioll of PTB OD len.l C.lci". Tr.nsport 
Alolli the ~.phron 

"il;' 
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in tbe d08, aUI.aatad the di~tai .e.a.nt of n.pbron a. 

• poaaible site of tbia effect. Hic~opunctur. aud micro

pe~fuaion atte.~ ba •• been aad. to further elucidate . 

locali.ation o~ PTB effects on tubular calcium transport. 

lrick et al. (196S) aboved prosi_al reabaorption of cal

cium va. ~ unaffeeted bY PTi, .,il~s~nl a aora dlatal 

site of action. Klcropuncture atudiaa ln the dOl de.-
\ \ 

onstrated that\PTi actually bas. dual effect on calcium 
, 

tran.p~t: in tba prosi_al tub'ula abaolu.te and fractlonal 

reabsorption of calciu~. a~d' aodiu. vere inh1b1ted;urinary 

\ calcium excretion vas reduced de~pite increased sodium 
1 

excretion iudie.tinl a disproportionate enbanc~.ent of 
, ' 

1 

calciu. reabaorptlon in tbe distal nephron (Agus et al. 

1973) • 

Th. abo.e obaerv.tions of a a.lective enhance~ent 

of 'C&lciua reabsorption .t • d1.t.l site" .re., in asree

.ent vith t,ho.e racéntly reportad by Sut ton at .l. (1976) • 

They sbo.ad th.t PTH increa ••• rajectlon of ~sodiu. and cal-
~ ," 1 

ciu. proportionately in the late proxi.al tub,le in both 

intact and TPTX doss. Incre.sad del~v.r, of both ions to 
~ 

the distal tubule aftar PTH ad.1n18tration va. tb_refore 

obaervad. Bove.er, 'the ratlo of fractionel aser.tion of 

Ca to Wa decreased, aU8.e.tins ~al.ctlv~ ~nb.nc •• a~t of 
, , 

1 

c.~ciu. raab.aorpti~1l befol'.· the aup.rficial di.tal 'puncture 

\ .. 

\ ' , \ l 

• 1 

. . . , . 

1 
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:, 

( '. 



. . 

. ", 
.J .~ ~ 1 

25 • 

• ite. 'arther drop in Ca/Na ratio in th. final urine 

in bath Iroup. pointa to'a .i.ilar action of PTH on cal-

ciu. reabsorptl'on be,ond the Gcee •• ible di.tal convoluted 

tubule. aecent aieropuDcture .tudies ln the ba.st.r • 

wbo •• reDal calciu. transport i. hiShl, aen.~tive ~o 

PTH atronsly .upporta the.e observation,. a. ~TB effecta 

to enhance 'calcia. re.baorption could be locali.~d both 

to tbe aBcendiDI liab of tbe loop of Beni. and to the 

terain.l nspbroD .as.eDt. (Harri. et .1. 1976). 

Tbu., p~.ei.e locali.ation of the effect of PTH OD 
l ' 

reDal calelu. transport re.aiDs uDcertaln. Presant ev-

id~nce point.: to the loop of Henle and .ore di.tal •• 1-
. 'J 

,.ant. iDacce.slble to alcropuncture .a the aite. of 

boraone actiou. 

e. The .ffecta of P1ft OD Renal ~alueaiu. Bandliul 

3be effact of PTB aD the renal transport of .aln.siua 

ia eveD le •• wall defined thaD lta affect. on calciu. or 

pho.phate. Expert •• nt.l eviden~e for the rel.tion b.

tv'een calciua and .alns.tu. aetabolla. daie. bact to the 

vort of Hendel and Be~edict ln 1909. The recolnltlon 
1 \ 

of the rola of PTB iD 'caleiu. h •• eoataaia ,l'ad to a.rl, , . 

inv.atisationa in~o PTB effacta on plaa.a "ID.alu ••. 
Althoulh a ria. ln pl.... ..IDa.~u. lD dOl. 

( 

, . ','" , \, 
, ~ ""1 J', t \. 

l ' , ~ 

:-' .. r 1 
. ' 
, , ",' ~', Il é~ 
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, 

injacted vith p.r.thyroid extract vas reportad by Green- 1 

( 
,'bers & Kack.y(1932), no effect of PTB on plaaaa HS eould 

ba saen in, hyp.rp.ratByroidis. (Bulser , Gaueaann 1933). 

. The aubaequent studies vere •• equivoe.l aa the earlier 

ones. naspite a drop in pla •• a KS .fter PTX in doS. an 

increa •• r.tber th.n a drop in urinary .asnesiua va. ob-

.erved after PTH .d.inistration (Uaaton 1960). Bov.ver, 

~ PTX,in r.ts (Kaclntyra et àl~ 1963) led to a drop in pl •••• 

" .... ' 

l 

KS •• v.ll~s.af.ll in'Ks .nd Ca .xeretion durins PTH .d-

.ini.cration. C.leium reteDtion eorre1ated vall vith the 

do.e of PTB. Experimental masne.ium defieieney led to 

hYP,arcalca.i,. hypoph08phat;eaia and a r:(.se 'in urinary phos

phate. Thi.- controver.y a8 to the effecta of PTH on ur-

inary •• SDesiu. va. l.ter resolved by Coburn and Hassry 

(19'69). Investisation of' the effeets of ealeiua infu.10n 
l ' " 

OD ren.l handlins of .agnesiua vith normal and redueed GFR, - . 
shovèd that c.lciua infusion eausad a rise in urinary •• S-

1 
nesiua even if filtered load of aasne.iua dropped. con-

, 
cl'udins that they share co •• on pathvaya f_or reabsorption. 

This atudy vould al.o explain Heatou'. re.ulta •• iuce tbe 
~ 

ania.l. h. u •• d vere hypercalceaie. In, later studies 
1 

Ka •• ry and co-vork.rs (197Q) ha.e .hovn that th •• ff.ct of 
"-

PT,ft ou r.nal .asu •• iua tran.port i. ind.p.nd.nt from that 

'" of calciuà. ahd ~hat PTE cau •••• d.cr •••• in the fractional 

" 

t 

\ 

, 
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:t 
excreciou of •• Ine.iu. de.pice an increa.ed filterad load 

thu. coufir.inl fiudinS. of Maclut,re et al. In hypo

parathyroid p~ti.ut. a drop in urinary aa8ne.iu~ a •• oc

iated vitH a drop in urinary calciu. afte'r intra.u.cular 

pra injection va. ob.erved (Bethune 1968). . " 
Little, if Any, evidence for tbe preeiee locali.atlon 

of PTB euhance.ent of .agne.iua' r~ab~orption in the nephron 

exi.t.. Micropuncture .tudie. of Brunette (1969) poiut 

to tbe loop of aenle a. a pO •• ible .ite, vhile tbe evid-

ence fro. Barri. et al. (1976) study in t~e,ba •• ter point. 

to both loop of aenle and tb. ter.inal n.phron as the 

.it.. of PTB action on the tran~port of .agneaiua. Th~. 

althoush the effect of p~r.tbyroid hormone on renal .a,-

ne.iu. handling in various aegaenta of th. nephron seem. 

t9 parall.l,that on calciu •• ~h. evidence i. eq.iv~cal 

and avaits further inv •• tigation. 

2. Tb •• 01. oJ cAMP in the Hechani •• of 4ction of PTa 
on the Kenal Tran.port of Electrolyte •• 

, 

lt i. currently felt chat .any hor.one. Act b, vay 
\ 

1 " 
of a double ae •• euger .,ate.. Boraon •• are regarded a. 

a fir.t ••••• nser vhich trav.l fro. thair cella of or-

igin to the, cella of tarletoti.aue vher. th.y then ati.-

~late for •• tiou of •• econd •••• eug.r. At present, the . . 
dnly aecond ••••• ug.r identified i. ,cAMP (Sutherland 

o , 
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& B.abl 1958)'0 and lte laplleatlon ln the aetlon of .any 

peptide hor.one.. endoerlne and exo'erlne aeeretlon, aa 

vell a. naurotran •• ltter r~lea.e, .tr08s1, f.~oura the 

propoaad aechanla.(loblnson , Butcher 1962). . ' 

An lnereaal~s, bod, of evi'dence aupport. tbe !lypo-
t') • \ r 

theaia that cAMP i. alao'a key •• diator in the action 

of PTu, and that thla açtion of thé horaone on tb. kidney 
, , -

dep~nd8 UPOn the f~110wln8 sequence of eventa; lnter-
\ 

aetictn of tbe b~r.one -vitb apeeific r ... eçeptora on t~e, ce11 
\ 

8urfâca of the renal tubular, epithe1i~. - .etlvation of 

adenyl-cyei.8~ aa the reau1t o~ the 11lteraetion vith 

reeeptor8,: gelle~atlon of int'racellu1ar cAMP; acttvat,l~ll 

of pro'teln kinaa. vlthin the bruah .border of rena1 ~.e11.: 
\ , 

pho8phorylat~on~1 of an ensaeC.)or a -aeabr~ne eoaponent: 

and, a • .t con.equence. ~~~'l ... atlon of ~ .,.tea .ed'iatlns 

transport ol, 10n •• 

j.,·CAHP ansr.iion ,~n 
• 1 

l, 

~h. ,\lt1dne, l 

~'-" 
- Chansa. 

i .. 0 
\ \. :., 

iD the urina l'y le ... e1. of eAKP c~n b. reaarded .•• ' 

~ a phy.l01011ca'l c.onaequenc. of • direct aetlv.tion of th-a' 
.. . , abov •• y.té ••• , Pre •• n~. '0'; ,~~p in urine "a~ f1l'et. ct •• oJa-

atratecl i~ hu.an. (.ub,ch.~ • Sutherland :19'(2), b'ut no 
1 J '\ , '- 1 

:lt. Cha •• phy.101ol1cal laPOrtaD,Cl. va. then atta~b." 'to 
~ J" • Il ~ ~,f. , "",," " .. 

, Aurbàch ~196,1,l. vera' tia. fl~.t'~~c __ ~I·J.-o'.tu1.te 
!" ,,~, 

~ , ' 

. ; ',~ . -, 
'/ , . 

.', 

\ " 
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role in mediating the action of pa~yroid hormone. 

They ahoved that urinary cAMP levela ~e lover in the 

\ 

TPTX .niaala a. coapared ta the intact~ Intravenous in-

j ection of PTB into TPTX rata induced an ia.ediate and 

.arked riae in urinary c~P" vhich aither preceded-' or 

coincided vith the phosphaturic effèct of \the horaone • 
. 

-Siailar changea in the cAMP lev,ela in the ur1;ne after 
, fi 

'TB administration have been reported in humaua (Ka.iusky 

e\ al. 1970). 
.' 

These effects ou the urinary cAMP levels reflect 

cyclic uucleotide ela'1?orated fro. t~e renal cells iu 

reapouse ta the horaone and ,not a ri.e in its clearance 
, \ , 

from pla.... In the .tu~y of Kaain.ky et al~ (1970) it 

vaa poa.ible to. aelrelate cAMP, app~aring in the uriné 
1. • 

accordi~8 to nephrolenoua or .• yateaic ori~in. Only the 

nep!lzolenou. \ part vas under the control of PTB. ' Chas~ & 
, 

Aurb.ch (1967) and Buttlen and Jard (1972) u.ing radio- , 
1 

active cAMP al. a ahoved that the riae in the renal output 
... 

of ~he nucleotide after PTB reflected ranal syntheaia & 
1( .'. '. " \ 
excret·fon, and vaa not a result of ,a riae l in ita clearance. 

, fi> .. 
\ 

Purtharaore, an increa.e in the intracellular concentration 

of ~he nucleotide ii the kidney cella ~~a,bee~ detected 

a~te~ 11lj ection of the ~oraolu~' \ill' v~vo ,(Ilaaau ••• n & Tenen~ 

~o~t~,: ~~68) ~ after addition 'of 'tb~ ,horaone to iaolated 

. \ 
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renal tubule. (Aurbach 197Z) or to i.olated intact cell ' 
\ 

preparations'fro. the renal cortex (Maison 1970). 

The i.~ortaDce of cAMP ~. further atrensthened by 
, 

fhe findins. in patients 'vith p.eudo~yp~parathyroidi •• , 
, 0. 

a condition repre.entinl an end orl~n unra.~onsiv~ne.s 

to PTR de.pite'nor.al, or elevated level. of circulatiDI 
, ~ 

PTU" Inlthe •• patienta, a lack o~'phosphaturia after 
\ 

PTU adaini.tration is paralled by a lack of rise in t~e 

cAMP level. in the urine (Cha.e 1972). \ 1 

ii, Boraone' ltece.,tors in .the lCidney 

l ' 
, 'Si~ce .any other hormones also alter the metabolis. 

1 

of cAMP, the question of specificity arises, and con.ider-
cr 

able, importal1Ce" ha. aeen att.cbed to th, 'aDatoaical local
il 

i~ation of these effect.. Specifi~ receptors fo~ para-
1 

t~yroid boraoae have beea identified ia the reDal cortex 

by 'Sutc~iffe' et a.l. (197'3) usilll 1251 labeled- PTH and ~y 

DiBella et al., (1974). Biololicalli inactive ,~TU, a. vell 
\ 

as other ',hormones' .uch a. vasopres.ill, Il\acaioll and epine-
1 \ , 

phrine :fa11ed to inhibit bindinl of the active hor.oq,e. 

i1i. Adeny!,' Cycla ••. 
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of adanyl-cycla.e in th. receptor ti~~ue fo~ the.e hbr.one~. \ 
1 \ 

Aecuaulating evidenee .u88eata tbat a1thou8h interaction 
, . 

ation of thla ayate. and aubeequ.nt l'la. u the lutra-
Q 

of many polypeptide , a.in. hor.one~ 1ea1 to the activ-

cellular cAMP pr~duction,- the r~_cePtor~ fo, tha •• _hor.onès 
• 

are bigb1y jpecifie and probably located on diatinct call 

typea (Heath' Aurbach,l974).PTB 'atimulatee adenyl-cycl.a. 

pradominaDtly in the r'eual 'cort;ex -(Cba.e, et al. 1970), and 
, 

racently 'it haa beeu .bowu' to he preferent'lally elietl'lb-

~ ut.d in tha contralu.inal ,pla •• a ••• brana of tbe cortical 

epithelia1 ce11s (Shr.tz 

aenaitive adenyl-cyelaee 

et al. 197~). Pu~t~armore, PTS 
! 

h ... ~ean id'.utifte~ in the p~ox-

i •• l tubule, pars recta,~tbick .sc.nelinl limb of Benle, 
" \ 

di.tal convolutecl tubula, .nel cortical collectini eluct\ 
o 

(firat brauchina por,~'io,,). - (Chabard~e et al. 1975). With' 

the ~xception of the par. rae,ta, tb.aa a~,e .1ao the, knovn 
,\ JI' 

aitea of PTH inducecl alterationa in the transport of alectro-

lytea. , \ 

Va.opr •• sin, .nother boraone who.e' 'èffac..t-a o ara '.'d-. ' ,'" 
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\ ' 

.echani •• of action Ar •• till rath.r~poorly definei, ia 

al aD believed to Act via t:he adeny1'-cycl •• e cAM!' .Y.1; .... 
1 

Ita effect hove •• r ha. b, .• n' .hov~ to be apecific and di'a- 1 
tinct Jr~a t~at of 'Ta, .ince vhen tbe horaone. vere ad

alni.terad toiecher. an .ddit~va effect' va. oba.ived 
1 / , 

(Beerache .t al. 1974). OCher bor.one. vhicb re.ulate' \ 
• functions by'activatina ad~n11-cyel •• e"of tha~r tarlet 

ti •• ue. (e.8. corticot~n and Ilucason actinl on the 

.drenal and livet re.pectively) vere not found to b~d 

to the 'T1I-.pecific reçeptor.' of the r.nal tiaaue (Sut

cliffe et al.- 1973). o~ to influence u:rinary level. of 

cAM' (Chase ~ Aurbach 1967). 1 \ 

l'v. "l"ote'in Itinaa4f-
i 

i 
, 

,~ 

Severa~ .tuèJle. .upport the hypotheaia that in cells' 

re.poDdinl to horaqne. throulb th. ac~ivation of adenyl- ' 
y " 

cycla.e •. nd ' .~.Cl~a\t,ion ~f cAM', cyclic nuc.leotid •• 
o , 

cau •• actiy.t~on of prot.~a kina •••. (X.rx et' al. 1973). 
, . 

, ' 

, -
of the b'ruah 'border ,~pro~eiD kin ••• b7 \ the elevated lntrà-

. - -
c.llular concentration 'of cAMP ,th~t i. r.,pon.lble 'for 

t.h ... ref~z:.1atial P~0'.pbôry,i~.t.1on ~f ~!lit,,'ill.1nal , •• ~~r.n'': 
.. ~ ~ -'t-' ;} /\'::...r ':.. ',', • ~ - j ~ \ \ ' ~,l,. / ) \ -

'(nnne 'et al. :'.~",,-)..;: ~D~S: ultf.aatal" • .-·for, ,th~ "B' •• diatect 
j _' '~ _ ::1,,~~-,,!?'r.;rt~'l; .J r _ \ ~> 1 ~ • ~ f ; 1 _ " ~ _ , , fi J' , 

~ltér,.t:10~~;!~~~.~~\r~.~",;'\~r~'~~~r~~ ~f' '.O):ut~~~ -:"'~ " ", 

, '. '< ',' :\?~':.;.: ::0ffi;i;,t,::2:~:·:;;·~V'})': .. ',<. (;,':., .•. ' .' " 
, ' " ::~:'«f ;:/, '~\ ',-:" /r>~",'(.'" .",.;, ',f'i";' .. , '''.' ",:;. ,'~,' 'f' " ' , , (' 

\', ",', 'r~;:d,:!\:\ ' ,~':' ~:.:;;!~ ~,;-i;.i",-:, ~~: !.~:~:~,,.~ :; ': ~ r.:::.'~,:~~ ;,' ~:~~ ~' '. ','. ~ " : .. :~ :,:.,\,/,:", "":""":".',,' \",~~, ',.~J~_, :>.:1/ ~ , 
. ·J.:!:'i,~-:.~\',,~l':."\~<"~':' '~,; ',. ", , .. ;,.','" 

I~, ." ... 

, ~. ~~,L ~ .... "t", 
;r.~I.-~f/~~~"-,,:~ -';.:" ~. 1 .' 

t .• ~,., " •. ~.:' " . , _ _,1 • ~ •• 
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v. IllvolV.~.llt of o.K' in ~n Tra ... port 

To furFh~r .trealthe .. tb. bypoth •• i. of' cAMP ia:-
, . 

volve •• at ill the'actio .. of PT~,\~ .. vitro alld iD v:l.vo 
" 1 1 \ L l " 

.tudie. illvolv11Ïa th. aucleoticla .are parfor.~a~ .. :l.a 'an \ 
, • 1 

atte.pt to reprocluce the kilovil .U.ct. of PTB. 

a. In vitro Studie. 
~ 1 

lt h •• b •• 1l .hovn that '.XOS ... ou. cAMP do •• Ilot al-

.ay. aiaic th •• ffect of PTH~ po~.ibly 'becau •• ao.t ,c.l,l. 

are r.lativ~ly iap.ra.ab1e to\ pho.p~orylated coapound. 
, ' 

in seneral, and cAMP ia .lao aubject to rapiel' hyclfo11aia 
Il 

,by pho.phoclie.tera~e into the, ,1~ert S' AM' aetabo1ita. . " 

- \ 

Butyratecl clerivativés have often beeu us~d to replace 

cAKP a. they have beell .hoVn to have hl~her cel1 ••• brane , . 

pera.abi1ity as coaparecl to the parent nucleotide. DBcAMP 

Vàa .hovn to be auch .o~e,'pot.nt thau cAMP in the intact 
1 

liver c.lls but Ilot in cell ext~act. ('o.~ern.k et al. 

1961). \. lurth.raore, B •• llsha et .'1. (1971)', aho".d' DBcAHP 
"" ''', . " 

to b. aore
l

,ho.phocll •• tara.e ~e.i.taQt. vhil. tb. re.ult. 

of Aurb.cb et al. (1972) .ugg •• t lt, ~ct., ••• n i,nb~bitor 
" ' , 

"' \ 

" of th. ,pho.p~oeli •• t.ra ••• , cau.inl thereb, aD accu.ul.tion , 
,[ 1/ 1 

of .~dol.DOU.' cAMP; 
~ 1 r " ' , 

the~ conceQtratioll ofï: .to._aou.,1}' 
, , 

\ 

{I / 

loti4.' .1ao app •• r. tD b'. ot '·~it.l' i.p~rt'.n~ •• ,,~ 'Do •• r •• pOIlS., 
J J f 1 ~ l' ~ .. , , • 

\ , ~, \ ( 1 

, , -- ":,,:' "" 

., • ' '.," . '" l "':' 

.~. ..' ...', .", ::: <,:;:~ ~ ",: :~':~: ~ <,:':,'; > ';;,);: (;;<;~,;i~~,:,·.:: ~A<,~, iè'::",: 
, r' ~ '~~.. ~ \ ~ ~ _':,), I-~~:~ ~ ,fi ..... : ~ ... r ':M' .. ' l , 'J;;;.'r'~ ,i: ( , " h<'r ,'/'" :"':r':' ,f)~~ ~/' :~~~':/A j,."~J...;~i ;, ... ; ;~:.' :'/>~,~, ;':n\~ r~~1 l, , ~ '.'},'~ Ù·t::r~{/·l~~~\rf<.l ... ~!<\\ J ~ \ l "F! , J 

,,,, I~ ... " 'l' "')~_t..,~ L I~~" ~,f. .\ ',\," r }.' ~~,tljl,.':"'{I~ loi l'~f"(, ~~ .'.t. ~lf'('.J.::J.f~"~t.1 ~"I ~.o>-'"~ t,,_'\"'~ 
','1.", _.... ~/,,"I ,\1';:' ,1tl, 1 ..... /~ ..... ~, 0:' ,[ i \"'.1 ~J." ;.~~l~'f.:r.,{, ',.,ll; :'*~~).,.yl rt".l,\:~(.\t~~;~ ... " ... \.f,,~ Ji!' "t' r'r';'t:~~ !l ... (....,~J/~t .. ~,.I )t'l,~' .. \J::,J 't' 1~,ll fr.~ ~ 
~: ... ' '.,l~l ,.~;:.,\ •• :'V~~~l~l:' ~ ... ,oI'J...t,l~,I;;fl~ 'l':,~! \·~.,,\;'~5L~~~J~,,\/~/~ .. '~~"'{~I~~r~;:~~~~.:,tll.~<~i':.~~~1--: ,~;:~:\.~,,~:~·~;/,('~Ç4~~~, "~~W~~ \~r,:t1I~;'~t.J .. ~1,,~~;>~dt,;,'!:t"::~f\·:::-

-, ... .r ~.,J • "'/..J\~ .1)." ........ ~,/. i j~' ~ .: ... u ....... ~, :~,I,.~: ~ .. _i i;'k",(~r.;t;;~ It1M1!.t{le-r, fjl'"').c;/\t\/~ /' - ~ fl<.'< '!t ~'t tU;':! ",M.," \1 ..... 1,)(.~y:~ i';!~, .. 1.~Y1~}:w.r ( J,":;~l4''t ::':::'t~,:~~;;;~~\:~~::,~,::A, ~t~~r" ... " L~(' 
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.Cudle. ~.ith D'CAM~' 1., ,~'~e ~~cac~, ~.l'l. ~f, dlff,er'ellt 

ti •• u.. (acl'lpo •• '~ llV.1',' b~Il.) .a ••• ''b~11 .h.ped CU~V~ . ,,\ " \ ~ 

~ 1 l ,l" \', '1 / , 1 

0".1' a ~elatt.el, aerrov COllc.Dtr~t~ou ,raille (V •••• t 
,,' 

411.' l"'~). Sl.ilar1',aai".,.t al. (1969) .ho".d that 
, ' 1 / 

vh.rea. PTH.had •• arted, affect ou 'bolle re.orptloo. 110 

/ .uch/ .ff~ct could 'h.' 'bo"n'/vith c~P in d~.e. up to 

3' ~ lO-3K~ DlcUP hovev.'er •• ti.u~ated re.orptio1t at 

do ••• of S x 10-SN ~o 7 x 10-4M, the re.pou •• b.~8~ 

" 

, 
.1.i1ar to thae obe.lnscl vith the 10v clo ••• · of rT~.·' A~: 

conc.ntr.~ion •• bo"e 10-3M the affect v ••. lo.lt. ' " 

~hu., .1thoulh »Bc~MP .appsar. ~o b •• ore poteut 

than cAMP it.elf. che qu' •• t,iOD a. co vhether the bi~log

lca1 effect ~f DBcAMP 1. cl~e ta auga.ntation of 'intra

cellular concentrac"ioD of cAMP,' or to a direct action 
. 

on Che proteiu kiu •• e r •• atu.' ta be alla.ered. 

b. ln vivo Studles " 
1 
/ 1 

1 
Th. phy.ioloa1cal effecta of c1c1''ic, Ducleotide. "ere 

/ \ (> ~ ~ 

" Iffecca of cAKP 'oil the trau.port' ,o.f 'pho.phate; JI 

'\ ' - ' , 

.1ao l~ve.til.t.d., The pho.~h.tarlc acttoa of PTB on t'e 

klJU.' h •• -''b.sa', cOD.iatently reprocluced vith 'both"'c~ " ", . ., '" 
~. ' "., ' \, '1.... • , , 

•• cl' »BcAKP. ,( ..... " ••• 11 et, &1. , 1968. Ilu •••. ll "et' al. ·~9,~9,.:. " 
, 1 • \ < ~ \" • ,1 ). ~ 

" ~ 

ÀÎ~. et al. l'7l'~, X,~llt.lle~ et.'.l. ·1':1~).; ID ~·ql.,. e:lt':" 

:.h~r '.,..'t~.i': or' '~.~a'1 .rter~ .i~fU.I01l'c"Of ~"CAM) 1 •• ~.to 
, " \ ~. l' , 1 1 J ,~ -, ~ i' h. ~ 

1) , ~ .. '1 ," , t' f 1 ~ : i, ~":~~::;_' f, 1 

.'. ',':", ." '" ':,~~ .r~~,. in, ~rf.1l.~W;~ t~b~~~~~f~ .~c~r.:~o~ {!l:~lC.,~~~,~ .. ~~;~~:~',: ' . 

, ':,<: \~ ';', " :: ,: . '> : ',:' ~ .:;/,' ~:~ , :~,:, ,c ~" : ':".' _' ':,,::~ (:.' ',~~: '.: ::' . ~, c">', , . ~~ .. ~(~ ',;::,:, 'r,~:,: r .. .- '.' ':,,2~: ",.'~" ,'::~·?~r/; :,', ". 
"l~ ~".'l ... ·,tf~'.~,' ~~ L ~~;t' ./;~I'! ,J,t',~ • ~ ~t lA": fi,. '~,~ .. r·,'f :~I\,; ': \ l 'J.' Ir.~' ... ;~~l ~ rJ.1!. ,;1, f j' ',:i:~~\I, .. '~' ~.)",,~~>,,;,~~ t~ \~I 1 

.:l'"'J( if,~~\;,,"/j),~1 '~'," ')~ :";.J:'.~,,\~ ~1r ... ,1/ ... ,.~~.".;"I_,-",I:..,I.tH'~ 't\~~: .... ( . ... ,'1\' -'~A , ;4,J,t~ .... /~'!,(I'('/t ~,~ "'~/ .. ~ J ,o""._,t)k~~"'~:~I .. .i,. ~ ;::"~J~~l~~; 4-

" , ,d'-~~V ~I~~t< :. ~~ .... i,!~);.:A,'~'~~~::':''f<~, f ... 11~~ ':',"" .. ".:~~ ~;\:>"'~'.""j..! ' .. ,:':i:' /~~)~/tll''t-,'r'' /~r ;tJ:,"~'.w-.~~,\[\.ll ... -,,"'~_·jl'~:~IJ\~.f "r."~· .. ~:'1· J ~ ~ ... ~ tVI~;-~~J . .. J 

_: f';J,~ f :~~f~~PS/:;"':", ':t':' !~h ~::l:.r"~'·'~" ;;,i:\~!;~ ;î\';% ;",,\" f..'1"'l'~~''.3~f:$;,{:ti~ 'J ~b' c''<' ,;,; :<~';':';:~1ir}~\ :.:'.:.';\ .,,':' ~,/Jf;r;,', ;:I\~ctJ~·::,:f.(' " .1" , ' :,.;,):;:: k,~u .:-, ~ , 
1 f·:~d~~~~j:~\~i:&'~:r~'f;,.tj~"/T'i"i('~t~~~~ .~P l W.l~~;·{\Jt ~, '1. '~~i'~;1~\:,ltl)~;[,yl~~~;~;>&,>~I~ ~,~~t~';~"I~~:>1\\r'/'<~> ~hj\::~-::~~., '~'~f;>"::~~~'~J~I~~~~~ \ '\ 't~~~i~ l)1.di ~~ .. 1;~11/ I,\ ... ~~~~{~~ fi~rr:r/ .''jJ.;~,Jl ?""~"l ~,>,., ",: ... ip"'( t~f#,:Jt~$.1.~.;y~' \"itt (~l;"rl fi ", (~,t· ~\~ :.f!1"f~.... 111: , .. i'lt~,~}<; .. ~",>IÇlt\~ \. ~' 1 

, '~~~'')'~~~y'100fi~~t~*i~~~t~·~~!~~ :&:;tg~~,~~: ~r:~'~ u ~ :~t~~ 1~11~~~},J~~~~iial!}1!i~~~~)/~~G~~.:~ '~~~/ 'p~ ~~~i;~ ~~ .~,~l.t~'i~=(t.> :. / 



• 
,r ,. , 

(1 '/1 

~.I:::n ;. :.~ I~~". 

l , 

, -

. , 

, , 
/ 

35. 

tulnalar. effeet. lapla,ee.e~t of the active nueleotiele . 
vith 5' cAMP, ita inert aet.abo'litâ, failed to inhibit 

phoaphate r.abaorption, 
. , , 

result~ .uII.atad that tha proxi.al tubul~ vaa a p~e-
• 1 

dominant site of the PTH-like affaeta of DBeAMP;a-
\. \ 1 

drop in phospbate reabaorption va. acco~pa,ied by a 

drop in reab.orpt.ion of Na;thu •• upportinl tha vie. 

that pho.phaturi~ re.ultad ,fro.'the.i~hibi~ir~·of 

proXi~al Na reab.orptioD (Alua et al. 1971). A aia-
1 • 

llar inhibition 01. proxi.a+ tubul~ fluicl, reabao,rption 

by DBcAMP ha. also been observed in isolated perfus.el 

pioxiaal tubules (Hamburgrer 'et al. 1974). Studles ln 

1 

1 

TPTX rata revealed the exi.tence of cAMP sensitive P04 
\ tran.port beyo,nd tbe proxiaal tub~le (Kunt. iler et al. 

1974): 1 The effects/ of cAMP ~.re loc,alized to the ter-
," '-

.iDal nephron. The •• are th •• a.e sit.s as those thoulht 
fJ 

to lb. involved in the effaet of PTB on the t'ransport of ,\ • 

phosphate" and loeali&atioll of PTB sensitive adenyl-

cycla.e (Chabard •• et al~·l97S). 

Effecta of cAMP on tbe 'fransport of Cale'!u. , . / 
Tbara i. little avielanca Chat tbe effeet of PTB on' 

c~ ~ear.nca tiy tha kidna, al~o involve~ ~adiatio~ by 
1 

eAMP~ .. a.au ••• 1!- at' al". q.f69) raportad' that Cb.~I •• iu 

urinary ,calciUll and pho.pb.~a, élu;rinl cAlfP infusion vere 

l , '1: ' 

/ 
J 1; ~ , • \. -.' .. ; 

"~, ','",:.'. -',,:, .::":~;~,, .. : ,'"~'~~':'~;~',~;,,,:3'~':~\~,,;::,~~,:~~~;:~,:;;::~~>,,,j,, ,". ;'~ '. ~:. ,;'.' ~:";,~'" ":',~:, ,);,',:. ~':', .' ," : 
, " ~:>.,(;, !,~, !.~~r~;·,J/:,,[}·:\'~ .'4~,..l-.. \.~ , .. /~t'~:f::f\~~-r."'~f ':~~,;~~,\/.}~i~~ '~~.~~I' .. t/,t' .. "!z'1:...~\;'" :01 1/ ;.~.:~~ )-'''''',.' ~,·n" ~ ·; .. ~I ",-:.l''''..'/i,<.'~ \','{ j, : 

l • l , ••• ,h" • " 0' -"1 .JI' , ~ .. ~ r. • "'< • \ 1 .. '.. ~ ~ ~, • . ' \. .. • ~ ~ ... .11~ \ ~ , ' 
"'" r 
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identie.l to tho.e durina .dain1.tratlon of PTH. The~ , 

ver. lons tera experiaent. hovever, .nd • r~.e~ r.ther 

than • drop in urinary c.lciua v •• ôb.erve~ .ith 'both 
\ 

cAMP aDd 'TB" vhile PTH ,nd cAMP b.d an opposite .ffeet 
\ ' 

, \ 

on .agneaiua exer~tl01:l. An inhibitory .ff.ct of DB'CAMP' 

on proxl •• l c.lc'lua, re.b.orptlo~ aliail.r to that' of PTH 

va. reported (Alu., et a~. 1972) 1 but, unlike PTH tre.ted 
\ \ 

"-ani.al., vhere b,..poc.lcurl •••• ob.erved, no chanse ln, 1 ... \ 1 __ \ 

urin.r,.'c.lelua excr~tlon va. pre.~nt ln aroup infu.ea 

vith D'cAMP •. Kuntaiser in a atua,. vbere he cle.rly 

deaonatr.tea' ~n effect of cAMP on the tra •• port of phoa-
\ • 

pbate aloDg the nephron, f.lled to ahov any effect of 

the nucleotlde on the tran.port of either calc~um or 

.. 

. \ 

.agneaiua. Pla~ •• level. of theae electrolytes vere also 
M 

un.ffected. 'Tbe hyperc~lceaic reapon •• to both nucleo-
, 

1 

tlde. v.a inve.tlgated (Wella and Lloyd 1969), .eute~y 
- , 

aDd cbrouically lu TPTX rata. Wherea. D'cAMP cauaed a 
, " 

rlae in pla.~a c.lciua and a drop ,lu phoaphate si.ilar 
. ' 

to tb.t ahoVD 'vitb PTB, nelther effect could bel.hovn 
. . 

vltb cAMP. Bov.ver, tbeopbylllne, • knowD cy~lic nuc-
, / 

\ 
'leotide pbo.phodie.tera.e iDhi~ltor, vblcb catt.e •• ria. 

- ~ - \ 

lin th. i~traeellul.r cAMP conc.utration produced .'.iID-

~lfic.Dt iner •••• ia .eru. c.lciu., .nd when .ddea vith 

DBcAKP tbe effaet ,v ••• dditive. O~ the contr.r,., 

.. 
" 

" 

/ 
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iaid •• ole, a potent aetivator of pbosphodie.teraae. ant-, 

aloni.ed the bypercalcu'l'ic act ion of, Dlc'AHP a. well a. 
> 

PTH. A do.e-re.ponae .tudy .hoved the hypereale •• ic 
) 

effeet of DleAMP· to be do •• dependent, an observation 

.i.1lar to.that of tb. 1n vitro studie. ot 1.',. di.euss-

ed previously, thu. Curther e.phasisinl' the i.ports~e. , /-- -,.,--~ 

of th. do.e, whe" inv •• tis-tins effects of the nueleo- Î / ';, 

tides. ' \' 

/ In .u •• ary, the •• observationa, althou8h i'n atrons , , 

support of th. iavplv.~eat of cAMP' in the phosphaturie 
\ 

effect of PTH, are inconcluaive vith respect ta their 

role, in •• diatinl thl action of PTH oa the r~aal traaa-

port of calciu.'and .asueaiua. 

, 
Chapter-III - GOLDEN STRIAN HAKSTER (HESOC1ICETUS AUIATUS)

A MODEL roa THE INVESTIGATION'Ol TBE HECBANISH 
or PTB ACTION ON THE ~IDN!Y 

A. discuBaed previoualy, the evideace, tnat PTH res-
1 

ulates calctu. clearaac. by the k:l.dney i. ove.rvhelaia~. 

Hovever, the .sact~.eehaDi.a of tbi. ~ect is Dot knowD. 

, In deailninl experi.enta to fureher co.pl •• eat a rather 

frasaeatary knovledse re,ardinl the .equence of the cell-
, 

ular event. lnyolved' in ~bi. action. of tbe parathyroid 

hor.o~e, the,t'Iolden ha •• ter appear.' to he an ld~al .odel, 
1 

/ " , 

. " 

'. 
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•• lt. ren.l calclu. tr.n.port p •• b.en .hoVD to be un-

u.ually a.naitl". to PTH (Biddulph ~t al. 1970, 1973). 
, / 

ln tbe cour.e of their inv •• tigation tbe, b ••• ter ki~ney 
j -

v.a ob.erved to play a doaiuant rol. iU,the'aarked and 

r.'pid Icbange. tb.t occur in .erua c.1ciu. concentr~ation 

.fter ,TPTX or exo~enou. PTB. A drop in pl •••• c.1ciu. 

vitb a conco.it.ut ri.~ in urin.r~ c.lciu •• Iter .cute 

TPTX could be 'preveuted by eitber infu.ion of PTB or 
, 

nepbrecto.y, vhere •• nephrecto.y .lon~ b.d no effect OD 
1 

pl •••• ca1ciu. levela. (Biddulpb et al. 197~) • 

. Dose-re.ponse cbar.eteristica of urin.ry calciu. 
, 

~e.e1s iu reaponse to exogenous PTE vere alao studied to 

Idetermine reu.l sensitivity to,PTI. A lin •• r drop iu 
1 

urin.ry c.lcium acco.p.nied by a rise in pla... c.leiu. 

va. ob.er.ed over • do.e range of ~.8:to 10 unita of PTE. 

Tbè !atter dose va. tbe .ini.u. d08ag. require~ to restore 

calciu. axeratiou levela to thoae ob.erved in the lDt.Ct 

ani •• is. Tbe uriuary le.e1a of c.lciu. In the h ••• t.r 
/ 

vere .bown to b. bighly influenced by le.el. of diet.ry 

c.1ciu. a. pl •••• calciu. v •••• iat.ined con.t.nt, fur-
. 

ther uuderliulus-the 1.port.uce of tba ~~dne7 in the .in-
1 

ute to .iDute,resul.tiou of pl •••• calciu. (Biddu1pb et 

A pho.pb.turic .ff.ct of PTH v ••• 1.0 .een. al. 1973). 
1 

lo"."e'. uulike in otber .p'ecie •• ,vb~r. PTB c.u •••• 

• , 1 
, '-

\ .... , l ',t" -, 
~ ... ;~ 

'''.. 

'I 
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r.pid f.ll in pl •••• ph~.ph.te. in the h •• ster, PTH fail- .1 

ed to lover level. of serua phosph.te. This •• y indieate 

• differance in the .echanis. of Ithe pho.ph.turie effect 

of PTB in tbe tvo .peeies (Biddu~ph et al. 1969f. Purther 

investigations are ~equired hovever. b.fore .n~ conclusion 

e.n be dravn.' 
, . 

• / Chapter IV - KETJlODS-

1.- Ani.al Preparation 

1 

Standard clearance experi.ents vere perfor.ed on 54 

aale. g"olden ha.sters (Mesoerieet-us auratu.), 90 - l30g 

body veight, 'alloved free' aece~8 to food and vater. Ani •• ls 

\vere anesttietized iutra-per,itoneally (ip) vith Inaetin (Pro

.onta, Ba.bur~. Ger.~ny) (18. _g/lOO g.b~wt.)~ tracheoto

_ized, .nd voluae expanded to 5% body veight vith 0.5% saline' 

(ip)r Acute thyroparathyroidecto.~ (TPTX) vas perforlled 

by c.uterisation in .ll-but tha intact eontfols. PQly

ethylene eathetera (PESO) ,vere iuserted int'o a j ugular vein 

for the infusion of tnulin, and into the e.rotid artery for 
r: 

blood a •• pling_ Urine vas eolle~ted\fro.~. catbeter (PESO) 

inaerted into the bî.dde~. " Ani.al. vere tept at con.t~nt 

, . 
i 1 \ , < ~' : : \' 

•• 1 f .. \: l, 1 

• ....,-- <' 
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2. Experi.ental protocol 
, 

Aniaale .ere divided iuto five groupa. The protoco1 
\ 

e.ployed .a. identlca1 in a11 T'TX ania.1a (group l-IV), 

except for a different drug infuaed in the experlm~nt.l 

pha.e of each group. Group' V vere the intact control •• 

Clearance periode verA atarted st tvo hour. poat 

TPTX and con.isted of tvo 60 minüte ph •• ea (control and 

experi.enta1) .eparated by 60 ainute interv.1. The • con-

tro1 'and experiaental phaaeaeac~ c~aprieed tvo 30 .1n

ute urine collection perlods. Blood saap1es vere taken 

at tbe en4 of e.ch pha.e. 

Throughout the experiaents a11 ani.a1a vere infused 

vith 3.S% lnulin ln 0.9% sa1lne at 0.02 al/a1. ' The eq-
1 

ui1ibratlon of lnulin concentration ln the extrace11ular 

fluid coapartaent v •• a •• ured by infusing it for one hOUT 

b.fo~e co ... nceaent of the fir.t pha.e. Group 1 (the T'TX 

control gro~p) receiv.d ~n1Ythi.'nfu.ion throughout both 

pha.... In group Il-Iv, adalnistration of" PTS, cAMP, or 
" 

DBcAKP re.pective1y va. coaaenced at the coapletion ôf tbe 

flr.t pba.. and th. experl.enta1 c1.aranc •• vere beg~n one 
J 

hour later. 
, 

Group II (n. 14) recelved purified bovin. PTB (Wil.on 
'\ 

Laboratorie.~ CbiCaao Ill.) at SU/bour. 
, 

Group III (n • 8) received cAMP (Si,a. ,Cbe.ieal Coa-

pany, St. ~,oui., Mo.) (SxlO-8M pri.a follio.ad by 10-'H/ain5 

, , 
" , 



, 
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-8 Gxoup IV (n-9) received DBcAMP (S x 10 M(pria~ 

folloved by lO-9K!ai~). 
To ~eter.ine effecta of ,acute TPTX, a group of 

. 
elght aniaals vith intact parathyroid gl.nd. va. in-

cludad in tbe atudy. 

Experiment. vitb DBcAKP (group IV), in vhieb a 

drop ln piasma eaicium ~as obaerved, vere repeat'd on 

an additional group of four an1ma18 that vere infused 

'vith 1.6 aEq/l CaCl2 together vith DBeAHP ln the ex

perimental phase. Tbil lov background infusion of cal

cium prevented a drop in plasaa e~leiu. and filtered 

load of calcium. 

3. Cheaieal Hethods 

ln all experimenta, the glomerular filtration rate 

va. aeasured' by inulin clearance. 100),11 of pla •• a va-. 

deproteinized ,vitb 10 III of 25% tricbloroacetic acid prior 

to analyais for lnulin an~pbo.pbate. Pl .... lnulin va. 

deterained by the fluoraetric diaedone aethod of Vurek .-' 
"-, 

?egraa (1966) and urine inulin by tbe anthro~e aethod of 

Fuhr. Kaez.arezyk and ~ruttgen (1955). Pla •• a and urine 

Ca and Mg vere deter.ined by atoaic'ab.orption apeetrophoto-

• etry (Perltin El.er 303). and phoapbate by Chen aethod 

(1956). Fractional exeretiona of -calc~u. 'and .aane.iu. 

vere baaed on ae.n ultrafilterable value. of 60% and 70% 

respectively. The.e figures v~re deri.ed Ero. ultrafiltra-
1 

tion of pooled TPTI, ha.atera. blood tbrouab artifiei~l 
• J 

J , . 

" ) 

.~ 
• 
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Phillips-Drueker~ 'va. u.ad to derer.iue he.atocrit level •• 

Plasma protein vas measurecl vith a refraétometer (Amer~can 

Optical Company, Series pa-A). 

4. Methode of aualysis 

Significa~ee of the differance batveen the .aaus ia 
. "... \ the tvo phases va. obtained by uupalracl Studaut l' T •• C •• 

Unpa'ired 1 T t •• tr ·~ÈO u~.~or cO_I'0riooll' of diffnent 

. 
" groups of aui~als. Fractional- exeretion ,rates vere cal-' 
l ' 

• Q 

eulat"'accordiug to the follov~ng standard "formula 

(ul!.h. ' 
~) x'lOO% 

in· 

• ', <l 

'. 
, rI '",1 

) . 

--

• 

.. 

( 
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Chapter V IISULTS 
1 

1. Co.p.ri.on of intact .nd TBTX' h ••• tera 
'\. 

'1 

The etfect. 'of acute TPTI in the h ••• tera are ahovn 

in T.bl. I. ,Ho significant differeuc.a in GFa ~Dd urine 
, , 

flov rate ver. ob.ervee! betv.en tbe tvo g~oupa of ani •• la. 
. . \ 

In TPTXvh ••• tera tot.l '1 •••• calciu. va., lover ,than in-

tact ani.ala, -.,ber.a. fractional calciu. excretion' oi 

-2.8 :t 1.0% iu t'ha intact ani.al. va •• arkecl1y cliff.rent \ 

fro.\tb.t of 11.9 :t 1.6% in TPTX ha •• tera (p< 0.001)': , 

Si.i1ar clifferences ',in aagneaiua handling vere observ-

-"'" ecl bet~een the groups. Total plas •• Mg vaa lover in TPTX 
1 

than intact haa~ters (i.6 t 0.1 .g; va 2.4:t 0.1 ag% 

p < 0.02). while lEHg i:n the intact vaa higher (5'.4:t 1.8 

v. 18.7 ± 2.5% p • 0.01). 
\ . ' 

The fractional pbosphate'axeretion of 41.6 :t 6.9% i~, the 
\ " ,-. .. . \. 

int.act" group "aa ~'i8nificant11 d:1ffarent froa. that of, 2 .. 9 ± .. 
0.9%.in TPfx hl •• tera (p< 0.001); Bovever; thère vs. no 

, 
.ignificant ditferenc~ ln tbe pl •••• pho.phate concentr.tion , , 

althou,gh \i~ tended, to br"h~~h.r i~, tb~l>'TPTX, group('3.2 
~ 1 _ ,,' .) 

al~ _ iD. the intact v •• ~;S :t 0.,,7 .gl in 1:P1:X). 
\ 1'1 

:t o 11 cf . 
-

", 

, 
·el 

J 
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2. Eff.cts of PTU and eyc11e nucl.otid.s 1n TPTX ha.s~ar! 
i 

\ 

1. K •• ~dyna.lc eh.n~e. (Table Il) 
, i 

1 Nelther PTH. cARP nor 
\ 

in ora or urine,flov rata, 
\ ' 

~Be~p car.ed .i8ni~lc~nt cihaug*. 

but. a .1a~1ficallt f.l1 ln bè •• t'O-' 

crlt ~~d pl, ••• protein va. ob •• rved in 
\ '\ 1", 

, 
.11 group., inèludlng , 

\ 
the control. Tbis v •• po.sibly attributable p.rt~y to re.oval 

\ 
of blood fOl' analysl. and partly ta volua. expans1on, •• ,the 

infusion rate vas higher th.n th. urinary oùtput. 
\ 

il. Changea in calcium handlJng,(Table III Fig. ~) .. , 
1 

Wblle'ther, va. nô ,change ln eithe~ plasma Ca, flltered 
//. ! 

load of Ca or fractional Ca axcretlon in the control group (1), 

follovtng PTH infuslon fractional calcium excr.tion d~cr.a.ed 
1, 

fro.' l3.0:t: 2.2% to 1.5 :t0.3% (p <0.001) '(Fig.I). Decre.ses in 
"- . 

FE Ca ~ere also obsarved follo.ins cAMP infusion (18.9 ~2.S% to 

9.9 :t:1.9% (p <0'.01), and DlcAKP (l7.S:!: 2.9% ta 6.9:t: 0.9% (--p< 0.01). , , .. 
Tha calculate~ filt.re~ ealc1um load va. uncbanged in e.ch 

group. A I.Od •• t ~l.e ia.,.to'tal pla ••• ealc1.u. vith PTB~3.6 :t0 .. 2 
~ l \ ". 

ta 4 .,1 ,:ta. 2 aEq/l p <0.01)' \\coulcf Dot ,be .ia:lekecl vith,' .i~h.r 
, -

cAKP or DBcAKP. In fac~t a saal1. bu~ ~lga.lflcant fa11 ln~total '\ . 
pla ••• calcium'vas obs.rved ~ith~DBcAHP (3.5~ 0.1 to 3.3:t:O.l 

" 

.Eq/l P <0.,05). la all' grou~. p~ ••• a p~otein fell," .0 th.'t 

the prot • 1ft bouncl' ) .. 
,f 
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co.pouaDt of "pl •••• ·,C. ,pre.ua'ablt .1.0, fell. :'th'. f.l1 
• , \,1 " " . 

" • '. " l "'. ' • , , ' 

111 total 'Ca vlth D'c.AKP .a, be ,attr:l.butabl·. to' thi, e~f-
'1 • t,. , 

\ 

Act rather ,t,han indlcat,illl ~ fall .~)l :l.oll~aad pl.a.~ c ... 

il1. ChaliSs. in •• ,De.iu. b,.lIell1a, (Table IV 1 r:li. a.) 
,\,.' " 0 

tbe affect 'of .1i ·the 'clar ••• Ie~t. on rella1 III" 
1 

bandlial v •• 81.11ar to th~t OD C •• ' PTH 8ignif1e.atlY 
1 ~' • • 

1 

,1Ilcr •••• d total pla •••• alna.iua. (1.6 ~ O~.l, to 2,,3',t. O~" .. ~. . \ ., 
',' 

:l'iltact anl •• le. 

t 1 1 \ 

reatorial :l.t' to the.l,v.t. ob.erye", il' l ': 

, . ~,. ~- ''-.. . ';, ~ . \:.j , , --' , \ 

A ••• ·ii: ri.e, iD tot.l "1»la.*." HI, va.' 1. , 
• \ ~ • ' , • r 

1 l, • ,_ 1 I, _... ) 

.g%, p < 0.001) 
\, 

t, O.2,'.II) .. "~ahd .D~C~~ , 

('1. S t 0:.1 to 1-. 6 ~ '0.1 .,%) b1tlt the.e· change. vere n'ot .. " , , , 

aigllific.llt. The c.lcul.tecl fi'lteracl lo.d of •• snè.i .... .. 1 _ 
\ l '" r \ , 

va. Ilot .iloifie.nclY alteracl by PTB or DBcAKP but va. 
[ , \ [- ' 

• é • 

. " 

" 1 



"~ 

" ,1 
) , 

" . \ ,~~ '. 
:' , 

" , 
\ \ 
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'1 ' 

, . , , 

3.2 t 0.9% p <0.'02) •• d, D'cAM' fl'oa, '2.0 :t0.1 to 12.,~:t 
" 

2.6% '(p <' 0.01), while GO chause ;1." F~~04 o~ ,the con-

trol Iroup (2.2 t 1.0 to 1.4 :1: '1.4%) va. ~b.e~".ecl~ , . , 

Pl •••• pbo.pb.te ~o.e thl'oughout t,he -experiaent in all, . . ' 
8roup. of ani •• l., iucludinl, the control,. 10"e.&I', there 

v.~ 110 .iIDificant' differlDce b'.tveeD the ,pl •••• ,bo.-
l' " \ ' 

phate in· tlae experl •• ~t"l ph ••• of 'Iroùp~ _ 'l,t, 111 and IV. 
'. 

1 and the experi.e"t.l ph •• e of the/coutrol-Iroup X.' Cal-
o ., 

~ " 

culatecl filter.cl lo.cl of pho.phata v~. COD'~.Dt 'i" al1 .but 
, \ 

tbe DBcAMP tre.ted Iroup. where a ••• 11. but, atlnific.nt 
• -. f' '\, , " • 

\ ' . 
riae v •• ' o,S •• rvecl' (froa 11.1 t 2.3 ,,1/~lll'to '14 •. 6 t 2.5 . , 

, \ 
1I1/ain. ) • 

. . 
v. Iffect. of DlcAHP ."cl C. C12 Illfa.ioD (T.ble VI) 

~ ,\ 

ID,lroup IV ,(DBcAH.t. ' •••• 1'1 but .iRuific.llt ,clrop. 

1. pla ••• Ca va. ob.er.14. ,~hlr.for •• the •• I~peri.ent.· 
\ ... '- '... ) - ~ ~ .' 
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" l, ',' , ' 
, 1 'I , ' . , 

Pa~ath,roi4 horaoDe i. 'kilo" to' proCiuc. ,ho.phatur,ia. 
< 1 ~ 1 1 

all4 to reeluci ~Jlciu. ~l.ar.Il~. in' ,'everal 'P~Ci •• .',(P~li~' 
~J r' ' ... ri' ) , ,-. . 

.all et .1~ '1960, AIIi.1 .t .1. 197~ •• 'u .. '.~ ~1. 1973,.' 114,:,,' 
,f, 

4ùlph et al. '197'0, El •••• D ~t ,al:~,,: 196~).· Th~, affect.' of 
" " ; \ . " 

the \ horaolle Oll rellal .al ••• iua ' •• 4111l1 are, ': ' 
_ .1 .. 

.1.111ar to tho •• 'GIl calet.a (Haclll~,r. et -ai~, , 1963. Ha •• ry \ 
r '. 

_ 1 ," " , 

et al. 1970). The ttho.phacuric effect 6f ''rI, ·j.':.':t1Ioulht -

to be .ediate4 via .,tiaulat;lon' of rella}. cortical a4en,y1 

cycl •• e (Cba ••• Aùrbach ~968). 
1 

PTB •• ~'.it iv~ taduyl 

cycla •• ha. be'll locali •• d in .everalJ.ésa.nta of the 

\ " 
rabbit cortical aephroll (Chabarele •• t al. 1975) and elur-

,t -

iDI PTB iDf~.1oll aD iDcr.... iD the reD.l excretioll of 

c7clic AHP precea.JC:be' oll.e~ 'of ,~o'Phaturia (Ch ••• , 
, th ( .. , 

1 

/ 

,1 

Aurbach 196~). ~af~.ioD of both c1clic AMr, anel it. ,but'- . . , -, 
Il 

'( 
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1 ,. 

~ )- , .r~ l' \ l , 

1ft ,~he, S'at ,(~ull.tllll.r etl al. 1974) 1l0J:' of DBeAHP 'lw&"the . ,. ', ... 

401 (~.~ •• t ~l. 1972) .i81l1fl~~lltl' redu~ed' e~leiu. 
'. ~ , r 

, 1 

ai.lek.d th. '.ff .. ~t. of PT" '011 ealelu. but Ilot .asue.1". 
• \ l ,_ ' .\ ~ ! ~ 1 

halld1:11l1 111 th. co •• cio •• Z:I.". '~"eY.I'. a •. alrea4! -.'1.-
, \' " ' " , 

-, '~ '> 1 l , ~ \ 1 1 

eJl ••• d. 111 thla co.parati •• l, ,10D., t.r. ,.~;~rl •• Q~' • ,.P~B, 
1 1 :', 1 i'/' ~ 

va. ob •• r •• d to 111er •••• rath.r thall'd.ci.a •• ealelua' , 
, \ 

clearaàce. 1 
1 

PTB ad.iul.tratiou ta TPTX aGl.al. S.lleral~ iller ••••• 

pl •••• èalelu. conc.utration. Wherea •• uch ail effect va. 
1 

.hoVIl. after cAlI, .daiai.tratlon ill the rat b, Wel1,~ 6 Lloyd 

(1969); 110 10er· •••• , v~. ob.er'Vled .." Buttlen .nd J~r4 '(l.972) 

'and. ,~unt&1I.r .'t al. (1974). 'It ia probable that the clos. 
. , " ' .' - ' -' , 

Î """."" 
of eAleP u •• d i. of e~it:teal 'l.p.ort.~ee lu thl. re.peet. a. 

~ ~,. = /1 

the h1perealeeaie re.pou ••. to cAMP .~ha. be~à .hown t~ 
, '. ; 

dos. ".pen'ellt 0 •• 1" a l'.lativ.ly u~~tov r~DS~ Î(~el1. 
be 

'- \The pr ••• llt ~tudle. ,v~r. '~ •• làue4 to 'urther i~v •• t

isate the ~ole of cAMP .~ '. ~ediator of PTII ac~'.toQ.,' \rl,ie .. , 
~ \ . \ t, . 

. , 

, , , 
, ,-
\ -
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Ibow a pholphaturie .ff~ct of PTB ia thi. '.p.cJ •• ~ w. 
, ! 

ob •• r •• d that 'PTH infu.ion e.u •• d pho.ph.turi •• nd • 
" \ 

d.cr •••• in tb. f~.ctioa.l '.~çr.tion of botb Ca •• d\MS. , ' 

All of the.e '.ff.ct .... r •• illiclt.d by' botb cAMP _nd 

DBcAKP •• 1thouSh the pho_,haturic \~f~ect of cAMP v •• 

l."i.tritias th.o. th.t of PTB a"4 DlcAMP. Both nucl.o-
1 

tide •• i8nificant~y enhaneed tubular r.ab.orption of Ca 
\ 

and Ma. aa.lu the effect. of cAMP vere le •• proDounced 

than the.e of PTS and DBcAHP. The butyrated de~ivatiYe 

decreased the fra~tional c~lci~. aD~ ••• De.iu. exeretion' 

by 66% and 60% re.pectively, wherea. decrea ••• after 

cAMP vere 48% and 36%. 
1 

The do.e. of the cyclic Ducleotide. u.ed vere 8i.ila; 
l ' 

to those .hov~ to produce pho.ph.turia 'iu rat. (Xuutaiaer 
\ 

, " 

et- .1. 1974), The butyr.ted ,deri ... tive of cAMP va •• 4-
'\ t 

ainl.tered a. •• cAMP a. it" ha. been- .hovn to b. o 

.or. \per •• ab1e certain t! •• ue. (Po.t~rn.t et ,al. 1962), . 
" 1 

aore re.l.~.nt to pho.p od'l~.ter~.e (s •• r.che ~t al. ,1974), ~ 
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! 

J 

(1974) in tbe tat .nd A8u. et '.1. (1972) in the dOl '.r. 
" 1 

n~t .pp.reat, though lt •• y re1.te to the re •• rt.b1e 
, ' 

.en.itivity of the h~~.t.r kidn.y to th. calcium retaiuinl 

effect of PTB. The iacre ••• ia tot.l pl •••• c.1cium .nd 
" 

• 'IDesiu. obs.rved duriDI PTB iDfu.ioD v •• not ob.erved 

veth either uucl.oti,d.. In' fact, a, •• al~, but .iguifi

e.nt d.cr ••• .- in . total pl •••• c.l,ciua oc;eurr.d d"trin. 

\' \ ' " DBcAHP .ltbougb the ultr.filter,able calciu •• ay actually 

have ri.ea du. to th. ·a.cre.s •. ia pl •••• prot~ill çOllcellt-

ratiott. Hovever, the decre •• ed fr.ction.l .xcre~ion of 

Ca after DBcAHP i8 ~nlik.1y to b. due to~a drop in the 
• 

filtered lo.~, aa th. calcul.ted filtered lo.d .a. un~ 

/ 

\ . 

chauged. Tbil_ j,a furth.r .upported by the data from/four 

'TPTX h.~.ter. vhich vere .infu.ed vith c.lciu. together vith 
- 1 ~" 

\ DBcAMP in 'the •• colld ph •• e. The ae.n pl •••• C. ro.e fro. 
. , 

2.6 to 2.9 .Bq/l. opa f~o. 0.29 to 0.35 al/.in. la .pit. -
of an lac~ease in caJcul.t.4 filtara4 2 10.d- of c. fro. 0.46 

1 " 

.,,'1 
1(-' -

" ' 



51. 
\ 

h •• e,b •• u aither too high or too low to co.pleteiy .1.ic 

th •• ffect of PTS (W.ll. & Lloyd 1968l.nd fourth PTH 
1 

•• y cau.. .n lucre... ln p1.... C. .nd Mg by .0.. ren.1 

or axtr.'rana1 .•• :-ch.'nl •• not •• dl.t.d by cAMP., Ther. re-
/ 

•• in •• flfth po •• lbl~tyth.t PTB •• y incr •••• pl •••• : ca1-
1 

elua .nd •• sne.iu. eonceatratlon'by .ctl •• tion of the 
1 

.denyl-cyc1~.e .y.te., whl1. ,other effect. of cAMP .ay 

t.nd to decr ••• ~ th. pl •••• l •• el. o~ th •••• l.ctrolyt ••• 

Certalnly cAMP 1. kuoVn to a.dlate the actlon. of .any 

oth.r horaone. 1uc1udiuS ADB whlcb .cts prlaarily ln th~

-reual .edulla (Chàse • Aurbach 1972), and calcitonin whlch 

gener.lly acta in ~n oppo.ite dlrection to PTB ou calclum 
1 

aetaboli ••. (Beath • Aurb.ch' 1914). 

Th~ tubufar locaflon of theae aedlatory effec~a of 

cAMP 1 •• t pra •• nt dnkuovn. Klcropuncture exp.rlaenta ln 
o 

the dOl .ulseat th.Ij the / C. reta1ulng effec,t of' P.tB 1. be-, - " yond th. \proxl •• l tubule (Suttou et .1. 1976) while pre~ 

,11.iuary .1cropuncture, .tudi •• 
\ 

" 1976)" aua.e.t th.t·P~B·act. at , \ 
.... ar.l .1'te. 1a the nepbron-

\ 

the proxi.al tubule ••• celld11l& 11ab of Benl.' .', loop and ln 

• 

., 
, 
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preaence of PTB senaitive ad.nyl cycla •• activity in th. 

'prozi.al coavolutad tubule and p.r. rect.~ tha thick •• -

cendins liab of B.al.,. 100p. tb. diat.l convoluted tubule 

(to a l •••• r axt.nt) .nd- tha fir.t cortical aas •• nt olf the 

coll.ectinl duct. 

The rea.on for the iicrs.a. ia pla ••• pho.ph.C~~on-
, - \ 

c.n~ration throulhout .• ach experi.ant including the TPTI 

control. is not kuowu_ Parbapa thi. i •• fun'ction of dlur-

nal vari.tion, .s it ha. been ahown th.t in the r.t, pl •••• 

phoaphate ri •• s throulh the dey, de.pite a conco.itan~ ri.e 
1 

in endolenou. PT~ levels (Cohn 1970, Kudg~ et al. 1973). 
1 

Bovever, a •• uls •• tad by Biddulp~ et al. (1969), vho,ob-
1 , , 

.erved a .i.ilar riae in pl ••• a pho.phate .ftar PTH .d.in-' 
, .& (, ~ 

iatration to the intact ha •• ters, but not in the rat, it 
, 

.ay reflect the axi.tence of • differ.nt pb~aph.~uric •• ch-

1 .ai~ in thi. speci.a. 

In pre.eDt etudiea however. tha ob.~rved riee in pla-
• 1 

•• a pho.phate could -Dot ~CCquut for th. phoaphacuri. aa-
\ / / 

ther •• a.-uo Auch iacr •••• in the fraction.1 pho.pbate ex-
1 

J., cr.t1~1l :lu tb. contr,ol Iro",. r 
, ' 

- The differens •• 'iu tb. ~a.e :'lille ascration of tba 
, \ 

.1~ctr017te • ./:1.0. ciiffa~a.t l~ouP.- cà •• ~t b~ explaitiacl aither. 
... ! ~ ,J,. ~ ,0-) 

f , 

1 
':' .: ' 
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fa.t. aay variation in d~ily food iatake could change 

the uriaary output of electrolyte •• Al.o there •• y, 

have beeu differeace. in the co.pletene •• of the para-, 

thyro1decto.y bet.eea the •• groupa. 

. , . . " 

/ 

1 , 
~ 

,'. 
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Sua.ary - Contribut~on to orilinal knovledle. 

, 
, Althoush tbe accu.ulatiul evidence stronsly auggeata 

that the .echaDla. of action of PTU on the renal tubular 

traDaport of phoaphate lnvolvea cAMP, thia atudy preaenta 
) 

the firat clear evideace that c~P .ay aediate- the effecta 

of PTU Dot oDly on reDal phoaphate handllul, but alao tbat 

of calctua and •• Iuealua. Both cAMP and DBcAHP vere ahown 

to enhance tabul.r reabsorptlon of c.~ciu. and aagueaiua 

and to reduce tbat of phoaphate. The quantitati~e diff

erencea lu the urluary data aDd lack of PTS-like .ffecta 

of eitber nucl.otide on plas.. calciu. and aalne.tu. levele 
r' 

.ay b. due to the arbitrary doeea of cAMP and DBcAHP uaed. 

---A doa.-reapona. atudy vould reaolve this proble.. ,Parther 
'" 

etudiee a~e alaocrequired to localise th ••• reDal actions 

of cAMP. 

.. 
l' 

, \ . 
ê 

I_ .. • ft ..... 

, "1 
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TABLE l 

.l'.; - COMPé!ISON OF INTACT AND TPTX HAMSTERS 
/ 

• ,Intact (n-8) 
/ 

/ -
Betl 54.0 ± 1.0 

Prot. gX 4.5 t 0.1 

GF.R (ml/min) 0.32 ± 0.08 
" 

.- ' V(Jll/min) . 3.9 ± 1.2 

P Ca (mEq/L) 5,1 ± 0.3/ 

P Mg (mgX) 2.4 ± 0.1 

P P04 (mgl) 3.2 ± 0.7 

FE C. (1) 2:8 ± ).0 

FE Mg (X) 5.4 ± 1.8 

FE PO.,A (1) 41.6 ± 6.9 

.Resulta are mean.± S.E.M. 
/ ~ 

TPTX (n-8) 

53.0 ± 

4.6 ± 

0.29 ± 

3.2 

2.9 

1.6 

4.5 

11.9 

18.7 

2.9 

± 

± 

:t: 

± 

± 
" 
± 

± 

/ 
'/ 

1.0 

0.1 

0.{)3 

0.5 

0.1 

0.1 

0.7 

1.6 

2.5 

0.9 

1 

p 

NS 

NS 

NS 

NS 

< 0.001 

< 0.02 

NS 

< 0.001 

< 0.01 

< 0.001 

, 0 

., 

; 

1.11 
1.11 . 

~J~ k~ ... ~·"...4s;.r+!\i« .. !edrMt'ltc'M 7 5 Set ?tB*t:t~ 55 
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TABLE/II 

" ... 

'. • c 

, ÎœK>DmAMIC EFFECl'S OF PTH, cAMP AND DBCAMP ' 
~ 

.. 
/ " 

GROUP II· GROUP- I. GROuP III 

i 

Ret.l· 
/ ,: 

°Pr~ g%: 

GR 
ml/min 

• > 
" 

TPTXo' 

5l-.0 
±1.0*tr 

'4.~ , 
:1:0.1 • 

*** 

0.29' " 
tO.03 

Urine nw late 3.2 
).Il/min . :1:0 ... 5 

, , 

.01. 
51.0 

" ±1.0 

3.9 , ~ 

:1:0.2 . 

0.29 
±9.0S<:l 

~ 
2.8 o ' 

±O."5 

TPTX + 

52.0 
±l.O*** 

4.5 
±O.l 

o *** 
0.34 

±O.O6 

2.9 
tO:3 

PTH 

49.0 
±l.0 

.-

3.9 
±O.l 

-0.32 
o±O.OS 

2.9 • 
±O.2 

D 

. / / 

TP'i'x 

0,31 
, ±O.06 

'1.9 
±O.2 

+','cAMP 

48.0 
±2.0· 

3.6 
tO.l. 

,0.38 
tO.07 

" 

"t' 

, H* p<O.OOl 

p<O.OI J ,'c 
H' 

... 

't 

/ 

k. 

-' 

7T7? P' 2 ex· fIS' • ... t ...... "='.....,.,._~/~.-____ _ 

./ 

'---

~. 

.GROUP IV 

TPTX + 

53.0 
f1.0 ,,** 

DBcAMP 

51.0 
±1.0 , , 

3.9 
tO.l 

0.27 
, ,---ta .~2 . 

'-------. 
2.7 

tO.3 

., 

, 
-VI 

C7\ 

0" 

, 
-~ ... c 

~ 

-.. ~;i 
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TABLE III :. 

"'" 

PC. 
m~qll 

PL Ca 
'lJEq/lD~ 

FE'Ca 
"% 

/ 

.•• * p<0. 001-

,*.' p<o.Ol 

*- p<~:P5 

... 

~ 

~ -
.. 

." 

----
EFFECTS OF PTH; cAMP and DBcAMP ON RENAL CALCIUM HANDLING , 

~ROUP 1 

.COTL TPTX 

2.9 
tO.1 

l , 

0.49 
tO.02 

Il.8 
t1.6 

" 

'~ 
~ 

3.0 
't0.1 

0.52" 
tO.04 

14.7 
:1:2.3 

,,' 

.' 

., 

GROOP II 

TPTX P'l1l 

3.6 4.1 
tO.2 

, ** 
±0.2 ,. 

0.70 0.77 
'tO.13 ±0.09 

13.0 . 1.5 
:1:2.2 tO.3 

~ .. 
7 

GROUP III .. 
" 
TPTX cAMP 

-\ 
3.0/ 2.8 

:1:0.1 :1:0.1 

0.57 ' 0.62 
:1:0.11 :1:9.10 

18.9-' 9.9 
:1:2.5 

*~ 
±1.9 

, . 

".~, / 

• 

GR~IV 

D"BcAKP TPTX 

3.5 -

1;0.1* 

0.52 
±O.O& 
: . 
17.5 

' ±2409 ,*. 

3.3 
:1:0.1 

O~53 
:1:0.07 

'11 

6.9 
:1:0.9 

, 

~ 

~. 

----

VI 

" 

f 
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1 

j 
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,1 
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EFJ'ECTS OF m,cAMP AN!) DBcAMP ON RENAL MÂGNESIUM BANDLIHG 

Garop 1 GROUP II GROUP III 
0 r - /. 

TPTX COtiTR°L . 'TPTX PTH .. TPTX cAMP 

/ 1.6 1.9 1.6 2:3 1.9 2.0 
:tO.l ±O.2 :tO.1 

*** 
:tO.l D ±O.2 ±O.2 

." 

'3.3 3.8 4.3 - S.3 3.6 4.9 
:t0."! :tO.1 . :tO.8 :tO.7 :tO.6* :t1.1 ..' 

.' -
18.7 1S.8 15.6 2.T 20.4 13.2 
:ta.l i:O.3 :t4.0 ' 

** 
:tl.O :tl. 9*ïc ±2.S 

i-

. '\ 
---, 

'" 

/ 

'" 

~ 

.. 
GROOP IV 

... JIII 

TPTX .. _ DBdMP 

-
'l.S· ~.~ 

. :tO~l :t0.1. 

2.S~ 2.,9 
:tO.4 fO.4 

21.2 - 8.6"-
:t3.6** ±1.2 

--

(; 

~ 

\11 co 

/ 

? 

~ 

"' . 

:--

~ 
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'~".:;..;; ~ .~!"",-" ~,' 

r~l~r~~~;~;;c~: ~ 
fi, -

L~0 
~ '..,., "". .~ 
, .~~ . 

. ~:\:~t:>~: Jo'" " 

~~ .... -;: .. : 

11J;~ 
;:~\~:' T~·~:'-
Je ~" ... 

~ ,- ~ 

:i', "~, ' 
W"~ 
~~b-;I=
>:{~,.,. kJ 
~,...,A. 

~~;,,~: 
~' 
. ;!~~, 
:.>C.):.,.. 
:t 1."~ 

;,r .... :;..:;_..-.. : 

t?':~j 
~ 

.... 

,', 

:1}:<'( 

,--

-" 

" 

J.~* p<o.och 
.f 

,-~ ,', 

" 
p<0.G1 

\ ~. .. ." -" 
:' .=~ - p<o..02' 

~ ::} 

" , , 
' .. ; 

. , 

.. 
------

• 

t . , ' 
EFPECTS o.F Pm. cAMP AND D:BcAMP ON-.mw.. PHOSPHATE BANDLING 

" / 
l'? 

GROUP 1 GROUP II ./ GRmp III' ' 
.... --;::-;.-

. 
/ 

TPTX CONTRo.L TPTX ·PTH TPTX cAMP 

4.7 5.7 5.2 '.9, 4.8 7.1 
:1:0.7 " :1:0.6 tO.7 ':1:0.5 :l:G.6. :1:0..7 
, * 

1.3 .5 12~6 . 19:3 19.7 16~S 27,.0 
:1:2.6' :1:2.4 ':1:4.5 ~3 • .l :1:3.9 :1:6.9_ 

2.4 2.2 4.3 15~4 0.1 3.2 
:1:1.0 . :1:1.4 :1:1.2*** ±2.1 ±0.1 ' :1:0.9 

* 

.... , 

," 

• 
, 

..:. 

,-

" 

GROUP IV 

.TPTX 

4.2 
:l:O.S* 

11.1 
:I:~.3* 

2.0 
:l:O~l 

** 

D~-

5.2 _ 
1:0..6, 
'" 

14.6 
*2.5 

12.7 
:1:2.6 

>-

VI 
~ .-

" 

:, 
~ .. --. ' ~ -, ..! 

~.., { 

;'/ 
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TABtJ ". 
VI , s: . 

j, 

EFFEeTS OF D~ ON IINAL BANDLING OF CALcIUM AND MAGNESIUM WlTH 

1.6 mEq/L CALCIUM CBLOIIDE INFUSION IN THE'BXPERIHENrAL' PHASE 
'. l , 

Hct.% 

Proto '8% 

GR 
ml/min 

'-Vol. 
111/min 

PCa 
mEq/L 

Ft Ca 
.11E<!/min 

.FE Ca 
% 

P MS" 
mg% 

n-Mg 
liS/min 

FE Mg 
% r 

r 

• ~ ~ 1 1 

.' , , 
" . 

l 'f) _~'t 
\ Il- 1 

, 

/ 
TPTX 

S.7 :f:I 1.0 

4.7 t 0.1 

0.29 ± 0.01 
• 

7.'1 :t: 2.2 

\ 
2.6 ± 0.2 

,0.45 ± .0.04 

24.5 .:1: S.6 

1.4 !:t: 1°·). , 

• - S.3, t , O~4 

33.9 
,1 

, 
1 • 

, 1 

J)BcÀMP + 

C. C12 

5.6 t 1.0 

4.2 t 0.2 
\ . 

0.3S :!: O~OS 

,5.4 ± 0.9' 

2.9 t 0.2 

0.60 ± 0.09 

11.2 ± 2.2 

1.7· 'i" ,p.i 

·7.0. :1: '1.0 

.12~,6 ::1: " 3.1 .. 
:. ' 

,1 ~~ ... 
; , ~ ... JI '1 

1, ',. • l'! 
t' ;f 

• Il, 
: 

'1 

60 . 

. , 

; , 

1 

1 

',' 

'l 
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