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ABSTRACT

&&
The objective of this study was to further -invest- .

igate the effects and mechanism of action of-parathor-

mone upon :he»kidney and the role of cAMP as a nediaéof

»

of its action on calcium and uagﬁ;liu- reabsorption.

Hamsters wvere hshd'in these studies al-fbcir renal Ca

transport was shown to be highly PTH sensitive. Clear-
AN - 1
ance studies were carried out in acutely thyroparathyroid-

ectomised (TPTX) aninals given 0.5% saline ip cqual to 5%

body weight. Acute TPTX led to a rise in fractiopal exere-

tlon of calcium (FE Ca) (2.8 $'1.0 to 11.9 :l. ez,fp<o 001),

i

FE Mg(5.4 1.8 to 18. 7:2 52, pCO 01) and was accompanied
by a significant dgop in p}asma Ca,qpandFEPOA (41.62 6.0.
to 2,9 +09% p< 0.02). ! . o

PTH infusion éaus;d\a drop in 33'63(13.01 2.2 to 1.5
£0.3% p <.001), FE Mg (15.6% 4.0 to 2.3% 1.0% p<.01), and
a lignlficant rise in plasma Ca and Mg (3.6% 0.2 to 4.1 %
0 1 nEq/l p <0.01 and 1. 6t 0.1 to 2.3 0.1 mgX p< 0.001
respcctively). Infulion of cAHP caused a dyop in FE Ca

(18.9% 2.5 to 9.9 £1.9% p <0.01 and Fqug (2076$ 1.9 to

13.2 £2.5 p <0.01). Infusion of DBcAMP reduced FE Ca from
17. -5 2. 9 to 6.9 £0.9(p <0.01) and 7E Mg from 21.5% 3.6

to 8.6::1.2%(p< 0.01). There were no -1gnif$gqnt effects
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2.9 $£0.9; p < 0.02).

1S

ABERGE : %

Le But de cette éCude a été d'investiguer lee effects et le
mécanisme d'act:ion de la parathormone (PTH) au niveau du rein

ainsi que le role de le cAMP "comhe médiateur de son action sur la

‘réa\bsorption du calciup et du magnésium. Le transport rénal du

calcium &tant tréds sénsﬂlale 4 l'action de la PTH chez le hamster,
des épreuves de clearance ont été faites chez cette espdce. - Les’

’ [

animaug; ont &té thyroparathyroidectomisés (TPTX) de fagon aigue
et une solution aalm: a 0.57.; :L,i:., a une dose\équivalenta a 5%
du poids corporel a &té administrée, La TPTX aigue provoque une
€lévation de l'excrétion fractionnelle (FE) du calcium(FE Ca 2.8
t 1.0a°11.9 *.1.6%; p < Q. 001), du magriésium (FE Mg 5.4 £1.8 &
18.7 ¢ .2.5%; p< O. 01) aceompagnée d'une chute gignificative du
calcium et: du magnésium plasmasiques; une c@ute de 1'excrétion
fracfiopnelle du phosphore a é&té& obserw;ée (FE PO, 41.6 £ 6.02
/| )

- L'infusion de PTH a causé une chute de: FE Ca (13.0% 2.2 3

1.5 £0.3%, p < 0.001), PE Mg(15.6% 4.0 3 2.3% 1.0% p < 0.01),

- et une &lévation significative du calcium et magnésium plasmatiques

(3.6 % 0.2 2 4.1 0.1 mEq/1, p< 0.01 et 1.6 0.1 22,3 0.1 mg/dl,

p< 0.001). } A ~
L'infusion de cAMP a causé une chute de: FE Ca (18.9% 2.5 a
9.9 '31.9%, p< 0.01 et FE Mg (20.4% 1.9 A 13.2£ 2.5 p <0.01). -
L'infusion de DBCAMP a réduite FE Ca de 17.5% 2.9 & 6.9% 0.9

(p <0.001) ‘at FE Mg-de 21.5+ 3.6 2 8.6 + 1.2% (p<0.01). Aucun

~




« . . e 4 {
/ effet significatif de 1'cAMP et de la DBcAMP'n'a été observé sur '

ie calcium ou le maggésium plasmatique total, L'effet hophafurique

de la PTH n'a été démontré qu'avec la cAMP et la DBcAMP. - !
Le débit urinaire et la filtration glomerulaire Lont,demeurés

. ‘ , a / «

gtables chez tous les groupes. Cette &tude gémdntrel pour la .

_ J
. premiere fois, que la cAMP est le mé{}ateur de la PYH sur le trans-

port rénal du calcium, du magnésium et du phosphore. !

¢ ~
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CHAPTER I - INTRODUCTION AND STATEMENT OF PURPOSE.

N | °
-

" The effects of parathyroid horno%p on the renal hand-

1

11ng of electrolyten have been a subject of considarable

inveatigation over sevcral decades. The hormone has been

]

, . shown to 1ncreas¢‘ut1nary excretion of phosphate (Gfeenwalq
1925, Ellsworth 1935, Pullman et al. 1960,Strickler et al.
1964, Agus et al. 1971, Amiel et al. 1970, Amiel et al. 1974,

7 ; Brunette 1974) bicarbonate (Nordin et al. 1960, Hellman

e

. '~ et al. 1965, Muldowney et al. 1971) and sodium - (Ellsworth

o 1935, Hellman et sl. 1965, Amiel et al. 1970) and to decrease

¥

that of calcium (Talmage et al. 1954, Kleeman et al, 1961,
widrow & Levinsky, 1962, Sutton ét al. 1976) and magnesium
~ (McIntyre 1963, Massry et al. 1969) " The phosphaturic

effect of PTH is though té be ncdiated by cAMP., A rise in

A

urinary cAMP after administration of PTH has been observed

h | ~ g N ) )
in TPTX rats (Chase and Aurbach }967) as well as in humans Lo

(Kpn!nsky/et al. 1970), and PTH- sensitive adcuyl-cycla{e)

has bcen'focalised in. the renal cortex (Cha;i and Aurbach

@‘_ ¢ 7 1965). and uore‘racbntly to specific portions of tge nephron -
! (Chabardes\ﬁt al. 1975). The 1nteraetion of PTH with

\ specific tccoptors (Sutcliffc st nl. 1973, Dinella ct al.

( 1974) 1s felt to lead to ltilulnt;on of. adenyl cycltle at

the conaraluﬁinal cell -o-brano (Shllt: ot«dl. 1975),

generation of intracellular cAHP.‘(Augbggk 1972. Hcllon*l9fb) "




. «//A. -« . . ¥ 2.

-~ f

gy . stimulation of protein kinase at~§ﬁe luminal Eell ncnbranc.n
phosphorylation of'thc menbrane (Kinne et al, 1975) and

ultimately, activation 9! ion transport mediating A?ofen sil
Co . Althoush cAMP has been shown to mimic the phoiphaturic

effect of PTB 1n vivo (Agus et al. 1973, Kuntziger et al.

~

! 1974) and to stimulate bone calciun rcaorption 1n vicro

4

(Raisz 1969), several investigators havo\tailed to shov any .
b conclaccit effecc onltcnnl'kalciu- and magnesium handling.

: , ' (Buttlen and Jard 1972, Kuntziger et al. 1974). ‘

: The present studies therefore, wvere undertaken to

’

further elucidate the role of cAMP as a mediator of various' -

érn effects. The experiments wore-perfor-e& on hamster, .

,Whose renal calcium transport has been shown to be uqdéually

sensitive to PTH (Biddulbh.et al. 1972, Biddulph et al. 1974).

", AR BT e ,‘
R AN o) ."""'\' "’”‘L‘; ;:J’u‘jﬂ‘ .

2 A 3
oS 1.13%%’:5-?(5’ Sk o S A
, M...-; ot o
2% [pu.y\?/«“ 4{,}3‘ ‘L"% -@
w ;
%

J (’"J:...N
ﬁ«“.m»; S RJASY
..'Ly r'




CHAPTER I} - HISTORICAL REVIEW OF THE LITERATURE. '

- , . .
- -
"
<, ,
-

!

, A« General Nature of Renal Tubular Transport of Phosphate
Calcium and Magnesium. o \
/ .
) \ [

. 1. Phosphate X - .

” " 'The kidney 513;, a key role in the hﬁncoiQatic roéula-
tion of 1porgnqig phosphate in body £1utd|, 'Ipxgandral. "
the view éhnt\pho-phatc is largely freely filtered at‘thig

- ngngFuiu- of wvhich a portion is rdnbigtbdd. and th; excass

excreted in the urina, agrica well with &hd cxpcrinonial

evidcnce. Most ltudico pcrforncd at cndogenonn lcvcln of

iy

plasma phosphltc -hov that phoaphatc clcctance 18 cubstan-
tially less than GFR (Pitts 1933, Pitts 1944, Thomson 1957,'«- \
. Hellman 1964), thus suggesting ehnc chretion is uainly

determined By the ptoccllcn o! filtracion and reabnorption. - -

Duringiintravcnous 1n£usion ot phosphat.. nrinlry phosphate

1 4
’ .!, h

risos tapidly to. the point vhdtc each incraleut in the £11-

tered 1o¢d is .;:oeintcd with a ttnthr incrcnont in' thc

utinlty ‘xctction, 1ndica:inz accainaen: af nn uppor 11-1:

\ ’ ,. N av ot~ v
of net' tubular pho.phatc reabaorption, i.e. a tranapart

.-

oo -axinu-»or Ta is rcnchcd (?1::. 19&&, thoh-on 1957). Thc -

at

‘ clnnlieal cha:actcrtnticl of\a .db:tnnco :hat cxﬁibita h':g

\ . | , A-\r.‘ Tou K ,“ “.,x\,
h

L . “rn phcnononnn,‘c.gm glucoﬁc. havc aL.o bocnbdcnoﬁn

,nw' n'i bt
x’ % >_ 't ;{.‘u(x .yx
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1 . L
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. ! .
during. phosphate loading)studies, The TuIGrR is often

“cénliécrcd as a more useful expression of cxporintnialr

cquiciouo in many studico. as 1t takes into conliduration

. . varia:ioﬁn 1n GFR prcvioully shown to directly affect the
- \___A

Tm phosphate (Bijyoet et al. 1969). Unlike glucose how- /

Sver, which under nornal'cpudiflona'il"n-ver exctetcd in

4 !

the urine, as its Tm is :ec vety high, uhe rcabsorpt1VQ
’ | capacity fot phosphata 1is set at luch a vnlul. that a
llight 1nerollc or a deernlle~1n pltsna pholmhate concan-
t{tt#on results in a chunge 1n the rate of excretioﬁ'
T (Iho-c;uﬂct al. 1957). . Also, unlike ilucqsg. pboupha;e :
icaﬁaorpéivc capgcityxia}jétiab!%;andtunder the influence

of qu&jctoﬁ::/?f 1cnu‘cudllav6£§i'hornénal'fnccori.
N Y s SRR ' P g
Sites of Phosphate rrautpor:J ',1 o 'f

- hl ',

The ultrcftl:crubility o! pho-phato at thp xloncrulun

+

as ecccbllnhld ty ch artilicisl nolbraﬂt nctbodn qnd.

6) ..“/x .. i

¢

rneently‘contitucd by licrnpuncturQ of louhan .- -plcc 1n

vl 20 A

Huuich-ﬂistar rctc, 1- qllost colplctn, wich :hc ratto of
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Barly 1nvc-tigationl suggested that thc proxinal
tubule vao alnoct .entiraly rciponniblo far pholphatc re=
nbuorption (51Qts 1933, Strickler 1964). Introduction of
more uophis:icatad'gcthods unmasked the cxiltenco of a.

distal mechanism of‘phosphate rsabsorption (Amial 1970,

Beck 19f3. Enox & Lechene 1975). <€E;bbcanp apparent fronm

these studies, that a significant portion of phosphate can

be rcdblorbcd distally, dnd can equal about 30-602 of the
filtered load. The amount’ of pholphate rcahaorhcd dis~-
tally appears to depond on its delivery from the proximal
tubult(Alici 1970). Vlriabilit! in the intrinsic gap;city
fdr'ph6|phat; reab:or?tioﬁ nloué.iﬁe pkqxiual segment,
nofnally ialy;nalbie for 60X to 70% af the filtered load,
has been repoftnd b?‘niérq-parfuuion 1nd étaccé 1nject§on

32? hictoinjectidh'shovad Il!iIUI‘ﬁhﬂlphltq re~

- i

studies:

"absotption to occur in the fitlb :ﬂird'cf the proxin;l

tubula ‘(Staum’' et al. 1972) Grcatcr tnnbsorption of phou~

phats in tho(firnt portion of tha proxin:l tubulc vas aloo
ruportcd by lrunottl (1973). thud.,tu nothal‘:nﬁjcctl.

-bout 30: o! :ho fil:er-d phosphato lt;vnn ti& ptoxiual

tﬁbulu. and 10-2&! ot 1t can bc tnanéthud di-tully 1a thc

(\ ‘«“ !

1oop dt ncul;.‘éiutal convolntud?eubuii nuﬁ ghc'eallccein;
0’1/‘ ‘f"' % o

yy-ncq uhii&rS-IOS 1!”9:::::.
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. still a -hbjcct of hpqtroinrly.

)

»

Possible Tubular Secretion of Phosphate.
Whether tubular secretion of phosphate exists or

plays a-toiﬁ in the mechaniss of phosphate excretion in manmals is

)

Schntioﬁ ;f pﬁouﬁhatc
has been élcarly dc-onottatcd ia t-phfbii (Valker & Endlono
1937), .g1o-‘hru1ar fish (u.mun at al. 1933). glonorular
« fish (Holbach at al. 1970) and the chicken (Levinsky at al.

1957). \rhc cvidclce that has been intorprct.d as indica-

tive of phouphata uocrction by ‘a In-nalinn kidney havcvcr

demands a careful appra%sal. Phocphatc secretion by the \

dog kidncy has been reported by Barclay at al. (1949) P

and Carraoquor st al. (1960). Theas QQudiih are not con=-

cIuliQa'howcv‘t. :incc similai results o

-

~ - have been interprc:cd as cvidonce ag&inst ncetetion*is
\ v -\
several points that uzccndtd the unity cloa:nncn ratio

wther workers

vers conlidorod to bc within :bo rangc-ol cxparilcntal crror

~ AY
1 .."'. )

conclulive rnoults (Hlbltnt nt al. 1967). In a ccrtoo of

H‘ ‘u ’

cxpcrtlcnto cnpluying a vaticey‘ot -anipuxgtiono knovn to

‘

- LR 1= -
. . Y v “
¢ 4‘ s v”-(
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7.

1

of lnballedaphosphuce..-1cropnncture) vere also unable

LY

go demonstrate the presence of a secretory mechanism in
the renal tr;ncpott of pho;phnte in ;ither the'prox;mal

or the distal segment (Samiy ig al. 1965, Strickler et al,
19&1, Amiel et al. 1970, Agus et aL; 1973). ' Thus, fin

contrast to fish, amphibia, and birds, in which phosphate

";ce;ration has bsen clearly dewmonstrated, no conclulive" ‘
demonstration has bean reported in mammals, and although

secretion remains a distinct possibility, accumulating

evidence suggests phosphate excretion|to be the result

of a balance petween its filtration andurenbsotption.
e

2. Calcium.

1

The handling of calcium by the kidney has been a

‘subject of considerable investigation. Under normal
= ) _
noundiuretic conditions micropuncture studies indicate caleium

reabsorption to occur throughout the nephrom, paralleling
t :hac of nodiun (Lassiter et al. 1963, Edvards et 5&. 1971.
Hurnyana et al. 1972). In order to study the renal hnndling

of calcium however, some assessment of its filterabilityut

i
{

the 3ioiepu1u- has to ia made. In pln‘-n, calcium’ exists

1

1n ehr01~£oru- al a2 trce ion, bound to" protein, and con-

plcxcd wtch v:tious anious. Ouly the cnlciunfin the 1on1c .

i

!orn 1: 1-portanc phyctologically nnd whcrcas both !ruc cnd \-
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N complédxed are freely filterable. Like phosphate, Ca concen-

tration in the glomerular filtrate has been approximated by

artificial membrane filtration methods, and recently confirm- .-

ad by nicropﬁpcturc studies. Measured Ca concentriiion in
fluid obtained from Bowman's space gave values cquaf to
appro;inately 63X of plasma values which agfa‘o well with
\ , the generally accepted value of 60X ui:rafiltcrahiliiy
(Harris et al. 1974). N
. - Pnslive reabsorption of Ca 1n the proximal tubule,

'\ ' as r.flecteq by tnbular fluid to nltriflltrate ratio
(TF/UF) Ca of abont 1.0 catahliched 1n the first pottiou F
of the tubule, accounts for 50 to 55% of the filtered load
‘of calcium (Lassiter et al. 1963, Edvards et al. 1974,&e
Rouffignac et al.v1973); Transport of calcium b;youd the '
proximal s.glon;ﬁin an activa‘procosl ng;inlc high concen=-
ttatioi gradlenms. Distal tubule (ri/ur) Ca ratios of 0.3
to 0.5 havc been thOttld by several 1nvcstigators (Edwards
et 2l1.1973, dcxbuffignac et 11. 1973, Asuc et al., 1975,

; - Le Grimelleac 1973).“ Determination of quantitative distri-

' \ - bution of éalciunirenb:orgtion along the distal nephron

owed the loop of Henle to be responsible fgf':hc reabsorp-
‘ 120 to 30X of the filtered load of calcium, the dis-

b tal‘éonvoluttd'ehhg;c)Qdf 10 co\lsz.';nd‘cqllchlng duct for
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9.
Tubular transport of calcium is under the influence of
- -/ ‘ \
both hormonal and nonhormonal factors and the accumulating
(4

evidence suggests that while the bulk of Ca 1is reabsorbed

proximally in parallel with Na these physiological adjust~

7

ments of calcium excretion are mediated in the distal aqzn&nt.

1

N . .
where 1nddpendept transport of Ca and Na probably exists.

+

3. Magnesium

The available evidence suggests that magnesium is re-
absorbed along-the ncphtoﬁf(uurdough et al. 1960, Samiy et al.
1960) in a manner roughly sini%ar to that of calcium under a’
varieiy of conditions. Like Ca, a fréction of Mg which is
protein bound 1is not éilterahle at the glﬁmerul&a. Available
e;idence 8ugg€ata thgé“about'Toz of Mg is freely filterable
at the glomerulus (Brunette et 91, 19712. HOVe;et, unlike
calcium quaitieativc distribution of Mg reabsorption along
the nephron ﬁau beed/ shown t; vary in different species examined.

~

Thus, micropuncture studies in.the dog revealed (TF/UF) Mg of

. 1.05'13’:hc lizc Proximal tubule, indicating that Mg reabsorption

occurs in proportion to sodium and H,0 reabsorption, and that
the proximal tubule reabsorbs about 60% of the filtered load

(Brunette et al.1969). Distal tubule(TF/UF) Mg of 0.5 suggests the

1
- 4
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// , \
existence of an active transport mechanism in the loop of

Henle or early distal segment. Little importance could be )

1970). /

§ .
In rodents, however, late proximal tubule (TF/UF) Mg
‘ o
reaches a value of about 2.0. In these species the proximal

. , , |
attached to its transport in the collecting duct (Wen et al. ;

4 1
¢

tubule thus, accounts for the: reabsorption of only 23; ?I
tﬁe filtered load of magnesium. The Loop of Henle appears
to be ; main site of Mg transport since as much as 6%2 of
‘the filtered Mg can be absgrbed in this segment. Oﬁly a "
small portion is handled by tpe distal convoluted tubule and
the collecting duct (Murayama et al. 1972). Thus, at present,
- the 106p of Henle aﬂpeagl to be a main site oflnagnesium

handling in all species atudied and the difference in the

proximal transport of Mg in dogs and todentirtenains t6|be !

s v . o

.’O lved: A

V

. ' Tmfor Magneaium. -

Suggestive evidence for the existence of 11-1t4h;cl§-€;

) . acity of nagn.siuq reabsorption has been presented and Ta
& ) '
;; nagnesiupm was shown to exhibit characteristics of 5- phos-

phate (Massry et al. 1969).

o
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11.

Possible secretion of Magnesium.

The possibility of net tubular uegrecion of magnesium
has aluolbeen suggested. The evidence favouring sacret}oq
comes from studies of Averill agd Heaton (1960), who could
consig}ently fhov clearance of magnesium to exceed it: fil-
tered loads in rats, yh?ue plasma magnesium levels wvere
raised well above normal. Others, however, in similarly
magnesium loaded dogs.were unable to show secretion (Samiy
et al. 1560, Murdough 1960, Massry 1969). Microperfusion
studies in the rat,;with intracapillary microinjéct;on of

magnesium, also failed to support existence of a secretory

nechanian-(nruqette et al. 1971). Strong evidence against

~secretion comes from stqdies in chickens, where infusion

/ 1

" of magnesium into one renal portal system failed to un-a:i

traﬁsport of magnesium from the peritubular capillaries
into the lumen \(Robinson 1962). Thus, at present the ewi-
dence ih favour of magnesium secretion is equivocal and in

need of further elucidation.

B. Factors influencing the Renal Transport of Divalent
Electrolytes.

~ Y

i

The renal tubular handlgng of the divalent elactrolytes

;

Ca, ng..204 is under the 1nf1n9?ce of body stores and sev-

eral hormonal and nonhormonal factors. Accumulating evidence
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suggests that stimuli that influence a distal transport

system are the most important in the regulation of divalent
{

electrolyte ransport, and their final output in the urine.
Sejeral formones h‘v‘\izzf,:29~% to have a‘giract effect
on nephron trapsport systems. Administration of either

parathyroid hormone or vitamin D and its metabolites, en-
hances calcium r;ahoorption (Talmage et al. 1954, Puschett

et al. 1972f while ;:iciconin and growth hormone have the
opposite effect (Kenny et al. 1965, Ikkos et al. 1959).
Whereas Rgﬂ and caleitonin havelyéen shown to be phosphaturic
in nature, (Greenwald et al. 1925, Kenny et al. 1965) ava%l-

able ‘evidence suggests that vitamin D and grovth hormone

-

[

have a phosphate retaining effect (Puschettet al. 1972, Ikkos
. S
et al. 1959). Adrenal cortical hormones ‘appear not to have
a di&pct cff?ct'on either calcium or phosphate transport, h_//
~ -

v

aud’thSBA obicrved seem to be secondary to exttice}lular\\(c
fluid volume expansion. ° C

Of the various hormones mentioned however, the one
that is most clearly important ;p the regulation %f t;nal 4
excrchiop Pf phosphate and calcium 1; parathyroid hormone.
A potentially important role exists for vitamin D and growth

hormone, but information is insufficient to varrnﬁt any con-~

clusions regarding these agents. —
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1. RoYe St Parathyroid Hormone &

»

©

i. Chemistry (

The earlg recognition of the role of the parathyroid
glénds in calcium ‘and phosphate home*&tasia led to inten-
sive investigation into method;{ff extraction, purification

3

and chemistry, of the hormone.

]

4years elapsed however,
between the isolation of the first biologically potent ex-

tract from paxathyroid glands bz Collip (1925) and the pre-~

The amino ac%d composition of human, bo-
vine and porcine PTH is very similar, cgmprising 84 residues
with a total molecular weight of 9,500 (Brewer et al. 1972,
o .
Aurbach et al. 1972). The biological activity of the hor-
mone resides in the initial 30 residues of the amino terminal :

(Keutaxnn et al. 1972) and synthetic peptides comprising the

first 34 amino acids are biologically active. (Potks 1971).

PTH is synthetised as a prohormone (proPTH) of 109 amino .

acids and molecular weight of about 12,000(Babener et al.1972),

which has to undergo at least one specific clsavage before . 4
being fully accivatca. This first clgavnge occurs in the
parathyroid cells where proPTH is converted to the 84 res-
idue peptide .-(Chu et al. 1973;. This fraction, after

9
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. ' ~ \
secretion into the circulation undergoes further cleav-

age, in the periphery into a, large biolg;ically inacti!o
fragment (M. W. 7500), and /8 small biologically activj
. . N tarninal fragment (Pinchar 1972). The half life of
‘ PTH, like many polypaptide hornoncn in the cirCulation
is relatively -hoﬁtu It hna been measured for both the

exogenous and endogenous hormone.and shown to be about .
. i .

twenty minutes (Melick et al. 1965).
' 5

. 11., Synthdsis and degradation .

oo

Theusynthesis)ana secretion of an is regulated by
_thé eitrgcellular concentration 9f ionized c;lciun. (Sher-
éood et ai: 1968, Hamilton eilal. 1971, Oldhan ;t a1;1971,
Tfagévn§k'et al. 1971, Massry et al. 1969). Song’egidgnce
for.tﬁe involvement of magnesium in the regulatio;‘of the
levels of éirculating PTR also exists knuckle et al. 1968).
L; No such re ation of PIB levell to plan-n—phoaphate has been

- ] shovn {Sher ood et 11. 1968), and phosphate regulation of ~

- secretion PTH has been shown to 'be indirect, via changes

1; plasma‘calciﬁu'levela. -

PTH is inactivated. by enzymatic degradation in the

kidiéf and the liver, since both nephrectoay and hepatécto-y

* . . result in a prolonged half-life of the hormone (Fang et

@
al. 1972).

1, -
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to its dissolution and subsequent rise in plasma calcium’

' . I { 15.
111. Ef!ectl of Pata:hyroid Hormone on the Renal Handling
of Electrolytes. ( -

The Physiologiéhl 1npoiqance of purathyroid hormone

in calciuu and phoaphate metabolism wvas csﬁ»“lished in the

- first quar:er of this century. The first lundngrk in under-

standing gartthyroid function was the work of MacCallum and
Voegtlin (1909) who oBservid that removal of the parathyroid

\ '
glands from dogs caused a drop in plasma calcium followed v

by tetany, whichlcou14 be temporarily felie;ed by infuuiénq \
of calcium chlo:id;; The second was the success of b9111p‘
(1525) who was the first to prepare pargthyroid extracts,

to show the role of ﬂtn in plasma calcium and'b;ne resorption
regulation. Greenwald and Gross (}925) recognizeé the in-'
portant pﬁosphntutic éffect of PTH upon the kidney. From
those observations d;veloped two schools of ghought on the
nechan}sn of PTH action. The Collip'add‘rholpl;n Schoql.\
proposed thatkthe primary effec:-of'PTB vas on bone, léad?ng

’ |
levels. The renal effects were thought to occur secondary

to bone resorption (Thompson and Collip 1932). Tﬁa Albright

.School belipvad.that PTH acted directly on ;hé kiduey to

regulate elcctrolyte levcll in body £1£igs and that the bonc

-

changcn wvere secondary. rht obcerved ‘rise in plasma calciun.

vas 1nterprqt.d as an inditcct oftect to keep the ptoduct ot

\




R

16.

-~

[~

the plasma contentrations of calcium and phosphate ions

9

constant. Unfortunatqu.~ncithqr group could ptesant'

P Lo

experimental evidence in direct confirmation of. their

particular theory, aid the initiasl intensive interest in
&

e e R

the ph&liology of parathyroid gland-, calciu- aﬁa'phosphate

nctabolisn ab&trd for several ynarl. owing apparently to i

4 : llack of bettcr hor-one preparation and tho difficulty in

finding a convnnicnt. cconolic assay nethoq . Only twveanty

e

years later, as more purified parathyroid citract- became

available eonld thtte initial interpretations be nodified

and PTH was shovn to have four separate major actionu: -

1. Increase in urinary phonpha:g excretion(creenwald 19?5,
Plllhan 1960;. T

2. Decrense‘in ﬁfiua;y calcium excretion, preceding any
change in plasma c;lciun (Tal;ngc et al. 1934, Kieenan
et.al. 196;).

3. Achlerq;ion of -ctaboiic\deag:uctign of bone'(Bafnico£ /
1948, Chang 1951, Gaillard 1961). - v ~

4; Increased calcium absorption from the intestine (Tal,&ge\
& Ellfot 1958, Rnsslnsncn\xésb{ Cralcr‘1961).

ai Effect of PTH on Renal Phosphate Transport.

(‘\’,
L

\ The role otythe‘pnra:hyroidniu rgn;ljthaphatc -ptaboliln‘
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| hal becn tncognil.d linco thc dtucoVo:y by Grcunwald (1925)

that pata:hyroidtetnly enu-ca a rapid fhll 1n thc rata of |

-

urtnary pho-phaze nxcrqtion and eouvctccly, 1nj.etion of

RIS

para:hyroid exténc: increanca urinary pholphltc c:crqtiou.: -
o ”\ . .
Although phocphnturil was among thn carliur dctcctublc

s 2o

‘ responsas to PTB. 1: vas undccided for ldvotll ycarl Ubo-

N "’

‘ : \ ther it vas due to a d;rcct h!f.et of the . “hyporculconic } 

. N e i
“ ‘\,l R .

. ‘ _ ho:-onc". P qeparatn'“phocphntutic hornono", or a: non-'w'uff

oy .
. " . B 4 ; "

hormonal conpcncn: of patathyroid oxtract. Some Qvid.ipl zﬂ

L,y\,) .

~ u” A .

, for a scparate pholphaturic ftudncut" vas prdlcntcd by -

, N
S
; Lo

Steuart and Bowven (1952), who nhowcd chat crcat-cnt of >

C parathxroid extract with fornnldohydn lbolilﬁn- the hyper"i"
calcenic rhipontc, bhu not the phosphaturic‘onﬁ.g ﬂo~n¢p-

. arate fragncntwat tlolntcd howcver..nnd :h. phocphaturic "J
effect could Jbe tcproduecd vith a. highly puriticd’itﬂ (Aur~

\ bach 1959) as. vcll as vich‘cynthctic N-tcrninal tr;gncnta
/ | . ‘ “u .

. of PTH (Pottl 1971). L : ) o

: . - " In the ca:liur litcraturc eonsidc:nblc ccntrcvgrsy

e Lo “ - .[

also exin;ud, as to whuthu: rrn hld nny*diroct cf!ict on .
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prcﬁaration..ot PTH (Aurbach 1959). rhiﬁﬁhoopﬁatutié

pot

ofl&c: of the horlpic v:i':hin-iﬁovn'tﬁ be'iddcbdﬁdcnﬁ o,

of changcc in crn 1ndiclt&ng 8 qiroct cffhc: on :hn rnnal
.-

cubular crannpot: of thh\pho-phato. \Tvo -cchnniani of

action of pu:athyroid wuto th.rofo:c considered nnd Ain-
~ L j

.

Ly )
’yeltigatedz ‘ . C ' N .

¢

l. An 1nc:oalo 1n cubula:,-ccretion of pho-phntc.

\

2. A dccrccao in pho;ph&te rcablorption.

Thc evidcncc that the. pho-phnturtc ottcct of PIH 1. a tc-

' - * f

sult of enhanccd tubular Idcretion is controvcrcial and o

'

1nconp1ucive, as the eziotqnco of"ouch 8 component: of phoa- ”wﬂ

phate handling -cchlniln in nlulalt is 3:111 in cctioul

™

quelcion ( scc p. 6). Prooo yvidence favoutc inhibition.

I

of tub -;r reabsorption of p 8 ﬁutg after PTH, rathei tﬁnn.

4.:;

'secretion (Handlerx 1962, Asus 1973. Hurnya-a 1972).

‘,/
-

enhance

'
7

hv}d;gcc of Tubular lcababrpéiqu of'Phdnpﬁ;tc‘" .

- ' b - 1 ’
o

- s - "
g

c1eatlncc scudics ,:’ o

Thc ortginal obtqrvationo of Grccnvald and: Grosl (1925)
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S 5’4' wurinnry lodiun oxcretion vns -houn to be unchangcd. in~ .

o dicatius futthcr dintnl aodi reabaoxption. phéoph-to

.
' )

' | ; cxcrltton vnc’iucroalad; novovcr.‘dislociltion of the (

‘ , pro:iunl ofﬁccta of rrn o? aodtu- and phoipha:c in the

‘ dog has been. rc@ottcd‘by Wen (1976).i At preaont. it is \
| , 17
known that at least . portion of the proxtnal phocphate ‘

2 ' _handling is clo:nly 1;uk¢d to that. of Na (Agus et sl. .

' 1973). | S S

\ v ~ /

S 5 Diltll phosphatc tethOtption vas luggnnted by the

. ) . ! »

‘ _ rnlultl of Wen' s ntudy, but the phosphaturic cffect of *

. . PTH was ntﬁgibutcd‘to thc‘proxintl tubule. Clcar evid-

+

\ | ence for inhibition of diltal phosphate reabsorption :

. ‘ by PTH co-ca fro- .studies of Auiel Kunczigat and Richet -

; v .

(1969) 1n nctnal and in ‘both acu:ely and chronically TPTX
’ t‘tl¢ Acuto tnd chronic TPTX uninalc teabaorb a greataer

frtction ot phosphacc dclivoted ‘to :he diatal tubule in
- . - ,‘ ] :‘,
- the :crntnal nnphton as conpatcd with uhrill. Iuruhln
S~ - '

‘f- : qcudicn 1n th- rnt (luntstgcr and A-iel 1910) -uggocted -

i
s »w*

'y thc loop of - nenlt ao anuthcr potlibio -1:. ot thc action

. P ol "\’ " a\\, vy

|
T L of P!B. thil Ia 1n‘agtntlcnt with chc obltrvationl o£

-

. ,. \.~

.'QQ‘_’,) P Btun!tt.*(197‘) vho alio thoucd thu coutribution of thc L

e e £y .
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poiut‘not only to a drop in' the proximal phosphate re- .

abiorptiod after PTH adyiniltration,‘but also in«the

. loop of Henle and beyond the' distal tubular puncture
site, 1nd1£ntin§ an effect within thc'collccting system.
The role of the collacting system in the phonphi:; hand-

ling wio al;o noted by Amiel (1970). Pinally. studies \\
\
of Enox and Lechene (1975) confir-'oblcrvationl of others, B

that in additiqn to the proximal action 1nh£titiou ot .

1

dinc:l pho.phlte rcablorption is an inportant factor in

)

|
, ] . |
the phosphnturic effect of PTH.. N ) \ |

I

The di::al capacity for phosphate reabsorption and
1:3 lcnsitivity to Prn can be unnasked by saline loading.

or administration of uretics. Saline-induced phosphat-

urisz has bccn_.tudied,in rcccnt years, and it lias begn
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of tho phosphnt dolivcrud diatally is excratcd (Pu att ’ ‘

! .-t

ot al. 195}). A%;Cr tPTx, proxincl tubulc tcaponao to

o snlinp tufniion is sinilnr :o that of in:act nnina!’ bue

: MY > ’.-‘! i U\r ‘

|
dcspita ;atxa,londl»lolivcttd diatally. 11::1: phonpha:c '
appunxa’iu Ghiguttu. ti :i 1973 !rick i969).lh“
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Many diuretics are also phosphatufic in nature, to
| ahvaried dqgrec: In general, the most effective are the
fpncl that have carbonic anhydrase inhibitory activity
(Goldhcrg\;t al, 1973). Following infusion of Acetaz-
olani&c into intact animals, proximally tcjectgd phos~-
Qbhatc ¥lcapo- distal rcab;orpthny In TPTX animals sim-
Yilirly\trottud. the large phosphate load lea§1ng the’
prézﬁ.\l tubule is reabsorbed distally; and litele if
any phouphaturin occuruvtnqck et al. 1973). Thus, these
studies reveal the existance of high capacity reabsorptive
‘ mechanisa in the distal tubule for Poa The combination
of distal load and extent of 1nhib;tion iy PTH de{gtnines’

the magnitude of phosphaturia under a variety of*exper-

“--  imental conditions. : .

A

-

b. The effeacts of PTH on Renal Calcium Handling

;o The net'éffect 6£-PIH :n‘renaf calcium handling is °
rather difficult to ﬁradict. since 1t\1s the sum of sev-
| eral forces actins in oppoaite directions. Its eftccta
" on bone reootption and 1nt¢|t1nal rcablorption lead, to
\1ncr.atcd plnln; cnlciun concén:ration, nnd a conlcq;ent
rilc 1n tilccrcdlcdlciun Jload 'which -ny 1ncrea:4 urinary
enlcipn exerctieu, thcrcforc masking a ditect e!fcet on T

.
,,r f

tubu!!‘ ;alciu- rclbaofption. Thc.cv;d-ncczfor a direct
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effect to eﬁhancc tubular calcium reabsorption ;u conoid;
erable. Talmage, Kraintz and Buchanan (1955) demonstrated
in rats cha:‘rrrx caucél.incraaoed renal calcium excret-
io? at the ;a-c :1-.'16vctin§ Plasma calciun;iarathytoid
nicra;: injection restored both variables to normal.
Hidrov and Levinsky (1962) showed a drop in calcium ex~
cretion during Prn‘infulion in dog, dclpicc 4 vise or mo
changc in tilccrcd load of calcium. Kleeman and co-work-
ers (1961) made ainilar observations in nan.xlhowing that
gru spccigically,dcdxaaled renal calcium clearance. g;.-
enberg (19§5) gave PTH to hypopara:hyrgid patients con-
tinuously infused ;lth calcium and showed the hypocni-

ciuric effects to be independent df changes in plasﬁa

calcinn.\~‘81nilar observations of high calcium clearance -

relative to plau-a calciua in h&poparathyroi&iqu have been

A

rcportcd by others bdoth 1n man and lnbOtatory aninala
ﬁuotdiu & Pcacock 1969, liddulph et al. 1970) Allo. low
calciun clearancc ‘relative to plasma caleiup levels has

been shown in hype:pnrathyroid patiants.'(uord1P et al.

1

.

sttcc ot’@hc Action of rrn ot Renal c.lciu- Transport
Along the Ncphton

~

Tho site at vhich pctnthytoid hormone enhances calciun

fy

:eabiorption hnn npt ynt bocn clcquy identified. The pte-

viou71y n-utioned -:dp-flov ntudy of Widrow aud Levinaky/
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in the dog, suggested the distal segment of nephron as \

/ ‘
a possible site of this effect. Micropuncture and micro-

e RAREEI T

perfusion .::.-atf have been made to further elucidate

— N

localisation of PTH effects on tubular calcium transport.

1

Frick et al. (1965) showved proximal reabsorption of cal-

RS PITIML o NIRRT

cium was . unaffected by PTH, lnéggpéing a more distal

N site of action. ‘Hicropunctufo studies in the dog dem~
o ¥ \ 0

Jnatrated that' PTH actualiy has a dual effect on calcium

R e T

transport: in the proximal tubule absolute and fractienal
reabsorption of cnlciun.nqd'nodiun were inhibited;urinary
calcium excretion was reduced dq!piie increased sodium

| / ‘ )
excretion indicating a disproportionate enhancgnent of

TG TAL RN L g s G

calcium teab;orption in the distal nephron (Agus et al.
1973). N

The above observations of a selective enhancement
of calcium resbsorption at a distal site, are in agree- ) ‘
ment with those recéntly reported by Sutton et al.(1976).
They showed that PTH increases éejccgion of 'sodium and cal-
cium proportionately in the late proximal tubule 1@ both
intact and TPTX dogs. In;teaaed delivery of both iomns to
the distal tubule after PTH nduiﬁiotrniion vas therefore
observed. However, the ratio of fractional excretion of
Ca to Na decreased, suggesting bnlgcfivd enhancement éf

. calcium rcabgorptipn before the superficial distal puncture

1

PR I
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site. PFurther drop in Ca/Na ratio in the final urine
in both groups points to a similar acfion of PTH on cal-
ciuﬂ reabnotpcion beyond the accessibledistal convoluted
tubule. Recent Qictopunctprd studies in the hamster ,
whose renal calcium transport is highly censifive'to :
PTH :i:ongly supports these observations;, as ?TH effects
to enha;ce'calciuy reabsorption could be localised both
to the ascending limb of the lbop of Henle and to the
terminal nephron segment, (Harris et ai. 1976).

Thus, p;ecilf localication og the effect of PTH on

renal calcium transport remains uncertain. Present ev-

idence points to thg loop of Henle and more distal seg-

/

.ments inaccessible to micropuncture as the sites of

hormone actiom. )

7

c. The effects of PTH on Renal Magnesium Handling

Jhe effect of PTH on the renal transport of magnesiunm

is even less well defined than_itu effects on calcium or

‘phoaphate. Experimental evidence for tpi relation be-

tween calcium and magnesium metabolism dates b;ck to the
work of Mendel and Benedict in 1909.‘h The recognition I
of the role of PTH iﬂ‘cll¢1ul‘hcl¢0ltll1l,l;d to early
investigations into PTH effects on ﬁla--a nagnasium..

Although a rise in plasma nlghiltuu in doga
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injected with pirathyroid extract was reported by Green-
' berg & Mackay (1932), no effect of PTH on plasma Mg could
be seen in, hyperparatliyroidism (Bulger & Gausmann 1933).

f

:The subsequent studies were as equivocal as the earlier \

PO G TITRET N RIS T L S

, ones. Despite a drop in plasma Mg aftcruPTx in dogs an

. increase rather than a drop in urinary magnesium was ob-
served after PTH adninisttati@n (Heaton 1960). However,

PN éfx‘in rats (MacIntyre ?t al’, 1963) led to a drop in plasma
Mg as wellas.afall in Mg and Ca excretion during PTH ad-
ministration. Calcium retention correlated well with the
AOne of PTH. ﬁxperinental magnegium deficiency led to :
hypfrcg1;¢.1’,hypophospha;enil and a rise in urinary phos-
phate. This controversy as to the effects of PTH on ur-
inary magnesium was later resolved by Coburn and ﬁassry
%196%)3 Investigation ofyth; effects of calcium infusion
on fgnal handling of magnesiunm vit? normal and reduced GFR,
showed that calcium infusion caused a rise in urinary mag-
nesium even if filtered load of nagnes&un dropped, con-
cluding that they share common pathways for teibcorpti&n.
This study would also explain Heaton's results, since the
ani-allxhe used were hyp;rcalcelic. Inllate% gtudies

A H;llty and éo;vorkern (1970) have shown that the effect of

rrn\bn renal magnesium transport is independent from that

' N
of calcius, and that PTE causes a decrease in the fractional
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excretion of magnesium despités an increased filtered load

thus confirming findings of MacIntyre et al. In hypo-
' parathyroid p&:ienta a drop in urinary magnesium assoc-

iated with a drop in urinary calcium after intramuscular

i

Rt e e e i L AL L ar s

PTH injection was observed (Bethune 1968).

Little, 1if any.'cvidance for the prscise localisation
of PTH enhancement of magnesiuw reabsorption in the nephron
exists., Micropuncture studies of Brunette (1969) point

| to the loop of Henle as a possible site, while the evid-

ence from Harris et al. (1976) study in c@ciha-nter points
oy to both loop of Henle and the terminal nephron as the
' s

sites of PTH action on the transport of magnesium. Thus .
although the effect of parathyroid hormone on renal mag-

nesium handling in various segments of the nephron seems

Se—

to parallcl\thié on calcium, the evidence is eqmivocal

o

and avaits further investigation.

- 2. The Role of cAMP in tﬁ. Mechanism of Action of PTR
on the Renal Transport of Electrolytes. .

It 1is cutﬁently felt that many hormones act by way '
| of a doudble ieacengé; system. Hormones are regarded as

a first messenger which travel from their cells of or-

igin to the. cells of target, tissue where they thin stim~-
; place formation of a lecoqd messenger. At present, the

only second messenger identified is cAMP (Sutherland

I
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& Rahl 1958), and its implication in the action of many
peptide hormones, endocrine and exocrine secretion, as
well as neurotransmitter release, strongly favours the .

proposed nechgnisn(aobinson & Butcher 1962).

A

An increasing body of evidence supports the hypo-
thesis that cAMP is also a key mediator in the action
of PTH, and chai this action of the hormone on the kidney

déquda’upon‘the fqlloving sequence of asvents; inter-

action of the hormone with spec;fic g}qepiora on the cell
surfice of the remnal tubular‘egithelipn - activation of
gdenyl-cyciasg‘as the result of the interaction with
receptof&: gene#ation of intracellular ¢cAMP; activation

of protein kinase within the brush border of renal cells:

1 .

‘ “

ﬁhosphorylationfof an enzz;p(o)Jor a membrane component:

and, as a consequence, ;ﬁ&ivntion of a system lediacipg

-
© ¢

-

transport of ions. . ) .

1, cAMP g!hctaﬁtén,in the -Kidney .
] ; .

! ! - =) o
Y e

Changes in the urinary levels of eAHf\cén be regarded - as

a phytiologic‘l concAﬁucnca of a direct activation of the:
. - . - ¥

above ayltéuﬁf rrcignéc‘oﬁlghur in urine iiébtitot J--dn-

strated in humans (Bubcher & SptherlandiléﬁZ), but no
. . N ‘

phyliqlogiclllinpoQtange wvas then at:agﬁcﬂ fohit. Chase
. . R \[",5\"1", ) | .
& Aurbach (1967), were the figi:ftp”}ditnlncc its possible .

f
L Py
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i ‘ role in mediating the action of parathyroid hormone.
Th;y showved that urinary cAMP leve::\szfe lower in the

TPTk ;Qinnls as compared to the intact. Intravenous in-

jection of PTH into TPTi rats induced an immediate and

{

marked rise in urinary cAMP, which either preceded' or

D

coincided with th; phosphaturic efféct of |the hormone.

ART T, W ICATR T

‘Similar changes in the cAMP levels in the urine after

PTH administration have been reported in humans (Kaminsky

P4

ek al. 1970).
These effects on the urinary cAMP levels reflect
cyclic nucleotide elaborated from the renal cells in

reaponse to the hormone and not a rise in 1its clearanoce

\

' from placna. In the stu%y of Kaminsky et al. (1970) 1t
wvas ﬁog}ihle to. segregate cAMP appearing in the urine
ncéordtng to ﬁephrogenous or systemic origin. Only the
nephxogenous\p;tt was under the control of PTH. ' Chase &
Autbach (1967) and Buttlen and Jard (1972) using radio~

!
active cAMP also showed that the rise in the renal output

E J ‘of the nucleotide after PTH reflected renal synthesis &

| LS

exctetton. and was not a result of a rise in its clearancg.
. q -

Furchcrnore, an increase in the intracellular concentration

)

L

of ﬁhe nucleotide iT the kidﬁey cells has beep detected

¥ after injection of the horuouc dn vivo (Rasmussen & Tenen=

A

honsa 1%68), after addition of the ‘hormone to 1|olated
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L o renal tubules (Aurbach 1972) or to isolated intact cell
preparations’ from tﬂe renal cortex (Melson 1970).

The 1ngotcaﬁce of cAMP is further strengthened by
the findings in pacient;\with psénaopypqparathyroidisn,
a condition represéntingaan end orqﬂn unresponsiveness
to PTH despite normal, or elevatedhlevelu of iirculating
PTﬁ, Inathege patients, a lack oﬁ‘pyqyphnturia after

°

PTH administration is paralled by a lack of rise in the

. cAMP levels in the urine (Chase 1972). - \

ii, Hormone Receptors in the Kidney

' A

\ l .
. Since many other hormones also alter the metabolism

il i
of cAMP, the question of specificity arises, and congsider-
L ¢

able importance has been attached to the ‘anatomical local-
Q ©

tsation of these effects. Specific receptors for para-

o ~ .

thyroid hormone have been identified in the renal cortex

by §u:eyiffe'e: al. (1973) using 125 labeled PTH and by

DiBella et al. (1974). Biologically inactive PTH, as well

L]

as other hormones such an(qanopresiin. glucagon and epine-

s .

phrine;failed to inhibit binding of the active hormone. -

3

\

1ii. Adenyl Cyclase. y
Lot ‘ ) ' . . ' _', \‘ * °
‘ , : . The binding -of the hormones to membrane receptors is. .

I \

a process closely 115&}{ to, but separable ¢

-~z
1

{

.o n I
om, activation, .
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i ! ! 1

of adenyl-cyclase in the recaptor tiaaue fon these hormones.
o . Accumulating evidence suggests that although interaction

of ndiy polypeptide & amine hornoneé laad to the activ~-

L4 |

ation of this system nnd lubsequcnt rise fin the intra-

v

j cellular cAnP production, the raeeptor for these_hormones

4

_are highly specific and probably locnted on distinct cell
types (Heath & Aurbach.lQ?k).PTH':tinulatfc adenyl-cyclase
}redoninin:ly in the renal cortex fchasg et al. 1970), and
recently‘it has been shown to be preféreutlall; distridb-
uted in the contraluminal plasma membrane of the eoréical\
_epithelial cells (Shlatz et al. 1975). rugéx}unore. PTH
sensitive adenyl-cyclase hag been 1dbnti£#eq/in the prox-
: imal tubule, pars rectaf;thici lacending limb of Henle, ,
di-tik convoluted tubulae, and'cortical collec:iné duLt\ ‘
(first branching portion). (Chabardes et al. 1975). With
the 3xceptibn of the pari recta, these are also tkﬁ\knoun

\

. K . ‘ ,
' sites of PTH induced alterations in the transport of electro-

lytes. ' .
Vasopressin, another hormone vho:e”dffcnﬁs are med-
1atcd by cAH?. l:i-nlat”p aduny;—cyclasc of rcnnl chulla

N

' ‘only. (Chase et al.: 1370),,10 kcopins thersforo vich its

kfac: on tho pcr.cnﬁility ;o v-ttt 1n the colIJcting T

[

&

'l’lt.l&& Calcicouin, vhieh 1ikotrtm altntn :cnnl uraupport | .

N i, , 9

‘ é” "of clcctrolytco. althongh 1:. oxget cttccta aud thc
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i

mechanism of actioilarc still rather ‘poorly defined, 1is

"also believed to act via the adenyl-cyclase cAMP .y;:b-."

\

v

" Its effect hovcvcr hll been -hown to bo apecific and dis-

T

. ~ tinct from that of PTH, since vhen the hornonoa vers nd-

- . ministerad t?gcﬁpnr, an additive plfncf was cbscivad

\ ' , (Hearsche et al. i976). Othar hornoucl which regulatc' N
functions by'activating adenyl-cycla.u “of thoit targct

' tissues (c.g. corticotkapin and glucagon acting on the
adr;nal and liver renp.c:ivcly) vere not found to bghd
to the PTH-specific receptors of the renal tilsuc (Sut- _

cliffe et al: 1973), or to influence nrinary levels of

cAMP (Chase & Aurbach 1967).

% / iv. ‘Protein Kinasd. ‘ !

i

Sevétal studies support the hypothesis that in cells:

responding to ho:-dhci througﬁ the activation of adenyl-

- v

cyclase and - :ncdiakion of cAMP, cyclic nnqlcotides - .

[}

cause activation of protein kinases. (Marx et al. 1973).

‘The rcnal,tiplue ctudiclv-hownd that it is the activntion

. of the brush border proteiu kinase by the elevated intra-

-t

cmllular concentration of cAHP.thac 1- rcaponuiblo £or

the prctorcntial pho-phorylation of :hg lunincl IClbran¢~ ;

A\\
[

oL ’ (Kinne ‘ot ;1. 197§)p nnd ultinttnly, for eho Ptn ntdin:nd o

Lo PO X ~ -
' . f‘ "f?(’?mx A \

- o alcentiana :u[ uhtjtran-nr: ot ulutn. R




v. Involvement of cAMP in lon Transport IR

To futﬁhcr'-crtngthcn th; hypothcoic of cAMP in-
volvemesnt in thu action of PTH, in vitro and 1u vlvo

studies 1nvolv1ng the nucleocidc vere perfor-cd, 1n an

attempt to reproduce the known effects of PTH. .
. a~ l

p oo . oy
a. In vitro Studies ' \

It has bocnsahown :hat cxogcnonc cAMP doon not al-
ways mimic the offect of PTH. posoibly bec;uac most cells

are relatively impermeable to\phosphorylatod compounds

in general, and c¢cAMP is also aubject to tapid hydtolysil‘

[
- by phosphodiesterase into the inert 5'AMP metabolite.

Butyrated derivatives have often beén used to‘replaea

cAMP ;s they have been shown to have higher cell membrane

'

pefneability as cﬁnp.rcd to thc ﬁate#c nucleotide. DBcAMP )

was shown to be much more, poteut than cAMP in the intact
{
live: cclla but not 1n cell extractn (Posternnk et al,

‘1962).\.Fupéhernore, gceqahe et al. (1971) showed DBcAMP

to be -orelpho-pbodicltcfase resistant, while the results
of Aurbach et ai. (1972) suggest it acts as an inhibitor

of th:,photphodiclterasc. cdn.%ng thcreby an nccunulacion
. ' 4
of sndogenous’ cAHP ' ' - : Co N

0
i
o

thc-concentvation of nxogcnouuly adninictcred nuce~-

i \ .

lotide also appaar: to be o!)yit;l inportqntc.g‘ydsc response .

iy f ‘ % oy
L } T M,v S i
AR S et mﬂNu -l
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lcudioo vich DBcAHP in. tho 1ntlct celll of different

L " tianuc. (adipoao. liycr. bonc) gavc a bcll shaped curve

.

| ovcr a rulntivoly unrtov copecnttation ranga (Vac- et

o

. il. 1969). 81lilar1yylainz. .c al. (1969) showed that ‘ -

[ 4 i
/ whereas rra had a -a:k-d cffcct on bone rasorptiou. no /

\

3% 1073

. doses of 5 x 10

-3

H to 7 x 10

-4

/ _sueh’dt!.ct could be shown' vith cQﬂP in dqicn up to

M. DBcAMP however, stimulated rcsofption at

M, the response bcins

1

sinilar to that pbtaiuod vith the low doses of PTH. At

-3

concentrations above 10 "M the effect vad.loﬁé.' v .

Thus, although bBcAﬁP,appcarc go be nbrc potent
than cAMP itself, the question as to whether the bi&log-
. ical effect of DBCAMP is due to augmentation of intra-

cellular concentration of cAMP, or to a direct action

—
v

on the protein kinase rnnnins’to be answered. |

‘ b. In vivo Studies ‘ . / / {

/

I '

.

\ : kT)§ - Eftacta of cAMP on the transport o£ photphatc /
Tho yhysiological effcccs of cyclic nucleotides w?re ,

aloo 1nve:tigated.» The phouphatu:ic accton.of PTH on the

- kiéncy has boen coaaistontly tcptoduced with both cAﬁ“
and DleAnP (lan-usluu et al. . 1968, nuubcll ct al. 1969,

: hgus et al. 1971,(Knncsigcr .t “al. - 1976) . < dogc. eit-

hcr lyitonie or rqnal artery infulion ‘of nchn 1ld -to

K
J . 1 e
11\-" 1

".a rinc in urinary pho-pha:e e:ctction 1nd1cating Py dircet

s
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\ k!

tubular effect. Replacement of the active nucléotide o
with 5'cAMP, its inert uecaﬁdlité, failed to inhibit
phosphate reabtérption, Furthermore, micropuncture
rebultg iugaenf.d that the progiua} tubule Wll{l pre~-
dominant site of the PTH-1like effects of DBcAMP;a- i
drop Iin phosphate reabsorption was acc;héa7icd by a
drop in reabsorption of Naj;thus supporting the view
that phosphatu:i* resulted fton‘che-ighibifien*of
»proiiﬁal Na reabsorption (Agu- et al. 1971). A sim-
1lar inhibition of proximal tubule fluid reabsorption
—by DBcAHPHhaQ also been observed in isolated perfused
proximal tubules (Hamburger et al. 1974). Studies in
TPTX rats reveéaled the existence of cAMP sensit{ve PO4
‘ttansport'beyqnd the proximal tubule (Kuntsiger et al.
1§74).f The effectﬂ/of cAMP &ere localized to the ter-
ninalynephron.\ Theli are the same sites as those thought
:q’ﬁe involved in the effect of PTH on the r?qnsport of »
#ﬁosphatq, and localiz;éion of PTﬁ sensitive adenyl-

cyclase (Chabardes et al. 1975). , -~

" Effects of cAMP on the Tramsport of Calcium

. -y ‘
There is litglo evidence that the effect of PTH on
Ca clearance by the kidney also involves mediation by

CAMP, Rasmussen et al, (;959) reported that changes in

urinary calciux and phosphate aupink eAMP infusion were
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N

identical to those during administration of PTH. These.

i

were long term experiments however, and a rise, rather

than a drop in urinary calcium was observed with both

cAMP and PTH, while PTH and cAMP had an opposite effect
\ [ -

on,iagneaiun excretion. An inhibitory effect of DBcAMP

on proximal calcium reabsorption similar to that of PTH
was reported (Agus.et al. 1972), but.uﬁlike PTH treated

ani,pls. vhere hypocalcuria was observed, no change in.

~

urinary calcium excretion was present in group infused '

with DBcAMP. . kuntzigor in a study where he clearly

IR

demonstrated an effect of cAMP on the tramsport of phos-

phate along the nephron, failed to show any effect of

1

the nucleotide on the transport of either calcium or
nagneaiun.' Plasma leveii of theae\electrolytes vere ;lao
unaffectead. \fhe hypercﬁlccnic response to both nucleo-
tides wvas investigated (Wcll; and Lloyd 1969), acuﬁ;;y
and chronically in TPTX rats. Vhetaaq DBcAMP caused a
rise in plasua calciﬁn and a dtép 1£ phonﬁhate similar

neither effect could Se\nhovn‘

)

to that shown with PTH,

a knowh cyclic nuc~

\
‘leotide phosphodicat.rase inhibitor, which causes a rise

with cAMP. However, theoﬁhylliné.
1u the inttaccllulat cAMP concentration produced a sign-
pitieant 1nctoano in serum calcium, snd vhen added with

DBCAMP the effact wvas additive. On the contiary,"

/- N . K Lo
P
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imidasole, a pot;nt activator og phosphodiesterase, ant-
agonised the hypercalcuric action of DBcAMP as well as
PTH. A dose~response study showed the hypetcalcenié
effect of DBcAMP to be ddie dependeﬁt, an observation
similar to.that of the }n vitro studies of Raisz discuss-
ed previously, thus fhgthcr enphasiling\th; inpottuncc
of the dose, vhen 1nvcltigat1ng effects of the nucleo- // /s

N

v tid.'c .

t
%

In summary, these observations, although in strong
; support of the involvement of cAHP‘in the phosphaturic
effect of PTH, are 1nconc1us1ve uith respect to their

role in mediating thé action of PTH on the rqnal trans-

\

port of calcium and magnesium.

R Chapter  II1 - GOLDEN SYRIAN HAMSTER (MESOCRICETUS AURATUS)-
- ‘ A MODEL FOR THE INVESTIGATION OF THE HECBANISH
: OF PTH ACTION ON THE KIDNEY

As discussed previously, the evidence that PTH reg- o

ulates calcium clearance by the kidney 1is ovepvhelninq. ' E

% v noweyer, the exact\ncchani;- of this effect is not known.

N\ In designing experiments to fut:hefhcoﬁplenent a rather
fragmentary knowledge rngarding the saquence of the cell-

)

ular events involved in this action of the parathyroid b

<

e

e

2 TR

‘ hornone, the golden hamster appears to be an 16031 -odel;
1 ' ‘ -

, .
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, , N ) .
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as its renal calcium transport has been shown to be un~

usually sensitive to PTH (Biddulph et al. 1970, 1973).
/

In the course of their investigation the hamster kidney

;as observed to’play a dominant role in\:he'-nrde an@ ‘ '

rapid changes that occur in serum calcium concentration

after TPTX or exogenous PTH. A drop in plasma calcium ,

with a concomitant rise 1n‘uriudr! calcium after acute

TPTX could be prevented by either infusion of PTRH ;r

ueéhrectony, vhereas nephrectomy alone had no\effect on

plasma calcium levels. (Biddulph et\al. 1970).
Dose-response chataétéristicé of uriuaty.calciu-

levels in response :3 exogenous PTE were also studied to

'determine renal sensitivity to. PTH. A linear drop in

urina;y calcium acconﬁanied by a rige in pl;sna calcium
vas observed over a dose range of 0.8 to 10 units of PTE.
The latter dose was the minimum dosage faquircq to restore
calcium excretion levels to those observed in the intact
animals. The urinary levels of calcium jn the hamster
vere shown to be/highly influenced by levels of dict;ry
calcium as plasma calcium was -aintained.con.tant, fur- |
ther underlining-the importance of the kidney in the min~-
ute to ninute_regufation of plasna calcium (Biddulph et

al. 1973)7 A phosphaturic effect of PTH vas also seen.

uovcveg, unlike in other species, where PTH csusas a

-

A
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rapid fall in plasma phosphate, in the hamster, PTH fail- ¥
ad to iover levels of serum phosphate‘ This may indicate
a difference in the mechanism of 'the phosphaturic effect
of PTH in the two species (Biddulph et al. 1969). Further
1nyé§tigations are required however, before any canclusion

can be drawn.

’

/ Chapter IV - METHODS

l1.- Animal Preparation b \

Standard clearance experiments were performed on 54

i

male, gblden hamsters (Mesocricetus auratus), 90 - 130g

body weight, ‘allowed ftee'accegs to food and water. Animals
were anesthetized intra-per}toneally (1p) with Inactin (Pro-
monta, Hamburg, Ger;qny) (18, mg/100 g.b;wt.)ﬁ tracheoto-
mized, and volume expanded to 5 body weight with 0.5 saline’
(1ip) » Acute thyroparathyroidectomy, (TPTX) was performed

‘ by cauterisation in’all*but the intact controls. Poly-

, ethylgne catheters (PE50) were inserted into a jugular vein
for the 1nf§aion of inulin, and into the carotid artery for
blood sampling. Urine was colleéted\fro-iq catheter (PESQ)
inserted into the bladder. Animals vere kept itﬂconntdnt ’
bod? te-pcratqr; (36 ~ 37°0). ]

]



2. Experimental protocol

Animals v;te divided into five groups. The protocél
elplbyed was\idtncicnl in all TPTX aninala (group I-1IV),
exceét for a different drug 1u£unqd_in tﬁe experimental
phase of each group. Group V were the intact controls.

Clearance periods were started at two hou}s post
TPTX and consisted of two 60 minite phases (control and
experimental) separated by 60 minute int;rjal. The con-
trol and experimental phasescach cqlprised twvo 30 min-
ute urine collection periods: Bl;od samples were taken
at the end of each phase.

Throughout the experiments all anintis were infused
with 3.5%Z inulin 1; 0.9% saline at 0.02 nl/fl." The eq-
uilibration of inulin concentrationm in the extracellular
fluid co-pn;tnent wvas assured by infusing it for one hour
before commencement of the first phase. Group I (the TPTX ’
control group) received qnl}chiglnfnlion throughout both

phases. In group Ii-Iv, administration of”PTK, cAMP, or

DBcAMP respectively was commenced at the completion of the

fircc phahe and the exparinenial clearances were bcggg one

hour later.

Group II (ne 14) received purified bovine PTHE (Wilson

Laboratories, Chicago Ill.) at 5U/hour.

Group III (n = 8) received cAMP (Sigma Chemical Com-

8

pany, St.Louis, Mo.) (5x10 °M prime followed by 10-9H/-1n5

\

1

/
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Group 1V (n=9) received DBcAMP (5 x 10" %u Prime

followed by 10-9H(n£;). | .
?o de;ernine effects of .acute TPTX, a group of
eight animals with intact garlthyroid glands was in-
cluded in the study.
Experiments with DBcAMP (group 1IV), in vhich a

drop in pfaama caicium vas observed, were repeatéd on

an additional group of four animals that were infused

'with 1.6 mEq/1 CaCl, together with DBcAMP in the ex-
perimental phase. This low background infusion of cal- N
cium prevented a drop in plasma calcium and filtered

load of calcium.

3. Chemical Methods

In all experiments, the glomerular filtration rate
wvas measured by inulin clearance. 100 ul of plasma was
‘deproteinized with 10 ul of 25% trichioroacetic acid prior \
to analysis for inulin ang/phosphate. Plasma inulin was
determined by the fluormetric dimedone method of Vurek N
Pegram (1966) and urine inulin by the anthrone method of
Fuhr, Kaczmarczyk and Kruttgen (1955). Plasma and urine .

Ca and Mg wvere determined by atomic absorption spectrophoto-

metry (Perkin Elmer 303), and phosphate by Chen method

(1956). Freactional excretions of calcium ‘and magnesium
O .
vere based on mean ultrafilterable values of 60% and 702

respectively. These figures were derived from ultrafiltra- .
/ .

tion of pooled TPTX hamsters, blood through artificial

s _ ) .

» .




e gk Bl e

- L . a2,
. . membranes. Micro Hematocrit tkeadcll;.\' ({Moder L-550 A
. \ ) Phillips-nrucke;b ‘was used to der.rmine‘ hematocrit levels.
. - Plasma protein was measured with a refraéotoneter (American

Optical Company, Sériea PR=A).

’
' I

> 4, Methods of analysis

. ) Significakce of the difference i)otween the means in
the two phases was obtained by unpairo'd Student T Teésts.

. Unp'a‘ited, T teat}a ~w\u:e u;c for co-parison'of different |
B " groups of animals. Fracéionnl-exct,e:ion rates vere cal--

, "culated according to the following standard ‘formula

- | . (u/P)x . \
- . BBy F 157;%:;_:-1001 o _

L
a

a -
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Chapter V - RESULTS : \
y ' ; ' A s
1. Comparison of intact and TPTX hamsters . '
. A . ‘ !

The effects of acute TPTX in the hamsters are shown

in Table I. 'No significant differences in GFR and urine

9

flow rate were observed between the two groups of animals.
In TPTXMhIIItet‘ total plasma calcium vas lower than in-
v tact animals, .vhereas fractional calcium excretion of \

2.8 £ 1.02 1n the intact.aninals vas markedly different | -

from 'that of 11.9 ¢ 1.6% in TPTX ha-cters (p< 0. 001).

«
-

Similar differencea 1n nagnesinm handling were observ-
I \id betﬁeen the groups. Total p}asua_ng vas lower in TPTX
than intact hanéters (1.6 £ 0.1 mg% vs 2.4 £ 0.1 ugX
p < 0.02), while FEMg in ihe %ntact vas higher (5.4 £ 1.8

Vl 18.\1 t 2.?: p ‘ 0001).

The fractiopal phqsphnte‘excreg}on of 61.@ * 6.92 1q'the_

\

‘ ’ 1ntac€;§roup vas significantly different from.that of 2.9 t
0.9%,in TP?X hdmsters (p< 0.001). However, theére was no

' s significant diﬁference in the plnl-a pho-phate conccn:rltion

-
- 1y

- nlthough it tended to b7whighér in thnnTPTx gtoup(3 2 ¢t 0611

> “

vu ~

] ngl _4in. the 1ntact vs. 4 5 t 0.7 mg¥ 1n IPT!).
- - . s ) \ i
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- . 2. Effects of PTH and cyclic nucleotides in TPTX hamstars

’

; N Hen%dyuanic chlngcs (Table II)

\

\ "\ Neither PTH, cAMP nor DBcAMP carled significant éhangho

?', in érn or urinc -flovw rate, but a aisnificant fall in hemato-

B \

crit\\pd plasma protein waa observed in all groupl. 1nc1ud1ng
the cont<ol. This was possibly attributable partly to removal

E ' of blood ?or analysis and partly to volume expansion, as the
| infusion rate was higher than the urinaty oﬁtput.

A}

’ ii. Changes in calcium handl}ng (Iable III Fig. I)
While' there vaa/no change in eicher plaama Ca, filtered
load of Ca or fractional Ca cxcreLion in the control group (IS, \
following PTH infuaion fractional calcium excretion decreased
from 13. Ot 2.2X to 1, 5 20.32 (p <0 001) (Fig I). Decreases in
- ~PE Ca were also observed folloﬁing cAMP infusion (18.9 +2.52 tol

9.9 1.9 (p <O. 01). and DBcAMP (17.5% 2.9% to 6.9+ 0.9% (p< 0.01).

The c;lculated filtered ealciun load was unchanged in each
' |
group. A modest rile in total plaona calciu- with PTRﬂ\J 6 0.2 \

A

to 4.1 0.2 mnEq/1 p <0. 01) could not be Iinicked wibh eiehcr >

. GAMP or DBcAMP. In fact, a small, but significant fall {n’ total "
-‘\ ! placla calcium ' was obaarved Gith DBcAuP (3.5 0. 1 to 3.3t 0 i -
nEq/1 p <0‘05). In all groupa plasma protein fell, so that

the protciu bound * Vs o N . L o

-
J

by 11
IS L
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co-pon.n: oi plasnu ca prusulably nllo toll. Thc fall
1n total 'Ca with DB&AMP may be a:t:ibutabla to thia e:f-
ect rather than 1n§£c:g1n; a 1111 4; lonised plqnng Ca. -
111. ﬂcﬁipgea in -agncltqp ipnd;;u; &Tlfle Iv/?;g.i)
The effect of all the three agents on renal Mg

AR | .
handling vas similar to that on Ca.  PTH significantly

increased total\pla:na -agnnlinl (1.6 ¢ 0.1 to 2, 3 : 031
-gz. p < 0.001) reatotins it to th- 1gvc1c obacrvcd 1u,
intact animals. A olall rise lﬂ totul plasia Hg waliw
observ.d wvith cAMP (1 9 %+ 0. 2 to 2 0 t 0 2 ng!) and DQcAHP
(1.5 ¢ 0 1l to 1.6 2 0 1 l;!) but thelc changes vora not
nignificlnt. The calculated filtcred load of nagneaiu-
vas not -1gn££i¢nnt1y'altcred by PTH ;r DBcAMP but vas
\aingiticgnyly iucrcaucd by c@ur iufuaion. chcttholcno,
like PTH, (fig. 2) vhich d.creaued FEMg. fton 15 6 t 4. o

:o 2,3 21.02 (p <0 01) both :AHP nnd DBcAMP lignificantly

N

decreaned‘lsxg, (20 b t 1. 9 to 13‘& t»2<52 p 0. 01 and

z1 s t 3.6 to 86 ¢ 1. 2% '.ox’éeapcc:1€$1y)

N 1‘. -
S

v," Changes in pholphate hundling (rabla v Fig. 3) ]:it
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3.2 ¢ 0.9%2 p €O. 02) lud DBcAHP from 2.0 tO 1 to 12 7 *
2.62 (p < 0.01), vhilc no change in 23204 of the con~- -
trol group (2.2 + 1.0 to 2.4 E ‘1. 4!) va- obae&vod.

- Pla-na phosphate rose thtoughout :hc cxperinent in all

' groups of aninnlt. inclnding the coutrol. Howcvtt, there
was no nignifictnt diftarnnce betvncn the plnlna phos- M

ar

phate in: the cxpcrincntal phase of'groupl.ll.tll and 1V,

' and the expe;inchtal phase of the control -group I.  Cal~-

culated filtered 1oad of phosphate vas conuiant“in all but

1

the DBcAMP treated group, vhere a small, but s:l.-gnif\ican\t

rise was observed (from 11.1 + 2.3 pg/qii‘to'lk.é + 2.5

'
i
. . \

|
: ug/min.). . "

‘

\ V. Effects of DBcAMP and Ca Cl, Infusion (Table ¥I)
\ 4 . )

s : )
\ In‘group IV (DBcAMP), a small but significant drop .

in plasna Ca val obletvca. Thcrifdrc. these cipéti-ents\ v
vwere rcpactcd on four anilala 1n£uled vith 1.6 mBq/Y Ca

. T 012 solution nlong with chAuP in thc prcrilcntal phaoe.
., ¥ )
N thip 1nfution of low eonccntration cal71u-’ptcvcnted a. . :
. . : - -
y drop 1n pllann calciul. but dtd not in!luencc thc ‘PTH~-

'
v

Y]

\/,‘» N . i

‘1ike effcct of nncaur on c; c:crction.\ Hhiia plasna c. .
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’ Parathytoid hor-onc 1- knoun to produce pholphaturiu

.

’ and to reduce chciun ;1carancc 1n several op.cics_(rull-
) man et al. 1960, A-icl et al. 1970. Agus et ll. 1973, Bid;
| ' dulph et al.'1970, Kleeman ct:aLm;196;;.- Thq‘dlgoctl of
\ .the hormone on rennl -agncntul hand%}ng arcllﬂi‘ : l

similar to tholc on cnleiun (HacIn:yre et - al"‘1963, Hlllty\
et al. 1975). The pholphaeuric effcct of Ptk 1s'thoughc

» to be mediated via -:1-u1aticn of ranal coreicnl adnnyl
cyclase (Chase & Aurbach 1968). PTH scglicivp‘ndenyl

. eyclanc hal been localilnd in aiveral’ligncﬂta of the

rabbit cortical nephron (Chabardes et al. 1975) and dur-
. X ' -
3 ing PTH 1nfdaion an inctcllb in the rensl excretion of

. - eyelle AHP procede&fzhc on-ot of pho.phaturia CChasc

Aurbach 1968) Infusion of both cyclic AMP and its but- -

yrated deriv:tive huvq bccn shown to increase fractional
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1n ‘the rat (Kuntziger et al. 197&) nor of DBcAHP 1n :he
, dog (Agau et al. 1972) tignlficnntly reduccd calciu;
clearance. Rasmussed ct cl.‘(1968) claincd thnt eAnP
-1-1ckod thc mtfcqt- of PTH on calcium but not na;ncsiun

handliag tn :hc co?ccionl tbt- novcv.r. as alroady din—

cu:-cd. 1n :hiu co-patativcly long term cxpcriﬂqnt .\PTB

‘ o .

vas obscrvcd to incresse rather tban dtetcaac caleiunw

¢ [N LI

\ o - \

clearnhce. ‘ ' /

PO

PTH administration to TPTX animals generally 1ncr£a|e-
l : ,

gldcna ¢alcium concentration . Whereas such an effect vas
shown after cAMP ndninis:ratioﬁ in the rat by Wells & Lloyd
(1969); no increase va- ob.ervpd by Buttlcn and Jird (1972)

‘and lnnt:iscr ot 11. (1974). It is probable that the dose

\

of cAHP used is of criticll 1nportané§ in this tespect, as

the hypcrcllcenic respounc.touchP\ha: been shown :o be

dose dependent ovcr‘a>rcltcivc1y narrow rﬂngL (Wells & Lloyd

"1969). _ S PN

A i -

'W\rhe present otudica ware dcciguad to further invest-
igate tha role of cAMP no a nadiutot of PTH accton. Thox

Q!p.til.ﬂtl varc pctfo:nqd 1u,:h¢ hs-uter, tt thc kidncy

of thil lp.ciol has bcnn shovn to be highly acnuittvc to o

A pe cc rttaiuing o!fcet of Fru.:ndw:oﬂpln? an: iupottan:
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rolt 1n thckuainttnancc of plnona cqlcin- lovoll (Biddulph
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€

show a phosphatutic effect of PTH in this npncico, ve .

observod thut Prn infusion caused phocphatutia and a
\

decronac in thc fractional oxcrotion of both Ca and Hg..
All of these effects were mimicked by‘both cAHP and
DBcAHP. although the phocphatutic offcct of cAMP wvas
1.-- striking than that of PTE and DBeAHP. Both nucluo-
tides nigniticantly enhanced tubular rcablorptio? of Ca
andlng. again the effects of cAHP were less pronounced
thlnﬁtheoe of Pra'ana DBcAMP. The butyrated dekivdiivc

decreased the fractional calcium and nagnesium excretion -
by 662 and 602 respectively, wh;reas decreases after
!

cAMP were 48X and 36Z. ' .

) 4

The doses of the cyclic nucleotides used were ainilar
to those shown to produce pho.phaturia’iu rats (Kuntziger
\ \ . N

-al. 1974), The butyrated‘deriyaéive of cAMP Vli‘ld-

AN ; .
ministered as well as cAMP as it has been shown to be’

certain tiatues (Poocetnak et al 1962), &

2

nore resisﬁant to phosp odiestetaue (uccrtche et al.\1974). ¥
and poasibly 1: 1cself an inhibitot of phosphodieltotaoo-
(Aurbach 1972). which are rhnpon:tbla for the bt.akdovn

of cAHP to~¢he physiologieaily iucrt S'AHP. Alchough eAHP
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han boen shown greviéully to product yhouphaburia;*:htl {
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'(1974) 1n the rat and Agus et al. (1972) in the dog ‘are
/ ’ :

not apparent, though ;t may relate to the remarkable
sensitivity of the hqgntcr kidney to the calcium retaining
effect of PTH. The increase in total plasma ca}pium and

/ - , . \ /
magnesium obsarved during PTH infusion was not observed

S

|

wfth either nucleotide. 1In fact, a2 small, but signifi- Cf>
cant decrease in total plasma calcium occurred during

'

DBcAMP although the ultrafiltarible calcium may lcthallf\
have risen due to the decrease in plasma protein concent~ b
ration. However, the decroased fractional cxcration of

Ca after DBcAMP 1is unlikcly to be due to_a drop in the

»

filtered load, as the calculated filtered load vas uur
changed. This is further supported by the data from four

rrrx hanltets which were 1nfuaed with calcium together with

) - ‘

. DBcAMP 1in the aicond phalc. The neanpla.-a;CA rose from
2.6 to 2.9 mq/1, GFR from 0.29 to 0.35 ml/min. In spite ,
of an ine:eaac in cllculn:cd filtered .load of c; from 0.46
to 0. 5: uqunin.; thc £tact1qpal cxcration of calciu- fell
- from 24 S to 11. 2:. +There lto lcvornx pooni&lc rcanono )

for :hq\f:tlurc :o 'how a Prn—likc nf!cct n! eAH! ou plcana "éﬂk

Ca nnd ug., rirat, hangau 1n 1onised or UFC- (ﬁé: mea-

\

*rlutcd fotk;nﬁﬁviéu:l czvprincut-)nn; not bc :cflcc:cd by

i
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have been either too high or too low to completely mimic

the effect of PTH (Wells & Lloyd 1968)snd fourth PTH ‘
may cause an increase in plasma Ca and Mg by some renal

or extrarensl mechanism not mediated by cAMP.. There re-‘
mains a fifth poasibiniyfthat PTH ;ny increase plagnaigal-
ciun and magnesium concentration by activation of the

| ,
adenyl-cyclase system, while other effects of cAMP may

/

tend to decrease the ;lasna levels of/ these electrolytes.
Certainly cAMP is known to mediate the actions of many
other hormones including ADH which acts primarily in the’
renal medulla (Chase & Aurbaqh 1972), and calcitonin which
generally acts in an opponic; airectiou to PTH on calcium
netﬁbolian.(ﬂiath & Aurhach‘1;24).

‘Thg tubular location of these mediatory effects of
CAMP is at present unknown. Micropuncture experiments in

the dog suggest that the Ca retaining effect of PTH is be-,

yond the proximal tubule (Sutton et al. 1976) while pr;¢

liminary micropuncture studies in the hamster (Harris et al.

) - '
1976) suggest that PTH acts at several sites in the nephron-

the ptoxilll tubule, ntc.nding 1imb of Henle' B loop and in

:he tctninnl part of tho ncphton. rnrthpr experincn:n are
rcquired to detcrninc vhcthct eAHP is activc 4in tho ned-
1ntiou at ailwthitq oitca. -CQr;pinly these data £1t well

with those. of Chhbn‘dn et al. (15’75) 'vlfo demonstrated the
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‘proximal convoluted tubule and pars rectas the thick ai-

52.

e '
.

presence of PTH sensitive ldinyl cyclase activity in the

Aceiding limb of Henle,s loop, the distal convoluted tubule

iy
‘{’

(to a lesser extent) and the first cortical segment of the

collecting duct. . \ L. -

The rQason for the ;ﬁcrease in plasma phosphate con-
cen;rati&n throughout .each experiment including the TPTi ' AN
controls is not kanown. ,Pcrhap: this is a function of diur-~
nal variation, as it has been shown that in the rat, plaona
phosphnte rises ;hr;ugh the day, de-pite a concomitant, rise L
in endogenous PTH levels (Cohn 1970 Hudge et al. 1973).
Hovever, as suggested by Biddulph et al. (1969), vho/ob- '
served a oin;lqg rise in pldana phosphate after grp’adlin-’
istration to the intact hanct;ra. but not in the rat, it - l
;ay reflect th% existence of a different phosphaturic mech~
anigm in this species.

| In present studies however, the obugrved rise in pla-
sma phosphatae could not account for the phosphaturia‘an-
there wai'uo\-J;h 1ibf;acc in the fractionnllphocphate ex~-

-

cretion in the control group. A

I

- The diffcrenépn'ln tﬁo base line excretion of the
clccttolytcn 4n diffc:cut g:oupt cannot be o:plcinod aither, .
as all anilals vutc trcltcd 1d¢nttca11y. It iu pocstblc

W

that. as :hq -otahplinl of - thinfgiso o! iﬂil‘l it tul&tivcly o
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fast, any variation in daily food intake could change .

the urinary output of electrolytes.

thyroidectomy between these groups.
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KSu-naty - Contribution to original knowledge.

! \ Althougﬁ the accumulating evidence strongly suggests
that the mechanism of action of PTH on the renal tubular

tfansport of phosphate involves cAMP, this study presents

v

the first clear evidence that cAMP may mediate the effects
of PTH not only on renal phosphate handling but also that
. of calcium and magnesium. Both cAMP and DBcAMP were shown

to snhance tubular reabsorption of calcium and magnesium

pa———

and to reduce that of phosphate. The quantitatiye diff-
erences in the urinary data and lack of PTH-}ike effects

- of either nucleotide on plasma calcium and magnesium levels

I

may be due to the arbitrary doses of cAMP and DBcAMP used.
/

A do.g-telponch study would resolve this problem. PFurther

studies are also.required to localise these renal actions

of cAMP. ) i
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COMPARISON OF INTACT AND TPTX HAMSTERS

,Intact (n=8)
/

TABLE I .
/

HetX 54.0
Prot. lgz 4.5
CFR (m1/min) 0.32
° V(:l/min).. 3.9
P Ca (mEq/L) “ 5,1
P Mg (mgX) 2.4
P PO, (mg?) 3.2
FE Ca (%) T 2.8
FE Mg (%) 5.4
FE PO, (%) . 416

+
&

*

W,

+

W

1.0
0.1
0.08
1.2
0.3 /
0.1
0.7
2.0
1.8

6.9

TPTX (n=8)

53.0
4.6
0.29

3.2
2.9
1.6
4.5

11.9

18.7
2.9

+ 1.0
% O.‘l
* 0.03
* 0.5
t 0.1
¥ 0.1

+ 0.7

+ s H

L
(=)
o

A

NS

NS

NS

NS
0.001
0.02
NS
0.001
0.01
0.001

—_—

_Results are mean t S.E.M.
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TABLE, T1 - : I

" HEMODYNAMIC EFFECTS OF PTH, cAMP AND DBCAMP
o ) .

¢

GROUP T "GROUP II- GROUP III

s TEIXT . CofgoL TPTX + PTH

Het.%

%
rd Lo
*

" Prot. g2

GFR

53.0

11.0*? 7

4.6
0.1 .
%k

0.29 " -

0.
. wl/min - 0.03 +0.05° +0.06  -30.
-(é N R “ w
.~ - Urine Flow Rate 3.2 . 2.8 2.9 2.9 §
7 - ul/min 0.5 0.5 0.3 0.2
. Wk 0 pe0.001 - g Y.
.k p<0.01 .Y
i "
B S /
‘ X
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_TABLE III - ’ )
EFFECTS OF PTH, cAMP and DBCAMP ON RENAL CALCIUM HANDLING
: ' ] GROUP I " GROUP II * GROUP III
‘ . TPIX CONTROL TPTX  PTH - TPTX  cAMP
PCa 2.9 3.0 3.6 41 .30 2.8,
mEq/1 L 2041 0.1 £0.2,, 0.2 . "10.1 0.1
. _ H »
T - : .
~.. 7L Ca 0.49 0.52° . 0.70  0.77 0.57-  0.62
, uEq/min $0.02 °  0.04 $0.13  +0.09 £0.11  $0.10
. . “‘ ‘ . - B .
FE Ca 11.8 14.7 13.0 - 1.5 18.9 9.9
X 1.6 £2.3 £2.2 0.3 $2.5 1.9
*kk (33
_ %R pc0,00I— ) ‘ ,
S0t . - i ? # °
% p<0.01 n
*  pi0,05 i .

0.52
+0.08

L4
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b3

0.53
0.07

6.9
0.9

v .

L3
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EFFECTS OF PTH, cAMP AND DBcAMP ON"RENAL PHOSPHATE RANDLING ) -
GROUP I \,_,_ GROUP II - GROUP III" * GROUP IV
TPTX CONTROL TPTX - PTH TPTX cAMP . _TPTX  DBcAMP ™
4-7 5-7 502 ;og\ 4-8 7.1 o 4-2 5-2 — -
10.7* " t0.6 10-7 ’1005 1036* 10.7 - to.s ;0.6.
13.5 12.6 - 19:3 . 19.7 16.5 27.0 1.1 . 4.6
1206‘ 12.4 '1{0.5 ‘.""—3.‘1 130'9 t6,9, T 12‘03* 1_2-5 :
2.4 2.2 — 4.3 15.4 0.1 3.2 2.0 127 - .-
1.0 ° 1.4 1.2 2.1 +0.1 ' 0.9 0.1 +2.6 N
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