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A

ABSTRACT = b !

The Corpuscles of Stannlus are oval, ductless glands

located on or in the substance of the mesonephrlc kidnty of teleost

fishes. Surgical removal of thesé'gl&nds from tap-water adapted
L3 . ‘

eels (Anguilla sps.) resulted in hypercalcemia and hypbtension.

The present study was undertaken to determine if the hypotensive

©

. .
response to Stanniectomy was purely a consequence of disturbed

calcium homeostasis.

¢

It was found that Stenniectomized e¢els in an acalcemic

environment remained normocelcemic and normotensive. But infusion

of calcium solution into intact eels produced a state of hyper-—
. ]

calcemia and a decrease in blood pressure of the same order of

[
»

-megnitude as that seen in Stanniectomized eels held in tap-water,
W ('.
as the plasma calcium levels in the intact infused eels approached

.

those of Stanniectomized eels. Very low levels of.plasma ionic

“Trlcium were also associated with significent decreases in blood

pressure. Saline extracts of the Co%puscles of Stannius did:not ’
causé a hyperteﬁsive résponse in intact eels. Tﬂe conclusions
dravn from t%is study were.that any major deviation in plasma
calcium away from normal values results in a decrease in- bloecd

pressure and that the hypotéysive response following Stenniectomy

is & result of the disturbed plasma calcium levels.
il ' oo .':
The effects of hyper- and hypo—calé%mia on bldod
. / .
pressure are discussed in terms of a possible mechanism of action

\

on imtrinsic or extrinsic factors which control h}ood pressure

v ) ‘ o ) . \
either directly or indirectly. o

-
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R INTRODUCTION . o
\l .

PLASMA CKECIUM AND BLOOD PRESSURE IN THEAﬁMERICAN EEL, ANGUILLA _.ﬂ

ROSTRATA (LES’UEUR) WITH PARTICULAR EMP]-LASIS ou THE ROLE
[

/

o, THE CORPUSCLES OF STANNIUS e

l

1

9 . .-___(J §

1. Histological Appearsnce. and Early History-

) ) ’ f/\ . ’

' The Corqufles of Stannius appear as oval ductless
glands and gre found on or in the mesonephrlc kldney of teleoét

flshes (thnnlus, 1839). Embryologlcally, they develop as protrusions
. .
from the pronephrit uriniferous tubule (Huot,~16898; Giacomini,
. y

.1929-34; Garrett, 1942, de'Smet, 1962). -Recently, Krishnamurthy

.‘\{
(1967) reported that differentiation gato Corpuscles of Stannius

had algo taken place in the mesonephric uriniferous tubules of

Colisa lalia. There is usually one, pair of these glands in recent
teleost fishes like the eels (Bauchot, 1953). But there are between

20 to 25 pairs 4in primitive forms like. Aminm calva end from 3.to T

peirs in fishes of Oncorhynchus sp. (Garrept,_i9h2; Bauchot, 1953).

Macroscopically, in Ahguilla rostrata, the corpuscles

appear &s whitish, oval bodies wh{;h are usually two or threé
. . - ey : . * -
millimeters in diameter.. These glands are most frequently found

at tﬁe point of fusion of the posterior kidneys. But they may be

located more. caudally in some cqses.l The blood supply appears to -

~

“arise from the renal blood vessels (Chester Jones et al, 1969).

The Corpuscles of Stannius are richly innervated. The

€ o~

presence of ganglia and individusal neprcﬁé'suggésts that this ' L

ey
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inne vétion is of autonomic origin but it is not known whether

”

) : . . . ‘ ¥ :
these are sympathetic or parasympathetic fibres Ghﬁﬁhnamurthy and

ern, 1971). : : ' o

Type IV

%

.+ corpuscles (Krishnamurthy end Bern, 1969):

. : 3.
Histologically there appear to be four types of - (i)

‘ #ompose& of .compact lobules with a ginéle layer of .
;ells along & connective tissue séptum.,.This
arrangement g%;ég thgse lobules & fubular pgpearance; "
the” lumén of:thase tubﬁlgs is usually filled with
conneétive tisgue. : ‘ |
£he connectiv; tissue seeﬁs to péng£¥a£e the lobuleé'
and depending on the type of-séct%on, appéérb‘as
islands or iong septa acattered amoﬁg the corpuséular

cells.

the. penetrating connective tissue Joins to cause some

v

" groups of cells to become separated from %Rs/zest,k

-

v

.friijng smallér lqbules-fromﬁthe incomplete lobes.
.. The“incomplete lobes were'forﬁed by the connective
tissue and are alsd seen in type II. " Those lobules

formed are only seen in small numbers.

the corpuscle is coefosed of aggregates of small lobes

_each of which consists of a number of incomplete lobules,

Each lobe thus resembles a complete corpuscle of type

]
¥

II.

C:\\
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. A . T . '
‘The Corpuscles of Stannius of the eel appeer to be type
I in structure. In addition, studies of the fine structure of tpé

Corpuggles of Stannius of the japanese eel, Anguills Japonica, have

shown that the lobules aré well vascularized; blood capillaries

are found in the connective tissyé surrounding the lobules (Fulite

end Honms, 1967).
The cells of the corpuscles ere characterized by a

number of round gr ovoid cytoplasmic granules. These granules eppear

-

to be prcﬁinaceous in neture in both the European eel, Anguillas

*

anguilla snd the Japanese eel, Anguille jeponica (Hanke and Chester

Jones, 1966; FuJita'ahd Honma, 1967)._ A well developed rough-surfaced

endoplasmic reticulum is alsc present in the corpﬁscular cells of

both species (op.cit., 1966; op.cit., 1967). In overall appearance

these cells resemble those of the exocrine pancreas (Palade, 1956).

The fine structure of the Corpuscles of Stannius of the North American
! .
eel, Anguilla rostrata L., appears to be similar to that of the

" Japanese eel {Butler, 1969).

Earlier, because of the location of, these glands . they
were confused with the adrenal cortex ol higher vertebrates; a
situation which persisted for seversl yesrs Ttigggnt;jgﬁﬂ%llgxuﬁh\ﬁﬁ

The first role implied for the Corpuscles of Stannius -
was in hydro-mineral regulétion‘(RaSquin, 1956). InJectioﬁs of
potassium chloride or prolonged immersion éf the téleost Astyanax

b ' . -
mexicanus in one per cent sodium chloride solution produced =&

degranulation, a loss of cytoplasm and & decrease in tﬁé gize of

1

o
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o
the corpuscular cells. Hypertrophy‘of the corpuscu}ar'cells

resulted from administration of water pr diluted pitressin. These

—

-~

find?ﬁgs all indicated that the corpuscles played a role in

1}\osmoregulation (Rasquin,_l956). It was also-observed that the

f S ~

X surgical removal of the Corpuscles of Stannius resulted in &

decrease in plasma sodium end chloriqé in Eurcpean eels. These
changes could be reversed by aldosperone (Fonéaine, 196k ; Leloup
and Leloup-Hatey, 196L; Leloup-Hatey, 196k ak b); Due to this
evidence, and the location of th corpuscles, it -was. postulated
that the Corpuscles of Stanniugizzg;rﬁomologous to the adrenal

cortex of higher vertebrates (Leloup-Hatey, 1964 a & b).

2. CORPUSCLES OF STANNIUS AND INTERRENAI TISSUE

Since later work has raiseq much controversy rega:ding'
the homologous nature of the Corpuscles of Stennius and interrenal
tissﬁe; the two glands will be compared. The comparisoéé wil; Ee
mede on the Y4sis of embryological development, cellular fine! 2
structure, role in steroidogenesis and effect on steroid hormone

levels in the blood following surgicsl removal of the Corpuscles of

Stannius or the interrenal glands.

A) EMBRYOLOGY AND GROSS ANATOMY _ =

The cells of the interrenal tissue (suprarenal tissué,
adrenocortical tissue) arise embryolegically from the mesodermal

" ’ .

blastema (Chester Jomes et al, 1969). The Corpuscles of Stannius

. on the other hand appear to arise as protrusions from either the

b



pronephric duct (Garrett, 1942) ‘or the mesonephric duct (Krishnamufthy,'

1967).-

In amniota:the {neerrenai.tdssue is organized into -
discrete encdpsulated bodies opposed to the kidneys but in anamnlota
'the 1nterrenal tlssue is not a separate encapsulated gland but
remaeins closely associated wlth the mesonephric kidney (Chester
Jones et al, 1969). In the eel, the interrenal tissue is found in
the head kidney end embedded within the walls of the cardinsgl vein
(Chester Jones et al, 1966, Chest _thnes et al, 1969). This is-in.
direct contrast to the Corpuscles’og‘Stannius which are discrete,

encapsulated bodies lying on or in the mesonephric kidney.

-~

~ .t. B) CELLULAR FINE STRUCTURE

‘I. 'CORPUSCLES OF STANNTUS*
T -

The cells of- the Corpuscles of Stannius appear as Kf’”‘\\
.
columnar secretory cells with many rounded or ovoid granules which .

.are toluidine-blue positive. The nucleus is elther elongated or

ovoid and lies near the base of the cell and is parallel to the

long axis of the cell.

The nucleus of the corpuscular cell possesses a distinct

— .
nucleus and a diffusely distributed chromatin. Tﬂﬁ cytoplasm ﬁ“i?
appears compact and is characterized by a well developed rough-

surfaced endoplasmic retiéulum?édlh a well developed Golgi area. —

The granules found in tﬁekiyﬁ/piasm are regular in shape and are \ (/'

enclosed by limiting membranes. The limiting membrane is derived k

rrom the Golgi vacuoles; The granules themselves appear to be

'Fuaita and Honma (1967). : i
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\

proteinaceous and are osmiophilic. Mitochondria with laminer crests

are found in the cytoplasm.

‘ ' . e
ITI. INTERRENAL TISSUE¥*

~

The.peils of tﬁe interrenal tissue appear as columna£
célls‘with large oval nuclei or polyhedral cells wifh dense nuclei
and the.cytoplasm islcharécterized by numercus mitochondria. These
mitochondrie possess tubular crests.  Many granules are found in
the cytoplasm of these cells; these granules are irregular in shape,
osmiophebie, lipid in néture and give the cytoplasm a foamy
appearance. The cytoplasm is also charé%terized by the presence of
a well developed smooth-surfaced endoplgsmic.reticulum. In light
microscopy these cells are sudan;¥hilic end contain ascorbic acid
(Chavin, 1965).

‘From e comparison of the fine structures of the cells
of these two glanés, it-is clear that the cells of thé Corpuscles

-—

of Stannius differ markedly from interrenalfcells characteristic

-~

of teleosts. While the corpuscles appear to secrete a substance
which is proteineceocus in nature, the interrenal tissue is known

to secrete steroid hormones (Mayer and Maetz, 1967; Sandor et al,

1967; Hirano and Utida, 1968).

C) ROLE IN STEROIDOGENESIS

1t has been found that plasma cholesterol is converted

to adrenocortical steroids in the eel (Sandor et sl, 1966). Two

»
- Rhodin, 1963.




. " “ ) —7— . ) \
'pathways appear to exist: a) from plasma cholesterol through to

17«—hydroxyoregnenolone and 17d-hydroxyprogesterone to cortlsol §\H“r~

cortisone (op. cit., 1966); b) from plasma cholefterol to" pregnenolo-

. ne through to progesterone and 1?a"hydroxyprogesterone to cortisol

and cortlsone "The major adrenpcortlcal hormone produced by the eel -*
has been shown to be cortisol although some cortisone is produced
(Chester Jonee and Phillips, 1960; Bern, 1965; phester Jones et al,
”1965b). It is not known which pathway is the most important but
evidence suggests tnat pathway - A is the major eource offggrenocorti-

. e
cal hormones and pathway B serves as a secondary route (Sandor et \\

al, 1966).

N
Attempts have been made to extract adrenocortical-type
‘steroids from béth the Corpuscles of Stannius and the interrenal
tissue aof various fishes., The Corpusoles of Stannius oﬂ{the
Atlantic salmon, Salmo salar, possess steroids since both cortisol

4|
and corticosterone have been ex%racted from them (Fontaine and g

Leloup-Hatey, 1959). However; Coq type steroids were not detected

in methanol-preserved Corpuscles of Stanniusof sockeye salmon, ‘ E

Oncorhynchus nerka (Ford, 1959). The Corpuscles of Stannius of

‘Salmo géardnerii'heve been reported to possess 11-deoxycorticostero-
ne and 5«-pregnenedione (éoln;bo, Bern and Pieprzyk, 1971). The

' interrenal'tissue has been found, by several authors, to contﬁin
cortisol and cortlsone with cortisol being present in the largest
amount (Chester Jones and Phillips, 1960; .Butler, 19653 Chester

Jones et al, 1965. Sandor, 1966). 1 =
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Incubation studies using corpuscular tissue and inter- -
\ , . _ ,
renal tissue have given confusing results. Tt was reported that the

Corpuséle5'of Stannius of the cod, Gadus morhﬁa, showed iimited

conversion of lsbelled progesterone to 1l-deoxycorticosterone ' . *

(Idler and Freeman, 1966). The trout, Salmo‘géirdnerii, cérpuscles N,
have been reported to convert labelled progesterone to ll-deoxy-
corticostercne and 5o-pregnenedione (Columbo, Bern and Pieprzyk,

_1971) but' the data is rather ambigqug; However homogenates‘of the

interrenal. tissue from the eel, Anguille anguilla, do not show

conversion of cholesterol to cortisol. No corticosterone, aldostercne
' : . a
or 18-hydroxycorticosterone rcould be detected {Butler, 1965; Sandor,

1966). - The Corpuscles of Stannius of the winter flounder, Pseudo-

3+

pleuronectes americanus, were unable to, convert progesterone to

- L.
—— -—

adrenocortical steroids in vitro (Phillips and Mulrow, 1959). It

appears that the Corpuscles of Stanniu§ of the European eel, Anguilla

anggilla, are unable tovponve}t cholesterol to adrenccortical |

steréids although some médification of pre-gxisting steroids has

been oﬁ?erved to take place (Chester Jones et 8l, 1965;: Brewer and | -
" Ozon, 1965). | ' | . ' =

'Histochemical studies have been done on both the

corpuscillar tissue and the interrenal tissue. The objéct of these

studies was to demonstrate the presence .of the enzyme steroid-38-ol-

dehydrégenase which cataiyzes the conversion of pregnenolone to

prqgestérpne. This conversion is one of the'first steps in the.

biosynthesis of the adrenocortical'ﬁormones.~1Consistently negative ; ~
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~

‘Tor the corpuscles of the Europeah eel and thos "the marine eel,

)

. . . - Pl
Conger conger. On the other hand, he idney with the contained

interfenal tissue gave cons ently positive results (Chieffi and

4

. b :
Botte, 1963).’/Eﬁrtﬁér studies on the European eel corroborated

r_ﬁgféérresults;{that is, no steroid-38-ol-dehydrogenase could he

- detected in the cells of the Corpuscles of Stannius. But this

enzyme waq'éongistently found in the cells of the interrenal tissue

(Chester Jones et al, 1965; Hanke and Chester Jones, 1966). It has

. S
been observed that some other enzymes in the 'adrenocortical s&oid

pathway, these being 30~, 11B8-, and lTB-hydroxystefbid dehydrogenases,

conform to the same pattern of distribution and are present in the

cells of the interrensl tissue ﬁﬁ\'are not found in theé cells of the _ L
’ P . . :: %, 2
Corpuscles of Stannius (Bara, 1968). .-

D) EFFECT ON ADRENOCORTICAL HORMONE LEVELS i ’
The major edrenocortical hormone in tﬁe eel is cortisol ’
(Cheéter Jones and Phillips, 1960; Butler, 1965; Chester Jonéh et al,
1565 Sandor, 1966). Therefore, when'discﬁssing the effects of
1;nterenalectomw aﬁd Stanniectomy on the adrenocortical hormones,

only cortisol will be mentioned. The effects of hypophysectomy on

the interrenal gland and the Corpuscles of Stannius will also be

 discussed. : T ‘ A

During the first two weeks after Stanniectomy, an
increase in interrenal activity has been observed with lasting

hypertrophy of the interrenal tissue (Leloup-Hatey, 1970b), but
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plesme cortiso1 levels fell a}ter this period (op.citl; 1970b). L
It hae atso been found tha£ this dﬁeeease persists for up to six
weeks following Stanniectom& (Fenwick and Forster, 1972): Despite
the interrepal hypertrophy, it'appears.that there is & decline in
the smount of steble cortisol Present in the'blood pPlasma,

_ It may be assumed that surgical removal of the interrenel
gland result in the disappearance of endogenous cortiscl in the
blood since significant'alterations ody wate;, plaqsfgklectrolytes
and.muscle electrolytes a#e observed (Chester Jones et al, 1969).
However, there have been no attempts to detect cortisol in the plaeea '

of interrenalectomized eels. Attempts have been made to induce

interrenal imsufficiency by chemical means; these being administration
of metapirone with simultaneous adminietration of S— or dexa;methasoneg
These drugs result in significant changes in plasma sodiumllevels, )
muscle ﬁafer and muscle sodium'concentrations (Chester Joqeq;et al,
1969). However, the sec?etory patterns of the eﬁrenal cortex have
not been studied. Interrenalectomy results in a reduction of the
nuclear size of the cells of the Corpuscles of Stanrdius in fresh-
water adapted eels but eauées an increase in both nuclear aed |
cellular size of the.Corpuscles of Stannius in salt—wa;er adapted
eels (Hanke and Chester Jonesy 1966; Hanke, Bergerheff and Chen,
1967). | )

There is little evidemce to indicaﬁe the presence of a

‘pituitary trophic hormone which acts on the Corpuscles of Stannius.

n the goldfish, Carassius aurastus, hypophysectomv has no effect on
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the hiétology of the corpuscles'(Chavin, 1956). But hypophfsectomy
of the Eurqpean eel results in hyPertrbpﬁy.of'the"corpuscles o : . l.'df.
(Olivereau and Font&ine, 1965). Administration of ACTH has also |
been shown to result in hypertrophy of the corpuscles in both fresh- _
water and sea-vater adepted eels (Hanke et al, 1967).
. . The effect of hypophysectomy on plasma cortisol levels

has been well documented in AndLilla anguille, g,rjaponica‘and A.

rostrata. Hypqphysectomy decreased circulating plasma cortisol.‘

levels and thus was associated with a marked atrophy of the inter-
- renal tissue CButler, Donaldson and Clarke, 1969; Chester Jones
e$&§i, 19695 Mirano, 1969; Ball et al, 1971; Fenwick end Forster,

1972; ‘Butler, personal communication).

The conclusion which may be drawn from this cdﬁﬁi;fggi

wt

is that the Corpﬁscles.of Stannius are not primarily steroidogenic

tissue. These glands cannog convert cholesterol.to stgroid hofmones
becausetéhey ;ack‘the eﬂzyme Bte:oid—BB—ol—dehydrogenase_uhich_ . _ P
Eonverfs preénenolone fo progestefone (Chieffi and Botte, 1963;
Chester Jones et el, 1965; Henke and Chester Jones; 1966). . As well,' ’
the corpuscles lack various other enzymes; in the adrenocortical ' -
hormone pathway (Bara, 1968) The cellular fine structure of the
Corpuscles of Stannius (Fujita end Honma, 1967) differs from the

cellular fine structure of the interrenal tisaue‘(Rhodin, 1963);

However, it is e possibility that the Corpuscles of Stannius mey

store and convert pre-exisfing steroids (Nandi, 19673. It has also

J .
been suggested that the Corpuscles of Stannius may function in
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co-operative sterbidogenesis in & menner which'is analogous to the
marmalian foeto-placental unit.(éy.cit., 196T) although there is

little evidence to support this rather speculative suggestion:
/“ . . ’ B . "

-

3. OSMOTIC AND IONIC SEQUELAE OF STANNIECTOMY AND INTEﬁRENALECTOMY . N
o - .

.In this section the effects of Stanniectomy and inter-~

renaiectomw on plesma, muscle and urine electrolytes wil) be discussed

and compared. This will be done in four sections, the effects of
P . V4

Stanniectomy, the effects of interrenalectomy and a comparison of
the two. The fourth section will be the conclusions which cen be

-

drawn from this comparison.

A) EFFECT OF STANNIECTOMY

Most of the known effects of the surgical removal of =

the Corpuscles of Stannius ére summarized in Teble TI.
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B} EFFECT OF INTERRENALECTOMY v

r

The major effects of interrenalectomy are preéented in

Table II.
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¢) STANNIECTOMY COMPARED WITH INTERRENALECTOMY

.‘Frcm the preceding tebles it may be seen that Stanniectomy
of fresh-water'ecepted eels resui%s in plasma hyponatremia, h&perkalemie, | P
hypercalcemia; an increase in magnesium levels, a decrease in plasma ' |
phosphate levels and a decrease in plasma chloride. Interrenelectomw
of fresh-water adapted eels results in plasma hyponatremie, hypo-
calcemia, a decrease in plasma magnesium levels and a decrease in -
plasma chloride levels. Thus the effects of Stanniectomy.end inter-
renelectomy on ﬁlasma electrolytes are quite similar with the exception
of the calcium response. Whereas Stanniectomy results in plasma
hypercalceﬁia, interrenalectomy resulte‘in piasme hypocelcemia.

On the other hand, the effects on urine electrolytes

9

are markedly dissimilar. Stanniectomy of fresh-water adapted eels
I
results in decreases in urine godium, chloride, calcium and magnesiium.

Interrena.lectomy resultls in an incresase in the urine concent.retions
of sodium, chloride, calcium and masnesium. This seems to indicate
that the interrenel tigsue is influencing renal tubular reebsorption
of electrolytes.

Following Stanniectomy of fresh—water adapted eels
increases in muscle water and muscle calcium vere observed. Blood
pressure wWas observed to decrease, muscle sodium levels fell and ~
the extra-cellular fluid volume decreased. Fo effect on glomerularﬁ
filtration rate was observed {Butler, 1969). Inté}renalectomy was
followed by decreases in muscle sodium, calcium,’ magnesium and

potagsium. Muscle water increased but'glomerular filtration rate
‘\




and urine volumes decreased. Blood pressures heve not been reoorded
in iuterrenelectomized eels-but edrenal insufficiency is known to
result in a decreasse in blood préssure in mammals (Friedman 1965)
The effects of Stanniectomy and interrenalectomy ATE w
remerkebly gimilar with the exception of the hypercelcemic effect
of Stenniectomy. Interrensl hypertrophy is observed following
Stanniectomy (Leloup-Hatey, 1970b;3 Fenwick and Forster, 1972) of.
freeh-water adapted eels. However interrenelectomy results in
cormuscular atrophy {Hanke and Chester-Jones, 1966; Hanke, Bergerﬁoff
and Chan, .1967) of fresh-water adapted eels. This would suggest .
that the Corpuscles of Stannius respond“ro'a hypercelcemic stimulus
rather than to hyponatremia. It has been found that interrenal
tissue is stimulated by {hcreases in plasma calcium in the dog, rat
.end eel (Marotte and Leu, 1970; Farese, 1971 e,b; Leloup—Hetey,
1971 a,b; Milliged and Kreicer, 1971) vhich could expla.in the
interrenal hypertrophy following surgical removal of the Corpuscles
. of Stannius; )
Interrenelectomy (Teble-IIf of sea-water edepted.eels
results in decreases in muscle water .and body weight.- Plesma
hypercalcemia, hypernatremia, hyperkelemia, increaee in plasms
chloride ievels-End an increase in plasma magnesium levels are
observed. Muscle electrolytes are also observed to increase. -The
effects of Stanniectomy (Table I) on-ses-water edapted eels are
similar to the effects of interrenalectomy. But interrenalectony .

of eea;waten pdapted eels results in more pronounced changes than -




e e Y A

does Stanhiedtoay ef sea-water adaptedleels (Chan'et al, 1967)..
Corpuscular hypeptrophy is observed jn ses-water adapted iaterrenalectcﬁdzed S .
eels (Hanke, Bergerhoff and Chan, 1967) The-effect'of Stanaiectomv B ';-
on the interrenal tissue of sea—water adapted eels appears to be . ;5 N
masked by the prauma vhich is a result of ﬁoﬁnding the fish (Fenwick |

-

and Forster, 1972):

n) - CONCLUSIONS TO BE_DRAWN FROM_COMPARISON

If has been demonstrated that the effects of Stanniec” my
and interrenalectomy in freshrwater adapted eels and the same operations
in sea—vater adapted eels are remarkably similar. - The exception to

this.is the hypercalcemic response obtained in Stanniectomized fresh-

water adapted eels which is not seen—in fresh-water adapted interrena-

jectomized eels. It would appear that the hypercalcemia resulting

1

from Stanniectomy is causing inhibition of cortisol biosynthésis in

SUE RS WAR L STA]

the interrenal tiasue {Leloup-Hatey, 1970 a,b; Fenwick and Forster,

1972).

+

Tt has been found that Stanniectomy has no effect on

glomeruler fiitration rate (Butler, 1969), but interrenalectomy :
Caupes‘a decrease in glomerular £11tration rate (Chan, Rankin and ;
Chester Jones, 1969) in fresh-water adapted eels. However, since : : C

the hypercalcemic effect of Stanniectomw is transitofy,'and as
Butler did not study rehal function during the first three weeks . C 4
folloying Stanniectomy, it has been suggested that he investigeted

animals returning to calcium hqmeoataaia {Fenwick gnd Forster, 1972).

-
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hypothe.sis that the hypercalcemia following Stanniectomy r;sults

»
Jones, Chan. and Rarkin, 1969). 'Folloving Stanniectomy of fresh- s
¢ 3o

_water ads.pted eels, the blood pressure drops to levels characteristic P
ey
r,

e

~
(
e

?

N

\
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The;e’.tg’htoftpeevidencethusappearstofavourée oo B
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in an inhibition of the interrenal tissue leading to adrénocortical | i
insufficiency. This differs from —t'be_ effect of hypophysectomy since

it has been found that high adremocorticotr hic hormone levels vi.u\

overcome the calcium inhi‘biti,(ffj:t%g!;lw 19'{03) Thlis

would explain why the eﬁ'ects of i_n-t.errenalectmy are more severe

than those of S'l:am:ieﬂ:.'t:c:mr in sea-watgr adapted eels (Chan et al, L./fr

1967).- 3 ) . .

L, THE CORPU'SCLZES OF STARNIUS, THE RENTN-ANGIOTEESIN SYSTEM ABED

BLOOD PRESSURE

-

The blood priessure of fresh—wate.r adapted eels is high

relative to salt-water adapted eels; in sea-water adapted eels t

blood pressure is low relative to fresh-water adapted eels (

of sea-water a.dapted eels (Chester Jones et ‘al, 1965a; Chester Jones,
Henderson, Chan and Ra.nkin 19663 ChesterJones et al, 1966). \ It .

has also been shown that atracts of the Corpuscles of Stannius appear
to possess & potent pressor substance w‘h:lch acts in both the rat and ' 1

the eel (Chester Jones et al, 1966, Chester Jonpes, Chan and Rapkin,

1969). These extracts of’ the Wus appéared to ) R
resemble mammalian renin in being sble through cellophane, h ]

heat-labile and destroyed by acidification: to M 2.0° (Chester Jones

et al, 1966). novem-, 1t differed from m\-ﬂim renin in that the



effect in the rat was more/prolonged and frequently blpha51c

";(op c1t , 1966)

The source of renin in vertebrateslilll be examined and
" the poesiBIE‘role of the Corpuscles of Stannius i‘\blood pressure
'ujll be discussed: | |

L4 w \ ¢
e

A). Tﬁﬁ JUXTAG;OMERULAR APPARATUS
: %%e juxfaglomerﬁiar cells of the kidney have been identified

as the source of renin in the'pammel (Bieg e; ;1, 1967; Cook, 1968).
It Has been shown that the juxtaglomeruler cells are found in mammals) ,
birds, reptiles, amfhibians, and bony fishes but_are Ebseng in i (
.cartiiigiﬁous fishes and jawless fishes (Sokabe et al; 1969, Nishimura
et.al, 1970). . -° :

* ' Th; Juxteglomeruldr aﬁfaretus'consists of two types*:
Type I which e'nsiets of tﬁe'Jhxtaglomeruler cells (J.G. cells),

the afferent and efferent arterieles, thejﬁacgla denss and the

. . . 1
Polkissen- or colour cushion. This is the type whigﬁiis found in

£

\‘ ' .Type II which is feend“in birds, reptiles, amphibians ) ’
!d Bony fishes. This consists of the J.G. eells, the afferene -
:Eterio and the efferent arterioles only. it has been shown that . }
P
tLe agyémerQépr kidney of marine teleosﬂs has renin activity and >
poséEﬁees cells which are analogous to the J.G. cells of glomerular

kidneys (Sokabe et al, 1969). Renin appears to be lacking in the . {

'Sokabe et al, (1969j

)
vt S - e
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kidney of elasmobranchs and'cyclosﬁqmes (Nishimura et al, 1970)

a

and no a;giotensinogen, the precursor of ‘angiotensin I, can be’

found in the blood plesma of these fishes‘(Nishimura et al, 1970).

-

The J.G. epparatus (renin-angiotensin system) appears

v

to bé involved in both‘the maintenﬁnce of blood pressure (Turner,
1§86).and the fontroi of sodium home?staéis (Davi; et al, 1967;

Vender and Luciano, 1967; Aguilera and Marusic, i9"'r1; .Mzichelakis,

1971a; Waugh, 1972).' The evidence for the roie of the renin-angiotensin
system in £he maintenance of blood presstre is considerable, renin {
release being stimulated by the sympathetic nerwvous syétem, caﬁechol———\\
aminés, decreased blood pressure and decreased renal perfusion

pressure {Michelakis, 1971b}, It has also been postulated that

stretch plays & role in the rate 'of renin release from the J.G.

1

cells (Bé}aJaS,IQVI).
Evidence ind}cates that en increase in plasme angiotensin
'iJievels results in dn increased rste of conversion of corticostercne
to aldosterone (Aguille;a and Marusic, 1971). ‘This has led to thé
hypothe;is that the increased rate of con;ersion of corticosterone
to aldesterone in sodiug-deficiept anigals is regulated by the renin-
engiotensin system (op.ecit., 1971). It has also been shown that
plasma hypernatremia results in a decreased réte of renin rélease
from the J.G..Eells (Michelekis, 197la). In dogs, when extra-cellular
calcium concentrations are greater than 2.5 mM/liter a decreased
renin release results (Michelakis, 1971a) but lack of calcium will

-

result in an inhibition of renin release from the kidney (op.cit., -



1971a). Angiotensi? IT, by direct renal effects, may act in the
regulation of salt_homeostatis through renal conservation of
electrolytes (Waugh, 1972).
The control of renin release reﬁains obscure at the

‘
present time. Anatomica£~an5”;%stological evlidence sdkgest that
stretch may pleay a role in the control of renin release (Barajas
and Latta, 19713. A negative-feedback mechanism has also been
postulated since it was demonstrated that angiotensin II inhibits
, renin production and release, thus indicating a‘short—100p negative-
feedback type of control (Michelakis, 1971b). Sodium levels in the

-

blood plasma may also play a role in the control of renin release

(Michelakis, 1971a).

-B) THE CORPUSCLES OF STANNIUS AND BLOOD PRESSURE

The Corpuscles of Stannius were postulated to be part
of the renin-angiotensin system (Chester Jones et ai, 1966) but
further work revealeé that ther; were serious histological differences
between the Corpuscles of Stannius dnd the juxtaglomerulsr cells g
(Capréol and Sutherland, 1968; Krishnamurthy and Bern, 1969). Also,
biochemical differences between the secretio;s of the corpuscles
and the Jjuxtaglomerular cells were noted (Chester Jones et al, 1966;
NakaJima, Nakayama\pné Sékabe, 1971) and differences in response to
. hypercalcemia and hyponatremia (Chestey Jones et gi, 1969; Michelakis,
1971a}. 7 ) |
In spite of the apparent absence of an important renin-
angiotensin invelvement, the Corpuscles of Stannius have been
presumed to ?e involved in the reéulation of Hlood pressure. Surgical

.
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removal of these glands results ig a decreése in sysfemic hlood -
pressure (Chester Jones et al, 1965; Chester Jonés et al, .1966; A

Qbhan,-nankin and Chester Jones, 1969). Sea-water adapted eels

l ghow'a decrease in blood pressure, with respect to fresh-water

"adapted eels (Rankin, Chen and Chester Jones, 1967; Chester Jdnes,
Chan and Renkin, i9§9). This decreage ig blood pressure is mccompanied
by e-decrease (witﬁprespect to fresh-water adapted eels) in the
glomeyular filtration rate (Sharratt, Chester Jones and Bellamy,

196ha; R , Chan end Chester Jones, 1967; Oide and Utida, 1968b;

. Chester Jongs, Chan and Rankin, 1969). The Corpuscles of Stannius
to respond to changes in the salinity of the medium.

U
In Astyanax mexicanus, prolonged immersion in a one per cgnt sodium

chloride solution results in signs of corpusc&lar atrophy (Rasquin,

1956). But in sea-water adapted ﬁuropean eels, Anguilla anguilla;.
hiétologicﬁl examination reveals that the cells of the Corpuscles
of Stannius have enlarged nuclei and other characteristic signs of
increased sctivity (Olivereau, 1964; Hanke and Chester Jonmes, 1966;
Hanke et al, 196T).

In salt-water fish the reverse is found on adaptation-
to fresh-water. Migrating adult Coho salmon show an increase in
glomerular filtration rate and urine flow (Miles, 1971). In salt-
water adapted eels transferred to fresh-water glomerular filtration
rates increasé‘as do urine flow rates (Ball et al, 1971). The

marine form of the three-spined stickleback, Gasterosteus‘aculeatus

L., shows .gn increase in glémerular aize, an increase in glomerular
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filtra@ion rate and an increase in urine flow ratés when transferred
to fresh-water (Ogawa, 1968).

These changes may be explained in terms of water or
electrolyte retention. In sea-water the fish_secrete small amounts,
;ith reépect to fresh-watér adapted fish, of a blood hypotonic urine
in ordgr to conserve water (Sharratt, Chester Jones and Bellamy,
196Lka). This would require & reduced glomeruler filtration rate or
increased tubular wqﬁer reabsorption. Since a linear“corfelations
have been esteblished between systemic blood pressure, urine flow
rates and glomerular filtration rates (Rankin,‘Chan and Chester "
Jones, 196T; Butler, 1969), this coul& explaiﬁ the function of the
decrease In blood:pressure. Dfinkihg fates also increase in sea-
water as does the permeability of the gut to water (Maetz and
Skadhauge, 1968; Oide and Utida, 1968 a,b). In fresh—#ra.ter“ﬁhe
problem is electrolyte retention, therefore large -amounts of dilute
urine are éxcreted. ‘

The Corpuscles of Stannius appear to have a diuretic
effect on the kidney (Butler, 1969) but if this is an inhibitory
efféct,is not known. However, it has been suggested that the
secretions of the Corpuscles of Stannius promote renal tﬁbular
secretion of calcium (Rankin, Chan end Chester Jones, 1967)

In summary, fresh-water adapted fish have a higher
blood preésure,ﬁﬁreater glomerular filtration rates and greater
urine flow rates than do the sea-water adapted eéls. Adaptation

to sea-water is accompanied by a decrease in these three parameters;

LT




i.e. blood'pressure, glomerular filtration rate and urine volume.
The Corpuscles of Stannius are implicated in blood pressure since
Stanniectomy results in a decrease in blood pfessure in both fresh-
water adapted‘and salt-water adapted eels (Chan et al, 1567).
However}‘if:appears that aﬁap£ation %o sea-water results in
corpuscuI;} hypertrophy in the eel, Anguills anguilla. This suégests

(3

that the corpuscular hypertfophy is not associated with increased

release of & pressor substance in that blood pressure decreases on
adapt&fion to sea-water. However, the common factor which is a
result of Stanniectomy, apart from the decrease in blood pressure,

of both fresh-water adapted and salt-wmter adapted eels is the

-

hypercalcemic“response. It is possible that it is this hypercalcemia

“which is causing the decrease in blood pressure and the other effects

. .

which follow Stanniectomy and that the‘effects result from the

abnormal plasma and tissue fluid calecium levels.

o

| /

5. CALCIUM-hND MUSCLE CONTRACTION,

The presence of calcium ions has been shown to be
essential for muscﬁlar contraction and ;elaxation (Ebéshi, 1961;
Ebashi and Lipmann, 1962; ﬁasselbach,~196y; Podolsky and Constentin,
196kL; Sandow, %?65; Brady and Tan, 1966). Briefly, muscle contraction
ié believed to occur in the foilowing mammer: when the membrane of
the muscle fiber is depolarized as a result of a stimulus the

vesicles and tubular element® of the sarcopiasmic reticulum release

previously. bound’ calcium. The released free calcium then binds with
. ' ) \\ . ., M




the actomyosin of the myofibrils causing a shrinkage of the * . _

_actomyosin éomplex i.e. muscle contraction (Ebashi, 1961; SandoETX\
1965; Lee et al, 1966). The calcium is receptured by tﬁe sarco-
plasmic reticulum whe; the membrane of the muscle fiber becomes

" repolarized (Ebashi, 1961; Sandow, 1965). This allows the acto-
myosin complex of the myoFfibrils to lengthen.(Ebashi, 1961, Sandow,

1965) end results in relaxation of the muscle itself.

It has also beeit shown that the caleium for contraction
and relaxation is stored in the sarcoplasmic reticulum (Ebashi and
Lipmann, 1962). Skeletal muscle cap store approximately.ten times

as much caloium as can cardiac or smooth muscle cells (Hasselbach,

196L4). The decreased uptake {recapture by the sarcoplasmic reticulum)

of calcium by the mqofibrils_when excitation is over.appéars to be
due to a calcium "sink", i.e. a mechanism for reducing the amount
of calecium available to the myofilements (Podolsky and Constantin,
1964).

From this'system it would appear thet hypercalcemia
w&?l& result in tetany and h&pocalcemia ﬁould result in a loss of
contractility. Howevery the reverse situatiénwis f&und to be true.
Experimental evidence indicates that the intracellular éoncentration
of calcium in the muscle fiber itself determines contractility
(Sandow, 1965). The control of intracellular calcium appears to be
an ective process which requires ATF (Ebashi and Lipmann, 19625 |

' —

Fairhurst, Paulus and Jenen, 1967; Romero and Wittam, 19{1). As
. - , )

well, a rise in intracellular calcium results in a decrease in



intracelluler potassium, the rise probably being due to a loss of
cellular ATP {Romero and Wittﬁm, 1971). So, despite the fact'tha£
the fall in intracellulgr potassium results in a more easily de-
polarized cell membrane, ther? is no contraction of the muscle
since ATP is also required for muscle contraction (Sandow, 1965).

The effect of caleium on the nervous system is somewhaf
different. It has been found that both sodium and calcium compete
for sites in the membrane of the neuron but that these sites have a
greater affinity for calcium than for sodium (Dubois and Bergman,
1971). Thus, hypercalcemia would result in an inhibition of

saltatory conduction while hypocalcemia would result in membrane

depolarization. Also, hypercalcemia tends to cause structural and

functional changes of the neuromusqular junction (Heuser, Katé and
Miledi, 1971) is such a wey as to gause irreversible loss oé response
to membrane Hepoiarization (op.cit., 1971). Thus hypercalcemia would
not only result in a loas of contractility iﬂ muscle fibers buf an
inhibition of nervous conduction and would tend to inhibit passage
of the impulse to the target muscle aproé@ the neuromuscular Jjunction.
Cardiac muscle, like skeletal muscle, requiz_'e's calcium .
for ontraction (Brady and Tan, 1966; Friedman et el, 1967; Winegrad,
191;9 Hypoc;lcemia results in ;,loss of contractility and an
increase in electrieal discharge (Marshall, 1961; Brady and Tan,
1966) while prolonged exposure to hypocalecemic copditions has been
found -to reéult in v-entricuiar #ibrillation (Marshall, 1961). Hyper-.

calcemia also results in a slowing of the heart but in a different
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fashion. Hypercalcemic conditions result in an increase of threghold

potential at tﬁe pacemaker fibers of the sincatrial node which results

in a decreased hé;ft rate (Mhréhall, 1961). Prolonged exposure to

hypercalcemic conditions results in the heart ;topping in a state

of sustained contractipn‘known as calcium rigoru(op.cit., 1961).
Vascular sméoth muscle also requires calcium for the

process of.cqntraction (Axelsson et al, 196T; Bgudouin‘et al, 1972).

Hdﬁever, hypercalcemia or hypocaicemia result in a logs of contraqtflity

in vascular smooth muscle (sitrin and Bohr,ll9Tl) and disturbances

in the electrical activity of the vascular smooth muscle (Axélsson

et al, 1967).

SUMMARY

Hypocalcemia or hypercalcemia wéuld thus result in a 105;
of contractilitf or eléctfical activity ih muscle fibers. Since
bﬁﬁh the cardiac muscle snd the vascular smooth muscle are affected
by high or low calcium levgls this would result in & decrqaged
cardiovascular efficiency and, as 'a result, a dechase in blooﬁ \t>
pressure. - W | o - }

Since the primery effect of Stanniectomy appears to be
a massive increase in plasma and‘musc;ercalcium it is possible that
the effect of Sfanniectomy on blood pressure is not due to the loss
of & pressbr substance but is thé regult of a Becondafy effect
brought sbout By altered plasma éalcium levels. Accordingly, the

effect of plasma calcium levels and Stanniectomy on blood pressure

in the eel was investigated.




1. ' EXPERIMENTAL ANIMALS

fresh-ﬁa?gr adapted yelloﬁ'female eelé pfocure ‘frcm a
commercial fish-dealer in Quebec city were useq/throughoﬁt this’ Do
study. The average weight Qf these eels was'approximateiy one
kilogram. All eels were held for at least three weeks prior to use

in tanks containing two hundred liters of dechlorinated Ottawa city

tap-water to which seventy grams of sodium chloride crystals were
/i R
added. Occasionally, 10 drops of a 1% aqueous solution of malachite .

e

green were added to inhibit fungal growth. The eels were not fed.
The photoperiod end temperature regimens were not controlled. The

water in the tanks was changed every two days to prevent accumulation
. L ) )

.

of dissolved ammonia énd to reduce the incidence of bacterial and

fungal infections.

2. SURGICAL TECHNIQUES ' - e

A) ANAESTHETIZATION

Fish were anaesthetized by placing them in an aqueous
solutlon (23mlliter) of ethyl—m—gminobenzoate methané sulfonic acid .
tricaine (MS-222) until the eel ﬁgs observed to have lqstlits righting
response. The induction time for anaesthetizetion varied with the
-size of_the f£4sh but was routinely less than fifteen miputes.

) _
B) TAGGING

Fish wvere tagged for all long’}érm éxperiments and in

those experiments vhich required identification of individual fish.

*
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Tagging was acéomplished by the method of Viadykov (1970). The tag

P

consiggted of a plece of numbered yellow plastic on a metal riffg

" which wes split diagonally (:zi;%- g and plate type tag). The oo

mouth of the eel was opened the opene

ing wa p;shed throuéh
the skin of the lower Jaw so ;hat the Jawbone was enciréled by the
ring. f | - ;

It was observed that the tagged fish had little difficulty
in ventilating their gills and the tags remainea firmly attached for
the period of time required. One disadtgntage of this method was D
that the wound caused by the ring did not always heal in the

immediate vicinity of the ring. In several cases, marked necrosis

of the surrpundihg tissde was noted et-the site of the ring. HNevertheless,

ot

N

this method of tagging proved to be tpé most-satiéfactory of several
techniques tested, at least so far as the present experimental

' reguirements.

C) CANNULATION TECHNIQUES

The prdcedure'used for cannulation was a modified version %
of the technique employed by Chester Jones et al, (1966)'u51ng the
pneumogastric‘artery for blocd pressure measurement and fluid "\ —_—
withdrawal -and the pneumogastric veip for fluid infusion or injection.
Thé anaesthetized fish was placed vent}al gide up on the operating
égble and an_incision was made in the mid-verntral abdominal wall extending
from the posterioé‘borAer of tﬁe heﬁrt,'located by palpitafion, to a

[}

point approximately two centimeters caudal to the posterior border

of the liver. The exposed liver was reflected laterally to expose

4



. blunt d%&section. The artery was tied off at a point immediately ~e

. S

the dorsal aorta, the cardinal veins, a pair of segmental arteries,
the pneumogastric artery and vein, and the esophagus.

The pneumogastric artery was located and exposed by

proximal to the point of bifurcation of the artery. An arterial

Flamp was placéd on the vessel at its point of exit from the dorsal

sorta. A suitable length {1 meter) of polyethylene tubing (Intramedic;

PE-50) wﬁs atﬁached at one end to a 26 gauge hypodermic needle: The

needle, in turn, wes installed on a 2 1/2 cc disposable é&qinge

previously filled with a heparinized 0.6% saline solution. The PE

tubing was théh filled with the saline solution by depréssing the

syringe plunger until the solutlon dripped freely from the open end.

This end was inserted into & small "V"-shaped incision in 549 -
pneumogastric artery and was tied firmly with No. 1Q cotton thread.

The srterial clamp was removed and the syringe plunger was pulled

back until blood was observed in the cannula. The preparation was
subsequently examined for air bubbleg. If no bubbles wefe observed

the cannulé was tacked to the Hody well by means of No. 10 cotton ¢ - ,
thread. _ ' \ . |

\

The pneumogastri ‘vein was cannulated in a similar

menner. The fascia surroﬁndi the vein was removed by blunt
dissection. The Vein wa.s ligat\hawith No. 10 cotton thread at the
posterior end of the cleared sect¥\h\ The anterior end of the vein :
was left open to allow free blood flow to prevent collapse of the

vein. This arrangement allowed blood to be forced back manually to
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reveal the iﬁcision made in the veln and to facilitafe the insertion
of the cennula. The cannula vas tied securely into place and vas
tacked to the body‘wali by means of FNo. 10 cotton thread. The venoué'
cannuls was identical to thé arter%a; cannula exceﬁt ﬁhat i was
fillgd:with non-heparinized 0.6% saliné;_ ) . ¥ . -
| Both cannulas vere lead out of the incision in the body
wall. The'incision was closed with a continuous suture using No. .
10 coéton'thfgad and the éaﬁngéaé were secured té the dofsal-fin by
two sutures. 'Fish(Posgessiné both the pneumogéstric artgfy.and the
‘ pneumogastric vein cannulas will henceforth be referred'td‘i?
adible~cannulated eels. The deviations from the Chester Jomes

procedure were: heparin was.not injected into the animal, the

pneumogastric rather than the hepatic portal vein was caennulated,

and the cannulas were anchored to the dorsal fin for extra strergthk.

Following‘cannulation, the fis§ vere placed in plexiglass

troughs measuring 83 cm long, 11.5 em in width, 13 szﬁeep,;ané‘

N
filled to a depth of 8 cm. - /
D) INFUSION TECHNIQUE A )
The infusion apparatus consisted of a ten milliliter . .
I / VAR
disposable syringe drivef by & Ssge Infusion Fump, Model 3528, . L\&)'
‘ | y

The infusion solutions conslisted of 5007meq/l.calciﬁm chloride ./
solution, 50 meqg/l calcium glucconate solution, 0.6% sod@um chloride A

solutiony 6 gm/l tetra sodium EDTA solution or 10% sodium citrate ~ . T

- - : o
Sage Instrument Company, A Subsidiary of Orion Research, Cambridge,
Mass, S ' -

. . L,

T | *
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solution. In all cases, the solvent phase of the solirtion consisted

of demineralized water. Animals ver:e infuse(d at the rate of 2.0

ml/kgm body weight/hour for all test solutions..

" E) STARNTECTOMY

The technique used for the surglcal re.oml of the
Corpuscles of Stannius (Stanniectcw or Sta.nex) wvas similar to that
described by Butler (1969). But in the present study, to racumte
" haemostasis, a piece oof gelfoam (Up.‘john Co.) was placed on-’t.ﬁe kidney

covering the site where the corpusclesfwere renoved. Further, the E
incision was closed with a continuous sutu;e using Ko. 10 cotton

thread rather than stainless steel wire.’ Sha:-opejﬁtions were FRA
perfo:_-med in an identical mamner but the corpuscles of Stannius

were not removed. . !

7

F)} BLOOD COLLECTION

[ . ’ u

Blood vas collected with a 2.5 ml disposable syringe
fitted with s ome inch, 26 gauge hypodermic needle. The heparinized
-saline was withdr&un rrom the arterial c into tbe syringe.

The needle vas removed frm the cannuls four drops of blood : ’ <
allowedtoﬂcwqutoftheopenendofthe{cannnla. 'Fhenéedlein L
the collecting syringe Jmas then inserted !.n;e the cannuh!. and a one

milliliterbloodsanplemdrmintothe pr . The blood was .

, immediately trgnsferred to a ‘previcusly beparinized® ten milliliter - -

glass stoppered centrifuge tube. The blood vo




" . . ¢
restored by injecting one millilifér 6f fresh-water téléost
hy51olog1cal solution via the’ arterlab cannula The cannule vﬁg
subsequently refilled with heparinized 0 5% saline,. ’
The blood was centrifuged at 766 X g ‘for 10 minutes,
plasma was_collected and stored frozen at -10°C in one milllllter
disposable tuberculin syringes. The blood cells were discarded.

— <

3. ANALYTICAL TECHNIQUES

a) BLOOD iﬁggsunE MEASUREMENT
3

Blood pressure was measured by connectlng the arteriel

cannula to & Statham P23AC transducer*. Recordings were obtained

on a'Grass_polygraph, model SD**_, The Grass polygraph was calibrated

to a sensitivity of one millimeter pen deflection for each one

millimeter of mercury pressure change.

-B) TOTAL PLASMA CALCIUM AND SODIUM MﬁAgUREMENTS \

Total plasma calcium and total plasma sodium were mea

"

by mesns of a Jarrel-Ash atomic absorption, flame emission, flameJ

photometer (Atomsorb-Model Bo-T20) %¥% Total plasma calcium was

. : . i
messured using atomic absorption and plasma sodium was -measured using

{c

flame emission. ﬁiiﬂ;tanﬁards were prepsred in the lsb but were checked

»

*Statham Laboratories Inc., Hato Rey, Puerto Rico.

**Grass Instrument Company, Quincy, Mass.

- .
o r'
3

###Jarrel-Ash, ‘Waltham, Mﬁgs.

[

~—




againsy’ commercial plasma standards.

. (’)/ The plasma samples were brought to room temperature and
e 0.1 ml aliquot of plama was diluted with 1.0 ml of an aqueous
solution of lanthium chloride (6,300 meq lanth;um per 1iter5. The
lanthium served to suppress ionization interference by providing ;n
~xcess of free electrons thereby preventing the ionizetion of the
calcium. The agueous lanthium chloride solution was also used as
the biank'prepa;gtion.-'Thé calcium conceptration.was read directly
off the meter scale; sodium was read as per cent transmittance which

.

was converted to optical density and read off a standard curve.

C) PLASMA IONIC CALCIUM , .

Plasma ionic calcium wag measured using an Oridn_specific
calcium ion electfode: The flow-through system, model 99-20, was
chosen to eliminéte exposure of the plasma fo the atmosphere and the w
sdbsequent-EH changes which could have occurred. This system consists
of a syringe pump, model 88-01, & calcium flow-through electrode, and
a flqw—through reference electrode*. The mlllivolt potentials generated
in the electrodes were read with an Orion, model 801, digital pH
meter** or an Acumet pH meter model 3LO*#*, A major problem with
this technique is that it is extremely difficult to prepsare & stangafa
with an ionié backgrpuhd jdentical to that of the plasma <ested.

Nevertheless, the values recorded for ionic calcium concurred reasonébly‘.

*Orion Resesrch Inec., Cambridge; Mass;
. J
#*0Orion Research Inc., Cambridge, Mass.

19

#E#Figher Scientific
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well with those reported previousiy in eels hut measured'by different

technique (Butler, 1969).

4. EXPERIMENTAL PROCEDURES

A) EFFECT OF STANNIECTOMY AND ENVIRONMENTAL CALCIUM ON PLASMA

CALCIUM LEVELé AND BLOCD PRESSURE. .
Thgse experiments were Eafried dut by placing ten

Stanniectomized, tén sha;—Stanniectomized and ten unopereted control

fish in dechlorinated Ottawa tap-water and an equivalent number of

thé same groups in an acalcehic 0.05% aqueous solution of sodium

chloride.

After two weeks the animels were removed and the
prieumogeastric arteriLl cennula was installed as desc;ibed préviously.
The eels were thén transferred to phe_plexiglass troughs described
previously and'containing the same medium es the animals were held
in-bost-operativeiy; where they were allowed to recover from the

ansesthesia. Their blood pressure was recorded at five minute

intervals for one hour. A 2.5 ml blood sample was then taken.
eels were killed by decapitation. Autopsies were performed to
confirm the absence of the Corpuscles of Stannius. The blood pla

was analyzed for total and ionic plasma calcium levels and plasma

sodium levels. ) ‘
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B) EFFECT OF CALCIUM CHLORIDE AND CALCIUM/////

GLUCONATE INFUSION

‘ ON_PLASMA CALCIUM LEVELS AND ITSJREEATION TO BLOCD PRESSURE
/

The first group was a cont¥ol group end ten double-

cannulated eels were used. An iﬁitiél one milliliter bloocd sample
was taken gnd the blood pressurg recorded for two hours. A second
,//Zie milliliter blood sample wds taken and the blood ﬁressure recorded
. for an additional two hourgf A third and finel one milliliter blood
semple was taken and thgjénimals were killed.
The blood ﬁiasma vas analyzed for total and ionic plasma
calcium levels and pl;sma'sodium levels. Blood pressures were

calculated from the recordings at the beginning and the'end of each

two-hour period of blood pressure recording.

Four other groups of ten fish were used and the procedure
is summarized in Table III. (In all four groups bloﬁd semples were
taken before and after the periocd of calcium infusion. Blood p%essures '
were calculated before and after the pericd of caleium infusion as
well as before and after the period of saline infusion.

C) EFFECT OF ACUTE ARTIFICIALLY INDUCED HYPOCALCEMIA ON

> [

~ BLOOD PRESSURE -

The first group of this experiment consisted of ten
double-cannulated eels which were placed ip distilled watef. Distilled
water wa; used toﬁprevent any uptake of calcium ffom the medium.

This group serféa\ff a control group.
| A one milliliter blood sample was taken following which

blood pressure was recorded contlinuously for two hours. Subsequently,
i '

\\ ‘\p-//. - . ' )



[

~47-

mmummmmum pooid

§19A2] wnia1ed sinoy g - aulTes %9°0 UQTIBTNUUBD ys1J Iveaul
puse]d 1EI0L ginoy ¢ - @PpPII0OTYD UNFOTED atqnod 4a13 dnoxd
L% )
2angsaad poold "
§12A91 WNIOT1BD sinoy g - aur1es %9°0 uoljeinUUED ' yst3 I9§3Iul
pwse1d 1E30L ganoy 7z - 9pP}I1oTy) umId[e) atqnod anoy dnpad
.\\ e .
mmuummwuwr@ooum _ . .
www»wa unjyoTED ganoy g - . aUIIBS %9°0 UOTIRINUUED ys13y 3Io@eIul
-~ pugeTd 1EBIOL ginoy 7 - 2JBUOINTH UNTITED atqnod sam dnoxo
. saiangsaad poold . .
g19A2] UNIO{ED . 8anoy g - aujies . %9'0 uo0F1BTNUUERD ys13 xouei§ ANOH-HT
puseld 1®30l \\ ganoy 7 - @238U0ONTD 180 atqnog omy dnold
/ . ; :
/ . .
m\\i\] NOISNANI 40 FWIL GRV o ad
GASNANI NOIILNT0S LSAL NO1IVEIdO @@sn 194 0 FdAL

14

QANIVIE90 VI Q\M

— —— —-————

r—

"t

g

!
|

GINIVILO ¢HAD/W¢< INERIYEAXa VIHADTVO¥AdAH NI @@MOTIOA TYNAF00Ed 0 AUVHAAS
IIT 37149Vl ’

-~

BN



second one milliliter blood sample was taken and blood pressur .

was again ;ecorded continubusly for two hours. A third and fin
one milliliter blood semple wes taken aﬁa;the eels were then killed ‘
by decapitation. . |

The blogd plasma was enalyzed for plasma sodium levels,
total plasma calcium and plasma ionic caleium levels. Blood ﬁgessures
were calculated beforeﬁgnd after eaqp of the recording pericds.

The procedures uséd for the otﬁer two groups in this
experiment are summarizéd in Table IV. Blood semples were teken

before and after the period of EDTA infusion or citrate infusion.

‘Blood pressures were calcﬁlated'before and. after each infusion

period. )

Theoretically, one mole of EDTA complexes one mole of

ionic calecium (Fischer and Peters, 1968). However, this is only

obtained at & pH of 10.0, At lower pH, the efficiency of EDTA as a .
chelating egent tends to decrease (Fischer and Pet;rs,u1968): It

was calculated that 4.0 ml of a 6 gm/liter sclution of EDFA would

compléx &@proximately 66% of thé plasﬁ?“icnic calcium of e one

kilogram eel. The figure of 66% was a purely arbitrary choice and

—

was made on the assumption that if 66% of thegplasma ionic calcium

+

1
was chelated, an effect on blood pressure would be observed but the

. R
animal would not die from lack of ionic calcium. It was observed \\
that blood samples drawn after EDTA infusion were easily haemolyzed;

t+his did not occur after citrate infusion. It was also observed

that citrate appeared to complex calcium ions morexegficiently then

Lo |
/ B
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EDTA at blood pH and so citrate was used in place of EDTA despite the
fact that a more concentrafsg solution (citrate - 10%, EDTA 0.6%)

was required.

D) EFFECT OF HYPOCALCEMIA FOLLOWED BY HYPERCALCEMIA ON BLOOD T
PRESSURE ~
Ten double-cannuleted eels were used in this expériment.
Hypocalcemia aﬁd hypercalcemia were inducea by infusing 10% sodium
citrate and 500. meq/1 calcium chloricie solutioﬁs respectively. |
A one milliliter blood sample was tekert and the fish
were infused with stium citrate for a two-hour period. Blood
.pressures were recorded continuously. After the period of citrate

infusion, & second one g{lliliter blood semple was teken. The fish

vere then infused with calcium chloride solution with continuous
monitoring of blood pressure. A terminal one millilitef blood
sample was taken foilowing this infﬁsion period and the fish were
ki1led by decapitation: -

The plasma samples were analyzed for total plesme sodium
levels, totgl plasma calcium and plasma ionic calcium levels. Blood

' pressures were calculated before and after each infusion period.

E) EFFECT OF ANGIOTENSIN II AND CORPUSCULAR EXTRACT ON PLASMA

CALCIUM LEVELS AND BIX PRESSU'RE./
Three solutions were used in this group, an angiotensin
IT'solution, a saline extract of the Corpuscles of Stannius gnd an

isotonic (0.6%) #line solution.
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One milligram of synthetic angloten31n II* was dlssolved
in one llter of isotonic saline., Ten milliliters if this solution
‘were taken and diluted ten times with isotonic saline to give a !
final concentratibh of 0.1 Mg/ml. This was the concentration used
for ingection purposes.,
The saline extract of the Corpuscles of Stannius was
made by homogenizing 20 mg of corpuscular tissue in an equal number
of mllyi ters of cold isotonic saline using a glass, hand-driven

homogenizer. The homogenate was filtered through Whatman No. 1

filter paper. The filtrate was u;\u without further preparation.

. The isotonic saline was prepared by diséolving six grams‘-1

of sodium chloridé crystals in one liter of demineralized water, i

Il

ﬁight‘double-cannulated eels were used in this experiment,
Therfish were allowed to recover from anaesthesia in dechlorinated
tap-water and an initial one millilter blood sample was taken. The
fish were injec%ed through the venous cannula, with 0.1 ug/kg body ~
weight of the angiotensip IT sq;gtion'gnd blood pressure was recorded :
continuously for the following-hour. A second one milliliter blood jé
‘sample was taken, The fish were then ihjected with 1.0 ml/kg body |
weight of.the saline extract of the Corpuscles of Stannius.
Blood pfeésure was recorded continuously for one hour after which a
third one milliliter blood sample was takenh‘An equivalent amount of

isotonic saline was then injected as a control and blood pressure

was recorded for a further one hour,

’;}"’
3
N

*Sigma Chemical Co. ™

o \\ ‘
b ~
fn
N
. [



Plasma samp%es were analyzed'for total blasma sodium,
total plasma calcium'and plasma ionic calcium levels, Blood

pressures were calculated before and one ﬁour after the injections,

5._STARISTICAL PROCEDUREé . * K‘/

For the purpose of this study, a ﬁrobability of P 0,05
was taken as significant and a probability of P 0.01.was taken as
highly significant, For sample domparison:involving three or fewer
means, the Students "t" test was performed., For comparisons involving
more than three means, one way or two way analy31s of variance were
corrigp out on the'data. Significance of difference between pairs

« 0f means were then tested with multiple means comparison tests
h

A TYTINN

(Tukey's W). Linear‘regressioq analysis were performed to determine
least squares lines. Nonparametric Spearman's rank correlation ?2
~coefficient, rg s Wwas uged to judge the significanée of correlation -5
between values. This latter techniqué was used as valid assumptions -;:
concerning the shape of the populations from ﬁhich the data were -;5
drawn were not possible. : - j?

: :_______JL



RESULTS

1. EFFECT OF‘STANNIECT6MY AND ENVIRONMENTAL CALCIUM ON PLASMA oo 1

CALCTUM LEVELS AND BLOOD PRESSURE

A} EELS ADAPTED TO TAP-WATER

Data cdncerﬁing the effecté of Stanniectomy on plasma
total and ionic celcium levels and on blood pressure in tép—uatér
adapted eels are summarized in Table V. These data clearly indicate
that the surgical removal of the Corpuscles of Stannius is followed
by significant glterations in total plasma calgium levels {P<0.01)
and blood pressure (P<0.05). Compared to normal and sham-operated
eels, the Stanniectomized eeis were found to be hypercelcemic and -
hypotensive. Table V also shows that at least 50% of the increase
in 5;35ma caleium was contributed by thé ionic calcium fraction.

——

The sham-operation did not result in any significant chapées in any

of the parameters measured.

B) EELS ADAPTED, TO ACALCEMIC WATER , "
The hyperc;lcemia and hypotension observed in tap-water

adapted Stanniectomized eels {Table V) vas not observed ip eels
sdapted to an scaicemic environment (Table VI). The small, but ‘
sigﬁificant increase ;n‘the total plgsﬁa caicium levels in the ' ' - !
sham—operafqd eels (5.58 ¢ 0.23 meq/1) wﬁen compared to the intact y
controls (3.90 + 0.2} méé/l) is éopsidefably léss‘thagxthe neir
doubling of total plasma calcium seen in StanniectOmiz;E“fiéﬁ adapted
to tep-water. Significent changes in plasma jonlc calcium in the

- ' ) -
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Sta.nniectomized and shm—Stamiectmized eels compared to the ‘\Lnta.ct | |
, _ . P

controls were not observed. : oo - \
C) EFFECT OF TWENTY-FOUR HOUR STANNIECTOMY ON BLOOD PRESSURE |
mmmcﬁmmnmsmmmm-\ - -
WATER ' o : ‘5 . \
- _ . 7
oS Table VIT+shows the effect of twenty-four hour Stanniectomy .

on plasma cdlcium levels and blood préssure. %o significant changes

in plasma calcium levels or blood pressure were observed.

L

D) Rﬂ&ﬂonsmmmmmonmncmmﬁ—onm

PRESSURE msmpmmmm-monmmc
. T :

WATER

_ Figures 1a and 1b Ai]lustrate the relstic.mslﬂp between
total plasms’ ca.lciﬁm levels and blood pressure and between plasma
ionic calcium levels and blood pressure, res?ectively. The v'alues.
-are those previously used to calculate th;z means showmn in Tables V

‘and VI. In both cases, significant negative correlations (P<0.05)

between total pla.ama ca.lcimn and blood presst:re (Figure 1a) and .
betveen plasma ionic calcium and blood presmn'e (F:lsnre 1b) are
found. Whilst it is recoguized that a significant correlation does .
not dencte a cause-effect relationship, the neg;&l:ive slope and
significant correlation coefﬁc:lents does suggest at least a . | E i

relationship between plama calcimm levels %nd blood pressure.

= e
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FIGURE la
"Correlation between total Plasma calcium levels angd blood pressure
in taé;:rater adapted and acalcemic water edapted American eels.
LEGEND ‘ 4 - Tap-water adepted Stanniectomized eel .

Q {Tj- Tap-water adapted Sham-operated eels

' (O - Tap-water adzipted intact control eels

\
A - A;:a.lcemic water edgpted Stanniectomized eel—s,
’ m- Acﬂcemic water adapted Sham~-operated eels °

“« . @ - Acalcenic water adapted Inteact control eels

R

For the line equation Y = 28.86 + (-4.78) x, the correlation

. 3
‘ coefficient, r = -0.6227 (P<0.0l). The rank correlation coefficient f

(Spearman's r) r = -0. 4401 (P<0.01). ~

(\
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" FIGURE 1b

i

Corr.elation between plasma lonic calcium levels and blood pressure

in tap-water adapted and acalcemic water adapted American eels.

LEGEND 4 - Tap-water adapted Stanniectomized eels
D«— Tap-water sdapted Sham-cperated eels

() - Tep-water adapted Intact control eels

A - Act\alcemic water adspted Stanniectomized eels
- Aca}Lcemic water adapted Sham-operated 'eels

. - Acalcemic water adapted Intact control eels

VR it
For the line equation y %S + (-1.1) x, the correlation

. L 4
coefficient, r = -0.4980 (P<0.01) and the rank correlation. coefficient

(Spearman's r) r = -0.6645 (P<0.01).
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2. EFFééT OF_INDUCED HYPERCALCEMIA ON BLOOD PRESSURE IN EELS

A) CONTROL GROUP % -

3

{

The effects‘of the‘doublg—cannhlation procedure on
blood pressure and plasma calcium levels are summarized in Table VIII
and Figure 2. The surgical sequelae appear to be non-significant,
minimal increases in total and ionic Plasma caleium 1évels, together
with & slight decrease 1in blood pressure. The initiél two-hour
recording period kPeriod A-Table VIII) was cﬁaracterizéd by & smgll
deérease in blood pressure and small increases in total Plasma
calcium levels and plasme ionic calciﬁm. ~These chaﬁges wvere not

,

s£}nificant (P>0.10). -
During the second two hours (Period B-Table VIII) the
-blood pressure (Figure 2) end plasma calcium values remeined unchanged.
" The small drop in blood pressure between Period A at T+120 ﬁig: and

, )
A Per;od'B at T+0 min. represents the effect of withdrawing one ml of

. blood. This drop was not significant (P>0.10).
!

B) EFFECT OF CALCIUM INFUSION ON PLASMA CALCIUM LEVELS AND

BLQOD, PRESSURE

a) éilcium Gluconate - Infusion of calcium gluconate
- |
(50 meq/1l) in intact fish resulted in a 32% incresse in total plasma

caleium (P<0.05) but did not significantly affect the blood pressure

f
1
3
'
!
1
'
v

(P>0.10) (Table IX). Further, in this group of eels, no significant
(P>0.10) correlation could be established between total plasma calecium %

levels and blood pressure apart from twenty-four hour Stanniectomized

4
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FIGURE 2

' z
Effect of the double-cannulation procedure on blood Pressure during

the experimental period

b

Y s.E.M

The values are means
The bréak In the line at T = 120 min.'represents the ena of
the first two hour 7ﬁbording reriod (Period A) and the point
.where a'oqe milliliter blood sample was taken. The second
two hour recording period (Period B) begins at T 4+ 120 min,
on the graph for sake of continuity although there was a

1

ten minute period required for taking the blood sample,

el
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eels (Figure 3).

Figure } shows the more de%&iled pattern of blood
preséu;e response observed'over the tﬁothgr caleium infusion
peri?d. Blood. pressure’ showed an ihitiél rise which peaked at T+30
min. followadﬁ%y-a decline which reached the lowest point at T+60

mln“f A second peak was noted at T+90-min. and a second decrease at 7

T+105 miﬁ. These -individual variations were not, however, significant .

(P>0.10) -

b) Caleium Chloride - In the previous experiment, Plasma j\\\ (/
caléium levels were increased but the increase was not of the same )
order of magnitude as that obtained following Stanniectomy (Table V).
This suggested the fish were cleariné/the calcium as raplidly as
calcium was infuged so that a higher calcium infusion rate was

deemed necessary. But due to the limited solubility of calc¥£m

. 1 .
gluconate at the required concentration . (500 meq/l calcium), caleium
chloride w?? used as the calcium donor.

The effect of infusing more calciumsig the form of a

‘concentratqd’calcium chloride solution was a massive increase (P<0.01) o

3
#

in plasma calcium (Table X) to levels characteristic of two-week
Stanniecpom;zed ee;s (Table. V). 1In addition Ehe marked’ increase-in
Plasma caleium was accompanied by a significant (P<0.05) reduction
’(,’* in blood pressure to leve}s previously obsérved.only in.ﬁypercélcemic

) ,
two-week Stanniectomized eels (Table X and Table V).

A Becond éalcium chloride infusion study confirmed .hese -

data (Table XI). Again a massive and highly significant (P<0.0})
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FIGURE 3 | T
.
%ﬁJ/’7 The effect of two-hour infusion of calcium gluconat3 on .
" blood pressure andsplasma calcium,levels in intact eels and eels
oy
2i-hours after Stanniectomy.
LEGEND. A - Intact eels before infdision
.— Intact eels after infusion 0 ¢
X - 24-hour Stanniectomized eels before infusion

()— 2h—hour Stanniectcmized eels after infusion’

-

' For the line equation ¥y =29.73 + 0.0k x, r = 0. 009 (P>0. 10) and for
the line-equation y = 32.35 + (-154) x, r = -0.4089 (P<0.05). 1In

each case r is the correlation cocefficient.-
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. FIGRE 4 | - .

v

The effect of infusing calcium g“luconate.solut‘ion on
blood pressure in intact eels adapted to tap-water.
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13

increase in plasme calcium was observed. This increase An plasma
' ;

i

‘celeium was accompanied by & lerge decrease in pnéumoga tric arterial
v F 3 . b

blood pressure; the deqrease in bleod pressure was statistically
AN 1 .
siénificant (P<0.05). The increase in plasma calcium and the
decrease in blood pfeééure were even greate£ than those obtained in
the previous.calcium chloride stﬁdy. J |
The results of these two' experiments are combined in
Table XII. ?he_overall increase in @dtal plasma c;lciﬁm\gas found
to be highly significant (P<0.01) and & significant (P<0.05) decrease
in Qlodd pressure éccompanied the increase in total-plasma calcium
{Tables XIII and XIV): A significant (P<0.05) negﬁtive correlation
between plasma calcium and blood.p:gssure was observsg (Figure 5).
The more detailed response of blood pressure to the
two-hour calcium chloride infusion studies is shown on Figure 6.
In both the first and second infusion‘studies, blood pressure showed
an initial rise which peaked'at T+30 min. This initisl increese was
not significant (P>0.10). Blood pressurelthen declined steadily
ﬁntil T+120 min. which was the end of thg_recording period, with the
exception of the period from T+45 min. to T+60 min. during the first

infusion sfudy where blood prgssure remained stable.

e¢) Sodium Chloride - order to account for possible

ic effects of the infusion, each

: . A y;
group.” These data are fgund in Table XV, Table X, Table XI, Table

' XIT end Figure 7. These 3atA show that the overall effect of the

¢ . . 4
o .

|
3
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FIGURE 5 ,

The effect of two-hour infusion of calcium chloride on

.

blood pressure and total plasma calcium levels in intact bap-water ’

adapted American eels.

LEGEND ‘ X - Intact eels bgfore infusion

()- Intact eels after infusion
e

A
For the line equation y = 32.18 + (-0.77) x, the correlation

coefficient, r = -0.5188 (P<0.05).
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FIGURE 6 .

L
- intact, tap-water adapted eels

“

‘\
The effect of calcium chloride infusibn on blood pressure

N

Values are means +S.E.M."

\ The unbroken line represent th

~

i _"‘14_ .

o
e
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|
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e first experiment and the broken
line represents the‘;econd {confirmatory) experiment,
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infusion of a volume of sOdium chldvride equal to the uolume of
calcium chloride or'calcium gluconate‘wss minimal' The only
significant effect of _sodium chloride on blood pressure occurred
during the first calecium chloride experiment when the NaCl infusion
resulted in a significant (P<0 .05) increase in blood pressure This
'tends to, further support the hypotensive action of hypercalcemia as

a similar volume of calcium chloride resulted in a significant -

LT

\
decrease in blood pressure (Figure 7).

-

C) EFFECT orF CALCIUM GLUCONATE INFUSION ON TQTAL PLASMA

CALCIUM AND BLOOD PRESSURE INJTWENTY-FOUR HOUR.

* STANNTECTOMIZED EELS | E

Since it was suggested.tnat theiCorpuséles of Stennius )
have 2 calciuretic effect an attempt was made to induce hypercalcemis
by 1nfusing\calcium gluconate into eels deprived of their Corpuscles
of‘Stannius. The results from tnis experiment are summarized in ™
Table & and figures 3 and 8. 'AS.in in;;ct fish, calcium gluconate’
~infusion resulted in a 32% increase in total'plasma calcium but the -
blood pressure was not significantly af?ected (P>0.10). However,'
the data in Pigures 3 and 8 do suggest that the overall effect of
caleium gluconate infusion is & decrease in blood pressure with

rising total plasma calcium These dats, however, are inconclusive

Again, saline infusion had no marked effect on bﬁbod preusure.
v 1

AN




"

FIGURE 7 . = -

The per cent deviation from initial blood pressure values as a‘
result of calcimm chloride and isotonic saline mfusion in intact eels
The solid line representa the calcit- chloride infusion X— =

calciom ch10r1de) and l:he broken line represents the isotonic ‘saline €

mfusmn (—O———————-O—— isotonic saline). B
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_FIGURE 8 . . B O

The effect of :Lnfusz.ng calciu.m gluconate solution on blood
| ’ /
. pressure in eels twenty-four houré after St:ann:l,ectomy.

-

e e— Values are means * S.E.M.
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3. EFFECT OF INDUCED HYPOCALCEMIA ON BLOOD PRESSURE IN EELS -

~3
f%

A) . CONTROL GROUF oo

The effects of the double cannulation procedu&e and &

]
- ~h.

* distilled water environment on plasma calcium levels-and blood s

pﬁessure‘are.sum@a;izea in Teble XVI.  Total plasme calcium %evels';ﬁ
remained steble during the first two-hour reeording-period (Period

A-Table XVIi but.hecreasea s}ightly‘during_the second two-hours

' (nogféiaetficant P>0.10)_(Périod B-Table XVI). On the.other hand,
plasma ionic \elcium values incredsed significaneiy (£<0.05)-over
the four—hour recording period but the magnitude ofJ£h1s increase
‘'was much lower than that observed in two-week Stanniecﬁomlzed eels,

4&E}ood pressure fluctuated slmghtly but dld not change 51gn1f1cant1y

- (P>0.10) during the recording per1od (Table XVI) despite the overall

. ; . -~
:;l“\i drop of 2 mm of Hg (Figure 9).

~ B) EFFECT OF EDTA INFUSIOR IN INTACT FISH ON fLASMA IONIC

CALCIUM AND BLOOD PRESSURE

~

Data indicating the effect of EDTA infusion on blesma
ionic egicium levels and blood preseure gre provided in Table XVII.
Plasma ionic.calcium levels decreased ignificantly (P<0.05) but the
. ) decrease in blood pressure proved to e no;-significant](P>0.lO).

Nevertheless, there was a tendency for blood pressure to drop during

the EDTA infusion (Figure 10). . o ¢

-
-

_ (_\During the period of EDTA infusion the blood pressure ' '

showed an initial decline from T+0 min. until T+60 min.. A small

—



-

- .

DINOI VWSV

VHSVId 'TVLOL

muson om] puboes 94yl 0 mwcoamwuuoo g porxad vcm mu:o: oMl 38313 9Yl. 03 mvnommmuuou 4 voﬁumm , P
o suuny od HmucouHuO£ uj apew siajaueaed cwmauon. mno:ummﬁoo 0" ch 3
- mcﬁﬁoo Hmucouﬂuon ut mvms siajouweind ummSuwn chmaumeou co" o/Vm\\ q
- (1) R'E°S -5 suegaw maﬁg ]
- “ = n ) +l
A 5 () . (6) ' - (6) (6)
mo 1722°52 B6 T ¥2T°LL ¥2'0F8E°C .mo.ouwc.a 60'0 % 9% 8 QoI¥dd
b} ] . ) N
ROR (6) 6) - () (6) (6) .
20'7+88"° mm . g8 1795 °L2 S0'0F8%7'1 (0°0%82'C v T11'0%19'% Z1°'0 §19°% ¥V qoIuid
. q ’ q
A BH ww " 8H uma 1/b3uw :cm& ._”\cm__._ :vm&.:
‘utw 0zt + 1 ‘uRn O + L "uTw 02T + 4 ‘uRe O + L *utu 07T + L ‘Um0 + 1L :
A 1V 1V WNIDIVO IV HOIDTIVD LY RAI1DIVO IV WAIDTVO qoiddd
'34nssdyd Qoo1d 2UNSSAYd Qo01d ‘OINOI VHSYV1d ﬁmﬂm TV1OL

—

-

k]

JUNSSTUd QOOTE QNV HNIDTVO VHSYId NO g

————

8 BIIVM GITIILSIA NI Q4ISIL $133 LOVINI Cdldvav mm.a«sumﬁ—.%m“ﬁ

no¥Md NOLIVINNNVD 371dnod 40 1o3ddd



FIGURE 9

-~

The effect of the double cannulation procedure and four hours

-

of blood pressure recordipg on intact eels in a distilled water environ-

ment.

X
-

The bfeak in the line at T = 120 min. represents the one. milli-
- !
11cer blood sample which was taken at the end of the firat two hour

recording period (Period A). The second two hour-jgnording‘period
(Period B) begins at T 4 120 min on the graph for the sake of cony ence

N
although there was a 10 minute break while the blood sample was( taken.

g Values are means® S.E.M.
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FIGURE 10 ‘ , \ . o
* ; - ) ‘ . ’ C '
The effect.of infusing a/tetra;sodium‘EDTA soluEion on blood
- » - —— ’ {”

. . * 4
o ' pressugf ir intact eels in a distilled water environment' '
. . ) ) -
. e - ' ' [
The values are.means } S.E.M.
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peak was observed at'T4TS min. after whicp blcod pressure decreased
until the end of the infusion period (TfiEObmin). The;infuéion of
isotonic saline resulted in a non-significent (P>0.10) decrease in - '

blood pressure (Table XVII).

C) EFFECT OF SODIUM CITRATE IHFUSION IN INTACT FISH ON PLASMA g

TONIC CALCIUM LEVELS AND BLOOD PRESSURE = . C -
Piasma ionic ealeium shcced’a significant (P<g.05)
decrease as a result of sodium citrate infusion_(Tabie XVIII). v «
Blood brescure againifaiied to decrease significantly. (P>0.10)
(Table XVIII) dbut the cverall trend was a reduction in blood pressure
(Figure 11). | . |
< L
Blood pressure fluctuasted considerably during the period
of citrate infusion. from T+0 ndJ& il T+60 min. blood pressure’

alternately decreased and increage&, But mffer T+§0 min. blood

pressure showed a steddy decline until the end of the infusion period

(T+120 min). Isotonic saline infusion resulted in e slight non-
significant (P>0.10) decrease in blood pressure (Table XVIII).
a . . 5]

k. EFFECT OF HYfOCALCEMEA ARD HYPERCALCEMIA ON BLOOD PRESSURE IN

INTACT FISH .
Table XTX summarizes the data obtained when & period of
citrate inrusion was followed by & period of calcium infusion Total .
Plasma calcium levels show no -significant change (P>0 10) but pPlasme |

ionic calcium levels decreased as a result of citrate infusion. The
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- amount'of decrease could not‘be determined since the potentials -
generated by the plasma samples in the calcium electrode were much
lower than those given by the least concentrated gtandard, Blood

-~

" pregsure alsp showed 2 51gn1f1cant decrease (P<0, 05)

The effect of calcium chloride 1nfusion was markedly
dissimilar, Tota’/plasma calcium levels increased 51gn1f1cantly
(P70.01), plasma ionic calclum levels showed an increase from the
previously undetecxable level to 2.22 2 0.22 meq/l and blood pressure
showed a 51gn1f1cant increase (P<0 0s5). |

During the perlod of citrate infu31on (F1gure-12) blood
pressure decreased unt11 T+30 min, at which “time an 1ncrease wasg’
noted until T+66 min. Blood pressure then declined steadily until
T+105 min. at whlch point a small increase was noted. t T+1é0
mln., citrate infusion ceased ‘and calcium chloride 1nfu81on began.

Calcium chiloride (?igureIZ) 1nfu51on was characterized by a steady

1ncrease until T+210 min, at which point a slight decrease'in blood

ALYE ST T W B

pressure was obs ved. This was followed by another'lncrease untll

T+240 min. which was the end of the infusion period.

~ -

5. .MISCELLANEOQUS OBSERVATIONS _

A) EFFECT OF ANGIOTENSIN II AND CORPUSCULAR EXTRACT ON

PLASHA cn.cxum LEVELS [ IN INTACT FISH.——\
ction of Anglotensln II a sllgh

One hour after the inje

i
1
1
1

* but non—significant (P)O.lo) decrease in total plasma 1evele and a

significant (P(OJOS) increase in plasma jonic calcium levels were

N

’,
Mmoot
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‘a calcium chloride solution on blood pressure in

FIGURE 12 _‘ B . a

The effect of infusing a sodium citrate s&}utiorfjbilbqéd by.

tact eels in a

LS

distilled water enviromment.

Values are ‘means is. E.M. The break in the line at T + 120 min.

represents the time at which a one.milliliter blood sample was takEn -

Tafter” the period of sodium citrate infusion The period of calcium

chloride infusion begins at T + 120 min. on the graph despite ﬁhe ‘
fact that there was a break of approximately 10 minutes, required to

change the infusion solutions a&ﬁ\take the blood sample.’
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-ooserved (Table XK) Corpuscular extract resulted in 2. 51gn1flcant

mibin i 8

L§<0 05) decrease 1n plasma ionic calcium levels and a B

non-51gn1f1cant 1ncrease (p>0. 10) in total plasma calcium one hourt

after 1n1ect10n (Table xx)

3) E FFECT OF ANGIOT“NSIN IX AND CORPUSCULAR nXTRACT : -

INJECTIOI QN BLOOD DRLSSURE IN INTACT FISH.

Shovn in Table XX1 are the blood pressures before
injection and one hour after injection of the test solutions. H :
Injection oft Angiotensin II resulted jn a slight nonssignificant .;7#\\
(P>0.01) decrease in blood pressure after one hour. Llood pressure
‘shows 2 non-significant (P>0 10) increase one hour after the |

injection of corpuscular extract. blmllar results were obtained

with the isotonic saline 1n1ect10n. One hour after this 1n3ection a. .

slight increase in bIood pressure was observed which was not found
7%0 be significant (P»0.10). |

‘bggure 13 1nd1ca¢es that the resP%PSG of blood pressure
to Angioten51n II con51sts of a monopha51c hypertens1ve response.
with the peak blood pressure recorded five minutes (T+5 min.) after“ -
injection, Blood pressure began to decllne but was sti1l higher

/
than the initial recording at T+15 min. At T+20 min. blood pressure

L2

had fallen ow the initial pressure and’ continued to decrease until
T+30 min, this point, 2 gradual increase was obsreved but the
blood pre sure had not retuyrned to the 1n1tial level at T+60 min., - ¢

Whlch was the end of the recordlng period. Thls was in dlrect contr381

with thé data obtained ‘as 2 result of ingection of a_ sallne extract

*
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S FIGURE 13
N )

: - ' The effect'of Angiot n II injection .and corpuscul saline .
o E . extract injection on"blood pressure in intact eels,

1, ~ g

: . N f
‘E:E\\H__ - o . ' ol

' ‘ LEGEND —(O——()represents the effect on blood pressure of the

Angiotensin II injection
—¥————— yepresents the éffect on blood pressure of
' the corpuscular saline éxtract injection.
2 . , &3
Values are means + S.E.M, - | o
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of Corpuscles of Stannius tissue (Figure 13) Whereae Angietenain

1T resulted in en initial massive incresse in blood pressure, a

small increase was observed is a result of corpuscular extract 3
' : \

iﬁjectioﬁ The;e was no demonstrable pressor effect from corpuscular -

Aextract as. injection of isotonic salime (Figure 1h) resulted in &

similar pattern of blood pressure response jof the same order of ~ '

magnitude, as the corpuscular extract.

C) BEBAVIORAL OBSERVATION ’ )
Stanniectoﬁized eels adapted to tap-watéf appeared more

inert and as%henic when compsared'to sham-cperated or intact eels

-

adapted to tap~vater, they were easier to catch in the dip-nets used

for removing eels from the holding tanks. Tap*waté?“adapted 4

Stanniectdlnized eels algo appeared to be more susceptible to anaesthesla
. L]

than animals of.other groups including Stanniectomized eels adapted

_to an acalcemic water enviromment.

6 , . .
D) CARDIOVASCULAR PHENOMERA

-

Tap-water adapted Stanniectomized ‘eels appear to have &
slower heart rate than %9/ﬁhaﬁ-operated and intact gontrpl eels

edapted to tap-water (Table ¥X11).

)
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The effect of isotonic saline, injection on bload pressure in

intact eels.

Values are means

+

S.E.M,
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o TABLE XXTI S o
- HEART RATES OF STANNIECTOMIZED, SHAM-OPERATED AND INTACT

CONTROL EELS ADAPTED TO TAP-WATER™ 1

L] . B 1

GROUP | - o * HEART ﬁA?E (Beatg{min.). B
' Stanniectomized . | | 57 + 2,26 (6)
Sham-Operated © ' 66 +6.0 (S)' ‘
Intact Comtrols o ' 900 (2)
avalges are means + S.E. M(N) .

o

Elec.trocardiograms)of Stanniectmized eels adapted to
tap-water sho'f; .that. these animals have a reduéga P wavey & reduced
_.QBS compor;ent and an infertéd.{T wave when compa.red with tap—water
adapted sham-operated and intact ‘controlr eels. (Figure 15) ;

6. STATISTICAL CORRELATTONS'

Overa.ll a significa.nt nega.tive (p<0. 05) correla.t?on WAB
found between total ple.sma. calcium 1evels and ‘blood pressure. As
‘n

plasma calcimn‘inc’rpases blood pressur_e decreases. At total plasma

caleiym levels which approach those fouhd in S’qanniectomized eels,
. - s
. the blood pressure shows & decrease similar to the‘t found in 3,’ N

Stanniectomized*eels. . , : ~

it appea.rs t):mt pla.sma jonic calcium has e more important

role than éo_és the b caleium since e.ltera.tions in fonic ca.lcihm

/

|
g

|
1
{

[ R



_91- .. .

o - 0
g
-
&
. \1.1_
. T
3
1
/[ :
3
(3]
it
., oa
w..w
- =
(L]
[
[ 5
A__
/ -
Y
A

f a four-week Stanniectomized eel, a four-

e

L

d eel and an Intact control eel.

week Sham-operate

et




A\
B i
1

1
o

/
1
.o -“;.;1.;-.3.1.{.':-;. i

, _ ) .
Stanniectomized : S j ‘ ' ’
AR . .
) 2 ’

 nd | "‘:OA{o—-‘ . '

.. -
Sham-operated




.

resﬁlt in significant changes in blood prgssur%. Infusion of &

_chelating agent;such as 'sodium citrate may result in a significant

change in plasma jonic calcium.and blood pressyre without significantiy

sltering total plesma calcium leévels. A highly significant (P<0.01)
correlation was established between plasma ionic calcium and blood .

pressure overall. It was found that as plasma ionic calcium levels

jgerease blood pressure decreases. ' '
{ET‘\\\ Plasma ionic calcium levels were féund to be approximately

30% of the totsl plaama calcium. A mean value (+ S.E. ) of 5.31 £ 0.11.
meq/l was obtained for total plasme calcium while g mean value

(£ 5.E.) of 1. 57 © 0.07 meq/l was obtained for plasma ionic caleium.

A highly significant (P<0.01) correlation was established between
plasma,ion£5'cﬁlciuq aﬁd total plesma calcium., It was observed that
af total plasma calcium ingreased 80 dié plaeﬁa ionic calcium. These
values were obtained froﬁ intact fish which had not been infused snd

vhich were kept in gechlorinated tap-water.

.
L o




~ ) H

v DISCUSSION

1. CAICIUM AND BLOOD PRESSURE - MECHANISMS OF ACTION
. T -

The experimental evidence gatgéreﬁ all indicatéﬁ that
any major altergﬁion in plasma calcium levels results in a décrease
in systemic blood pressure. It also s sts that the Corpuscles of‘
Stannius do not possess a presgz;'substance of aﬁy ﬁhysiological
importance but “that the decrease in bloaﬁ pressure following Stanniectomw
is a result of disturbed calcium homeostasis.
) There are several possible modes of action by‘vhiéh calcium
could‘:esuit.in.a decrease in blood pressuie: ' ‘ i ‘ .
1. an effect on the production of corticdsteroids s
.\2.'aq inhibitory effect on renip fﬁlease or action
’3. an effect on the ca;diogaséﬁlar system

Kyh'CALCIUH AND CORTICOSTEROiD PRODUCTION

e

Calcium is required for the biosynthesis of cortisol and

for the effect of ACTH on 1n£errepal tissue (Farese, 1971b). It is
also required for the stimuiatory effect of cyclic AMP on the inter-
renal tis#ue‘(Farese, ié?la). In addition,; calcium seems to stimulate
adrepal ﬁr&tein synthesis which, in turn, is involved in the
Bteroidogenic action of the interrensl tissué (Fa#gse, 1971b).
the eél, Anguilla anguilla, cortiééi appgdr; to cont&oi salt and
wvater excretion (Chan, R;nkinland Chest;r Jones, 1969). In mammals
,cortisol has been observed to cause &n increﬁhe in systemic blood
Iressure. Conversely, adrénal insufficiency results in a fali in

) .

blood pressure (Friedman, 1965).

L.
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' Cortisol biosynfﬂeéig in the eel. appears to be affected

by high caleium ;éfqls{ This 1$ supported by both in vivo and in vitro
evidence. In viéro ékperiments have shown that cﬁlcium is required
_for cortisol biosynthesis and for a stimulat§ry effect ofACTH

(Leloup—ﬁatey, 1970a). However, high or low cglcfﬁi coﬁcentrations

have an inhibitory_effect on cortisoi biosynthesis; the high inhibitory

level of calcium being of-the same order of mggnitude as the plasma".

calcium levels found.ié éﬁo-week tap-vater aé;;ted Stanniectomizea _ /

eels (Leloup-Hatey, 1970s). Whilst Stanniectomy results in persistent {
hypertrophy of fhe interrenal tissﬁe, after approximately two weeks
plasma cortisSI levels decline below those values found in intact . .
fish (Leloup-Hatey, 1970b; Fenwick and Forster, 1972). The hypertrophy

of the interrenal tissue is explained by the facf that incresses in

Plasma ;alcium result in an increase in adrenal cortisol secf?tory
rates (Harot£a and Lau, 1970), until the level at which cortisol
biosynjhesis is inhibited is reached (Leloup-Hatey, 1§#Oa). Also,.
a fall in plasma sodium levelg is observed ™ Stsnniectomized eel;
(Fontaine, 1964). This hyponatremia may be explained by a lack of
fortisol, or by iﬁcreased plasma concentrations of calcitonin which
‘is known to have a néturetic effect in memmals when present in high
concentrations {Copp, 1969). Thus since adrenal insufficiégcy could
result in a decrease }n blood pressure in eels, high plasme calcium
levels which tend to inhibit cortiso} biosynthesis could account for

the decrease in blood pressuré following Stanniectomy.

Plasma calcium levels obtained after calcium infusion

ﬁmbh,..
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and as & reéultrof Sfanniectomw were lIndeed high enéﬁéﬁ_t$h¥esul£
in a decrease in cortisol biosynthesié. The high inhibitory level -
wvas found to be approximately 5.0 mM/1 (Leloup-Hatey, 1970a). Plasma
calcium levels after calcium infusion ranged frém 5 0 mM/l to 8.0 mH/l
~

(Teble XII) which are certainly gbove the level required for inhibition
of cortisol biosynthesis. Plasma calcium levels in tap-uater adapted
two-veek Stanniectcmized eels were also above this level being in o "
the order of 5.1 mM/1 (Table V). Thus, one possihle mechanism of
action of ecalciwm is an inhibiti;i of ‘cortisol biosynthesis which
could result in a decrease in blood pressure.

However, there is evidence which tends to disagree with

this hypothesis. Recent work has shown that plasma cortisol may

have a half-1ife in the eel blood plasma of up to six hours (Ball

et al, 1571). Therefore, no décline in blood pressure would be observed
in a two-hour period of talcium infusion. But a significént‘dec;ease

in blood pressure was observed’ (Table XII) when plasﬁa calcium levels
approached those of Stanniectomized eels at the end of the two-hour
infusion period. This would preclude the possibility that lack of
cortiscl is causing a decrease in blood pressure since there is no
eyi&ence that calcium lévels impair the function of pre-existing
steroids in the blood. It has also been found that‘acute increases "
in p%asma calcium levels tend to increase adfenocortical secretory

rates {Msrotta and Lau, 1970). This é;idence argues mgainst the
hypothesis that increases in plasms caleium cbtained as a result of

calcium infusion are causing a decreased rate of cortisocl bioéynthesis.

1
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if plasms sodium levels may be taken as an indication

. - k
;of cortisol funftion then another argument against the hypothesis 5
is provided._ .The psttern of decreased plasms sodium 1evels has been_
observed in both the tap—water ‘Stanniectomized group and the. acalcemic
wster Stanniectomized group (Appendix-Table I) This would indicate
an 1mps1rmEEi of cortisol biosynthesis or release. No‘decline in
systemic blood pressure and no increase in plasma celcium levels
were’bbserved in the acalcemic water Stanniectomized group. This
suggests that the decrease in blood pressure is not caused, by a fall
in plasme cortisol levels but rather ‘through some other egency

- Blood pressure was also observed to decline when the

fish were infused with -sodium citrate (Tables XVIII and XIII-) It
is doubtful that cortisol bidésynthesis is inhibited in this case

since it has been found that hypocalcemia has no discernfble effect

on sdrenccortisol secretory rates and that corticosteroidogenesis

requires only minute smounts of calcium (Marotta and Lau, 1970).

Frank inhibition of cortisol biosynthesis of eel interrenal homogenates
in vitro was only. observed when there was no celcium present in the
jncubation medium (Leloup-Hatey, 1970a). Thus, it appears unlikely

‘thst cortisol biosynthesis ig iphibited during periods of hypocelcemis
and that the decline in blood pressure observed is not attributable

to a lack of control. o | ‘_

B) CALCIUM AND RENIN RELEASE ' b

The rate of renin "production and release appears to be e

controlled by several fectors. Decreased systemic ‘blood pressure,

3




decreased‘renalaperfﬁsion pressure, the sympathetic nervous system

and catechoiamines all appear to act in a stimulatory fashion -

'“1_(M1che1akls, 19?1b; waugh, 1972). Experimental evidence indicates -

thatgangloten51n II 1nhib1ts renin release from the kidpey in a-
shqrteloop negative feed-back system (Michelakls, 1971a)

" Calcium and sodlum tend to affect the rate of renln
release from the kidney in v1tro In the dog kidney the e of
" penin release tends to decrease ds sodium concentratlons increase .
-(chhelakls, 1971a). Increasos in plasma calcium cause/a\n’\\ncr% '
in the rate of renin release but when calcium conéentratlons are
_greater than 2. 5 mM/1 renin release is inhibited (op. cit., 19?1a)
Since plasma calcium Jevels are much higher than this follbwing
Stanniectomy (approxlmately 5,0 mM/1, Table V) it is very posslble
that renin release from the eel kidney was inhiblted. This inhibition
of renin release could then result in a decrease in systemic blood -

pressure.

]

-

At the prese;t time little is known about the effects
of hypocalcemia on renin release, In vitro experiments have shown
that when calcium is absent ffom the incubation medium reninereleese
from the kidney is inhibited (Michelakis, 1971a). It is very

possible that hypocalcemia.could result in a decrease in renin

y
¥

release since it appears that calcium is necessary for renin-release
from the kidney in vitro. Hypocalcemia would then result in a-

{
\
}
decrease in blood preseure. ' \i

Thus the second possible mechanism of action of calcium

e




could He an inhibition of the rate of renin release which would lead

- -

to a decrease in blood pressure. ‘However, this mechanism fails to

explain why‘hlood pressure does not show a significant decrease when

 Plasma calcium levels. are in the range of 3.0 mM/1 to 4.0 mM/1. The

calcium inhibitory leVel was found to be 2.5 mM/1 and inc:ezées above
this level should result’in a decrease in blood pressure. But eels
infused with calcium gluconate {Tables IX and XV) do not show e

significant decreasge in blood pressure despite the fact that the

l)_plasma calcium 1evels resulting from this infusion were above the

2.5 mM/1 inhibitory level. It is pdssible that eel renin is less

.sensitive to calcium inhibition than is dog renin. This would explain

vhy blood pressure does not show a Bignificant decrease in the

3.0 mM/1 to 4.0 mM/1 range. However, there is no evidence to support

2

this purely speculative hypothesis. In any event it seems unlikely

that the decrease'in‘blood'pressure following Stanniectomy results
from a decresse in the rate of renin release'frcm_tne kidney of the

eel.

C) CALCIUM AND THE CARDIOVASCULAR SYSTEM

'Blood pressure is controlled to a large extent by-the

cardiovascular'system without any extrinsic‘influences. Any disturbance

+ in the functioning of the- cardiovascular system would result in a

disturbance in blood pressure. This system is composed of two types

of muscle; ¢ :riiac and smooth muscle. These both depend on the

"presence of calcium for contraction and relaxation as does striated

P
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(skeletal) muscle. Disturbances in extra-cellular caleium tend to
cause a change in the contractility of both the cardisc muscle
fibers of th% heart and the smooth ﬁhscle cells of the blood veasels.
Hypercalcemia. appears to cause a reduction in heart I‘ate
_ (Marshall, 1961) This effect is brpught sbout by two separate - -
actions of calcium on the muscie fibers themselves. High concentrations
of calcium result in a’hyperpolarizetion of excitebie membranes -as
calcium and. sodium compete for reception sites on the membranes

(Dubois and Bergman, 1971). Tﬁese membranes have been found to have

e greater affinity for calcium ions than for sodium ions (QP.cit;,

1971). This would result in an inhibitipa~o£;:he propagation of an -

action potential. Since the propagation of t action potential is
inhibited by high calcium levels this would result in a decrease in
heart rate, a decrease in cardidc output and subsequently, a decrease ’

in blood preesure; In addition,“high calcium-conceﬁtrationsrtend

to inhibit norepinephrine binding in the cardiac muscle (Balasubramanian

and Dhalla, 1971; Nash,; Tu and 1971). This action would : ”

Indeed, Stanniecfcmized eels

also tend to decreasc heart rate.

appear to have a slower heart rate t do intaxt eels (47 beats per’

" minute as compared to 90 bests per minute | esults;‘Table'XXII)).

Elecyrocafdio" recorded from Stanniectomized eels show disturbances
’ ) Y

in the electric properties dr the heart. Stanriectomized eels

- §§§
s
—’9

have .a much reduce' P wave and QRS component and also show an inverted Vo

T wa?e (Figure Xv). gh calcium oncentrations tend to enhance the )

[ ——

[P Y




-106~

hesrt rate and a drop in bloed pressure by the ection of acetylcholine
on the muscerinic receptors (Friedman et al 1967)

Although tﬁe;electrical*activity of the heart is decreased
by high calcium concentrations, the actual mechanical process of C
contraction may be increased (B;;mouyal, 1971). High calcium
concentrations appear to increase glucose metsoolism and force of
contraction in ieoleted perfused guinea pig~hearts_(op.cit., 1971).
However, an increase in force of contraction brought about by such
factors &s stretch or sn increase in electrical stimilaticn does

not affect the intracellular distribution of calcium {Tomlinson and

Dhalle, 1972). In rats, it sppears that the contractile elements

are buffered against massive increases in extra-celluler calcium by

the mitochondria wnich can pick up and gtore large amounts of caeleium
(Ueba, Ifo and Chidsey, 1971). This action prevents celeium being

plcked up by the microsomal fraction, thus affecting th?
\ elements of the heart muscle although serious conduction abnormal?

are found nt high extra-cellular calcium levels (op. cit., 1971).

o

1 The overell effect of an increase in extra-cellular calcium is thus

Ya decrease\in the electrical activity of the heart while the

contractile elements remain largely unaffected. This results in a

decrease in heart rate which in turn would lead to a decrease in

blood preéﬂure. The high plasma calcium levels obtained as a result

of. Stanniectomy or calcium chloride infusion mny affect the heart - %J
\«rate of eels in a similar fashion, resulting in e decrease in blood - |

L ) . i

pressure. In vitro studies of rat hearts have shoun that the most : .

\ L ~ N
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gevere effects are noted at calcium levele above 4,5 mM/1 (Ueba,

».Ito and Chidsey, 1971). If the eel heart displayed the seme tolerance.
for celcium as the jgolated rat heart, this would explain the apparent
lack of response of plasma calcium 1evels in the ‘3.0 - L. 0 mM/1 range.

_Hypocalcemia 8180 results in & dist"'%ance in heart rate. ‘ e
Contractility is decreased and the duration of the action,potential
is increased (ﬁredy and Ten, 1966). This would reselt in-a decrease
in force of contraction, a decrease in teart rate and a decrease inj
eerdiac output which in tern,would reeult ina decreese in bloed.
pressure. This would explain the decrease in blood pressﬁre obtained
when the eels were infused with sodium citrate (Table Xv). Infusion
with EDTA would ‘not give a decrease in. blood pressure untiiw;lasma

ionic ealcium is very low since EDTA distorts the cellular membrane

of cardlac muscle 1n such a way &8s to make it more permeable to

- caleium (Winegrad, 19Tl) This would then allow the heart to contract
at much lower levels of extra—cellularpéalcium then would normally
- be required and it would explesin why there was an apparent lack of
blood pressure resp;;se in eels infused with EDTA (Table XVII).
Blood pressure is also regulated by the emooth muscle
of the blood veesels, particularly the arteries {Guyton, 1971) .
"~Any disturbance in the tonus of the vessel would be reflected as a
disturbance in blood pressure. Hypercalcemia results in a 1oss of
contractility in the sortic sﬁooth muscle (Sitrin and Bohr, 1971).
An increase in extra-cellular calciem also results in hyperpolarization -

of membraneh of smooth muscle cells (Axelsson et al, 1967)-, Hyper-

polarizntion of the membrane would result in a loss of contraction
% A .




- indication that the mervous system of the Stanniectomized eels is

' not functioning properly. This is not observed in Stanniectétized.

_ | _ -108;- o _ - ~.1 g
whlch 15\%urn would resuit ina decrease in blood pressure, Thus,

an increase in plasma calcium 1eve13 would cause a loss of N
contractility and mgmbrane hyperpolarization in the smooth muscle
cells of the blood vessels. This in turn would result in a decreased

‘ » /
resistance to blood flow and a decreased resistance to blood pressure. .

The deformation of_memb;ane sfructure and increased permeability to

- calcium produced by EDTA.would also explain why it is moLe difficult

to induce a decline in systemic blood preésure by chelating'blasma

‘ionic calcium then. by increasing plasma calcium levels,

Therefore, hypercalcemia would result in,a decrease in

blood pressure by its action of slowing the heart and decreasing

.the contractility of the vascular smooth muscle, Hypocalcemiza wh{ch

]

also results 13*& decrease in blood pressure cquld-ke affecting botfh
the heart and vascular smooth muscle by causing a loss of

contractility in both types of mus¢le,

Hypercalcemia also has an e fect on the nervous system

which would ultimately reflect upon the cardlovascular system.

|
Depolarization-eveked transmitter release at motor-endplates is l<‘
inhibited'irréversibly by high c&iéium concentrafions as is !
spontdneous release of acetylcholine at ﬁotor—endplates (Heuser, Katzi
and Miledi, 1971). This would cause a general’ failure of any neural |

response to stress. Stanniectomized eels appear more asthenic and

‘inert than do intact eels at the same temperature. This could be an |
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eéls in an acalcemic enviromment. This is & rather subjective T '

' ) . . 'y
evaluation since nb.activity tests per se were done on the
. \

Stanniectomized eels, but it is Buﬁstantiated by previous observations -
2 - 3

on Stannigctomized killifish, Fundulusg heteroclitus (Pang; 1971).

. Hypocalcemia appears to affect the nefvous system of
. ‘
fish. Hypo ectomi dulus heteroclitus show.tetanic convulsions .

associated with lowered plahma.calcium.levelé (Pang et al, 1971)¢

»>
These conditions may be corrected by placing these fish in & CEICiTE/ff
rich environment (Pa.ng et a1, 1971). This would indicate that
‘calcium is necessary for normal nervous éonducfioﬁ since sodiuﬁ,
pé%aasium and chloridé remain ungffecééd by hypophysectomy in these
conditions (op.cit., 1971},

T Therefore hyper- and hypo-calcemie not only interfere

directly with cardiovascular function but may affect it indirectly
by action on the nervous system. Both this direct ana indirect

interference would ultimately result in a decrease in blood pressure.
¢ .

D) MECHANISM OF ACTIOH

As it has been seen, high or low calclum levels may
affect the cardiovabcular system, the nervghs system, the rate of : N

renin release from the kidney and to a lesser ‘extent cortiposteroid
. o E K

—

biosynthgsia: All of these actions could cumulatively result in &

decrease in bloed pressure.

-

It is possible that the high plasgg)calcium levels which

are the result of Stanniectomy may be ceusing a decline in bldod
o’ . - o . )

[ORPURDEGP R
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pressure'in the Eollowing .fashibﬂ‘.- ‘Als plem'ca.;l.citm levels inereaseb,‘

~ the. efriciency of the ,hea.rt as a pmnp decreases due to the inhibition

of action potentlal Pro ﬂagation by the high levels’ of extra—cellular
calclum. This would result in a decrease in heara rate, a decreased
cardiac output and a consequent 1ower1ng of blood pressure, . - Contractility
" of the cardiasc muscle does not appea.r to be affected to any great

ex-tent but it may be slightly decreased ‘This would result in a loss

of force of contractipn a.nd a decrease i_.n blocd Pressure. High

calciym levels would also result in a'_decrggge in tonus of the smoethw .

-

muscle of the blood .vessels, which would result in a dectease in

A

peripheral resistance to flow a.nd a d_rop in blood pressure Venous
return would also decrease which in. turn could nullify an effect due
to increased 1oe.ding of the heart that is a consequence of a slower

°

heart rate. 7

If “aels pcssessa.cardioaccelera-tor center as do mammals,

1

any action of this center would be inhibited by the high calcium

Jdevels since ‘high extra—cellular calcium results in a decrease of

R
depolarization induced transmitter release at end—plates a.nd' indeed

conduc__‘tion aleng the axon itself‘. If renin release by the eel kidney

f -
is inhibited by high calecium levels as; is renin release by the dog
.
Lo

kid'ney, the renin—anéiotensin syétem would be unable to play any role

in the maintenance, of blood pressure. Also the release of catecolamines '

-

from the sj‘mpa.thet:{c system is inhi'bited,‘ by high caleium levels since .
the nervous system itself is ivnhibit_ed. If catecholamines were : i
released from the interrenal chromaffin tissue, it is very likely

z | X . N . H'.
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. that these would.have little effect on blood pressure since high

S

calcium levels tend tt/iyhihit'norepinephrine binding and-transport
in the.cardiac musgle' | - _
Therefore, the proposed mechanism‘is an inhibition of

cardiovascular efflclency, i.e. decrease in heart rate and a possible
decrease in force of contractlon resultlng in a decrease in cardiac
output, a loss of’ tonus of the blood vesgels and a subsequent
reduction in peripheral re51stance, all of whlch result in a decrease
in blood pressure. Any extr1n81c factors Whlch could p0591b1y

\ T e o

overcome this inhibition, such as a caqdloaccelérator center, an
increase in catecholamine!release or the renin-anéioteﬁSiﬁ\system,
are themselves 1nh1b1ted The role of cortisol in blood pressure
‘malntenance is obscure but if cortisol does play a role in"plood
pressure malntenance, this would be nullified by the fact that

- cortisol biosynthesisJis inhibited by high calcium levels.

Hypocalcemia also appears to cause a decrease in blood

pressure although very low levels of plasma jonic calcium are
‘reouired to result in .a significant decreasesin blood pressure. The -
mechanism of action is probably‘similar to the effect of |
hypercalcemla, i.er a loss of efficiency of the cardiovascular

system. However, “Ehis appears due to a loss of contractility rather _5{
than an 1nh1b1tign of the electrical act1v1ty of the heart and blood
vessels., The effect of hypocalcemia on renin release and cortisol

1

biosynthesis remains obscure.
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2. THE CORPUSCLES OF STANNIUS AND THE JUXTAGLOMERULAR SYSTEM ho

Previous work has shown Lhat a saline extract of the
_Corpusclee of Stannius exhibits potent pressor activity in the eel
(Chester Jones et &l, 1966). The data obtained asle result of
inJecting an amount of extract approximately equal to one corpuscle
per kilogram body weight do not agree with these published findings.
Injection of angiotensin II resulted in an immediate massive incresse
in blood pressure (epproximetely 15 mm of Hg increase) but lnjection
of corpusculﬁr extract showed no similar increese even after one , :
_hour. Also eugiotensin lI resulted in an increase in plasma ionic
celcluu efter one hour while the'corpuscular extract resulted in a-
decresdse in,plesma‘iouic calcium after one hour. These data suggest
that the mode ‘of a:;ion of angiotensin IT and corpuscular extract

are different. Also, in the previous work by Chester Jones et al,

(1966), a dose equivalent to two corpuscles per kilogram of body

welight was given;' ‘This was quite possibly an extra—physiological
dose and therefore could perhaps be resulting in effects not present B
at a physiological level. More recent work has shown that at lower
doses the extrac£ of the corpuscles show no pressor activity but
larger doses. have a pressor effect-(Chester.Jones et al, 1969).

| The Juxtaglomerular cells of the kidney have been shown
to 5e the source of renin (Hartroft et al 1964; Pitcock et al, 1959, ) ;4
Tobian et al, 1959) which is the enzyme responsible for- the formation

of active angiotensin. These cel{s éﬁf;ar to be modified smooth S S

muscle cells containing granules vhich are homogenous, dense and ‘ E o

'S

'
!
| .
7/
i . .
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osmophllic fharajas and Latta, 1967). Thase granules bear a’
resemblanca'to the B-cell granulea of the pancreatia islets (op.c}t.,
1967). The Juxtaglomen:lar (J.6.) eell_ular granules stain specdifically
with Bqaie's sfain ana weakly with aldehyde-fuchsin (Krishnamurthy
and Bern, 1969). Periodic acid-Schiff (PAS) stainms all grenules of \
the J.G. cells (op.cif.,.1969)J o |
| The granules of the cells of the Corpuscles of;Stapnius
stain specifically with aldehyde-fmchsin but wepkly with-ﬁovie's
. stain.{op.cit., 1§69).A Alsq,.PAS is observed to stain oﬁlyhsoma of
the éranules in a,;eﬁ species‘(oplcit., 1969). This would indicate
that there is a blochemical difference between the J.G. granules and
the corpuscular granules. . .
Despite the differences in ataining reactions the

corpuscular granules resemble mammalian renin in so far as they are

destroyed by acidification to pH 2 0, are non-diffusible through
{cellophane and are heat-labile (Chester Jones et el, 1966) all of
.vhich are properties of mammalian renin (Skeggs et al, 1967).
Houever, eel corpuscular extract does not produce a pressor substance
. when incubated with ox-serum substrate. But eel kidney extract
producea an angiotensin-like substance under the safqe conditions
(Chester Jpnes et al, 1966). . |
l Chromatogram studies of angiotensin-like substances have
' shown that teleoat angiotensins give two peaks on the chromatogram e S
vhile mammalian angiotepsin gives only one (Nakajima, Nakayama and

Sokabe, 1971). Substances produced by the aglomerular kidney and the
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Corpuscles of Stannius have a common peak of an extremely basic

. -
site (op.cit., 1971). Teleost angiotensins are also more susceptibie
to'ﬁroteases than are mammalian angiotensins (op.cit., 1971).

. There alsoc exists a difference between the Corpuscles

of Stanniusland the Juxtaglcmefular eells in their response to a +
hyiercaleemic.state. The Co?puscles of Stannius appear to be .
stimulated by hypeecalcemia {Chester Jones et al, 1969) and show
signs of hypertrophy when exposed to hypercalcemic conditions for
long periods of time e.g. interrenalectomized eele in sea-weter‘
{(op.cit., 1969). However, the J.G. cells appear. to be inhibited by
hypercalcenia pnd renin release decreases (Michelakis, 197la). But
the Corpuscles of Stannius and the J.G. cells show a similar response
to hypocalcemia. The corpuscular cells show siges of atrophy when
exposed to prolonged hypocalcemia/while the rate of renin release

from the J.G. cells decreases in response to hypocalcemia {Chester

Jones et al, 1969; Michelakis, 1971a}.

" The J.G. cells are found in all three gpecies of Anguilla,

these being Anguilla anguilla, the Eurcpeen eel (Olivereau and Lemoine

cited in Krishnamurthy and Bern,‘l969); Anguills japonpica, the Japanese

eel {Sokabe et al, 1969); and Anguilla rostrata, the North American

eel {Capréol and Sutherland 1968). .Indeed, the Corpuscles of Stannius
' do not correspond with the criteria selected for identifying J.G.
cells, these: criteria being that they occur in the media of the
afferent arterioles and occasionally ;n the efferent continuing with

but replecing the smooth muscle layer, that their nuclei be rounded
5 . -
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rather than elongate and that their cytoplasm be well granula%ed;

_ these granules gtﬁining with Bowie's stain (Capréol and Sutherland,.
1968) . | |

Despite the fact thﬁt salinerextracts of thelCorpuscles

of Stannius appear.to resemble reﬁin, there are besic diséimilarities
between corpuscular "renin” and kidngy renin._ The lack of reaction
wvith ox-serum sﬁbstrate by corpuscular tissue, the dissimilarity on
chromatographic esnalysis, the dissimilgrity of staining between the
Corpuscles of Stannius énd the J.G. cells and the stimulatory response
of the cérpuscles to hypercalcemia lead to.thé conclusion that the
Secretion(s) of the Co;puscles of Stannius are not primerily renin.
It would appéar that fhere is s renin-like subétance in the corpuscles

but it also eappears that this "renin” is a much modified form. Also,

even if part of the secretion(s} of the Corpuscles of Stannius were \;

renin, any qoﬁtributibn made by the corpuscles to the renip-angiotensin’“
\:gftem would be redundant and of little importance. The Kidney of

the eel is quite well supplied wvith renin and displays greater renin

activity pef unit weight than do the Corpuscles of Stannius (Chester

Jones et al, 1969). Since the kidney is so mﬁcylgreater in mass

than the Corpuscles of Stannius it would aﬁpear £hat the amount of.

-

renin contributed by the borpuscies would be negligible.
P

3. ROLE OF THE CORPUSCLES OF STANNIUS

N | ;
' While the precise role of the Corpuscles of Stannius is

- .
yet to be d;fined this work indicates that the apperent pressor

¢
|

A
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‘effédt of the corpusgles nay bé attributed to their role in caleium
hpmeostasis.' This disagrees with. the earlier findings of Chéster

Jéneg et.al, (1966) who have shown thélpresence of a pressor;SUbstance
iﬁ;eel corpuscular extract and concluded this. was a form.of renin,
Wﬁile this is possible, muéh recent evidence indicétes‘that the role

of the corpuscles in t%? r?§in-angiotensihv stem is negligible.

The dissimilarity‘in Srigin, the corpuscleé ariéing from the mescnephric
tubyles and the J.G. cells arising from modified arterial smooth
miscle cells, is another.indication that the corpuscles are qpt‘paft

of the renin-angiotensin system. .The lack of a hypotensive response

to Stanniectomy when eelg are adapted to an acalcemic environment is
a-strong indication that the ;réhin"’bf the corpuscles is not primarily

a pressor agent, since a hypotensive response to Stanniectomy should

result regardless of environment if the corpuscular secretions are
a pressor substance. it is poséible that the corpuscular substance
is a pressor agent in extra-physiclogical doses in a manner analogous
to vasopressin which is‘g preésbr agent only in very high (extra-
physiologiéal) doses, but is primafily‘involfed with water retention
at tps kidney tubular level.

] The significant negative correlation between plasme )
.calcium levels and blood pressure in Stanniectomized eels adapted
to tap-water,'twenty-four hour Stanniectomized eels infused with 3@

y .

calciud and intact eels infused with calcium indicate that the

decrease in blood pressure following Stamniectomy is q_résuit of

i
——

disturbed_caizium ﬁpmebstasis. This is emphasized by the hypotepsive

L
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response to high plasma caicium. of intact eels infused with calcium.
" From previous work_ and to a lesgler extent :hhis work,
it would appear that the plasma ionic calcium fraction is the active
‘fraction. Total plasma calcium is divided i:;to three separ#te
g.:;oullas.: (1) plasma ionic caleium, (2) diffusible bound-celcium and
(3) ﬁBn-diffusible protein-bound calcium. The result of the citrate
infusion (Tables XVIII and XIX) suggest that it is the plasma ionmic
calcium which is the active fraction. Low plasme-. ionic calcium
levels result in a decrease in blood pressure and very low plasme
ionic calcium 1eve1_s are associated with e significant decrease in
blood pressure. Since a si’gxiii’:lca.nt' \decrease in bloed pressure may
be_'obta.ine-d by bind_iné ‘the ‘ionic calcium fraction without significantly
altering the total plasma calcium and since citrate infusion should

not affect the protein-bound calcium or the dirfusiblei_?und calcium

it appears that the ionic calcium fraction is the active: fraction.
A highly significant (P<0.01) negative cor?elation-which w;s established
between plasma lonic calcium and blood pressire also tends to indicate '
| that Bae i_i'ﬂ_i,c calcium is the active Vi‘raction.’ . °
/l‘he role of the Corpuscles of Stannius in the regulalj:ion .
.of plasma ionic ca.lciﬁm ig unclear. This work seems to indicate that
the corpuscular extract contains. scme rractio.n which binds calcium
or caudes plasma ':lonic calc:!.m-‘bind:lng since injection of__corzmscular
extract results :an |, significant decreage in plasma ionic calcium.

Also, Stanniectomized eels show an increase in plasma ionic calcium

levels above that of sham-;-operated animals although this increase

e [P U SR e e s a e »
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was not significant in the Stanniecﬂpmized eels adapted.to an
acaléemic environment: dﬁan'and phester Johes (1968) have found
that Sfanhiectomy of‘Eu?opgan eels results in & significant increase
in the ;ltrg—filt?aﬁie fraction of plasma calcigflafter one ﬁeek
post-operatiie time but plﬁsma ionic calcium was not measured.
_Howéver, the.tpﬁal p?oportion pf nltra-filtrable to péta; Plasma
caiﬁiuﬁ ahowed a aiénificant deciéase in Stanniectomized European

eels. This suggests that the calciumtbinding capacity of the plasma

proteins is quite large. It has also been fSund that the Corpuscles '

of Stannius £end to inhibit calcium uptake from the ambient environment -

(Fontaine et al, 1972).

If the. corpuscular secretions do bind éiasma ionic
calcium, then this could be an explanation for the decrease in
systemic blood pressure observed in Stanniectomized eels after three.
days post-operative time (Chester Jones et al, 1966) and for vhich
the mechanism prpposed as & result of this work can offer no
explan;tioﬁ. The lack of'corpuscular ﬁecretiop(s) binding activity

wquld result in e greater proportional increase in plasma ionic

calcium since the biﬁding capacity of the plasma pfoteins is not .

unlimited. Therefore, since plasma ionic calcium appesrs to be the |

active fraction, an increase in this fraction would result in a
decrease in blood pressure. quever,"tie evidence for a role of the

Corpuscles of Stannius in the biﬁding of Plasma iopic caleium is .

. u

controversial and this hypofhésia 15 thus largely speculative.

To recapitulate;tﬁiéiwofk‘indigates that the Corpuscles
. ' > N -
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of Stannius do not poésess a8 pressor substance of
physiologlcal 1mportance. ThHe hypotensive response to\ Stanniectomy
appears to be solely a result of disturbed calcium h meostasls.

These findings do not totally agree with previously published work
on the role of the Corphscles of Stannius 14 blood pressure, but
other 1nvestigat10ns have been done on the p0331b111ty that the '
corpuscles possess a pressor substance and are a part of the renin-
angiotensin system.: ThlB work tends to agree with theae later
flndings which indicate that the Corpuscles of Stannius are not

part of the renin-angiotensin system and that if they do contain a
form of renin it is a much modified form. While this work clarifies
the role of the Corpuscles of Stannius to some extent, the mechanism
by Whlch hypercalcemlakz?su}ts in .a decrease in blood pressure and

the preCIBe role of the corpuscles in calcium metabolism remain

obscure. This requires that further work be done on this problem.
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- SUMMARY AND CONWCLUSIONS - A
1. Stanniectomy of fresh-water adapted_eels results in a

L f _ :
decrease in blood pressure and an increase in plasma cglcium levels.

These effects are not seen when Stanniectomized eels are placed in

an acelcemic environment.

2. Infusion of calcium into intact eels results in an
increase in total plasma calcium and a decremse in blood pregsure
vhen total plesma calcium levels are apbroximately those of two-week

Stanniectomized eels.® ” ’ . . i

3. Hypocalcemia caﬁsed'by infusion of sodium citrates
results in a-decrease in blood pressure, However this decrease is

only een when plesma ionic calcium levels are below 1,0 meq/l.

A -

L., There areVaevefal possible mechanisms for the action gf .

'célcium5whiph would result in a decrease in blood pressure; an

inhibition of cortisol biosynthesis, a direct iphibition of the
. -~

cardiovascular system, or an inhibition in the rate of reni: release

from the kidney. It would appear that the latter two mechanisms ‘ ;

are of greater importance than the first action. L o i

3. The Corpuscles of Stannius do not appear to be homologous

g .

with Juxtagloﬁerular cells and appear to give no pressoi response

o e
in eels when a saline extract of the corpuscles is injected intravenously

-

9n doses of one corpugcle/ber kilogram body Eeight. . j‘

5
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6. The &ecreage in blood prgésu;e‘brougpf aboﬁt by surgical '

removal of fhe Corpuscles of Stanﬁius appears'to be a consequence ‘

of disturbed calcium homecstasis rather thdﬁ the loss of Q pressor

subaﬁancg. At'this time_the.exact mgchaniém of actioﬁ of calcium

on blood pressure is'ugknovn and more‘wo;k is required to elucidate

the mechanism of action.

l
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APPENDIX 1

THE¢ EFFECT OF STANNIECTOMY AND ENVIRONMENT ON. PLASMA

SODIUM LEVELS INAMERICAN EELS *

GROUP PLASMA SODIUM LEVELS : l\

Stanniectom?zed 115.22% 8.3 (9

(Tap-water Adapted)

Sham-Operated | 126,44 + 21.72 (9)
(Tap-water Adapted) ' '

Intact Controls . 146.44 + 17.51 (9)

T+

(Tap-water Adapted)

T N
Stanniectomized

; 118.83 I 5.89 (12)
(Acalcemic-water Adapted) ‘ )

Sham-Operated 155.78 X 7.21 (9
(Acalcemic water Adapted)

—~ E _ )

Intact Controls ' o 144.89 - 12,20 (9)

(Acalcemic water adapted)

a values are means t S.E.M. (W)

]
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APPENDIX II
PLASMA SODIUM LEVELS BEFORE AND AFTER INFUSION OF VARIOUS TEST

SOLUTIONS AND IN CONTROL GROUES =

GROUP : ‘ PLASMA SODIUM (mEq/1)
. BEFORE INFUSION . AFTER INFUSION

b S \ ' . -
Tap-water Controls A ©167.11° 5.4 .(9). 147.11211.05 (9) .

B - 147.11211.05(9) 152.89 2 5.49 (9) —
Calcium Chloride Infusion 162.89 £ 22)87(9) 145.5 115.0 (9)
(Second Experiment) \—rf\ \
b T L T
Distilled water Controls A  262.6 - 24.19(10) 170.56 * 19.57 (9)

B 170.56 £19.57(9) ¢ 172.0 122.0 (9

Hypo- and Hyper-Calcemia 162.25% 7.67(8) 163.38131.9 (8)
Experiment: Citrate Infusion
Calcium Chloride Infusion 163.38 2 21.9 (8) 168.25% 7.03 (8)
. [ - ‘ ' " ! .
Angiotensin II m}tcion 156.67 + 21.68(6) 158.40 27.8 (5) v
e *
- .\ ( \ .
. Corpuscular Saline Extract  158.4 +27.8 (5) 170.0 134.29 (6) -
~ _ .
[
o s » )
a - yalues are means * S.D.M.' (N) o |J
5 _ For contrsl groups: before Infusion = at the‘beg;nning of the . " . }@

of the recording period.
: after Infusion = at the end of the recording _ {
period. . " ) , \

- L]
A @nd B refer to Period A and Periodﬁln\B respectively.
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