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ABSTRACT

The calciuﬁ.regqiatfng role of calcitonin, a_ hypocal-
cenic hormone pnoguced by the ultirmobranchial bodies, was

examined in the North American eel), Anguilla rostrata L.

™

Exogenous calcitonin elicited an increased gill cal-

P # *
cium efflux in the intact yellow eel exposed to a calcium~-
challenge, But, changes in total plasma calcium were not

’

observed. However, ‘a trend towards a decrease:- in plasma -
calcium-ﬂS.uas noted., TIsolated gills taken fron freshu‘;Er-
or seawater-adapted eels showed no. change in calcium efflux
when :éerfused or incubated with calcitonin. Calcitonin
counteraéted the effects éf qorpuscles of Stannius extract

on gills of freshwater ecels. In &hé seavater ¢el, howvever,

this effect of calcitonin was not observed.-

|

‘The present study on the eel showed that the calcium-
regqulatory role of calcitonin is manifested in times of cal-
cium stress,-éé in the other animal groups, and, that under
"normaln condifions, secreiion(s) froe the ihe corpuscles of

) - ey :
Stannius would be the major hypocalcemic factor (s).

_vi-



RESUME

Le rola de réqulation du calcium par la calcitonine,
une hormone hypocalcémique produit par 1es\corps ultimo-
branchielles, a &t& &tudi& dans l'anguillﬁf d'Amérique du
Nord, Agggillgxgggggggg L.

la calcitpnine' exoglne Blicite une augmentation du
-flux de sortie du calciunm paf les branchies dans l'anguille
jaune intacte expos&e A un ‘'challenge' de calciun. Mais un
changement complet,du calcium dans le plasna n:a pas &té& ob-
servé. Toutéfols, uneltgndence vers une diminution du cal-
cium-45 du plasma a 4t& remarqué. ‘Des branchies isolees
prises d'anguilles adaptées a 1l'eau QOuce ou & l'eau de mer
n'‘ont montrées aucdn’changegent dans le flux de sortiefdd
calcium quand elles ont &t& perfusées ou incubées. avéc la
calcitonine. La calcitonine 'a reversé .les effets des
hoqogénes”des.corps de‘séannins sur les branchies des ang-
uilles d*ean douc?r Pourtani, dans l'anguille d*eaun de aer,

cet effet de la.calcitonine n'a pas &€té& observé.

\//\‘ |
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’

Cette &tude sur l'anguille démontre gue le role de
réqulation du calcium par la calciponine se manifeste pen-
dént le stress de calciua comnme dans 1es:autres groupes
d*aninaux et, gque, durant les conditions ;ngrmaLes, les
secr@tions des qorps‘de Stannius somnt les facteurs hypo<

calc&miques principaurx.

- viii -
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Chapter I

oo _ INTRODUCTION U
2

The divalent cation calcium participates in many di-

' verse cellular functions and, as a result, is closely cont-

rolled within the intracellular compartment (Rasmussen and
T i .
Goodman, 1977.ﬂjjturther, most organisms als% exert some de-

gree of regulatﬂon over the-level-of calciunm in the extra-
\ , ' :
cellular compartment with the degree of regulation being ob-

~

served somevhat dependent on the complexity of therrganism

studied,(Prossef, 1973) . Terrestrial vertebrates, as com-

pared'to the aquatic speciles, are essentially isolated from

\ . . o . . . .
their calcium environment.. Their source of calcium is de-

pendent on uptake in the gastroidtestinal tract, a site

.where regulation is observed. The main regulating mechan-

isms for extracellu!hr calcium within these organisms lies
in the shuttling of calcium betveen bone calcium stores and
blood and the réte of clearance by the kidney. ‘Conversely,
dquatic ‘animals live ‘in a calcium enviroument\ coexistent
with internal calcium. Su?faces exposed to this external

medium, such as the gills, skin/scales aﬁﬂffins, are addi-

L4 f‘a
tional sites possible for calcium f ¢ and regulation. Of
J

the different animals studied, +the re&ﬁlation of calcium is

N

'‘best understood in mammals.
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The requlation of calcium in mammals involves three
hormones: parathyroid hormone, the active metabolites of
vitamin D and particularly 1,25—dihyroxycholecalcife;ol, and

calcitonin. The tissues that secrete these substances are

responsive to changes in extracellular calciumn concentra-

tion. The parathyroids secrete parathyroid hormone when the

circulating calciunm falls below a certain level (in mammals,
2.5 nM total.calcium) (Cohn et al., 1979y. Parathyroid hor-
mone exerts its hypercalcemic action through its effect on
bone, where it causes resorption of bone salts (Raisz, 1970;
Raisz and Bingham, 1972); on the kidney, where it increases
thgﬂreahsorétion of calcium (¥assry et al., 1973; Norﬁin et
al., 1967) ; and by increasing the intestinal absorption of
calcium indirectly by stimulating the conversion of vitamin
D to 1,25-dihyroxycholecalciferol in the kidney (Rasmussen
et al., 1973). Parathyroid hormone is believed to act on
thesé target organs with 3',5%'-cyclic adenosinemonophosphate
(cANP) as the secondary messenger (Borlg, 1974; Deluca,
1975; NacIntyre et al., 1976). Vitamin D-3
(1.25~dihyroxycholecalciferol) is also A hypercalcemic agent
with the main target organ being the intestinal epithelium
}Russell, 1976) but also increases calcium reabsorption in
the kidney (MacIntyre et al., i977). It is proposed that
1,25-dih74poxyéholecalcifer61 acts on these tissues through
the induoction of calciunm- binding proteins, which then faci-

litate calciunm transport (Raisz and Trummel, 1971), as well



P o )
| ‘ )

. : _ - 3
as operating synefﬁistically with parathyroid hormone in os-
teolysis (DelLuca, 1975).. The parafollicular or "C" cells of
the mammalian thyioid respond to elevated calcium levels
vith a secretion of calcitonin, Calcitonin increases kidrey
clearance of calcéium and phosphate; inhibits bone resorption
and decreases intestinal absoéption of calcium and phosp-
hate, thereb} lowering circulating éalcium; in mamnals other
than adult man (where it is thought to be a "vestigial"™ hor-
mene) (Table i; and also Potts, 1976) . The overall effact
of calcitonin in mammals is to regulate blood calcium during
periods of hiqﬁ calcium fluxes, such as after oral inges-
tion, during pregnancy ahd laotation, and in young growing
aniials vhere there is a high -turgover of bone salts (Table
I1). At present, the generally accepted picture of calciun
regulation in animals is that ﬁajor roles are(played by pdr-
athyroid hormone and 1,25-dihyroxycholecalciferol (DeLuca,
1975; Care et al., 1975). The role of calcitonin is impor-
tant in times of elevated calcium stress (Copp.and Ma,

1978) .
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To a caertain ext nt,(&algiun regqulation in other ver-
. .

’ tebrates (with the excép fdd of the fishes) seens to refleﬁt
the mechanisms found in mammals (Copp and Na, 1978). Para-
thyroid hormone has been demonstrated to act in birds, Tep-
tiles, and amphibians inLa hypercalceric fashion as in mam-
mals (Copp and HMa, 1978) . L hypercalcemic action of
1,éS-dihyroxycholecalciferol has also been shown in amphibi-
ans and birds but little is known about its action in rep-
tiles (Copp and Ma, 1978). Calcitonin plays a more impor-
tant role in young reptiles and birds during the first few
months after hatching'than in fhe'adults. Chronic adminis-
tration of salmon calcitonin to turtles (B&langer et al.,
1973)land cockerels.(Bélanger and Copp, 1972) during early
growth resulted in animals with nmuch denser bone. However,
the hypocalcemic action of calcitonin in older reptiles ;nd
birds has not been demonstrated (Clark, 1971; Béladger and
Copp, 1972). The ultimobranchial bodies! have been reported
to hypertrobhy in laying hens, presumably as a.result of the

calciur stress associated with egg production (Orist, 1967).

——— e —-———————— j

1These are structures found in all vertebrates other than
mammals and lampreys (Watzka, cited in Copp, 1970). The
glandular tissues are.the source of calcitonim im these an-
imals. It is nov kmown that the parafollicular "C" cells
in maasmals are ultimobranchial body tissue cells that have
been incorporated imto the thyroid, and to a lesser exteat,
the parathyroids and thyaus. Embrylogical evidence showed
that ultimobranchial body cells (thus the ™C" cells) are of
neural crest origin. During development, these cells ni-
grate to form the last branchial pouch, which fipally gives
rise to the glandular tissues (Copp, 1970; Copp and Ma,
1978) .
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In apphibians; the effect of calcitonin on the intestiﬁe and
kidney 1is similar to that found in manmals (Robertson;
1972). Because a more readily azgilablelsource of Calcium
(caléiuu carbonate) is stored in the ﬁaravertebral. lime
sacsZ than bore in these animals, the effect‘of calcitonin
is seen as the prevention of the mobL{;zation of calcium
from the lime sacs (Robertson, 1972). Thus,™in birds, rep-

N

tiles, and amphibiams, the mechanisms for calcium regulation

is similar to those¢ found in Rammalian systeams.

~
s

/
The regulation of calcium is also observed in the

teleosts, For example, . euryhaline species such as the eel
and salmon are able to maintain normocalcenia im the face of
the widely fluctuating environmental conditions encountered
during their migratory Jjourneys between seawater (10 oM
Ca2+) and freshwater (0.45 mf Ca2+),. As a result, attempts
" have been made to show that the sase, or similar, endocrine

:

factors are involved in calcium regulation in teleosts as

~

previously described in the other vertebrates.

g - - - - — .-

»

2These are eoxtensions of the endolymphatic sacs which run
along the vertebral canal and emerge between the vertebrae
(Whiteside, cited in Robertson, 1969}).
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Vitamin D was shovn_t? be ‘preseﬁ¥’1n fish liver oils

in 1936 hy'Brocknan {cited h?-nacIntyre et al., 1976). How-
aver, iery little information is available on vitamin D and
calcium metabolism-in this grsup of animals. Peignoux-De-

ville {1977) recorded that injected 1,25-dihyroxychole- cla-

ciferol had no effect on plasma calcium in the European eel,

Anguilla anquilla. - MacIntyre et al (1976) reported that

1,é5~dihyroxycholecalciferol elevated plasma phosphate lev-

els in the European eel and postulated that non-ﬁamnalian

" ~

vertebrates employ vit J D as a phosphate-conserving

agent, More work neaded on ' the aspect of
1,25-dihyroxycholecalciferol and calcium regulation in the

fishes.

Parathyroid tissue appears to be a tetrapod invention
and does not appear in the Pisces (Krishnamurthy, 1976 ;
Pang, pers. comm., cited in Copp and Ma, 1978) and experi-
mental support for the action of uannaliah parathyroid hor-

mone in this group has yet to be demonstrated (Pang, 1973).

More concrete evidence is available on the role

played by the pituitary gland, the corpuscles of Stannius

L]

and the ultimobranchial bodﬁpb.

—~ -~
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A hybercalcemic -factor from the pituitary gland has
been demonstrated with experiments involving the surgical
removal of tHe gland, replacement therapy with tissue jomo-
genates and transplantation of the tissue in the killifish;
FPundulys heteroclitus (Pang, 1973; Pang et al., %978). This
hypercalceaic factor has recently been identified conrclu-
gively to be prolactin, secreted by the anterior pituitary,
in the killifish (Pang et al., 1978) and the stickleback,
gggtegosteué aculeatys (qudélaar Bonga and Greven, "1978).
Prolactin is essential for calcium homeostasis when the ani-

mal is in a low calcium environment, that is, in freshwater

{Pang, 1973)." s

o9

The corpuscles of Stamnius are encapsulated struc-
tures that are found im close association with the kidney
and are unique to the ray-finned fishes (Krishnanurthy,
1976) . Increased cellulér activity 4s observed in goldfish
( Carassjus auratus ) corpuscular tissue after transfer to
30% seawater (Ogawa,' 4965). Similar observations were re-
ported in the silver and yellow eels (Olivereau, 1964; Hanke
et al., 1967), the Atlantic salmon, Salmo salar, and the
eel, illa vulgaris (Fontaine and Lopez, 1965) on adapta-
tion to .$eavéter. Surgical removal of the corpuscles of

Stannius, or stanmiectomy, results in a transient hypercal-

cemia in the goldfish (Ogawa? 1968), the eel, Anrguilla an-

)
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\‘guilla {(Fontaine, 1964;:; Chester Jones and Henderson, 1965;

Chan et al., 1967; Chan and'Chester Jones, 1968; Fenwick and
Forstef, 1972) ; the North American eél, Anquilla rostrata
{Butler, 1969; Feﬁwick, 1974y, the Japanese eel, Anguilla
japonica (Ch&n, 1;72) and _the killifish, Fundulus heterocli-
tus (Pang, 1971a? Pang gg'g;., 1973). Préventi&n o% hyper~
calcemia after stanniectony can be achieved by ini?ction of
corpuscles of Stannius homogenates (Fontaine et al.,1967 ;
Chan et al., 1969) and autotransplantation of the corpuscles
of Stannius (Penwick and Forster, 1972; Pang et al., 1973h.
These observations all point to a hypocalcemic substance or
substances secreted by the corpuﬁcles of Stannius. Attempts
to identify the chemical nature of the secretions pointed to
a proteinaceous substance (Oguri, 1966; Ogawa, 1967). Pang
et é; (1974) , » based on the results of their injection stu-
dies‘uith crude corpuscles of Stannius-homogenates, proposed
that the faéfqg(s) be térméd "hYpobalCiﬁ“. Ogawa et al
(1978) identified hypocalcin as the renin-iike substance
that has ‘been demonstrated 15 the corpuscles of Stannius in
earlier reports (Chester Jones gnd Henderson, 1965; Chester
Jones et al., 1966 ; Chan et al., 1969}. This would link

the corpuscles of Stapnius with the renin-angiotensin systena

vhich has a pressor effect in vertebrates (Sokabe, 1974).

';ABecently, a purified hypocalcemic glycoprotein with a mole-

cular weight of 3000'(appfox.) has been obtained fron sali%n

corpuscles of Stannius and was named "teleocalcin™ by the



. : : 14
auth;rs {Ma and Copp, 1978). These authors sunggest that it
is different from hypocalcin. Thus, +the dctive principles

from th corpuséles of St;nnius that are ianvolved in calciua
regulation in fish known at present are "teleocalcin™ and
"hypocalcin®; though the distinction of these substances as
separéte identities avaits further confirmation. The sites
of hypocalcip/teleocalcin action have been looked at. Ini-
tial investigations relied on the 1location of the source of
the elevated calcium appareﬁt in stanniectomized animals.
One possible source was thought to be bone (Butler, 1969)
‘but the absence of osteoclgéts (Lopez, 1970, cited in Krish-
nanurthy, 1976), the absence of calcium~-85 depodsition (Fon-
taine et al., 1972, cited .in Krishnamurthy,wvs{ and the ab-
sence of calcium-45 release from pre-labelled bone (Lwowski,
1978) following Etannigctomy vould tend tokrule out bomne as
a major target organ. A similar conclusion is reached when
one looks at intestinal calcivm absorption, based om the
fact that ﬁypefcalcenia is also observed in starved‘a;inals

(Fontaing,.196u:-Chester Jones and Henderson, 1965; Chan et
al., 1967 ;- Fenvick and Pors%er, 1972f and even in the fed
killifish, ingested calcium cgntributed minimally to the ob-
served hypercalcemia, whereas. these * same animals held in
acalcemic water did not develop hypercalcedia (Pang et al.,
1973). Another possible site respomsible for elevating

plasmé would be the kidney, where a decrease in calciunm

clearance after stanniectomy has been observed (Chester
. o -

s
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Jones et al., 1967, 1969 ; Chan et al., 1969b ; Fontaine et
al., 1970 ; Chan, 1972). Rlso, when hypefcalcenic stanniec~
tomized fish were treated with corpuscles of Stannfgg ex-
tract, the level of hypercalcenié was reduced and this coin-
cided with increéged urinary calcium (Fontaine, 1964; Rankin
et al., f967_: Chan et al.,1969b). However, more recent
findings showed a high " urinary éalcium in stanniectomized
eels (Butler, 1969; Fontaine et al.,1972 ; Fenwick} 1974,
1978).  Purther, im the killifish, calcium deposits were
found in the kidney ducts (Pang, 1971a). " One can-conclude
from these data that increaééh/éalciuﬁ resorption from bone,
decreased kidmey calcium clearance, and increased intestinal
ngOrption contribute‘ninimally to the hypercalcem;; ob-
served after stanniectomy. This points to the envircnment
as the .source of calcium (Fontaine et al., 1972). Indeed,
Jhypercalcenia vas observed in stanniectomized eels kept in
'tap vater but absent from those kept 1in acalcemic water
(Penwick, 1974). various reports have pointed to the gills
as the site Jf entry of exogenous calcium (Fontaine et al.,
1972 ; Penwick, 1974;; Pang et al., 19%4) and the demonstra-
tion with ; perfused gill preparation lent support to this
hypothaesis (Penwick and So, 1974). Farther support vas ob-
tained vhen the development of hypefcalcemia vas seen to
parallel the increase in calcium influx in the perfused hem:

ibranch (So and Penwick, 1977). - Thus, the gills are impor-

tant target sites for the hypocalcemic factors from the cor-

1
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puscles of Stanmius, and for calciun'reg&lﬁtiop. In tha\
aBseﬁce of hypocalcin, the gills in stanniectomized aninai§
could tak; up excesé calcium and tgis aight account for the

transient hypercalcemia observed. put the question of the

nechanism(s) for the subsequent return to norrocalcemia re-

nresolved. This points to the presence of another

that has been demonstrated in mammals and is

f und'in‘telebsts‘is calcitonin.

-

. . f
It is now well docnnented that calcitonin has a hypo-
calcemic action in many of the tetrapods (see foregoing sec-
tion on vertebrates), but the question of whéther calcitonin
plays a similar role im fiShes repains’ unansvered. Cer-
al., 1967,1968a ; Pang et al.,, 1971b ; Orimo’éiugi‘<1§71 :

Deftos et al., 1974) ’"which is secreted by the ultimobran-

tainly fish pdssess calcitqnin (Watts gt al., 1970 -‘Copp et

chial body (Orimo et al., 1971 ; Copp et al., 1972 ; van
Noorden and Pearse, 1972;:- Tisseerqu-ﬁochen et -i°ﬂ 1976) .
‘Also, the successful ip ¥itro induction of calcitonin pro~-
duction by monolayer cuitures of trout ultimébranchiai body
cells can bhe taken as suggestive evidence that the ultimo-

branchial body is a source of calcitonin in all fishes A{Roos

=
t al., 1978 ; Roos and Deftos, 1976).

_— R b
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If this endogenous calcitonin ids involved in calciugm-
regulation, then perturbations in -plasma calcium levels
might be reflected in the secretory activity'of the ultimo-
branchial bhody. I Aistological examinations have de-
monstrated incre;;;ide:ji;afbry activity in lthe ultimobran-
chial body during hypercalcenia equp;mentaily induced by
injections of calcium chloride (Lopez'et al., 1968 ;  Dacke
et al., 1972.; #beftos et Al., 1972 ; Suryawanshi and Maha-
ja21é1276) or through stanniectony with its résultant h}%er-

calc a (Chan, 1972).

S~

Bgsed on histological evidence, one would then postu-
late that the surgical removal of the ultimobranchial body,
or ultimobranchialectony, uouldfresult in an inccease.in'
plasma calcium levels, This has been verified in the Japa-
nese eel, where ultimobranchialectomy elicited a siénificant
hypercalceaia (Chan, 1968; Chan, 1972); in the gol?fish with
partial ultimobranchialbptony and acute traonsfer to 30% sea-
wvater (Fenwick, 1975); in the'European\eel. where ultimo-
branchialectony increased plasma calciuam inm fish held in
calcium-rich tap water (Lopez et al., 1976) and in the NWorth
American eel, wherg’partial tltimobranchialectomy was shown
to have a transient hypercalcemic effect which was nmore
marked in animals held in seawater than freshwater (Fenwick,

1978) .
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The secretory activity of the ultimobranchial body is

also affected by the circulating levels of calcitonin. In
Anquilla anquilla, injections of exogénous salmon calcitonin
altered plasma calcitonin levels during hypercalc‘hia. i

marked atrophy of the gland was observed. Further hyper-

calcemia induced by injections of carp pituitary extrac as
?er

- followed by an increase in ultimobranchial body secre

activity (Peignoux-Deville et al.., 1975 ; Lopez t\al.,

1976) . .

”

It is apﬁérent that a change in circulating calcito-
nin levels is also effected by a change in the-external cal-

cium concentration. Radioimmunoassay of plasma cabgitonin

. in the migrating male sockeye salmon showed that there is a

three~fold decrease as they migrated into freshwater; wher-
eas, in the females, a two-fold drop is observed onfy after
spauning (Deftos et al., 1972) . The discrepancy observed
between males and females wvwas attributed to a hypercalcermia
in the femalés vhich wvas, in tarn, related to ovarian matu-
ratiop {see also Deftos et agl., 1974}). This explanation is
supported by observations from the goldfish where hyperpla-
sia and hypertrophy of tge ultimobranchial " body wvere ob-
servé& in the sexually mature females (Oguri, 1973) and in
nigfating Atlantic salmon vhere hyperplasia was also ob-

served (Deville and Lopez, 1970). Also, there is a concomi-
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tant drop im calcitonin with a drop im plasma calcium 4in éhe

male salmon as they enter freshwater (Watts et al., 1975).
4

In other words, a high circulating calcitomnin level is ob-

.

served when the animal is in seawater (high calcium), and as

the animal migrates ~into freshvater (low calciua) and the

calcium-challenge is removed, the animal responds with a

drop in plasma calcitonin concentration.

o

Observations based on in vitro and in g;ﬁg experi-
ments, point to a role played by calcitonin in the mainte-
nance of normocalcemia in the fishes.studied thus far. To
further support this hypothesis, administration of exogemous
calcitonin to fishes should elicit a hypocalcemic response;
and this increase in circuiating calcitonin would also help
in the localization and identification of the target organs
for.th/s’hormone. However, studies involving the adminis-
tratién t exogenous cakgiténin in fish have given results
inconsistent with each other and with the hypothesis that
- calcitonin causes a marked hypocalcemia (Table III). The
inconsistent findings in the Ictaluridae (the catfishes) and
the Anquillidae "(the eqls) could be attributed to fluctuat-
ing endogenous calcium which in tarn could affect the circu-
lating calcitonin levels, as was shown in the killifish,
Fundulus kansae, where 1in both males and females, plasaa
calcium shoved seasonal changes; higher in the summer months

than in the winter months (Fleming et al., 1973). A similar

"
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observation was made in the brown bullhead by Bradshaw and
Sutton (HQTO). Fleming et al (1973) also reported that var-
Ying respomnses to injected calcitonin were obtaingqd fronm
their animals depending on tﬁe time of year vhen the study
vas carried out. Chan (1972) reported that, calcitonin had
no effect in the stanniectoyized gel, and he postulated tha;?
the already high endogerous calciup elicited a maximal cal-
citonin secretion fronm the' ultimobranchial bodyl,ihich re-

sulted in a masking of the effect of the injected hormone.
Copp et 31 (1972) also attributed the lack of effact in.the
spawning female sockeye salmon used for the study to a high
endogenous calcitonin level in - these fishes. Other hyper-
calcenic endocrine factors such as ACTH, cortisol, estro-
gens, and prolactin (Pang, 1973; FPleming gg al., 1973) could
also mask the effect of injected calcitonin. Although ACTH
and cortisol do not have aS pronounced effects as prolactin
-on circulating calcium levels, and estrogens affectlfgnales
during spawning, these factors still have to be taken into
consideration, Indeed, Peignoux-deville et al (1975) re-
ported that injected calcitonin d4id not prevent carp pitui-
tary induced hypercalcemia in the eel. Thus, in view of
these factors, resul'ts based on circulating calcium levels
are poor estimations of the effect of injected calcitonin.
A measurement of the calcium fluxes between the animal and
the external medium would be a better approach (Fleming et

al., 1973y,
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Calcium flux studies in whole animals with injected.

calcitonin showed an increase in calcium influx from the en-

vironment in:gggdulgg kansae during the summer months (Flem-

ing et al., 1973) and a decrease in calcium efflux in An-

quilla angquilla (Dacke, 1975). However, the former authors’

also reported that in Fundulys kangae, an increase in plasma
calcium is related to the spawning season (the summer
months), therqfore the effect observed Eould Le secondary,
that is, the injected calcitonin elicited a compeasatory
response from the other endocrine factors (estrogens in the
females, possibly; in the males, as yet unidentified --
Fleminq‘gg al., 1973) so that ¢he hypercalcemic response due
to the other factors is magnified, The decreased efflux re-
ported by Dacke (1975). seems to support the above findings
but since the time of year that the experiment was carried
out was not Stated, perhaps the same explanation could hold,
that is, the effect of injected calcitonir is masked by com-
pensatory factors; Thus, a more specific approach would be

to look at the handling of calcium at the target organs.:

Gm
As stated earlier, fishes, because of their environ-
ment, have additiomnal sites for ionic éichanges besides the
gut and kidney, as in mammals, namely, the gills, fins and
skin (Mashiko ané Jozuka, 1964). Internal calcium can be

controlled by exchanges between bone and blood. The more

vl
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important sites in preventing .drastic changes 1in internal
calcium when the animal migrates between a hyperosmotic and

a hypoosmotic environment are the ones that are in direct

/

contact with the environment.

In tetrapods, as mentioned earﬁier, one of the target
organs for calcitonin 1is bone.- In fishes, there are two
types of bone: acel@ﬁlar (no enclosed osteocjtég) and cellu-
lar (eﬁclosed osteocytes) {(Moss, 1965). The lack of affect
of exogemous calcitonin in thé dogfishes, the sharks and
killifish'(Tible III) could be explained by the absence of
.cellular bone (Louw ¢t al., 1969 ; Hayslett et al., 1971,
1972 ; Pang, 1971c; Urist et al., 1972). The lungfishes
(Urist et al., 1972) and the salmonids (Moss, 1965) have a
mixture of both types of bone perhaps . this, together vith

*the other endocrine factors mentioned earlier, could account
for the 1lack of gffect in these fishes. In the European
eel, with cellular bdne, however, chropic injdctions of sal-
mon calcitonie sﬁoved a décrease_in_OSteoclagz activity with

an increase in osteoblastic apposition r(Lopez et al., 1967).

The foregoing explapation is based onr the premise that acel-

lular bone is metabolically inactive (Moss, 1963). However,
findings from the killifish, Fundulus kansae; shovwed that

calcium can be mobilized from acellular bone (Fleming, 1971;

. Flening et al., 1973) but this can be regarded as a special
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Case as these animals can tolerate much higher fluctuyations
in salinity than other euryhaline species. Thus it would

seem that cellular bone is one of the target organs,

The effect of calcitonin on the kidney has been exa-

mined in the doqfish and the eel (Hayslett et al., 1971,;)
1972) and the sockeye salnmon (Copp et al., 1972). Negative

findings were reported with intravenous and intraperitbneal

injections and infusions of salmon calcitonin into intact

animals., However, a ﬁistinct diureéis ¥ith no increase ;n
urinary calcium was observed in the South American lungfish
{Pang and Sawyer, 1975) . Chan (1972) reported an inérease
in urinary calciua in ultinobranchialectomized eels and a
decrease iu\sfanniectomizéd ones, thus implying that the yl-
timobranchial thy secretions (calcitonin) affect the kidney
by decreasing calciunm excretion. Unfortunately, uarinary
calcium data from animals in which both the corpuscles of
Stanniﬁs and the ultimobranchial body were removed, but with
apbarent normocalcemia, were not included. A good demons-
tratioh of the teleost kiQney a5 another target organ has
receﬁtly been obtained with experiments involving stanniec-
tomy, partial ultimobranchialectdmy or both procedures and
salmon calcitonin reblacement in the eel (Fenwick, 1978).
The decreased kidney calcium clearance found in the placebo-

-

injected fish returned to -sham-operated levels vith salmon
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calcitonin injections. This would reflect the observations
reported in the tetrapods, in that calcitonin causes an in-
.crease ir calcium excretion by the kidney. Whether calcito-
nin has a hyperphosphaturic effect in fish is still unknown.
Also, data from the stanniectomized and partial ultimobran-
chlalectomlzed anlmals Suggests that the active pr1nc1ples
from the corpuscles of Stamnnius, hypocalcrn/teleocalcir, act
antagonistically to_celcitonin at the kidmey to achieve nor-

mocalcenia in the intact animal (Fenwick, 1978) .

hY
~

The question of whether the gills are " sites for the
action of calcitonin has baen examined by several research-

' ers, using am isolatead perfused 9ill preparation, with con-

flicting results. ma. (1976) reported that gill arches froy

the intact freshwater eel showed an increase in calcium-us
in samples collected from the efferent gill arteries when
salmon éalcitonin vas perfused through the afferent arter-
ies, thus indicating that salmon calcitonin caused an in-
crease in influx of caleium through the gill epithelium.
However, Milhaud et al (1977) found the opposite effect with
their salmon preparation, that is, a gecreased influx.
Peignoux-Deville et al (1978) 1lent support to the decreased
influx effect of salmon calcitonin with their perfusion ste-

dies using the Buropean eel. They also reperted an increase

in efflux vith salmon calcitonin, thus concluding that the'



l; the influx of calciunm.
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hypocalcemic effect of calcitoain is mainly in increasing
calcium extrusion at the gills. However, Nilhaud t al

Pty

(1977) are of the opinion that calcitonin controls mainly

. . ) ~— "ﬁl
The purpose of the present investigation is to e

;wo_experinental approaches to try to elucidate ;he role of
calcitonin in a euryhaline teleost, the North American eel,
Anguilla rostrata Lesueur. The first approach utilizes the
tntact eel in which tye effect of injected calcitomin on
various parametérs are measured. -The second approach im-
volves the isolated gill perfusion system to demonstrate the
effect of calcitonin on one site where calcium is known to

be regulated.

b poRal AL

SR



Chapter IT

HATERIILS D METHODS

2.1 EXPERIMENTAL ANINALS

North American eels, Angquilla rostrata, were used for
the experiments. Immature female eels of two different size
Qroups vere used: the larger group had body weilghts ranging
-betueeﬁ 726 and 934 grams.; the other ggoup was between 32

and 112 granss.

‘,The larger animals were purchased ffom a local
dealer;‘ Upon arrival in the laboratory, they were-put into
.large tanks with about 200 liters of dechlﬁrinafbd Dttawa
City tap water Ebr one to two days for the removal of dried
mucous and other debris. Thej vere then transferred to
holdimg tanks at 10°C fed with runming dechlorinated tap wa-
‘ter and were alloved to acclimate for at least two weeks
prior to usé. Animals -used for seavater-adapted studies
vere then” transferred to recirculating seawater-Living
Streans (Frigié Units Inc., Toledo, Ohio) systems containing

100% seavater. The seawater used was purchased in granmular

fores {Instant Ocean, Aquarium Systems Inc., Calif.) and

~ 78 -
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made up according to the manufacturer's specifications with
tap water. Diurnal photo-periods were not controlled but
wvere approximately 12 hours of incandescent light alternat-

ing with 12 hours of darkmess. The eels vere not fed.

‘The smaller eels were captured with nets from the Ot-
tava Rivé:~neat Chat*s Falls, Ontario, or were taken from
the.St.+ Lawrence Seavay system at an eel ladder at the Hy-
dro dam ai‘cornuall, Onééfio. They were kept in 400 liter
holding tanks supplied with running dechlorinated tap wvater
at about 1¢9C. Those used for the experiments were trans-
ferred to A Living Stream and accliwated f9r at least tw
weeks before use. For one experiment, they were fed thawed
beef liver and held at 15°C. The animals used for other ex-
periments were unfed a?d vare held at 109c. A 0.1% mala-
chite green solution was added pericdically to the water to
inhibit fungal and bacterial growtk. 5ick eels wvere trans-
ferred to a "hospital® tank where they were treated with
NacCl (97.5 gm.), sulfathiazine (1.25 gm.} and sulfadiazole
(1.25 gm.) in 100 liters of dechlorinated tap vater until

they appeared healthy.




30

2.2.1 /&ﬁg;%m
3 : .

2.2 SOLUTIONS

Radioactivé-calcium (calcium-45) was purchaégd fronm
Amersham/ Searle in solution as calcium chloride. Upon re-
ceipé, the ;sotopié solution was diluted in its shipping
vial with deionized vater to give a solution (solution A).
containing 200 microcuries/ml (pCi/ml). "An aliguot of 0.7
ml of this solutién was then dileted t¢o 10 ml with deionized

_water (2 pci/mi; solution B) in a volumetric flask and
stored in a 10 ml non-heparinized vacutainer.  Solution B
was then used as a counting standard with each experimental
run., Aliquots of solution-A were used for making up the ex~-

perimental solutions.

rritiated-inulin (M.W.=5000) vas purchased .as a
freeze-dried pquder ffom Amersham/Searle. As in the case of
calcium-45, two solutions (200 pCi/ml and 2 uCi/ml) vere
nade up. The dilueﬁfjﬁsed’ vas freshvater teleost Ringer's
(Shuttleworth, 19%2) with’0.1% bovine serum albumin (Fisher
Scientific Co. 1Ltd., Canada). The 2 pCi/al solutﬁqg wvas
used as counting standard and the other solution for mdking

; q
up experirental solutions.



n

2.2.3 Double-jsotope Standards - .

R solution of calcium-45 (2 pCi/ml) and tritiated-in-
ulin (2 pCi/ml) was made up and used as a counting standard

for the double-isotope laheiling experiments.

~

A1l solutions containing isotopes were stored in a
refrigerator. {
N
2.2.4 Calcitonins

T 2.2.08.1 Bovine

Bovine calcitonin was purchased from Calbiochemicals
as a freeze-dried powder (60 MRCmU/gm).3 On the day of the
experiment, the'poudér vas veighed on a Mettler analytical
balance (model Hﬁu)'and dissolved in 0.9% saline, This so-

lution was made up fresh each day.

. . B ———

’

3An NRCpU (Medical Research Council milli-Unit) is equiva-
lent to the biological activity of 5 nanograms of percine
calcitonin as established by the Division of Biological
Standards of the National Institute for Medical Research,
®#ill Hill, BEngland (Copp, 1970).
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* 2.2.3.2 Salmon

Salmon calcitonin vas'purchased as a freeze-dried

povder (23 MRC Onits) from Calbiochemicals. --Thg povder was

reéonstituted in 1 m]l of freshwater teleost BRinger's with
0.1% bovine serum albuniun. ‘ This solutigﬂ was further di-
luted and stored frozen‘in 10 ml aliquot;fof 230, 345, 460,
and 1150 MECmU/ml. On the day of tﬂe'éxpetinent, the appro-
priate aliquot wvas {haued and diluted for making up the ex-

I3

perimental solutions. All stock solutions were only thawed

v -

once for dilution.

2.2.5 Corpuscles of Stannius extracts

b

The preparation of corpuscles of Stannigs' extract,

for the study of the hypocalcemic substance(s). ih the cor-

: pﬁscles of Stannius on gill calcium ggﬁlnx,/’ias"ssentially

T

the one referonced by So and Fengick {1977y. - Stock solu-
tions (25mg/ml approx.) were prepared by homogenizing pre-
weighed glamds, collected fron immgture female eels and
stored frozen, in freshwater teleost Ringer'g on a Brinkmann
Polytron(Brinkmann Instr. Can. Ltd.) tissue homogenizer for
15 seconds. The solutions were thén centrifuged in a Sor-
vall refrigerated centrifugé ‘(moéel RTZ2=B) at 4,000xg
(18,000 rpn) for 30 minufes. The supernatants were stored

in 10 ml vacutainers in a refrigerator and vere used the

following day. Aliquots of the stock solutions were used

-
Ry
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for the preparation of perfusates 8 and 9 (see following

section). ‘

2.2.6 Perfusates

In giggg studies on gilll calcium efflux were carried
out by perfusing the isolated gills with -the following solu-
tions:

Perfusate 1 : Teleost Ringer®s ¢ 0.1% bovine sérun albumin +
heparin (100 units/ml). .

Perfusate 2 : Perfusate 1 + calcium;us (20pCi) to give a so-
lution with 4 pCi/ﬁl in a total voluame of S ml.

Perfusate 3 : Perfusate 2 + salmon calcitonin (2-57.5

MRCmU/al) in a total volume of S5 ml,

Perfusate 4 : Perfusate 2 ¢+ tritiated-inulin (0.4 pCi) + ep-
imephrine (10.92 pM) to givé a soluytion with 0.08 pCi (tri-
tiatgd-inulin)/ul in a total volume of S ml. -
Per usaté 5 : Perfusate U4 + salmon éalcitonin (50-100
MRCmU/ml) in a total volume of S5 nl.

Perfusate 6 : Perfusate 1 # calcium-45 (40 pCi) + tritiated-
inulin (n01pCi) + epinephrine (10.92 pH) . to give a solution
with 13.3° uCi (calcium-45) /ml and 13.3 BCi (tritiated-inu-
lin)/ml in a total volume of 3 ml.

Perfusate 7 : Perfusate 6 + salmon calcitonin (383.3

MRCmU/nl) in a total volume of 3 ml.
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Perflisate 8 : ‘Perfusate 1 + calcium-45 (40 RCi) ¢+ tritiat- "'
ed-ipulin (40 pCi) ¢+ corpns?les of Stannius homcogenate (4.5
mg/ml) to give a solutiom with 13.3 pCi (calcium-45)/ml ;nd
13.3 pci(tritiated-inulin)/ml in a total volume of 3ml.

Perfusate 9 : Perfusate 8 + .salmon calcitonin (383.3

uRCnU/nl)'in'q total volume of 3 nl.

2.2.7 Bathing Mediup \

The holding medium for the isolated-perfused gills of
freshvater-adapted eels vas made up with 1% teleogt Ringer's
and calcium chloride to give a calcium concentration of 0.45
nH/L (Fenwick and So, 197ui which is equivalent'to the aver-
age freshwater calcium levels im freshuafer-holding condi-
tions. 1In studies that used seawater-adapted eels, the gill

arches were bhathed in reconstituted 100% seawater.

2.3  TECHNIQUES .
2.3.1  Blood Sampling

Blood samples were obtained from the caudal véin with
23-16 nee@les fitted to heparinized 1 nl disposable syr-
inges. The point of entry of the needle was about 3 cm cau-
dad to the anterior end of the ventral caudal fin. The nee-

dle vas passed through the hypaxial muscles until the
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obstruction from the groove in the vertebrae was found. The
needle was lifted slightly and the caudal vein ﬁas located
vhen blood was seen to enter the syringe through the appli-
cation of a slight pressure on the plunger. Blood was théh
drawvn siowly into the syringe. The collected blood was then
transferred to a heparinized centrifuge tube and centrifuged
at 770xg for 10 minutes to obtain plasma for iater analy-

sis.

o~

2.3.2 Intraperitconeal Injections

Injections of experimental solutions into the perito-
neal cavity vere carried out wvwith 26-1/2G needles fittad to
1 ml disposable syr;nges. " The ngedle entered the animal at
a 45-degree angle, at a point about 2-3 cm anterior to the
urogenital opening. The injected volume did not exceed 1 nl
at a time,

2.3.3 Gill Parfusion

A modification of the technique described by Fenwick
and So (1974) was used. The eel was decapitated at a point
just in front of the pectoral finms. Novement of the head
segment wvas prevented by pithing with a piece of wire. A

ball of cotton was imserted imto the buccal cavity to sepa-
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rate the afferent branchial artery from the eofferent braa-
chial artery. The head segnent was placed ventral surface
up and the integument was reflected to expose the gills, the
ventral aorta and the afferent branchial arteries. The two
afferent arteries going to the first left and right gill
arches were dissected free of the connective tissue and a
cannula was inserted into the right artery and tied with a
pilece of No.10 cotton thread with the tip of the cannula go-
ing about 2-3 me into the arch. The left arch wvas then can-
nulated in the same manner. Perfusion fluid was pumped con-
tinuously through the afferent cannula, before and after its
insertion into the afferent artery. The point of attachment
of the right arch to the wventral surface was then cut to al-
low access to the efferent arteries located on the dorsal
surface of thé buccal cavity. The efferent artaries were
then cut just prior to the point where they join the effer-
ent arteries from the second set of branchial arches to fa-
cilitate the flushing of the cannulated arches. The right
efferent_artery vas then carnulated, the whole arch dis-
sected free and removed ta 4 sampling jar holding the bath-
ing mediun. The same manipulations were carpied out with
the left efferent artery and arch. The above procedure took
about 15-20 nminutes from the time of decapitation. * Both
arches vwere perfused in 50 ml of bathing medium until a sa-
tisfactory flow rate had been established and the arches

vere colourless. The arches were then transferred to their
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own individual bath and the baths were covered with Parafilm
fFisher Scientific). The two arches were used alternatelyg
as the control and the experimental preparation; that is, in
one run, the left arch would be used as the control while
the Ather arch vould be perfused with salmon calcitonin, and
on the next run, the right arch would be the control and the
left perfused with salmon calcitonin. All bathing media
wvere bubbled vigorously with 100% oxygen. The temperature
of the bathing media was maintained, in a wvater bath at
10°Cc, with a Lauda refrigerated circulator (model K-2/R).
The.tenperature of the wvater bath was monitorad with a Yel-
lov Springs Tele-Thermometer {model 46TUC).  The flow rate
vas checked again after transferring to the individual jars.
The effluent flow rate was checked by collecting the fluid
in 0.1 ml pipettes graduated in 0.01 ml divisjions. Prepara-
tions vith flow rates less than 90% of the perfusion rate
(0.8-1.0 ml/hr) were discarded. After a satisfactory flow
rdte was established; thé perfusion solutions were switched
to the experimental solutions containing the isotope(s), or
isotope(s) and salmon calcitonin. The flow rate was moni-
tored constantly throughout the experimental period amd the
sampling of the collected effluent and the bathing media was
done every 15 nminutes. Sampling of the' bathing media was
done with a Gilson (0-200 pl) adjustaSIe pipeftor set at 100
Rl; the collected effluent was sampled with either the Gil-

-

son, a 50 or 20 pl Eppendorf pipettor, depending on the flow
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rate. At the terminati®n of the experimeht, the perfusion
was stopped and the perfused filaments vere blotted or ab-

sorbent paper and removed for veighing.-

2.3.4 Handling of Samples

2.3.4.1 Tissue Samples

All tissue samfles for the in vjvo study wvere left in
a4 muffle furnace at 100°C overnight (18-20 hr) for the dfy
weibht. Then the tissués vere digested in 3 a1l of 3§ HC1
and then ashed in a muffle furnace gt 300°C overmnight. " The
ashed tissues were then redissolved in 0.1N§ HC) (5 ml). One
milliliter of the ashed solution ¥as then counted in 4 ml of
Aquasol (NEN) on a Beckman LS 233 liquid scintillation’ coun-

\

ter, .

) For the in vitro studies, the activity of the per-
fused gill filaments was determined first by digestion with
NCS (1 ml) tissue solubilizer (NEN) in a 50°C oven over-
night, npeutralized with 0.4 ml glacial acetic acid and

counted in 16 ml of Agquasol-2 (NENW).



2.3.4.2 Determination of Isotopic Activity in
Samples

1. Quench Corrections

Due to the phenomenon of the shifting of
the energy spectrum by various agemts (quenching)
inherent in a liquid scintillation system, quench
Forrection graphs were established with graded am-
ounts of Sudan IV (colour), chloroform {(chemical),
HCl1 (acidic), XOH {basic)- and w;ter (volumé) {see
Wang and Willis, 1965) . A kxnown amount of the
isotope (s) (0.2 BCi) was counted with the above
quenching agents amnd the channei ratios were plot-
ted with the efficiency to give the graphs. Ap-
propriate calculations wvere done on the Wang 600
programmable calculator (Wang Laboratories) with

. the channel ratios obtained from the unknown sam-
Ples to give the corrected activity, for single
isotope determinations. The two methods for dou-
ble-isotope labelliné have the quench.corrections

¢
incorporated into the eéquations and the graphs.

2. Single Isotope - calcium-45

39



Deternmination of the calcium-i5 activity in

.the samples vas -carried out by counting the sam-

ples in 4 ml of Aquasol in the Beckman LS 233 1li-

quid scintillation couater. The counting windows

used wvere the frll tritium Isoset module {(Beckman)
and the variable window Isoset -module set at
0-550. The samples were counted three times with
a counting time of two minutes each. Quench cor-
rections and sample activity were obtained vith

the use of a program on the Wang 600 programmable

calculator.

¢

Double Isotopes - calcium-B5 and tritiated-
ipulin

Method I - 2 channel determinations

Samples were counted in 8 al of Aquasollin
the Beckman LS 233 ligquid “scintillation counter.
Determination of the activity of each isotope in
the ‘samples was carried out using the discrimina-

tor-ratio method (Ckita et al., 1957), with the

full tritium Isoset as Channel I and the variable:

Isoset (0-550) as Channel 2. The activity of tri-
tiated-inulin and calciua-45 were calcalated with

the following equations:

a0

s e
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TABLE

Calculation of activity of tritiated-inulin (3HIn)
and Ca-~45

3HIn dpa =

(b¥N1-N2/b-a) / channel 1 3HIn efficiency

Ca-45 dpm= (b(N2-aW1)/b-a)} / channel 2 Ca-85 effiency

where: N1
N2
"1
"2
C1
c2
a
b

ande® N1
N2

The

[ I I T T LI I

i

net
net
net
net
net
net

cpm
cpn
cpm
cpao
cpnm
cpm

H2/H1
c2/c1

H1 « C1
H2 + C2

above

of
of
of
of
of
of

channel 1

channel 2

3HIn in channel 1

38In in channel 2

Ca-49 in channel 1
Ca-4S in channel 2

calculations were carried out

)
o

vith a program writtem for the Hangfﬁoo progranma-

ble calculator.

This method is good for tritiat-

ed-inulin/calcium-45 ratios ranging from 1-15 (Ok-

-ita et al.,

Pt N

1957) .

3 channel determinations

\

L

~
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The procedqre employed is_ the one proposeé
by Hendler (1964} but adapted for the Becksman LS
3133 liquid‘scintillation counter. It entails the
use éf three counting channels with the windows
used being the half-tritium Is;set (channel 1),
the variable Isoset (300-360: channel B) and

" yanother variable Isoset (300~550; - channel C).
Standard graphé were obtained with ratios of the
counts from the three channels and the activitz in

' unknown sanp;es vere determined from these gra;hs:
The: ratio of tritium/calcium-45 in the samples is
not critical with this method. The efﬁiciency of
each sample is determined, thus giving a better -

- estimation of'thelagtivity for both isotopes than
the 2 channel nethod. fach sample wvas counted
tﬂree times at 2 minutes each and the nmeans of

these values were used for the final calculations.

A1l calculations were dome with the Wang €00.

2.4 EXPERIMENTAL

Two sets of experiments wqgé carried out with the use
of the intact eel in the first set and the isolated,. per-

fused gill in the second.
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2.4.1 Bxogemous calcitonin ip the iptact seel

In vivo study of tha effect of exogemous calcito

(1-]

- on the distribution of calciup in various compartaaents

on calcium efflux ip the intact eel.

2:&.1.1 Effects of calcitonin on eels
transferred to seawater

To study the effect of exggenous calcitonin (bo-

vipe) on total plaspa calcivum and plasma calcium-85 ac-

tivity in eels with acunte transfer to 100% seawater.

‘Twenty-one feeding yellow eels (Cornwall) with
body weights ranging between 52-112 grams vere used to
study the effect of intraperitoneal injections otf bovine
calcitonin, calcium chloride, and calgium-us (30
pci/fisﬂ) on total plasma calcium and calciom-45 activity
in the freshwater- acclimated eel transferred directly
into 100% seavater. The eels vere diviaed into four
groups: the comntrol group, injected with only calcium-45;
the second group was injected with bovine calcitonin (50
nU/100 gm body ueigﬁt) and calcium-45; the third group
was injected with calcium-45 and calcium chloride (9.19
mg/100 ga body veight}; and the last group was injected
with all three substances. All solutions were made up to

a fipal volume of 0.5 ml with 0.9% saline. The amount of

calciua chloride injected was calculated to increase ex-

!Qa
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tracellular fluiad concentratién by 2.5 mu; by taking the
ex&racellular fluid volume to be 25% boé;\veight. Hexanm-
ethonium bromide (5 mg/100 gm body wt.) was used to immo-
bilize tbe animals for'thé duration of the experimental

period of six hours.

At the start_of the experiment, the eels wvere an-
esthetized uith_tric&inenethanesulphonate (85222; Sigma)
at 1 part/ 2000 for th blood sample at 15 minutes prior
to the injectiom of the experimental solutions. After
the injections were given, khe animals were pat into a
plexiglass chamber containing 2 1liters of 100% seawvater.
Blood sampling wvas done 15 minutes, 3 hours and 6 hours
after the initial injections with heparinized syringes.

This procedure involved the removal of the‘ animal from

the chamber for a brief period of time (1-3 nin.) during

vhich a volume of 0.3 ml of blood was taken. No replace-

oy

ment solution was given. Total plasma calcium was deter-

nined fluorometrically u;th the Turner-fluorohete; {model
111; G.K. Turner Associates, Calif.).'. Plasma calciun-EB
activity was determined on the Beckman liquid scimtilla-
tion counter }LS 233).  Total plasma calciuz vas ex-
pressed as mM/1 and plasma calcium-45 activity as rela-
tive activity; that is, sample dpm/injected dpa per 100

gan body wt. A 2-way analysis of ‘variance (ANOVA) was
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used to test for sigpificant differences among the four
treatment groups and the different sampling times. The
1lsd multiple-range test for unequal replicates was used
to locate values th)t differ significantly.(see Steel and

!
Torrie, 1960).

13

2.4.1.2 BCT, Ca distribution amd efflux, intact eel
in 5¥. : )

To study the effect of exogenQus calcitonin (bovine}

on calcium distribution in vagjous tissue compartments and

on calcium efflux from the intagg-eel following acute trans-

fer to 100% seavater.

!

/

This experiment was carried out using a divided cham~
per in which the head dnd tail region of the immobilized eel
is partitioned. \The method is a modification of the one
proposed by Bellél;\QEQ\Chesier Jones (1961). Eleven feed-
ing yeliov ee15A1Chax1£ Palls) with body weights ranging
betveen 38-101 grams vere used.. The eels wvere anesthetized
{as described in the previous experiment) for the implanta-
tion of the urimary bladder cannula and the attachment of
the Manostat cassette pdmp (sanostat, N;Y.; John's Scient.,
Ont. distr.) f&r gill irrigation (Fig. 1a and 1b). Injec~
tion solutions vere made up as in the ptevious‘experinent.
Hexamethonium bromide was used to imnobilize thé eel for the

duration of the experimental period (6 hours). Control ani-

BENEEPHEIPR AT

e m—————— e en
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mals were injected with calcium-45 and calcium chloride,
The experimental group was injgcted ;ith a similar solution
but with bovime calcitonin added. The injections vere given
intrapefitoneally. After the injeéction of the solﬁtions,
the eel was then introduced into a plexiglass chamber, di-
vided into a hgad chamber (200 il Seawater) and a iail cham~
ber (400 ml seawater) by a plexiglass‘partitign with a slid-
ing cover (Pig. 1a). The urinary cannula was passed through
a snall opening on‘thé side of the chamber to a conical bot- .
tor (1 ml) Dispo-beaker (Pisher Scientific). Uriﬁé wvas col-
lected under paraffin oil ({(Fiqg. 1b) . Irrigation of the
gills was set at S ml/min. Air was bubbled vigorously
thrgugh both chambers for aeration and to ensure that the

-nodia were well aoixed. -One rilliliter samples were taken
from the bottom of both chambers through openings stoppered
vith’ vacutainer caps with 23-1G needles attached to 1 ml
.disposable syringes every 30 minutes. .- At the end of six
hou}s, a blood sample was faken from the caudal vei& and the
spinal cérd was cut just behind the cranium with a No. 22
scalpel blade. Tissne Samples were takenggzbn the liver,
epa*ial muscle, posterior kidney, skin, gill filaments and
" the vertebrae. These samples Jeré_ handled as described
(section ITI) and' results were expressed as tissue
cpa/injected cpm per mg dry iissue wt. ; 100%. Bathing ne-~-
dia, bloéd and urine samples were counted in 3 ml Aquasol.

Results for the bathing media were expressed as total cpa
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sentation of the

study of calcium-45
t view of entire appa-
air apd sampling

Diagrammatic {not dravn to scale ) rep
divided plexiglass chamber used £
efflux from the intact eel: (a)
ratus; (b)y side viev showving positions o
ports. C X

Figure 1: Apparatus for intact eel efflux studies
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{corrected for volume)/injected cpm per 100 dn body wt.
Blood and urine calcium-85 activity vere expressed as sample
cpn/ injecteﬁ cpm per 0.1 ml 'sanple x 100%. Student®s "t
test was used to determine differences in the various param-

eters between the control and the calcitonin-injected group.

2.4.2 Effect of calcitonin om gill

In yitro stydjes gﬁ the effect of exogemoys calcitonin (sal-
mop) on calciym efflux from the igolated, pecfused gill of

intact eels.

The following experiments were carried out with the
gill perfusion system proposed by Shuttleworth (1972) and
Fenwick amnd So (1974) with nddifications. In gemeral, the
experiments involved the perfusion of isolated gill arches
(taken from large and small eelg) vith isotopic calcium
(caléiun-QS; 'single-isotope perfusion) or isotopic calcium
and tritiated-imnulin (double-isotope perfusion). The bath-
ing media in which the gills were bathed duriné perfu#ion
vas -not labelled with the tracer(s) so that the efflux rate
of the tracer(s) could be calculateq. This was dome by sanm-
h\pling the bathing media at differeﬂt times during the perfu-
sion period. The rate of efflux was calculated by using the,

folloving eguations:



For total calcium efflux:

Budpm x BMvol x P(Caz¢) x 1 x 1
P{dpnm) 1] P(time) tissue wt.

= pM/hr per-gnltissne wvt.
p

vhere: BNdpn

bathing medium calcium-45 activity/nml

sample

perfusate calcium-85 activity/ml saample

total volume (ml) of bathing medium at

end of experiment

P (Ca2+)=total hot and cold Ca2+/m1 of perfusate

L) = molecular weight of calcium (40.08)

P (time) =duration of perfusion period in hours

tissue wt.=weight of perfused gill filaaments (gm)
Air .

P (dpm)
Bivol

o

Por tritiated-inulin {(3AIn) efflux:

BMdpm x BNvol x Al x 1 b § 1
3HIn (dpn/pg) MW P{time) tissue wt.

=pt/hr per gm tissoe vwt.

vhere: BMdpe= bathing medium tritiated-inulin activity/ml

sample

3HIn {(dpm/pg)= tritiated-inulin activity/pg inulin

BMvol= total volume (ml) of bathing nedium at end
of experiment

M¥ = molecular weight of inulin (5000)

p(time) = duration of perfusion period (hours)

tissue wt. =weight of perfused gill filaments (gm)

49



2.8.2.1 Single isotope gill perfusion -
constant-flov systenm

Five unfed yellow eels (Cofnwall) with body
weights rarqing between 39-75 grasms ueré used, The first
two branchial arches were canculated as described (seé—
tion ITIIC) under a Zeiss dissectiné microscope at 60x
magnification. Polyethylene tubing (PE 10) was used for
cannulation, with the afferent cannulae conpected to 20
ml disposable syringes (containing perfusate 1) through
26-1/2G needles attached to 3-way clear plastic valves.
A perfusion rate of 0.8 ml/hr was achieved with a Sage
syringe puap (model's—352) (Fig. 2). After transfer to
their own individual baths and establishment of a satigs-
factory flovw rate, perfusate 1 vas replaced by perfusate
2 (vith calciem-45), in the confrol; by perfusate 3 (with
calciumr-45 and salmon calcitoqin) in the other arch.
After switching over to the labelled solutions, a 3 al
disposable syringe, with the plunger removed, vas at-
" tached to the free comnection on the 3-way valve. About
0.3-0.5 m1 of the labelled solution was allowed to col-
lect in this syringe (with the pumping rate set at 30
ml/hr) before the valve was turned Fo the posit%gnlfor
‘the perfusion of the arches. This procedure(sz;inized
the occurrence of bubbles in the afferent ;annulae.

Twenty nmicroliters of this collected solution was counted

50
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Diagrammatic (not drawn to scale) representation of the
expeerimental set-up for a constant-flowv perfusion of

isolated gill preparations.

Pigure 2: Gill perfusion apparatus
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for the calcium-45 activity in the perfusate. The arches
vere perfused for two hours with the labelled~solutions.
The filaments of both arches were removed for the deter-
mination of tissue dry.weight at the‘end of the experi-
ment, A1l samples were handled as described earlier.
Calcium efflux was expressed as PM/hr per gm tissue dry

weight.

2.8.2.2 Single Isotope Gill. Perfusion - constant .

pressure systenm

This experiment was carried out essentially the
same way as the one just described with the exception
that the Sage pump was replaced with\é constant pressure
perfusion system (Fig. 3a). This system utilized Mar-
iotte flasks constructed from 20 ml® disposable syringes
and hematocrit tuhes (Pig. 3a). This system was tried im
the hopes of ohtaiﬁing a more sensitive and accurate mea-
sure of the flow rate, which is a reflection of the leak-
age through the perfused arches. Tvoe unfed yellow eels
(Cornwall) , were used. Results vwere expresséd as pM/hr

per gm tissue dry weight.
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~

piagrammatic (not drawvm to scale) representation of units
for changing the constant-flov perfusion systen (Fig. 2) to:
(a) a constant pressure perfusion systea; and, #

(b) a modified conStant flow perfusion systen.

Pigure 3: Modificatioms to gill pérfusion apparatus

7



o 2.4.2.3 Double Isotope Gill Perfusion - nodified
. . constant-flov system using small eels.

The experimental protocol was the sané as experi-~
ment 1 with the exception of the addition of tritiated-
inulin as a double-check on the leakage problem and a mo-
dified constant-fidv perfusion system to minimize fluctu-

ations in the puéping rate. Epinephrine- (10.92 pM) was
also added to the perfusate to counteract the increase in
resistance in the arches with time (see results froa con-
stanf pr;ssure éerfusion experiment). The modified con-
stant-flow system involved the addition of a "bubble
trap®, that aléo contained the perfuséte {(see Fig. 3b}).
An_additional water bath was hooked up to the_cohstant
temperature circuit maintained by the Lauda refrigerated
circﬁlator (see "also Pig: 2) . Air was pﬁiped into the
‘#inverted vacutainers inside the added water bath from 20
ml’dis osable syringes on the Sagé s}ringe " pump {nodel
$-352) . ! The vacutainers with the perfusion solutions
vere first -allowed to acclimate in the water bath ;ét
least 1_honr) before they were héoked up to the syringe

pump with vacutainer needles and PE 90 tubing. 2-wvay
- : ,

valves with 22-1G needles at both etds connected the af~’

‘ferent cannulae (PE S0 tubing) to the vacutainers with
.the appropriate,éfrfusates. When set up properly, this
I .

systen elininated)the occurrence of bubbles wgen the per-

;
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fusates ware changed. Changing the perfusates required

the shutting off of the valves - on the syringes and the

55

afferent cannulae. The needles were removed from the or-

iginal vacutainers and the ones with experimental solu-
tions were put in their place. Rfter the needles were
inserted into the ﬁeu vacutainers, the valves.vere opened
and the perfusion resuned. The whole transferring pro-

cess for the two arches took about three minutes.

Four unfed yellow eels (Cornwall) with body weight
ranging between 38-87 granms vere used for the experiment.
Perfusate 1 wvas used for flusglng and perfusates 4 and 5

. : \
were used as the cogtrpl and e%perimental solutions res-
pectively.& The gills were perfased for two hEhré. Sam-
pling was Fone as describeﬁ/égijiously. The activity of
each isotope (calcium;HS @éd tritiated-inulin) was deter-
2ined with Method I (section 1II)., cCalcivm-45 and triti-
. ated-ipulin efflux vere expressed as pM/hr per gm tissue
dry wt. The wnean perfusion rate was expressed as %
‘change in rate; that is, ‘the rate aftgr changing perfu-
sates minus the rate before the ch&nge divided by the
rate before the change nultiblied by 100%. Studentt's ®wt"

test vas used to detect significant differences hetwveen

the control and the calcitonin perfused gills.

-~
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2.8.2.4 Double Isotope Gill Perfusion - modified
constant-flov systean using large eels.

o This experiment involved an experimental pefiod of
four hours. The first two hours consistéd of per fusing
both arches with the  double-labelled control solﬁtion
(perfusate 6). The second two hour period entailed the
switching over to other perfusates: perfusate 6 for the
control arch and perfusate 7 (with salmon calcitonin) for
the E;berinental arch. The initial perfusion with the
"control™ perfusate was to load the arches with the iso-
topes (observations made from the previous experiment (3)
indicated that the activity in the effluent collected was
just reaching a maximum at the end of two hours). Thus,
a loading time of t;s hours was used hefore the‘salmon
calcitonin was applied. At the end of four hoGurs, tissue
samples were takem as before. All samples were counted
in 16 nl of Aquasol-2 in a Beckepan LS 3133 (3 channel)
liquid scimtillation counter. Activity of each isotope

'was determined with Nethod II (section III).‘ﬁ\Petfusion
rates, calcium and inulin efflux were expressed as in the
previous experiment (3). Statistical analyses were done
using the Student's "t" test at a P level of 0.05. Ani-

‘mals used for this experiment were the iamature fenale

~ eels (Quebec City, P.(Q.) ranéing betveen 726-1134 grams.
- ~

)
) -

7
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2.4.2.5 Double Isotope Gill Perfusion - static
system using small eels. '

A "static".systeq'uas used +to denOnstratE the ef-
fect of calcitonin and corpusclfj/ of Stannius e;tract on
calcium efflﬁx from the isolateﬁ gill. The pfocedure vas
a modification of the one proposed by Shuttleworth and
Freeman (1974) which §§581eea the perfusion of the head

-segment iall 8 gill arches) with a perfusaie prior to the

}

removal of the arches. The isolated arches wvere then

placed in separate baths for monitoring tracer movement

into the bathing media.

Both - freshwater-adapted (n=16) and seawvater-a-
dapted (n=16) . unfed yellow eels (Cornwail) with body
veights ranging between 57-134 gram; vere used. These
two groups were each d;#ided Into four treafment groups:

the control group was "loaded™ .with perfusate € (without

e}
epinephrine); the second group with perfusate 7 (salmon

calcitonin without epinephrine); the third group with

perfusate 8 (corpuscles of&‘Stangins extract without epi-
N

nephrine) and the last group with perfusate 9 (both sal-

mon calcitorin and corpuscles of S¥annius extract without

epinephrine).

S7



Bach eel was treated‘ according to the following
protocol. After decapitation, the.vgntral aorta vas can-
nulatgd through the sinus venosus with PE 50 tubing at-
tached to a 22-16 needle on a 20 ml disposable syringe
contaipihg perfusate 1. Blanching of the arches was ac-
hieved after perfﬁsion vith 5 ml of perfusate 1 at a rate
of 5 ml/min. The 20 ml syringe was-then replaced with a
3 ml disposable syringe containing the labelled solution.
The atches were them perfuséd with 3 ml of the labelled
solution at a rate of 3 ml/min. After the arches wvere
nloaded™ with the perfusate,‘ the first arch on Fhe right
side_of the animal was removed and the afferent and ef-
ferent ends were clamped with a hemostat. Then, by mani-
pulating the isolated arch with the‘hemostat. the prepa;
ration was rinsed by dipping twice in each of 3 separate
10 al dliquots.bf deionized water. The preparation was
jpmersad immediately after the rinses in 2 ml of bathing
‘medium. Oxygen (100%) was bubbled vigorously through the
bathing mediunm to ensﬁre mixing and aeration. The bath-
ing medium vhs left at room temperature (20°C}. The time

taken fronm e removal of the arch to its inlersiqn in

the bathing medium was about 30 seconds. The rest of the

arches verd handled im the s&QF way, going from -the sec-
ond to Fourth arch on the right side, then the first to
the fourth om the left side of the eel. After imcubation

in the bathing pmedium for 6 minutes, the arches were re-
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noved, blotted on absorbent paper and the filaments re-
moved for weighing and digestion for counting. Determi-
pation of tracer activity was carried out and the re-

sults vere expressed as in the foregoing experiment (4).

N Statistical analyses of the results vere carried
ouﬁ‘with a multivariate analysis of covariance (MANCOVA)
program in the IBM 360 computer (see Timm, 1975). A
3-way MANCOVA was used to test for variations among: the
freshwater- and seawvater-acclimated eels, the 4 treatpent
groups {control, salmon calcitonin, corpuscles of Stan-
nius extract, and salaon calcitonin # coppuscles of Stan-
nius extract) and the 8 gill arches within each fish. = 2
2-vay MANCOVA (nested desigm) was then used to test for
variations among thé 4 groups within the freshwater- and
seavwater-acclimpated eels. A 1-way MANCOVA was employed
for testing variations amomng the 4 treatment groups in
the freshvater- and seawater-acclimated eels indepen-
dently. Gill célcipn-ﬂS and tritiated-inulin vere taken
as the independent varilables and calcium and 1inulin ef-

flux values vere the dependent variables, Statistical

- significance was tested using the Boanferroni-Dunn "tf

procedure for calculating confidemce intexrvals with alpha
levels at 0.05 and 0.01. The proceducre involves the fol-

)

lowing:
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Fal

Y £ 5 (i)

A

vhere: Y

il

the least-sguare estimates adjusted for the

~ covariate term

0? the standard errors of contrasts adjusted for
the covariate tern

tu Bonferroni-Dunn "t" with alpha levels at 0.05

or 0.01.

Conparisons of gill calcium-45 in the treatment
groups vere done using the least-square estimates and the
standard errors of contrasts that had not been adjusted
for the covariate term in the above calculations for the
confidence intervals. Gill tritiated-inulin comparisons

were carried out in the same manner.
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Chapter 1III

RBRSOLTS

Effect of bovine calcitomin (50 MRCAU/100 gm body wt.Y an

—

d

calcium-loading (9.19 mqg/100 da body wt) on various parame-

ters in the jntact freshwater-acclinmated eel following acute

transfer to 100X seawater.

3.1.1 Total Plasma Calciunm

Table IV shows that bovine calcitonin did not signi-
-ficantly {(P>0.0%5) affect the total plasma calcium of the
control group but a significant (P<0.01) increase was ob-
'served in the calcium-loaded group at 15 minutes, Calcium
loading did produce a significant (P<0.01) hypercalcemia and

there vas no apparent recovery by 6 hours.

3.1.2 Plasma calcium-45

- 61 -
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The results of the effect of bovine calcitonin on the
relative calcium-45 activity in the ‘plasma éf control and.
calciun-loaded eels are summarized im Table V. ‘The injec-
tion of 30 uCi/fish of calcium-45 produced measurabie plasma
levels of calcium-45 in all groups and the level obtained
vas not affected by concomitant calcium-loading. Bovine
calcitonin caused a significant (P<0.05) reduc;ion in plasma
relative cﬁlcium-us acti;ity after 6 hours in the group
vhich had not been loaded with calcium. The other three
groups also shoved reduced calcium~45 levals after 6 hours
but these vere not significantly lower tham the 15-minute

reading.

3.1.3 Distribution of calcium-45 within the eel
1

The distribution of calciun-us in various tissues and
body fluid compartments in calcium-loaded eel with or with-
out bovine calcitonin injections is summarized in T;ble VI,
Exogenous calcitonin caused an increase in skin calcium~-45
(P<0.05). Due to the small sa%e size and the large varia-
tions (standard deviations), no significant difference was
observéd in the other conpaytments‘betueen the control and
the calcitonin treated group. However, within the cantrol
group, the distribution of calcium-45 )
appeared to-¥e highest in blood, followed by the gills and

urine., The levels of calcium-45 found in bone apd muscle
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" TABLE ¥I

BCT and Internal Calcium Distribution

Effect of BCT on the
in different tissues
hours after transfer

e el

- 65

relative percent of injected 45Ca appearing
and fluids in intact PW acclimated eels 6
into 100% swi

)

i

Compartment Control/ BCT injectad

‘ E

/
Liver (b) 0.0067¢ 0.005 (3) 0.010 ¢ 0.006 (4)
suscle (b) 0.004 &+ 0.003 (3) 0.006 &+ 0.002 (#) Cy
Bone (b) 0.007 + 0.005 (3) 0.014 t 0.008 (u)
Kidney (b) 0.018 + G, 008 (3) 0.025 & 0.010 (4)
Gill (b) 0.094 + 0.140 (3) 0.034 & 0.010 (4)
Skin (b) 0.014 + 0.005 (3) 0.029 £ 0.008 (4) (d)
Urine (c) 0.115 £ 0.131 (3)- 0.054 ¢ 0.055 (&)
Blood (c) 0.145 ¢ 0,132 (5) 0.301 & 0.235 (4)
. K

a = values given are mean ¢ standard deviation (no. replicates)
b = tissue cps/injected cpm.ag dry wt x 100% -
c = fluid cpa/injected cpm.0.1 ml sample x 100%
d = significantly different from control (P<0.05)
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was very close to those found in the liver samples. In the

calcitonin-injected group, the trend appeared to be towards-

an elevation of calcium=-45 ip the different compartments,
vith the exception of auscle, vhere the value was about the
Same as the control; and, in giil tissue and urine, where a

decrease appears to be the casa.

3.7.4 Radio-calciunm clgarance

4

The effect.of boviné calcitonin on cal;ium—ﬂs clear-
ance from intact calcium-loaded - eels following acute trans-
fer to 100X seawater are shown in Table VII;'and Fig. 4a and
b. Overall, calcitonin caused an increase (P<0.01) in total
calcium-45 clearance by six hours. This increase,
¥as entirely due té A stimulation of calcium clearance into
the head chanaber 1?(0,01) (Table ¥II). The obsefvation that
calcitonin effected calcium-45 clearance in the head chamber
than the tail chamber is supported by the data shown Fig. 4a
and 4b. These figures also show that the effect of calcito-
nin on calcium~%5 clearance into the head chamber was al-
ready evident (P<0.05) after 1 hour. Ccalcitonin did not ap-
pear to affect the rate of calcium-45 clearance from the

tail region of the fish.

however
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/
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TKBLE VII

Efflux in Calcium*>clallenged eels-

t

Effect of BCT on the relative percent'of total calcium=-45
appearing in the head and tail chambers in intact’ FH-acclimated
eels € hours after transfer into 100% swd,

Group ' Contro ) 'BCT injected
Head ‘ 0.85 + 0.52 (6} 2.65 £ 1.0 {(5) (a)
Tail (b) .77 £ 110 (6) 1.68 t.1.1.15)
Total(bi' “ 2.62 & 1.85 (6) 4.33 £ 2.1 (5) (e)
‘Total (c) 2.89 & 2.55 (3) 8,97 + 2.2 (%)

) ; »

a = values given are mean % standard deviation (no. replicates)
as total cpn. extruded/injected cpn.100 gm hody vt X 100%

b = excluding renal excretion

€ = renal excretion included

d = significantly differemt from control (P<0.01)

e =

P<0.10 vhen compared vith control

w} -

v i



4
™
~)
3
Tall
chamber
o, i [
g2
©
Qo
=) 4 -~
n.m - -
B e
m \\ 1 |
7,
@] s
S
T
2 Viead
chamber
] ] | L i
0 2 3 4 5 6
Time in hours
° Y

_“ .:.:

45Cq relative percent

,T’r

N

o - -
. N .
. ” .
; \Mv\ |
\ﬁ 9 d
/ o o o

e —— . ) a

- 1 m
. \\ .-
- - (u] )

.
1 L ) o
2. 3. 4 5 -6 -~
Timeinhows™ - @~ - &
-

(b)

.



"Tige~-course study of calcium-45 efflux int

tail chambers (Pig.

yellov ells: (a}) controls (n=6); and, (b)
injected (n=5).

Values are mean ¢ s.d. (volume corrected)
percent: sample activity/injected

o the head and

1) from calcium-challenged intact

calcitonin-

as relative

activity multiplied
by 100%. . '

Figqure 4: Time-course study of calci

o

ugrﬁSLgfflux

t
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~ .

\1.\2 GILL PERFUSION STUDIES
3.2.1 Effect of SCT on net gill Ca efflux
from gills of g¢els perfysed with the constant pres-

sure systen

The effect of salmon calcitonin (50 NRCmU/ml) on net

calcium. efflux is presented in Table VIII. Results from the

four arches taken from two eels (both 41 gn in wt.) indi-

cated a non-significant increase in npet calcium efflux with
\

salmon calcitonin. Hoyever, the efferent flow dropped in
the control aand salmon calcitonin-perfused groups. This ob-
servation suggests that either perfusion fluid was leaking
out into tﬁe bathing medium or there was an increase in vas=-

cular resistance 'in the gill arches with time.

S
TS ‘_(-\./ -
3.2.2 Effect of salmon calcitonin- perfusion on *
net gill calcium and inulin efflux
Y

Table IX shows that gills from coaltrol eels had con-

siderable ’'individual variation in net calciva efflux and

that the small eels had a nuch higher rate thar the large
eels (P€0.01). In the small eels, 'calcitonin appeareg to
rgduce net-calcium efflux but this reducéion was’not sign}-
ficant (PS0.0S!. In the large eels, calcitonin bad no obvi-

ous effect on net calcium efflux. However, in all three,

-h
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TABLE VIII

SCT and Calcium efflux : constant-pressure systen

Effect of SCT on calcium efflux and perfusion rate in gills of
P¥ acclimated eels perfused at constant pressure.

Calcium efflux (a) %change in effluent rate (b) l
Fish Control - .SCT-perf. control SCT-pegf. !
1 7.05 10.60 -21.3 -35.8 ‘
2 - 10,75 15.61 -53.0 -36.4
~
a = pM/hr per gm tissue dry wt. ' | : K
b =. difference in rate before and after changlng perfnsates
x 100%
c =

50 MRCmU/al
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groups, ' the perfuéien of the gills with ca{pifonin greatly
reduced the individual variations in net calcium efflux seen
in the untreated control groups. Calcitonin also reduced
the net efflux of inulim in the small eels and this was not
due to thesdecféase‘in perfusion rate as the perfusion rate
decreasgd to the same extent as the controls. There ap-
peéted to be a higher net inulin-efflux in the - large eels
irrespective of salmon calcitonih.treatnent.

T
~

(

3.2.3 Effect gﬁ SCT, CS on incubated gills

’
Effect of sSalmon calcitonin and corpuscle of Stanmius ex-

tract on calcium and inulin efflux from incubated gills gigg

L4

freshuater*and seawater-acclimated eels.

/ - v

)

A

1

Tables X and XI sUmmarize the effects of éalmon cal-,
e f

citonin and corpuscles of S /nnius extract on cqlciun and
inulin efflux fron perfhéed gills taken from freshwater- and
seavater—acclimatgg eels. Using a 3-wvay mqltivariate analy-
sis of covariance (HANCQVA[, it was judged that the various
gill arches (8) ‘in spite of their differences in size and
sequential location, did not handle calciup or inulin dif-
ferently. Tﬁerefore,..thq gill arches €from each fish ué?e
treated as replicates. Some sigdificant differences , ;/
(P<0.01) wvere, houever,u‘found between the gills frqm‘freéh-

'y

vater~ and seawater-acclimatod eels as well as among treat-

2’

L
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ment groups. A 2-way MANCOVA (nested-design) showved that
cai&iul and inulin efflux in the contrel and salmon calcit?-
nin-treated gills vere not different in the freshwater and
seawater’eels. Gill calcium;us and gill tritiated-inulin
concéntration uére “higher k‘(0.0S) in the f;%shuaég; eels
than iﬂ the seawater omés in all four treatment groﬁps.
Conversely, . calgiun and inulin efflux .rates were  higher
(P<0.09%5) Vin tﬁe coqpuscles of Stannius extract and salmon
calcitonin + corpuscles of Stannius extract;treated gills in

seawvater.

In the freshwvater-acclimated eels (TahleVX), vith a’
1-way MANCOVA analysis, no effect on calcium efflux was
found with either tﬂe salmon calcitonin or corpusgles éf
Stannius.extract alone, Although gill calcium-85 was higher
(P<0.05) ~in the salmon calcitonin + corpuscles of Stannius
exfract group, no change in efflux vas detected. But a sig-
nificant decrease (P<0.05) is ap@arent when this group is
cgmbared with the corpuscles of Stannius extradt-perfused
.group. Higher - gill tritiated-inulin(-was-observed in the
corpuscles eof Stannius extract and sa;nop calcitonin + cor-
puscles of Stannius extract groups (P<0.05), vhile salmon
calcitonin alone had no effect. in yiew of this, inulin ef -
flu{ r;tes did not changé with salmon calcitonin or salmon

calcitonin + corpuscles of Stannjius extract, however, cor-

-
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puscles of Stannius extract ggve an increased rate (P<0.05),
vhich was also significantly higher (P(0.0é) than that of

Vi
the salmon calcitonin or .control group.

In the seavater-acclimated eels (Table XI), salmon
calcitonin alone had no effect on calciu; or .inulin efflux
but it dld elevate gill céicium—ﬂs and tritiated-inulin
(P<0.01). Hovwever, treatment wiyh corpuscles of Stannius
extract or salmon calcitonin ¢ corpuscles of Stannius ex-
tract both gave significant increases (P<0.01), in the efflex
of both parameters. .The sanme effect was also seen ih the
gill calcium-45 and Eritiated-inulin measurements, daicium
and inulin efflux were also higher (P<0.071) 1inmn thg corpus-
cles of Stannius extract, and salmon calcitonin + corpuscles
of Stannius extract-treated gills than in the salmon calci-
tonin-treated gilis. However, while gill tritiated-inulin
. shoved a similar increase (P<0.01} in all these groups, gill'
calcium~45 was higher (P<0.01) only in the salmon calcitonin
+ corpuscles of Stannius extract-treated gills when compared
to the salmon calcitonin-treated group. In other vof&sf;ihe
higher ca;Eium efflox did not correspond to a higher gi;l
calciun—ﬂﬁ in the corpuscles of Stannius extract-tfea}gdf
group when coapared to ' the salmon célcitonin-perféiéd

o

groups. : e



Chapter 1V

DISCUSSION

Pindings from the present study confirmed that plasaa
totai calcium measurements are poor indicators of the effect
of exogenous calcitonin. The skin and/or éhe fins of the
yellow eel did participaie in calcium exchanges. In the
freshwvater- or seawatef-accliuated eel, calcitonin ;had no
effect on gill calcium efflux, however, when the eel under-
vent a calcium-challenge, ﬂthe Eills did respond to injected

calcitonin with an increased calcium efflux.

The North American eel, Anquilla rostrata, LeSueur,

/‘
used for this study is a euryhaline species that spawas in

the Sargasso Sea {near the Bermuda Islands). The ra;valieel
lis carrled by the Gulf Streanm tot the mouth of the St. Law-
rence River where they stay for a brief period of time in
brackish water before starting their migratory journey into
freshvater. The nales,§tay in brackish water while the fe-
males migrate a considerable distance inland.  The fartﬁest
point reached by the females is Lake Oﬂtario. n}}en spend -
ing their qtowth'ngiod in frespuater. tﬁey start on a sea-
o ' ‘

"~ =77 -

Vi
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-
vard-spawning migration (see Tesch, 1977). Thus, throughout
the life history of this species, the animal is faced with

wvidely fluctvating environmental conditions. -!ét inpefﬂal
.calciuu concentrations is regulagfd to within ver} narrow
limits. Indeed, the eel can be transferred acutely between
-freshwater and seawater with né apparent physiological
stress (Kirsch, 1972; Tesch, 1977). No change is reflected
in the +total plasma calcium in these artificialfy nanibﬁi
lated fish ‘(see Table IV). = Therefore, " very efficient ne-
chanisms for the requlation of calcium must he present in
the eel, ;high can also be extrapolated to other euryhaline

-
-

species. However, attenpts to elucidate the mechanisms in-

» -

volved showed a very complex and perplexing sitgﬁtion.

.

Calcium regulation in euryhaline " species appear to
involve the interplay of several endocrine factprs. In
freshwvater, prolactin from the anterior pituitary is respon-
sible for the maintenance of serum calcium in face of low
calcium in the envirbnmént {Pang, 1953; ‘Wendelaar Bonga,
1978) . The hypoca&Eémic action of the secretions from the
corpuscles of Stannius is wvell defined ip the fisﬁ%s {Chan,
1972; Fenwick and Porster, 1972; P;ué, 1973; PFenvick, i978;
Wendelaar Bonga et al., 1978 : Copp-and ¥a, 1978). . Vitanin
D injections into the eel produced a hyperphosphatemia but

did not shov a hypercalcemic effect that is apparent in mam-
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mals (MacIntyre et al.,1976 ; Lopez et al.,1977). Purther
work is required on the aspect ° of vitamin D and calciug re-
gulation in fishes: Calcitonin, whose hypocalcemic effect
is observed in times of calcium streéss or whéen there is a

'high calciunm turnover in - young growinq"aninals (Introduc-~

tion, Table II) in the birds (Urist; 1967), the reptiles

(B&langer et al., 1973), and 4in amphibians (Robertson,\

1972); and also appeafs to .apply to. the eel in the present

investigation,

The ipitial report of the effect of calcitonin omn the

freshwater-adapted eelﬁ;as by Chan et al (1968), where the

"
injection of 10 and 50 mD/fish of porcine calcitonin eli-

cited a hfpocalceﬁié response, ‘This findin;*ﬁas substanti-
X ;

T

Paﬁg, 1971; Peignoux-Deville et al., 1975 ; Lopez et

al.,1976). - However, contradictbry results that questiored

the~hypoca1cemic action of calcitonin in the intact eel have

L4
also been documented'(0r1m07g5 gi., 1971_;' backe, c;ted by

Kenny, 1972; Yamauchi et al., 1978). Also a variation in

.the plasma calefum response of the killifish, Fupdulus kan-

sae, to exogenous calcitonin with seasonal changes vas re-

portqﬂab{i@lening'gg'gi (5973). Thesge auvthors also, ptoposed

that measuriﬂﬁfcaléiul fluxes betféeﬁ the fish and the envi-

', ronment would be a'béttér approach to address the calcitonin

o

Bl )

question.

ated in subsequent reports . (Pang and Griffith, cited in
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. In the preseﬁt investigation, the freshuater-adapted
\\\;l, exposed to a calciun— challenge (calciun—loading with
< calciun chloride and acute transfer to 100! seavater) is em-
ployed to deternine‘the role of exogenous calcitonin on cal-
cium reguiétion in 1hese animals. This approéch.uas taken
to circumvent the seasonal internal calc&un variatiéﬁ?; and
based on. the fact that in the other'classes of‘aninals stu-
died uhére the effect of calcitonin is shovn in tines of
caléium'stréhs. The effect of exogenqus ca1c1ton1n in these
‘eels is one of an increased calcium-i5 efflux from the ani-
mal (Table VII). with a major comtribution ,coming from the
head regiom, ‘nanely the gills. (Table VII‘; Fig. 4a and-
4b). A decrease in calcium-45 efflux; hoygver, was reported
by Dacke (3975) in the European eel injected viéh a high
calcitonin dose‘of 500 ng/100 gm fish jabout 100007100 gm
fish). Recently, chhlnnle and Scopelliti (1918) reporﬁbd
that injections of salnon calc1tonin with doses ranging from
O.SPU =20 nU/gm body weight in frogs caused hypocalcemia at
the 1pU dose only. The higﬁer doses resulted im a hypercal-
ceaic response. The reversalfff the effects absarved with
the high and low doses of Sélloh calciéonin in the £frog
m{ght'glso be appligd to the eel,‘vheriaige dgcreased efflux
observed by Dacke (1975) could be dme to the high dose of
salmon calcitonin administered. In the present study,{:ith

a bovine calcitonin dose of S0 mU/100 gm fish (Chan, 1968,

1972) (together with a calcium-challenge), an increased ef-

M
° l
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flux, principally by the gills, was demoastrated. This

would mean that under adverse conditioas, calcitonin does

. exert its effect at the gills. /

-

The ;ppearance of calcium-45 in the tail chanber

©_ would tend to support thg'findings by Mashiko and Jozuka

(1964) in that the fins and/or the skin dolplay a role in
célcium fluxes. Since the fins are more vascularizéd thaa
the skin, it would seen’f;ﬁbable that the calcium found in
the tail chamber would be ffon efflux through the fins,
rather than the skin. Also, a tiné course study of the ef-
flux-(Fig. 4) did not skou an increase 1in calcium efflux
with bovine calcitonin in the +tail chamber. Thus, bovine
calcitonin does not affect calcium efflui atrghé fins and/or

skin. ' . -

, WV :
A hypocalcenic effect was not reflected in the total

- plasma calcium determinations (Table 1IV). However, a da-

crease in plasma calcium-45 was observed in the group with;
out calcium-loading but injected with bovine-talcitonin (Ta-
ble V). The apparently higher values of plasma calcium-45

in this gron§ at 15 mninutes though mnot statistically signi-

ficant might imply that bovine calcitoain could cause an in-

. ! - .
crease of the tracer entering the. circulation from the in-
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Jected soiution:' The drop ‘at the 6 hour sample could be an
increase of the tfgcer going to the internal calciﬁu stores:
muscle aﬁd bone (Chan, 1972) ; or an increase in efflux
through the gills as in the calcium-loaded group. UnfoFtu—
nately, efflux studies were not carried_out on these un -

loaded eels. 1A study of the calcium efflux would helpiélar-

ify the situation.

The significaat increase in total plasma calciua at
15 minutes after the'initiél injection (P<0.01; . Table IV)
_ wvhich is not reflected in plasma calcium-45 (Table V) wmight
be-an effect of bovine calcitonin on the nobiiization of
calcium from the intermnal calcium stores, an increased in-
flux from the environment or tie increasing entry of the in-
jecied calcium into the circulation. The muscle conﬁartment
in the eel has been shovn to be a storage depot for calcinn
(Ckan, 1972). Thus, one-source for the elevation of calcium
observed would be the release of calcium from muscle, under
the influence of bovine calcitonin. Bone is another site
where calcium can be stored. Hovever, observations made on
the Buropean eel’ (Lopez et al., 1976), the frog (Robertson,
1967), and the perfused fetal rat fibula (Liskova-Kiar,

- .

1978) all demonstrated a decrease in osteoclasts with hn in-

-

crease in osteoblast cells. Thus, Iit'sgeued nnlikely that

bone wvwould contribute. to the transient hypercalcemia ob-



- o o 83
sefveﬂ. The influx of qglcihy from the environment could be
thfough the‘skin, fins, and gastroiﬁfestinal tract. The
permeability of fish skins to water and ioms has been stu-
died in the t;out, the kiilifish and the silver Ehropean eal
(Promm, 19683 Kirsch, 1972). In these aninmals, the skin was
found to be iiperieable to both water and ionic fluxes.
However, the.inperneability of the skin'of yellbw eels has
not been established and because these eels have a tﬁinner
skin than the silver eels (Kirsch, 1972),” it vould seem pos-
cible that calcium influx may take piacef The fins of the
carﬁ were shovn to be a site for calcium exchanges (Mashiko
and Jozuka, 196&).-. Therefore, the fins could*cont;ibute to
the increased plasma calcium observed. The gastrointestinal

tract as a possible spurce of calcium influx is based on the

fact that the freshwater European eel, upon direct tramsfer

to seauater; the drinking reflex is initiated \(Kirsch,
1972). = But, inp the present study, hexan;thoeiun bronide,
used for immobilizing the eels, is a gangliqﬁic blocking
agent, which differs from decamethonium in that oanly the
skeletal muscles are affected 1eavin§ the breathing reflexes
and possibly the drinking reflex intact (Bellamy and Chester
Jones, 1961). Thus, though the gills were irrigated with a
pulsating pump, vVvery little &rinking would be exéected due
to the blocking actiom of hexamethoniua bromide. ‘Therefore,

contributions of calciua from the gastrointestinal tract

could be taken as nminimal. In general, them, the ipcreased'

fe s i 4 e T Wl Y e Ctarh
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pl ~calcium observed at 15 minutes in the calciim-loaded

+ boviné cal onin eels would be due to an increased mobi-

from the auscle compartment, internally,
. L4

and an influx of external 'calciu:/;hrough"the fins and/or

P

the skin. The return to coEf;ol levels (calcium-loaded

'u1thout bovine calcitonin) at 3 hours.could imply a tran-

sient hypocalcemia due to the injected bovine calcitonin.
- e 4

_ _ a
Mayer and Nibelle (1970):Etudied sodium fluxes in the

freshwvater European 'eei with \infus?é; of, saline solutions
and- found that élasma sodium levels returned .to normal
vithiﬁ 3 hours_ after .infusion was stopped whiléﬁéodium ef -~
flpx continued’ to‘iqcrease. They cphcl;sgaflthat measure-
ments of plasma concentrations would not be7%ggg\;ndications
of ion-regqulating factors. Tﬁé stability gf EheleISVa d to-

tal plasma calciud in the calcium- loaded + bovine calcito-

niﬁ (Table ¥V) gave no indication of the effact ofréh
jected hé;mpne. Hovevef; a2 trend towards a dec&é&se in
plasma calcium-45 (Table V) énd'fhe'increased efflex at_the
gills (Pig. 4) were observed but.not reflected . in thf kGtal
plasma calcium determinations. - This tends to confirqﬂthev
™~
conclusion reached by Mayer and Nibelle (1970)% Thus, 18:”
cating and defining the role of the target organ(s) und:f
the control of calcitonin would provide a better understan/—

T -

ing of the mechanisms involved in calciusm requlation.

~
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The iaitial increase 1n’p1$sna total calciuq(:ight-be '.g
part of the mechanism by Ihicg'cplcitonin incrzases calcium i
efflux through the gills. The eiev§tion of calcium éogether ;
with boviné calcitonin's action on the qills’ might facili- 4
-tate the inmitiation of the efflux sechanisas 'af the gills.
Indeed, the presence of calcium-45 in the head chamber of — S
the bovine cal&itonin groug_{Fig. 4h)y vwvas higher:than the

control head chamber values (Fig. 4a) at, 30 hinuteslaftqr \

i/

the initial injections.

P/;’\ o A7

\

The gills have been identified as one of the target

& .

organs for calcitonin with the divided (headstail) chamber
experiment. Hovever, a look at the internmal distribution of

injected calcium-45 proved inconclusive due to the inaccyra-

cies encountered in the préparatlon of thé various tissue
samples for tracer determination. L sinmpler and beéter
. method would be to use & ‘tiséﬁe éblubilizer such,as
(RE¥) for digesting the tissues. In any event, of the
ples in which calcium-45 activity vere' determined, bovine
calcitonin appeared to increase calcium-45 in all the tis-
sues, ' except gill and muscle jTable-VI).“ The Ancrease in
blood calfium-45 (Ehough hot statistically significént) with

bovine calcitonin _might reflect the facilitation of calci-~-

un-45 removal by the gills. Alseo, the increase in tracer in

; e b e 2 =

the highly vascularized tissues such as the liver and kidney

FURTE
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co?ld just be a reflectiom - of the increased blooa calciun
concentrations. The increased skin calciam-us with bovine
calcitonin (P<0. 05) would indicate ‘either that the eel skin
>~, ‘JA\“%hls a route for ca1c1ul clearance or it is a calciun storag
site in addition to muscle and bone. As stated earlier. éb
perneE?IIitghof the thinner skin of the yellow eel is still
not defined. The presence of mucous cells doesgnotxpreclude
its role in the extru51on of ca1c1um from the amnimal.”  That
the calcium-45 found in the skin samples could be the result

ciuse

the skin sample was taken from the region of the anigal that '

of adsorption from the bathing medium is unllkely

vas not: immersed in either the head or tail‘ chambprs (see'
Pig.. 1). The hypothesié taat the skin could be dalciunm
storage'depot is based‘on'the observation by ch (1972)
that the silver eel skin is poorly.vascalarized. Because of
this, the skin could act as a passive storage, a 'eump', un -
lixe bone or nuscle vhere active exchanges take place. The

foreg01ng, however, is purely speculative. Experimental ev-

idence has yet to be obtainmed.

-

The similar'values 6btained for muscle and liver cal-
ciun-us (0. oons and 0 0o6% respectively) suppotts the obser-
vatlons made o the Japanese eel by Chan (1972) where he

proposed tﬁat the muscle coapartnent is a calcium storage

site.  However, bavine calcitonin injections did not appre-
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cigbly increase the calcium~45 in this cbupartment. Thus,
muscle is not a target. organ for calcitonin. The decrease
in'gill calcium-85 vith bovine ° calcitonin might be due to

‘

thé'high'efflux observed; in other IOde, calcium does not

stay in the tissue and is extruded at a higher rate than the

-r .

—

control gills.(see Fig. &), vhereas in the control gills,

bgéause of the slovwer efflux, more calcium accumulated.

In the freshwater European eel with direct tfansfe;
to Seawater, a decrease in urine flow was observed (Kirsch,
1972); In the present study, the amount of urine collected

from 4 out of 11 eels used for the experiment was negligi-

ble. Conclusions as to the effect of bovine ca;citonin on
the kidney, thetefofe, cannot be’ made. Salmon calcitonin,

&
hovever, vas shown' to increase kidney calcium clearance in

Fd

the North American eel (Fenwick, 1978)

e

It was possible to pinpoint the giflsﬁhs a site for
increased calcium efflux in the presence of calcitonin,, vwith

the calcium- challenge experiment (Table VII; FPig. ). The

" results for the control incubated gills (Tables xl;iiiﬁiz)
gave values approxiiating those from the calcium?challeng d

control eels, In the calcium-challenge study, head chamber

efflurx vakﬁgs vere calculated to be 0.33 pM/hr-per 100 gm

Y
L}
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body wt for the control eels; 1.013 pM/hr per 100 gm body wt

for theé bovine‘calcitonin- injected ones. Tail chamber va--

“lues for the control and bovine calcitonin-injected “eels

were very similar: 0.68 and 0.64 ‘Ep/hr per 100 ém'?ody vt,
respectively. The control values fo;che incubated gills in
both;freshuatér and seawvater ueré 0.18 and 0.17 pH/hr‘pef
100 gn body wt respectively (thése calculations- took the 8

gills into accouht); The lqvér valu r the incubated
’ A /a(fo\ | \
dills, approximately a 2-fold decrease, compared to the jin

vivo gills, could be 4ue'to the shqrt time of incubation (6

~minutes). '~ If a longer incubation was used, osmotic fluxes

‘of water through thf/gill epithelium ‘would have to be taken

I .
into account. In the European eel, incubation of freshva-

ter- and seawvater-eel gills in freshwater for 90 nminutes
o L]
shovwed an increase in vater going into the gills; while an

efflux of iatep was observed when these gills were iqcubéted--

in seavatgr ]Isaia and Hiranmo, 1970). ' However, in the sea-
o

vater rainbow trout * and Japanese eel, a decrease in water

loss from incubated gills mediated by preolactin. and environ-

mental calcium was observed (Ogawa, 1974, 1975). Also, it

-

‘is because of this osmotic water flux that Shuttlewvorth

(1972) proposed his continuous gill perfusion systen. Thus,
the short term incubation in the present study mininized the

effects due to osmotic water fluxes. Thé higher efflux ob-

» -
tained with the in vivo preparation could also be due to the

increased circulating: calcium from calcium loading and the

»t
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action of hexamethonium. ~ He fs;honiul decreases choli~

-

pergic vasoconstriction of the gill resulting in an increase

in flow to the jamellae whereby more gill surface area is

" available for ilonic exchanges (Wood,- 1974, 1975; Wood and

Shelton, 1575). Tn the constant flovw preparations (Table
0., epipephring vhich has a similar effect inincreasing
blood flow throhgh the gills by stimulation of thé beta-re-~-
ceptors (Wood, op.cit. Hood and Shelton, gg; cit.)., cpuld
accéunt for high values obtain%d in both the control, and
salmon calcitonin—peffused gills. Recently, Milhaud et al.
(1977) demonstrated that norepinephrine increased calcium
jnflux in the isolated, perfused gill of the Pacif;gﬁfalmon.
Norepinephrime has Seen shown to be a ®OIL® potent sﬁimulus

; .
for_the bata-receptors iﬁ/the gill. than epinephrine (Bergman

et al., 1974 ; Forster, 1976i; Wood, 1974, 1975;; Wood and

- shelton, 1975). Thus, an increase in gill calcium influx

with epinephrine appears highly probable. Hence, . the data

obtained with the continuously perfused gill (Table IX) can
4

not show the effect of salmon calcitonin on calcium efflux

per se, due to the use of epinephrine in the perfusate to

counteract the jncreasing vascular gill resistance with time

C;gable VIII; constant pressure perfusion systenm). Indeed,

the increase im perfused gill resistance wvith time has been

reported in the perfused rainbow trout gill (gichards and
. \

Froum, 1970; Wood, 1974, 1975; Wood and Shelton, 1975}, the

European eél gill (rRankin -and Maetz, 1971) and the pacific
L]

-
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salmon gill (Milhaud et al., 1977). Thus, heximethonium

would be a preferable drug to pse for counteracting the in-

creasing resistance in perfused gills. The stabilizing ef-

. fect of salmon calcitonin on-caIciun efflux (Tahfé\EX) could

mean that the variations observed im the contrel values were

due to the differences in the response of the'variéus gill

~arches to epinephrine (Wood, 197ﬂf. The presence of salwmon

calcitonin in the perfusate decreased,the fluctuations but
its effect on calcium efflux was pinimal. Hoﬁever, tgis
could be due to the .aforementioned effecf; of epinephrine.
In the incubated gill study, epinephrine was not gsed in the
perfusion before tﬁé giils vere .incubated. An incregse in
calcium efflux Was not observed in both the ‘freshwater an:
seawater gills with salmon calcitonin (Tables X and XI).
However, the significant decrease in efflux in th¢ salmon
calcitonin ¢+ corpuscles of étannius extract group when com-
pared'to the corpuscles of Stanniﬁs extract-treated might
mean that in freshwater, salmon calcitonin counteracted the
effect of corpuscles of Stamnius on gill'calciun fluxes (Ta-
ble X). In seawater, the effect of corpusclés of Stannius
extract seeans to domimate in that the valuves for the salmon
calcitonin + corpuscles of Stannius extract, amd corpuscles
of Stamnius extract-treated groups did .not differ but ‘they

were significantly higher thanhthe‘ control of salmon calci-

tonin Slone (Table XI).
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. The efflux data on the European eell vere 13.86
qu/hr/kg.(or 0.69 pB/hr per 100 -gm body vg) apd 20.49
qu/hr/kg (or 1.02 pu/hr per 100 gm body wt) for controﬂ and
saimon calcitonin-perfused gills respectively (Pelgnoux-ne-
ville et al., 1978). These authors'based'theif calculations
on omnly one gill arch apd 2id not take all eight arches into
- account in expressing the rate as per kg body weight. Mul-
tiplying the above values by 8 gives: 5.54 pR/hr per 100 go
body wt. and 8.16 pM/hr per gm body wt respectlvely.l Thesé
values seem relatively high and, vith the absence of ‘a
* proper coﬂtrol preparation, the Tesults reported by these
authors could be due to a decreése>in the viability of the
pteparation. . This viability is reflected in a drop in per-
fusion rate through lleakage into the bathing medlum (Wood,
1974)y. Also, any changes in rate were not recorded by these
authors for the duration of ; perfusion period of 100 mi-
netes. Results frop the present study (Table IX); the drop
;n' rate in the double-labelled perfused small eel gills
would reflect an increased leakage from the preparation.
However, the efflux values (control: 0.66 pﬂ/hr per 100 gm
body wt; salmon calcitonin-perfused: 0.34 pM/hr per 100 gm
body wt - corrected for 8- gills) are[much lower than those
reéorted for the European eel; one explanation could be
that the mean weight of the eels vas 450 gm {(Peignoux-De-

|
ville et al., 1978) vhich vould mean a lafger gill surface

area for jonic transport or passive 1eakage. The large eels

R NN HE TSI SR
el
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used (Table IX) had a.mean body ueiqh£ of about 900 gm and,
with a relatively constant flow rate, showed efflux values
{0.11 pM/hr per 100 gm body wt) which were still lowver than
in the European eel. Howevettﬁzpe effect of epinephrine on
increasing permeability of-the large eel gi{; (Kirsch, 1972)
has to be taken into account when looking at the efflux data
for the gillgﬂ in the present study. urf ;r experiméntal
evidence is'needed to quantify the absoiute ate of calcium

efflux in the perfused gill. >/,_7

Ma (1976) reported an increased influx of calcium
with salmon calcitonin perfusion in the Worth American eel.
The mathematical hahdlihg of the wvalues, however, did not

lend credence to the effect observed., -

SN

calcium with salmon calcitonin perfusion of gills from pres-
pawning Pacific salmon. . They concluded that in seavater-a-
dapted f%sh, salmon calcitonin decreases the influx of cal-
] throujh the-gills. In Table X, the opposing effect of
salmon calcitonin on the effect. of corpuscles of Stannius
extract in the freshwater yellow eel gill together with the
. foregoing observation might imply that salmon calcitonin

' causes a decrease in the pefneability of the gill to calcium

13

Milhaud et al (1977) reported a decrease im influx of

R
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efchanges. The inability of salmon calcitonin in the seava-
ter gills to effect an increase in calciua efflux (Table XI)

.does not preclude the possibility of a net calciurm influox

\ )
into the gills. FExperiments carried out with calciun-47 and

calcium~-45 on either'gide of the gill epithelium would pro-
vide much better information ¢gm calcium fluxes through the
tissue and on the efg96€—3§/ calcitonin Qud. corpuscles of

Stannius extracts on this tissue.
[ T

\

In the incubated gills §Tables X and XI), though the
same concentrations éf isotopes were used in the perfusates,
there vere differemces in gill concentrations of these tra-
cers. Recently, a calcium-binding peptide (MW 3500) has
been isolated in gill, gut apd kidney tissue of the freshwa-
ter European eel (Hearn et al., 1978). This peptide is dif-
ferent fr;m tﬁe calcium-binding protein found inr the chick
intestinal epitheliunm hj Wasserman et al (1968) {iearn et
al., 1578}. The presence of such a peptide implies that it
Eou;d facilitate calciua transport or participaté in the
storage of ionic c;iEium in cells. In conpdring Tables X
and- X1, the freshwater control-and salmon qglcitonin-per-
fused gills have a higher (P<0.01) gill calcium than the
corresponding seawvater giXls although calciim efflux was not

different. This might be due to the fact that tﬁé freshwa-

ter eel has to conserve calcium .in a low  ¢alcium environ-

"
S
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ment. ‘Thus, an increase in the calciun-hindihg peptide in
gill tissues would conserve calciua and maintain ;ntracellu—
lar calciunm At physiological levels. IQ the seavater-a-
dapted eel, because of tbe‘influx of calcium from the envi-
ronnent - which vould bring all the efflux mechanisus.into
action - the role of the caléium-binding peptide is.not as

important as in the freshwater eel.

Ssalmon calcitonin or corpuscles of Stannius extract .
act to increase calcium stored im the freshwater -éillé.
.This is indicated by the fact tha; ;ill calgium-us concen-
tration in' th¥¢ freshwater and seavater eels treated"Lith
'salmon calcitonin, aﬂd corpuscles of stanpius extract (Table
xI) werqﬁgimilar. Also, increased calciun-us efflux is ob+
served in thg‘seavater eels only. f The results also pointed
to a dominant role played_aiy corpuscles of Stannius extract
in imcreasing calcium efflux ffon seawater gills.  This is
drawn from the observation that calcium efflux values in 'he
corpuscles of Stannius and corpuscles of Stamnius + salmon
calcjitonin groups are similar. Purther, the saimon calcito-
nin-treated gills had an increased calcius-45 concentration
but efflux vas not diffetéut from that of the controls. Un-
der extrene conditions, hovever, as with the calcium-chal-
lenge experiment, calcitonin may algo participate or enhance
the action pf corpuscles of Stannius secretions in calcium

extrusion from the animal (Table VII; Fig. 4).

v
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The use of tritiated-inulin in the perfusion experi-

mgnté (Table IX, X, XI) demonstrated that there 'is an efflux
of this substance from the gills regardless of whether the
conétant- flow or the ipcubation ptocedures vere ngéd.
Also, the difference in magnitude ;of inulin efflux (about 3
times higher in the incubated gill than ;ﬁ:x<ﬁﬁﬁginuously
perfused gill) would point to the possibility that there-are
channels or "holes" thréggh which the inulin moves to the
’;xtérnal zediun, Inuliﬁ is lost through the gills at the
same rate in the freshvater and seawvater eels. This obser-
vaFion of inulian loss through the gills was reported in the
Furopean eel by naséni and Pay&n (1974)y. Lam (1969) studied
inulin efflux fromlthe gills of the sticklehack and proposed
that pinocytosié, reverse pinocytosis, diffusion along vater
Ehannels and passage through "holes™ 1left during cell rene-
wval. In the present study, pinocytosis and reverse pinocy-
tosis was not denéggtrated; hovever, passage through "holes"

left during'cell renewal or water channelg could explain the
izgiin moveneﬁt in the freshvater gills. Or the other hand,
passage through "holes"® nay.be an explanation since it was
deponstrated thﬁt in the Japanese eel and the rainbow trout,
‘an increase in external calcium concentration decrease water
flow through the gill epithelium (Ogawa, 1975). Also, MNa-
son; and Gdrcla-Roaen (1972, ci;ed in- Masoni and Payan,

1974) showed that chloride cells in the gills of seavater

eels can accumulate and conceantrate inulin. Since chloride
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,cells have been, shown t% part;cipate in ionic exchanges '

(taetz and BornancCin, 1975), it is not unlikely that -these
cells vould also remove inulin from the circulation and ex-

trude it into the bathing mediunm {tasoni and Payan, 1974) .

The result of higher-cgncentrations of gill caleci-

-um~4%5 and inulin in the freshwater.group treated with salmon

calcitonin ¢ corpuscles stannius extract wvith no increase
in efflux of either‘subst;nce may indicate that calcitonin
caused either an,iﬁcrease of\uptake of the tracers by the
chloride cells or epithelial delis: of' an accumulation of
the tracers in the passive channels vith thé aucosal opening
of tﬁese channels closed. This effect is also observed-in
the gills of seawater ecls which were treated with salmon
calcitonin (increased gill calcium and inulin concentration
;ith no increase in efflux rates of either isotopé;. Aato-~-
radiographs of these perfused : gills would provide further
insight as to the location of calcium-#%5 and tritiated-inu-

1in in the present investigation.

There is a high correlation (0.88) between the efflux
rates of the tvo tracers, obtained with the incubated gills
in freshwater and Sﬁ;vater. No conclusions can be drawn as

to whether these tricers are transported independently or

y
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whether the same mechanism(s) are involved.- Becauée, cal-

97

cium was moved against a concentration gradient in seawater
, and the chloride cells do acCuaufate inulin (Masoni and Gar-
cia-Romeu, 1972, cited in Masoni and Payan, 1974}, the pro-
cesses involved can be assumed to be energy dependent. No
demonstration has yet been made of calcium transport by
chloride cells. The identificatjion of a gili calciupn ATPase
in the rainbow trofit (Ma et al., 1974) and the North Ameri-
can eel ‘(Femwick, 76, 1979), mnakes the idea of éeparate

mechanisams for calcium ard inulin exchanges attractive. A

demonstfatio

of tlie presence of the calcium RTPase in chlo-

ride cells, howvever; s not been made. Based on the pre-

sent results, the con jon is that calcium and inolin ef-

flux is médiatgd by corpascles of Stannius secretions.

Calcium efflux rates obtained from the large freshwa-
ter eel gills was 1.33 pl/hr per ga tissue dry -#% (Table
IX). In a separate sEudy, calcium influx for this size eel
vas found to be 0.085 pM/hr per gn dry wveight iSo, pers.
conm;): ‘while Ma and Coép (1977) reported a value of 334
pnole/hin/100 gm dry welght (or 0.20 pi/hr per gm dry
veight). In the ﬁuropean eel, Peignoux-Deville gt al (1978)
reported a value of 0.0168 pEq/hr/kg (or 0.67 pl/hr per gm
dr}'veight). It wonld seem that the efflux obtained im the

present study far exceeds that of the influx of calciunm in
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the freshwater eel. The influx. reported in these studiés,
however, 'vas based on a perfusion fime of a maximum of 100
ninotes. In the present study, a time of about 120 minutes
(2-hou;s) was required to load the gills with the isogopes.
- Phis was determined by monitoring tbe rnphateauing® of the
jsotopes appearing in the collected‘ effluent. Therefore,
the low influx values could pe accounted for by the accumu=
lation of the externaltcalcium—us in the epithelial calls
before it is releaéed_into the circulétidn, The calcium-
binding peptide (fearn gt al., 1978) =zight play an ‘important
role. preloading the gills with in vivo injections of cal-
cium~-45 prior to extirpation for perfusion Studies and as
stated earlier, the employment of two different isotopes of
calcium (calciunm-4#7 and cal#ium-ﬂS) would ‘be a petter ap-

proach to the study. of calcium fluxes at the gills.

-~ /‘\ \’

calcitonin has also been shovn to have an effact on
other parameters in animal systems. Im rats, (¥illians et
al., 1972), sﬁqep (Barlet, 1972), and man (Bijvoet et al.,
1971),‘ calcitonin caused an increased urinary sodium excre-
tion fogether with an incrqased urinary voleume. The removal
of the ultimobranchial body in frogs resulted in similar
‘changes (Robertson, 1974) . This means, however, that in
frogs, calcitonin has ' an effect opposite to that found in
manmals. In the Japanese eel, a decrease in serum osuotic
pressure is observed with calcitoniq\ (orimo et al., 1972);

A\
\

\\\
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In the 1lungfish, calcitonin causgd a significant diuresis
(Pang and Sawyer, 1975). . 1Iam the.golﬁfish, a ﬁininished en -
dogenous-calcitonin effacted by. bartial tltimobranchialec~-
t&hy caused a decrease in the heiatoérit (Fenwick, 1975);
_whereas an inc;easg;ig/hélatocrit rvas observed;with the Eu-
ropean eel with exogenous calcitonin (Cham et al., 1968).
Thus, calcitonin ig not exclusively concerned with calcium
regulation and the possibility_of‘ité role'in osmoﬁegulation

requires further investigation,'

. H

- In the present study, the effect of calcitonin on the
gills under 'mormal® physiological conditions is negligible
but in times of calcium stress, as was demonstrated in mam-
mals, the gills do respond to calcitonin énd an increased
calciam efflux is observed. Corpuscleé of Sfannius secre-
tions appeared to play a more important role on gill calcium

fluxes,

In coaclusion, the gills of the North American ecel
have been éenonstrated to be a target organ for calcitonin
in times of calcium stress. No effect is observed in the
freshvater- or seavater-adapted eel gill preparations with
either the ;onstant flov system or the pérfnsed, incubated

gill systten. Corpuscles of Stannius extract was shown to

-
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increase gill calcium- and inulin efflux in freshwater- and
seaqater-adapted'ye}lov eels, with the effect more apparent

in the seawater-a@apted ones. Plasma total calcium measure-

ments are inaéequate jndicators of the effect of the in-

jected hormeone. '
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Appendix RA //

THE BPFECT OF CORPUSCLES OF STANNIUS EXTRACTS IN RATS

The hypocalcemic action of the secpétion(s) from the
corpuscles of Stannius in fishes is.vell documented. How~-
ever, the question of wheﬁher this effect of the secre-
tion (s) extends to  other animal systems had not been exa-
mined, vhereas the hypocalcemic effect of salmon calcitonin
in mammals wvas well kanovn. Thus, an investigation of the
effeEt of the hypocalcemié ;ﬁbstanca(s) from the corpuscles
of Stannius was attempted uith an application of a modified
rat biocassay for calcitonin (Keany, 1971).

Intravenous injections of eel corpuscular extracts
elicited a dose-dependent hypocalcemic response from young
male rats. Injections of eel wmuscle and kidpney tissue ex-
'tFaété had-noleffect on plasma calcium in the assay animals.
Also, "Stannius corpuscles ‘'from the brown bullhead did not
. inéuce a hypocalcemia. It appears that, as in the injection
of fish calcitonin into wrammals, the other hypocalcemic sub-
stance{s) found iﬁ fish ‘(hypocalcin/ teleocalcin) is also
effective in a iannalian systel; that of a young rat. Ap-
plication of the rat ﬁioassay to further examine the nature
of the hypocalcemic secretion(s) from the corpu5cies of
Stannius was proposed. | ' |

- 101 -
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The above findings vere presented as a report in the

(see following pages).

canadian Journal of Zoology
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