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CHAPTER 1 Introduction

Calcium and phosphorus are nutritionally important elements in

animals. More than 99% of calcium and about 80% of phosphorus

exist in the skeletal tissue where calcium and phosphorus make

crystallized hydroxyapatite. And the crystal makes bone hard and

protects bone against a mechanical stress. Calcium existing in

soft tissues acts as a cofactor of some enzymes, as a second

messenger of hormones and as a neuro-muscular transmitter.

Calcium also needs contraction of muscles and exocytosis of some

cells. Phosphorus is indispensable element in energy metabolism

in' almost all 'organisms because glycolysis starts at phosphate

binding to glucose and produced energy stores as high-energy

phosphate bound in adenosine triphosphate and creatine phosphate.

And many coenzymes contain phosphorus. Furthermore phosphate is

one of the components of nucleotides.

Calcium metabolism closely relates to phosphorus metabolism

and all of calcium regulating factors directly or indirectly

affect phopphorus metabolism. Extra cellular calcium

concentrations were regulated rigidly by parathyroid hormone,

vitamin D3 and calcitonin. It is very important to study the

mechanism of calcium and phosphorus regulation in animal bodies

from the viewpoint of animal growth, milk production and animal

health.

It is well known that calcitonin, which is secreted from the

thyroid gland possesses hypocalcemic activities in various
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vertebrates (1,2,3). Munson et ale (4) found that calcitonin

deficiency increased plasma calcium concentrations in pigs. And

it was indicated that oral calcium load increased plasma calcium

concentra tions in thyroidectomi zed rats more than in sham

opera ted ones ( 5 ). Furthermore, Ka 1 u (6) showed that serum

calcium concentrations were increased after feeding in

thyroidectomized rats but were not changed in sham operated

animals. From these results, it was proposed that one of the

physiological role of calcitonin was prevention of postprandial

hypercalcemia which was induced by acute absorption of calcium

from the small intestine.

In ruminants, however, some workers indicated that

thyroidectomy little affects serum calcium concentrations (7,8).

Because ruminants have the rumen which can retain much

digesta, it is thought that digesta moves more slowly to the

lower digestive tract where calcium was mainly absorbed. It is

natural to consider that the postprandial acute calcium

absorption may hardly occur in ruminants.

It is widely known that calcitonin affect renal electrolytes

excretion. Kimura and Ogata (9) proposed that hyperphosphaturemia

was the most authentic and noticeable act.ion of calcitonin in

rats. On the other hand, Braithwaite (10) indicated that urinary

loss of phosphorus was 4.2% of total loss of phosphorus in sheep.

But Reddy et al. (11) reported that loss of phosphorus in urine

was 30% in rats. These reports suggested that the importance

of urinary phosphorus excretion in phosphorus metabolism was

different between sheep and rats.

There is a possibility that physiological role of calcitonin
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ruminants differ from that in monogastric anirnals.

 to study the nutritional and physioZogical role of

calcium and phosphorus metabolisrn in sheep.

The thesis

calcitonin
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CHAPTER 2 Review of Literature

a)gt;Lpt2gscy--gtl-Stgs#GE..met2gistoÅéfStd butCalcitonin

   Calcitonin was discovered and named by Copp et al. (12År in

1961 whiFh was based on the observation that perfusion of calcium

into the dog thyroid gland and parcathyroid gland complex reduced

plasma calcium concentrations. And they proposed that the
parathyroid gland secreted not only parathyroid hormone but also

a hypocalcemic factor, i.e.r calcitonin. Two years later,
Hirsch et a.Z. (13) found that pZasma calciurn concentrations were

decreased by cautery of the parathyroid gland within 30 min in

rats, though the surgical removal of the parathyroid gland
resulted slow decrement in pZasma calcium concentrations. And

they suggested that.the cautery of the parathyroid gland induced

to secretion of hypocalcemic factors from the thyroid giand. Then

they succeqded in extracting thyrocalcitonin (calcitonin} from

the thyroid gland of rats from which were removed the parathyroid

. The histolpgical study of Bussolati and Pearse (14) showed

that calcitonin was produced by the c-ceU ddrived from the

ultimobranchial gland. In mammals, the C-cell developed in the

ultimobranchial body of the ernbryo and invaded the thyroid gland

and the parathyroid gland (14). On the other hand, the
ultimobranchial body resided as a separate gland in lower

vertebrates (15År. Copp et al. (15) and Tauber et al. (16)
independ6ntiy extracted calcitonin frdm the ultimobranchial gland
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of chick and dog-fish shark.

   Though the extracts of the ultimobranchial gland reduced
piasma calcium concentrations in rats (1)t hypocalcernic effect of

calcitonins was still controversial in loweth vertebrates (17).

b) tructure and Assa o' f Calcitonin
           .
   Calcitonin has been isolated and purificated from the
ultimobranchial giands of eel (18) and salrpon (19) and from the

thyroid glands of porcine Åq20), bovine (21), sheep (22), rats
                    tt                   '(23) and hurnan (24). Amino acid sequence of calcitonin from

these species has been determined and it was clarified that all

pf thern were.composed of 32 amino acid residuest had a disuifide
                         '                                  'brÅ}dge between the lst and the 7th amino acid residuer contained

prolineamide in a. carboxly terminal and identify the lst, 3rd,

4th, 5th, 6th, 7tht 9th, 28th and 32nd'arnino acid residues (25).

   The other amino acid residues were widely different among
                            'species in a standpoint of physical characteristics ,i.e.,

acidici basic or aromatic (26). The variability of amino acid

residues allows for considerable differences among them in terms

of chevaical properties, for example, the salmon calcitonin elutes
                                                  'earlier than the other calcitonins on gel filtrations (27).

   Yamauchi and Orimo (25) proposed that calcitonins were
classified into three groups according to differences of amino

acid sequenÅëe of hormones as s.hown in Table 2-1. The
classification was consist with the differences of bioiogical and

irnmunological activities Åq25).

   Zt is well known that there is an active portion in many kind
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Tab!e 2-1 Classification of Calcitonins

Type

Salmon
Human
Porcine

Salmon
Human,
Porcine

(I, II,

Rat
, Bovine

Irx,),

, Ovine

Eel, Chicken

Table 2-2 rmmunoreactivities of Calcitonins

Antiseru!n against
Calcitonin
Salmon
Chicken
Hurnan

Rat
p6rcine

OvÅ}ne

Salrnon

  ++
   Å}

Chicken

   +
  ++

   Å}

Human

  Å}

 ++
  +

Rat

 Å}

 +

 ++

Porcine

  ++
   +

Ovine

  +
  ++
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of hormones and that a fragment containing an active portion can

represent the activity perfectly. On the other hand, any

fragments of porcine calcitonin could not be active (24).

Furthermore the prolineamide in the carboxyl terminal of the

hormone was necessary for it's activities (24) and calcitonin

which was severed a disulfide bridge between the 1st and the 7th

cysteine residues, could not decrease serum calcium

concentrations (28). From these results, it was suggested that

the whole molecule of calcitonin was necessary for the biological

activity.

The bioassay of calcitonin has been based on the hypocalcemic

activities in rats injected with calcitonins (1). It is

prescribed that 10 mi.u. of calcitonin is the amount which

reduces 10% of serum calcium concentrations 1 hour after

injection into rats weighing about 150 g and being fasted for 24

hours (29).

Recently Talmage et ale (30) proposed that a hypocalcemic

activity might be only a secondary manifestation of a more basic

function and the bioassay on the basis of hypocalcemic activity

did not reflect true activity. By this assay system, salmon

calcitonin could not decrease serum calcium concentrations in

salmon itself but was more effective than the same amount of rat

calcitonin for rats.

Many workers reported the suppressive effect of calcitonin on

bone resorption in various vertebrates. And Raisz et ale (31) and

Orimo et ale (32) used this suppressive action for the

bioassay of calcitonin in which 45-calcium was injected into

pregnant rats in order to label fetal bone with 45-calcium then
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fetal bone were isolated and incubated. The 45-calcium released

into medium from bone became a quantitative index of bone

resorption and it was shown that there was close correlationship

between the amount of calcitonin adding to the medium and 45­

calcium release. By this system, calcitonin contents could be

detected.

These bioassay systems could detect calcitonin content ranging

from 1.7 to 15 mi.u. which was much more than physiological

calcitonin content in blood. However it was impossible to

measure calcitonin concentrations in serum or plasma.

Deftos et al. (33) reported a radioimmunoassay of porcine

calcitonin. They injected with only porcine thyroid extracts into

guinea pigs 6-8 times to obtain antiserum. But their system could

not detect serum calcitonin concentrations. In 1968, Tashjian et

al. (34) succeeded in detection of serum calcitonin

concentrations in pigs by a radioimmunoassay. Guinea pigs were

immunized by porcine calcitonin bound to rabbit serum albumin

which was emulsified with Freund's complete adjuvant. This

immunizqtion produced antibodies being useful for the

radioimmunoassay of calcitonin. From these results, it was

suggested that porcine calcitonin had not a powerful immunogenic

activities and that conjugation to carrier increased immunogenic

activities in porcine calcitonin.

Applying the method of Tashjian et al. (34), radioimmunoassay

of calcitonin of human (35), rat (36), sheep (37), salmon (38)

and eel (38) were developed and these radioimmunoassay systems

indicated that immunological specificity of species. For

instance, antiserum against porcine calcitonin did not respond
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 eei calcitonin. These results were shown in Table 2-2. And the

 immunological specificity was consistent with the differences of

 structure of calcitonin.

    Recently it was deveioped that concentrations of several
 hormones in blood were detected by receptor assays using specific

 binding of horrnones to membrane receptors. A hormoner which can

 bind receptors, .may have biologicai activities. Though a
 radioimmunoassay detected only immunological activities.

    Marx et al. (39) reported that the kidney had the specific

 reeeptor for calcitonin ,and they tried to develop a receptor

 assay using a purified mernbrane receptox frorn the kidney. However

 the sensitivity of this assay was nQt enough to measure serum

 concentrations in blood.

 c) Secretion of Calcitonin

                                        '    As rnentioned previously, eopp et al. (12År suggested that the

 ,-mcrement of calcitonin secretion were induced by the rise of

 c,alcium concentrations in blood. Care et al. (40) indicated that

 rates of calcitonin seeretion from the thyroid gland fiuctuated

 ranging from 5 to 30 mi.u.!hour/kg body weight in an ewe when
 s'erum calcium eoncentrations varied frorn 8 to 12 rng!100 ml. And

 there was an intimate correlation (r=O.80-O.99) between serurn

 ealcium concentrations'and calcitonin secreting rates.

    Radde et al. (41) showed that an intravenous magnesiurn load

 reduced serum calcium concentrations in intact rats but
 thyroidectorny inhibited the hypocaicemia induced by magnesium

 load. From these results, they suggested that hypermagnesemia
                                                     ' increased calcitonin secretion. However, Care et al. (42) found

                                9



 that the stimulatory efiect of hypermagnesemia on calcitonin

 secretion was usually less than the secretion caused by an
 .equimolar increment ip plasma calciurn coneentrations using a

 radioimmunoassay of calcitonin. And they suggested that changes

 in plasma rnagnesium concentrations did not influence calcitonin

 secretion under a normal conditions.

    Zt is natural .that parathyroid hormone increase serum calcium

 concentrations which stimulates calcitonin secretion. Furthermore

 Gittep (43.) suggested that the parathyroid gland seereted
 thyrocalcitonin (calcitonin) releasing factor which increased the

 secretion rate of calcitonin. Howeverr the direct effect of the
n                                                ' parathyroid gland on calcitonin secretion is now denied by many

 workers (44,45). .

    !t was reported that glucagon administration decreased serum

 calcium eoncentratipns by way of increasing calcitonin secretion

 (46). However, physiological ievel of glucagon could not affect

 calcitonÅ}n secretion (47).
                                                 '             '
    Cooper et al. (48) found that calcium load into the jejunum

 stimulated calcitonin secretion without the increment in serum

 calcJum congentrations and they suggested that gastrin increased

 calcito,nin secretion. And then they verified that calcitonin

 secretion increased when physiological dose of gastrin was
 infused into the thyroid gland (49). Furtherrriore Care et al. (50)

 and Cooper et aZ. (49) independently showed that cholecystokinin

 was also potent calcitonin releasing agent in pigs and that

 natural gastrin and synthetic analog such as pentagastrin could

 increase calcitonin seeretion.

                             zo



    Sorne workers demonstrated that beta-adrenergic antagonists

 (51) and alpha-adrenergic antagonists (52) inhibited calcitonin

 secretion and Talmage et al. (30) suggested that calcitonin

 secretion was regulated by various neurotransmitters as well as

 by a number of humoral and paracrine factors.

   Roos et al. (53År indicated that leveZs of calcÅ}tonin in blood

were higher in female than in maZe rats. And piasma calcitonin

 concentrations varied according to the reproduetive cyclesr i.e.r

 serum caleitonin concentrations increased during 'gestation and
                               ' lactation and the lowest values were reaehed during estrous

 (54}. However, tbe mechanism of xelationship between calcitonin

secretion and estrous cycles has not been cZear.

   Recentiy Deftos et al. (55År found that antiserum against
calcitonin could bind the intermediate and the anterior pituitary

lobes. They suggested that this intracelluiar rnaterial was

caicitonin related 'substance and that it might be part of the 31

kilo dalton precursor protein known to give rise to ACTH, beta-

,iipotropin, beta-endorphin and enkephalin. And many workers

(56,57) confirmed the existanee of caicitonin like
immunoreactivities in the anterior pituitary cells. Talmage et

.al. (30) proposed that the peptide like thyroidial dalcitonin

might be related to feeding behavior. '
    /
dÅr in of Calcitonin

1År Kidney

   In 1967, Rasmussen et al. (58) indicated that porcine
calcitonin infusion led to a transient hyperphosphaturia and

decreased excretion of urinary caicium and magnesium without a
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change in glomerular filtxation in rats. On the other hand,

Barlet (2) foqnd that infusion of porcine, salmon and human
caZcitonin at a physiological level increased urinary calcium and

phosphorus excretion' but decreased urinary magnesium excretion

in sheep. Kimura and Orimo (9) found that urinary calcium,

magnesium and phosphorus excretion were increased by a iarge dose

of saimon calcitonin injection (,1 --1.3 i.u.lrat) but phosphorus

excretion in urine was increased and calcium exeretion ' was
decreased by smail dose injection (2 mi.u.!rat) in young rats.

  'The effecti of calcitonin on urinary calcium and magnesium

excretion were obscure and results were fluctuated by the
difference of kind, dose and purity of calcitonin, method of

adinini•stration' and animals used (9). Howbver, the
hyperphosphaturic effect of calcitonin was generaUy observed 'in

almost all experiment•s.

   Zt is weU known that calcitonin dose not affect glomerular

fiitration rat.e. Furthermore calcitonin inhibits reabsorption

of phosphorus at the renai proximal convoluted tubule because

calcitonin can increases urinary phosphorus excretion even if

anirnals were adntnistrated by a functional inhibitor of the

distai renal tubule (59).

   The kidney seems to be an endocrine gland of active vitamin-D3

,i.e., 1,25-dihydroxyvitamin-D3 (60). Galante (61) suggested that

calcitonin might increase the activity of 25-hydroxyvitamin-D3 1-

alpha-hydroxylase in the kidney, though an inhibitory effect also

reported (62År. The effect of calcitonin on activation of vitamin-

D3 is now controversial. '
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  Suda et al. (63) found that calcium concentrations ranging from

O.05-O.2 mM were correlated to the 1--alpha-hydroxylase activÅ}ties

but higher concentrations of calcium {O.3--O.5 rnM) inhibited the

activities in mitochondoriai suspensions of the kidney. Borle

(64) showed that caicitonin increased cytoplasmic concentrations

of ealcium by means of the inhibition of calcium effiux from

cells in the kidney . There is a possib"ity that4 the chahged

calcium concentrations in cytoplasma by calcitonin affect changes

of the hydroxylase activities "lin the kidney.

  Calcitonin stimuiates parathyroid horrnone secretion by means of

xeduction of serum calcÅ}um concentrations and parathyroid hormone

is the major activator oi the 25-hydroxyvitamin-D3 1-alpha-

hydroxylase 'Å}n the kidney (65). Calcitonin induced the decrease

in serum phosphorus concentrations which stimu•lated vitamin-D3

activation (66). •It is natural to consider that calcitonin

indirectly, at least, increased 1,25--dihydroxyvitamin-D3
synthesis.

2} Bone

  Zn 1965, Friedrnan et al. (67) found that the stimulatory effect

of parathyroid hormone on bone resorption in fetal bone of rats

were inhibited by calcitonin in vitra. Rasrnussen et al. (58)

showed that the increased urinary hydroxyproline excretion by

parathyroid hormone administration were disappeared by
calcitonin injection in rats. Because hydroxyproline is one of

the unique arnino acids of collagen and about 608 of collagen in a

whoie body exists in bones (68), Rasmussen et al. (58) suggested
       'that calcitonin inhibited bone resorption in the presence of

                            l3
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parathyroid hormone in vivo. Cohn and Wong (69År indicated that

calcitonin inhibited hyaluronate synthesis, acid phosphatase

activities and minerallrnatrix resorption stirnulated by
parathyroid hormone in'isolated osteoclast Zike cells in vitro.

These results indicated that stimulative effect of parathyroid

hormone on osteoclastic bone resorption was inhibited by
calcitonin in vivo and in vitro.

   On the other hand, caZcitonin'could r.educte serum calcium

concentrations in parathyroidectomized rats (1). And some

workers suggested that the action of calcitonin on bone.
resorption was also observed in the absence of parathyrbid
hormone (67,7O,71).

   The mechanism of decreased bone resorption by caicitonin was

not well known. Histological studies suggested that the
suppressive effect of calcitonin on osteoclastic bone resorption

was brought about by the decrease of osteoclastic' nurnber, the

reduction of ruffled borders of osteoclasts and the inhibition of

the cytoplasmic motUity of osteoclast in vitro (72).

  Talmage (30) suggested that osteoclastic bone resorption

reduced by calcitonin rnight be impoxtant in bone remodeling
                           'because ca!citonin treatment could increase in bone density and

ultimobranchial gland ectomy decreased bone density in
submammalian species (17). However, an influence of calcitonin on

physiological bone rernodeling in mammals have not yet been
established.
         '                                            .    '
  It has been suggested that the rapid calciurn flux system

between blood and bone fluid transported calcium at least 20 fold

more than bone formation and bone resorption (74). Grubb et al.
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(7S} found that calcitonin inhÅ}bited 45-calcium ettlux frorn bone

fiuid within minutes but calcitonin had no direct effect on

caiciurn influx. Furthermore Norimatsu et ai. (76) proposed that

calcium efflux from bone fluid to blood (extra ceiiular fZuidÅr

was regulated by the lining cell-osteocyte eomplex on the bone

surface. And they .suggested that the reduction of calcium efflux

from bone fluid was rnost likely to the cause of the hyPocalcemic

effect of caicitonin.

   The mechanisrn of regulation of calcium effiux was not cleax.

But there is a interesting suggestion that calcitonin decreased

cytoplasmic calcium content in bone cell through permeabUity of

calciurn ion which may be related to the stimulation or
'restriction'of sevelal enzymic actions. The changes of enzymic
                              -                                                                'activities might regulate calciurn efflux from bone fluid (30).

Recently Vanderwiel et al. (77} suggested that calcitonin
stimulated extracellular accumulation of phosphorus in regions
                                           'adjacent to bone surface using electron microprobe analysis. The

increase of phosphorus in bone fluid can stimulate binding

phosphorus to calcium in the physicoehemical nature which may

reduce ca!qiurn efflux from bone fluid.

   The effect of calcitonin on bone forrnation and bone growth are

still controversiai. McWhinnd (78) suggested that adequate dose

of calcitonin injection increased bone alkaline phosphatase

activity which was related to bone calcification and the gain of

bone length was stimulated by calcitonin injection in the femur

of chick embryo. And Oximo et al. (79) indicated that calcitonin

directiy increased alkaline pyrophosphatase activities Å}n the
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tibia of thyroparathyroidectoinized rats. Because Russel et al.

 (80År proposed that inorganic pyrophosphate overshadowed bone

hydroxyapatite crystal surface and inhibited the growth of bone

crystal, it was considerable that calcitonin ntght stirRulate bone

forrnation through the removal of pyrophosphate from bone crystal

surface.

   On the other hand, Cohn and Wong (69) indicated that collagen '

synthesis and bone alkaline phosphatase activities of osteobias.t

was not affected by ca!citonin administration in vitro.
Furthermore, Milhaud and Mookhar (81} showed that caicitonin
'

significantly reduced deposition of caXciurn salt using 45-calcium

kinetics. And Baylink et al. (73} histologically suggested that

caicitonip decreased bone and bone matrix formation and that the

magnitude of the decrease in bone formation was 24g and that of

matrix formation was 22g. Zn addition, they found that the
decrease in bone resorption by calcitdnin was 689o. Because bone

formation was coupled with bone resorption, the suppressive

effect of 'calcitonin on bone iormation were indirect action of

calcitQnin,. i.e., the inhibition of bone formation was induced

by calcitonin restricting bone resorption.

3) Gastro-Intestinal Traet

   Though the digestive tract is important in calcium and

phosphorus absorptionr the effect of calcitonin on calcium
                                                 'absorption is still obscure and the effect on phosphorus
absorption is little known.

   rt was reported that the gastro-intestinal tract was not

necessary for the hypocalcemic action of calcitonin because
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calcitonin adrninistration reduced serum calcium concentrations in

gastroenterectomized rats as same as in normal ones (82). Krawitt

 (83) did not find any significant change in calciurn absorption

which was evaluated by' the disappearance of 45-caicium frorn the

small intestine after calcitonin injection in rats. Sorne
investigators indicated that intestinal caicium absorption was

elevated by ealcitonin administration both in vitro and vivo
         {
(81r84)•

   On the other hand, by measuring the disappearance of 45-

calcium from the smail intestine and the efflux of 45-caicium to

the portal vein in situ, Olson et al. (85) indicated that the

large dose (500 mi.u./rat) of calcitonin infusion increased

calcium absorption but the small dose (10 mi.u.lrat) of
calcitonin decreased calcium absorption within 4 hours and they

suggested that physiological level of calcitonin inhibited
                                    'calcium absorption and rernarkable hypocalcernia induced by
pharmacological level of calcitonin increased calcium absorption.

Barlet (86) indicated that calciuTn and phosphorus excretÅ}on in
        'feces ipcreased after long term infusion of physiological level

of calcitonin in sheep. And Swantnathan et al. (87) suggested

that calcitdnin indirectly inhibited calcium absorption becaus'e

calcium absorptionr rneasured by the disapperarance of 45-calcium

                                                           'from the thyli-vela loop, was reduced 2 days after the beginning'

of calcitonin infusion in pigs. And they hypothesized that
calcitonin inhibited vitamin-D3 activation in the kidney and the
                                                    'reduction of 1,25-dihydroxyvitamin-D3 decreased ealeium
absorption Erom the smaU intestine.

   It is known that calcitonin injectÅ}on reduces secretion of
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  gastrin and gastric acid in man (88). Furthermore Hufner et

  al.(89) reported that calcitonin Å}njection decreased pancreatic

  enzymes secretion and inhibited the contraction of the
  gallbladder. Yarnaguchi (90) showed that calcitonin injection

  increased bile calcium and phosphorus excretion without the

  reduction of bile flow rate in thyroparathyroidectomized rats.

  He stuggested that the hypocalcemic effect of calcitoni.n was due
 '                                '  to increasing in the excretion of calcium Svi`a bile because the'

  ligature of bile duct pfevented a hypocalcemic action of
  calcitonin. Meyer. and Meyer (91År reported that liver phosphorus

  content was increased by. calcitonin injection in
 thyroparathyroidectomized rats which might induce the increment

 -in bilary phosphorus 6xcretion. Gray et al..(92) found that

 calcitonin administration affect water and eleetrolytes
 transieration in the small intestine in man.

 4) Other Organs

    Rizzg and Go!tzrnan (93) reported that specific and saturable

 recept.e sites for calcitonin were widely distributed in the
                                           ' central nervous systems of the rats and were predominant'in the

    Freed et al. (94) found that subcutaneous single injection of

. calcitonin could suppress food,intake for 48-72 hours in rats.

 Furthermore they showed that pharmacological dose of calcitonin

 were necessary for reducing food intake when rats were
 adrninistrated calcitonin subcutaneously but a lower dose of

 calcitonin was effective when anirnals were given calcitonin

 intracerebroventricular!y (94}. However Talmage et al. (30)
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suggested that calcitonin levels circuZating under norma!
condition did not affect feeding behavior because the amount of

calcitonin enough to act on the brain could not pass the blood-

brain barrier physiologically.

   As previously mentioned, calcitonin like peptide were found in

the anterior pituitary cei.l (56,57). And.the peptide ntght

regulate feeding behavior Å}n stead of thyroidial calcitonin (30).

   However, many workers still propose that calcitonin secreted

from the thyroid giand affects the brain (94,95). The functions.

of calcitonin and calcitonin iike peptide in the brain are new
                                         tt                                        'aspects for calcitonin studies. '

   It was reported that parathyroid hormone stimulated mitosis,

D.NA synthesis and cell proliferation in the thyrnus and the bone

marrow and that this action was inhibited by calcitonin in rats

(96). Furtherrnore Rixon et al. (97) suggested that caicitonin was
                   .                                                  'necessary for the regenerative responce of the liver which were

partially ectomized because calcitonin deficiency severely
                                                'reduced the regenerative activity which was measured by 3H-

thymidine incorporation to DNA and a small dose of caicitonin

injection recovered the activity in calcitonin deficient animals.

   !t was originary suggested by Copp et al. (12) that calcitonin

administration reduced piasma calcium concentrations and that the

role of calcitonin was to reguiate calcium concentrations in

extracellular fluid within a narrow range of fluctuation.
Hypocalcemia induced by caicitonin was reported in the European

                            19
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eel (98) but was not found in some arnphibians and birds of which

calcitonin induced hypocalcemia in rats (99).

   A large dose of calcitonin injection which severely reduced

serum calcium concentrations in young rats produced littie
hypocalcemia in oZd rats Åq100År. However, hyperphosphaturic action

of calcitonin was found also in old rats and several other

actions of calcitonin.were not affected by aging (101År. From

these results, Talmage et al. (30) proposed that the hypocalcemic

effect of calcitonin might be only a secondary manifestation of

more basic function.

   Munson et ai. (4} reported that thyroidectomy oE fasted pigs

increased plasma calcium concentrations. Gray and Munson (5)

indicated that oral calcium load increased plasma calcium
concentratÅ}ons more markedly in thyroidectomized rats than in

sharn operated ones. Furtherrltore Barlet (102) found that

calcitonin inhibited hypercalcemia induced by 1,25-
dihydroxyvitamin-D3 injection. And the antihypercalcemic action

did not change with increasing age of rats. rt is established

that one of calcitonin roles is an antihypercalcemic action.

   MUhaud et al. (103) and Kalu (6) found that plasma calcium

concentrations were increased in thyroidectomized rats but were

not changed in intact ones after feeding and they suggested that

the physiological role of calcitonin was in the prevention of

postprandial hypercalcemia which was induced by acute calcium

absorption from the small intestine.

   Talmage et al. (104) found that postprandial renal caicium

excretion was less in sham rats than in thyroidectomized ones
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when animals were fed a diet containing norrttai calcium but

urinary calcium loss was more in sharn rats than in
thyroidectomized ones after the animals were fed the calcium free

diet. These results suggested that postprandial urinary calcium

excretion was primary related to the calcium content of the last

meal in thyroideetomized rats but r in intact rat-s, urinary

calcium excretion was affected by the amount of calcium intake in

the preceding days. It had been hypothesized that calcitonin

secretion during feeding led to conserve dietary calcium in the

bone to provide a sourse of calcium for the usage during fasting

period. The hypothesis was confirrned by the ncepoxt of Vanderwirk

and Talmage (105) that caZcium containing cornpound increased in

t.he lining cell-osteocyte units on the endosteal surface in

intact rats 3 hours after feeding and the compound disappeared at

the next 12 hours after decreasing gradually. They reported that

the compound was found neither in thYroidectomized rats nor in
                                                             '                 '                                                'intact rats fed calcium free diet.
                  '   !t wqs sUggested that calcitonin was more effective in
lactating rats than in nonlactating ones because the hypocalcemic

effect of caleitonin was much greater in the thyroidectomized

lactating rats than in thyroidectomized nonZactating ones (106).

Garel et al. (37) indicated that serum calcitonin concentrations

increased Å}n pregnant and iactating sheep asnd the same results

were found in rats and women (107). Xt is weil known that a

substantial arnount of caZcium were lost into milk and fetus.

Barlet (108) indicated that calcitonin might protect the bone

against the loss of calcium which was suspected to occur during

lactation in goats. Hirsch and Hagarnan (109År suggested that a
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single cycle of pregnancy and lactation proceed normally in the

deficiency of calcitonin but multiple cycles were impaired by the

absence of calcitonin in rats.

f) studies in Ruminants

There were a few studies about calcitonin in ruminants. In

'1957, stott and Smith (8) suggested that thyroidectomy did not

affect serum" calcium concentrations in cows and the same results

were shown in sheep by Nelson (7). However, in these experiment,

thyroxine was not supplied in spite of thyroidectomy which

induced not only calcitonin deficiency but also the lack of

thyroxine secretion. And thyroxine was known to affect bone

metabolism which was closely related to the action of calcitonin

(11 0) ~ Furthermore these studies were not counted on the

influence of feeding on fluctuation of serum calcium

concentrations after thyroidectomy though it was reported that

thyroidectomy increased plasma calcium concentrations after

feeding in rats (6).

On the other hand, Inskeep et al. (111) showed that

intraperitoneal load of calcium increased serum calcium

concent~atiohs more remarkably in thyroidectomzed sheep than in

intact ones and calcitonin inhibited hypercalcemia induced by

acvivated vitamin-D3 (102). From these results, it was indicated

that calcitonin could possess antihypercalcemic action also in

ruminants. In 1972, Barlet (2) indicated that calcitonin infusion

decreased serum calcium concentrations and increased in urinary

calcium and phosphorus excretion in sheep.

It was found tha t serum ca I ci tonin concentrations were
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increased by pregnancy and lactation in sheep and that calcitonin

deficiency substantially decreased bone calcium during lactation

in sheep (108).

As mentioed previously, it was indicated that excretion of

calcium and phosphorus in feces were increased in sheep by

continuous calcitonin infusion which was suggested that

calcitonin inhibited absorption of ~alcium and phosphorus in

ruminants (86). However, the experiment could not be shown the

effect of calcitoni~ on the true absorption of calcium and

phosphorus but that on apparent absorption because calcitonin may

affect endogenous secretion of calcium and phosphorus into the

gstro-intestinal tract.
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CHAPTER 3 Deterrnination of Serum Calcitonin Concentrations by

         RadioÅ}mmunoassay

            '   Many investigators assumed that thyroidectorny induced
calcitonin deficiency (4,5,6,103}. However, C-ceil which produces

calcitonin in the thyroid gland may exist in the parathyroid
            'gland becausb it is reported that C-celZ developing in the

ultimobranchial body of the ernbryo invades the thyroid gland and

the parathyroid gland in rnammals (14). :n addition, recently

Nakanishi et al. (112) indicated that the bovine 31k pituitary

peptid contained the antno acid sequence simiZar to calcitonin in

•the N-terminal which was suggested that calcitonin related

substance was produced in the pituitary gland. The detection of
                                                      'serum calcitonin concentrations was required for the
substantiation that calcitonin was not secreted in
thyroidectomized animals.

   There are sevetal bioassay systems of calcitonin but the

sensitivity of these systems are rather iow and calcitonin

concentrations in blood can not be deteeted by bioassays
(1,31,32). In 1969r Tashjian et al. (34) succeeded in detecting
   '
serum calcitonin concentrations in pigs by a radioirnrnunoassay. As

shown in Table 2-1, calcitonins were classified into ' 3 groups
from the stand point of the difference in amino acid sequence and

each elass had imrnuno!ogical spdcificity (25). And Garel et al.

(37) measured ovine piasma calcitonin concentrations using a

porcine radioimrnunoassay system in 1974. ThÅ}s experiment was to
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study on the analytical procedure of serum caXcitonin
                      'eoncentrations in sheep by a new porcine radioimmunoassay systern

and also to examine whether thyroidectomized sheep seereted
calcitonin or not.

               Materials and Methods

1) Produetion of antiserum

   Porcine calcitonin (Armour PharrnaceuticaZ Company, Eastbourne,

England; 73 Å}.u.!mg) and the same content of bovine sexurn albumin

were bound by the methgd of Reichl.x'n et al. (113). Six guinea
                                                                'pigs were injected subcutaneousxy with the porcine cazckontn

bound to bovine albumin (3 i.u. in O.89o NaCl) which was
gmulsified"  with the same voiume of Freund's cornplete adjuvand

(Nakarai Chem. Ltd., Kyoto) at 2 week intervals.

   Blood was coUected from each animal by carduac puncture under
light ether anestheSia 10 days aftex injections. And the antisera

were stored at -200C.

2) .Iodination and purification "
   Porcine calcitonin was labeled with the chiorarnine-T method of

Greenwood et al. (114). According to a conventional method, 125--I

labeled calcitonin was purified by Sephadex G-25 fine eluted

with O`05M phosphate buffer(pH 7.5År. And then labeled calcitonin

was further purified by Dowex ion-exchange resin IXIO (Muromachi

Kagaku, Kyoto) eluted with O.IN HCi. Furthermore the labeled

calcitonin were purified by Sephadex G--50 fine eiuted with O.05M

phosphate buffer(pH 7.5).

   Radioactivity of every fractionated eube was countered by well

gammar counter (Aloka, Chigago, USA).
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3)BÅ}nding activity of labeled ca!citonin to antisera

   Several antisera were dUuted to 1:1000, 1:5000, 1:7500,
                                                                 '1:1OOOO and 1:20000 with O.05M phosphate buffer(pH 7.5). The

diluted antÅ}sera and the diluent were incubated with labeled

calcitonin(10000 epmlO.lmlÅr at 40C for 24 hours. The final volume

was O.5 ml (O.1 ml labeled porcine calcitonin+O.1 ml diiuted

antiserum+O.3 rnl diluent}. After incubation, calcitonin binding

to antibody and free calcitonin was separated' by the chaeol

4) Plotting the standared curve

   Porcine eaicitonin (Armour Pharrnaceutical eompany, Eastbourne,

England, 73 i.u'.lmg) was used as standard in the assay. Dilutions

in O.05 M phosphate buffer (pH 7.5) were prepared in the
concentration ranging to 10-500000 pg!ml.

  Two methods of incubation were tried to plot standard curve,

i.e., nonsaturated incubation and saturated ones. As shown in

Table 3--1, the optimal diluted antiserum and standard solutions
            '           iwere mixed and incubated,for 24 hours prior to adding iabeled

calcitohin then the mixture of aii solutions were incubated for

48 hours with the nonsaturated method. On the other hand, al•l of

solution were mixed at the sarne time and then the mixtuxe was

incubated for 48 hours with the saturation method.
'

   The sensitivity was ensured by student's t test.

5) Separation of bound calcitonin from free calcitonin

   Numerous separation method have been reported but some of

these technÅ}ques had sOine difficulties in handling with a large

number of sarnples. In this experirnent, the methods which could
          '                                              '
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Table 3-1 Method of Plotting the Standard Curve

Saturcated Method Nonsaturated method

 iluted antiserum 100 yl

Standards 100 yl
125   ! labeled      Calcitonin 100 Yl

Phosphate buffer 200 pi

Uuted antiserum
tandards
hosphate buffer

1OO

1OO

200

pl
pl
pl

Incubation for
       at 40c

24 hours

!ncubation for 48 hours
    at 40c

            125 dditibn of
calcitonin

M labeled
100 F!

Calcitonin bÅ}nding to antibody
separated by the chacol coated

            ,

Incubation for 24 hours
       at 40c
            t

and free calcitonin were
dextran method

'
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operate many sarnples at the same time, i.e., the dextran-charcol

method (34), the talc rnethod (37) and the double antibody method

(150 :using anti guinea pig !gG serum of goat) were tried. Radio

activities absorbed by charcol, tale or the second antibody were

detected by an auto weli gammar countex (Aloka, Chicagot USA).

6År Radioimmunoassay of serum"calcitonin concentrations in sheep
   '
   As shown in Table 3-2r the radioimmunoassay- has been done.

And 24-48 hours of preincubation and 24--96 hour$ of in'cubation•

were used. The effects of protease inhibitor addition on the

sensitivity of radioirnrnunoassay systern were also examined. The

diluent was prepared as 1 ml of the final solution contained 100

kS.u. of kallikrein trypsin inhibitor (Trasylor, Beringer Manheim
                                   'Yamanouchi, Tokyo)

.

             '7) Animal preparation

   Three intact sheep and 3 thyroidectomized sheep (ectomized 8

months before the experiment), weighing about 40 kg, were used.

Every sheep was injected intravenously with 1.26 mM CaCl per kg

dissolved in O.6 ml of distilled water within 1 minute. Blood

samples.were qollected before and 30 rninutes after the injection.

And serurn calcium and calcitonin concentrations were measure. d.

               Results and Discussion

   Labeled" calcitonin was inÅ}tially purified by filtration on

Sephadex G-25 fine {Fig. 3-1). One major peak eluted from the

column at fraction number 10. which had higher radioactivity.

(18XIOOOOO cpm!5 dropsÅr. Then the other peak was found at
fraction number 23, which had rather high radioactivity (5XIOOOOO

cpm15 drops). It seems that the first peak is 125-I binding to

          .                             28



Table 3--2 Method of Radioimrnuniassay

DUuted antiserttm

Standard or sampZe

Phosphate buffer

 r sin inhibitor

100 Pi

100 pl

100 pl

100 KieUe

:ncubation for 48.hours at 40C

Addition of 125I labeled
100' 1

t--

lncubation for 96 hours at 40C
               l

dditiori of serum
           (to standard}
r phosphate (egfggj:pl.) 100 F

               l

Caicitonin binding to antibody and
and free calcitonin were separated
by the chacol.coated dextran method
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,

calcitonin and the second peak is free 12S-I. The fraction number

10 to 13 were used by the further purification.

   As shown in Fig.- 3-2, the rnixture of the 10th to 13th

fractions were appUed to Dowex IXIO. About 7006 of the
radioactivity was unabsoacbed and eluted from the column. Because

Dowex IXIO absorbed cations in acidic states, only 125-: binding

tO calcitonin could elute. { '
   The next step was purification of calcitonin by Sephadex G-50

fine (Fig. 3-3). [rhe first sharp peak was eluted at the 21st

fraction and the second peak was at the 34th fraetion which was

rather broad and had lower radioactivities. From the elution

time, it was ciear that the lst peak was 125-I binding to

caZcitonin and the second was 125-! binding to calcitonin
fragments which was produced by calcitonin degradation during the

labeling procedures.

   Four immuninized guinea pigs produced antisera which could
      '        'bind labeleq calcitonin at a dilution of 1:1000. But the
antiserutn whieh could be useful for the radioimmunoassay at a

dUution of 1:5000-1:10000 'was produced by a guinea pig after 7

times of immunization. The serum were used at a dilution of

1:8000 for further studies (Fig. 3--4).
             '   Two standard curves produced by the saturation and the

nonsaturation methods are illustrated in Fig 3-5. Xn the
saturation method, More than 100 pglrn1 of poreine calcltonin was

detected. On the other hand, about 50 pglml oE calcitonin eould

be measured by nonsaturation method. The bound!free ratio was

significantly (PÅqO.Ol) different between blank and 5 pg {50
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 Table 3-3 Effect
concentrations in

of caleium load
thyroidectomized

on serum calcitonin
 sheep (pg/ml)

Before load After load

Intact

Thyroidectomy

105
70
50

N.D
N.D.
N.D.

820
1020
910

N.D.
N.D.
•N.D.

N.D. values were less than 50 pglml.

Table 3-4 Ef'fect
concentrations in

of ca!cium !oad on
 thyroidectomized

 serum
sheep

 ca1eium
(mg/1OOml)

Before load After load

Intact

Tliyroidectomy

9
8
9

9
8
8

.27

.61

.51

.68

.29

.90

15.09
12.38
IZ.89

13.61
14.47
13.04
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pg/ml) of calcitonin in the nonsaturation method.

Fig. 3-6 showed that the dextran charcol method was the most

suitable for this assay. And the second antibody method did not

separated 125-1 binding to calcitonin from free·125-I.

As shown in Table 3-3, serum calcitonin concentrations were

not detected by 24 hours of preincubation and 24-48 hours of

incubation. By 48 hours of incubation and 48-72 hours of

incubation, serum calcitonin concentrations in some samples could

be detected however coefficients of variation were rather high

and serum calcitonin in a sample could not be detected. On the

other hand, all serum calcitonin concentrations became higher

and coefficients of variation became lower by the addition of the

protease inhibitor. From these results, 48 hours of preincubation

and 96 hours of incubation were used in the presence of the

protease inhibitor.

As shown in Table 3-4, serum calcitonin concentrations

belonged to about 50-100 pg/ml in intact sheep. However, in

thyroidsectornized sheep, serum calcitonin concentrations were not

detecte9 by the assay system. Serum calcium concentrations were

increased by the calcium load in intact sheep as well as in

thyroidectomized one. On the other hand, serum calcitonin

concentrations were increased and reached to 600-1000 pg/ml in

intact sheep but were not detected in thyroidectomized animals

after calcium ~oad.

It was suggested that the thyroidectomy induced the

disappearance of endogenous calcitonin secretion in sheep. If the

parathyroid gland or the pituitary gland secreted calcitonin, the

amount of calcitonin secretion was very low and the secretion
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from these glands might not be affected by the increase in serum

calcium concentrations.

Summary

To measure serum calcitonin concentrations, a radioimmuno­

assay system has been developed. Guinea pigs were injected with

porcine calcitonin which was bound to bovine serum albumine and

was emulsified with Freund's complete adjuvand to produc~

antisera.

125I-labeled calcitonin was purified by Sephadex G-25, Dowex

1X10 and Sephadex G-50. From the test of binding activity of

labeled calcitonin to antisera, it was shown that one of the

sera was useful for the radioimmunoassay at a dilution of 1:5000­

1:10000. Antiserum, sample and diluent were mixed and then

preincubated for 48. hours. Then the labeled calcitonin (10000

cpm) were added. The solution was mixed and incubated for 96

hours. The incubation mixture was contained 100 ki.u. of protease

inhibitor. Calcitonin bound to antibody and free calcitonin were

separated by dextran-charcol method. By this assay system, 50

pg/ml of calcitonin concentrations were detected.

Serum calcitonin concentrations were 50~100 pg/ml in intact

sheep. Serum calcitonin concentrations were ,increased and reached

to 600-900 pg/ml by intravenous calcium load. However, serum

calcitonin concentrations were not detected in thyroidectomized

sheep even after the calcium load.

It was suggested that thyroidectomy induced calcitonin

deficiency in sheep.
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CHAPTER 4 Effect of Thyroidectomy and Thyroparathyroidectorny on
            '            Calcium and Phosphorus Metaboiisrn

   !t wa.s shown that calcitonin deficiency induced by
thyroidectomy increased serum caZcium concentrations in rats and

pigs (4). KaZu (6) suggested Ph'ata physiological role' of
calcitonin was an inhibition of postprandial hypeÅécalcemia which

might be indueed by the elevation of calcium absorption frorn the

digestive tract.

   On the other hand, some workers showed that serum calcium
concentrations had little changed after thyroidectorny in adult

shbep (7) and-cows (8). Though thyroxine affects bone metabolism

(110) and one of the major target of calcitonin was bone
Åq30,67r76,77), thyroxine therapy was not provided in these

reports. Furthermore it was known that action oi caJcitonin on

calcium metabolism became weaker along with aging (100).

   It is well known that parathyroid hormone is the
antagonÅ}st against calcitonin in calciurn 'rnetabolism. And the

deqrease in ,calcium concentrations in blood has been shown by
thyroparathyroidectomy in rat" s (116), goats (117År and sheep (7).
KaZu et'  al. (118) indicated that the lowering of calcium
concentrations in blood piasrna in thyroparathyroidectomized rats

was resulted frorn the decrease of bone •resorption and the
increase of calcium excretion in urine. While Payne and Sanson

(119) reported that serum calcium and phosphorus concentrations

lowered after thyroparathyroidectorny though thyroparathyroid-
                 '
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ectomy enhanced to release rninerals frorn the bone and scarcely

increased urinary caZcium excretion in goats.

   The experiment was to study the eÅífects of thyroidectomy and

thyroparathyroidectomy on calcium and phosphorus metabolism in

adult sheep with thyroxine administration and to study the effect

of feeding on daily fluctuation of serurn calcium concentrations

in lambs.
          '

                     Materials and Methods

  'Ten adult sheep,.weighing about 40 kg, were used. All animals

were kept in metabolisrn cages and given the diet shown in Table

4-1 at a ievei of 2g of body weight at 9:OO a.rn. daily. Water was

available at•all times. Three wethers were thyroidectomized and 4
              'anirnals were thyroparathyroideetomized by Nelson's method {7) 4

hours after feeding.. The other 3 sheep were intact.

   Thyroidectomized and thyroparathyroidectomized animals were

injected intramuscularly with 2.5 mg of L-thyroxine (Nakarai

Chemicals, Ltd., Kyoto) dissolved in corn oil once a week. The

first time oÅí injection was one week after surgery. Serum

thyroxine concentrations were measured by a.radioimmunoassay

(120) on the 3rd and 6th day after L-thyroxine injection in order

to examine the eÅífect of thyroxine injection.

   Blood samples were collected frorn the jugular vein before and

O.5t 1r 2, 4, 8 and 12 hours after surgery. From the next day of

the surgery to the 21st day after surgery, blood samples were

obtained 4 hours after feeding daily. Serurn calcium and

phosphorus conce.ntrations and serum free hydroxyproline
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Table 4-1 Composition of Diet

lngredients

Orchardgrass
Ground'barley
Wheat bran
Soybean meal
NaCl
caco    3

hay 40

30

20
8

 1

o

.5

.o

.5

%

O-. Of air dry matter

Tab!e 4-2 Serum thyroxine concentrations (}ag/100ml)
after L-thyroxine injection in thyroidectomized
and ' intact sheep

Thyroxine concentrations after injection

3rd da 6th da

TX
Intact

6.

7.

8Å} 1.8
2Å} 1.9

7.2

7.4

Å} O.8

Å} 1.4

Mean Å} SE

TX rneans
.

thyroidectomy
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concentrations as a lndex of bone resorption were determined.

During the last 2 days of this experiment, urinary samples were

collected from 24 hours collection period in all sheep to
deterrnine calcium and phosphorus excretion in urine.

Experiment 2
                                       '   Two larnbs, weighing about 16 kg ( 6 rnonths old) were used.

The animals were kept in metabolism ,cages under 12 hours light

and 12 hours dark condition. Thyroidectomy and feeding was in
                 'accordance with experiment 1. Blood samples were collected from

the jugdlar vein before and the 1st day, the 1st week and the 2nd

week aiter the surgery at 2 hours inteyvals.

   Serum and urinary calcium eoncentrations were measured by an

atomic absorption sPectrophotometry, phosphorus concentrations

were determined by the method of Gofnori (121), serum iree

hydroxyprol,ine concentrations by the method of Bergmann and
       'Loxley (122) and urinary creatinine concentrations by the me-L' hod

of Stelgens (123). Statistical diffe-rences were eva!uated by

student's t test.

                  Results and Discussion

   As shown in Table 4-2, serum thyroxine concentrations were

little change after the L-thyroxine injection and were not
different from the values in intact sheep. It seems that the dose

and the procedure of L-thyroxine injection were enough to supply

thyroid hormone to wethers which were ectomized the thyroid
gland.

   Fig 4-1 shows the changes of serum calcium concentration after
                                                  '
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  thyroidectomy and thyroparathyroidectomy as percentages of the

  preoperative value. Serum calcium concentrations began to

  decrease frorn 12 hours after thyroparathyroidectorny. The

  concentratiens on the 2nd day after thyroparathyroidectomy
  lowered at the level of 72g of the value before the operationr

  then eievated gradually and recovered to the preoperative value

  o'n the 21st day. Zn the report by Stott and Smith(124)',the

. rcecovery of serum calcium leveZ'•was found 3 or 4 weeks after

  thyroparathyroidectomy in nonlactating cows. Payne and Charnings

  (117År showed the' occurrence of hypocalcernia after
  thyroparathyroidetcorny in growÅ}ng goats but they did not fihd the

  recovery of serum. calcium concentrations as shown in the present

  experiment. .Nelson et al. (125) dernonstrated that the rate of

  decrease in serum calcium was rapid in young
  thyroparathyroidectomized sheep while adult sheep were more

  tolerant to thyroparathyroidectorny, being capable of correcting

  hypocalcemia.

     In thyroidectornized sheep, serum caZ'ciUrn concentrations were

  temporarily decreased aftex surgery and recovered soon. After

  then, an obvious change was not found in serurn calciupa
 .concent.rations through the experimental period. The temporary

  reduction of serum calcium coneentrations aftex thyroidectorny

  might be due to the momentary secretion of calcitonin which would

  be indueed by the surgical procedure. Kaplan et al. (126)
  observed the sirnilar phenomenon in rnan.

     The results that serum caleium concentrations had little

  change in thyroidectomized sheep after the evaneseent lowering

  agreed with the Nelson's report (7) used adult sheep without
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 Arrows indicated feeding.
 Values were expressed as means for 2 samples.
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 thyroxine supplement.

    As shown in Fig. 4-2r obvious changes in serum calcium
 concentrations were not found in also thyroidectornized lambs

 which was ineonsistent with the reports of Kalu (6) and Talmage

 et al. (127) that feeding substantially increased serum calcium

 concentrations in thyroidectomized rats. They proposed that one

 of the physiological role of caieitonin was a prevention oÅí

 postprandial hypercalcemia which was indueed by the rapid calcium

 absorption from the digestive tract.

   However, the increase of calcium abso'rption afteic feeding

 might not occur Å}n sheep because of slow movement of digesta from

 the rumen to the lower digestive tract. It seems that calcitonin

 is not necessary to counteract a rapid calcium-absorption after

 feeding in runtnants.

   As presenteC in Fig. 4-3, serum phosphorus concentrations
began to decrease soon after thyroparathyroidectomy and reached

 65g of the preoperative value 24 hours after the surgery. Then

serurn phosphorus concentrations remained constantly for next 3

days and began to decrease again. On the 6th day after thyro-

parathyroidectomy, serum phosphorus concentrations reached 42g of

the preoperative value. The reduetion of serum phosphorus
.concentrations in thyroparathyroidectomized sheep might be owing

to the deficiency of parathyroid hormone. The results supported

the indications by-Georgievskii (128) and Care et al. (129).

   !n thyroidectomized wethers, serum phosphorus concentrations
                                                     'decreased after the operation but recovered within 24 houxs after

the surgery. Then there was little change until the end of the
                 '
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experiment. As shown in chapter 10, serum phosphorus

concentrations tended to decrease after feeding in sheep. The

reduction of phosphorus concentrations until 12 hours after

thyroidectomy might be due to feeding because the animals were

given the diet 4 hours before the surgery. Talmage et ala (130)

postulated that one of the main role of calcitonin was to prevent

the increase of plasma phosphorus concentrations. However, in

this experiment, calcitonin deficiency did not affect serum

phosphorus concentrations of sheep.

Fig. 4-4 shows the change of serum hydroxyproline

concentrations after surgery. When sheep were thyroidectomized,

serum hydroxyproline tended to reduce a little extent on the 1st

day and recovered 2 weeks after the operation. The reduction of

hydroxyproline concentrations on the 1st day might be owing to

the increased secretion of calcitonin during the operation. It

was observed in chapter 10 that serum hydroxyproline

concentrations decreased after feeding in thyroidectomized and

intact wethers. The reduction on the 1st day was partly due to

feeding in thyroidectomized sheep. In rats, bone resorption was

enhanced by calcitonin deficiency (131). However, the increase in

serum hydroxyproline concentrations was not found in

thyroidectomized sheep.

Serum hydroxyproline concentrations were rapidly lowered after

thyroparathyroidectomyand attained to the level of 42% of the

initial value on the 2nd day after the operation. After then,

serum hydroxyproline concentrations began to elevate and

recovered to the initial level on the 14th day after thyropara­

thyroidectomy. Serum hydroxyproline concentrations in thyropara-
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thyroidectomized sheep decreased more remarkable than in

thyroidectomized sheep. The difference suggested that an acute

deficiency of parathyroid hormone reduced bone resorption. Kalu

Cet ale (118) reported that the deficiency of parathyroid hormone

did not depress the bone resorption wi thin 3 hours but the bone

resorption decreased on the next day of thyroparathyroidectomy in

rats. They used urinary hydroxyproline excretion as an index of

bone resorption. Urinary hydroxyproline excretion may change more

'slowly than serum hydroxyproline concentrations when bone

resorption is decreased.

The recovery of serum hydroxyproline and calcium

concentrations in thyroparathyroidectomized sheep was found at

the same time a~ the 2nd reduction of serum phosphorus

concentrations. Fleish and Neuman (132) reported that there was a

reciprocal relationship between serum calcium and phosphorus

concentrations from the standpoint of physico-chemical nature.

The reduction of serum phosphorus concentrations might partly

contribute to the recovery of serum calcium concentrations.

It was shown by Tanaka and Deluca (66) that a reduction of

serum phosphorus concentrations stimulated the activation of 25­

hydroxyvitamin-D 3 to 1 ,25-dihydroxyvitamin-D3. Boris et ale

(133 )found the enhancement of bone resorption by 1,25­

dihydroxyvitamin-D 3 injection in thyroparathyroidectomized rats.

Therefore, it could be considerable that the decrease of serum

phosphorus concentrations contributed to recover bone resorption

through a role of 1, 25-dihydroxyvi tamin-D3 in thyroparathyroid­

ectomi zed sheep.
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    Fig. 4-5 presents a =eZationship between serum calciurn

 concentrations and serum hydroxyproline concentrations in thyro-
 parathyroidectomized wethers. A signittcant correlatiori was found
                      ' between serum calcium and hydroxyproline concentrations (PÅqO.05).

 The changes of serurn calcium concentrations appeared to be

 closely associated with bone resorption in thyroparathyroid--

    Ratios of urinary caicium and phosphorus concentrations to

 urinary creatinine are presented in Table 4-3. Urinary calciurn

 excretion in thyroidectontzed sheep had a trend to be higher than

 in intact sheep. The infusion of calcitonin into rats Zed to the

 decrease in excretion of untnary calcium (58). However, Kimura

 ,and Ogata (9) reported that caicium excretion in urine increased

 when 1 i.u. of calcitonin was injected but decreased in the case

 of 2 mi.u. of caicitonin injection in rats. Zt could be
 postulated from the results of this experiment that calcitonin

 deficiency elevated urinary calcium excretion in sheep. Urinary

• calcium excicetion in thyroparathyroidectornized sheep were higher

 than those in thyroidectontzed and intact sheep. rt was in

 agreement with the suggestion that Å}ncreased ren.al tubular

 reabsorption of calcium has been considered one of the cZassical
 effects of Parathyroid horrnone (134År.

    Urinary phosphorus excretion in thyroidectomized sheep were

 much lower than in thyroparathyroidectomized and intact one. :t

 has been observed that the infusion of calcitonin significantly

 increase urinary phosphorus excretion in sheep (2) and rats (58).

 The decrease in urinary phosphorus excretion was due to the

 deficiency of calcitonin in thyroidectomized sheep.
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   lncreased renal phosphorus excretion is one of the best known

effects of parathyroid hormone (134År. However, urinary phosphorus

excretion did not decrease in thyroparathyroideetomized wethers

in this experiment. The reason why a reduction of 'urinary

phosphorus excretion was not found in calcitonin and parathyroid

hormone deficient anirnals has not been known well. :t could be

considered at least that phosphorus Åéeabsorption `in the k-i' dneY

lowered because urinary phosphorus excretion had little change

nevertheless serum phosphoru$ conce'ntrations decreased in thyro-

parathyroidectornized sheep. Since ruminants have a characterÅ}stic

metabolie route of phosphorus such as saliva, the eÅífect of

caicitonin and parathyroid hoxmone on phosphorus rnetabolism may
           'be different.when compared to those in nonruminants.

                       Summary

   The experiment was to study the effects of thyroidectomy and

thyroparathyroidectomy on serum concentrations and urinary
           'excretions of caicium and phosphorus in sheep. There was no

obviouS changes in serum calcium and phosphorus concentratÅ}ons

after thyroidectomy in adult sheep. And feeding did not affect

serum calcium concentrations i'n thyroidectomized lambs. Serum
         'calcium and hydroxyproline concentrations decreased 2 days after

thyroparathyroideetomy and recovered 1 week after. Since there

was a close relationship between serum caicium concentrations and

serum hydroxyproline, it could be considered that deficiency of

parathyroid hormone reduced serum calcium concentrations thxough

the decrease in bone resorption in sheep. The recovery of serum
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calcium and hydroxyproline concentrations might be dependent nn

adaptation against the long term deficiency of parathyroid

hormone, that is, the activation of vitamin-D3 induced by low

serum phosphorus concentrations. Serum phosphorus concentrations

continued to decreased after thyroparathyroidectomy. Deficiency

of parathyroid hormone might result in the lowering of serum

phosphorus concentrations. '

Urinary calcium excretion in' thyroidect6mized sheep had a

trend to be higher than in intact sheep. Thyropara thyroid­

ectomized animals excreted more ,calcium via urine than in

thyroidectomized ones. Urinary phosphorus excretion were"much

lower in thyroidectomized sheep when compared to intact and

thyroparathyroidectomized ones. These results indicated that

calcitonin deficiency brought about the promotion of urinary

calcium excretion and the reduction of urinary phosphorus

excretion. And parathyroid hormone deficiency enhanced urinary

calcium loss in sheep.
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CHAPTER 5 Effect of OralCaZcium Load on Calciurn and Phosphorus

          Metabolism

     It was suggested that a physiologicai roZe of calcitonin was

  to prevent a postprandial hypercalcernia caused by rapid calcium
  absorption becausee serum calcium c.oncentrations wereJncreased

            .  after feeding in thyroidectomized rats (6). Gray and Munson

  (5) indÅ}catedthat oral calcium load increased serum calcium

  concentrations rnore remarkable in thyxoidectomized rats than in

  sharn operated ones. And they suggested that one of ueoZes of
                                                '  calcitonin was antÅ}-hypercaZcemic aetion.

    , On the othqr hand, as shown in chapter 4, thyroidectomy did

  not change serum calciurn eoncentrations in sheep and a''
  postprandial hypercalcernia was not found in thyroidectornized

  ones. However, Tnskeep and Kenny (111) indicated that serum
  calcium eoncentrations were higher in thyroidectomÅ}zed sheep than
  in intact onels after intraperitoneal calcium load and Barlet

  (102) found that caicitonin inhibited hypercaicemia induced by

  aetivated vitamin-P3 in sheep. This study was to investigate the

  function of calcitonin in caZcium and phosphorus rnetaboiism

  during oral calcium load in thyroidectomized and sharn operated

  sheep.

                        Materials and Methods

     Six young sheep, weighing about 25 kg, were used. AIZ animals

, were kept in metabolisrn eages. Whree wethers were
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Table 5-1 Cornposition of diets

Ingredient

Orchardgrass
Ground barley
Soybean meal.
caco    3

Norrnal  Ca

60 o-.

30

9.8

O.2

diet

hay

High Ca

58

29

 9

 2

.

.

.

.

diet

40-.

2

6

8

CalcÅ}um

Phosphorus
o

o

.

.

37

33

1

o

.

.

31

33

o-.. of air dry matter
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thyroidectomized and the other 3 were performed sham operation.

All sheep were given a normal diet until 6 days after operations

and then given a high calcium diet during 6 days at a level of 2%

of body weight at 9:00 a.m. daily. The compositions of these

diets were shown in Table 5-1. Water was available at all times.

Thyroidectomized animals were injected intramuscularly with D.25

mg of L-thyroxine (Nakarai Chemicals Ltd.,Kyoto) dissolv€d in .

corn oil daily.

Blood and urine were collected on the last day of normal

calcium diet period, the 1st, 3rd, 6th day of high calcium diet

period. Blood samples were collected 8 hours after feeding. Urine

collection were made over 24 hour period after feeding. Serum and

urinary calcium concentrations were measured by an atomic

absorption spectrophotometry, serum and ur inary phosphorus

concentrations by the method of Gomori (121), serum parathyroid

hormone levels were determined by a radioimmunoassay (1 35) and

serum free hydroxyproline concentrations were measured by the

method of Bergmann and Loxley (122). Urinary total hydroxyproline

concentrations were determined by the method of Koevoet (136) and

urinary polypeptide hydroxyproline concentrations were measured

by the method of Krane et ale (137). Statistical differences wexe

evaluated by student's t test.

Results and Discussion

As shown in Table 5-2, serum calcium concentrations wer€

significantly (P<0.01) increased by the calcium load in

thyroidectomized sheep and the increase in serum calcium

concentrations was more remarkable (P<0.05) in thyroidectomized

56



e

fi

s
•H
U

rl
as

U
fi

s
N
o
co

q
o ARS Oas ooÅíH co

E:pt •-
.H
U coHqas oU- pH asopM -Poq Åëg- uo:'opuvomu- sL- kmo ,sN Q,l va
ut o ÅíO C4Hpvas q
e as

co

5
g
o=QlA
MHOE=opt o

t"EX5 t"
kEovco

E
s

•HAUHHgas o

Uov-'

Ex5 pt
in E

ov•ca

r- VN 1
",N1..lOOl
+I +l 1

NOlcoWl..loel

o'} v' l

N!-I..1OOl 'i+I+I l

NcolLf-) L.O l

..lor en I

Elas l.s Xl
U) E-i 1

rcS l

 as 1 Olrl l

 al 51

vas

o
H

   E   5O •rl 1 Ll-l H

xolouOHI HLI-l as l År-t as

OUt as UM IQ

as

or fN
T- O
--oo

+I +I

T' ut
co e
-en wo

r- r-'
N r'-
eeoo

ec ec

nrsu n
eeoo

+1 +l

ts- N
v- e
eean s"

as

K
N co
r' r
-eoo

+l +! +I +l

or o
nottaor

ooeN--en o
r

ec "
en an
sr n
e-oo

+1 +1

r-" en
r- en

-enw

as
ec

.ec

an pt
r s-
--oo

H +l

v' or
co o
-eor o

v"

E fi ffas as fclSX=Å~5Å~U) B U] B U1 E-{

v
co

r
vy
e

spe

 o o •rl s- M e L- L- O
 .-. A U r- r' O . . •H X Vna kÅr,
 .. .. .IJ

 . . as ut ut o o o fi o o Å~ V.V E- Pa V D,
 .. o .. q ec HO as
  E rcs : •H q .p ouo as o as o o g- u 'g cu LH tU O •H O •H rcs M rci E

 HOH coe: q p, enm as o rd o qco U:UO as •H r-l H .c O+l LI-l as LH ca e
 -H År -H
as Oi O O, as as
O •H .Sl •H .CI .Cl
Y.. mp en u) cn

57



vq
as

q
o
•H
vQg
o
co

o
k
o
s:

o
A
q
o

vas

o
H
E
s cu
•H OuoH=as oo
v

Hrd
k caoo UtH •Hov q.P •H
UoqL- O

t4-i •H
pt p asc-y'} H
l S-1

ut o -oHOpqas oep

q
•-

v•H
vQÅë

p, q
Årrl o

H -H
ovc) o

 kAij U Års
kX asasÅëv
-H Q., Oi

phgD= v
Hqas o
.P •H

opeo 9 ..ÅrH U Årt
kX asasov:Å~H Q.i tD
MÅri a
Dat v

o
o
k
k
 -'s
kQOÅë ÅrH E

m= v

n co1
ut nl
. .I

r r"-l

+1 +ll

sV OI
crs s-l
. .l

tN• CDI

e Nlrc- rl

+I +It
s-- cy")l
xt, Vl
r rl

N col
r- Mt
. .lO OI

+1 +ll

e Kvl
a rl. .1
r'- Nl

Elas l
.Cl ÅrÅql

co el

 VI asl 'OI -1
 ElO 51

S-t -Hl
O UILM HI
(D asl
ra Ul

vas

o
H

 figg so- Uh-as as

QU

   ec aser or ut pt rm
rab bNr- rN-- -- --rr s- r-' v"' t-
+l +I +t+1 +l +l

Ow an rN an r--
". ts rh. rs r or
-- -e e-co co or co oco

N T- ec asr- e an r rN ut
+S +l +l +l +t+I

tOco Oor NOth th en o pt o
r- v' T- r'
   ec ec as ecputa oscv Loor
O K" rN r- r
-- -t ttoo oo oo

-H +I +l+l +1+l

oe ro an utso v-- cfio wco
en -e -tT-N r-N Or-
E E Eas as assx =Å~ sxme co E- cD e

cokr- an
=ve

Åë

:
Has
År

.

Ao
o
=m

rCl as .V S IS  co o
o g -H
Lg in o  tg p
t- .-4 0
. OH

fij Mtr

ec .Q m
N N asm Ln pt

)(f ÅrÅq B

-- -- :K as as

 o m as
 ov oÅë V as LN {U ug o g- o -H •H
 ÅrH 5 Års .q rl •H H ua
. : rl q com rd as 6 qco o v u as •H •tr{ O+1 Lg o tg e •H 9 •H

as tri Ll-l tP as
o -H e •- == U) rQ M U)

58



sheep than in sham operated ones on the 3rd and the 6th day of

calcium load. Gray and Munson (5) reported that a calcium load by

stomach tube produced hypercalcemia in thyroidectomized rats but

not in intact ones. It was shown in the present experiment that

calcitonin regulated physiologically serum calcium concentrations

in sheep as well as in monogastric animals.

Serum phosphorus concentrations were substantially (P<O.05)

decreased by loading calcium in both sham operated and

thyroidectomized sheep. Yano et al. (138) reported that a feeding

of high calcium diet inhibited phosphorus absorption from the

digestive tract owing to the reduction of phosphorus solubility

in the gut. As described later, bone resorption had a trend to be

reduced by the calcium load in all sheep. Therefore the reduction

of serum phosphorus concentrations might be due to the inhibition

of ·phosphorus absorption from the gut and/or the decrease of

phosphorus releasing from the bone.

Serum free hydroxyproline concentrations were significantly

(P<O.01) decreased by giving the high calcium diet on sham

operated sheep (Table 5-3). A similar trend was found in

.thyroidectomized animals but the responce was not statistically

significant. Thus serum free hydroxyproline levels were

significantly lower in sham operated sheep than in

thyroidectomized ones (P<O.05 on the 3rd day; P<O.01 on the 6th

day of calcium load). Both of urinary total hydroxyproline

excretion and serum free hydroxyproline concentrations were

similarly changed by the treatment. Total hydroxyproline

excretion in urine were significantly (P<O.05) decreased by

calcium loading in sham operated sheep. A modest decrease in
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total hydroxyproline excretion was induced by the calcium load in

thyroidectomized animals but the reduction was not statistically

significant. The excretion of total hydroxyproline was, thus,

significantly less (P<O.05) in sham operated sheep comparing with

that in thyroidectomized ones on the 6th day of calcium load.

Kalu et ale (131) indicated that calcitonin deficiency increased

the release of calcium from the bone in rats. Rasmussen et ale

(58) also reported that calcitonin inhib~ted bone resorption

caused by parathyroid hormone because calcitonin injection

counteracted the increased urinary total hydroxyproline excretion

by parathyroid hormone in rats. The results in this experiment

that serum free hydroxyproline concentrations and urinary total

hydroxyproline excretion went down obviously in sham operated

sheep in comparison with thyroidectomized ones suggested that the

increase of calcitonin secretion lowered bone resorption in sheep

fed the high calcium diet.

On the other hand, it was considerable that calcitonin

deficiency might scarcely affect bone resorption since the

indices of bone resorption were not different between sham

operated and thyroidectomized sheep given the normal diet. The

indices of bone resorption tended to be decreased py the calcium

load even in thyroidectomized sheep. It appeared that there might

be another factor than calcitonin reducing bone resorption. It is

well known that parathyroid hormone increases bone resorption in

various animals. The slight reduction of serum parathyroid

hormone levels caused by calcium load might partly contribute to

the decrease in bone resorption in thyroidectomized animals.

In both groups, serum parathyroid hormone concentrations were
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gradually lowered by the calcium load (Fig. 5-1). It is

established that parathyroid hormone secretion is primary

regulated by serum calcium concentrations (139). The reduction of

serum parathyroid hormone levels might be closely correlated with

the increase in serum calcium concentrations also in sheep. On

the other hand serum calcium concentrations were little different

between sham operated and thyroidectomized sheep before the
...

calcium load, while serum parathyroid hormone levels tended to be

higher in sham operated sheep than in thyroidectomized ones. It

might be possible that parathyroid hormone secretion were partly

reduced in thyroidectomized sheep because of the removal of the

parathyroid gland in the thyroid gland.

Krane et ale (137) reported that the urinary polypeptide

containing hydroxyproline was a part of collagen precursors and

that the amount of urinary polypeptide hydroxyproline excretion

serve as an index' of bone collagen synthesis because the

elevation of polypeptide hydroxyproline excretion in urine was

found in patients with some skeletal disorders stimulating bone

formation. In the present investigation, urinary excretion of

polypeptide hydroxyproline were significantly (P<0.05) increased

by the calcium load in sham operated wether~, while the increase

was not statistically significant in thyroidectomized sheep

(Table 5-3).

The effect of calcitonin on bone formation has been

controversial. McWhinnie (78) reported that calcitonin stimulated

bone formation in chick embryo and Gaillard (140) observed that

calcitonin accelerated bone formation in vitro. arimo et ala (79)

suggested that calcitonin activated bone pyrophosphatase which
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might stimulate bone calcification through a reduction of

pyrophosphate in the skeletone. On the other hand, Baylink et ale

(73) reported that calcitonin inhibited bone formation in

thyroparathyroidectomized. rats. Cohn and Wong (69) postulated

that calcitonin did not increase bone formation because

calcitonin could not counteract the reduction of bone alkaline

phosphatase activities and that of collagen processing (prolyl

hydroxylase activ~ties) induced by parathyroid hormone in

osteoblast like cell in vitro. It was suggested from this

experiment, that calcitonin enhanced bone collagen synthesis in

vivo because urinary polypeptide hydroxyproline excretion were

more in sham operated sheep than in thyroidectomized ones during

the calcium load.

As shown in Table 5-4, urinary calcium excretion kept higher

in thyroidectomized sheep than in sham operated animals

throughout the experimental period. The increase of calcium

excretion was also more obvious in thyroidectomized sheep

comparing with sham operated ones. The results were coincident

with th~ report by Talmage and Grubb (141) using rats. It was

shown that bone resorption became less and bone formation became

more in sham operateq sheep than in thyroidectomized ones, i.e.,

calcium retained less in thyroidectomized sheep than in sham

operated ones. A$ indicated in chapter 6, calcium absorption

tended to be higher in thyroidectomized wethers than in intact

ones. Therefore it could be considered that calcitonin decreased

urinary calcium excretion by means of the increment in bone

calcium and the decrement in calcium absorption.

On the other hand, Barlet (2) observed that calcitonin
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administration increased urinary calcium excretion in sheep.

Although calcitonin might reduce renal reabsorption of calcium, a

role of calcitonin on the kidney might be limited in comparison

with those on the other organs, i.e., the skeleton and the gut.

The present study sustained the suggestion of Talmage that one of

the physiological role of calcitonin was calcium storage in the

bone. It is natural to conside~ that the increase of urinary

calcium excretion can contribute to prevent a rise of serum

calcium concentrations in calcitonin deficient sheep.

Urinary phosphorus excretion were significantly higher

(P<O.01) in sham operated sheep than in thyroidectomized ones

given the normal diet. The results were in agreement with the

indication of Barlet (2) that calcitonin enhanced urinary

phosphorus excretion in sheep. Urinary phosphorus excretion were

significantly (P<O.05) decreased by the calcium load in sham

operated sheep, whereas the calcium load brought about slight

decreases in phosphorus excretion in thyroidectomized sheep. As

same as urinary calcium excretion, the reduced phosphorus

excretion by the calcium load in sham operated wethers might be

closely correlated to the decrease in bone resorption and the

increase in bone formation. And the stimulative effect of

calcitonin on phosphorus storage in the bone which was coupling

with the conservation of calcium overcame the hyperphosphaturic

action of calcitonin.

Summary

This study was to investigate a role of calcitonin on calcium
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 and phosphorus rnetabolism Å}n thyroidectomized and sharn operated

 sheep oraUy loaded caleium. Though serum calcium coneentrations

 and urinary caZcium excretion tended to be increased by the

 calcium lead in aU sheep,, the increase was rnoace remarkable in

 thyroidectomized sheep than in sham operated ones.

   Serum phosphorus concentrations wexe decreased in aU sheep as

 the high. caZcium diet was given. Urinary phosphorus exeretion
'" were substantially decreased by the calcium load in sham operated

 sheep and were sMghtly decreased in thyroidectomized anirnals.

   The calciurn load reduced serurn free hydroxyproline
 concentrations, urinary total hydroxypreline excretion and serum

parathyroid hormone concentrations in sham operated sheep. The

eZevation of urinary polypeptide hydroxyproiine excretion was

more remarkable in sham operated sheep than in thyroidectomized

ones. These results. suggested that calcitonin played a role to

decrease bone resorption and to increase bone formation when a

high calcium diet was fed to sheep. The role of calcitonin on the
            'kidney might be limi•ted in cornparison with that on the skeleton

in shegp fed a hig.h calcium diet. The reduction of serum
parathyroid horrnone concentrations, which was induced by the

calciam ioad, might be- contribute to the decrease' i'n bone

resorption.
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CHAPTER 6 Suppressive Effect of Caicitontn on Absorption of

            Calcium and Phosphorus

   The digestive tract is irnportant for caZciun and phosphorus

MetabolÅ}sm. Howeverr the effect of caZcitonin on calcium
absorption is still controversiaZ arid the effect on phosphorus

absorption is little known. Krawitt (83) did not find any
significant changese  in calci'um absorption after calcitonin

injection in rats but Oisen et ai. (8S) indicated that
physiological leve4 of calcitonin infusion immediately inhÅ}bited

calcium absorption in rats. On the other hand, Swaminathan et ai.

{87) suggestbd that calcitonin indirectly afÅíected calcium

absorption because calcium absorption was reduced 2 days after

calcitonin infusion' in pigs. Bar!et (86År found that appancent

absorption of calcium and phosphorus were decreased by long term

infusion of calcitonin in sheep. The experirnent was to
investigate,the effect of calcitonin on calcium and phosphorus

absorption in sheep.

                   Materiais and Methods

   Six adult sheep, weighing about 40 kg were used." Three sheep

were thyroidectontzed 3 months before the experirnent and the

others were intact. Every thyroidectomized sheen.' was injected

with 2.5 mg of L-thyroxine (Nakarcai ChernicaZs, ttd., Kyoto) once

a week dissolved in corn oil in order to supply thyroid hormone.

Every anirnal was surgically psepaxed with a carotid loop and a
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portaZ venous catheter. A siliconized catheter was ihserted via
                                        'branch of the omasum-abomasum vein into the portal veint then a

ligature was tightened around the vessel. The animals were used

for the experiment 2 weeks after the surgery. Ail animals were

given a diet containing O.4R calcium and O.402 phosphorus (Tabie

6--1} at a !evel of 2g of body weight daUy. Water was avai!able

at all times. Each thyroidectom.ized sheep was injected
intramuscula,rly with 1 i.u.lkg body weight of porcine' calcitonin

(Armour Pharmaceutical Company Ltd., East Bourne, England, 80

i.u.lmg protein) dissolved in 16g gelatin and each intact sheep

was injected with .the vehicle at feeding time.

   Blood samples were coilected before feeding and 1, 2, 4 and 8

hours after feeding on the day of the vehicle injection and the

day of calcitonin injection in thyroidectomized sheep. At the

same time, blood samples were also obtained from intact sheep.

   Hemoglobin contenf was deterrnined by the method of Drabkin and

Austine (142) to correct water content in blood. Biood serum was

separated and stpr,ed at --14e C for analysis. Serum calcium
              'concentrations were measured by an atomic absorption spectro-

photometry and seruin phosphoTus concentrations by Gornori's method

(121). Calcium and phosphorus absorption were estimated by a

veno-arterial blood dÅ}fference technique. Statistical differences

were evaluated by student's t test.
                                                        .               '
                         Resuits

   Table 6-2 shows serum caicium and phosphorus concentrations in
  'arteriaZ biooq before feeding. There was no significant
difference in serum calcium and phosphorus concentrations between
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Table 6-1 Composition of diet

Ingredient

Orchardgrass hay
Ground barley

Soybean meal
CaC03

%

60

30

9.8

0.2
--------------------------------
Calcium

Phosphorus

% of air dry matter

0.37

0.33

Table 6-2 Serum calcium and phosphorus concentrations

before feeding

Item Intact Thyroidectomy

+ 8.44 + 0.36Calcium me/lOamI 8.14 0.10 -

Phosphorus mg/lOOml 4.72 + 0.12 4.58 + 0.14-

Results were expressed as means ± SE. for 12 samples.
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thyroidectomized and intact sheep.

Fig. 6-1 shows postprandial changes in serum calcium and

phosphorus concentrations in arterial blood. Little change was

found in serum calcium concentrations in either thyroidectomized

sheep or intact ones injected with vehicle. In thyroidectomized

sheep injected with calcitonin, serum calcium concentrations

began to decrease 1 hour after feeding (calcitonin injection) and

reached 76% of the initial calcium level 8 hours after feeding.

Though serum phosphorus concentrations significantly (P<O.OS)

increased 2 hours after feeding, the concentrations tended to

decrease 4 hours after feeding in intact sheep. Serum phosphorus

concentrations also decreased after feeding in thyroidectomized

sheep whether ~alcitonin were injected or not. The reduction in

serum phosphorus was more remarkable in thyroidectomized animals

injected with calcitonin than in thyroidectomized and intact

ones which were not injected with calcitonin.

Fig. 6-2 shows differences in veno-arterial blood calcium and

phosphorus concentrations. A significant (P<O.05) increase in

calcium absorption was found in thyroidectomized animals injected

with vehicle 8 hours after feeding. And calcium absorption was

decreased significantly (P<O.01) in thyroidectomized sheep

injected with calcitonin.

Differences in veno-arterial blood phosphorus concentrations

were less in thyroidectomized animals than in intact ones before

feeding. The differences in phosphorus absorption between

thyroidectomized and intact sheep became smaller after feeding

whether thyroidectomized sheep were injected with calcitonin or
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not.

Discussion

The results showing that calcium absorption in thyroidectomized

animals was greater than in intact sheep 8 hours after feeding

and calcium absorption was immediately decreased by calcitonin

injection indicated that calcitonin directly influenced calcium

absorption in sheep. Olson et ale (85) also found acute reduction

of calcium absorption by calcitonin infusion using an in vitro

rat intestinal perfusion technique. On the other. hand,

Swaminathan et ale (87) found that calcium absorption began to

be reduced 2 days after calcitonin infusion using a Thiry-Vella

loop technique in swine and suggested that calcitonin had no

direct effect on calcium absorption but calcitonin affect calcium

absorption by way of the inhibition of 1,25-dihydroxyvitamin-D3

formation which was well known to being the major stimulator of

calcium absorption in the intestine (143). However, the

suggestion that calcitonin affect calcium absorption by way of

the in~ibition of vitamin-D3 activation was suspected because it

was reported that calcitonin did not suppress vitamin-D3

activation (61) and Olson et ale (85)found that. the acute

stimulative effect of 1,25-dihydroxyvitamin-D30n calcium

absorption were inhibited by calcitonin infusion. The difference

between these results may be due to the technique used in

estimating calcium absorption. In the Thiry-Vella loop technique,

calcium absorption was measured by the disappearance of calcium

from the intestinal lumen. On the other hand, calcium absorption

was estimated by the outflow of calcium to the portal vein using
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the veno-arterial blood difference method and the in vitro

intestinal perfusion technique.

Halloran and Deluca (144) suggested that there were 2

independent mechanisms related to the stimulative effect of

vitamin-D3 0n calcium absorption because single injection of 1,25­

dihydroxyvitamin-D
3

demonstrated biphasic increase of calcium

absorption, i.e., the acute stimulation occurred 2 hours after

the injection and the late one was induced after 24 hours.

The mechanism of calcium absorption was consist of the influx

of calcium across the brush border membrane and the efflux across

the basal lateral membrane. Because it is well known that calcium

concentrations in cytosol is much lower than calcium levels in

extra cellular fluid and in the luminal fluid of the intestine

(145), the influx of calcium could be occurred by the diffusion

and the efflux was ~nduced by the active transport. From these

reports, it is suggested that calcitonin may rapidly inhibit the

efflux of calcium from the cytosol to the blood which was induced

by active transport and then reduced the influx from the

intestinal lumen over a long term. Yamaguchi (90) demonstrated

the increase in calcium excretion via bile when calcitonin was

injected into rats. It is possible that calcium absorption from

the gut is depressed but calcium concentrations in the

intestinal lumen are increased by the calcitonin injection.

Serum phosphorus. concentrations were temporarily elevated 2

hours after feeding in intact sheep but the elevation of serum'

phosphorus concentrations was not found in thyroidectomized

animals whether calcitonin was injected or not. The increase in

74



serurn phosphorus levels might be caused by phosphorus absorption

from the gut in intact sheep because phosphorus absorption was

much greater in intact sheep than Å}n thyroidectomized sheep

before feeding. [Phe Einding that phosphorus absorption was not

affected by calcitonin injection in thyroidectomized animals

indicated that calcitonin did not seriously affect phosphorus

absorption in sheep. The reasons why there was so little
phosphorusoabsorption before feeding and that it tended to
                             .increase after feeding in thyroidectomized sheep was not ciear.

However it was reported that endogenous phosphorus excretion

plays an important role in phosphorus metabo"sm of ruminants

(145). It is possible that the capacity for phosphorus absorption

was not different between thyroidectomized sheep and Å}ntact ones

though the amount of phosphorus inflow via saliva•or biie was

iess in thyroidectomized sheep than in intact animals.

                           Surnrnary

   This study was carried out to deterrnine the, effect of

calcitoptn on calcium and phosphorus absOrption in sheep. Three

thyroideetomized and 3 intact sheep, which were prepared with a

carotid loop and a portal venous catheter, were used.
Thyroidectomized sheep were injected intrarnuscularly with porcine

caleitonin at feeding time. Serum calcium concentrations did not

change in intact and thyroidectomized sheep after feeding but

calcium veno-arterial blood differences in thyroidectomized sheep

were higher than in intact ones 8 hours after feeding. Serum

calciurn concentrations and calcium veno-arterial blood
differences were decreased by calcitonin Å}njection into
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thyroidectomized sheep.

   CaZcitonÅ}n injection also reduced serum phosphorus
concentrations. Phosphorus veno-arteria! blood differences in

thyroidectomized sheep were rnuch iess than in intact ones before

feeding although the blood diÅíferences were not affected by

calcitonin injection in thyroidectornized animais.

   The results indicated that caicitonin directly decreased

calcium absorption which caused a roeduction in sencum caicium

concentrations, and that ealcitonin injection did not directly
                                    'affect pfosphorus absorption in thyroidectomized sheep.

,

76



CHAPTER 7 Effect of Calcitonin on Bile Excretion of Calcium and

          Phosphorus

    It was suggested that the hypocaicemia induced by calcitonin

was partly due to the increment in excretion of calcium via bile

duct because calcitonin injbetÅ}on (80 rni.u.1100 g body weight)

ine"reased bile calcium excretion in thyroparathyroidectomized

rats (90). However, it might be afraid that the dose of
calcitonin injection into rats was pharrnacologica} ievel because

circulating calcitonin in a rat of 150 g was calculated as

approxirnately 1 mi.u. (85). Different effects oi caicÅ}tonin on

urinary rnineral excretion (9) and intestinal calcium absorption

(85) were observed between rats adntnistrated with a large amount

of caleitonin and ones administrated with a small amount of

calcitonin.

   Some worke.rs indicated that a substantial amount of phosphorus

were excreted into the small intestine in sheep (145,146). While

the endocrine regulation of phosphorus excretion into the gut has

not been clarified yet. In chapter 6,Sit w'as proposed that

thyroidectomy inhibited endogenous Zoss of phosphorus into the

gut before feeding in sheep. -
   This experiment was to study the role of calcitonin on calcium

and phosphorus excretion via biie in sheep which were infused

with calcitonin at a physioiogical level.
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                MateriaZs and Methods

   Six young sheep, weighing about 30 kg, were used. All anirnals

were fed the diet shown in Table 7-1 at a ievel of 206 of body

weight daily. Water was available at all tirnes. Three sheep were

thyroidectomized 3 months before the experiment and the other 3

were sham operated. !n order to suppiy thyroid hormone, eve.r.y
thYroidectomized sheep was injected intrarnuscuZae rZy with 2.5 rng

           "tof L--thyroxine (Naka'rai Chemicals Ltd., Kyoto) dissolved in corh

oil once a week.

   After 24 hours of feedSng, the experiinent was conducted under

pentobarbitone sodium (Pitman--Moo=e,Washington, U.S.A)
anesthesia. The abdornen was opened by a right side lncision. The

bUe duct was fitted with a re-entrant cannula of siZiconized

tube (2 mm of inside diameter) and a ligature was tightened

around the bile duct. A siliconized catheter was inserted into
                 .                                                        'the jugular vein to collect .bZood and to infuse caZcitonin or

vehicle (Fig. 7-1År. Thyroidectomized sheep were infused with
           'porcine ca.lcitonin (Armo= Pharmaceutical Company "Ltd.,
Eastbourne, England; 74 i.u.lrng protein} dissoZved in O.8g NaCi

(4.mi.u.lml) at a rate oi 20 !Tii.u.lkg body weight!hour for 5
                                                   .hours. Care et ai. (147) indieated that caleitonÅ}n secretion rate

from the thyroid gland was shown to fluctuate between 5 and 30

rni.u.lkg body weightlhour in an ewe when serum calciurn

concentrations varied between 8 and 12 rngllOO ml. On the other

hand, sharn operated•sheep were infused with O.8g NaCl (vehicle}.

The bile samples were collected for 10 rnin every 1 hour in

thyroidectomized and sham sheep.
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Tab!e 7-1 Cornposition of diet
A.

rngredient al.

Orchardgrass hay
Ground barley
Soybean meal
Sodium chroride
Calcium carbonate

59

30
9

o

o

.

.

.

.

•

7

o

8

3

2

tr/. of air dry matter

s'
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Calcium concentrations in bile and serum were measured by an

atomic absorption spectrophotometry and inorganic phosphorus

concentrations were determined by the method of Fiske and

Subbarow (148). Lipid phosphorus in bile was measured by the

method of Zilversmit and Davis (149). Statistical differences

were evaluated by student's t test.

Results

As shown in Table 7 -2, bi Ie secretion rate tended to be

reduced in both thyroidectomized and sham operated sheep and the

rate was significantly (P<0.05) decreased in sham operated

animals 4 hours after the beginning of vehicle infusion. However,

there was no significant difference in secretion rate of bile

between thyroidectomized and sham operated sheep.

Bile calcium excretion were more in sham operated sheep than

in thyroidectomized ones before infusion (P< 0.05). The

£ignificant reduction of bile calcium excretion was found in sham

operated sheep (P<0.01) but not observed in thyroidectomized

ones. And bile calcium excretion was more in thyroidectomized

sheep infused with calcitonin than in sham operated ones infused

with vehicle 4 hours after the beginning.of infusion (P<0.05).

Bile inorganic phosphorus excretion was increased in

thyroidectomized animals d~ring the experiment. A significant

difference b~tween thyroidectomized sheep infused with calcitonin

and sham operated ones infused with vehicle was found in bile

inorganic phosphorus excretion 4 hours after the beginning of

infusion.

Bile lipid phosphorus secretion had a trend to be decreased
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and the reduction was signiÅíicant (PÅqO.05) in both groups 4 hours

after the beginning of infusion. However, the sec=etion rate of

lipid phosphorus were not different between thyxoidectomÅ}zed and
                    '
sham operated wethers during the expe=irnent.

   As sheown in Table 7-3, serum caleium eoncentrations were

slightly higher in• thyroidectornized sheep than in sham ones
before infusion. While the concentrations were signiticantlY

(PÅqO.05) reduced in thyroidectomized sheep though not changed in

sham ones throughout the experiment. At the 5th hour of infus'ionr

serum calcium concentrations were signiticantly (PÅqO.05År lower in

thyroidectomized animals than in sharn operated ones.

   Serum inorganic phosphorus concentrations appeared to be

increased in sham oper'ated sheep, on the contraryr serum
inorganic phosphorus were substantialiy decreased by calcitonin

infusion in thyroidectomized sheep. The differences oi serum

inorganic phosphorus concentrations between thyroidectontzed and

sham operated sheep were significant (PÅqO.05) after 2 hours of
 t                                         'the beginning of infusion.

                        Discussion

                                                      '   Serum calcium and inorganic phosphorus eoncenttations in

thyroidectornized sheep were decreased by calcitonin infusion
                   //
which was thought to be as much as physiological secretion rate

in a normal ewe. Therefore, the results showed that calcitonin
reduced serum cal6iurn and inorganic phosphorus concentrations

even though the hormone infused into wethers at a physiological

secretion rate.
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      The secretio,n rate of bUe was not different between
   thyroidectornized animals and sharn operated ones. Hufner et al.

   (89) indicated that calcitonin reduced the galZbladder
   contraction and decreased bile secretion rate in rnan. Howeverr

   the resuZts from the present experiment using sheep could not

   support their report.

     Aithough there was no reduction in biZe caZcium excret'ion in

- thyroidectomized wethers infused 'with calcitonin, bile calcium
                                                               '   excretion were decreased Å}n sham operated ones. Xt could be

   considerable that calcitonin enhanced caZcium excretion via bi!e
   in sheep. The rate of bÅ}le calcium exettetion was 196 yg/aO'min .in

   sham operated sheep and was 363 rgllO min in thyroidectomized

   ones 5 hdurs after the beginning of infusion. Recently, Yamaguchi

   (90) also reported that ealcitonin injection increased bile

   calcium excretion in thyroparathyroidectomized rats. Baxlet (2)

   indicated that urinary calciurn excretion was 27 rngldayr i.e., 188

   yg/1O min in sheep infused wtth vehicle and was 54 rnglday, i.e.,

   375 iigllO min in sheep infused with ca'Zcitonin. Xt could be

   considerable that both of urine and bile excretion induced the

   reduction of serum caicium concentrations. Therefosce the role of

 - calcitonin on bile caicium excretion would be as important as

   that on urinary calcium excretion in sheep. Zt was not clear why

   bUe calcium excretion was reduced in sharn operated sheep. But it

   may be possible that the decrease of bile calcium excretion rate

   is owing to the reduction of bile secretion rate which may be

   induced by pentobarbitone anesthesia in sham operated sheep.
                           '     The elevation of bile inorganic phosphorus excretion was rnore

   in thyroidectomized sheep infused with caicitonin than in sharn
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operated ones infused with vehicle. The results indicated that

calcitonin increased inorganic phosphoscus excretion via bile. It

was reported by Talmage et al. (130) that calcitonin decreased

plasma phosphate concentrations by rnoving this ion out of extra

cellular fluid such as blood plasma. And Meyer and Meyer {91')

reported that liver phosphate was increased by caleitonin

injection in thyroparathyroidectomized rats. It might be
hypothesÅ}zed that "inorganic phosphorus were exuded from the

hepatic cell to bile by means of the increase in inorganic
                                                    .phosphorus concentrations in the hepatic ceU when calcitonin was

administrated.
                                                  '                            -   Barlet (2) indicated that inorganic phosphorus excretion in

urine was 12 mg!day, i.e., 83 MgllO mÅ}n Sn sheep infused with

vehicle and was 38 mglday, i.e., 264 rgllO min in sheep infused

with calcitonin. It was shown in the present experiment that biZe
                                 'inorganic phosphorus excretion was reached 85 2igllO min in sham

operated sheep 4nfused with vehicle and 120 t2gllO min in thyroid-

exctom,ized ones infused with calcitonin 5 hours after t'he

beginning of infusion. It could be considered that calcÅ}tonin
                                                            'acted on the liver as same as the kidney in stand point of
calcium and inorganic phosphorus excretion in sheep.

   Bile lipid phosphorus secretion had a trend to decrease in

both thyroidectomized and sham operated sheep during the
experirnent. The secretion of lipid phosphorus was about 10 fold

more than the excretion of biie inorganic phosphorus. If the

substantial amount of phospholipid which secreted into the
intestine had been lost via feces, sheep should become phosphorus
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deficiency. However, Adams and Heath (150) suggested that the

large arnount of phospholipid which entered the duodenum via bi!e

rnight Eacilitate the uptake of fat into the cells of the
intestinal mucosa. It would be natural te consider that most of

all phospholipid secreted into the intestine was reabsorbed in

sheep because sheep did not become phosphorus deficiency
notwithstanding.the iarge arnount of lipid phosphorus secretion•

via bUe.

                       Summary

   The bile duct was fÅ}tted wieh a nce--entrant cannuXa in thyroid-
                                                  'ectornized and sham operated sheep. Under pentobarbital
anesthesia, porcine calcitonin were Å}nfused into thyroidectornized

wethers at a physiological secretion rate (20 mi.u.lkg body

weightlhour} and sham operated ones were infused with vehicle

alone. Serum caicium and phosphorus concentrations were decreased

and bile inorganic phosphorus excretion were increased by
calcitonin infusion. Calcium excretion via bile were decreased in-

sham operated animals infused with vehicle but were not changed'

in thyroidectomized sheep infused with calcitonin. Lipid
                              'pho.sphorus secretion via bi!e tended to be decreased in beth,

thyroidectornized and sham operated sheep. The rates of bile

calcium and inorgan'ic phosphorus excretion were alrnost the same

as those of urinary excretion. Therefore, it was suggested that

calcitonin increased calcium and inorganic phosphorus excretiort

via bile which were as important as urinary excretion of these
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CHAPTER 8 Effect of Calcitonin on Salivary Phosphorus and

          Excretion

Caicium

      In chapter 6, it was suggested that caleitonin defieiency

   reduced the amount of phosphorus inflow into the gut in sheep

   because phosphorus absorption was much less in thyroidectomized

   sheep than intact ones before feeding.

  ' As shown in chapter' 7, calcitonin Å}nfusion increased
   phosphorus excretion via bile but bile phosphorus excretion was

. not different between in thyroidectomized wethers and in sham

  opbrated ones before infusions.

      !t is well known that saliva=y phosphorus excretion plays an

   Å}mportant role in phosphorus metabolism of rurninants (145År. This

  experiment was therefore to study the effect of calcitonin on

  phosphorus and calcium eXeretion in the saliva.

                        Materials and Methods

     Six young sheep, weighing about 30 kg, were used. All animals

  we=e fed a diet shown in Table 7-1 at a ievel of 2g of body

  weight,daUy. Water was available at all times. Three sheep were

  thyroidectomized and the othere3 were sham operated. !n order to

  supply thyroid hormone every thyroidectomized sheep was injected

  intrarnusculariy with 2.5 mg•of L-thyroxine (Nakarai Chemicals

  Ltd., KyotoÅr dissolved in corn oil once a week'.

     The experiment was conducted under pentobarbitone sodium

  anesthesia (Pitman-Moorer Washington, U.S.A.) 24 hours after
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  feeding. The Zeft parotid duct was cannulated with a siiiconized'

  tube which was inserted from the saiivary duct on the jaw. A'••

  si"conized eatheter was inserted into the jugular vein to•
  coliect blood sarnples and to infuse calcÅ}tonin or vehicle..

  Thyroidectomized anirnais wera infused with porcine calcitonin

  (Armour Pharmaceutical Company, Eastbourne, England7 80 i.u.lmg

  protein) dissolved in O.8ig NaCl (4 nii.u.lrnY at a rate of 3Q
                                                 '  mi.u.lhour per kg body weight fbr 5 houncs, which wds within the

   physiological rate of secretion of calcitonin. Åëhre et aZ. (1-47}

  indieated that rates of secretion of calcitonin from the thyroid

  gland fluctuated ranging fxom 5 to 30 mS.u./hour per kg body

  weight in an ewe when serum calcium concentrations varied from 8

  to 12 mgllOO ml. Sham operated sheep were infused with vehiele

  only. Salivary sarnples were collected .for 10 min in every hour

  from all sheep.

     Calcium concentrations in the saiiva and serum were rneasu-red'

 by atomic absorption spectrophotometry and inorganic phosphorus

,concentrationS were determined by the method of Nske and•
  Subbarow, (148). Serum parathyroid hormone concentrations were

 measured by a radioimmunoassay using porcine pavathyroid hormone
                      '                                                       '  (148). Salivary cyclic AMP coneentrations were measured by the

 rnethod of Honrna et al. (151). StatisticaZ diffe=ences were•

 evaluated by student's t test.

                            Results

    Serum phosphorus concentrations tended to increase in sham

 operated sheep but to decrease in thyroidectomized one during

 infusion. (Fig. 8-la) The difference in serum phosphorus
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concentration between thyroidectomized sheep and sham operated

ones became significant (P<O.05) after 2 hours of infusion. As

shown in Fig. 8-1b, thyroidectomized sheep excreted less

phosphorus in the saliva than sham operated sheep before infusion

(P<O.05). A significant (P<O.05) increase of phosphorus excretion

in the saliva was found after 1 hour of calcitonin infusion. The

excretion continued to increaseoup to 5 hours after the beginning

of infusion in thyroidectomized sheep, though it scarcely changed

in sham operated animals. As·a result, after 4 hours and 5 hours

of infusion thyroidectomized sheep infused with calcitonin

excreted significantly (P<O.05) more phosphorus in the saliva

than sham operated ones infused with vehicle.

Serum calcium concentrations were slightly higher in

thyroidectomized sheep than in sham operated ones before

infusion. (Fig. 8-2a) Serum calcium concentrations decreased

significantly (P<O.05) after 2 hours of calcitonin infusion in

thyroidectomized sheep and became significantly (P<O.01) lower in

thyroidectomized animals than in sham operated ones after 5 hours

of infusion.

Salivary calcium excretion in thyroidectomized and sham

operated sheep was not different before infusion. The excretion

was decreasedoby calcitonin infusion in thyroidectomized sheep

accompanied by a reduction in serum calcium concentrations. On

the other hand, salivary calcium excretion hardly changed in sham

operated sheep during the experiment.

Serum parathyroid hormone concentrations tended to be lower in

thyroidectomized sheep than in sham operated ones before infusion
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(Fig. 8 -3). Whi 1 e serum para thyroid hormone concentrations were

significantly (P<0.05) raised after 3 hours of calcitonin

infusion in thyroidectomized sheep, vehicle infusion did not

appear to affect the concentration in sham operated sheep.

As shown in Table 8-1, salivary secretion rate in sham

operated sheep was 3.44 : 0.30 ml /10 min and in thyroidectomized

sheep it was 3..72 :·0.13 ml/10 min and no significant change

occurred during infusion.

Salivary cyclic AMP excretion was 46.7 +6.8 pmol/10 min in

sham operated sheep and 37.3: 3.2 pmol/10 min in thyroidectomized

ones . There was no significant change in the excretion

of the cyclic nucleotide. Salivary cyclic AMP concentrations were

9-12 nmol/l, which were almost the same as those reported in

blood plasma by Steiner et al. (152).

Discussion

Calcitonin did not affect salivary secretion rates in sheep.

However, it has been found that calcitonin injection reduces

gastric' acid secretion, pancreatic enzyme and bile secretion in

man. Thus the effect of calcitonin on the salivary gland may

d iff er from tha t on the other exocr ine gl ands in the

gastrointestinal tract.

Salivary phosphorus excretion was lower in thyroidectomized

animals than in sham operated ones before infusion and was

increased by calcitonin infusion in thyroidectomized sheep. Tomas

(152) suggested that parathyroid hormone increased salivary

phosphorus' excretion in sheep. There is a possibi 1 i ty that

hypocalcemia induced by calcitonin infusion, stimulates
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   parathyroid hormone secretion and then the increment in serum

   parathyroid hormone concentrations might enhanee saiivary

   phospho=us excretion in sheep. Howev,er, in our experirnentt

   salivary phosphorus excretion increased before the incrernent in

   serum parathyroid horrnone c.oncentrations and the changes of

   phosphorus excretion in the saliva was .not closely associated

   with the changes in serum parathyroid hormone coneengtations. rt

   could be concluded therefore that calcitonin acted directly on

   the salivary giand to increase the excxetion of salivary
   phosphorus in sheep. •

      In chapter 6, it was found that phosphoacus absorption was less
   in thyroidectomized sheep thanein intact ones before feeding and

   suggested that calcitonin deficiency reduced the amount of

   phosphorus inflow into the gut. Zt appears likely that the

   deerease of salivary phosphorus excretion by calcitonin
   deficiepcy reduces phosphorus content in the gut, contributing

   thereby to the decrease in phosphorus absorption in sheep.

      Barlet (2) indicated that urinary phosphorus excretion was 12

   mglday' (Å}.e. 83 pg!10 rnin) in sheep infused with vehicle and 38

   mglday (i.e. 264 ygllO min) in an.iittals infused with calcitonin.

   On the other hand, salivary phosphorus excretion was 1,3 mgllO

   min in sharn operated sheep infused with vehicle and 1.9 mgllO min

" in tbyroidectornized animals infused with calcitonin after 5 hours

   of infusion. It is clear from these results that salivary
 ' phosphorus excretion is very important in phosphorus horneostasis

   and the action of calcitonin on hypophosphatemia is in part

   dependent on the increment of saZivary phosphorus excretion in
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sheep.

   After the reduction of serum calcÅ}um concentrationsr salivary

calcium excretion decreased in thyroidectomized sheep infused

with calcÅ}tonin. The decrease in salivary calcium excretion rnay

be due to the reduction of serum calciurn concentrations in sheep.

                       SumrnaTy .

   Three thyroideetomized sheep were infused with intravenously

with porcine calcitonin at a rate of 30 rni.u.lhour per kg body

weight and 3 sham operated ones were infused with vehicle for 5

hours. Saliva was collected from thb left parotid duce by

cannulation for 10 min in every hour. e
   SaZivary secretion rates were'not changed in either
             'thyroidectomized ,or sham operated sheep throughout the
experirnent. Before infusion , sa!ivary phosphorus exeretion was

less in thyroidectomized sheep than in sham operated ones.
Calcitonin infusion increased salivary phosphorus exe=etion and

decreased serum phosphorus concentrations in thyroidectontzed

sheep. ,Vehicle infusion did not affect salivary phosphorus

excretion in sharn operated sheep.

   serum concentrations and salivary excretion oi calcium were -

decreased by qalcitonin infusion into thyroidectomized sheep but

were not changed in sham operated sheep infused with vehicle.

   Calcitonin infusion increased serum parathyroid hommone

concentrations in thyroSdectornized sheep after the decrease in

serum calcium concentrations. However, vehicle Å}n,fusion did not

aifect serum parathyroid hormone concentrations in sham operated

sheep. There was little change of cyelic AMP excretion during the
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experiment in either thyroidectomized or sharn

  ,Tt is concluded that calcitonin increases

excretion in sheep.

operated

salivary

animaZs.

phosphorus

'

98



CHAPTER 9 Effect of Calcitonin on Urinary Calcium and Phosphorus

          Excretion

   rt is we!l known that calcitonin affects urinary rninerai

excretion. Rasmussen et.ai. Åq58) indicated that calcitonin

decreased urinary calcium excretion and increased phosphorus

excretion in rats. Barlet (2) repo-rted that caleitonin
                                                           'administration increased urinary calcium and phosphorus excretion
                                                             'in sheep. And severai'investigators obtained different results

about the effect of calcitonin on urinary calcium excretion

(154,155). From these results, it is clear that the efÅíect of

calcitonin on urinary calcium excretion is fluctuated by the

differenee of kind, dose and purity of calcitonin, method of

adrninistration and animal specise.

   On the other handr calcitonin deficiency inereased urinary

calcium excretion (chapter 4) and the increment in urinary

caicium excretion might be inhibited and hypophosphaturemia was

stimulated by the presence of calcitonin during oral caleium load

in sheep (chapter 5År.

   The present study' was designed to investigate the effect of

several doses of calcitonin on urinary calcium and phosphoru$
excre ti on.

                   Materials and Methods

   Six young sheep weighing about 25 kg were used. All animals

were kept in metabolism cages. Three wethers were thyroid-
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  ectomized and the other 3 were performed sham operation 2 weeks

 before the experiment. All sheep were given a diet shown in Table

  7-1 at a ievel of 2rg of body weight daUy. Water was available at

 all times. Thyroidectomized animals were injected intramuscularly

 with O.25 rng of L-thyroxine (Nakarai Chernicals Ltd., Kyoto)

 dissolved in corn oÅ}l daily. And thyroidectornized sheep were

 injected intrarnuscuZarZy with O, O.25, O.5 and 1 i.u.lkg body
                         n.. weight ofe porcine calcitonin (Armor Pharmaceutical Cornpany Ltd.,

 Eastbourne England; 80 i.u.lmg protein) dissolved in 16g geiatin

 at 6 day intervals at feeding time. At the same time, sham
 operated sheep were injected wieh vehicZe.

    Blood samples wesce collected 8 hours after injection on the

 days of calcitonin or vehicle adntnistration. And urine
 collection were rnade over 24 hours after injection. Serum and

 urine calcium concentrations were measured by an atomie
 absorption spectrophotornetry and serum and urinary phosphorus

 coneentrations were by the method of Gomori (121År. Serum
 parathyroid hormone levels were determined by a radioimmunoassay

 using bovine parathyroid hormone (135År. Statistical differences

 were evaluated by student's t test.

                       Results and Discussion

    As shown in Table 9-1, serum calcium concentrations tended to

 be decreased by calcitonin injection in thyroidectomized sheep

 and the reduction was significant (PÅqO.05) when animals were

 injected with 1 i.u.lkg body weight of calcitonin. Serum
 phosphorus concentrations were also decreased by calcitonin

 injection whUe the significant difference were not found between

                             ioo
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calcitonin injection group and vehicle injection group. It seemed

that the large fluctuation of serum phosphorus concentrations

masked the hypophosphatemic effect of calcitonin in the present

experiment.

As shown in Fig. 9-1, serum parathyroid hormone concentrations

tended to be higher in sham operated sheep than in

thyroidectomized ones which was described in chapter 5. By the

larger dose of calcitonin administrations (0.5 and 1 i.u./kg body

weight), serum parathyroid hormone levels were significantly

(P<0.05) increased in 'according -to the reductio? of serum calcium

concentrations in thyroidectomized sheep. It was known that

hypocalcemia induceq the secretion of parathyroid hormone

Fig~ 9-2 shows the effect of calcitonin on the daily urine

volume in sheep. Urinary volume did not appear to be different

between thyroidectomized and sham operated sheep when they were

injected with vehicle. Urinary volume tended to be decreased

by calcitonin injection in thyroidectomized sheep. However the

decreased urinary volume by calcitonin administration was not

dose related.

Barlet (2) reported that calcitonin infusion (20 mi.u./kg body

weight/hour) increased' urinary volume in intact and

thyroparathyroidectomized sheep. On the other hand, Kimura and

Ogata (9) indicated that a large dose of calcitonin

administration (1-1.3 i.u./rat) increased urinary volume but a

smaller dose of injection (2m i.u./rat) did not affect urine

volume. The results suggested that a small amount of calcitonin

injection decreased urinary volume. But it was not clear that a

large amount of calcitonin injection affected urinary volume in
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           O O.25 O.5 1
  CalcÅ}tonin injection (i.u/.kg)
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                  .hormone concentratzons.
Values were Å}ndicated means Å} SD,.

for 3 sheep.
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injected with vehicle.
År't ; SÅ}gnificantly (PÅqO.05) dÅ}fferent

from the value before operation.
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Fig. 9-2 Effect of calcitonj.n injec,ttion
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sheep.

As shown in Fig. 9-3(a), urinary calcium excretion was

significantly (P<0.05) more in thyroidectomized sheep than in

sham operated ones when they were injected with vehicle. The

large amount of urinary calcium excretion in thyroidectomized

sheep was also found in the previous experiment as discussed in

chapter 4. The smallest dose of calcitonin injection

significantly (P<0.05) reduced calcium excretion in urine in

thyroidectomized sheep. Talmage (30) indicated that one of the

roles of calcitonin was calcium storage in the bone. He suggested

that the less storage of calcium induced a large amount of

urinary calcium excretion in thyroidectomized sheep and that a

small dose of calcitonin injection increased the retention of

calcium which decreased urinary calcium excretion.

However, urinary calcium excretion were recovered by 0.5

i.u./kg body weight of calcitonin injection and the largest dose

of calcitonin administration increased urinary calcium excretion

in thyroidectomized sheep. And urinary calcium excretion were

significantly (P<0.01) more in thyroidectomized sheep injected

with 1 i.u./kg body weight than in sham operated ones injected

with vehicle.

Serum parathyroid hormone concentrations were increased by a

large dose of calcitonin injection. It is well known that

parathyroid hormone increases calcium reabsorption in the kidney.

However, the large dose of calcitonin injection increased calcium

excretion It was indicated that calcitonin increased urinary

calcium excretion and this action overcame the inhibitory effect

of parathyroid hormone on calcium excretion.
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Kimura and Ogata (9) found that a small dose of calcitonin

administration decreased calcium excretion in urine but a large

dose of administration increased calcium excretion which was

consistent with the present experiment. From these results, it is

suggested that calcitonin plays 2 kinds of role related to

urinary calcium excretion, i.e., 1) calcitonin usually stimulates

storage of calcium which reduce~ urinary calcium excretion and 2)

the excessive calcitonin secretion induces hypocalcemia by means

of the increase in urinary calcium excretion.

Fig. 9-3(b) shows the effect of calcitonin injection on

urinary phosphorus excretion. Phosphorus excretion in urine was

much less (P<0.01) in thyroidectomized sheep than in sham

operated ones when they were injected with vehicle. The smallest

do s e 0 f cal c i(ton i n in j e c t ion s i g n i f i can t 1 y (P <0 •0 5) increa sed

urinary phosphorus .excretion in thyroidectomized sheep , however

there was no difference of urinary phosphorus excretion among any

dose of calcitonin administration. Phosphorus excretion was

significantly (P<0.01) more in sham operated sheep than in

thyroidectom'ized ones even if thyroidectomized sheep were

injected with calcitonin throughout the experiment. Some

investigators reported the hyperphosphaturic effect of

calcitonin (2, 9, 58). However, it was obscure that calcitonin

injection could not recover perfectly urinary excretion of

phosphorus in thyroidectomized sheep. There is a possibility that

chronic calcitonin deficiency reduces the responsibility of

urinary phosphorus excretion to calcitonin administration.
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This

Summary

experiment was designed to investigate a role of

calcitonin on calcium and phosphorus excretion in urine. Three

thyroidectomized sheep were injected with 0, 0.25, 0.5 and 1

i.u./kg body weight of porcine calcitonin and 3 sham operated

sheep were administrated vehicle.

Serum calcium concentrations were significantly decreased and

serum phosphorus concentrations tended to be reduced by

calcitonin injection. Serum parathyroid hormone concentrations

were elevated by calcitonin injection in terms' of the ~eduction

of serum calcium. The urinary volume tended to be decreased by

a small. dose of calcitonin administration but the reduction was

not dose related.

Urinary calcium excretion was more in thyroidectomized sheep

than in sham operated ones which were injected with vehicle. The

smallest dose of ~alcitonin injection reduced urinary calcium

excretion while a larger dose of calcitonin increased calcium

excretion in thyroidectomized sheep.

Urinary phosphorus excretion was much less in thyroidectomized

sheep than in sham operated ones which were injected with

vehicle. Any dose of calcitonin injection increased urinary

phosphorus excretion, however there was no difference in

phosphorus excretion among 0.25, 0.5 and 1 i.u./kg body weight of

calcitonin injection in thyroidectomized sheep.

These results suggest that calcitonin usually stimulates

conservation of calcium which reduces urinary calcium excretion

and that the excessive calcitonin secretion induces the increase'
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in urinary calcium excretton. And it was
calcitonin had a hyperphosphaturemia action in

confi nc med

sheep.

that
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CHAPTER 10 Effect of Calcitonin on Bone Metaboiisrn

   rt is weli known that calcitonin reduces bone resorption.

Freidman et al. (67) found that stimuZatory effect of parathyroid

hormone on bone resorption were inhibited, by'  calcitonin
administration.. Rasmussen et al. (58) found that calcitonin "

reduced urinary hydroxyproline excretion in rats and suggested

that calcitonin inhibited bone resorption. On the other hand, as

shown in chapter 4, bone resorption was not infi'uenced by the

deficiency of calcitonin in sheep because serum hydroxyproline

concentrations were not changed by thyroidectomy. Furthermore

Payne and Sanson (119) found that calcium release from the bone

was not affected by thyroidectorny using kinetics study.

   The effect of Åéaleitonin on bone formation are stili
controversial. Some workers indicated that caleitonin
administration increased the enzymic activities which were
thought to stimulate bone calcification (78, 79). However a

kÅ}netics studies showed that caieitonin reduced calcium
deposition (81' , 119). And calcitonin might not affect bone
formation because urinary polypeptide hydroxyproline excretiont

which wcrs thought to be an index of bone collagen synthesis, was

not changed by calcitonin infusion (156). On the other hand, as

described in chapter 5, shows that urinary polypeptide
hydroxyproline excretion was inereased by calcium load in sham

operated sheep but was not changed in thyroidectomized one. And

calcitonin injection increased calcium conservation in sheep as
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presented in chapter 9.

   This experiment was to study the effect of calcitonin
injection on bone metabolism using indices in urine and serum.

                    Materials and Methods

 Experirnent 1
                                   e
   Six adult sheep, weighing about 40 kg, were used. Three
                            '
wethers were thyroidectomized. 3 months before the experiment

which were injected intrarnuscularly with 2.5 rng of L-thyroxine

(Nakarai Chemicals Ltd., Kyoto) dissolved in corn oil once a

week. A siliconized eatheter was inserted into the jugular vein

in, all wethers. Every animal was kept in a metabolism cage and

given the diet shown in Table 7--1 at a level of 2g of body

weight. Water was available at all times. Thyroidectornized
animals were injected intramuscularly with 1 i.u.lkg body weight

of porcine calcitonin (Armor Pharmaceutical Company Ltd.r
Eastbourne England; 80 i.u.lmg protein) dissolved in 16g gelatin
           'twice 5 day--intervals during feeding.

   BZo'od was collected on the days befiore calcitonin injection

and the days of calcitonin injection before feeding, and 1, 2, 4

and 8 hours after feeding in thyroidectomized sheep. Blood was

collected frorn intact sheep at the same time. '

   Serum calcium concentrations were measured by an atomic

absorption spectrophotornetry. Serum phosphorus eoncentrations

were rneasured by the method of Gomori (121). Serum free
hydroxyproline eoncentrations were analysed by the method of
Ber' gmann and Loxley Åq122) and serum aikaline phosphatase
activities were determined by the method of Bessey and Lowry



(157)e

 Experiment 2'

   Six young sheep, weighing about 25 kg, were used. Three
wethers were thyroidectornized and the other 3 were perfornted sham

operation 2 weeks before the experiment. All sheep were given a

diet shown in Tabie 7-Z at a level of 2g of body weight daily.

Water wa.s avaUabie at ail times. Thyroidectornized animals were

injected intramuscularly with O.25" rng of L-thyroxine (Nakarai

Chernicals Ltd., Kyoto) dissolved in corn oil daily.,And
thYroidectoptzed $heep were Å}njected intrarnuscularly with O,

O.25, O.5 and 1 i.u.!kg body weight of porcine calcitonin (Armor

Pharmaceuticai Company, Eastbouscne, England; 80 i.u./rng protein)

dissoived in 16g gelatin at' 6 day intervals at feeding time. At

the sarne time, sham operated sheep were injected with vehicle.

   Blood samples were collected from the jugular vein 8 hours

after injection on the day of calcitonin and vehicle
administration. And urine collection were made over 24 hours

after injectioni• Serum calcium concentrations were measured by an

atomic absorption spectrophotornetry, ' phosphorus concentrations

were determined by the rnethod of Gomori (121) and serurn
hydroxyproline concentrations were measured by the method of

Bergmann and Loxley (122). Urinary tota! hydroxyproline excretion

was determined by the method of Koevoet (136) and polypeptide

hydroxyproline excretion was rneasured by the rnethod of Krane et

al. (137). Statistical differences were evaluated by student's t

test.
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                             Resuits

 Experirnent 1

   There are no difference in serum calcium, phosphorus and
hydrexyproline eoncentrations and aikaiine phosphatase activities

between the lst and the 2nd triai.

   Serum calcium, phosphorus and bone rnetabolism indices before

feeding are shown in Table 10-1. 7]heTe waS no dÅ}fference in serurn
                                                ''caelcium, phosphorus and free hydroxyprbline concentrations

between thyroidectornized and intact sheep. On the other hand,

serum alkaline phosphatase activities in thyroidectomized sheep

were significantly (PÅqO.05) lower than in intact ones.

   Postprandial changes of serum calcium and phosphorus in
arterial blood are shown in Fig. 10-1. There was little change in

serum calcium concentrqtions in either thyroidectomized sheep or

intact ones injected with vehicie. On the other hand, in
thyroidectomized sheepr calcitonin injection began to decrease

serum ealcium concentrations 2 hour after calcitonin injection
           'and serum calcium reached 76g of the initial calcium levels at

the end of the experiment.

   Though serum phosphorus concentrations inereased significantly

(PÅqO.05) in intact sheep at 2 hours after feeding, they tended to

decrease at 4 hours after feeding. Zn all thyroidectomized-sheep,

injected with caleitonin and not, serum phosphorus concentrations

did not increase and graduaily reduced after feeding. As a

resultt serum phosphorus concentrations reduced significantly at

8 hours after feeding in aZl sheep. The reduction of serum

phosphorus concentrations in thYroideetomized animals injected

with caicitonin was more striking (PÅqO.05) than in

                            ll3
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thyroidectomized and intaet ones injected vehicle.

   Postprandial change of serum bone metabolism indices in
arteriaZ bZood are shown in Fig. 10--2. In .all sheep, serum

alkaiine phospatase activities were slightZy reduced 1 hour after

and signiticantly (PÅqO.05) decreased 8 houxs after feeding. Serum

hydroxyproline concentrations aiso decreased (PÅqO.05) in all
                                           'sheep as tirne pass. At 8 hours after feeding, serum
hydroxyproline concentrations in thyroidectomized sheep injected

with calcitonin were significantly lower (PÅqO.05) than in the

other groups.

   As shown in Fig. 10-3, serum calcium concentrations tended to

be decreased by O.25 i.u./kg body weight calcitonin injection in
                                                                'thyroidectontzed sheep and were significantly (PÅqO.Ol) decreased

by 1 i.u.lkg, body weight of caicitonin injection. Serum
phosphorus concentratÅ}ons tended to be decreased by calcitonin

injection tbough a signifÅ}cant reduction was not found in the

present experiment.

   Calcitonin injection at the level of O.25 i.u.lkg body weight

tended to increase serum parathyroid hormone concentrations in

thyroideetomized wethers. And the increment in sdrum parathyroid

hormone was accompanied by the reduction of serum calcium

concentrations.,
                                                   '                         '            -                  '   As shown in Table 10-2, there was no difierence in serurn free

hydroxyproline concentrations between thyroidectomized and sham

operated sheep when they were injected with vehicle. Serum free

hydroxyproline concentrations were significantly (PÅqO.05 by O.5
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i.u./kg body weight injection; PÅqO.Ol by 1 i.u.lkg body weight

injection) decreased in thyroidectomized sheep injected with

calcitonin in comparison with sharn operated ones injected with

vehic2e.

   Urinary total hydroxyproiine excretion also tended to be

decreased by calcitonin injection while there was no significant

difference between vehicZe injection and calcitonin injection

(Table 1O-2).

   Urinary polypeptide hydroxyproline excretion were not
different between thyroidectornized and sham operated sheep

injected with vehicle. However, urinary pbiypeptide
hydxoxyproline excretion tended to be increased by the srnallest

dose of calcitonin injectÅ}on in thyroidectomized sheep and O.5

and 1 i.u.lkg body weight of calcitonin injection significantly

(PÅqO.Ol) increased untnary poiypeptide hydroxyproline excretion

in thyroidectomized sheep. There was a significant (PÅqO.Ol}

difference between thyroidectomized animals injected with O.5

and 1 i.u.lkg body weight and sham operated ones injected with

vehicie.

                        Discussion

   The results from experirnent 1 that serum hydroxyprQline

concentrations decreased after feeding in intact wethers was

agreed with a report of Evance et al. (58) on cattle. !rhe
deerease in serum hydroxyprolÅ}ne eoncentrations after feeding in

all animals suggested that bone resorption was reduced in order

to prevent an elevation of serum caZcium concentrations which was

induced by calcium absorption. Some factors other than calcitonin
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might contribute to the decrease of serurn hydroxyproZine

concentrations after feeding because the lowering of serum
hydroxyproline concentrations was also found in thyroidectomized

wethers.

   As shown in experiment 1, the lowering of serum hydroxyproXine

coneentrations was rnore rernarkable in thyroidectomized sheep

injected with calcitonin than in the other animals. Furthermore

the reduction of. s,erum hydroxyproline concentrations by
calcitonin was also found in experiment 2 and it was dose related

scesponce. ThSs agreed with the indication by JohnstOn and Deiss

(159) that calcitonin decreased bone resorption in rats.
Rasrnussen et al. (58) found.that ealcitonin decreased urinary

totai hydroxyproline exeretion in rats and suggested that
calcitonin inhibited bone resorption. However, in the present

experiment, a $ignificant reduction in urinary total
hydroxyproline excretion was not found although calcitonin
                    'injection tended to decrease urÅ}nary total hydroxyproline

excretion. !t was suggested that serurn hydroxyproiine
concentration reflected bone resorption more clearly than urinary

total.hydroxyproiine excretion.

   :t is known that parathyroid hormone increases bone
                       'resorption. Though serum parathyroid hormone concentrations were

increased by calcitonin Å}njection, bone resorption was reduced

with dose related manner. rt was considerable that the inhibitory

effect of ealcitonin on bone resorption was stronger than the

action of parathyroid hormone. ,
   Krane et al. (137) found that disorders with stimulation of
   '
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bone formation increased urinary polypeptide hydroxyproline

excretion and suggested that procollagen was cleaved and divided

Å}nto the polypeptide contained hydroxyproline and coilagen

molecule. Haddad et al. (156) showed that calcitonin infusion

decreased urinary polypeptide hydroxyproiine excretion in a

Pagetic subject. And they suggested that calcitonin inhibited

bone formation. However, in this experimentr urinary
polypeptide hydroxyproline excretion was increased by calcitonin

injection in thyroidectomized sheep. Furthermore the increase was

dose related responce.. It was not clear why the differences

between the nceport by Hadded ee al. and the present experiment

occured. The results in the present study, on the contrary,

indicated that calcitonin stimulated bone formation (collagen
             'synthesis) in calcium deficient sheep.

   Serum alkaline phosphatase activities were redueed in all

animals, however, the reduction was inagreernent with the findings

of Longrnann et al. (160}. They indicated that serum alkaline

phosphatase activities increased after diet in man.

   UsuaJly serum alkaline phosphatase activities were used as an

index of bone forrnation because bone alka!ine phosphatase was

thought to stimulate bone caleification. And it was reported that

calcitonin increased bone alkaline phosphatase activities (78).

The changes of•se•rum alkaline phosphatase activities were not

accompanied with the other index of bone formation (urinary

polypeptide hydroxyproiine excretion) but were sim"ar to the

changes of the index oi bone resorption (serum free
hydroxyproline concentrationsÅr. Furthermore Hurwitz and Grirninger

(101) found that serum alkaline phosphatase activities indicated
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the statue of bone resorption rather than bone formation. The

reduction of alkaline phosphatase activities might be induced by

the decrease in released bone alkaline phosphatase that was

resulted from the depression of bone resorption.

Serum phosphorus concentrations increased 2 hours after

feeding in intact sheep. As shown in chapter 6, phosphorus

absorption was much less in bothoof thyroidectomized sheep

injected with calcitonin and not than in intact ones injected

with vehicle from 2 to 4 hours after feeding. The absence of the

increment in serum phosphorus concentrations may be due to the

depression of phosphorus absorption in thyroidectomized sheep.

Summary

In experiment 1, three thyroidectomized sheep were injected

with 1 i.u./kg body weight of calcitonin or vehicle at feeding

time and 3 intact animals were injected with vehicle. Serum

alkaline phosphatase activities were decreased in all groups at 8

hours ~fter feeding. Serum hydroxyproline concentrations were

decreased in all sheep, however the reduction was most remarkable

in thyroidectomized sheep injected with calcitonin.

Experiment 2 were designed to study a dose related responce of

calcitonin injection to bone metabolism. Three thyroidectomized

sheep were injected with 0, 0.25, 0.5 and 1 i.u./kg body weight

of calcitonin and sham operated sheep were injected with vehicle.

As same as experiment 1, serum hydroxyproline concentrations were

decreased by calcitonin injection and the reduction was dose

related. And urinary total hydroxyproline excretion tended to be
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decreased by calcitonin administration. Urinary polypeptide

hydroxyproline excretion were significantly increased by
calcitonin injection and the responce was also dose related.

   From these results, it was suggested that caicitonin decreased

bone resorption and increased bone formation in sheep and these

effects were dose related manner.

                                                         .

                                                 -
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CHAPTER 11 Conc1usion

    Xt was found by a radioimmunoassay using po=cine calcitonin

'that serurn calcitonin concentrations were 50-100 pglrnl in sheep

 and were increased about 10 fold by intravenous calcium load. On

 the other hand, serum calcitonin concentrations were not detected
                             ' in thyroidectomized sheep even after the calcium load. Iet might

 be concluded that thyroidectorny induced calcÅ}tonin deficiency in
                                                        ' sheep. .
    The portal vein and artery blood difference of serurn calciurn

 concentrations were more in thyroidectomized sheep than in Å}ntact

 oRes at 8 hours after feeding. And caicitonin adrninistration

 decreased the veno-arterial blood diÅíference of serum caicium

 concentrations in thyroidectornized sheep after 1 hour of
 administration. Zt was ciear that caicitonin directly inhibited

 calcium absorption in the gut.
           '    Calcitonin injection decreased serum hydroxyproline
       ' concentrations and urinary totaZ hydroxyproline excretion in

 thyroidectomized sheep. On the other hand, urinary polypeptide

 hydroxyproline excretion was increased by calcitonin injection.

 Calcitonin rnight inhibit bone resorption and stirnulated bone

 formation ln sheep.

   Urinary calcium excretion was rnore and urinary phosphorus

 excretion was less in thyroidectombzed sheep than in intact ones.

 The srnall dose of calcitonin injection decreased caZciurn

 excretion in urine while the large dose pf calcitonin injection

                            i25
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increased calcium excretion. On the other hand, phosphorus

excretion was reduced by any dose of calcitonin injection.

Calcium excretion via bile was decreased in sham animals

infused with vehicle but was not changed in thyroidectomized ones

infused with a physiological level of calcitonin. And the

calcitonin infusion increased phosphorus excretion via bile.

Salivary phosphorus' excretion was less in thyroidectomized

sheep than in sham operated ·ones.Furthermore, calcitonin

infusion reduced phosphorus excretion via urine, bile and saliva

in thyroidectomized sheep.

These action of calcitonin were summarized in Fig. 11-1~

The results that thyroidectomy did not affect serum calcium

concentrations in sheep was in agreement with several report~

using ruminants. And postprandial increment of serum calcium

shown in thyroidectomized rats did not occur in thyroidectomized

sheep. However, urinary calcium excretion was increased by

thyroidectomy in sheep. And the small dose of calcitonin

administration decreased urinary calcium excretion. In addition,

urinary calcium excretion was less in sham operated sheep than in

thyroidectomized ones during oral.calcium load. These results

indicated that calcitonin stimulated calcium conservation in

sheep.

Postprandial hyperphosphatemia occurred in intact sheep at 2

hours after feeding but was not found in thyroidectomized sheep

whether calcitonin was injected or not. The absence of increment

in serum phosphorus concentrations in thyroidectomized sheep were

partly due to the decrease in phosphorus absorption before and

just after feeding which might be induced by the lower endogenous
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phosphorus excretion into the gastrointestinal tract. !t was

possible that the increment of serum phosphorus might promote

calcium conservation after feeding because phosphorus was
necessary for bone calcitication.

   When a high calcium diet was given, serum calcium
concentrations were increased in thyroidectomized sheep rnore than

in sharn .operated ones. rt was shown that calcitonin lnhibited the
                   'increment'in serum ealcium coneentrations which was brought about

by the reduction of bone resorption and the stimulation of bone
                                                                  '                             'formation.

   From these results, it is suggested that caleitonin has 3

roles as foilowing in ruminants at least, 1) antihypercaicemic

action in animals givenalarge arnount of calciumr 2) the
                            -                                                               'stimulation of phosphorus excretion via urine, bile and saliva,

3} calcium conserva'tion in the skeletal tissue.

'

t
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