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Chapter 24

CALCIUM
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Plasma calcium leyg] It is precisely Tegulated
by 3 hormones almost exclusively devoted t this
function, vjz, parathormope (PTH), calcitoniy, and
calcitrip) (active form of Vit D). These regula-
to.rs control g intesting] absorplion,
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Thyroxine (excess) Growth hormone
Hypervitaminosis D BiSphOSphonates
Prostaglandin E, Fluorige
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Loop diureticg Thiazide diureticg
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Fig. 24.1: Regulation of plasma level of calcium
stimulation, - - - - - —> Inhibition; Bold arrow indicates—major action.

pTH—Parathormone; 25-OHD ,—Calcifediol; 1,25 (OH),D,—Calcitriol.

of two closely coupled but directionally opposite processes
of resorption and new bone formation (Fig. 24.2). Millions
of tiny remodeling units are working on the surface of
bone trabeculae and Haversian canals to dig micropits by
osteoclastic activity and then repair by osteoblastic activity
in which first collagen and other proteins (osteoid) are
deposited followed by mineralization; the full cycle taking
46 months. Diet, exercise, several hormones and drugs
regulate the number and efficiency of bone remodeling
units at any given time. Remodeling deficits accumulate
over life-time to account for age related bone loss, the
pace of which can be retarded or accelerated by modulating
the above listed influences. Estrogen lack after menopause
manly causes loss of trabecular bone, particularly affecting
Verlebrae, wrist bones and femoral neck. Minimal trauma/
‘ompression fractures are most common at these sites.

Absorption and excretion Calcium is absor-
Eii b.y facilitated diffusion from the fentire sm.all
ran?me' In addition, a carrier—medllated active
in { Eogt under the influence of vit D occurs
i (he .]u°denu_m: Calcium is sec.reted as well
DhoSphlale um, limiting net absorptlvon. Phytates,
With Casz" Oxa]_ates and tetracyc]mes'com}.)lex
N ingery, " an nsoluble form in the mtgsﬂges
4 “T€ with its absorption. Glucocorticoids
IOniZidltom a,]SO reduce calcium absorption.
glomeru]u Calcium is totally filtered at tl?e
S and most of jt is reabsorbed In

N

the tubules. Vit D and PTH increase, while

calcitonin decreases tubular reabsorption of
Ca?". About 300 mg of endogenous calcium is
excreted daily: half in urine and half in faeces.
To maintain calcium balance, the same amount
has to be absorbed in the small intestine from
the diet. Because normally only 1/3rd of ingested
calcium is absorbed, the dietary allowance for
calcium is 0.8-1.5 g per day. However, frac-
tional calcium absorption is greater in presence

of calcium deficiency and low dietary calcium.
" Thiazide diuretics impede calcium excretion

by facilitating its tubular reabsorption.

Preparations

1. Calcium carbonate (40% Ca): It is an insoluble, taste-
less and nonirritating salt. Reacts with gastric HCL to
form chloride, and can be used as antacid. It is the most
common salt present in calcium supplements, but gastric
acid is required for converting it into the absorbable form.
Calcium availability from it is poor in patients taking
proton pump inhibitors (PPls), H, blockers, and in elderly.
5. Calcium citrate (as tetrahydrate, 21% Ca™): Slightl}f solubl\e
in water, but dissolves well in presence of HCL I.t is nonir-
ritating and is used in supplements: Absorption in p‘atlems
taking PPIs/H, blockers and elderl)( is lower, but satistactory.
3. Calcium gluconate (9% Ca): is available as 0.5 g and

| g tablets and 10% injection (5 ml amp.). 1t is nonirritqtiug
togg i.t. and mildly irritating to the vascular endothelium.
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side effects Calcium supplements are usuall?l

well tolerated: only g.i. side effects like COllS'tl-
pation, bloating and excess gas (espemally with
cal. carbonate) have been reported.

Some combined formulations

CALCTNOL-RB: Cal. carb 0.375
vit D, 250 TU tab.
MILICAL: Cal. citrate 1 g+ vit D, 200 TU tab.
CALCIBONE: Cal. citrate 1 8 +vit D, 200 JU tab and susp.
CALSHINE: Cal. citrate 0.5 g + vit D, 500 U tab.
CALCIUM-SANDOZ: Cal. gluco-bionate 137.5 mg/ml inj.
10 ml amp., also tabs containing cal. carbonate 650 mg.
KALZANA: Cal. dibasic phos 430 mg + Vit C and D3
2OQ IU tab, also syrup: Cal. gluconate 300 mg, Cal. lac-
1otnonate 1.1 g, Cal phos. 75 mg per 5 ml, containing
Vit A, C, niacinamide and D3 200 IU.
OETOCALCIUM: Cal. phos 380 mg + Vit D, 400 1U
tab, also syrup: Cal. phos 240 mg per 5 ml ini
Vit D, 200 IU and B, EP R
SHELCAL: Cal. carb. 625 mg (eq 250 mg elemental cal)
Vit D, 125 1U tab and per 5 ml syr. 5
??CALVIT; Cal, carb, 1.25 g, cholecalciferol 250 IU tab;
al. gluconate 1.18 g, Cal. lactobionate 260 m; + Vi D’
100 IU per 5 ml syr. & b g
CALCIMAX: Cal. carb o
O3 g et} Wit a};a-gn(elsigmm% ’cal), dlba§1c cal. phos.
s T g o, e, 00 s méénia;i)nd 'V}l]t D, 200 U
o . A with ma i
zinc and vit D; 200 1U per 5 ml syrup. gnesium,

g, Cal. Phos 75 mg +

Uses

lés;elfgé OFor] immediate treatment of severe
calcium 90_]?0 (l:fgfils lg;]le;CC(t)ngte (elemental
' ed iv.

Blucnnate- g] CE_l]C]um (50 to 100 m] of ;
for oot lsolutlon) over 6 hours is pe Zal.
Supponi]\?eetegy reversing the muscle g cded
. reatment with i.v. fluids ang pasms.
may be required, LOng_terOmegen

oral

ent to provide t*l.5 g of caleiyp,
along with vit. D. Mildey dany
Cag,

&

{reatm
is instituted
need oral therapy only.
9. As dietary supplement especially iy
ing children, pregnant, lactating and menogrow_
The dietary allowance recOmmené):(\leE

Y

women.
titute of Health (1994) is_

National Ins

e Children 1-10 yr - 0.8-12
« Young adult 11-24 yr, pregnant g
and lactating women 12-15
. Men 25-65 ¥ women 25-50 yr g
and 51-65 ¥r if taking HRT 110 g

« Women 51-65 ¥T not taking HRT,
115 g

every one > 65 yr
Calcium supplement can reduce bone log

in predisposed women as well as in men,
o fracture patients, but if die

is often given t
is adequate this does not accelerate healing

3. Osteoporosis In the prevention and treat-
ment of osteoporosis with alendronate/HRT/
raloxifene, it 18 important to ensure that calcium
deficiency does not occur. Calcium + vit D, have
adjuvant role to these drugs in the prevéntion
and treatment of 0Steoporosis.

However, the efficacy of calcium + vit D
supplements alone in increasing bone mass or
preventing fractures among menopausal women/
elderly men 1is controversial. It does not appear
to teduce fracture risk in otherwise healthy
subjects taking adequate diet. In the 7 year
prospective WHI study involving >36000 post-
menopausal women (51-79 years), the overall
risk of fractures was the same in the caleium
(1 g/day) + vit D (400 TU/day) group as in the
placebo group, though the bone mineral density
at the hip was 1% higher in the treated grou
gee;teaé?fjgbgroups of osteoporotic subjects mﬂﬁ)’
pears tmbcalcmm.supplements,. but the bene t
bore 1oss0 le marginal and Jimited to Com,ci
has show Ong - On tl.le Gifier hnnd, a meta ana1y51‘
plements nhtdat Subjoects.recew‘mg. calcmmf it
Thus calcila a 27% higher incidence © on};
fs SL:bject im S.upple:ments snould be given

s taking diet low 1n calctum.

4, ' 3
uSenglrlcally, Cal. gluconate i.v. has 6@ﬁ
in dermatoses, paresthesias, weakness ar;
ably
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HORMONES AND DRUGS A}

{ due to warmth and other subjec-

olca N '
(15\1~f1t’:}1(< pmduct‘d by the injection.
ooeffects b Y
mk&‘_ antacid (sce Ch. 47).
- ‘ ‘\ «

5,

F.N:;,L\THYF.'OID HORMONE
(parathormone)

o Generali (1900) were the first to perform
’ L m-ath_\’r(’idccwmy (without removing thyroids)
clee Ld it It produced tetany and death. MacCal-
Voegtlin in 1909 established this to be due to

i plasma calcium levels; parathormone (PTH) was
pll i P

olted in 1925 : : -
‘ hyroid hormone (PTH) 1s a single chain

parat : ) :
s amino acid polypeptide, MW 9500. It is
:mthcsized as Pl'ePl‘O-PTH; the excess amino

z{cidS are split off in two st'eps and PTH is
hen stored 10 intracellular vesicles. Secretion of
»TH is regulated by plasma Ca?* concentration
through a calcium-sensing receptor (CaSR), that
is a G-protein coupled receptor on the surface
of parathyroid cells. There is no trophic hor-
none for it. Fall in plasma Ca** induces PTH
release and rise inhibits secretion by decreasing
¢AMP in the parathyroid cells. Agents that
increase CAMP cause PTH release, but direct
activation of protein kinase C triggered by
fall m Ca® concentration 1s more important
physiologically. Prolonged hypocalcaemia causes
hypertrophy and hyperplasia of parathyroids,
while sustained hypercalcaemia has the opposite
effect. Changes in phosphate concentration in
plasma affect PTH secretion indirectly by alter-
g C&** concentration. The active form of vit.
D caleitriol inhibits expression of PTH gene
Lan{ar.athyrqid cells reducing PTH production.
i pl;Sv rapidly degraded -in liver and kidney;
Sma t/5 is 2-5 min.

Actions
P
]n A .

treases plasma calcium levels by:

ealgiyy, PTH promptly increases resorption

ot Actio from bone. This is the most promi-
Timbey o; °f PTH—exerted by increasing the
osteOClastS bone remodeling units and activating
CO“UHUOuS When high concentrations are present

Y- Since bone resorption is followed

of
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::y ]I:L;‘\[V-h'(mc (k‘p()xi\i()n,‘this is also promoted
[\l\;‘” .‘l. l.ncrcafscd b().nc formation occurs when

IS given intermittently and in low doses.
?. Kidney  PTil increases calcium reabsorption
m the distal tubule and provides moment to
moment regulation of calcium excretion. It also
promotes phosphate excretion which tends to
supplement the hypercalcaemic effect. However,
grossly increased plasma calcium level occurring
i hyperparathyroidism overrides the direct
action on tubules and calcium excretion in urine
is actually increased. The converse occurs in
hypoparathyroidism. In the kidney, PTH also
promotes lo-hydroxylation of 25-OHD, to
generate calcitriol, the active form of vit D.
3. Intestines PTH has no direct effect on
calcium absorption but increases it indirect-
ly by enhancing the formation of calcitriol
(active form of vit D) in the kidney by acti-
vating lo-hydroxylase. Calcitriol then promotes
intestinal absorption of calcium.

4. PTH decreases calcium levels in milk, saliva

and ocular lens. This may be responsible for
development of cataract in hypoparathyroidism.

Mechanism of action The PTH receptorisa
G protein coupled receptor which on activation
increases cAMP formation and intracellular
Ca?* in target cells. In bone, the target cell
is the osteoblast because PTH receptors are
not expressed on the surface of osteoclasts.
Acting on the osteoblast, PTH induces a
factor ‘Receptor for activation of nuclear
factor-kB-ligand” (RANKL) which diffuses and
combines with RANK on osteoclast precursors
and transforms them into osteoclasts as well
as activates the osteoclasts (Fig. 24.2). In
addition, birth rate of bone remodeling units
into which osteoclasts are recruited is enhanced.
Formation of the remodeling pit is fol_loxv;d
by osteoblastic deposition of new F)\one into it.
PTH enhances proliferation .a.nd dltferenn‘anon
of preosteoblasts and deposnttpn of osteoxd.as
well. Bone resorption predominates wlilen high
concentrations of PTH are present contmuogsly,
but intermittent exposure to low coneentrations

has the opposite effect.
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i ; ulation of bone remodeling uni ' '

:_;\9. 24-26:;;1%?:c]>§§st precursor cells in the marrow near the bony surface are activated to proliferate ang fuse
e mon

: tor for activation of nuclear f
i ; osteoclast-precursors express a receptor actor.
B for;\nNr;ummtJr?cla?ra ;i?fgc?;e?rcrisit;hb?asts on activation release a protein RANK-ligand (RANKL). When RANK is
' on . i
Eof;?d to :RANK on the surface of osteoclast-precursors they are trar_lsformeq into mature o;teoc!asts and develop
bone lysing ruffled surface. A bone resorption pit is dug out by secretion of apld and proteoly’nc acid hydrolases.

Osteoblasts produce another protein osteoprotegerin (OPG) as well, which can bind RANKL and prevent it from
combining with RANK to activate osteoclasts. Thus, osteoblasts by producing RANKL and OPG regulate bone resorp-
tion. ; ;

After formation of the remodeling pit, preosteoblasts from bone marrow stem cells proliferate, migrate to the base
of the pit, transform into mature osteoblasts and laydown new osteoid, which is later mineralized.

Parathormone (PTH) acts on PTH-receptor located on the osteoblast membrane and induces RANKL produc-
tion—indirectly activating osteoclast differentiation and function. Subsequently PTH promotes new bone formation
as well.

Calcitriol also induces RANKL in osteoblasts to indirectly activate osteoclasts. Similarly, it promotes laying of
osteoid as well as bone mineralization.

Calcitonin directly inhibits osteoclast function and probably enhances osteoblastic new bone formation.

Hypoparathyroidism Manifestations are:
Low plasrpa calcium levels, tetany, convulsions, laryngospasm,
paresthesias, cataract and psychiatric changes. Pseudohypo-

hypercalcaemia, decalcification of bone—deformities and

fractures (osteitis fibrosa generalisata), metastatic calcification,

e renal stones, muscle weak ipati d anorexia.
arathyroidism s s ness, constipation an

Ee]]s l)’ oo occurs due to reduced sensitivity of target Treatment ; ) "

0 cagseq by a mutant G protein that couples n. .1s surgical removal of the parathyTOld umott

PTH receptor activation to cAMP generation in target cells When this is not possible—low calcium, high phosphat

; diet with ids i ;
PTH is not used to treat hypoparathyroidism 1 plenty of fluids is advised.

because plasma calcium can be elevated and kept Cinacalcet 1t is an orally active calcimimefic
i]n the normal range more conveniently by vit fluorinated compound which allosterically
1erapy. PTH has to be given parenterally, while ~ 2clivVates the calcium sensing receptor (CaSR)

vit D can be given oral] i is i i
, y. Vit D is ine i on  parath i body
ngever, recombinant human PTL. (1 Xpensive, p yroid cells and in other

i 5 _ ~84 aming  Ussues. The primary action is to inhibit pTH
"¢ 1s being clinically  Secretion and thus decrease plasma levels of

] 2 o . l/2
! Hyperparathyroidism is mostly d PTH, Ca2r and phosphate. The biological !
| twmour. 1t produces— T C4C 10 panathyroia OF cinacalcet is 30-40 hours. It is indicat®

i |
I secondary hyperparathyroidism due t0 rend
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in patients undergoing long-term

0ase and ot can also be nse

dis s Cinacalcet can also be used to lower
rq[VSIS . 3 Aper Qe »

dmf.‘ﬂ cat in inoperable cases of parathyroid
BRTpALE s . IR

plas . H),pocalcaemla 1s a risk, and dose has
neet R

ot b adiUS‘Cd carefully.

0 . ; :

: ne BD with meals, inerease to 60 mg BD or
Post “ep, if necded.

o0 mE S ey
(‘TZ 30, 60, 90 mg tab: PTH-30, SENACEDPT 30 mg tab
SETZ - T

atide This recombinant preparation of
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by parafollicular “C* cells of thyroid gland.
l’m'n‘lhyr()i(ls, thymus and cells of medullary
carcinoma of thyroid also contain calcitonin.
Synthesis and secretion of calcitonin is regu-
lated by plasma Ca?' concentration itself: rise in
plasma Ca®" increases, while fall in plasma Ca®*
decreases calcitonin release. However, circulating
level of calcitonin is low and its physiological
role in regulating plasma Ca’** appears to be

3

Teripar . ) )
\ 1-34 residues of gmmo termmal of human PTH mlnqr, Thg plasma t% of calcitonin is 10 min,
d ias been l-ecently’mtroduced' for the treatment of  Put its action lasts for several hours.
gevere osteoporosis. It dupllca'tes all the actions ]
" the long (1-84) PTH. Injected s.c. 20 g Actions
once daily; it a‘cts .only for 2—3. hours, and has  The actions of calcitonin are generally opposite
\ peen found to mCrease bone mineral density in  to that of PTH. It inhibits bone resorption by
. osteoporotic women. The effect was faster and  direct action on osteoclasts—decreasing their
more marked than that produced by estrogens ruffled surface which forms contact with the
se and bisphosphonate§ (BPNs). Teriparatide is the  resorptive pit. Whether it also promotes calcium
‘I‘S< only agent which stimulates new bone format?on, deposition by osteoblasts is not certain. The
P whereas the qther jcwo only check bone resorption.  hypocalcaemic action of calcitonin lasts ~8 hours.
In clinical trials it was found to be equally or Calcitonin inhibits proximal tubular reab-
m more effective than estrogens and BPNs in reducing sorption of calcium and phosphate by direct
P- risk of vertebral as well as non-vertebral fractures  action on the kidney. However, hypocalcaemia
se . in osteoporotic women as well as men. After s.c.  overrides the direct action by decreasing the
njection its plasma t% is 1 hr. When given only  total calcium filtered at the glomerulus—urinary
>Cn once daily, acFlon prloduced 18 l‘nterrmttent, and  Ca?* is actually reduced.
the bone forming action predominates over bone The actions of calcitonin are mediated through
of resorbing action. High cost and need for daily a G-protein coupled calcitonin receptor (CTR)
sc. injections are the limitations. Its use may be  and increase in cAMP formation, but its target
justified in severely osteoporotic women, those  cells are different from that of PTH.
1d 1\la;ho have glready suffered osteoporotic fractures or Preparation and unitage Synthetic salmon calcitonin
. | e multiple risk factors for fracture. Treatment s used clinically, because it is more potent and longer
% © with tﬁl‘iparatide beyon d 2 years is not recom- acting due to slower metabolism. Human calcitonin has
. mended, but BPNs may be continued thereafter. also been produced. :
te - Side effects include dizzi headache and leg 1 1 & & g of e Ein - o
g, p ) ¢ dI1ZZINEss, . CALSYNAR,‘Z\{C‘ALCIT: S)im‘het.lc salmon calcitonin 100
. e o .agf%ts fhsease and hypercalcaemia ar¢ /| amp. for im. or s.¢. wyection. o ‘
- ! ~]tktc(0‘?tralndlcatlons. Nausea, flushing and tingling of fingers is frequent aft§r
y i 5750 Hg/3 ml vial for inj. calcitonin inje(;tipﬂ. Bfnd taste, flu-like symptomsi\allerglc
) lyrfi'(::glsllc use To differentiate pseudo from true hypopara- reactions and joint pain are the other adverse eftects.
L o ey fm-srsn: Lef_iparatide is given i.v.: if plasma f:qlcitlm
5| : 10 rise, then it is pseudohypoparalhyrmdjsm. Uses
f 1. Hypercalcaemic states Hyperpm:athyroidism, hyper-
/2 ‘ CALCITONIN vitaminosis D, osteolytic bony metastasis and hypercalca‘enna
d Calcit()nin _ . of malignancy; 4-8 1U/kg i.m. 6-12 hourly only torkz
| i COVer 18 the hypocalcaemic hormone dis- days. 1t acts rapidly wulu? 4 hqurs, the responseI peaks
L y‘ o at 48 hours and then refractoriness develops. It also

Single c}})y Copp in 1962. It is a 32 amino acid
A polypeptide (MW 3600) produced

relieves bone pain:
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T-DEHYDROCHOL FPSTIROL,
(Synthesized in skin)

|

CHOLECALCIFEROL (Vit D)

UV Light

—

ERGOST [, \
(ycast, hrca(\, Milley

CALCIFER
AFEROL, 1, D,
l Liver microsomes “-Pl
) 25-OH-1
CALCIFEDIOL {25-0H-D) O D:
14 Kidney mitochondria —-—-—-—-~—>l
CALCITRIOL (1,25 (OH).D,)

1,25 (OH)p,

LACTWE FORMS

For emergency treatment of hypercalcaemia 5-10 TU/
ke may be diluted in 500 m] saline and infused i.v. over
6 hours. Calcitonin is a relatively weak hypocalcaemic
drug. Therefore, used only to supplement BPNs initially,
because BPNs take 24-48 hours to act.

2. Postmenopausal oste
tion delivering 200 Ty
In osteoporosis.

oporosis A nasal spray formula-
per actuation has been employed

MIACALCIN NASAL SPRAY, OSTOSPRAY CALCINASE
2200 TU/ml me

tered dose nasal spray, 200 IU per actuation,
One spray in alternate nostril daily

use outweighs the bepefit,
3. Paget’s disease 100 TU im/s.c, daily or on alternate
days produces improvement for few months, Later, resis-

lops due to production of antibodies,

Bisphosphonates ar, onin may be ygeq as

¢ preferred; calcit
adjuvant or 2nd lipe drug,

4. Diagnosis of medul,

: lary carcinomg of thyroid Detection of
high biood leve] of calcitonin ig diagno

. : stic of thig tumour,
which arises from the calcitonin producing parafollicylar
cells of thyroid,

VITAMIN p

ective name given to
synthesized in (he body
and found in fopdg acti

Uvated by Uy radiation
D3 cholecalcifero] — synthesized ip the skin
under the influence of UV rays,
D2 calciferolxpresent in irradiateq food—
o Yeasts, fungj bread, milk

In 1919 it was established that rickets Was dye
ciency of a dietary factor ag well as lack of eXposudeﬁ.
sunlight. McCollum (1922) showeq that thig fat Soge to
dietary factor was different from it A and i Stmcuble
was determined in 1935. The interrelation betwee ture
and cholecalcifero] and thej

been fully understood only

- Calcif
I activation iy the bog}l, e;ol
in the 19705, w
Activation of vit D
following manner—

Ergosterol differs from 7—dehydr0cholesterol in
having an extra double bong between C22-m
and a methyl group at C24. In may vit D,
and D, are equally active and calcitrip] (active
form of D) is more important physiologically;
25-0H D, is released in blood from the liver
and binds loosely to a specific vit D binding
globulin. The fing] lo-hydroxylation in kidney is
rate limiting ang ig controlled by many factors,
This step is activated or induced by calcium
deficiency, vit p deficiency as well as by PTH,

estrogens and prolactin, while calcitriol inhibits
it in g feedback manner,
Thus, vit D

becauge:

(a) Tt is synthesi
ideal conditions

It takes Place iy the

should be considered a hormone

zed in the body (skin); under

it is not required in the diet
(b) It is transported by blood, activated and then
aCts on specific Teceptors in the target tissues
(c) Feedback

B . 1 i n
egulation of vit D activatio

oceurs by plasma Ca?* leve] and by the active
form of vit D itself.

Actions
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. ,'ncrcnsing the syn.thcsz.is ol calcium
f % ond @ cm'l'it‘l.' protein for Ca®' called
. proteln~ (Ca BP) or Calbindin.
leitriol is analogous to that of
11 "C“;:ﬂ'nw“es' It binds to a cytoplasmic
,-101'0“_1 D receptor (VDR) and translocates
pitam™ cleus where it increases synthesis of
0 ﬂ?c ~l11111RN A that in turn regulates protein
Sl“’“f-s Another line of evidence suggests that
5.‘“,”“51“' of VDR promotes endocytotic capture
ac_ﬂvalt;?um, its transport across the duodenal
of €2 | cell and finally its active extrusion
the serosal membrane. At least part
of vit D action is quick (wi.thin minutes) by
Jfiecting calcium flux across intestinal muc.osal
«cIl. This appears to be exe.rted by mechanisms
qof involving gene regulation.
7 Calcitriol enhances resorption of calcium and
phosphate from bone by promoting recruitment
and differentiation of osteoclast precursors in the
hone remodeling units, but mature osteoclasts
lck VDR. Like PTH, calcitriol induces RANKL
i1 osteoblasts which may then activate the
ssteoclasts. Osteoblastic cells express VDR and
respond to calcitriol by laying down osteoid, but
it mainly appears to help bone mineralization
indirectly by maintaining normal plasma calcium
and phosphate concentration, as well as by
}nducing proteins like osteocalcin. The action
Is independent of but facilitated by PTH.
3, Calgitriol enhances tubular reabsorption
of Cﬂlc_lurn and phosphate in the kidney, but
Se action is less marked than that of PTH,
hy(;tf:;r’ in .hyperviﬁaminosis D inﬂu'ence of
oy Calcjemla. overrides tl_le dlfect action and
4 Other mm 18 exc.reted in_urine. '
any t]_Ssslcnons. Since VDR is expr.essed in
g Ce“tZS,lactlons pf calcnrlol' on immuno-
lon gng g & ymphokine production, prolifera-
tepy erentiation of epidermal cells and
gnant cells, neuronal and skeletal

AN ma;
i
ction have also been demonstrated.

Mugele

Vit
defini

Phate ten:c'ency Plasma calcium and phos-

madequate'to f.a“ in vit D deficiency due to

Py Seclntesnna] absorption. As a consequence

bo“e i Ieted and calcium is mobilized from

Order to restore plasma Ca®'. The

e .
1 binding
. oof ¢a

mucosa
Ihrough

,M‘ AFFECTING CALCIUM BALANCE

"Q“C fails to mincralize normally in the newly
hnfl arcas, becomes soft producing rickets in
F]uldrcn and ostcomalacia in adults. However,
m contrast to osteoporosis, the organic matrix
(osteoid) is normal in these conditions.

F.iyper‘vi{aminosis D It may occur due to chronic inges-
tion .().t large doses (~50,000 [U/day) or due to increased
sensitivity of tissues to vit D. Manifestations are due to
clevated plasma calcium and its ectopic deposition. These
are: hypercalcaemia, weakness, fatigue, vomiting, diarrhoea,
s!uggnshness, polyuria, albuminuria, ectopic Ca?" deposition
(in soft tissues, blood vessels, parenchymal organs), renal
stones or nephrocalcinosis, hypertension, growth retardation
i children. Even coma has been reporied.

T{’ealmenf: consists of withholding the vitamin, low calcium
Q1et, plenty of fluids and corticosteroids. Recovery may be
incomplete in many cases.

Pharmacokinetics
Vit D is well absorbed from the intestines
in the presence of bile salts, mainly through
lymphatics. Absorption of the D, form is
somewhat better than that of D,. Malabsorption
and steatorrhoea interfere with its absorption.
In the circulation, vit D is bound to wvit
D binding protein (DBP), which is a specific
o globulin, and is stored in the body, mostly
in adipose tissues for many months. It is
hydroxylated in the liver to active and inactive
metabolites. The t% of different forms of vit D
varies from 1-18 days: 25-OHD,, having the
longest t% , constitutes the primary circulating
form. Calcitriol is cleared rapidly.
Metabolites of vit D are excreted mainly in bile.

Unitage and preparations

| pg of cholecalciferol = 40 1U of vit D.

The daily requirement varies, depending on exposure {0
sunlight. It is estimated that if no vit D3 is synthesized in
the body, a dietary allowance of 400 1U/day will prevent
deficiency symptoms. However, higher amount's (uptq IOOQ
JU/day) are also recommended. The forms in which vit
D is supplied are— o
1. Calciferol (Ergocalciferol, vit D2) As solution 11

oil. filled in gelatin capsules 25,000 and 50,000 }U caps.
, ) As granules for oral ingestion

o Cholecalciferol (vit D3 |
and oily solution for i.m. injectton.
ARACHITOL 300,000 U (7.5 mg) an
(15 mg) per ml inj.
CALCIROL 60,000 1U s
1000 1U/5 mi syr, 800 U

d 600,000 TU

achet/soft gel caps/chewable tabs,
/ml drops. CALCIBEST SACHET
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in milk/water

60000 U in 1 ¢ granules, 10 be suspended "n ‘.Q,Ilt;,w;f()
and taken at 3-4 weeks intervals, and then ¢

IMINA 60,000 10U caps. _
ng[?].;sI;?it‘l"iLo/ ! 0.25-1 pg orally daily or on alternate di\:s.
CALTROL, ROLSICAL, ROCALTROL 0.25 pg L'B‘
CALCIBEST 1 g in 1 ml aqueous ing: 0.5-1 pg i.v,
on alternate days.
Hyperealeaemia s the main adv
be watched for and ther
Ca™ riges. . .
4. Alfacalecidol 1t is | o-OHD,—a prodrug that is mpl@\y
hydroxylated in the liver to 1,25 (OH), D, or calcn.lllol.
Therefore, it does ot require hydroxylation at posmlon
1 which is the limiting step in the generation of active
form of vit D, and which takes place in the kidney. As
such, it js effective in renal bone discase, vit D depend.ent
rickets, vit D resistant rickets, hypoparathyroidism, etc, i.e.

indications for which calcitriol is needed. It is also being
used in 0steoporosis,

erse effect, which must
apy promptly stopped if plasma

hiver does not pose a p

=2 pg/day, children < 20 kg 0.5 pg/day. Repeated
Serum calciym measurements are essential for regulation
of maintenance dose. Hypercalcaemia should be watched
for and therapy promptly interrupted for few days when

H dependent activation ip
the kidney. It jg Particularly ysefy] n hypopérathyrmdlsm
and renal bope disease.

Dose: 025 5 mg/day,

Combination Preparations of vi; are listed on P. 362 and in
Table 69

Use

1. Prophylaxis (400 IU/day) and treatment
(30004000 IU/day) of nhutritional vit p defi-

tic dose or therapeytjc dose

tively 300,000~600,000 IU
Or i.m. once in 2

can be gjyen orally
- Prophylaxis (oral

e

(a) Vit D resistant rickeyq.

: X~link
, : . e .
disease in which vit D metabo\iSm }i]:redi‘“h /

1 J
but calcium and Phosphae etabo\m”\a\
deranged. Administration qf phos 'Sty -

: t . |‘g
dose of calcitriol or alfacalcidol iseb:;th by,
(b) Vit D dependent rickets- Anoty, Flcjy

disorder due to deﬁciency of re
mechanism which converts 25
triol. Administration of calcitr
is effective in normga doses.

(¢) Renal rickets: Conver .
calcitriol (which takes place in kidney . ésmto
occur due to chronic repg disease, (. ™

. . " Malciyy,
alfacalcidol or dlhydrotachysterol are
in usual doses.

T
8eng
naj hydey]a;hQ
‘OHD3 int() Qa\hg
10] or alfac ‘Cl.

sion of 25.

3. Senile or postmenopaysg; Oste
Age-related decrease in calciym a
from gut has been noted. Vit p
have been shown to |
In osteoporotic fem
However, benefit in

OPorogs

bSOrption

3+ calejy,
Mprove caleiyp balang

ales ang elderly

marginal (see p, 36
to active therapy w
patients with egtap];

4, Hypoparathyroidism Dihydrotachysteyol
or calcitrio] o alfacalcidol are more effective
than vit D, or D., because they act quiclfl)’
and directy Without requiring hydroxylation
in kidney Which needs PTH. Alternatively.
conventiopg] Preparations of vit D, may b
given ip high doses (25000-100,000 IU./day;'e
S. Fancopj Syndrome Vit D can raise tthis
lowereg Phosphate levels that occur in
conditjop,

)
6. A nonhypercalcaemic analogue of V!

e used
dleipotriol (paryongy 0.005% oint) 15 ¥

ocally in plaque type psoriasis, and has Yt

good
been
diso
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e Ch. 00). Systemically it has

Lults (8 i , :
\ soad rest p skin cancet and mmunological

ary 3 u'iCd i
na] poc” et
1S jisore
1o ions
511‘1 mteraiigﬂ.amme and habitual use of liquid
tic '(tgze can reduce Vit D absorption.
. Pmﬂ]en)’fom and phenobgrb:tone reduce the
. 2 Pls,‘veness of target tissues to calcitriol;
ol responrolonged use (for epilepsy) can cause
thefftf/osteomalacia. It was believed earlier
0 ”Cfihese drugs enhance degradation of vit D.
i g§\\~e\"€f, now it has been shown that plasma
. ol of calcitriol is no‘nn'al', but its effect on
d intestine and bone is diminished.
s BISPHOSPHONATES
n Bisphosphonates (BPNs) are ana?ogues of pyro-
n hosphate: carbon atom replacing oxygen in
c e P-0-P skeleton. They inhibit bone resorption
- jndhave attracted considerable attention because
- of their ability to prevent osteoporosis in
g xdition to their usefulness in metabolic bone
/ diseases and hypercalcaemia. They are the most
" effective antiresorptive drugs. Chronologically
: md according to their potency, the BPNs

un be grouped into 3 generations (see box).
The first generation compounds have simpler
side chains, are the least potent and seldom
ued now. The second and third generation
“mpounds have an amino or nitrogenous
"¢ substitution in the side chain, are more
Ment, have higher efficacy and additional
Mle of action,

B ‘Relative potencyis:
E“df N

Nate
T"“dfOnat 1

8y 10
”amigigg?e’ ation BPNs

e
,‘t\)'e“dronate 100
 Mhongyg 100-500

M Gongras: 500-1000
Hlsedfonaezgauon BPNs
etionetg 1000
L 5000

0
marketed in Indiig

| HORMONES AND DRUGS AFFECTING CALCIUM BALANCE

| O R, O
Ol | | ,OH
>P~C~P
NaO | ONa
RZ
Bisphosphonate
O OH O
HO_ (| | |  OH
P—C —P
NaO | ONa
CH, — CH,— CH,—NH,
Alendronate

The mechanism of action of BPNs is not
fully understood, but two facets of action have
been delineated:

(a) BPNs have strong affinity for calcium
phosphate and have selective action in calcified
tissue. The two main components of bone are
protein matrix and the solid mineral phase
(hydroxyapatite). On the -surface of resorptive
pits, the mineral phase is solubilized in the
clear acidic zone created at the ruffled border
of osteoclasts, followed by resorption of protein
matrix in this area by acid hydrolases secreted
from osteoclasts. BPNs localise in the acidic
zone under the osteoclasts due to their high
affinity for Ca?" ions. When Ca*' ions are
released from the bone surface due to high
acidity, the BPNs are also released and are
internalized into osteoclasts by endocytosis.

This results in:
« Accelerated apoptosis of osteoclasts reducing

their number.
« Disruption of cytoskeleton and ruffled border

of osteoclasts.
In addition, BPNs appear to affect osteoclast

precursors and inhibit their differentiation by

suppressing IL-6.

(b) It has been shown now th ‘
and third generation potent amino-BPNs hlfe
alendronate, zoledronate have important metabol}g
effects in the mevalonate pathway fgr xsolg)rertqn
lipid synthesis. They inh.lblt prenyl.atxon 0 lieiei; 1
GTP-binding proteins mvolveq in cy(tios eide
organization, membrane rufﬂu?g and ves '
movement. The net result is inactivation Ol

that the second
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icle fusion and enhanced
steoclasts, impaired vesicle fusion and m,;]\wqy
apoptosis. Interference with nw\“l‘m,km P': bony
may also impart antitumour activity o
metastasis,

Pharmacokineﬁcs All or

al BPNs are poorly
absorbed

and produce gastric irritation, esopha-
2itis as (e major side effect, Alen'dr.onate,
ﬂmndronate and risedronate are admnnsler@
orally. Qra] BPNs are contraindicated in
gastrnesophageal reflux, peptic ulcer and .1'el.‘lal
impainnem. The alternate route for BPNs is i.v.
infusion, by which large amount of BPN can
be made tq enter the body. This also permits
frequency of dosing to be reduced to as less

fusion,

Uses The B
characterized b

PNs aré useful in conditiong
Y enhanced bone turnover,

may be induced. Ale
dronate and zoledro, Ny
more convenient, More e”@(‘tivc
than calcitonin, Combined .
calcitonin further jng

reas e Bp
€s efﬁcacy.
with BPNs shoylq NOt exceeq 6 mg "
courses may be repeateg after , gapmhs" h
3. Hypercalcaem,; '

hypercalcaemia, 5 Commgp
malignancy,

: ) Complicatigg"’%n

IS a medicy) emergenc "f)f
dehydration and altered consciouSneSSY Wity
rehydration with LV. saline -
first step, which itself

ndronatg is,
> Tiseq
hate are Use

o Rapy
mfulen ) ltlld
lowers sery g

Some extent. Pamidronate (6090 mm iga“ t
2~4 hours) or zoledronate (4 m i ove;w
min) are the mogt effective drugg bt ta::
24-48 hours to act. They may be g, lememez
by im. calcitonin 6-12 our] 2 day
to achieve rapid actiop, 120royg iv

. Ve Dydry,
ion is Instituted first, After volum L

ity g repletion,
furosemide 18 added tq enhance Ca2 eXcre.

attending dehydrat;
ful. Conicosteroids

are slow tg act, t

On. Oral BpNj are p

Ot ge.
also lower

plasma Ca>, by

as in delaying skeleul
h bony metastasis.

of BPNs  All oral BPNs
€ taken op €mpty stomach in EE:
with a fy] glass of water andﬂke
instructed pot to lie down or ‘uld
t least 30 min, The tab/cap Shz i
€wed. These measures are neegzgeal
Prevent congcy of the drug with .eSOPOsions
Mucosa whjcl, results in esophagitis, elrinem
and ulcerg. Calcium, iron, antacids, m with
Water, tea, coffee, fruit juice interf%rg othef
absorption, because metal salts a

events ip women wit
Oral administration
are to p
Morning
Patient g
food for a
not be ¢h
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HORMONES AND DRUGS AFFECTING CALCIUM BALANCE

onstituents form nonabsorbable complex
il BPNS. NSAIDs accentuate gastric irritation
caused by BPNs.

onate This is ll_le first BPN to be used clinically.
o employed in hypercaleacmia, Paget’s discase
topic ossification (deposition of bone in skeletal
d other soft tissues). However, it also interferes
ninerali%alion.: continuous therapy produces
osteomalacia- Therefore, 1t has been largely replaced by
«econd OF third generation BPNs.

bme_. 5-7.5 mg/kg/day.

DR()NATE-OS 200 mg tab, 300 mg inj.

pamidronate A second generation potent BPN
which 1s administered only by i.v. infusion in
a dose of 60-90 mg over 2—4 hours weekly or
monthly depending on the condition. It is used
in Paget’s disease, hypercalcaemia of malignancy
and in bony metastasis. Adverse effects are
thrombophlebitis of injected vein, bone pain,
fever and leukopenia. A flu-like reaction may
occur initially due to cytokine release.

AREDIA 15, 30, 60 mg inj; AREDRONET 30, 90 mg inj.
BONAPAM 30, 60, 90 mg inj.

Alendronate This potent orally effective sec-
ond generation amino-BPN is used primarily for
prevention and treatment of osteoporosis both
in women and in men, as well as for Paget’s
disease. Adverse effects are esophagitis, gastric
erosion, retrosternal pain, flatulence, headache,
bodyache and initial fall in serum Ca*" level.
Dose: 5-10 mg OD; or 35-70 mg weekly; weekly treatment is
equally effective, more convenient and better tolerated.
OSTEOPHOS, DENFOS 5, 10, 35, 70 mg tab. RESTOFOS,
DRONAL 10, 70 mg tab.

Oral bioavailability of alendronate is ~1%.
Up to 50% of the drug entering the body is
sequestrated in bone while the rest is excreted
unchanged mainly by the kidney. Dose reduction
S needed in patients with renal impairment.
g::ntermina] elimination t% of alendronate has

Mmeasured as 10.5 years.

i?n?i?sfi()nate This is another amino-BPN,
efficacy ”h properties to a‘]endronate. Though }t;
other BPNaS' not l?een Fhrec.tly compared W,ltd
10 reduce St;xn clinical trials, it has been reporte ‘
ot n0nvert§ risk of vertebral fractures, bL.ll
Patients y he ral fractures am'ong, osteopf)rotlc

- It has also been used in Paget’s disease

Etidr
It has bee
and Jhetero

musC[CS an

with bone T

and by i.v. infusion (2-4 mg over 1-2 hours)
for hypercalcacmia of malignancy.

Dose: 2.5 mg daily or 150 mg once a month

BONIVA, BONRONIC 150 mg tab.

Risedronate It is an oral 3rd generation
BPN, more potent than alendronate, but equally
efficacious. Oral bioavailability of 1% and
other features are similar to alendronate. It is
indicated in the treatment of osteoporosis and

Paget’s disease.

Dose: 5 mg daily or 35 mg/week or 150 mg once a month
oral in the morning with a full glass of water.
RISOFOS 5, 35, 75, 150 mg tabs. GEMFOS, ACTONEL

35 mg tab.

Zoledronate This parenteral highly potent
3rd generation BPN is indicated for hypercal-
caemia, bony metastasis, osteolytic lesions, and
Paget’s disease. Osteoclastic activity is markedly
suppressed and an additional antitumour effect
may be exerted by interference with mevalon-
ate pathway. Proliferation of bony metastasis
of prostate/breast cancer and multiple myeloma
cells may be arrested. For hypercalcaemia, it is
more effective, faster acting than pamidronate
and therefore the drug of choice now. Another
advantage is that it can be infused over 15 min
(because of less venous irritation), whereas
pamidronate needs 2—4 hours. Flu-like symptoms
due to cytokine release attend the i.v. infusion.
Nausea, vomiting, bodyache and dizziness are
also common. Renal toxicity has been en-
countered. Osteonecrosis of the jaw is a rare
complication of i.v. high dose BPN therapy.
Zoledronate 4 mg infused i.v. once every
12 months for a maximum of 5 years has
been used for osteoporosis in postmenopausal
women who do not tolerate oral alendronate/

risedronate.
Dose: 4 mg diluted in 100 ml saline/glucose solution and

infused i.v. over 15 min; may be repeated after 7 days

and then at 3—4 week intervals.
ZOBONE, ZOLDRIA, ZOLTERO 4 mg/vial inj.

Other drugs for osteoporosis

1. Denosumab: It is a fully human monoclonal antibody
against RANKL. By binding to and neutmli;ing RANKL,
denosumab prevents RANK activation thereby inhibiting pro-

liferation and differentiation of osteoclast precursors as well as
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—

‘ption is inhibited to
osteoclast function. As a result, bone reso;)p;l\]lollhlsisﬂl\]l:;\l; being
an extent equal to or greater than potenlB . Sb i women and
used as a treatment option ibrosteopornsis lll. o» o e
men, as well as to limit bony metastasis in b ea.sl an ﬁherapy
cancers. The bone loss caused by gogadal suppressan

f these tumours is also counteracted. .

o tllln qoes;:op(;rotic patients with high fracture risk, (liennsuma.b
has been found to lower vertebral as well as hip fractuie
risk by 40-63%. It can be given to patients with severe
renal ciisease, in whom BPNs are 0011ti'aiiidiceiten: Adver§e
effects of denosumab are flu-like symptoms, 1mt_1al fali n
serum Ca* level, dermatitis,. susceptibility to 1nfect10ns
(because RANKL is a signal molecule for many immune
cells as well), rarely osteonecrosis of the jaw.

Dose: 60 mg s.c. once every 6 months (max. 3-5 years).

2. Strontium ranelate: This organic compound of
strontium inhibits bone Tesorption by preventing osteoclast
differentiation and promoting their apoptosis. In addition,
1t stimulates bope formation. In clinical trialg it has been

found to increase bone mineral density and to decreage
the risk of vertebral as wel 1

it can increase the risk of g
like MJ, stroke and thromb
indicated only as a

erious cardiovascular disease
oembolism. Therefore, it is
reserve drug for severe osteoporosis

in elderly women and ip men
whom BPNs and other drugs e f
tolerated. Other adverse effecis are e, danc}:C
rashes and serious skin reactiong. &g
Dose: 2 g/day; avoid food for 2 hourg bl
the dose. re

STRONAT 2 g oral granules sachet,

a hlgh I‘ig
Are Contry,

Other drugs for hypercalcaemia

1. Gallium nitrate: 11 5 , potent inhibity,
resorption; acts by depressing ATP-dEpendent Protg
at the ruffled membrane of Osteocla

tant cases of malignancy associate
given by continuous i.v. infusion daily for 5 da)/s,l
nephrotoxic and only a reserve drue. d
2. Glucocorticoids: High doseg of
other glucocorticoids) enhance calejyr, exeretion, deg,
calcium absorption and lower plasma Ca¥* Jeve| but ZS:
slowly. They have adjuvant role i hypercalcaemia due
to lymphoma, myeloma, leukaemia, carcinomg breagt
etc. Administered over several days, 8lucocorticig plai
more important role ip normalizing plasma level iy
hypercalcaemia due to hypervitarninosis D and sarcoidogys

h()ne

n
sts, Indi(:ated- Py

Tesi.
d hypercalcaemia : §

is
tis

prednisolone 1



