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ABSTRACT

The present studv was cartied out to investieate and clarify the
cffect of sex hormones: (lestosterone in males and  estrogen  and
progesterone in fomale on caleium. phosphorus and bone metabolism. I
might give an idea about. the role of sex hormones in pathogencsis of

ostcoporasis happening in old age group of individuals of both sex.

appurently healths(255) persons participated in this study,  They
were divided into 4 groups according 1o age. First group (= group A)
ncluded individuals under the age of 15 years old.  ‘This eroup
represented prepubertal individuals. which have defective sex hormoncs.
This group was subdivided into 2 subgroups: Ay for males and A, for
females.  The second group (= group B} included individual just after
pubertal age (carly age groups), in which, sex hormones are highest. This
group was also divided into 2 subgroups. group By for males and group
o for females. This group included persons with age range between 20
and 33 yvears old.  The third group (group C) mciuded {ellows ol age
ranige between 335 and 335 years old. “This group represented the person in
the pre and perimenstrual perivd, in which sex hormones start 1o be
madequate. ‘This group was similarly divided inte 2 subgroups. C, for
males and C, for females. However, the fourth group {= proup D)
included individuals in the postmenopausal age (between 33 and 72 vears
old).  In this groop. sex hormones and other hormones are severely
altered. Similarly. this group was subdivided into 2 subgroups, group 1),

lor males and group D for rmales.



Personal history was taken for cach individual, including, his or her
age. welght, smoking habit, dictary habit. museular exercise and any past
history of discases or medication. TFor female individuals, mensirual

histery and ubstetric histony were laken.

Morning blood and urine samples were taken from each individual
[or serum analvsis of calcium, phosphorus, alkaline phosphatase enzyme.
testosterone hormone. cstrogen and progesterone hormones, total Ty and
wotal Ty and parathonmont hormone.  Urine sample was laken [or

investigiting pll urine caleium and phosphorus.

Results showed that sex hormones deercase both serum ealeium
and phosphorus concentration. increases serum atkaline phosphate but
increase both caleium und phosphorus in urine. “This was simply proven
by the fuet that, there was o significant elevations of in sera of both
groups A and 1. which include individuals of inadequate sex hormones.
Sitnation in individuals of group D is not similar Lo that in individuals of
group A, Several other hormones. rather than sex hormones, were altered
in 1 proup. e fact denoting that osteoporosis ol old age males and
females is a multitaciorial process.  Morcover. the parameters
investigaled severely change in obese non-active persons who favor fatty
meils.  Sex hormones uppeared 1o have anticatabolic bony eltect as

shown from the activity of alkaline phosphatise cnzyme.

Il aiso shows that oestrogen and progesierone have an effect in
lemale nearly similar to that of testosterone in male regarding calcium
and phosphorus homeastisis but with o more manidesied pattern in
lemale. “This explains the faet that bone loss in old women is more than

bonc loss in old men.
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INTRODUCTION

The capacity of specialized tissue to function in an integrated
fashion in intact organism is made possible in large part by 3 systems of

extracellular communication

*The nervous system which transmits electrochemical signals as two way
traffic between the brain and peripheral tissue or between tissues in reflex

circuits,

*The endocrine system which releases chemical mediators termed

hormoncs into circulation for action away from their sites of origin,

*The immune system which protects the organism against exiernal
{bacteria, viruses and fungi) and internal {malignancy) threats (Ganong,

2001).

However together with the nervous system, the endocrinal system
coordinates the function of various systems of the body as well as sharing
in adaptations, according to the body needs. [t is concerned with slow
mechanism of regulation of metabolic processes, including all cellular
reactions, and Keeping internal environment and concentration of all
chemicals e.g. Na', K*, CI, Ca™, and P constant. The endocrinal
system also controls the processes of growth and repreduction concerned
with maintenance of species. The gonads are considered one of the most
important endocrinal glands inside the body. They perform two
physiological functions which are complementury to each other, the first
is the gametogenic function which leads to the formation of sperms and

ova, the second is the endocrinal function which depends on the secretion



of gonadal hormones which determine the sex and secondary sex
character. Morcover, the gonadal hormones possess several effects on
the general metabolism in addition to their specific effects on the target

organs (Mendel, 1999).

Significant changes in the total body weight, waler content
inorganic ion concentration and metabaolic activities of the target organs
were noted (Rosen, 2005). Calcium and phosphorus are one of the very
imporiant elements in many biological processes in all mammals.
Although most of calcium and phosphate are present in insoluble form in
the skeleton, soluble extra skeletal caleium and phosphate are involved in
several regulatory and encrgy related body functions.  These functions
include formation of bone, teething, muscle conlraction, synaptic
transmission. platelet aggregation. coagulation and secretion of hormones
as an intracellular second messenger (Elin ef af., 1994). Less than 1% of
body calcium is found in blood in extracellular fluid, and intracellularly
in various soft tissucs while great than 99% of the body mass calcium
oceurs in the skeleton.  In conteast to caleium, phosphate is in non-
osscous tissucs in both inorganic form and as a component of various
structural and functional macroglobules, including phospholipids,
phosphoprotein, nucleic acids, glvcogen and other intermediates of
carbohydrate metabolism. These soft tissue phosphates comprise only
aboul 15% of the total body content; the remainder is deposited as
inorganic phosphate in mineral phase of bone primarily as hydroxyapatite
but also as more loosely complexed amorphous forms of bone crystals
(Parfitt, 1997). The control of extracellular calcium concentration can
occur a1 a number of locations, the most imporant being bone, gut and
kidney. Furthermore, the homcostasis of phosphorus is not as well

controlled as that of calcium and appears to be secondary to calcium



homeostasis (Grant ef al., 1990). There arc several factors involved in
calcium and phosphorus homeostasis. 'The hormonal factor hag a great
role in regulation of calcium and phosphorus. Parathormone (PTH) and
1.,25-dihydroxycholeciferol (OH); T3 and caleitonin regulate serum of
both calcium and phosphorus. The role of these hormones in regulation
of calcium and phosphorus is studied by many investigators while. the
tole of other hormones like cortisone, thyroxine, and growth hormonces
are not extensively studicd. On the other, hand the definite effects of
gonads and male and female sex hormones need further studics to be
clarified (Guyton and Hall, 2001). It was found that both ¢strogens and
androgens are critical for skeletal development and maintenance. Some
authors demonstrated estrogen and androgen receptor (Vanderschueren
et al., 1992). Gonadul hormones are critical for the pubertal growth spurt,
and cstrogen is neeessary for epiphyseal closure, and delicieney of
estrogen or androgen increases bonc resorplion in vivo, possibly by
increasing local synthesis sensitivity of cyvtokines such as intericukin I
([[.-1), Tumor necrosis factor{ INF) or Interleukin{ll.-6) and 10
prostaglandins. Androgen can increase bonc formation in vivo, the exact
effect of androgens and esirogen is less clear and need to bhe more
investigated (Vanderschueren, 1992, Horowitz, 1997, and Ganong,
2001). On the other hand, structure of bone is disturbed in form of
osteoporosis in old ages of men and women but it appears that

osteoporosis effects are more in menepausal period (Dick, ef ar 2004).
AIM OF T1E §TUDY

This study will be carried out 10 spottight and clarify the effects of
both androgens {malc sex hormones) and estrogens and progesterone
(femule sex hormones} on calcium and phosphorus homeostasis in

dillerent age groups. This might help in prevention and treatment of



oslcoporosis in older age especially in menopausal women and also might

put an explanation for what is happening.
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CHAPTER ONE
LITRATURE REVIEW

1.1 CALCIUM

Calecium is a very important element in many biological processes
in all mammals. These processes include automaticity of nerve and
muscle; contraction ol cardiac. skelewal. and  smooth  muscle;
neurotransmitter release: and vanouws torms ol endocrine and exocrine

secrction (Brook and Mareshall, 2001),

Maintenance of calcium homocostasis is important for all cells. not
merely for the skeleton. During growth. ¢alcium balance 1s positive. In
adult life. there is an equilibrium between absorption from the gut and

loss through urine (Ganong, 2001).

Althouph most of calennm and phosphate are present in insoluble
lram in the skeleton, soluble extraskeleml caleium and phosphate are
involved in several regulatory and energy - related body functions (Elin

ef af., 1971: Brook and Murshall. 2001),

1.1.1 Distribution of calcium

Less than 1 %% of the body calcium is [ound in blood in
extracellular uid, and intracellular in various soft tssues.  In addition,
about 1 % of skeletal calcium is freely exchangeable with intracellular
fuid. Together, these Tractions are lermed the miscible pool of calcium.
Extracellulur calcium is the principal substeate for the mineralization of

curtilage and bone. But it also serves as a cofactor for many extra celiular

enzymes. most notably the enzymes of the coagulation cascade. and as u
source of calcium ions {or a ereat diversity ol cellular processes(Krane,

1970 and Ganong, 2001).



The concentration of calcium in bone is relatively constant from
one species of mammal to another, although the total amount per unit of
body mass varics in relation to the relative size of the skeleton (Ganong,

2001).

1.1.2 Calcium in the skeleton

Tabte (1} lists that Ninetv-nine percent of toial body calcium
resides in bone of which 99% is located within the crystal structure of the
mincral phase. Calcium in bone exists primarily in the form of” small
ervstals. presumed to be identical 1o hydroxylapatites, a precise
ervstalline structure of calcium. phasphate and hvdroxyl 1ons. Some
calcium in bone also exists in more amorphous crvsials in combination
with phosphate. ‘The normal calcium-to-phosphate ratio in bone is 1.5: 1
shightly lower than that found i pure hydroxylapatite (Krane, 1970 and

Vander et ¢f., 2001).

A number of factors interact to rcgulate the balance of bone
wurnover. These include local factors (both chemical and mechanical) and
hormonal factors (Brosk and Marshall, 2001} In addition to
parathvroid hormone and caleitonin, a varicty of hormones, vitamins and
other less well undersiood factors. inlluence the metabolism and wrnover

of bone (Johnson , 1964 . Friedman and Gesek, 1995).

1.1.3 Galcium in plasma
Blood taken for serum calcium determinations should be drawn in the
fasting state und a tight tourniquet should not be applied for more than a
few seconds. otherwise. spurious clevation of serum calcium may occur
(Grant ef al., 1990). Table (2) lists the various forms in which caleium
circulates in normal plusma. Slightly less thun half the circulating caleium

is in the torm of free calcium ions. The remainder of plasma, calcium s



Table (1): Distribution of calcium and phosphorus in body tissues.

{Adapted from S.M. Krane, 1970)

Calcium | Phosphorus
Total body content 20-25 11-14
| (g/kg fat-frec tissue)

1 Specific tissue

Relative distribution

(Percentage of total body conlent)
Skeleton 99
Muscle 0.3
Other tissue 0.7



bound to scrum proleins, but a small portion circulales in the form of
complexes with citrate and phosphate (Krane, 1970 and Guyton and
Hall, 2001).

The normal range tor total serum calcium varies slightly from laboratory
to laboratory. However. 1t 1s now quite clear that the methods used 1o
measure serum calcium must provide a normal range that does not exceed

1.5 mg/100 ml and must be reproducible with minimal deviation of 0.1-
(.2 mgS trom this range (Grant ef wf., 1990 and Conigrave ef al.,
20003. The upper limit of nonmal total serum calcivm is slightly lower. by
about 0.1-0.2 mg/i00 in females than in males. Also normal serum
calcium values in children are slightly higher than in adulis (Krane, 1970
and Brook and Marshal, 2001). In many cases of hyperparathyroidism,
the serum calcium Tevel may only exceed the upper limit of normal by as
litle as 0.1 mg % (Gallapher and Wilkinson ., 1973 and Guyton and
Hadl, 2001). The concentration of caleium in extracellular MNuid is closety
controlled. In hunuin serum. it is normally 2.2-2 6 mmaol/l. This caleium
eXists in three forms approximately 44 % is bound to albumin se it is not
readily diffusible, about 9 % 18 complexed to citrate and the remainder
(1.3 mmolfi}. The most important fraction is uncomplexcd ionized
calcium (Brook and Marshall, 2001},

[n biood. approximately 30% of 1wtal calcium is bound to proteins,
mainly alhumin and globulins. The onized culcium concentration in
serum 15 approximately 1.2 mM (5 mgfdl). and it is this fraction that is
biologically active and that is 1ightly controlled by hormonal mechanisms
because intracellular cyvstosolic free caleium concentrations tvpically are
in the range of only 100 mM. o very large chemical gradient (ie,
10.000:1), augmented by the large negative eleetrical potential favors
caleium entry into cells through cateium channels. This gradient is

maintained by the limited conductance of resting calcium channels and by



Table (2): Distribution of calcium and phosphorus in normal

human, (Adapted from Parfitt, 1997)

. Concentration
Ntate

mM/I Mg/100 m| | Total

Phosphorus

Free HF"IZ}:1

Free H2P04

Protein bound

Na HPO;

Ca HP'D;I

MgHPO}

 Total

j Calcium
Free Ca™
Protein-bound
Complexed
Unidentified
Total




the energy dependent extrusion of calcium into the extracellular fluid via
high affinity Ca’*-H" ATPase and low affinity sodium calcium (Na'-
Ca®) exchangers (Elin ef af,, 1971 and Conigrave ef af., 2000).

As almost one half the calcium in scrum is bound to protein-
chiefly to albumin, altered albumin concentrations correspondingly alters
the protein bound serum caicium, a change that is reflecied on the total
serum-calcium levels, Allernations in serum globulin do not ¢hange total
scrum calcium concentrations significantly. For example, tolal serum
calcium is frequently low in conditions usually associaled with
hypoalbuminaemia such as nephritic syndrome and hepatic cirrhosis
(Brown et al., 1998). Although albumin is the principal calcium-binding
factor in plasma, but other proteins, including globulins also bind
significant quantities of the ions (Krane, 1970 and Ganong, 2001}
Calcium binding by proteins is pH-dependent, Decreased binding occurs
at acid pH (Krane,1970., Oster ef al,, 1978 and Guyton and Hall,
2001).

Since the extent of Ca®™ binding by plasma proteins is
proportionate to the plasma protein level, it is important to Know the
plasma protein level when evaluating the total plasma. Plasma ionized
calcium can be measured by use of a calcium-sensitive electrode. Other

clectrolytes and pH affect the Ca’* level {(Guyton and Hall, 2001).

Thus, symptoms of tetany appear at much higher total calcium
level if the patient hyperventilates, increasing plasma pH . Plasma
proteins are more jonized when the pH is high, providing more protein
anion to bind with Ca** (Kenneth, 1998 and Ganong, 2001). Changes in
plasma hydrogen ions concentration can influence the degree of calcium

binding to plasma proteins with acidosis; less calcium is bound to plasma

10



proteins. Conversely, in alkalosis, a greater amount of calcium ts bound
to the plasma proteins. Therefore, Figure (1) shows patients with alkalosis

are more susceptible to hypecalcemic tetany (Guyton and Hall, 2001).

As non-proteins bound serum calcium can pass through the
capillary wall into interstitial fluid or through a membrane with ultrafine
pores such as cellophane, this fraction is frequently referred to as the
“ultrafiltrable” calcium (Conigrave ef al., 2000 and Guyton und Hall,
2001). It is to be noted that the ultrafiltrable caletum is the fraction which
reflects the level of ionized caleium in the blood moere closely than the
total calcium level. The major portion of the ultrafilirable serum calcium
is ionized, but a small fraction presists as soluble and diffusible. But un-
ionized complexes with phosphate, citrate, and bicarbonate {Krang, 1970
and Kenneth, 1998).

The free ionized calcium in the body fluid that is a vital second
messenger and is necessary for blood coagulation, muscle coniraction,
and nerve function. A decrease in cxtracellular Ca®™ at the myoneural
junction inhibits transmission, but this effect is overbalanced by the
excitatory effect of a low Ca”™ level on the nerve and muscle cells. The

result is hypocalcemic 1etany (Ganong, 2001).
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Fig. 1 Characteristic tetany of the hand.
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1.1.4 Calcium in extraskeletal cells

The concentration of extracellular Nuid calcivm is 2.5x107 M. the
concentration of mtracellular caleium, specially in the cytosol. although
difficult to measure. has been estimated o be much lower than that
present in extraceliular fluid. less than 10° M (Rorle, 1967, Rasmussen ef

af., 1976 and Conigrave et al., 200M)),

However, that total ccellulur content of calcium s sufficient. if
uniformly  distributed. to raise the cellular calcium  concentration
cunsiderably, to 20x107 M. close 10 that of extracellular fluid. presumed
that. cells contain an active calcium pump analogous to other cellular ion
transport pumps. Alternatively, part of the regulation of cellular culcium
content may involve membrane permeabilitv, 1t s known that the
permeability of the plasma membrane 1o caleium does not change
dramauically with various tropic influences. such as the action of
hormenes on target cells (Rasmuossen et af., 1976 and Guyton and Hull,
2001). “The eells must pump out Ca®' and keep it at a low intraccllulur
concentration 1 maintain a high phosphaie concentration but avoid

cryvstallization of calcium phosphate, (Kenneth, 1998).

1.1.5 Absorption of calcium

Inudull, an cquilibrium s reached between absorption and
cxcretion. Dictary intake provides about 1 g of calcium.  Intestingl
secretion adds another 7 mmol ol calcium 10 the contents of the intestinal
lumen, and only part of the caleium in the lumen is absorbed into the
bloodstrewm,  Absorption is balanced by the renal loss ol caleium, which
ranges between 3 and 7 mumol in 24h (Brook and Marshall. 2001}
A vanety of factors. including the sewal dietary intake. previous dietary

historv, age. general state of overall calcium balance. and intake of



vitamin D, intluence the elficiency of absorption (Krane, 1¥7(k

Wasserman and Tavlor, 1976 and Goussous ef af., 2003).

Calcinm homeostasis depends on a balance between dietary intake,
urinary and fecal losses. and exchanges with the osscous tissue. “The
balance belween osseous deposition and resorption is regulated by 1wo

hormoenes calcitonin and parathyroid hormone (Kenneth, 1998).

Although & large share ol caleium exeretion oceurs in the leees
only about 10% of ingested calcium normally is absorbed from the
intestinal wract, and remainder is exereted in feces.  Under certain
conditions, teeal calcium excretion can exceed caleium ingestion because
calclum can also he seereted into the intestunal lumen. Therctore, the
gastrointestinal tract and the repgulatory mechanisms that influcpee
intestinal calcium absorption and sceretion plav a major role in calcium

homeostasis (Guyton and Hall, 2001).

The net intestinal absarption of caleium equids the dietary caleium
minus the guantity lost in teces. Euach day this amounts reach to 200 mg.
which is roughly equivalem Lo the dailv loss in the urine. so. the net
intestinal calcium absorption = dictary Ca {800 my) - fecal Ca (600 mg) =
200 me.  However. it is obvious thal the amount of caleium actually
absorbed by the gut each day exeeeds this figure by an amount equal o
the quantity of calcium in intestinal juices. Thus, the total intestinal
absorption of calcium dietary Ca (800 mg) + Ca in intestinal juices (600
mg) - fecul Co (600) = 800 mg (Krane, 1970 and Gunong, 2001).

1.1.6 Mechanisms of intestinal calcium absorption
‘There is abundant evidence indicating that passive permeability or

simpte diffusion also has a quantitatively importani role in the absorplion



of calcium and this process is also influenced or regulated by vitamin D,

as in active transport (Papworth and Patrick ,1970).

Extensive study by Wasserman and Taylor in 1976, has
cstablished two general mechanisms in intestinal calcium absorption,
both active transport and diffusion related process are involved. In the
prescnce of adequate concentrations of vitamin [3, calcium is transported
from mucosa to serosa against a concentration gradient (Potts ef ol
1974). However, in situ perfusion studies have also shown concentration
gradients indicating active calcium transport. A requirement for
metabolic energy in these mechanisms of calcium transport has been
shown as expected for an active transport process (Potts erf al, 1974,

Wasserman and Taylor, 1976 and GGanong, 2001).

Under normal dietary conditions, calcium intake is in the range of
700 to 900 mg daily. Approximately 30-35% of this calcium is absorbed,;
however, losses from intestinal secretion of calcium lead to a net daily
uptake of only approximately 200 mg (Van, 1987 and Brown &f al.,
1998).

Although vitamin D is the major hormenal determinam of
intestinal calcium absorption, the bioavailability of mineral ions in the
intestinal lumen may be affected by a number of local factors and dictary

constituents (Conigrave et al., 2000).

Absorption of calcium and magnesium is impaired by bile salt
deficiency, unabsorbed free fatty acids in steatorrheic states, and high
dietary content of fiber or phytate. Gastric acid is needed 1o promote
dissociation of calcium from anionic components of food or therapeutic

preparations of calcium salts (Elin ez af, 1971 and Karbach, 1992).
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Calcium is thought to be absorbed by three pathways (1} the
transcellular route, {2) vesicular calcium transport, and (3) para celiular
transport. The first two pathways are dependent on  1,25-
dihydroxycholeciferel {OH); Di. Although the necessity of vitumin D for
para cellular caleium absorption remains controversial, substantial
evidence exists that the hormone cnhances this pathway as well

{Wasserman and Fullmer, 1983 and Karbach, 1992).

The existence of passive absorption process is deduced from
several lines of evidence, Study of calcium absorption as a function of
calcium concentration in the intestinal fluid indicates that the rate of
mucosal to serosal flux of calcium varies as the calcium concentration
increases, even to very high levels, without evidence of saturation in
intestinal lumen. An active transport process would, of course, be

saturable (Papworth and Patrick, 1970 and Ganong, 2001).

Wasserman and Tayloer (1976) studied the concentration of
calcium in intestinal lumen required to equal the electrochemical
potential difference between the concentration of calcium in the lumen
and in blood. They estimated that above a luminal calcium concentraiton
primarily by the diffusional process stated in other terms. This analysis
leads to the conclusion that under conditions of calcium intake or in
regions of the intesting where calcium concentration 18 high. Absorption
is diffusion-limited, and the passive permeabilily process predominates.
In other regions of the intestine or at times when tuminal calcium
concentration is lower than approximatcly € millimol, the active transport
process assumes a prependerant role (Wasserman and Fultmer 1983

and Karbach, 1992).



1.1.7 Intestinal sites involved in calcium absarption

Studies by Wassermann and Taylor , (1976} clarified that the
epithelial cells of the intestine contain multiple specialized structures
important in the special tunction of controlled absorption of calcium
between cells and restrict absorption 1o direct transcellular iransport

(Wasserman and Taylor, 1976 and Guyton and Hall, 2001).

Other previous studies by Wasserman et al., (1973 and 1976)
however, emploving lanthanum (La’") have suggested that there may be a
paracellular path for calcium absorption.  In some sites or under some
conditions the tight junctions may be leaky.  On the surface of the
microvilli is a mucopelvsaccharide (glveocolyx) coat. ‘The transcellular
trransport of caleium involves movement through this mucoplysaccharide
coat then through the microvilli on the luminal membrane surface.
Multiple subcellular organelles and finally a pump mechanism operating
at the lateral or basal membranes of the cells adjacent 1o the capillany bed
represent additional componenis in the pathway of overall transepithelial
transport ol calcium {rom Tumen to blood.  With regards o specilic
regions of the small intestine. duodenum. jejunum. or iteum. estimates of
the imtraluminat calcinm concentration in animal species have indicated a
much higher coneentration of calcium in the iteum than in the duodenum

and jejunum (Cramer, 1965 and Fullmer, 1992).

Although it has been known that the duodenum is the region of
most ¢fticient calcium absorption a variety of lines of evidence by
(Cramer and Copp., 1959 and Cramer, 1965) . They suggest that the
greatest proportion of intestinal caleivm absorption is accomplished in the
ileum - especially under patural conditions when calcium is ingested
alone with solid food. The active transpont process seems to predominate

in duodenum and jejunum. The importanee of duodenwm and opper
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regions of the jejunum becomes greatest when the culeium content of the

dict is low (Kimbery ef af., 1961),
1.1.8 Controlling influences in calcium absorption

L.L&.1 Vitamin I}, caleium transport proteins, and adaptation of

absorption.

The dependency of the active transport mechanism on presence of
adequate vitamin 1) metabolites has been abunduntly  demonsirated
(Schacter, 1963: Potts ¢f ol 1974, Wasserman and Tavlor, 1976 ).
The major controlling influence on the cfficiency of intestinal calcium
absorption is [.25- dihydroxy vitamin D3 (1.25-(01),-D;). the presumed
sole active metabolite of vitamin 1. The critfcal role vitamin 1) in the
enhancement of intestinal absorption of calcium has been extensively
studied by many workers for many years (Schacter, 1963 and Guyton

and Hall, 2001).

[t i5 not vet clear whether vilamin D independently affects both the
calcium pump mechanism involved in active transport and suine eritical
componeni(s} involved in passive diffusional absorption of ealcium
{Harrisom and  Hurrison ., 1961). Wasserman und Tavler (1976)
reporied that vitamin 13 can direct synthesis ot a caleium binding protein
m intestinal mucosa,  This protein may play an important ole in the
active transport mechanism.  Other studies have indicated that vitamin D
plays an important role in the second process, or diffusional-permeability
absorptive pathway for calcium {(Potts ef af., 1974 and Wasserman and

Fullmer, 1983)



N

(ARBITRARY UNITS)

TRANSERPTHELIAL FLUX of Ca—F

INTRALUMINGL. Ce or P1 CONCZNTRATION

Fig. 2 The active and passive components of intestinal mineral ion.
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The protein has been isclated from several antmal species including
humans (Guyteon and Hall, 2001}, the concentration of the binding
protein changes in response to physiological and nutritional variables
{Wasserman and Taylor, 1976). second protein, a calcium dependant
ATP are present in the intestinal brush borders has been described and
linked in function to the calcium binding protein. The synthesis of the
ATPase is also under control of vitamin D (Kowarski and Schacter,
1973; Ganong, 2001 and Guyton and Hall, 2001}. Other studies have
pointed to a third protein involved in calcium transport, namely brush
border alkaline phosphates (Ganong, 2001). Certain studies indicated that
the ATPase and alkaline phosphatase may be the same protein

(Wasserman and Taylor, 1976 and Somjen et al., 1989),

Recent studies clarified that other effects of 1.25-dihydroxy-
choleciferol that might play a role in promoting calcium absorption are
the formation of (1) a calcium stimulated ATPase in the brush border of
epithelial cells and (2) an alkaline phosphatase in the epithelial cells. The

precise details of all these effects are nuclear{ Guyton and Hall,, 2001).

Good correlations have been established between the calcium-
binding protein {Ca Bp) and intestinal calcium transport. Synthesis of
prolein appears to be dependant on vitamin D, A correlation exists
between Ca2+ absorption rates and the intestinal concentration of calcium
binding protein (Ca Bp). When calcium absorption rates are high, as in
vitamin D treated animals, the content of calcium-binding protein is high
(Wasserman et al., 1973; Wasserman and Taylor, 1976 and Ganong,

2001).

When calcium absorption is depressed, as in rickets, anticonvulsant

therapy or diabetes, the content of binding protein in intestine falls.



Although vitamin D is an absolute requirement for the adaptive
mechanisms a4 potential role for other factors has been investigated

(Kimberg et ul,, 1961 and Goussous et al ., 2005},

The previous studies by Armbrecht (1986) to determine whether
there are changes in intestinal Ca++ and P-3 uptake with age and whether
the regulation of Ca++ and P-3 uptake change with age experiments were
performed in male fischer 344 rats aged 2-3 months (young), 12-14
menths {(adult} and 22-24 months (old) Cat++ and P-3 uptake were
measured Simultanecusly by incubating everted intestinal sacs in a
buffered salt solution containing radiolabeled .25 mM Ca+2 and 1.0 mM
P for 15 min, Cat+2 uptake declined by over 50% with age in the
duodenum and P-2 uptake showed a similar decline in both duodenum
and jejunum. The biggest decrcase was seen between the young and
adult age groups. These decreases in uptake were paralleled by decreases
in scrum 1,25- dihydroxyvitamin D. With age, administration of 1, 25-
dihydroxyvitamin D-3 increased Ca+2 uplake by 30-65% in the
duodenum and increased P-3 uptake by 85-120% in the duodenum and
jejunum of both young and aduit rats. Although [,25- dihydroxyvitamin
D-3 increased uptake by about 1the same percentage in each age group. the
maximal uptake was much greater in young than in adult. Feeding a low
Ca+2 diet increased duodenal Ca+2 uptake by 68% and increased serum
1,25-dihvdroxyvitamin D over 2-fold in young rats, There was no
significant increase in either parameter in adult rats fed a low-ca diet.
However, duodenal P uptake was stimulated by a low Ca+2 diet by 87 %
in young rats and 51% in adult rats. These resulis demonstrate that there
is an age-related decline in Ca+2 and P-3 uptake by intestinal mucosa in
addition, there is decreased capacity of 1,25- dihydroxyvitamin [J-3 and a

low Ca-2 diet to stimulate intestinal uptake in the adult.

21



1.1.8.2 Other factors influencing intestinal caleium absorption

Parathyroid  hormone,  caleitonin,  phosphate,  certain cations,
cartisol. Several drugs and certain sugars and aminoe acids have all been
shown 1o influence intestinal caleium absorption with the probatle
exception of parathvroid hormone (Potts er of., 1974: Wasserman and

Fullmer, 1983 .. Boland er al., 1990 and Massey and Whiting 1993).

[ =

The paruthyroid hormone markedly increases the efficiency of
intestinal calcium absorption.  The bulk of evidence indicates that the
effect of parathyroid hormone is indirect through the stimulation of
increased 1.25- dihydroxy vitamin [} {(Wausserman and Taylor, 1976
and Guyton and Hall, 2000, I glso increases the formation of 1.25-
dihvdroxycholecilvrol. the physiofogically active membolite of vitamin
D. It increases Ca™ absorption irom the intestine {Gunong, 2001 and

o, 2
Vander er uf., 200H),

High inkes of phosphaw depress imestinal calcium absorption.,
Sinee there s ubundant evidence that the calcium absorptive and
phosphate pathways or transport systems are separate. the most likely
cxplanation of the effect of high-phosphate diet on intestinal calcium
absorption is that relatively insoluble calcium-phosphate complexes are
lormed. therehy rendering the caleium less available for transepithetial

uptake {Wasserman and Tavlor, 1976 and Brook and Marshalt, 2001 ).

Sodwm and potassivm can all be shown to inhibit calcium
absorption when present in high concentrations.  Alternatively. low
concentration ol sodium increases intestinal caleium transepithelinl
uptake in vitro. It is not clear tha the effects attributable o sodiom and
potassium are normally operative at physiological concentrations of these

two tons {Martin and Deluea 1969 and Nordin o7 uf., 1993).

(g
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PTH also increases renal tubular reabsorption of calcium. At the
same time it diminishes phosphate reabsorption. Morcover it increascs
the rate of reabsorption of magnesium jons and hydrogen ions while it

decreases the reabsorption of sodium (Guyton and Hall, 2001).

Cortison or other glucocorticoids in high doses has been known for
many vears to inhibit the sufficiency of calcium absorption (Potts et «f.,

1974 and Wasserman and Taylor,1976).

Lactose and other sugars such as mannose, xylose and related
compounds (but not glucose) exert an inhibitory effect on intestinal

calcium absorption (Wasserman and Taylor,1976).

It is not clear that under normal conditions these effects are
important in limiting intestinal calcium absorption. Certain amino acids
such as lysine and arginine can inhibil intestinal calcium absorption
(Penzes ef af., 1973 and Karbach, 1992). The mechanism of the amino
acid effect, like that of lactose and sugars, is not setiled, but certain
evidence suggests that both sugars and amino acids may act to chelate

calcium (Wasserman and Tavlor, 1976 and Kumar, 1994).

Ethanol in high doses both in animals and in humans can be shown
to inhibit intestinal calcium absorption (Krawitt, 1973 and Pointon ef

al., 1979).

In diabetic animals, the calcium binding protein is depressed in
intestinal tissuc. This correlates with carlier observations that calcium
absorption is reduced in diabetic animals (Barneet and Wasserman,,
1973). In addition, analogues of vitamin D have been shown to synergize
with cyclosporine in preventing rejection of trunsplanted pancreatic islet

cells in murine module (Krawitt, 1973 and Kumar, 1994).
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Intestinul absorption of calcium is diminished by alkalinization of
gul contents and by dictary lhictor such as oxalate and phytaie
{hexaphosphoinositol, a constituent ol the bran). which form insoluble

salts or complexes with calcium {Barneet and Wassermun., 1973).

One analogue. 22-oxacalcitriol. suppresses PT1 sviithesis and
seeretion In rats at doses that stimulate intestinal caleium absurption less

than that caused by 125 (O, Dy (Brown of of., 1998).

1.1.9 Excretion of Calcium

The intestinal secretion ol caleium or the endogenous fecal calcivm
excretion docs not seem 1o be an important route of calcium excrelion,
Losses of calcium in sweat are wsually minor, Only when there s
sustaied loss of sweat excretion oceurs via the skin which can be
considered significun. reaching values of 100-200 mg/dav {Bijvuoet er af.,

1977 and Guyton and Hall, 2001).

By far the principal route of excretion is therefore renal. Txerction
vin the Kidneys in a normal subject may he as great as 300 mg/24 hours.
although it is usually lewer (Bijvoet ef af.. 1977 and Fricdman and

Gesek, 1995),

As with other substances in the body, the intake of caleium must be
anced with the net loss of calcium over the long term.  Unlike jons
such as sodium und chloride. however, a large share of calcium excretion
oceurs in feces. only about 10 percent of ingesied calcium normally is
absorbed from the intestinal tract. and the remainder is excreted in feces.
Under certain conditions, fecal calelum excretion can exceed caleium

ingestion because calcium cun also be seercted into the intestingl lmen.



Therefore, the gastrointestinal tract and the regulatory mechanisms that
influence intestinal calcium absorption and secretion play a major role in

calcium homeostasis (Guyton and Hall, 2001).

Clearly one of the important factors controlling renal excretion of
calcium is simply the total amount of filtered calcium (Bijvocet ef af, 1977
and Guyton and Hall, 2001). When calculations are made of the
amount of non-protein bound calcium filtered daily by the glomerulus, 1
is seen that 7-10 gm/24 hours may be filtered. Since urinary calcium
excretion normally ranges only between 135 and 400 mg/24 hours, it is
clear that about 96 to 99% of filtered calcium is normally reabsorbed.
‘Theoretical treatments of calcium excretion lead 1o the conclusion that
below 9.5 mg/100 ml of total scrum calcium or 5.8 mg/100 ml of ulira
filterable calcium in serum, recabsorption ¢xceeds 99% (Bijvoet ef al.,
1977 and Fullmer, 1992). Because calcium is both filtered and
reabsorbed in the kidneys but not secreted, the rate of renal calcium

excretion 18 calculated as
Renal calcium excretion = calcium filtered — calcium reabsorbed.

Only ahout 50% of the plasma calcium is ionized, winh the
remainder being bound to the plasma proteins. Therefore, only about
50% of the plasma calcium ¢an be filtered at the glomerulus. Normally,
about 99 per cent of the filtered calcium is reabsorbed by the tubules,
with only about 1% of the filtered calcium being excreted. About 63% of
the filtered calcium is reabsorbed in the proximal tubule, 25 10 30 per cent
is reabsorbed in the loop of Henle, and 4 to 9 percent is reabsorbed in the
distal and collecting tubules, This pattern of reabsorption is similar to

that for sodium (Bijvoet ef al., 1977 and Gruyton and Hall, 2001).



As is true with the other jons, calcium excretion is adjusted to meet
the body's needs. With an increase in intake, there Is also increased renal
calcium excretion, although much of the increase of calcium intake is
eliminated in the feces with calcium depletion, calcium excretion by the
kidnevs decreases as a result of enhanced tubular reabsorption {(Guyton

and Hall, 2001).

If bloed calcium concentration falls 10 hypocalcemic level, this
efficiency of r¢absorption can rise to cssentially 100% when serum
protein concentration is normal, this disappearance of calcium from urine
occurs when blood calcium concentration fall below 7.5 mg/100 ml

(Bijvocet et af., 1977; Kenneth, 1998).

In the proximal tubule, calcium reabsorption usually parallels sodium
and water reabsorption. Therefore, in instances of extracellular volume
expansion or increased arterial pressure.  Both of which decrease
proximal sodium and water reabsorption (Kenneth, 1998). There is also
reduction in calcium reabsorption and, consequently, increased urinary
excretion of calcium. Conversely, with extracellular volume contraction
or decreased blood pressure, calcium excretion decreases primarily
because of increased proximal tubular reabsorption (Guyton and Hall,
2001). It appears that calcium and sodium i1ons share a common pathway
of active transport in the proximal tbule (Bijvoet ef af, 1977 and

Massey and Whiting, 1993).

Although there is previous evidence which suggests that
parathyroid hormone may inhibit proximal tubular calcium transpor,
other evidences suggest that parathyroid hormone does not affect
proximal calcium absorption (Clark and Dantzler ., 1972; Bijvoet ef af,

1977 and Ganong, 2001).
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One of the prnmary controllers of renal tubular calcium
reabsorption is PTH, With increased levels of PTH, there is increased
calcium reabsorption in the thick ascending loops of Henle and distal
tubules, which reduces urinary excretion of calctum.  Conversely,
reduction of P'TH promotes calcium excretion by decreasing reabsoprtion
in the loops of Henle and distal tubules (Bijvoet ez af .,1977 and Guyton
and Hall, 2001),

PTH augments synthesis of 1,25- {OH); D; by the proximal tubules
of the kidney, and 1,25- (OH) D; then acts dircct upon enlerocyles to
increases active transcellular transport of calcium. Enhanced intestinal
calcium absorption is guantitatively the most important response io
calcium deprivation. Renal tubular calcium reabsorption is increased by
PTH, an effect that is enhanced by increased 1,25- (OH), D; — stimulated
expression of calbindin — D25 in the distal tubules. Calcium reabsorption
is also enhanced directly by any tendency to hypocalcemia, which is
detected by calcium-sensing receptors in Henle's loop (and possibly also
in the distal nephron) that control transepithelial calcium movements

independent of PTH or 1,25- (OH), Dy (Bijvoct ef al., 1977).

[t is to be noted that, the implications concerning calcium excretion
are several. First, as serum calcium falls below the threshold value (9.5
mg/100 ml) urinary calcium excretion falls rapidly, which is homeostatic.
Conversely, when serum calcium rises, calcium is rapidly excreted.
Furthermore, the mechanisms relating calcium excretion 1o total serum
calcium, apply only when renal function is normal, scrum protein
concentrations is normal, and sodium reabsorption is not greatly aliered
by dietary changes or drugs. Changes in previous parameters alter

glomerular or tubular delivery rates reduce filtered load, or greatly alter



proximal rezhsorption rates, respectively. any of which alter overal!

calcium excretion (Peaceck ef af., 1969 and Nordin et al ., 1993),

1.1.10 Effect of hormones, minerals, nutrients on urinary
calcium excretion

Parathyvrowd hormone (I°T'H) directly reduces the urinany clearance
of calcivm. Eisenberg (1968) reported that under controlicd conditions a
Lwo- Lo three-told reduction in urinary caleiwn clearonee in humans can
be achicved by parathyroid honmone administration. Also, it stimulates
the reabsorption of caleium in the tubules and this will reduce excretion.
The overall of its effect on urinary excretion of calcium is thus varinhle,
depending upon the relative magnitude of the two effects (Brook and

Marshall. 20012 Guyton and Hall, 2001),

Estrogen lowers urinary calcium exerction: estrogen deprivation
after vophorectomy causes a rise in urine and serum calcium (Gallagher
and Wilkinson., 1973 and Amins e af, 2000}, However. administration
ol large quantities of cortisone or other glucocorticoids increases urinary
calcium excretion. Also. growth hormone Jeads o hvpercalciuria,
apparently by dircet renal clicet (Bijvoct er «l, 1977 und Ganong,
2001), Calentonin, causes hypercalciuria even in hyvpoparathyroid
person.The hypocalcaemic effect of calcitonin depends primarily on its
ability to inhibit the mobilizution of culcium from bone. Seeretion of
caleitenin is stimulated by hypercalcaemia. which at the same time
suppresses seeretion of PTH (Cramer et gf. 1969, Rasmussen and
Feinblart ., 1971 and Kennceth, 1998). Nevertheless, the physiological
role of calcitonin remains vneertain. although increased concentrations ol
calcitonin are found in pregnant and lactating women, and so it may e
more tnpartant under these conditions (Brook and Marshall, 2001 and

Guyton and Hall, 2001). On the other hand. the effect of glucocorticoids
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secems not 1o be a direct action on the Kidney but rather an increase in

bone mineral release (Bijvoet e wd, 1977 and Goodschalk er al., 1992),

Increased oral imakes ol inorganic phesphate leads 1o a reduction
in urinane caleium exeretion by a direct effect on reduction of renal
calcium ¢lenrance and not by enhancing deposition of culcium in bone as
was believed (Eisenberg, 1968). Conversely, hypercalciuria is noted in
scvere phosphate  depletion (Clark ef af.1971).A high intake of
magnesium leads to increased urinary excretion of calcium. Metabolic
acidosis leads to hyperealeiuria; the explanation ol mechanism 15 not
clear. but it may be an indirect effect, winh an increased filered load
sccondary e increased bone resorption (Bijvoet ef al., 1977 and Massey

and Whiting., 1993).
1.2 PHOSPHATE

1.2.1 Distribution

In contrast to culcium, phosphae is widely distributed in non-
osseous tissues in both inorganic form and as a companent of various
structural  and  functional macroglobules, including phospho!lipids,
phosphoprotein. nucleic acids. glveogen, und other mtermediaies of
carbohvdrale metabolism (Irving et wf, 19647 Heaney, 1986 and

CGanong, 2001).

Lighty-five percent of body phosphate is in the mineral phase of
hone, and the remainder is localed in inorganic or organic form
throughoul the extracellular and ntracellular compartments.  In human
serum, inorganic phosphate 1s present at a concentration ol approximately
2 mM and exists almost entirely in jomzed tom s either H POy ar
HPO, Only 12% of serum phosphale 1s protcin-bound. and an additional

small fraction is loosely complexed with calcium. magnesium. and other
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cations. Intracellular free phosphate concentrations are gencrally
comparable to those in the extracellular fluid (i.e, 1 to 2 mM), although
the inside- negative electrical potential of the cell creates a significant
energy rcquirement for translocation of phosphate mto cells,  This
process generally is accomplished through sodium-phosphate co-transport
driven by the transmembrane sodium gradicnt. A number of sodium-
phosphate cotransport driven by the transmembrane sedium gradient. A
number of sodium-phosphate colransporiers have been cloned; various
cells and tissues employ different species of such transporters with
distinctive regulatory characteristics (Figure 3} (Krane, 1970; Elin et af,,
1971 and Guyton and Hall, 2001).

Organic phosphate is a key component of virtually all classes of
structural, informational, and effector molecules that are essential for
normal genetic, developmental, and physiological processes. Phosphate
is an integral constituent of nucleic acids; phospholipids; complex
carbohydrates; glycolytic intermediates; structural signaling, and

enzymatic phosphoproteins; and nucleotide cofactors tor enzymes.

G proteins of particular importance are the high — energy phosphate
ester bonds present in molecules such as adenosine triphosphate (ATP),
diphesphoglycerate, and creatine phosphate that store chemical energy.
Phosphate plays a particularly prominent role as the key substrate or
recognition site in numerous kinase and phosphatase regulatory cascades.
Cytosolic phosphate per se also directly regulates a number of crucial
intracellular reactions, including those involved in glucose lransport,
lactate production, and synthesis of ATP (Elin ef af., 1971; Heany, 1986
and Ganong, 2001).
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It light of these diverse roles, it is not surprising that disorders of
phosphate homeosiasis associaled with severe depletion of intracellular
phosphate lead o protound and global impairmeni of organ function
(Elin er af., 1971). The fasiing serum concentration of phosphate is
modified by some tactors including age and hormonal stutus, with higher
levels during childhood and in pest menopausal females (Young and

Nordin ., 1967; Corvillain and Abramow., 1972 und Dick ef al., 2004),

1.2.2 Absorption
The average dictary intake of phosphate, derived largely from dairy
products. and cereals i 800-900 mgfday: roughly twice the estimuted
minimal requirement of 300 mg/day. Absorptive efficiency average abou
70% but may increase up to 90% if dictary phosphate falls below
2mygikp/day (Krane, 1970 and Guyton and Hall, 2001),

‘The mechanism of intestunal phosphaie transport has not been
investigated as intensely as has that of caleivm it is shown that phosphate
absorphion occurs via an active process when phosphate concentration in
the intestinal lumen is below 3 mM. However, above this concentration.
transport proceeds mainly by passive ditfusion {Hurrisen and Harrison.,

1961 and Ganong, 21Hi1).

‘The inorganic phosphate in the plasma is filiered in the glomeruli,
and K3-90% of the 1iltered is reabsorbed. Active transport in the [iltered
proximal tubule accounts for most of the reabsorption, some additonal
phosphate (8% te 10%) is reabsorbed in the distal wbule (but not in
Henle's loop) and this active transport process is powerfully inhibited by

parathvroid hormone (Ganang, 244 ),

The rats and chicks phosphate absorption is maximal in the

Jejunum (Wasserman ef af, 1973 Walling , 1977). Other studies of

tak
[



ponies and calves implicate a more distal small intestine and/or colonic
site. Similar data in humans are not available. {Yang and Thomas.,
1965). Inorganic phosphate is absorbed in the duodenum and small

intestine by both active transport and passive diffusion. However, unlike

the absorption of Ca™', the absorption of P is linearly proportionate to

dietarv intake. Many stimuli that increase Ca®* absorption, including

1,25-dihydroxycholeciferol also increase P absorption (Tenenhouse,

1997 and Ganong, 2001).

About the precise role of vitamin D on the absorption of calcium, it
seems reasonable at present to postulate that vitamin D may stimulate
mechanisms for phosphate absorption (Harrison and Harrison., 1961;

Corradino, 1973 and Caverzasio ef of., 1986).

While translocation of phosphate may occur passively In response
to active calcium transport in the duodenum, additional evidence provides
further support for the existence of the calcium-independent mechanism.

{Kowarski and Schacter ., 1973 and Tenenhouse, 1997).

However intestinal absorption of phosphate that is excreted in the
feces in combination with nonabsorbed into the blood from the gut and

later excreted in the urine (Guyton and Hall, 2001).

It appears that the active principle responsible lor the stimulation
of phosphate is the dihydroxy metabolite 1,25- dihydroxy vitamin DD
'This metabolite has been shown to increase both calcium and phosphate
transport in deficient rats within 3 to 6 hours of administration (Harrison

and Harrison., 1961 and Daily ef af., 1990).

Surprisingly enough, the possible influence of parathyroid

hormone on phosphate absorption has received little recent attention.
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Older studies utilizing in vive administration of the hormone must now
be reinterpreted in the light of the known physiologic role of parathyroid
hormone in the stimulation of renal hydroxvlation of 25-hydroxyl vitamin
[3, since previously observed effects of parathyroid hormone may have
been mediated by changes in level of 1,25- (OH); — D5 (Borle er ai,
1963). (Others have observed no effects of parathyroid hormone in vivo
on phosphate transport (Clark and Dantzler.,1972). Definitien of the
effects, if any, of calcitonin on phosphate absorption has been elusive

(Cramer et al., 1969).

Tanzn and Navia, {1973} adduced indirect evidence for inhibition
of absorption of phosphate in rats, Moreover, they noted a significant
increase in blood levels in human volunteers afier administration of
porcine calcitonin compared with controls, They alse found that
calcitonin enhances relative absorption of both calcium and phosphorus.
So, the interpretation of these studies is particularly difficult and
uncertain. Many of the effects of calcitonin are mediated by a (i protein-
coupled cell surface receptor in the PTH{secretin receptor family (Hirsch
et al., 1964). The mRNA encoding this receptor has been found in
multiple tissues, including kidney, brain and osteoclasts. The coupling of
this receptors to different G proteins results in the activation of either
adenylate ¢cyclase or phospholipase C. In some settings, this effect is cell
cycle-dependent (Aurbach and Chase., 1978 and Caverzasio ef al.,
1986). Glycosylation of the receptor is important for both binding and
signal transduction .Several isoforms of the calcitonin receptor have been
described but the functional significance of these various isoforms is not

known (Eisenberg , 1968).

Phosphorus absorption from small intestine increases with

intralumenal pH over the range 3.3-7.9 {Cramer, 1965 and Oster ¢f af.,
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1978). more alkaline pil's are belicved to intertere with phosphate
absorption through the promotion ol insoluble phosphate salts {(Oster et

al. 1978 and Guyton and Hall, 2007,

1.2.3 Excretion

Fhosphate losses in sweal are negligible (25 mgd/day), even al
cstimated maxunum raes of sweating {Atman and Dittmer. TY68).
Studies in fasting humans have identified an obligale daily fecal
phosphate loss of 200-300 mg/day in normophataemic volunteers, but the
major site of phosphate excretion and regulation is clearly the kidney.,
Renal tubular phosphate reabsorption occurs via a saturable aclive
transport mechanism {Ganong, 2001). Although the transport sites were
initially localized w the proximal wbule on the basis of micropunciure

studies in animals {Tenenhouse, 1997),

Ample evidence now suppoers the existence of one or more distal
tubular reabsorptive sites as well (Stanm, 1972).  Moreover, reeent
clinical studies provided additional evidence in humans for muluple sites
tor phosphate reabsorption. The phenomenon of tubular secretion has
been demonstrated in o some species but deflinite proat of such a
mechamism in mammals is lacking (Clark and Dantzler.. 1972 and
Bouwdry, 1973). Like the intestinal mechanism, proximal wbular
reabsarption s saturated  al physiologic concentration (2 mM) of
intralumenal  phosphate, and  the monovalent ien (H;Pay) is the
predominam {Bank. 1974; Caverzasio ef af.. 1986: and Guyton and
Hall, 2001).

The repulation of phosphale excretion o maintain  phosphate
balance is accomplished primarily by PTH. Which inhibits phosphate

reabsorption in the proximal tubule such that 40% or more of the hiltered



phosphate can be excreted at high PTH levels and less than 3% in the
absenee ol PTH (Guyton and Hall, 2000 To understand bhow PTH cun
have a role in maintaining phosphate balunce when the secretion of "IN
is regulated primarilv by the concentration of ionized Ca®* in plusma

{(Clark ef al., 1971 and Daily ef al., 1990),

However. PTH can greatly inerease phosphate excretion by the
kidnevs, thereby plaving an important role in the control of plasma
phosphate concentration as well as calcium concentration {Guyton and
Hall, 2041}, Finallyv. the possibility ol unresirained secretion of 17171,
lcading to ¢xcessive bone resorption and scvere hypophosphatemia, is
prevented by the effects of caletum on PTH secretion and by the dircet
suppressive effect ol 1.23- (OHY; )3 on the synthesis of PTH and

receplors {Daily ef af., 19H)).

1.3 ALKALINE PHOSPHATASE

Alkaline phosphatase refers to a group of Zine containing metallo-
enzymes of uncertain structure and physiological funchon that catalyre
the hvdrolvsis of phosphate esters in the alkaline media. The cnzvme is
svnthesized in bone osteoblasts. leucocyvtes, and cell of the bile canaliculi,
proximal convoluted tubule, placenta and aclive mammary gland. 1t is 1o
be noted that. in normal individuals, alkaline phosphatase of both bone
and liver origin can be detected in the serum (Posen, 1967 and Burke
1978),

Alkaline phosphatase ranges normally from 10-3{0 kind and kind
U100 ml {71-142 [U/L) in children and growing individuals but these
figures decrease little in adult. where it ranges from 3-18 kind and kind
U100 ml (21-92 1LY, Lower than normal alkaline phaosphatase

activitics mayv be present in persons suflering from severce malnutrition, in

an



total body irradiation achondroplasia and scurvy (Posen, 1967 and

Somjen et of., 1989).

The enzyme is almost undetectable in the rare disorder known as
hypophosphatasia. There is a close rclation between the number and
activity of osteoblasts in bone and the level of alkaline phosphatase in
serum (Kaplan, 1972).

Thus, the enzyme will be abnormally high in Pagel’s discase of
bone, sarcomatous alteration of Paget's disease, hyperparathyroidism,
rickets, osteomalacia and osteoblastic sarcoma. Secondary bone tumours
do not usually generate particularly high levels of alkaline phosphatase
activity, although levels are greatest in association with those metastases
that incite bone formation. In growing children the levels are also

significantly raised (Posen, 1967 and Somjen ef af., 1989).

The intestine occasionally contributes te an abnormal serum
alkaline phosphatase activity. The level increases in steatorrhea and in
postprandial state, particularly when a fat-enriched meal has been eaten
(Moss er al., 1961 and Burke, 1978}, Intestinal perforation releases the
enzyme into the peritoneal cavity. Kidney alkaline phosphates is
occasionally released in renal infarction and rarely in renal tumours

(Kaplan, 1972).

The placental syntrophoblastic cells contribute alkaline
phosphatase to the serum throughout the third trimester of pregnancy.
The level returns to normal by the third week postpartum. Of primary
interest in clinical medicine is the variation of alkaline phosphatase

activity seen in association with liver disease (Posen, 1967).
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Viral or toxin- produced hepatocellular disorders are not associated
with striking clevations of the enzyme.  However, even minimal
pbstructive comditions produce o 2-old rise. When the alkaline
phosphatase is clevated and the bilirubin concentration remains normal.
“dissociation™ is said to have oceurred. and the presence of nonhepatic
disorder or a space-occupying lesion within the liver must be suspeeted

(Kaplan, 1972 and Somjen ef af., 1989),

There are two theories to explam the inereased enzavme levels seen
in obstructive diseasc. The “retention theony™ holds that normal serum
alkaline phosphalase originates in the bone and is removed via bilisry
exeretion.  Therelore when obstruction occurs the enzyme cannot be
removed normally and builds up in the serum (Statland ef «f., 1972 and

Storm et af., 1998).

Since surgical removat of the Liver does not result in laree increasces
in alkalinc phosphatase, this theory is not well regarded (Kaplan,
1972). The “regurgitation theory™ suggesis that the pressure of obstruction
will produce excessive alkaline phosphatase production (Statlaod er af,,

1972 and Somjen ¢f af., 1989}

1.4 THE OVERALL CONTROL OF CALCIUM AND
PHOSPHORUS

1.4.1 Hormonal Control of Calcium and Phosphorus

1.4.1.1 Parathyroid harmone
Parathyroid hormone (PTH} is produced by the parathyroid
giands. There are generally 4 small parathyrond glands (average weight,
33 mg} in human located close 10 thyroid zland. each parathyroid gland is

a richky vusculurized disk. obout 3x6x2 mm, containting two distinct 1ypes
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of cells; the abundant are chief cells, which contain a prominent Golgi
apparatus plus endoplasmic reticulum and secretory granules that

synthesize and secrete parathyroid hormone (PTID (Ganong, 2001).

The secretion of PTH is sensitively controlled by free calcium,
thus, acutely lowered calcium concentration lead to an increase in PTH
values within limits. In cows, the PTH secretion rate becomes maximal
al a total calcium concentration of 8 mg% and minimal at |1 mg¥ (Blum
ef af., 1974 and Brook and Marshall, 2001). The secretion cannet be
abolished, however, cven at very high calcium levels (Clark et af., 1971
and Ganong, 2001}, A decreased concentration of magnesium can also
cuuse an increase in PTH secretion, but magnesium appears to be 2-3
times less effective than calcium {Hebener and Potts., 1976; Brook and

Marshall, 2001).

Changes in phosphorus concentration affect PTH secretion only
secondary through changes in free calcium (Grant ef al, 1990). The
calcium receptor is also a G-protein linked. It is linked to Phospholipase
C. Hypercalcaemia suppresses secretion, while hypocalcaemia stimulates
secretion (Breok and Marshall, 2001). Catecholamines have been
found to increase of direct f-adrenergic stimulation of parathyroid gland

(Fischer et af, 1973 and Dick ef al,, 2004},

The secretion of parathyroid hormone appears to be mediated by
the adenyl cyclose system (Williams ef af, 1973 and Brook and
Marshall, 2001). A lurge share of the effect of PTH on its target organs is
mediated by the cyclic adenosine monophosphate (cAMP); second
messenger mechanism, Within a few minutes after PTH administration,
the concentration of cAMP increases in the osteocytes, ostecclasts, and

other target cells, This ¢cAMP in turn is probably responsible for
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osteoclastic secretion of enzymes 1o cause bone reabsorption and
formation of 1,25-dihydroxycholeciferol in the kidneys. There are
probably other direct effects of PTH that function independently of the
second messenger mechanism (Brook and Marshall, 2001 and Guyton
and Hall, 2001).

The parathyroid hormone markedly increases the efficiency of
intestinal calcivm absorption. The bulk of evidence indicates that this
effect is indirect through stimulation of increased 1,25-dihydroxy
vitamin D (Wasserman and Taylor., 1976 and Guyton and Hall,
2001).

Studies done by Potts ef al., (1974) and Wasserman and Taylor
{(1976) showed that the effects of parathyroid hormone are not rapidly
mediated, but require 24 hours or more 1o be expressed, consistent with
an indirect action through changes in the rate of 1,25-
dihydroxycholeciferol-dihydroxy vitamin D production.  They also
reported that this indirect effect of PTH on intestinal calcium absorption,
gven indirect may be the most important factor physiologically in

regulation of intestinal calcium absorption (Shimizu, 2000},

Parathyroid hormone has a calcium-retaining action on the kidney,
probably because it depends on an increase in tubular reabsorption.
Parathyroid hormone also increases renal tubular reabsorption of calcium
at the same time that it diminishes phosphate reabsorption. Moreover, it
increases the rate of reabsorption of magnesium ions and hydrogen ions
while, it decreases the reabsorption of sodium, potassium and amino acid
ions in much the same way that it affects phosphate. The increased
calcium absorption occurs mainly in the late distal tubules, the collecting

tubules, the early collecting ducts, and possibly the ascending loop of
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Henle 1o a lesser extent. The effect of PTH on the kidnev 1o increase
calcium reabsorption. continual loss of calcium into the urine would
eventually deplete both the extracellular Huid and the bones ol this

mineral (Bijvoet ef af, 1977 and Guyton and Hall, 2001),

The excessive urinary calcium loss scen in hvpo-parathyroidism
reflects loss of the distal renal tbular action of parathvroid hormone.
Conversely. the  hypocalcacmia ot hyperparathyroidism is  largely
attributable to renal action of patholegically elevated level of PTI

(Bijvoct et al., 1977),

Parathyroid hormence produces acute phosphaturia in normals and in
cases of parathyraidism. This effect is accompanied by a rise in urinary
evelic AMP both in vive and in isolated wbules in vitro. The decline in
phosphate concentration is caused by 1 strong effect of PTH to increase
renal phosphale excrction. an effect that is wsually great enough to
override increased phosphate absorption from the bone (Gill and Casper

- 1971 and Guvton and Hall. 2001).

1.4.1.2 ¥Yitamin D

Vitamin 17 is absorbed into the lymphatics and enters the circulation
bound primarily te vitamin T3, binding protection, although 4 {raction of

vitamin ¥ circulates bound to albumin (Vander ef af.. 2001).

The human vitamin D-binding protein is an a-globulin, with a
molecular mass of approximately 32 kd, the protein has a high affinity for
25 (OH)D but also hinds vitamin T and 1.25- (OHRD. Vilamin 1) and
its hvdroxvlated derivatives are transported in the plasma bound 10 a
globulin vitamin 1)-binding protein (DPB). which is also known as Ge
protein {Ganong. 2001).  Vitamin 1) in its active form (caleitiol:

1.25(0H); Dy} is essential for the absorption of calcivm from the gut.
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without which bone mingralization and prowth is poor. 1t is also
important for the maintenance of a stable concentration of Ca?* in the

ECF (Shimizn ef gf., 2000 and Guyton and Hall, 2001).

Puschett, (1974) was able 10 detect a signiticant acute stimulation
of rena! phosphate reabsorption (increased), 23-hvdroxvl vitamin 1D and
1.25 dihydroxy vitumin D, by vilamin I when piven intravenousiy in
supraphysiologic doses o thyroparathyroidectomized dogs.  This effect
was maximal within 1 or 2 hours and was produced most rapidly by 1.23-
dihvdroxycholeciferol dihvdroxy vitamin [, which was also the most
potent of the vitamin D metabolites in this respeet . Furthermore, 1.23-
(OH), Dy, increases amine acid uptake and alters phospholipids

metabalism in vitro in muscle cells (Kumar, 1994).

It seems possible thut I and vitamin [} metabolites are directly
synergistic with respect 1o their effects on renal phosphate handling

(Rasmussen and Feinblatt 1971 and Dawson-Hughes ef al., 1997).

1.4.1.3 Calcitonin

Calcitonin,  when  administered  acutely,  decreases  (ubular
resorption of calcium, However In rodents. calcitonin is known to play a
role in the regulation of postprandial hyvpercaleemia. Studies in calcitonin
knockout mice reveal a doubling of bone tormation rate in the absence of
hormone, accompanied by resistance 1o ovaricclomy-induced bone loss
(Friedman and Gesek., [995).And impairs ostcociast-mediated bone
resorption by direct action on osteoclasts.  The physiologicat role of
calcitonin in humans, however, remains elusive, The effect of calcitonin
on bone  density  was  examuned  in patients  with - long-term

hypercalciloninemia secondary to medullary carcinoma of thyroid gland



{MCT} and in patients with subtotal thyroideclomy resulting in lack of

caleitonin scerelory reserve (Ganong, 20001,

Many ol the effects ol caleitonin are mediated by ¢ G protein-
coupled cell surface receptor in the PTH/secretin receptor family (Tanzu
and Navii 1973 and Friedman and Gesele, 1995} The mRNA
cncoding this receptor has been tound in muluple tssucs. including
kidnev. brain. and osteoclasts. The coupling of this receptor to different
G proteins resulis in activation of either adenyl cyelase or Phospholipase
C. In some settings, this eftect s cell ceyele-dependent (Tanzu and

Navia.,, 1973).

i.4.1.4 Androgens

All androgens are steroid compounds, as shown testosterone and
dihvdrotestosterone. androgens can be synthesized either from cholesterol
or from acctyle coenzyme A, Androgens are necessary for bane strength
in males. ‘They may decrease with ageing, bul the role of westosterone
treatment s nok clear. They are also known as “anabolic steroids™ and ure
abused by some athlewes, may inercase bone formation in {emales,
menopause contribuiing to development ol osteoporosis {(Guyton and
Hall.20(1).  Clinical observation have suggested that androgens play o

vital role in bone {Nordin of af., 1966 and Ganong, 2001).

Bernard , (1963). received data derived from human treated with
three androgens (testosterone proprionate. 2-methvldihydro-testosterone
propionate and fluoxymesterone). They notived that androgens lower the
serum caleium level. This could not be ascribed 1o renal wasting of
calcium. since calcium clearance did not increase. Thus. the tall of serum
caleium level probably reflected increased caleium  deposition or

decreased caloium release Trom bone reservoirs.



Eisenberg et al, (1964) has shown that androgens does not
accelerate deposition ol bone-seeking mineral, as measured by
nonradioactive strontium, so that the well known “anabelic™ effect of
androgens on bone is in fact “anticatabolic”. Therefore, it is likely that
the fall in serum calcium levels during androgen treatment reflects a
decrease in osteolysis, The similar significant fall of serum phosphate
level in androgen treated individuals may be explained by the same
mechanism. The lowering of serum phosphate levels by androgen

treatment of osteoporosis was noted by Albright and Reifenstein (1993).

Bernard ,(1963) came to a conclusion that androgen treatment
causes a fall in serum calcium and phosphate levels without significant
change in calcium clearance, or in tubular reabsorption of calcium or
phosphate. These observations are interpreted to mean that androgen
decreases osteolysis, without significant changes in any measured renal
function. Also he adviced for the use of androgens in paticnts suffering
from disseminated metastasis in bone 1o decrease osteoporosis. Recently,
Kasperk et al., (1990) reported a direct effect of androgens on murine
and human bone cells to stimulate bone cell proliferation and
differentiation. To test whether this effect of androgenic steroid might be
mediated by growth factors, they measured relative concentration of
insulin-like growth factor-1 and -11 (IGF-I and IG F-I1) and transforming
growth factor-beta (TGF beta) in the condition medium from androgen-
treated murine calvarial cell cultures. Only the concentration of TGF beta
was increased; consistent with the increased secretion of TGF beta in the
mouse calvarial cell systern. They observed an increased expression of
‘TGF beta mRNA in a normal human osteoblastic cell system. They also
determined whether androgens alter the response to growth factor, They

found that dihydrotestosterone (DHT) treatment enhanced the mitogenic
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effects of fibroblast growth factor (FGF) and 1GF-1I but not those of IGF-
[. The enhanced effect of FGEF and IGF-I1 after DHT pretreatment was
not affected by addition of TGF beta-blocking antibodies or by changing
the culture medium. This indicated that in addition to increased release
of TGF beta, another mechanism might be involved in the action of DHT
on human and murine bone ceils. Thus, they investigated the binding of
human IGF-II to human osteoblastic cells and observed an increase in
tGE-II binding after DHT treatment. Their results are consistent with a
mechanism of action of androgens on bone cells that involves the
induction of TGF beta and, in addition , may sensitize the cells to show
an enhanced response to FGF and IGF-II (Kasperk er af, 1989 and
Kasperk ef af,, 1990).

Anderson ef al (1997), therefore conclude that testosterone is a
promising treatment for men with idiopathic osteoporosis, acting to
suppress bone resorption by a mechanism that may involve estrogen.
Androgens can increase bone formation in vivo, and testosterone
increases the total quantity of bone matrix and causes calcium retention,
‘The increase in bone matrix is believed to result from the general protein
anabolic function of testosterone plus deposition of caleium salis in
response to the increased protein (Falahai ef af, 2000 and Guyton and
Hall, 2001).

Anderson et al,, (1997) conducted an open study 1o investigate the
efficacy and mode of action of testosterone therapy in cugonadal men
with osteoporotic vertebral crush fracture, Twenty-one men, aged 34-73
(mean 58), were treated with intramuscular testosterone esters (Sustanon
250) every 2 weeks for 6 months. Bone mineral density, bone metabolic
density {BMD} measurement by dual-energy X-ray absorptiometry was

performed at baseline and 6 months. They also measured biochemical

45



markers of bone turnover. testosterone, estrudiol, sex hormone binding
slobulin {SHBG), and gonadotrophins baseline and afier 3 and 6 months
of treatment. They therefore concluded that testosterone is a promising
treatment for men with idiopathic vsteoporosis, aclion to suppress hong

resorplion by a mechanism thal muy involve estrogen,

The sex steroid androgens and estrogens arc major regulators of
bone metabolism.  However, whether these hormones act on bone cells
through direct or indirect mechanisms has remained unclear. A nuclear
binding assay recently used to demonstrate estrogen receptors in bone
{Eriksen #f al, 1988). Andropen receptor gene expression in ostcoblasts
was confirmed by RNA blot analvsis.  Relative concentrations ol
androgen and cstrogen receptors were compared by measuring specific
nuclear estrogen binding. nuclear binding of (113 and they conclude that
both androgens and vstrogens act directhy on human bone cells through
their respective recéplor-mediated mechanisms (Douglas ef wf., 1989 and

Falahai ¢z af., 2000,

1.4. 1.5 Estrogens

Are the principal circulating sex steroids in females. They reguliug
the rites ol bhone formatgen and bone  resorption,  decrease atier
menopause. 50. conteibuting to development of osicopaorosis.  The
cstrogen cause increased osteoblastic activity in the bone. Therefore. al
puberty, when the lemale enters her reproduction years, her growth in
height becomes rupid for several years. However. estrogens have another
potent effect on skeletal growth, They cause uniting of the epiphvses on
skelotal with the shalis of the long bones. This efteet is much stronger in
the female than in the similar eifect of testosterone in the male. As a
resull, growth of the female usually ceases several vears earlier than

growth of the male.  The female cunuch who is devoid of estrogen
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production usually grows several inches taller than the normal mature
female because her epiphyses do not unite at normal early time (Guyton

and Hall, 2001},

Estrogen decreases wurinary calcium excretion. Estrogen
deprivation after cophorectomy causes a rise in urine and serum calcium.
It seems that estrogen effect is indirect. The hormone antagonizes
parathyroid hormone action. Another aspect of the hypocalciuric effect
of estrogen is the well-known antagonism by esirogen of growth-
hormone action, since the latter is hypercalciuric (Gatlagher and
Wilkinson .,1973 and Lips ef al, 1989). Serum phosphate rises
significantly after the menopause or oophorectomy (Dick er af,, 2004)
which suggests that estrogens may decrease phosphate reabsorption from
the kidney. Since the estrogens may stimulate PTH secretion, (Riggs,
1973 and Ganong, 2001), aportion of the estrogen effect on tubular
phosphate reabsorption may alse results from direct antagenism between
¢strogen and growth hormone action in the kidney (Guyton and Hall

2001),

Research has lead to the general agreement among physicians and
research is that the progression of bone loss can be halved in
postmenopausal women with estrogen replacement therapy (ERT)
(Douglas ef al., 1989). A lack of estrogen in postmenopausal woman
prevent the absorptic and utilization of calcium and is the singie most
important factor in the development of osteoporosis in older women,
ERT can reduce the risk of osteoporosis if taken within three to five years

after menopause (Steven and Whiting., 2004).

Estrogen and progestrone supplements have also been proven to

reduce the bone loss associated with osteoporosis. Women’s bones
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slowly begin to lose minerals and become less dense even before
menopause. After menopause, however, the pace accelerates rapidly for
five to ten years. Estrogen inhibits bone reabsorption and progestrone
stimulates bone formation. Unless a woman is taking these hormones,
she has about a one-in-four chance of developing serious osteoporosis.
Although, oestrogen is the therapy of choice for prevention and treatment
of osteoporosis although supplemental calcium, diet, and exercise are also
beneficial. They don't seem to be as effective as estrogen (Dick er af,

2004 and Steven and Whiting., 2004).

High postmenopausal endogenous estrogen concentration are an
important determinant of preservation of bone mass and reduced fracture
in elderly women. Calcium supplementation can also reduce bone loss in
these patienis suggesting an interaction between estrogen deficiency and
calcium balance. Potential mechanisms of estrogen on calcium transport
include direct effects on the bone, the kidney and the bowel. Previous
studies have demonstrated effects of estrogen on renal phosphate
handling, researchers have used a cross scctional population-based
analysis of biochemical data obtained from ambulant elderiy women to
determine the association of endogenous estradiol with urine calcium and
phosphorus excretion. The estradiol and free estradiol {FE) effect on
renal calcium excretion remained significant after adjusting for calcium
filtered at the glomerulus and serum PTH. A high FE was associated
with a reduced renal phosphate. The effect remained significant afler
adjustment for serum PTH. The size of the effect of the free estradiol
was of the same order of magnitude as the effect of PTH on reducing
renal calcium excretion and increasing renal phosphate excretion (Dick er
al, 2004). Adult women have less mass than adult men, and after

menopause they initially lose bone more rapidly than men of comparable
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age. Consequently, they are more prone to development of serious
osteoporasis,  ‘The couse of bone loss alter menopause is primartly
estrogen deficiency and estrogen treatment arrests the progress of the
disense, Esirogen inhibits secrction of eviokines such as interleukin {11.-1
and 1i.- 6) and tumor neerosis tactor (INF) and these cytokines Lasten the
developmeni of osteoclasts.  Estrogen also stimulates production of
transforming erowth facior TGF-B, and this cytokine increases apoptosts
ol osteoelusts. There arce estrogen receplors on osteablasts. Large doses
of estrogens may increase the incidence of myocardial infarction and
stroke, but smail doses that are ¢ffective in slowing bone loss actually
protect against cardiovascular discase.  Istrogen alone increases the
incidence of endometrial cancer, but it appears that this can be avoided if
the estrogen is given with a progestine on the other hand. Prolonged
treatment with cstrogen may increase the incidence of breast cancer,
therefore the decision to treal a postmenopausil women with estrogen

depends on a carcful weighing of the risk benefit ratio (Ganong, 2001).

1.4.1.6 Progesterone Hormone

I'he human skeleton accumulates bone up to approximately age 30.
after which bone is gradually lost.  Although estrogen replacement
therapy prevents postmenapausal bone loss, it is not certain that estrogen
deficiency alonc is responsible for the decrease in bone mass.
Progesterone deficicncy counld also be a facior. and progesterone
replacement therapy has been shown to prevent postmenopausal bone
loss associated with ovarian dystunction.  Progesterone plays an
important role in regulating bone formation. and suggests dircctions for
future studies in predicting the suceess or failure of implant therapy based
on the number and Kinds of ostcoprogenitor cells present (Lee, 199 and

Heersche et al., 1998).
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Local and systemic insulin-like growth factors (IGFs) may be
invelved in the regulation of bone formation by sex hormones. The
following study describes the in short term, estrogen and in vivo effects
of estradiol, progesterone, or both on IGF-mRNA abundance in bone,
serum IGF-1 level, and on bone formation. Rates were Sham-operative
(SHAM) or ovariectomized {OVX) at 12 wecks of age and used a week
later in three experiments, First, OVX rats were treated with vehicle,
estradiol, and/or medroxyprogesterone (MPA} for 3 weeks, and bone
formation was assessed in the tibial metaphysis. Second, OVX rats were
treated with an injection of vehicle, estradiol, and/or progesterone. 24
hours later, levels of IGl-I mRNA in the femur were analyzed. The
mineralized surface, mineral opposition rate, and bone formation rate
(BFR) were higher in OVX than in SHAM rates. The BFR was
decreased in cstrogen-treated but increased in MPA-treated rats compared
with vehicle-treated OVX rats. Circulating levels of IGF-] were higher in
OVX than in SHAM rats but were not affected by sex hormones in a 3-
week experiment, whereas these levels were not different among groups
in a 24-h experiment. The abundance of IGF-1 mRNA was higher in
OVX than in SHAM rats. They concluded that in the short term, estrogen
lowers and progesterone raises bone [GF-I mRNA and these changes are
followed by coordinated changes in bone formation rate. Estecopenic
OVX rats are mediated through a direct activity on bone (Barengolts et

al., 1996).

Osteoporosis, however, begins at about age 35 years when
progesterone begins 1o decline despite continued good esterogen level.
This progesterone deficiency is the major cause of the early appearance
of the process. At menopause, estrogen levels decline markedly. This

‘abrupt decline in estradiol results in an acceleration of osteoclast-
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mediated bone resorption.  Also, there is decrease of progesteronc
receplors, thus decreasing new bone lormation vears around menopause.
It is not unusual 10 observe industrialized decrease of bone metabolic
density {(BMD) in the range of 3-4% per year. compared to 1-1.3% per
postmenopausal lite.  Moreover, progesterone stimulates  osteoblast-

medinted formaton (Marcus. 1991 and John and Lee, 2006).

1.4.1.7 Thyroxine
In children. hyperthyroidism is ussociated with increased skueletal
growth and hypothyroidism result in decreased growth (Greenspan and

Greenspan., 1999).

Thyroild hormones  are  cruciil  for  cartiluge  growth  and
differentiation and cnhance the response to growth hormone.  They
increast bone tumover (Engler ef af, 1999). although their effects on
hone formation are less clear, increased resorption as result of
hvperthvroidism may result in a coupled increase in bone formation, but
thvroid hormone may also direct!y stimulate bone cell replication

(Willinms er af., 1973 and Merton, 1999).

Previous work hos shown that Ty increases the production ol the
bone growth factor, insulin-like growth factor-I {1GF-[), in ostcoblastic
cells, and that it promotes the production of the osteoclastogenic
cytokine: interleukin-6. The experiments carricd oul during prior work
cvaluatied models that could be used o studv the roles of these lncal
factors in the anabolic and resorptive effects of Ty on bone, and motecular
mechanisms by which Ty stimulated their production. The early findings.
usig  antibodies to the 1GF-I and [L-6 receptors, and anlisense
olizonucleotides to the [GF-]1 receptor, support a role for these factors in

the thyroid hormmone cffects.  Recemt studies. at the level of genc
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expression. show T augmentation of 1L-6 production in human and in
rodent osteosarcoma cells; a lack ol etfect of Ty on IL-T receplor
expression; und Ty polentiation of purathyroid hormone hormone-induced

.- mRNA production (Greeaspan and Greenspan., 1999).

i.4.1.8 I[nsulin

Normal skeletal growth depends on an adequate amount of insulin
(Rosen and Donahue., 1998). Ixcess insulin praduction by the fetuses
of mothers with unconirolled diabetes results in excessive growth of the
skelcton and other lissue and under treated diabetes mellitus impairs
skeletal growth and mineralization.  In vitro, inswlin at physiologic
concentration selectively stimulates osteoblastic collagen synthesis by o
pretranslational mechanism.  Insulin can minue the effeets of 1GEF-1 but
only at supraphysiolegic levels, [Insulin docs not appear Lo affect bone

resorption (Williams er af ., 1973 and Rosen and Donahue., 1998).

Insulin increases bone formation and there is significant bone Joss

in untreated diabetes (Brook and Marshall.. 2001 and Ganong. 2001).

1.4.1.9 Growth Hormone
- . 1l
Growth hormone promotes the reabsorption of Ca™', phosphate und
Na' by the kidney and growth hormone promote hone growth by

stimulating ostcoblastic synthesis of collagen (Ganong, 2001).

Growth hormone causes an acute fall in urinary  phosphale
excretion. an elevation of fasting serum phosphate and an increase in the
renal phosphate threshold (Corvillain and Abramow ., 1962 and

Guyiton and Hall, 2001).

Growth hormone Increases calcium excretion in the urine. bul it

also increases s intestinal absorption and this effect may be greater than



the efleet on excretion, with a resultant positive calcium balance

(Ganang, 201).

1.4.2 Other factors affecting calcium and phosphorus

homeostasis

1.4.2.1 Prostaglandins

Prostaglandins are potent regulators of bone cell metabolism and
are synthesized by many cell types in the skelelon (Pilbeam er af., 1996).
Prostaglundin production in hone is regulated by the effects of focal and
svstemic hormoncs  and  mechanical  forees on the  inducible
cyclooxvgenase (COX-2).  Inereased prostaglandin production may
contribule (o the increase in bone resorption with immobilization, the
increase in bone formation with impact loading. and the changes after
estrogen withdrawal.  Many of the hormones, cvtokines and growth
factors that stimulate bone resorption also increase prostanlandin
production.  Prostaglandins have biphasic e¢ffects on bone formation.
Stimulation of bone formation is seen in vivo and inhibition of collagen
synthesis oceurs in osteoblast culiures. Bone cells produce 'GE;. PGF.,,.
prostacyelin, and lipoxygenase products {e.g. leukotriene By). which may

also stimulate bone resorption (Williams er af., 1973).

1.4.2.2 Cytokines
Interleukin IL-1a. 1L-1. TNA-a and tumeor necrosis tactor TNF-B
(TNF-B) are potent stimulators of bone resorption and inhibitors of bone

formation and may nmwdiste bone loss aller estrogen  withdrawal

(Lorenzo, 1991 and Pacifici, 1998).

Imerleukin (L-6 increases osteoclaslogenesis in cell cultures and

may mediite some of the resorbing activity of FTT1 (Lorenze, 1991).

L]
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[L-6 is produced by vsicublasts and its production is stimulated by PTH,
PGE; and other Tactors that increase esorption. 11-11, anvther member of
the I[-6 cviokine family. colony-stimulating factor are probably
imporiant in the early stage of osteoclast formation. [L-4 and IL-3 inhibit
resorption und prostaglandin synthesis in bone cells (Pacifici, 199R), and
leukemia inhibitory factor has biphasic cffects on bone formation
Whereas [L.-18 is inhibitory through its ability to increase production of

granulocyte-macrophage colony-stimulating factor (Malava ef al., 1995).

Interleukin [L-7 stimulates B lvmphoiesis. which may be invalved in
osteoclastogenesis (Mivaura ef al, 1997). [L-10 is an mhibitor of
osteoclustogenesis and bone resorption, IL-13 and 1L-17 stimulate it

(Owens and Chambers., 1995 and Ganong, 2001).

Interferon inhibits resorption by inhibiting osteoclast responses 1o

PANKIL (Takayanagi ef al., 2000).

In addition 1o direet effects, responscs to cviokines can be blocked
by inhibitors. such as the [L-] receptor antagonist and the soluble TNF
receptor, or they can be enhanced by activaters such as the soluble 11.-6

receplors (Lorenze, 1991),

1.4.2.3 Insulin-like Growth Factors
IGFs increase bone cell replication, matrix svnthesis and bone formation
(Rosen and Donahue,,1998). Both [GE-I and 1GE-11 are synthesized by
bone cells and stored in bone matrix, More IGF-11 is stored in human
bone. but [GF-1 is a more potent stimulator of ostcablasts.  Binding of
IGE-1 and 1GF-TT to matrix may be mediated by specitic 1GF-hinding
proteins. Five of the six known binding proteins have been identified in
bone, and these both inhibit and enhance IGF responses. Because PTH

and PGE, increase and glucocorticoids decrepsed  skeletal 1GE-]
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svathesis, 1GFs may mediate the effects of these hormones on bone
growth. IGE-1 and 1s binding proteins muy also stimulale osteoclast

[ormation (Hill g7 af., 1995),

1.4.2.4 Moagnesium

Mugnesiun is essential for the conversiom of vitamin D to its biologically
active form. More than one-half’ of the body's magnesium is stored in the
bones: most of the rest resides wiathin the cells. with less than 1% located
in the extracellular fiuid  Walser (1967; Morgan., 1985 and Guyton

and Hall, 2001).

Magnesium infusion transicently reduces urinary phosphate in doy's
bodv. despile an increase in scrum phosphate . This action may be
mediated or dependent upon parathyroid hormone. Since it is not
nhserved in parathyroidectomized ammals (Massry ef al,, 1970, Walling

1977 , and Ganong, 2001).

In normal adult the maintenance of Mg®* balance involves the
reabsorption of 90-99% of the filtered Mg’ The mechanisms that
regulate magnesium exerction are not well understoed, but the following
disturbances lead o increased magnesium extraction (1) Inereased
extracellular fuid magnestum concentration; (2} Extracellular volume
expansion; and (3) Increased extracellular fluid calcium concentration

(Guyton and Hall, 2001},

1.4.2.5 Potassinm
There  have been  several reports  of  hvpophosphaiemia,
hyperphosphaturia and reduced phosphate reabsorplion accompimnying

severe hypokalemia in humans (Oster e af., 1978 and Ganong, 2001).



The high concentration of K in intracellular 15 generated by the
Na*/K* ATPase. which is present in the plasma membrane of all ceils,
including red cells which are highly permeable 1o K. Under normal
conditions a steady state develops in which the quantity of K™ pumped
into cells by the Na'/K® ATPase is equal to 1otal passively diffusing out

of cells (Guyton and Hall, 2001).

With no physiological rezulation of K” input, K™ balance must be
achieved by changing K* output to match K" input as indicated above.
K" output is regulated primarily by changing amount of K' cxereted in
urine.  Potassium is reabsorbed in segmenis 1 and 2 of the proximal
tubule, secreted in segments 3 of the preximal tubule and the thin,
descending limb of the loop of Henle. reabsorbed in the thick ascending
limb of the loop of Henle and both reabsorbed and scereted in the distal

nephrone (Malvin and Lotspeich ., 1956 and Guyton and Hall, 2001).

1.4.2.6 Hxdrogen ion

Regulation of hvdrogen ion balance is similar in some wavs 1o the
regulation of other ions in the boedy. For instance. to achicve
homeostasis. there must be a balance between the inlake or production of
hydrogen tons and the net removal of hydrogen tons from the body. The
kidney plavs a key role in regulating hydrogen ion removal and Tungs that
are ¢ssential i maintaining normal hydrogen ion concentration in both
the extracellular and the intracellular fluid (Cramer, 1965 and Guyten

and Hall, 2001).

The administration of sodium bicarbonale (o humans. dogs or rats
produces phosphaturin despite a fall in serum phosphate which iy
indicative of a decrease in tubular phosphate reabsorption. This eliect 1s

due to both direct effect. via expansion of extracellular fluid volume and
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indirect one via parathyroid stimulation consequent to the fall in the level
of fonized calcium induced by alkalosis (Malvin and Lotspeich ., 1956,
Cramer, 1965 and Guyton and Hall, 2001).

Some studics indicated that acidosis leads to inhibition of tubular
phosphate reabsorption (Guyton and Hall, 2001). In  acute respiratory
acidosis, there is decrease in tubular reabsorption of phosphate (Vander
et al., 2001).
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CHAPTER TWO
MATERIALS AND METHODS

2.1 Matenals

This experimental work was carried out al Fazan  diagnostic
laboratory and the Sebha central laboratory. where 235 person of elther
sex participated in this study, Foll history wag taken (rom cvery one were
all apparently healthy,  This included past history of taking drugs,
previous illness or surgical operation. anv complainl, abnormal habits,
medications or cigarette smoking,  None of the adult females wus
pregnani. or complaining of any menstrual, gynaccological nor obstetrical

disturbance.

Persons divided chronologicallv inte 4 groups ie.. A. B. C and DD

as Table bellow

Subgroups
Group Symbol | Number | Age (vear)
nunmber and sea
First (1) | Less  than | Muale (A (n)=13)
A 3
Children | 15 Female (As) (n=16)
Second (2) Male (B n=29
@ 1y 127 20-35 | (B (n=29)
Middle age Female (B2} (n=98%)
Third (3 Male (C n=16
S P 65 3553 (€ (n=16)
Late age Femate (C3) (n=49)
Fourth {4} 5 ‘s Above 33 Mate (D) {(n=14)
)
Elder (35— 72) Female (D7) (n=18)
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2.2 Sampling of blood
Venous blood sample take, from each tellow. It collected. carly in
the morning in centriluge twbce, contalning no anticoagulant, Each wbe
was. then centrifuged for 3-6 minules in order to separate serum trom
celts. Fine pipettes 10 be analvzed separated sera. To avoid hemolvsis of
cells, All precautions were taken.  In each sample, were estimated the

following paramelers.

1) Calowm

2y Phosphotus

3} Alkaline phosphatase
4 pll

%) Some hormones., including

©

Thyroid stimulating hormone (TSH)

=

‘Tri-iodothvramine {T75)

Tetraiodothyronine {T;)

d. Parathyroid hormone (purathormone-BTI )

e. ‘Testosterone

. Estradiol

g. Progesterone

It is o be noted that btood samples were taken during mid-luteal

phase in adult fertile temales.

2.3 Sampling of urine

Morning vrine samples were tuken From each individual for estimation
of
1y Calcium
1) Phosphorus
3 Ph
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2.4 Procedures
2.4.1 Estimation of calcium by colarimetric method

2.4.1.1 Reaction Principle

Calciumt ions form a vielet complex with O-eresolphthalein

complexone in an alkaline medium (Barneett and Wasserman,, 1973).

Reapents

Initial  concentration  of
Contents

selution
Standard calcium 2.5 mmolfl (19 mgfl)

Butfer Z2-amino-2Z-methyipropanel-1-01 | 3.5 mol/t, PH 10.7

Chromogen

(-cresolphthalein complexone .16 mmol/]
8-hvdroxyveuinoline 6.89 mmol/]
Hydrochlorie acid 60 mmol/t
EDTA 130 mmeol/]

2.4.1.2 Procedure

Wavelength Hg 578 nm (530-590 nm)
Spectrophotometer 570 nm
Cuvette I cm light path
Measurement only on blank required per series
‘Temperature 20-25°CA37°C

Reagent blank | Stundard Sample
Sample - - 25 pl
Distilled water | 23 nl - -
Standard - 25 pl -
Working reagent | 1.0 pl 1.0 w 1.0
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Mix. read absorbance of the sample (A sample} and standard (A
standard) against the reagent blank atter 5 o 50 minutes (Barneett and

Wisserman., 1973).
2.4.2 Estimation of phosphorus by colorimetric method

2.4.2.1 Method

Phosphate reacts with molvbdate in strong acidic medium to form a
complex.  The absorbance of this complex in the near UV is dircetly
proportional to the phosphate coneentration (Daly and Ertingshansen.,

1972 and Gamse and Try,, 1980).
Reaction Principle {Simplified)

THEPOS + 12 (MO7 0246 + 51 H+ — 7[P(MO12 O40)]3- + 36 1120

Reagent

Reagent 2x100 ml Reagem
Ammoniumheplamalyvbdate | 0.3 mmolf
Sulfurc acid (PT1<1.() (0.3 mol/l
Detergent 1%
Activators and stabilizers

Standard I x5 ml standard 10 me/dl
Phosphorus Or 3.2 mmol/l
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1.4.2.2 Procedure

Wavelength 340 nm. Hg 334 m

Optical path 1 em
Tomperature 20-25"C

Measurement against reagent blank; one reagent blunk per serics is

required.

Pipctting Scheme

IPipette into cuvettes Reagent blank Sample or 817
Sample/5STD - 10 pl
RGT 1000 1000 nl

Mix. incubate at least for T minute at room temperature.  Measure
the absorbance of the sample and the (standard) $TD against the reagent

blank within 60 minutes (A).
Calculation of the phosphorus concentration

~ASample

C=3.2x%‘e{mmolﬂ

Normal values  Inorganic phosphorus

Adults 2.5-5.0 mg/dl (0.80-1.62 mmol/]

Children 4.0-7.0 mg/d] 1.30-2.26 mmol/]
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2.4.3 Estimation of alkaline phosphate (ALP} according to
Epstein et al, {1986} and Dufour et al, (2000)

Determinalion of alkaline phosphatase in serum or plasma conforming 1o
the recommendations of Deutsche gesellschaff for clinical chemistry.

P - nitrophenyl phosphate H:0 __.'_‘LI_P_} 4 - nitrophenol + phosphate

Reagent
R1 DEA Dicthanolamine buffer | 1 mol/l
pil 9.8 (37°C)
MgC)2 0.5 mmel/l
R2 substrate Sodium p-nitrophenyl
Phosphate (PNPP) [ mmaoldl
2.4.3.1 Procedure
Wavelength 405 nm (Hg-400-Hg 420}
Cuvetle I ¢m Tight path
Temperature 23° 30°, 37°C
Measurement against air or distilled water

The working solution must be broughl at the choosed temperature tor the

analvsis belore use,

Pipeue directly HO0O0 ul
Working solution

Eqguilibrate (25, 30, 37°C)

Sample 20 pi

Mix and wart lor 1 munuwe. Read the inigal absorbance and start timer

immediately. Read again at constant inlervals for 3 minutes,
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Catculation
Calculate the average value of variation of absorbanee per minute
(AODMN) and alain the enzymatic activity value of the sample, using
the following tormula
403 nm ALP (L¥L) = A0Dnm x 2750
410 nm ALP (U/1.) = AOD'nm x 29140

Reference Values

25°C 30°C 37°C
Children Up o0 UA [ Upte 300 UA | Upto 630 U/
Adulis 403-190 U/l 30-230 W/ 76-300 U#

2.4.4 Estimation of Total Tri-iodothyronine a¢cording to
Young et al (1975} and Chopra et al (1977) [ELISA

technique]

2.4.4.1 Principle of the method
‘This micro plate enzyme immunoassay methodology provides the
technician with optimum sensitivily while requiring few 1echnical
manipulations in a direct determination of total T3. The adjuvant of
nonspecilic antiserum and the discovery of blocking agents to the T3
binding serum proteins has enabled the development of proceduratly
simple immunoassavs. Micro-plates are coated with '3 antibodies on
mixing immobilized antibody.
Enzyme T3 conjugate and a serum containing the native '1'3 antigen o
competition reaction resutts between the native 173 and the enzyme T3
conjugate for a mited number of inselubilised binding sites.  After
cquilibrium 15 attained. the antibedv-bound fraction is separated from
unbound antigen by decantation or aspiration. The activily of the enzyme

preseat on the surface of the well is quantitated by reaction with a
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suitable substrate to produce colour. The enzyvme activity in the
antihody-bound fraction is inversely propertional to the native antigen
concentration. By utilizing several different serum reference of known
antigen concentration, a dose response curve can be generated from
which the antigen concentration of an unknown ¢an be ascertained from
comparison (o the dose response curve, an unknown specimens activity
can be correlaied with total iriiodothyronine concentration (Chopra et al.,

1977 and Young et al.. 1973). -

2.4.4.2 Procedure

Aillow all reagents standards and controls to reach room temperature
(20-30°C).
Format the micro-plate wells tor cach standurd and patient specimen to be
assaved i duplicate.

Essay schemalic schedule

Reapents Standards Samples

Mark the wells

Standards and samples | 30 pl 30 ul

T3 Enzyme Conjugate | 100 ul 100 pi

Swirl gently to mix for 20-30 seconds and cover,
Incubate for 60 minutes at room temperature,
Discard the contents of the micro-well plale by decanting or aspiration. If

decanting, blot plate dry with absorbent paper,

Waush as per washing instructions

TMB Subsirate 100 pl ' 100 pl

Incubate for 15 minutes ol room temperature

Stop Solution 100 i | 100 pl
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Swirl gently 1 mix for 13-20 seconds.
Measure ahsorbance at 430 nm within 30 minutes of addition of stop
solution.

Reler 1o preparation of reagents. Always add in the same sequence

as the TMB substrate.
2.45 Estimation of (T4} Total Thyroxin [ELISA technique}

2.4.5.1 Principfe of the Methed

Monoclonal antibodies speeitic to T3 are immobilized on micro well
plates. "I is conjugated (o horseradish peroxides (FIRP). In the assay,
T4 15 released from 1ts binding proteins by ANS (8-amlinonaphthaiene 1
sulphonic acid) present n the assay buffer.

Total T4 in the specimen compeles with HIRP. Labeled T4 for binding w
the immohilized monoclonal antibody. A fler washing step enzyme
substrate s added. The amount of total T4 in the sample 1s inversely
proportional 10 enzvme activity, The reaction is lerminated by adding a
stop solution, Absorbance 15 measured on a micro-plate reader (Cavalicri

and Rappaport .. 1977 and Licwendahl, 1990),

2.4.5.2 Procedure

1) Protect the plates from draught. strong light or direct sunlight during
the west procedure. T4 assay bufter contains a light sensitive reagent
ANS and should be protected from light, The incubation of sample

and conjugate should be performed in the dark.

2) Careful nspiration of the washing solution is essential for good assay

precision,

3) Since timing of the incubation steps is important to the performance

of the assay pipetle. the samples and the conjugiate  without
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5)

6)

7

interruption pipetting of the standards and samples should not exceed
10 minutes to avoid assay dritt. IV more than one plue is used in the

samc run it iy recommended w nelude a standard curve on cach plate,

Adding the TMB substrate solwion starts a kinetic reaction that is
terminated by dispensing the stop selution. Keep the incubation times

for each well the same by adding reagents at timed intervals.
Proteet trom light, absorbance vidues arc stable tor 60 minutes.

Plate readers mcasure absorbance venically. 120 not touch the

bottoms of the wells.

Itis recommended to distribule samples and standards in duplicate.

2.4.5.3 Assav Schematic

1

4}

Allow all reagents to reach room temperature before use.
Dilute the wash solution.
Mark the wells 10 be used on the plate.

Dilute the required quantity of enzyme conjugate {1 : 200) with T4

Assay Bufter.

Reagents Standards Samples
Standards and Samples 30 pl U ul
Diluied enzyme conjugate | 100 pl 100 pl

Cover and shake the plate gently Tor o few seconds to imix contents of the

wells,

Incubate for 60 minutes at room temperature in the dark.
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Wash 3 times with 300 ulwell of diluted washing solution carefully

TMB substrate solution 100 ! 10 pl

(Timed intervals}

aspirating ofi’ the remaining liguid.

Cover plate and incubate for 13 minutes at room temperature in the dark,

Stopping solution 100 ul T{HY

Cover and shake the plate gently for a few seconds (¢ mix the contents ol

the wells,
Measure absorbance at 430 nm.

The stop solution should be distributed in the same sequence as the TMI3

subsiratc.

2.4.6 Estimation of Thyroid Stimulating Hormone (TSH)
according to Jane (1987) (ELISA technique)

2.4.6.1 Principle of Method

A moneclonal antibody specific to the human TSH molecule is
immoebilized on micro-well plates and other monoclonal antibodies te the

TSH molecule are conjugated with biotin,

TSH from the sample is bound (o the plates and biotin conjugate is
added. After a washing step streptavidin HRP conjugaie is added. After
a sccond washing step. substrate 1s added. The enzymatic reaction is

proportional to the amount of TSI in the sample.

The reaction is terminated by the addition ol stop solution.

Ahbsorbance is measured on a micro-plate reader,
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2.4.6.2 Procedurc
As previously mentioned in estimation of T4 in page (66, 67) except

for the following steps

Protect frim Lipht abserbance values are stable for 30 minutes.

Reagents Standards Sumples
Biolin conjugale 100 pl LO0 pl
Standards and samples | 30 pl 50 pl

Cover and shake Tor a fow seconds w mix contents of the wells.

Incubate for 60 minutes at room temperature if possible on a plate shaker

{(approximately 2000 pm).

Aspirate and wash wells 3 times with 300 pliwell of diluted wash

solution.

streptavidin HRP 100 pl 104l
Conjugate (diluted)

Cover and incubate fur 60 minutes at room teniperature it possible on a

plate shaker (approximately 2000 rpm).

Wash as above,

TMB substrate solution {at | 100 ul 100 pl

timed intervals)

Cover and incubate for 20 minutes at room (emperature,
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Stop solution (at timed intervals as | 100 TEHD

per TMB substrate abovy)

Shake gently 1o mix.
Measure absorbance at 430-620 nm using a plate or strip reader within 30
minutes of adding stap solution.

Reference values lor TSH =0.5-3.0 w/ml.

2.4.7 Estimation of testosterone according to Rajkowski et al.,
(1977) and Joshi ,(1979) {[ELISA technique]

2.4.7.1 Principle
Testosterone (utigen) in the sample competes with horseradish
peroxidase labeled testosterone (enzyvme labeled antigen) for a limited

number of anti-lestosterone (antibody) binding sites on microplates.

Alter incubation, the unbound antigen is removed by washing, ‘The

enzyme substrate (H;O;) and the chromogen (TMIB) are added.

After incubation, the enzynwe rcaction s stopped and the
absorbance 15 read 1n a microplate reader. Testosterone concentration in

the sample 15 calculated based on a series of siandards.

The colour intensity s inversely proportion 1o the testosicrone

concentratian in the sample,

2.4.7.2 Procedure

13 At least one hour betore use. bring all reagents and samples to raom

remperature, mixing them caretully on vortex.

2) Do not mix reagents from different lots.
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6)

7)
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Standards and samples should be tesied in duplicaieJt s
recomniended to prepare twa wells for cach of the five points on the

standard curve (So-54) and tor cach sample, plus one well for blank.

Dispensing and incubation times must be the same for all wells in the

same analysis.
Avaid long interruptions belween cach step ol the assay procedure.

Eliminate excess wash solution from the microplate afier washing by

blotting it gently on an absorbent paper pad.

Read the plale with an Elisa automatic reader capable of reading the

absorbance of samples and standards at 430 nm.

The “blanking™ of the instrument should be carried out in the blank

reagent well,

Assay Schematic

Reagents Blank Standards Sample
Standard (So-54) - 25 ul -
Sample - - 25 ul
Enzyme conjugate - 160 pl 100 pl

Mix well and cover strips with adhesive film.

Incubate (or 60 minutes at 37°C,

Peel off adhesive film and aspirate the reaction solution from all wells.

Wash 300 mlfwell of distilled or deionised water. Repeat wash carefully

aspirating o1 the remaining liguid.

7l




TMB substrate 100 ul | 100 pl 100 pl

Cover sinps with a new adhesive film,

Incubate for 15 minutes at reom (emperature {20-23°C), in the dark.

Slop solution 100 pl 100 pl 100 pl

Read the sbsorbance of each well at 430 nm against the btank within 30

minules.

2.4.8 Estimation of 17-B- estradiol hormone according to
Rajkowski et al (1977) and Joshi (1979) [ELISA

technigque]

2.4.8.1 Principle

17-B-Esiradiol {(antigen) in the sampte competes with horseradish-
peroxidase labeled 17 f-Estradiol (enzyme-lubeled-antigen) for binding
onto the limited number ol anti 17 B-Estradiol (antibody) sites on the

microplates (Solid phase).

Atfter incubation, the free anligen 18 removed by washing.,  The
enzyme substrate (H,O;) and the chromopgen CTMBY are added.  Alter
incubation, the ename reaction is stopped and absorbance is read in a

microplate reader.

17 P-Eustradiol concentration in the sample is calculated based on a

series of standards.

The colour intensity is inverselv proportion 1o the 17 B-lisiradiol

Concentration in the sample.

2.4.8.2 Product contlents

For 96 (est assav




1) Microplate 12 x 8§ micre well strips coated with anti-§ 7-f-Estradiol

3)

+)

)

6)

Ke G.

The plate is contained in a scaled bag with desiceant. Allow the plate

to reach room temperature before use. To prevent any moisture

formation inside the bag, Do not reuse wells,

Enzvme conjugate 1 vial of 0.4 ml.. A 100 X concentrated protein
buffer solution of 17 p-Esiradiol-11RP conjugatc.

Conjugate Diluent T vial of 30 ml. Containsg phosphate butTer (50
mM. PH 7.4) and bovine serum albumin (1 g/L).

TMB-substrate 1vial of 12 ml. Contains TMB with activators and
slabilizers diluted in a phosphate/citrule buffer.

Stop solution | vial of 12 ml. Contains warning avoid vomact with
cves and skin.

Standards 4 vials of 1.0 ml. 17--LEstradiiol ready (o use standards of

the following concentrations.

51 52 N3 54

10 b} 408 2000 Pg/ml

7)

Competitive solution | vial of 3 ml.

2.4.8.3 Procedure

As previnusly mentioned in page ( L7 1), however the differcnces

include

The colour which develops in the last incubation is stable for a

maximum ot 30 minuics in the dark.

Assay Schemaltic

Anti-17 B-Estradiol Coated wells



Reagents Blank Bo Standards | Sample
Conjugate diluent - 10O pl. - -
Standards - - 100 pl -
sSample - - - S0 puL
Competitive solution | - - - 30 ul.
Diluted conjugate - 100 pl. YOO pi. 104} pl.

Cover strips with adhesive tilm,
Incubate for 120 minutes at +37°C.
Peel oft adhesive film and aspirate the reaction solution from wells.

Wash 4-5 times with 300 pLiwell of distilled or dionised waler. carctully

aspirating off the remaining liquid.

TMB substrate - 100 ul 100 ul. 100 pi.

Cover strips with a new adhesive film,

[ncubate for 30 minutes at room temperature (18-30°C), in the dark.

S1op solution 100 pi 100 pL HOO pl. 100 ul

Read the absorbance at 430 nm aguinst the blank (A1),

2.4.9 Estimation of progesterone according to Wisdom, {1976)
and Hubl et al., (1982) [ELISA technigue]

2.4.9.1 Principle of Method

Anti-progesterone  antibodies  are immobilized on micro-well

plates.  Progesierone 1n the sample competes with HRP-lubeled

4




progesterone o the immobihzed annibody,  After washing, cn/syme
substrate is added. ‘The amount of progesterone in the sample is inversely
praportional 1o the enzyme activity. The reaction is terminal by adding
stopping solution. Absorhance 1s measured on a plate reader. Vhe colour
intensity 1s inversely proportional w the progesterone concentration in the

sample.

2.4.9.2 Procedure  As previousely mentioned in page (

70,71),however there are some differences including

‘The colour developed in the last incubation is stable for at least 30

minutes in the dark.
Assay Schematie

Follow the Schematic below

Anti-progesterone 1gGcoated wells

Reugents Blank Standards Sample
Standards - 30 pl. -
Sumple - . -
Lnegyme conjugate - 30l S0 pl.

Cover strips with adhesive film.
incubate for 60 minutes ate 37°C.
Peel off adhesive tilm and aspirate the reaction solution from all wells,

Wash with 300mliwell of distilled water. Repeat wash by druining the

water completely.

TMB solution 100 uL. 100 pl. 100 pl.

Incubate for 13 minutes at room temperature, in the dark.
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Stop selution 1060 i, TCHY L 100 ul.

Reud the ubsorbance (1) ot 4530 nm against the Mank (A1) within 30

minutes.

2.4.10 Estimation of parathyroid hermone {PTH) aceording to
Orloffu and Steward.,{1989) [ELISA technique]

2.4.10.1 Assay Procedure

Allow all reagents to reach room temperature and mix thoroughly by
gentle mversion before use.  Assay stundards, control and unknowns in

duphicate.
Mark the microfiltration strips 1o be used.
Pipet 50 pl of standards, controls and unknowns to the appropriate wells.

Add 100 ul of the antibody blot in conjugate solution to each well using a

semi-automatic dispenscr.
Incubate the wells for 2-3 hours at room temperature (25°C),

Aspirate and wash each well bve times with the wash solution using an
automatic microplate washer.  Blot it dry by inverting the plate on

absorbent matenal.

All 100 pl streptovidin enzyme conjugale solution (o each well using a

scmi-automatic dispenser.
Incubate the wells for 30 minutes at room temperature,

Aspirate and wash cach well tive times with wash soluetion using an
automatic microplate washer. Blot it dry by inverting the plate on an

absorboant muterial.
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Add 100 pl of the TMB solution to each well (T'etramethyl benzidine)

using i semi-automatic dispenser.

[ncubute the wells Jor 20 minutes at room temperature (23°C). Avoid

exposure (e direct sunlight.
Read the absorbance.

Caleulation

Calculale the mean absorbance {or each standard, contral or unknoswn.

Plot the log of the mean absorbance readings {or cach of the standards
along the v-axis versus the log of the 1-PTH concentrations in pg/ml
along the x-axis. Alternatively. the data can be ploued lincar versus

linear and a smoeoth spline curve-fit can be used.

Determine the 1-PTH concentration of the controls and unknowns from
the standard curve by matching their mean absorbance readings with the

corresponding 1-PTH concentrations.

2.4.11 Estimation of pH of urine
13y using speelal urine strips and comparing the colour produced to

the standard colour.

2.4.12 Statistical analysis

- Dawa were analvsed using a computer (progream, Minitab (13)).

- For comparison between means of 2 results, Swudents 't test was

used.
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CHAPTER THREE

RESULTS

All results of the present study were tabulated in Tables (3-6} and

were also illustrated in figures (4-17),

3.1 Data of all male groups

Comparison of parameters of group B, (early age group) with their
corresponding data in group A, (children below 15 years age group)
showed the followings in Table (3)

significant changes were found in serum calcium, phosphorus

concentration { P<0.05 ).

No significant changes were observed in TSH concentration and
parathormone hormone |, also PH of urine did not show any significant

change

Flowever. significant changes were observed in serum alkaline
phosphatase  concentration {negative P<0.001), solubility product
(negative P<Q.01), total Ty {negative 1P<0.03), total T, {(negative P<0.05),

testosterone {positive P<0.001), progesterone (positive P<0.05).

Urine showed significant positive correlation in urine caleium

and phosphorus concentration (P<{.05).

[f the parameters of middle age group (C)) are compared with their
correspondings in early age group {(B)) it will be noticed that in

Table (3)

Negalive significant correlations were observed alkaline phosphatase

enzyme (P<0.01), TSH (P<0.01), total ‘T3 (P<0.01) and total T,
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Table (3) All data of males in different age groups

' Group Al B1 Cl
Number 15 29 16
Including Children | Early age Middle age
Age range {vrs} Below 20-35 3555

15

Blood Mean Mean Mecan

parameters SE +5E + SE

) Ca™ (mg/dl)

108 %[99 =+ 10.10
| 025 |0.27 +0.33
12) P (mg/dl) |56 |43 = 4,73 +
| 0.09 |03 0,17

13)  Alk. Phosph. |252.8 +|83.9 + 72.70

5 (IU/L) 232 5.01 + 4.3
4)  Solubility 60.48 42,57 4777
_ product 3.2 +2.9 +1i9
5y TSH 4.2 3.7 + 29 &
(uIUfml} 0.51 0.4 0.34
6) Total T, | 87.6 026 % 84.4 £
(ng/ml} 4.3 3.13 3.7
7). Total Ty 130.6 138.95 127.71
! {ng/ml) 11.8 + 9.76 +8.10
T'estosterone | 1.178 831 £ 6.07 £
(ng/ml) .11 (.34 0.41
Estradiol 0.3 047 £ 0.50 &+
(ng/ml) 0.02 0.03 0.01
Progesterone |0.11 0,25 = 0.33 &
(ng/ml) 0.02 0.02 0.03
Parathormone | 0.92 1.2 ) 1.8 =+
! (ng/ml) 0.07 0.08 $.09
Urine parameters 4.9 52 + 57 £
12) pH 0.11 0.17 0.18
[13) Ca™ {mg/dly |2.8 3.1 % 6.7 %
0.32 (.19 0.23
14y P (mg/dl) 4.7 53 % 43 +
0.27 0.3 0.31

o where NS = Non Significant * = Significant (P<0.05)

**= Highly significant (P<0.01)***= Very highly significant (P<0.001)
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(P<0,001), estradiol {P<0.05), and testosterone (P<0.001). However,
phosphate concentration in urine was found to be decreased significanty

(P<0.01).

On the other hand. positive correlations were significantly
observed in serum calcium {P<0.03) and in serum phosphorus {(P<0.05}.
solubility product (P<0.03). estradiol (P<.03), progesierone (P<0.05),
parathyroid hormone (P<0.01). [t was noted that urine caleium

concentration was also significantly increased (P<0.001).

Comparison belween data of the old age group (1)) with their
corresponding data ol carly age group {(B)). showed that all parameters

were significantly changed as follows in Table (3 )

Negative significant correlations were observed regarding serum
alkaline phosphatase {P<0.001). TSH (P<0.01), total T’y (P<0.001), 1o1al
Ty (P<0.001) and testosterone concentration (P<3.001). Also phosphate

concentration in urine was significantly decreased (P<0.001}.

Signilicant positive correlations were observed regarding serum
calcium (P<0.01) and scrum phosphorus (P<0.01) solubility product
(P<0.01), progesterone concentration (P<0.03), estradiol level (P<(.05)
and parathyroid hormone {P<0.001). In urine, concentration of caleium

was significantly increased (P<0.001).

3.2 Data in all female groups
After comparing data of early ape proup (20-33 years old) {B,) with

below 15 vears old group {As). it was noticed that in Table (4 )

a) significant changes were observed in serum caleium (p<0.433)

and serum phosphorus( P<0.05).
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b} No significant changes were observed in 'T'SH, total T, total
Ts.  Alse, no significant changes were observed in concentration of

calcium in urine and pHl in urine.

o There are significant negative correlation in serum calcium
and phosphorus (P<(.05), alkaline phosphatase (P<0.001) and also in
solubility products (P<0.001).

d) There are significant positive correlation in  serum
testosterone {P<0.001), estradiol (P<0.001), progesterone (P<(.001) and

in parathormone (P<(,05),

By comparing data of middle age group (C;) (35-55 years old) with
their corresponding values in early age female groups (B;), it was noticed

that in the Table(4)

a) No significant cltects were observed in urine pH, and serum

caleiuim.

b) Signilicant negative correlations were observed in alkaline
phosphatase (’<0.01), TS {P<0.01), total T; concentration (P<0.01),
total Ty concentration (P<0.001), estradiol (P<0.001) and progesterone
(P<0.001). Phosphorus concentration in urine was also significantly
inccreased(P<0.001). However, data showed significant positive
correlation in serum phospherus (P<0.05), sclubility product {(P<0.03},
testosterone concentration {P<0.001) and in parathormone {P<0.001).

Also calcium in urine was significantly increased (P<0.001).
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Table (4)

Group

Az :

[ B,

All data of females in different age groups

s

Number

16

98

49

[ncluding

Children

Early age

Middle age

Age range (yrs)

Below 15

20-35

35-55

@ Blood

| parameters
(1) Ca™ (mg/dl)

Mean %
SE

Mean
+ SE

10.4 *
0.13

0g8 +
0.21

o 9.9 4|

Mean | P
+ SE
B

NS

0.3

[2) P (me/di(

5.4+0.2]

38 =
.24

47 x|*
0.33

B
(1U/L)

Alk. Phosph.

261.7 %
19.3

71.7
& 5.5

60.4 +
5.1

4)  Solubility

product

56,16 %
3.3

37.24
+ 2.8

46.53
+ 2.5

TSH

5)
' (nil/ml)

4.3 £ 0,41

39 x
0.29

3.1 £
0.20

6} Totwl

(ngfml)

T;

89.7 +
5.31

03.2
+ 4.7

833 &
7.13

1 7)  Total

(ng/ml)

T,

1253 =
9.4

131.7
£ 8.1

119.4
+ 7.9

Testosterone

(ng/ml}

0.2+£0.01

1.3 £
0.01

2.1 =
0.03

Estradiol

(ng/ml)

03001

6.2 +
0.03

32 &
0.01

Progesicrone

(ng/ml})

1.3x0.09

48 &
0.27

12 &
0.02

Parathormone

(ng/ml}

(.88 *
0.05

1.3 £
0.04

21 %
0.07

¢ Urine

parameters
12) pHl

5.1 £0.01

5.3 %
0.02

59 =
003

13) Ca (meg/dl)

3.4+£0.21

2.7 %
0.21

37 £
0.23

14} P~ (mg/dl)

T where

NS

4.5+0.30

61 £
0.17

= Nen Significant

*

53
0.17

= Significant (P<0.05)

**= Highly significant (P<0.31)***=Very highly significant
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(P<0.001}Comparison between data of the old age group (13,) (35-72
vears old) are with dale of carly age group (B:). it is noticed that in Table
().

a) Nosignilicant change was neticed i plT of urine,

b) Murked signilicant negative correlations are noticed in serum
alkahine phosphatase (P<0.001). towal T3 (P<0.001), total Ty (P<0.001).
estradiol {(P<0.001) and progesterone {P<0.001}. Urine shows significant

decrease inurine phosphorus concentration { P<0.01).

¢} On the other hand. there are positive significant relations in
serum calcium (1°<0.01) and in serum phosphorus (P<0.01), solubility
product  (P<0.001). testosterone  concentration  (P<0.001) and  in
parathyroid  hormone  concentration  (P<0.001% Urine also  shows

stgrilicant merease incaleium concentration (1*<0.001).

Analvsis of the above data of this study reveals the following

(1) Groups Byn male (carly age) and B3, in female are the only groups
having normal concentration of sex hormones {testosterone in males and
cstrogen and progesterone im female) and other hormones {15, T, TSH

and parathormone).

(2) Appearance of hormonal change starts from group C) in males
and C; in females (middle age). However. these changes became more
obvious and clear in groups Dy in males and D5 in females (old age
groups).Calcium and phosphorus concentrations and also  alkaiine

phosphatise.
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showed normal concentration oniy in groups By in males and B, in
females: the groups which contain normat concentration of all hormones

vslimated.

(3) Hormonal changes are present in extreme age groups (group A,
Crand Dy anmales and Ay Cy and 12, in females). The only difference
was between A; and groups O and 1Yy in males and the same in [emale
wits (hat. in old age. parathormone hormone is increased and both T; and

Fy are decreased in these groups.

() Although sex hormones are lowered in both carly age groups and
old age groups, osteoporosis oeeurs only in old age groups, This means
thit, sex hormones are not the only responsible hormones or factors
responsible for osteoporosis present in old age groups of cither sex. This
also denoles that astcoporosis process is not due (o deliciency of sex
hormones but also due to effects of other hormonal tactors and non-
hormonal tactors, It was noticed during taking personal histony from
cich Tellow, that. chunges in purameters were more manifesting il the
individual was obese and cating more fany meals. or living a sedentany

life. Table { 5.6 ).

{3) Changes regarding caleium, phosphorus and alkatine phosphorus
lvestigated in females are ncarly the same changes present in males,
The anly difference is tha, tie changes in these minerals are more in
[emales. which means that, vsicoporotic eftects present in old lemaies are

more than osteoporosts present in old males.
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(6)Urine calcium  concentration in group A 15 more than that
concentration in group Ay On the other hand. its concentration in
group B; 1s less than in group B, which means that the female sox
hormones have a more hypocaleemic effect than male sey
hormones.  This might explain the lict that. bone loss in old

waomen is moee than in old men.



Table {3) Comparison between obese and non-obese okl males of

group D,

nup

D,

Subgroup

Non-gbese
old males

Obese old males

Symbol

[}a (n=8)

[]|b {ﬂ=10)

BMI {Kg/m?)
Blood parameters

Ca"™ {mg/dl)

Mean £ SE

Mean + SE

13.7+1.19

31.27

1.5+ 1.19

11.30£0.50

2)

P~ (mg/dl{

503+04

10.90 £ .87

13)

Alk. Phosph. {IU/L)

7177 £3.91

5071 £391

1)

Solubility product

52,84 3.8]

56.57 = 3.84

3)

TSH (U/ml)

8.5+ 0.61

7.10 £0.41

)

Total Ty (ng/ml)

87.5£35.7

73.9+3.91

7

Total T, {ng/ml)

131.31£9.3

10739+ 7.5

8}

Testosterone {ng/ml)

4.65+0.28

3.81x0.17

9

Estradiol (ng/ml)

043+ 0.02

0.59 £ 0.02

10)

Progesterone {ng/ml)

0.37 £ 0.0t

0.21 £0.01

11)

Parathormone (ng/ml)

1.9 +0.04

29+£0.05

12)

Urine purameters

pH

5.94£0.15

5.1£0.30

13)

Ca'™ {mg/d])

7.7+£0.23

8.9+ 0.37

14)

P" (mg/dl)

3.5+0.11

4.1x0.27

* = Significant (P<0.05)
**= Highly significant (P<(.01) ***=Very highly sipnificant {P<0.001)

@ where NS =Non Si gnificant
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Table (6} Comparison between abese and non-cbese old females of

group D2

» mup

D,

i« Subgroup

Non-obese
old males

Obese old males

¢ Symbol

D;a {n=8)

Db {(n=10)

« BMI

Blood paramelers
1y Ca™ {mp/d])

Mean = SE

Mean + SE

127 1.13

33.2+1.90

9.8+ 0.56

10.8 = 0.91

[2) P (mg/di(

3.15+£0.17

1571 £0.23

3)  Alk. Phosph. (IU/L)

584+29

50.4 £ 241

4)  Solubility product

30.87 £ 2.2

61.67 +3.91

3) TSI (plU/ml)

2.9+0,13

23£0.11

6) Total T; (ng/ml)

80.7+ 5.7

71.9+ 38

7)  Total Ty (ng/ml)

10.B+7.3

97.5+54

[8) Testosterone (ng/ml)

23£0.13

4.1=+0.21

9) Estradiol {ng/ml)

0.79 £ 0.03

0.75 £ 0.03

10} Progesterone (ng/mi)

1.3+ 0.09

1.1=0.01

11) Parathormone (ng/ml)

2.7£0.01

37+0.21

» Urine parameters
12) pH

59+0.28

5.3+0.27

13) Ca (mg/dl)

7.0+ 0,61

7.2=0.39

114) P (mg/dl)

4.0+£0.19

42 +0.13

@ where NS = Non Significant * Significant (P<0.05)

**= Highly significant (P<0.01) ***= Very highly significant (P<0.001)
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calcium concentration (mg/dl)

Fig.(4): Serum calcium concentration in both males and females in al}
groups
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Phosphorus concentration

Fig.(5): Serum phosphorus concentration in both males and females in
all groups
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Fig.{6): Serum alkaline phosphatase concentration in both males and
females in ali groups
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Solubility products

Fig.(T}: Solubility products in all male and femalo groups
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TSH (ng/ml)
0O = N @ & o ~N o0 w

Fig.(8): Serum TSH concentration in all male and femafe groups
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Total T3 (ng/ml}

Fig.(9): Serum total T3 concentration in ali male and female groups
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total T4 { ng\ml }

Fig. {10) :serum total T4concentration in all male and femala groups.
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Testosterone{ ngimi)

Fig.(11) :Serum testosterone concentration all male and femaie
groups
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Estradiol concentration { ng\ml}

Fig. {12} :Serum estradicl concentration in all male and female groups




Progesterone concentration (

ngimt)

Fig. (13):Serum progesterone concentration in all male and female
groups
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Fig. (14): serum parathyroid hormonea concentration in all mate and
female groups
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Fig. (15): pH of urine in alt male and female groups
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calcium concentration {ngiml)

Fig. (16): Urine calcium concentraion in all male and female groups
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Phosphorus concentration

Fig. (17): Urine phosphorus concentration in all male and female
groups
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CHAPTER FOUR

DISCUSSION

In this study. serum calcium, phosphorus, alkaline phosphatuse and
solubility product were signiticantly lowered in both males and females
of members of group B: if they are compared with corresponding values
in the felows of group A.  This means that sex hormones help in
decreasing serum cateium and phosphorus concentration. In other words,
sex hormones | teslosterone in males and estrogen and progesterone in
females. have both hypocalcemic and hypophosphatemic effect.  They
also have an inhibitory osteoclastic activity and excitatory osteoblastic
activity . Stmilar results were obtained by some  investigators.
Schweikert ef af (1980) reported that androgens lower caleium and
phospharus levels, and this cannot be ascribed to renal waste, since

calcium clearance and phosphate clearance do not increase.

Kasperk ef af., (1989} and Vanderschueren ¢f af., (2004) reported
that androgens have a definite role i bone mmctabolism, calcium and
phosphorus  moetabolism and  enhance  the hypocaleemic  ceiteer of
thyrocalcitonin,  This effect was noted as earlv as 12 hours after
adminstration of testosicrone. They based this finding on the currently
prevailing view that the hypocalcemic elfect of thvrocalcitonin is based
on the dircet inhibition ol bone resorption. Thus. androgens may rellect
an alteration in the serum calelum und phosphorus handling activity of
honc.  Moreover, they reported that the sensitivity o caleilonin was
reduced aficr castration. In the doscs used. long-term treaunem with

androgens  increased the growth rawe and thereby the response 1o
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calcitonin in castrated rats, while the opposite was the case in intact male

rats.

Cramer et al., (1969} and Douglas et al., {1989) noted that long
term treatment with androgens enhances the hypocalcemic cffcet of
calcitomin in castrated rats ol cither sex, but reduces the ellect in intact

animals.

The hypocalcemic effect and hyvpophosphatemic  effect of
androgens can bc explained by a reduction in bone catabolism
(osteoclastic activity) as there is no significant increase in enzyme
alkaline phosphatase activity after androgen administration (Fukayama

and Tashjian ., 1989 and Kasperk ef al., 1989).

However, Cramer ef al., (1969) and Anderson ef af., (1997) came
to a conclusion that androgen treatment produces a fall in serum calcium
and phosphorus levels without significant change in calcium clearance in
tubular rcabsorption of calcium. These observations are interpreted to
mean that androgens decreuse osteolysis without signilicant changes in
any renal function, They also advised for use of androgens in patients
sullering from disseminated metastasis in bone to decrease osteoporosis
and also they should be used in men with idiopathic ostcoporosis.

Androgen might act by & mechanism that might involve estrogen.

Recently, Colvard er af., (1989) and Kasperk ef of,, (1989, 1990),
stuted that, the mechanism by which iestosterone can do its action on
bone cells, involves that inductivn of transforming growth factor beta
(TGF beta) and in addition, may sensitize the cells to show an cnhanced
response to fibroblast growth factor (FGF) and insulin-like growth factor
[l (IGF II).
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To confim this findings. alkaline phosphatase activity in the
present study, was found 1o be lowered in ¢ld age group of either sex.
Contrary to our findings. are what reported by Avoub, {1963), who
found that calcium and phosphorus in the serum of castrated lambs arc

lowered than non-castraled ones,

On the other hand, in the present study, oestropen and progestcrone
were found collectively 1o decrease serum calcium and phosphorus. This
effect seems 1o be a net result of muliifactorial cvents including
enhancing the ostceblastic activity and decreasing the osteoclastic activity
ol bones. They alse decrease vrinary calcium excretion.  Therefore,
aestrogen deprivation of aller menopause causes rise in urine and scrum

calcium (Eriksen er af., 1988 and Dick et al, 2004).

It was found that, oestrogen effects might be indircct. It might
antagonizes parathénnnnc action.  Another hypocalcemic effect of
aestrogen is the well known antagonizing estrogenic effect 10 growth
hormone action, since the latter is hypercalcemic (Gallagher er af., 1973

and Lips ef ¢f., 1989},
Howcver, serum phosphate rises significantly afier menopause.

Moreover, suggesting that oestrogen might decrease reabsorption from

kidney ( Dick et al., 2004 and John and Lee, 2006) .

Regarding the osteoblastic stimulatory effect and the osteoclastic
inhibitory effect of ocstrogen on bone, recent studies stated that oestrogen
inhibils secretion of cytokines such as interleukin | (11.-1), interleukin 6
(1L.-6) and tissue growth factor ¢ (TGF u). These c¢ytokines foster the
development of osteoclasts. Ocstrogen also stimulates production of TGF

B. These ¢viokines increase inhibition of osteoclasts. ‘There are also
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oestrogen receplors on osteoblasts and a direct simulatory effect on them

ts a possibility (Prestwook er al., 1999: Ganong, 2001 and Dick, 2004),

This might explain the pathophysiology of ostcoporosis happening

in old age of both males and females.

It is well investigated that eld women have Jess bone mass than old
men, as women lose bone more rapidly than the men of comparable age

(Prestwook ef af., 1999; Francis, 2000 and Ganong, 2001),

This fact was achicved in the results obtained in this study .all
previous results reported that to caleium and phosphorus were more
manifested and significant in females more than males. (Gallagher and

Wilkinson ., 1973).

The calcium and oestrogen supplementation can reduce bone mass
in postmenopausal women, suggesting an intcraction between oestrogen

deficiency and calcium balance (Dick ef af., 2004 and Rosen, 2005).

It was alse noted in this study that during taking personal history
from all old perseon (males and females) that, those living a sedentary life.
ealing faity meals and obese person showed marked more significant
changes than data obtained from old thin, active or eating a balanced dict

{Anderson ef al,, 1997 and Dick ¢f al., 2004).

‘This means that osteoporosis occurring in old age groups (mules
and {cmales) is mostly a multifactorial process, and not only due to
deprivation of sex hormones but might alse be due to inappropriate diet

intake, deficient digestion or absorption of calcium.

In this study, present group [ individuals showed significant

increase in parathyroid hormone( P'111). the mechanisms responsible for
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this clevation of PTH with aging are yvet unclear. Age related rise in PTH
has been suggesied to occur secondary 10 a decrease in functicnal renal
mass {(Eriksen er al,, 1988), a diminished intestinal calciumn absorpuion
{Aurbach andChase ., 1978), or an altcred regulation of I'I'H release by

scrum caleium (Douglas ef #f,, 1989 and Sosa ef al., 2000).

[t 1s surpnising io know that, in old age, there is osteoporosis and
hypercalcemia in presence of state of hyperparathyroidism. The excess
Pl observed in old age beside other hormonal changes. might

participate as a factor in pathogenesis of osteoporotic changes of olds.

Conclusively, the sex hormones (testosterone in males and
oestrogen and progesierone in females) appears and seems (o be major
regulators of bone metabolism through their respective receptors

mediated mechanisms (Douglas, 1989 and Turner ef af., 1994),

In the present study. it was found that total Ty and T,
concentrations  were  significantly  decreased in  postmenopausal
individuals in both sex. The deficient Ty and Ty increases the production
ol the bone growth [actor, insulin-like growth factor (IGI I}, in
osteoblastic cells and that it promotes the production of the
osteoclastogenic cytokines, interleukin-6 (11.-6) (Williams er al., 1973
and Dick er of, 2004). This might be an additional factor that might
parlicipate in the pathogenesis of osteoporosis occurring in olds of either

SN,
l'rom the above discussion, it could be concluded that

(1} Sex hormones; testosterone in males and cestrogen and progesterone
in females, have a definite decreasing effect on serum calcium and

phosphorus.
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(2}

(4)

(3)

(6)

These sex hormones have o definite effect on the renal handling of
calcium and phosphorus as caleium and phosphorus concentrations
in urine have been changed in extreme age groups (A + D) which

have inadequate sex hermoencs.

Moreover, sex hormones have a significant effect on metabolism of
bone and calcium and phosphorus. ‘Their effects on bone are in part
stimulatory to osteoblastic activity (anabolic effect) and inhibitory to
osteoclasiic activity (anticatabolic). This ¢an be seen in the different
alteratiens in activity of alkalinc phosphatase enzyme. [ts activity is

increased in children but decreased in old age groups.

The osteeporotic changes occurring in old age scems to be a
multifactorial cvent. 1t might be due to

a) Deticient sex hormones of both sexes.

b) Delcient Ty and Ty

c) Excess P

d) Inability or lack of exereise,

¢) Increase in body weight,

{y Bad dictary habits and improper digestion.

[Data obtained from females run parallel to data obtained from males.

There are only two differences

a)hfterences related 10 hormonal changes,

b)Data of female groups are more significant than data of male
groups. ‘This might give an explanation to bone loss in old
women is more than in men.

The previous fact, might denote that the effects of female sex

hermones (ocsirogen and progesterone) on bone and calcium
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metabolism is much more effective than the effects of androgens on

these elements.
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TableA {1) All data of males groups (A1 and B1)

oo T . - —
.o Number 13 24

« Including Children Early age

*  Age range (31s) Below 13 20-33
i+ Blood parameters Mean £ AMean £ I* with A,
1) Ca™ (mefdl) 10.8£0.25 [9.9+0.27 *
:2) P (mg/dI( 5.6 2 0.09 $3£0.3 *

3)  AIK. Phesph. (1U/L) 252 8+23.2 | B39+ 35.01 s

4)  Solubihity product 6048 £3.2 |42.57x29 *e

3}y TSH (ulUml) 4.2+0.51 3.7+04 NS

6) Toial Ts (ngfml) 876 +£4.3 92.6+£3.13 * :
73 Toial Ts (ng/ml) 1306+ 118 | 13895%9.76 | * |
8} Testosterone (ng/ml) LI78+0.11 | 831 £0.33 *ed I
9}  Estradiol (ng/ml) 0.3£0.02 0.47£0.03 *

10) Progesterone (ng/ml} (0.1 £002 {0.25x0.02 * |
11) Parathormone (ng/ml) |0.92£0.07 |12 0.08 NS |
« TJrine parameters

123 pH 489 &£0.11 32+100.17 NS
13) Ca * (mg/dl) 2.8£0.32 312009 ¥

14) P {mg/dl) 1.7+ 0.27 53£03 *

% where NS = Non Significant * Significant (1'<0.035)

**=]|ighly signiticant (P<0.01) ***=Very highly signilicant (P<0.001}



TableA (2)

All data of males groups {B1 and C1)

Gmﬁi:: Ci
Number 16
[necluding Early age Middle age
« Agerange (vrs) 20-35 35-58
s Blood parameters Mean £ Meun + I’ with B,
1) Ca™ (mgddD) 9.9+1027 10.10 £0.33 *
2y T (mgdfdlg 4303 .73+ 0.17 *
3y ALK Phosph, (1L/L) K3.9: 5.1 7270243 i
4y Solubility product 4257429 47772 1.9 *
Sy TSH (plt)/ml) 3.7£04 2.9+0.34 ul
6)  Total Ty (ng/ml) 92.6+3.13 8d.4 £ 3.7 il
7y Toetal Ty (ng/ml}) 138.95£9.76 12771 £ 810 |***
8} Testosterone {ng/ml) 8.31 £ 0.534 6.07 + 041 ik
9} Estradiel (ng/mi} 047 £0.03 0.50 £ 0.01 *
10) Progesterone {(ng/ml) | 0.23=0.02 0.33 £0.03 *
11y Parathormone (ng/ml) | 1.2 £ 0.08 1.§£0.09 '
s LUrine parameiers
12) pi 52£0.17 3.7+ 0.18
13) Ca™' (mg/d 3.1+0.19 6.7 4 (.23
147 P (mgfdl) 3.3 03 4.3 £ (.31

T where NS

= Non Signiticant

* Sipnilicant (P<0.05)

** = [{ighly significant (P<0.01)

L

124

= Very highly significant (P<0.001)



14y P {mgrdl)

7 owhere NS

= Non Significant

** = [ [ighly significant (I<(0.01)

*#xk = Very hiphly signilican (P<0.001)
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TableA {3) All data of males groups (Bt and D1)
. Group B, 1,
s Numbcr 29 12
« [ncluding Early age Cld age
»  Agerange {ATs) 20-35 33-72
[~ Blood parameters Mean £ Mean £ I with 3, |
1) Ca™ (mp/dD 99 +0.27 10.7 £ 0.41 bl
2y P (mpeddl 43+£03 ST 20012 "
31 AlK. Phosph, (141} 83.9+ 501 6504 + 3.7 i
4y Solubiliy product 42537+ 20 54.67 £ 2.8 i
3 TSI pliml) 3.7+4.4 7.8+£033 *x
6} Total Ty {(ng/ml) Y26 +£3.13 807+ 2.9 har
17y Total T (ng/ml) 13895 +976 | 11941 £4.9 ki
8} Testosterone (ng/mi) [ 8.31£0.34 4.23£0.27 *EE
93 Estradiol {ng/ml) 47 £40.03 0.51 £0.02 *
1) Progesicrone (ng/mly | 0.23+0.02 0.29 £ 0.014 '
t1) Parathormone {ng/ml) | 1.2 £0.08 2.4 0.09 i
+ LUrine parameters
12} pH 522017 552020 NS
13) Ca"™" (me/dl} 31019 8.3+ 0.31 43
| 53403 38+0.39 e

* Significant (P<0.05)




TableA (4)

Group

f\.'l

All data of females in groups (A2 and B2)

Sumber

16

ncluding

Children

Earlv ape

Age range (vrs)

Below 15

20-35

Blood paramelers

Ca™ {mg/dl)

Mean £

Xoean £

P with A,

104 £0.13

2.8+0.21

I {mg/dIf

54£0.21

3.8+£0.24

Alk. PPhosph. (1)

201.7£193

T1.7x 3.5

Solubility product

36.16 £33

34.96 + 2.8

TSH (plUiml)

43+ 041

39£0.29

Total Ty (ng/ml)

§9.7 + 331

932 £ 4.7

Total T, {ng/ml)

1255 +£9.4

1317+ 8.1

Testosterone {ng/ml)

0.2=0901]

1.3x0.01

Estradiol {ng/ml)

03001

6.2 £ .03

(10) Pragesicrone (ngfml)

1.3 0.09

4.8 0.27

11) [Parathormone (ng/m!)

()88 £ 0.03

1.3x£0.04

‘e Urine parameters

12} pil

31+ 0.01

3.3z 0.02

13y Ca (mg/dl)

342021

2.7+£0.21

4y P~ (mgrdl)

F where NS

4.5 £ (130

= Non Signiticant

**  =llghly significant

¥#» = Verv highly significant
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6.l £0.17

* Significant (P<0.03)



TableA (5)

All data of females in groups (B2 and C2)

s Group R B, C;
« Number 9% 49

| ,
1+ Including

Farly age

Middlc age

o Agc range {vrs} 20-33 33-53
¢ Bload parameters Mean £ Mean £ I* with B;
1) Ca™" (mefdl) 9.8 +0.2] 9.9+0.3 *
[3) 7 (m/dl( 3.8+0.24 17035 |*
'3) Ak Phosph. QUL) | 71.7£5.5 0351 | **
14} Solubility product 372428 46.53+£25 |*
Sy TSI (plUimt) 3.9 %029 3.1£0.20 ¥
6)  Total Ty (ng/ml) 43.2+4.7 83.3+7.13 **
| 7) Total Ty (ng/ml) 131.7 £ ¥.1 1194 + 7.9 ok
:}8] Testosterone (ngfnl) 132001 201 £0.03 *EH
:0)  Estradiol (ng/ml) 0.2 £ 10.03 3.2+ 0.01 ok
10} Progesterone (ng/mly | 4.8£027 22002 Aok
11} Parathormone (ng/mly | 1.3 = 0.04 2.1 £0.07 il
Fe Urine parameters
 12) pH 5.3 £0.02 5.9+ 003 NS |
13) Ca'’ (mg/dl) 2,7 £0.21 5.7+0.23 * 4
6.1 0,17 3.3+£0.17 R

14) P (mg/dl)

% where NS5 = Non Significant
** = Highly signiticant
nEE

= Very haghly significam

* Signilicant (P<0.03)



TableA (6)

All data of fernales in groups (B2 and D2)

« (Group
e Number
» Including Early age Old agc
e Age range (vrs) 20-33 533-72
|« Blood parameters Mean Mean £ P with B; E
1) Ca"™ (mg/dl} 9.8+ 0.21 1032045 |*»
2} P (mg/dlf I8£024 543043 "k
[3)  Alk. Phosph. {1U/L) 7174355 544 4£39 ¥
43 Solubility praduect 3724428 5593£3.6 |+
§) 0 USH (piUimb 3.9k (.29 26+0.17 o
6% Towal T3 (ng/inl} 9324+ 4.7 76.3+6.7 Lk
7y Total Ty (ng/ml) 131.7x 8.1 103.4 £ 7.1 *E
8} Testosterone (ng/ml) 1.3 +£0.01 3.2+0.02 *d*
9y Estradiol (ng/ml) 6.2+ 0.03 0.77 £ 0.03 bkt
[}) Progesterone (ng/mty | 4.8 £0.27 1.2 £ 0.01 o
11) Parathormone {ng/ml) | 1.3+ .04 3220013 T
= Urine parimeters
E12) pII 5.3 £ 0.02 562004 |NS
i 13) Ca™* (mg/dl) 2.7+£0.21 7.1£0.06 *er
14y P img/dl) 6.1 £0.17 44004 e

Fowhere

N&
.

b b

= Non Significant
= 1Highly significant

= Very highly significant

128

* Signiticant (P<(0.05}



TableA (7)  Data of group At compared to data of group A2
« Group Ay Ar

¢ Numbcer 13 16

+ Including Children Children

» Age range (vrs) Below 13 Below 13

Mean z SE

. Bloud parameters Mean = SE
1) Ca” (me/d) 10.8 £ 0.25 104 £0.13
| 2y P (mefdl( 3.6 £ 0.09 541021
13)  Alk. Phosph. {IU/L) 2528 4+ 23.2 261.7£ 195
(1) Solubility preduct 6048 £3.2 561633
: 3)  TSH {ulUinil) 4.2+ 0.51 13£04!
16) Total T; (ng/ml) R7.6 %43 §0.7 %531
70 Total Ty (ngfml} 1306 £11.8 1253+£94
8)  Testosterone {ng/ml) 1178 £ (11]) 0.2 £0.01
9)  Estradiol (ng/ml} 0,3 042 0.3 x0.0]
110} Progesterone (ng/mi) 011 £ 0.02 13000
| 11} Parathormone (ngiml) .92 £ 0.07 ().88 £ (105
o Urine parameters
12y pU 4.94:0.11 S0 0,01
13) Ca (mg/d)) 2840032 34021
4 P g 47027 4.5 L 0.30

129




TableA (8}

Group

Data of group B1 compared to data of group B2

MNumber

s Including

Early age

Early age

Age range (vrs) 20-3% 20-33
Bluod parameters . .
R Mean £ SE Mean £ SE
9.9+ 027 28+0.21
P (mg/dl{ 33+03 3.8+ 024
Adk. Phosph. | 83.9 % 53,01 71.7£ 3.5
(L)
Salubility product [ 42,57 £ 2.9 3724+ 2.8
TSH (pIU/ml) 3I7+04 3.9 £0.29
Total Ty (ng/ml) 926 £35.15 93.2+4.7
Total Ty ing/ml}y | 138953 £0.76 131,781
Testosterone B.31 +0.34 1.3 +0.01
{ng/ml)
Estradiol (ng/ml) |0.47 £ 0.03 6.2 +0.03
10) Progesterone 0.23 £ 0.02 4.8 £0.27
(ng/ml)
.2+ 0.08 13 =0.04

11} Parathermone

(ngfml)

= Urine parameters

12) pil

3207

13) Ca' (mg/d!)

3.1 +£0.1v

14y P (mp/dl)

3303




TableA {9) Data of group C; compared to data of group C,

C

s Croup

» Number 16 44
o Including Middle age Middle age
e Agcrange {vrs) 35-33 35-53
« Blood parameters | Mean £+ SE Mean £ SE
1) Ca™ (mg/dl) 10,10 £ 0.33 9,94 0,3
2y P (mg/dl( 473017 374033
3) Alk Phosph. | 72.70 £ 4.3 60.4 £ 3.1
(1LJ/L.)
4] Selubility product [47.77 2 1.9 46.53 £ 2.3
3)  TSH (pTUimi}) 19+0.34 3.1 £0.20
6)  Total Ts (ngfml) | 8444+ 3.7 B33x+7.13
17} Total Ty{ng/ml) |127.71 £8.10 194£79

6.07 041 2.1 +0.03

Testosterone

{ngfml)

9) Estradicl (ng/mi} ]0.50 £ 0.01 3.2+ 0.01

10) Progesierone 0.33£0.03 2.2x£002
{ng/ml)

11) Parathormone 1.5+ (0L.OY 2.1 £0.07

{ng/ml)

e Lrine parameters
12} pH 5.7+ 0.18
13} Ca™" {me/dl) 6.7+ 0.23 5.7+£0.23
14y P (mg/dl) 4.3 (131 33£017

390,03
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TableA (10} Data of group D1 compared to data of group D2

» Ciroup | Iy D,

» Number 14 18

» Including QOld age Old age
33-72 55-72

i » Age range (yrs)

e Blood parumeters

Meun £ SE

Mean £ 5E

11)  Ca™* (mg/d) 10.7 £ 0.41 10.3 +0.45
2} P {mgfdl{ 5.1 +£0.12 543043
3} Alk Phosph. | 65.04 = 3.7 544 +39

{1U41.)
1) Selubility product | 54.67 £ 2.8 359336
5y ISH (uiUiml) | 7.8 035 26£0.17
|6)  Tetal T (ng/ml) [ 80.7£2.9 16.3+£6.7

‘ 71 Total Ty fng/ml) 11941 £4.9 1033471

&) Testosterone 4.23 £ 0,27 320002
(ng/ml)
9} Lstradiol (ng/mly V.31 £ IIIJ.(JZ (0.77 £ 0.05
10y Progesterone 0.29x0.004 1.2x0.01
{ng/ml}
1} Parathormone 2.4 +0.049 324013

| (g
o Lfrine parameiers
12} pH 5.5+ 020 5.6 % 0.0
13) Ca™ (mg/dl) 8.3+031 7.1 £0.06

3.8x£0.29 4.4 £0.04

1 14) P (mg/dl)

132
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