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" INTER-RELATIONSHIP BETWEEN
CALCIUM, PHOSPHOROUS AND
SERUM ALKALINE PHOSPHATASE
IN APPARENTLY HEALTHY MALES
AND FEMALES #

Anjum Kehman and 5. A. J. Nagvi
Abstract

Two hundred apparently healthy
males and females of various age groups
were assessed for serum and urinary cal-
cinm, inorganic phesphorous and serum
alkaline phosphatase,

Highest levels of mean serum ealeiom
were found in the age group of 30 — 39
years in both sexes whereas mean imorga-
nic phosphorous and alkaline phosphatase
were highest in children of either sex, Uri-
nary calcium and inorgamic phosphorous
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are dependent on serum caleinm and In-
organic phosphorous concentration.

A reciproeal relationship existed bet-
ween calcium amd inorganic phosphorous
whe #as a direct correlation has heen
found between inorganic phospherous and
alkaline phosphatase (JPMA 29:236,
1979).

Introduction

Calcium and phosphorous are important
not only for bones and (eeth but also for
normal nerve transmission, muscle contrac-
tion, blood clotting and the mainicnance of
cell membrane (Kenneth 1976). A pyrophos-
phatase enzyme, alkakine phosphatase present
in osteoblast liberates from organic phosphate
esters. the required inorganic phosphate 10
react with calcium to form insoluble calcium
phosphate (Davidson and Henry, 1969). In-
crcased calcium requirement may be dus to
redoced calcium absorpbion. impaired renal
conservation of calcium and doe to ocstrogen
deficiency in post menopausal women (Mar-
shall et al, 1976)

Alterations in serum and urine calciom,
phosphorous and serum alkaline phosphatase
reflects bone disease, endocrine dysfunction,
dictary imake and absorption of calcium
{(Davidson and Henry, 1969). An increase in
inorganic phosphorous is accompanied by a
decrease in calcium. An enhanced level of
inorganic phosphorous 15 also observed in the
late stage of nephritis due to decreased kidney
function and resultant retention ol phosphate
(Levinson amd Mcfate, 1969). Ostcomalacia
15 associatled with a depressed production of
calciumm and phosphorous (Chalmers et al.,
1967} Hypophosphatasia expresses iself pn-
marily as rickets and osteomalacia (Heancy.
1967, Lot et al, 1968). Increased nlkaline
phosphatase activity 15 fousd in paticals with

eomalacia along with increase in urinary
cakium (Kocher 1966). The highest levels of
alksline phosphatase are observed in patients
with osicilis deformans where serum and urine
calcium and phosphorous values are usually
within mormal limits (Davidson and Heary,
1969). The increased glkaline phosphatase
activity in serum correlates well with the rate
of bone growth and is due o an increased
amount of bone isoenzyvmes in serum [Posen
et al., 1965).

Material and Method

Two hundred blocd and 24 hour wrine
samples of apparently healthy individuals of



both sexes were collected, The age and sex
distribution is shown in table I.

Table 1: Age and Sex Dstrbution
Age Hangs Madas Powsalis T ol

Cyra)

- & A3 3l ]
10-19 33 23 46
20=2% 16 18 34
ig-39 | £1] 11 21
=4y 5 i &
S0-55 5 5 1
60604 . 4 a

These samples, as represent various age
groups, and sociceconomic status as the nut-

ritional needs of the human body differ with
age. sex, height, weight, growth and physical

actviry.

Hiochemical tests were done by the fol-
luwing methods !

Table 11: Serum (mg%) in Apparently Healthy M ales snd Females of Varions Age Groups

#o 0o INL M YOV EMBER LY 7Y

l.  Calcium : Scrum and urinary calcium
was estimated by chnton calcium kit

2. Inorganic  phosphorous © Serum and
urinary inorganic phosphorous was mea-
sured by the method described by Gomori
(1947).

3. Alkaline phosphatase :  Serum alkaline
phosphatase activity was determined by
Bessey Lowry method moditied by Gut-
man [ 1959},

Hesult

Tables 11, IIT, 1V, V¥, and VI represent
serum and urinary calcium, inorganic phos-
phurous and serum alkaline phosphatase in
apparently healthy males and females of vari-

Cus age Eroups.

AGE
EANGE MALE FEMALE

(vears] | Number Mean +5.D. L 8 E, Ran go Humbes Mean+ 5.0, 5.E. Kange
0— 0 13 90 +0.5840.10 BAO— 114 il 64074014 B.0—11.6
1019 13 934 4+0.78+0.16 A0—108 | 23 0.364-0.74 + 0,16 B—11.4
20--29 16 9.64+0.6440.22 BO—11.0 | I8 9.30+ 050 £ 0,18 B.0—11.0
=39 1 98440484018 G104 1 2704072 0,22 si—11.6
4040 8 .62+ 0.66+0.24 B.4—11.2 B 9.56+0.524-0.13 9.0—10.8
Sh—25 5 D50+ 0.9 4 0.42 92—11.6 5 D.4E | 0.50 |-0.22 9.0—104
6060+ 5 SADHO90+040  B6—112 4 94040164000 92— 96

Tahle 11 Urinary Caleium {mg/24hrs) in Appare ntly

Healthy Maoles and Females of Various Apge

Croups
AGE
REANCGE MALE FEMAILR
{years) | Mumber Mean+S.1.485F Range | Mumber  Mean+ 8D, 1 8E, Range
f— 9 i 12304 #3116 20 36.0 | 3.941 10+1.12 20—23.6
10—19 12 [ 094 YH-+-204 20—40.0 23 H."?ﬂ-_l_— 10242 14 2.0—400
an—39 i 16.18 410,04 2.54 26— 18.0 18 13,26+ 10:4 + 2.46 4,035
—59 I 17434 10,8+ 342 &,1—39.2 11 17064 T4+ 264 46764
Ay s 16524 7.8 +21.6 #.0—320 B 1542+ T+ 174 G.G—26.8
50—59 3 14.921+ 9.6+4.32 Sb6— 320 5 13.92 104445 d 8314
B —a0 + 5 102 4 TE4L34 2B —24.0 4 1246+ #6+5.04 4 F—70.2
Table IV : Serum_ In.rganic Phosphorous (mgoy)) in Apparently Healthy Males and Females of Various
Age Gronps
ACE
RAMNGE MALE FEM/ALE
(years) | Mumber  Mean+5.D.4+5E, Range [Number Mean+S5D +5E Range
0— 9 1l 4.3040.9240.16 271—6h il 4.904-0.8440.15 2362
10-—19 23 430+ 1044 0.22 L4— 0.0 3 456+ 093+0.19 2459
20—719 I 1824 1164029 1.5—6.0 14 E.E#il.:'lﬂ-tl:l.!ﬁ 0.3 532
-39 1ty 1.52+40.7840.25 13350 i 3344 1.034-0,31 1.1-=5.7
4049 B 1154 1.5340 54 11—a8 B 1284 116 | 0,41 2.1—5.48
50 50 5 19240.3940.17 2336 |+ 3§ 10240.334+0.15 4552
B0—60 5 L1440 4041018 231-133% 4 3.0 § 0,86+ 0.50 4.0-—5.0
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Table V : Urinary Inorganic Phosphorous {(gm/24hr) in
Varicus Age Groups

Apparently Healihy Males and  Females ol

AfE
RANCE ALALE FEMALE
{ycars) |MNumbex Mean+35D. +5E Kange | Number Mean£S5D £5F Range
o9 3 066+0.134+008 03 —0% @ W 059401640085 02 076
1o—1% k| .66 ) 025 § 009 0.3 —09 | 13 DAY+ D0.I240.08 02309
20—219 L] 05940234004 033—09 18 0AS40.18 1004 03 —09
D19 1o 0.59 4 0.12+0.04 0.33—0.3 11 0,364 0,13 40006 Ny —0.5%
40—49 ] 0.564023+006 025—00 R 03540204004 01709
5050 5 04640234005 0.17—09 3 032+0084005%  021—0.08
60—ol + 3 0.M40.184+003 01 —09 1 02940044003 01 —004
Table Vi: Serum Alkaline Phosphatase (1U/litre) in Apparcutly Healiy Males and Females
AGE
REANGE MALE FEMALE
(yeais) |Number  Mean+ 5.0 +5E. Range | Nomher  Mean 45D, 5 SE. Range
0— 9 11 63 4 BA+14 42 —77 11 60 +12.6+23 4i.6—TR ¥
10—19% 23 33 +11.2+18 ¥» -5 n M L124+2.6 42 —618
029 16 40 4 93123 3 —a3 18 I+ 98421 WO—dd g
039 10 3B +I11.2+30 3 —42 1 33 LILo+32 1.1—-31
4049 & 2l 4 84129 17 —33 L 2 &+ 56416 19.6—252
30359 5 15 4+ 98442 11217 5 1544 28+0.7 4196
i A 5 M | BA+30 Ed—7 4 404 S6+30 0 -17.0
Discussion

Prolonged negative mineral balance dep
letes the body stores and may be detrimental
10 health. Adaptation to low intake is follow-
ed by a low plasma concentration and a sub-
sequent low urinary excretion.

Serum calcium is maintained by para.
thyroid hormone, calcitonin and vitamin D
where-as urinary excretion is affected by afore
mentioned hormones, dictary intake of cal
cium, percentage of protein  binding, the
glomerular filteration rate amd (he influence
of other wons (Kenneth 1976) Serum calcium
<concentration rcgulates winary calcium loss
With an mcreased concentration of serum
<alcrum the renal Joss of cakium increases
proportionally and wvice versa (Dawvidson and
Henary, 1969). This is in accordance with our
hindings. Tahle Il represents a gradual in-
crcase i scrum calcium concentration from
children of 0-9 years to adults of 30 39 ycars.
Aftcr thal m gradual decrease is observed in
both the sexes. Similar observations have

becn made in the renal calcium excretion
iTable 111).

The normal phosphate concentration can
be estimated from the normal sclation bet-
ween plasma and urinary phosphate (Robert.

ton 1976). Secrum phosphorous vomccntration
governs the renal loss of phosphate which in

lurm regulates phosphorous concentration in
serum. Higher serum phosphorous levels are
observed in pgrowing children (Davidson and
Henry, 1969). Similar findings have been
observed in the present study. Table IV de-
picts a decrease in serum phosphorous con-
centration from children to adults. Urinary
phosphorous losses lollow the same pattern
(Table V). A reciprocal rclationship sccms
W exist in blood between the concentration
of calcium and phosphorous. A higher cal-
cium level 15 usually associated with a low
phosphorous level and vice versa. This obser-

vation corresponds with the findings of Levin-
son and Mcfate (1969)

Mcasurement of alkaline phosphatase re-
veals a disinhution presented in table VI
Elevated levels arc observed in growing child-
ren as has previously been reported by Clark
and Back (1950). The elevation continues
upto adolscence, after that a decrcasc is
ubscrved. From table TV and VI it is postu-
lated that a direct correlation exists between
serum inorganic phosphorous and serum alka-
line phasphatase activity.
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