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Abstract

Background

Based upon the differences observed in the level of urinary
inhibitors between adult normal subjects of both sexes and
kidney stone patients of identical sex, it has been postulated
that urinary inhibitors play an important role in the control
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of pathological mineralization. Review of literature revealed
that corresponding studies on the level of urinary inhibitors
in children of both sexes and during various stages of
pregnancy are not available. These studies, so important to
investigate the role of inhibitors in physiological
mineralization, formed the objective of the present study.

Materials and Methods

Homogenous system of [In vitro mineralization was
employed to study not only the extend of mineralization
and the effect of various urine samples obtained from
normal subjects of both sexes and pregnant females at
various trimesters of pregnancy on extend of mineralization
but also to quantify the level of the inhibitors.

Results

Using in vitro system of mineralization (precipitation of
Ca* or HPO, “jons as mineral phase), it has been shown
that in contrast to the adult human beings, in children of
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less than 13 years of age no significant differences exists in
the level of the urinary inhibitors between males and
females children provided experimental support to the
epidemiological studies on the occurrence of the renal
calculosis problem in both sexes of children and adult
human beings. The findings that the level of the urinary
inhibitors of mineralization in both sexes of children is as
high as present in adult females and that a highly significant
decrease in their levels occurs during the 3"trimester of
pregnancy strongly suggests that hormones may be playing
an important role in regulating their levels.

Conclusion

Inhibitors of mineralization excreted in urine of normal
healthy subjects of both sexes of Children (<13 years),
adults (>20 years), kidney stone patients at these ages, non
pregnant and pregnant females (during various trimesters
of pregnancy) have been postulated to play an important
role in the control of both physiological and pathological
mineralization.
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Background

In man and other vertebrates, mineral phase has been
found to be associated with bone collagen, enamel protein,
aortic elastin or matrix vesicles. The mineralization of bone
and teeth is a physiological phenomenon, where as
mineralization of aorta, urinary or salivary system is known
to occur under specific pathological conditions" ™.

Renal calculosis is a multi-factorial problem which initiates
with the formation of micro-crystals in urine & terminates
with the formation of a mature calculus in the kidneyss. Out
of many intrinsic & extrinsic factors postulated to be
involved in the etiology of renal calculosis, various inhibitors
of mineralization (formation of mineral phase from
constituent ions) present in urine, serum & other body
fluids have been postulated to play an important role in the
etiopathogenesis of renal calculosis®. The inhibitors have
been shown to be both cationic and anionic in nature
having molecular weights between less than 100 to greater
than few thousands Daltons’ ™.

Based upon the studies that qualitative and quantitative
differences exist in the urinary inhibitors between male and
female sexes of normal human beings and between normal
subjects and kidney stone patients of identical sex, a role
has been assigned to the urinary inhibitors in the etiology of
renal calculosis'*"’. Studies have further shown that the
above differences in urinary inhibitors between normal
adult male and female subjects or normal and kidney stone
patients of identical sex are primarily due to the differences
in the polypeptides having molecular weights between 2-12
thousand Daltons'® Interestingly, in contrast to adult
human beings, where males have been found to be at least
three times more prone to renal calculosis as compared to
adult females, equal tendency of renal calculosis has been
reported in males and females during their childhood™?.
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Isolation of the polypeptide inhibitors of mineralization
from collagenous tissues (flexor tendons and thoracic aorta)
which normally do not get mineralized under physiological
conditions but get mineralized only under specific
pathological conditions prompted scientists to suggest that
the above inhibitors of mineralization may be playing an
important role in the control of both pathological and
physiological mineralization processesn.

Review of literature revealed that no study on inhibitors of
mineralization has yet been conducted either in children or
adult pregnant females during different stages of
pregnancy. The present studies were thus planned to
determine the level of the urinary inhibitors in children of
both sexes (up to 13 years) and pregnant females (> 20
years of age) at various stages of pregnancy and compare
these with the results already available in literature on adult
male and non-pregnant adult females.

Material and Methods

Study design and the participants:

This study was a cross sectional study which was conducted
at Himalayan Institute of Medical Sciences, Dehradun, India,
a tertiary care hospital situated in Uttarakhand.

Data collection:

The data was collected over a period of one year from 1st
September 2009 to 30th August 2010 from the normal
subjects visiting the hospital, fulfilling the inclusion criteria.
A detailed history, including personal, past, family history,
symptoms related to urolithiasis and general examination
was recorded with the consent of the subjects in the
predesigned proforma.

Inclusion criteria:

Clinically healthy male and female children (<13 years of
age), non pregnant females (>20 years of age), pregnant
females in I, 2" and 3™ trimester of pregnancy without any
history of ever suffering from any disorder effecting mineral
metabolism.

Exclusion criteria:

Male and female subjects suffering or having any history of
suffering from either mineral metabolism disorders,
calculosis affecting any tissue or any renal ailment were
excluded from the studies.

Sample size calculation:

In the absence of previous published data all samples
available during the study were considered as a sample. It
was assumed that in age group <13 yrs, the characteristics
are homogenous, so a small sample size is enough to
represent the population. 60 male and female children each
(<13 years of age), 25 non pregnant females (>20 years of
age) and 25 pregnant females each in I, 2™ and 3™
trimester of pregnancy were selected for the present study.
Outcome Variable:

The main outcome variable was the level of the urinary
inhibitors of mineralization.

Explanatory variables:

Factors which were taken into consideration were Age (<13
years and >20 years), gender (male and female), 1%, 2™, 3"
trimester pregnant females.
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Homogenous system of in vitro mineralization:

The reaction system consisted of 5 mM CaCl,, 5 mM
KH,PO,, 87.5 mM Tris—HCI Buffer (pH 7.4) and 105 mM
NaCl, in a final volume of 5.0 ml. The pH of the solutions
added to the reaction was pre-adjusted to 7.4. To obtain
precipitation, the reaction tubes were incubated for 10-12
min at 37°C. The supernatants obtained were discarded and
the precipitates thus formed were dissolved in 5.0 ml of 0.1
N HCl and the concentration of calcium and phosphate in
these samples were determined by methods of Baginski,
Marie, Clark and Zak®” and Amador and Urban®® respectively.
Effect of Urine samples on in vitro Mineralization:

Various amounts of urine samples obtained from children
(<13 years of age) of both sexes and pregnant females
(during three trimesters of pregnancy) were added in the
reaction system in order to determine their effect on in vitro
mineralization. The pH of the urine samples was pre-
adjusted to 7.4 before addition to the various reaction
systems. Percent inhibition of ca* or HPO,” precipitation as
mineral phase caused by a given amount of urine sample
was calculated w.r.t the control system where identical
amounts of distilled water were added.

Ethical committee approval:

Prior the study, ethical committee approval was taken from
the institutional ethical committee, Himalayan Institute of
Medical Sciences, Dehradun, India.

Data management and statistical analysis:

The data collected was analyzed using Excel 2007, Statistical
Package for the Social Sciences (SPSS) for Windows Version
16.0 and EPI Info 3.5.1 Windows Version. Chi square test
was used to observe the difference between different
variables and strength of the relationship. p< 0.05 was
considered as statistically significant.

Result:

Level of urinary inhibitors in male and female children of
<13 years of age:

In vitro system of Ca” and HPO, * precipitation as mineral
phase resembling hydroxyapatite in nature was used to
investigate the ability of various urine samples obtained
from children of both sexes and pregnant females during
the three trimesters of pregnancy to influence the
formation of mineral phase from its constituent ions under
physiological conditions of temperature, pH and ionic
strength of the media.

Results presented in Table-1, demonstrate that human
urine contains biomolecules which act as potent inhibitors
of in vitro precipitation of ca” and HPO42' ions as mineral
phase. Addition of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 or 0.7 ml of
urine samples from female children between 7-13 years of
age were found to inhibit the precipitation of Ca’*" and HPO,
* jons as mineral phase by 17.40 + 2.34, 30.54 £ 4.32, 46.34
+ 4,78, 56.87 + 6.98, 68.54 + 6.35, 88.45 + 7.21 or 92.12 +
8.65 and 14.82 + 1.98, 28.21 + 2.65, 43.78 + 4.39, 54.21 +
6.32, 65.10 £+ 5.85, 81.00 £+ 7.98 or 89.54 + 9.20 percent
respectively. Addition of identical amounts of urine samples
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from male children between 7-13 years of age were found
to inhibit the precipitation of ca” and HPO, > jons as
mineral phase by 15.89 + 2.09, 27.54 + 1.79, 42.67 + 5.65,
54.43 + 7.12, 63.09 + 6.40, 80.00 + 7.65 or 84.12 + 8.65
and 14.56 + 2.02, 26.09 +2.12,39.71 £ 4.48, 51.21 + 5.95,
59.56 + 6.97, 75.56 = 8.43 or 80.40 = 9.45 percent
respectively.

Table-1 Effect of urine samples from children between 7-
13 years of age on in vitro Mineralization

Volume of Percent inhibition of ion precipitation

S.No |urine used

(ml) Female Subjects

Male Subjects

Phosphate Phosphate

1 01 17.40 14.82 + 15.89 14.56 £+
’ 2.34 1.98 2.09 2.02

) 0.2 30.54 £ 2821+ 27.54 + 26.09 £
’ 4.32 2.65 1.79 2.12

3 03 46.34 £ 43.78 = 42.67 £ 39.71+
; 4,78 4.39 5.65 4.48

4 0.4 56.87 £ 5421+ 54.43 + 51.21+
; 6.98 6.32 7.12 5.95

5 05 68.54 £ 65.10 = 63.09 = 59.56 =
’ 6.35 5.85 6.40 6.97

6 0.6 88.45 81.00 £ 80.00 £ 75.56 £
’ 7.21 7.98 7.65 8.43

7 0.7 92.12 89.54 v 84.12 £ 80.40 £
) ) 8.65 9.20 8.65 9.45

All values are Mean £ S.D of 5 replicates

In order to quantify the level of the urinary inhibitors, their
levels in the urine samples were expressed in terms of
Inhibitory Units (I.U).One Inhibitory Unit being the amount
of urine which inhibited the precipitation of either ca” or
HPO42’ ions as mineral phase by 50%.The inhibitory units
(1.U) thus calculated were expressed as I.U / dl of urine.
Results presented in Table-2, demonstrate that on an
average based on Ca**or HPO,” precipitation male and
female children between 7-13 years of age were found to
excrete 285+ 26 or 260 £ 19 and 314 +220r280+21 LU/
dl of urine respectively. The differences in I.U excreted / dI
of urine were found to be insignificant at p <0.5. Identical
results were obtained when studies were conducted on
children having age less than 7 years of age (Table-3).
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Table 2 Excretion of Urinary Inhibitors of Mineralization*
by the children of age between 7-13 Years

Inhibitory Units excreated / 100 ml
of urine
Calculated w.r.t precipitation of:

Subjects

(7 -13 Years)

Phosphate
1 Male (30) 285 + 26" 260 +19°
2. Female (30) 314+ 22% 280 +21°

*Level of Urinary Inhibitors expressed in terms Inhibitory
Units (IU). One IU is defined as the amount of Urine which
inhibits the precipitation of either calcium or phosphate
ions as mineral phase by 50%.

All values are Mean + S.D

# & S differences in I.U were found to be insignificant at
p<0.5.

Table 3 Excretion of Urinary Inhibitors* by the children of
age less than 7 years

Inhibitory Units excreted / 100 ml of
Subjects urine

(CWATETS) Calculated w.r.t precipitation of:
Phosphate

1 Male (30) 336 +28* 329 +32°
2. Female (30) 354 + 38" 340 + 30°

*Level of Urinary Inhibitors expressed in terms Inhibitory
Units (IU). One IU is defined as the amount of Urine which
inhibits the precipitation of either calcium or phosphate
ions as mineral phase by 50%.

All values are Mean £S.D

# & S differences in I.U were found to be insignificant at
p<0.5.

Effect of pregnancy on the level of urinary inhibitors:
Results presented in Table-4 demonstrate that during 1%,
2" and 3™ trimester of pregnancy, based on Ca’* or HPO, >
precipitation, adult pregnant females (> 20 years of age)
were found to excrete 315+ 32, 292+ 27 and 154+ 19 or
285 + 38, 242 + 31 and 148 + 21 I.U / dl of urine
respectively. The differences between the 1% and 3"
trimester were found to be highly significant (p<0.001).
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Table 4 Effect of Pregnancy on the level of Urinary
Inhibitors of Mineralization

Inhibitory Units excreted / 100 ml of
Pregnancy Status urine

(25) Calculated w.r.t precipitation of:

Phosphate
st .
1 1 Tr'|\r/lnoens:E)r (2-3 315+ 32" 285 + 38°
2™ Trimester (4-6
2. Vionthy 292427 242+31
rd .
N Tr,\'/l”;istthe)r (79 154 +19" 148+ 21°

*Level of Urinary Inhibitors expressed in terms (IU). One IU
is defined as the amount of urine which inhibits the
precipitation of either calcium or phosphate ions as mineral
phase by 50%.

All values are Mean + S.D Inhibitory Units.

# & $ differences between the 1% and 3™ trimester were
found to be highly significant (p<0.001).

Discussion

Relationship of level of urinary inhibitors with age, sex and
urinary calculosis:

Studies have shown that the in vitro system of
mineralization employed during the present studies can not
only be used to study initial mineral phase formation
(mineralization) i.e. precipitation of ca” and HPO, jons as
mineral phase resembling hydroxyapatite in nature and the
subsequent growth or demineralization of the pre-formed
mineral phase but also the effect of various test samples on
the above three processes“.

As early as 1958 based upon the ability of the urine samples
obtained from normal persons and kidney stone patients to
cause mineralization of the ricketic rat cartilage, Howard
and his colleagues from John Hopkins25 called the urine
from the normal subjects and kidney stone patients as
“Good” and “Evil” urine respectively. Review of literature
further demonstrated the following:

(i). Normal subjects excrete significantly higher levels of the
inhibitors in their urine as compared to kidney stone
patients of identical sex™*Y.

(ii). As compared to the normal male adult persons ( i.e. >20
years of age), normal female adults excrete approximately
2-3 higher levels of urinary inhibitors which is in conformity
with the epidemiological studies showing that adult males
are at least three times more prone to renal calculosis as
compared to adult females'.

(iii). The differences in urinary inhibitors between normal
adult male and female subjects or normal subjects and
kidney stone patients of identical sex are primarily due to
the differences in the polypeptides having molecular
weights between 2-16 thousand Daltons®.
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The above studies thus clearly suggest that the urinary
inhibitors play an important role in the etiology of renal
calculosis. Interestingly, in contrast to adult human beings,
where males have been found to be at least three times
more prone to renal calculosis as compared to adult
females, equal tendency of renal calculosis has been
reported in males and females during their childhood®. The
results obtained during the present studies that up to 13
years of age no significant differences were found in the
level of the urinary inhibitors between male and female
children, provide an experimental proof to the
epidemiological studies on the occurrence of renal
calculosis problem in the children.

Pregnancy status and Level of urinary inhibitors:

In view of the well established fact that early development
of skeleton is at its peak during the 3" trimester and
virtually non significant skeleton development occurs during
the 1% trimester, the observation made during the present
studies that as compared to the 1% trimester, a highly
significant (p <0.001) decrease in the level of the urinary
inhibitors occurred during 3" trimester of pregnancy.
strongly suggests that the inhibitors may also have a role to
play during physiological mineralization also.

Using identical system of in vitro mineralization, studies
have shown that based on precipitation of Ca* or HPO,”
ions as mineral phase, normal adult male and female
subjects on an average were found to excrete 181+ 25 or
166 +27 and 357+32 or 300+30 LU / dlI of Urine
respectively. It is important to note that during the present
studies it has been clearly shown that not only no significant
differences exist in male and female children between 7-13
years of age but the level of the inhibitors in both the sexes
of children are almost as high as present in the adult
females. Interestingly, estrogens have been postulated to
play a proactive role in renal calculosis in females by
regulating the urinary excretion of citrate and oxalate® thus
strongly suggesting that sex hormones form an element of
the regulatory mechanism.

Conclusion

Results obtained during the present studies along with what
is already known in literature strongly suggest that urinary
inhibitors of mineralization may be involved in the control
of both Physiological and Pathological mineralization
processes.

Limitation of the studies:

Since during the present studies, the level of the urinary
inhibitors determined is based upon their ability to inhibit
the precipitation of Ca” or HPO,” ions as mineral phase, the
differences in the level of the inhibitors observed during the
present studies can either be due to the differences in their
concentrations or/and their activities.

Relevance of the study:

The study on the levels of urinary inhibitors in children
provides experimental evidence to the epidemiological
studies on the prevalence of renal calculosis that, in
contrast to adults, both the sexes are equally prone to renal
calculosis problem. The studies on the levels of urinary
inhibitors in non pregnant and pregnant females (in 1%, 2"
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and 3" trimester) suggests that the inhibitors have a role to
play during physiological mineralisation also.

Future scope of the study:

Using standard biochemical and biophysical techniques,
studies are in progress to isolate, purify and characterize the
potent inhibitors obtained from urine samples of different
subjects, so as to enable us to differentiate whether the
differences observed are due to differences in their
concentrations or activities.
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