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STRUCTURE AND NATURE OF WATER IN A
HUMAN BLADDER STONE: PROTON MAGNETIC
RESONANCE AND INFRARED STUDIES

THe mechanism of formation of crystalline deposits
(stones) in urinary bladder is complex and poorly
understood. In order to understand more in detail
the intricate process that takes place in the formation
of stone, it is of importance to know the jocal arrange-
ments and eovironments of the constituent atoms and
molecules. Proton nuclear magnetic resonance tech-
nique has been used in a number of studies of water
molecules and hydroxyl groups in the tissuesh?. It
has been suggested that there are three types of water
protons in dental enamel®, In the present investi-
gation, the NMR and IR studies were undertaken on a
bladder stone powder with a view to identifying the
nature and structure of its water.

A random sample of urinary bladder stone from this
Institute Hospital, was dried under vaccuum at
room temperaturé and powdered finely., The PMR
spectrum Of the powder was recorded by using Varian
wide line spectrometer operating at an R.F. frequency
of 6-95 MHz, The modulation frequency employed
in the experiment was 80 Hz. The signals were
recorded using continuous averaging technigue on a
small computer having 1024 channels, Accumulated
data were tansferred to an X.Y recorder, The first
derivative of the PMR absorption spectrum of the
bladder stone powder was recorded at 77K and at
298 K.,

The IR spectrum of the sample in KBr pellet was
recorded at 25°C in the wave number range 600-
4000 eyt using a Perkin-Eilmer spectrophotometer,

The bands observed in the IR spectrum of the
stone powder were superimposable on the bands found
in the spectrum of pure calcium oxslate monchydraie?,
In the wave number region 3000 to 3500 cru—t several
bands were observed (3420, 3300, 3200 c¢m~%), The
bands observed in the region 3000 to 3500 cm! may be
attributed to the different types of hydrogen bonding
present 1n the samdle., The stone was identified as
calcium oxalate monohydrate (CaC,04° H,0) on
the basis of IR studies,

The line width of PMR spectrum at 77 K was
10-50 G and at room temperature it consisied of two
signals superimposed, one of them being broad and
the other narrow, The line width of the broad
signal was 7-50 G and that of narrow line was 1-01 G,
Since the IR evidence indicates that the sample is

mainly calcium oxalate monohydrate, the origin of
these signals must be from the protons of water
molecules in the sample, The presence of i{wo
signals at roont temperature suggests that there are
two types of water present in this sample.
The broad signal of line width 7-50 G may be due
to the protons of crystalline water and the narrow
signal of line width 1-01 G may be attributed
as due to protons of mobile water which
may be ‘caged’ inside the lattice. Earlier PMK
studies in buman enamel showed the presence of such
thermally stable “caged’ water componeut. The
PMR signa] arising from these protons of the *caged’
water was narrow indicating that the molecules of
water were freely tumbling®®, At 77 K, the mobile
caged water becomes rigid in structure causing addi-
tional broadening of PMR line to 10-50 G.

From the recorded derivative of the absorption spec-
trum, the experimental value of the second moment
was computed readily by graphical integration, For
the preseant case, the second moment at 77 K comes
out to be 27-56 Gauss®, Using this experimental
value of the second moment and the Van V]eck’s,
second moment formula for rigid lattice configuration®
the nearest proton-proton (H-H) distance was calcu-
lated to be 1-53 A. This compares well with the
H-H distance of free rigid water molecule. Second
moment corresponding to the broad line (7-50 G)
at room temperature comes out to be 14:-06 Gauss?
and the nearest H-H distance was calculated to be
1-71 A which agrees fairly well with those obtained
in hydrated salts’, The slight increase in the nearest
H-H distance in the sample at room temperature
may be due to the formation of hydrogen bonds by
the hydroxyl group of the water molecule in the
bladder stone powder and it is known8® that such

Tormation is likely to increase the nearest H-H
distance,

It is mteresting to note that the present bladder
stone sample also contains caged water as in the
case of denial enamel. The presence of water caged
in the lattice is likely to weaken the electrostatic forces
between the constituent molecules as water has a large
dielectric constant, This may result in an increase
in the volume of the unit ¢cell,

The authors wish to express their thanks to the
Director of this Institute for encouragement and to
Prof. R, Vijayaraghavan, TJIF.R., Bombay, for
arranging to get the PMR specira,
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MOLECULAR CONFORMATION OF
ADENOSINE-5.-DIFHOSPHORIC AC]ID
(C1,N;50,H1,P..3H,0)

ApenOsINE-S~diphosphate, as the phosphate acceptor
in the biosynthesis of ATP, through the pyruvate
kinase enzyme plays a key role in the energy transfer
reactions of the cell. Metal ions Mg?t and K+ are
required as cofactors for this enzymatic reaction'.
It is therefore of interest t0 know the detailed geometry
of the molecule in the free and metal-bound sfates,
We have earlier reported the structure of ADP as
monopotassium and monorubidium  salts*™t,  We
describe here its molecular structure as a free acid, as

obtained from a single crystal X-ray analysis,

Experimental

Crystals of ADP-—free acid were obtained during
our attempts o crystallise ADP as a K* salt, One
of the crystallisation tubes, containing acetone layered
over 1 ml of ADP-free acid + KCl (1 :1) solulion
at pH 35 was found to haye ncedle shaped crystals
showing good optical extinction. These crystals were
thought to be of ADP-K. Howecver their mass
spectrometric analysis showed that K+t ions were not
present in the ¢rystal latijce, The crystals were of
ADP-free acid as confirmed by a detaded Xeray
analysis. These were then mounted inside Lindemana
capillarics along with traces of mother liquor, and
were examined for their mospic spread. The crysial
measuring 12 w04 01 mm¥  and  showing
minfmum spread of X-ray spots were used i getting
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the crystal data. The crystal data is summarised
below ;

a==6714(3), b=10-989(4), c=26'3208) A

Space group P222;; d, =164, d,=1-64, z=4
(ur) =~ 0-14, Three-dimensional intensity data to a
20 limit of 120° were coliected at room ternperature
on *tha CAD-4 diffractometer using filtered CuKa
radiation and /20 scan, Two conirol reflections
“_’ﬁfﬂ measured at intervals of fifty, to monitor inten-
sity changes, These fluctuations were less than 58/,
indicating thaf crystals were stable to X-rays. The
structure was solved by a combination of direct and
Fourjer methods and refined in a block diagonal least

squares program to a final R-factor of 7-8%;,
Results and Discussion

The bond lengths and bond angles between non-
hydrogen atoms can be had from the authors, The
average estimated standard deviations in C-C (O, N)
and P-O bond lengths are about 0-02 and 0-01 A
respactively, Estimated standard deviations in bond
angles are 1:5° for C-C-C, C-C-N, C-0-C aud
C-N-C and about -9° for O-P-0 and P-O-P angles

Molecular Geometry and Conformation

A view of ADP-free acid perpendicular to the base
is shown in Fig. 1. The conformational features of
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Fic. 1. ADP-free acid. Viewed down the per-

pendicular {o the base.

the molecule are (i) anef otisntation of the base with
respect to sugir (r,, &~ 25°), (1) trahy oricatation of
pyrophosphate  about C5-03  bond (= 1527),
(i) gunche-gouche conformation about C4-C$S" bond
and (iv) disorder of the ribose sugir betwecn C2.
enda-Cl7-eao and C3endo geometrics,  The resulting
molccular shape is very sinufar 1o that found i the
Kt and Rbt sy of ADP,



