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scenario and 4°C (2.4–6.4°C) under the worst scenario. 
The effect of cosmic ray intensity over long periods, 
however, could add or subtract to the global warming  
depending on whether the long-term variation of primary 
cosmic ray intensity shows a decreasing or an increasing 
trend. We conclude that the contribution to climate 
change due to the change in galactic cosmic ray intensity 
is quite significant and needs to be factored into the pre-
diction of global warming and its effect on sea level raise 
and weather prediction. 
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Detailed description, analysis and interpretation of 
bio-mineral formations are fundamental to an under-
standing of their growth and origin. Study of morpho-
logy at the macro-level can be supplemented by 
examining the specimen under the microscope using 
thin sections prepared from undisturbed samples.  
Until recently the main emphasis in urological research 
on kidney stones (uroliths), has been to assist with bio-
logical interpretation using biological microscope 
supported by physical, X-ray diffraction (XRD), and 
scanning electron microscopy (SEM) studies. How-
ever, polarizing microscope studies have not been car-
ried out to identify the mineral composition of the 
biologically formed uroliths. Biologically formed kid-
ney stones offer an excellent material to study their 
microstructures and features under the optical micro-
scope supplemented by SEM analyses to decipher and 
hierarchically understand its development of forma-
tion. In the present study thin sections of uroliths have 
been examined under a polarizing microscope (Nikon 
Eclipse E200) supported by SEM. 
 
Keywords: Growth band, microstructure, polarizing 
microscope, uroliths. 
 
UROLITHS are hard, irregular in shape, vary in size from 2 
to 75 mm and are composed of calcium containing min-
erals, or are made up of crystals of calcium oxalate 
(CaC2O4) and calcium phosphate1–10. Kidney stones are 
formed by the urine (excreted product of blood) which is 
filtered out in both the kidneys by means of glomerulus’s 
filtration (a functional unit of kidney). Uroliths can occur 
in any section of the urinary tract. Regardless of the spe-
cific type, uroliths occur when the urine becomes too 
concentrated with urolith precursors and the environ-
mental conditions are appropriate for stone formation. 
Several studies have been carried out earlier to under-
stand the urolith morphology, chemical composition  
using SEM and optical microscopy4–6. Till date no study 
has been conducted to observe the kidney-stone features 
using polarizing microscope. In the present study an  
attempt has been made to highlight the texture and
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Figure 1. Representative samples of uroliths showing irregular shape and size. Samples have been  
obtained from hospitals in the semi-arid region, Pune District, Maharashtra. a–c, Bladder stone. a, Mag-
nesium hydrogen phosphate – 25%, calcium hydrogen phosphate – 25%, ammonium hydrogen urate –
50%. b, Calcium oxalate monohydrate – 10% and calcium oxalate dihydrate – 90%; c, Calcium oxalate 
monohydrate – 80% and calcium oxalate dihydrate – 20%; d, Kidney stone (calcium oxalate monohy-
drate – 80% and calcium oxalate dihydrate – 20%). 

 
 
features of kidney stones, their shape and internal struc-
ture, location and the relationship between the crystals 
and the organic compounds to infer plausible causes for 
their formation. Nineteen urolith samples were collected 
from hospitals at Saswad and Baramati town, Pune Dis-
trict, Maharashtra, and representative kidney stones were 
studied (Figure 1 a–d). These samples were preserved in 
formalin solution. Outer parts were scraped using polish 
paper to remove impurities attached to the kidney stones. 
The samples were then washed with double de-ionized 
water to remove dirt and dust. The size of the samples 
collected ranges from 2 to 75 mm, and are spheroid (Fig-
ure 1 a), irregular, branched and papilliated (Figure 1 b–
d). Nineteen thin sections were prepared without using 
the cover slip (0.5–5 μm) and using Canada Balsam (natu-
ral), and they were studied under the optical microscope 
and SEM6–9. For SEM studies, the kidney-stone samples 
were mounted on a brass stub, vacuum-coated with silver 
paste and observed under a JEOL JSM-6360 microscope 
at the Department of Physics, University of Pune, Pune. 
 The characteristic features observed were photogra-
phed and are presented in Figure 2. Cross-sections of the 
kidney stones under the optical polarizing microscope  
revealed that the CaC2O4 monohydrate stone shows  
distinct rings with radial striations surrounding a nu-
cleus11. Uroliths often start with the accumulation around 
a nucleus that could be of organic or inorganic precipitate 

of CaC2O4 (Figure 2 a, g, l), or the urolith could grow 
over a plaque called the Randall’s plaque3. Subsequently, 
concentric zones (Figure 2 h, l) accumulated around the 
nucleus with a reddish tinge probably due to blood stain 
(Figure 2 j). The growth spreads as elliptical branching 
into several segments guided by septum-oriented direc-
tions (Figure 2 d, e, h, j). Because of their composition 
and fine inner laminated structure as well as occurrence 
of decentralized core, the kidney stones can be megascopi-
cally and also microscopically classified as whewellite 
papillary stones4. The urinary ionic mineralized product 
deposition develops its architecture as different concen-
tric layers probably reflecting domains of different uri-
nary conditions. The deposited layers are many times 
curvilinear (Figure 2 l) showing prominent banding (Fig-
ures 2 b, h and 3 a–g). The banding width is often vari-
able (20–30 μm) with alternating bands of dark iron stain 
(Figure 2 j), as non-mineralized material with lighter 
shade of calcium fluorite (CaF2) (ref. 13). Often, the bands 
are mixed with clear crystals of CaC2O4 and apatite 
[Ca5(PO4)3(OH, F, Cl)] (Figure 2 j). After the blood-
stained bands, mineralization is largely CaF2, combined 
with CaC2O4 and eventually merging into CaC2O4 in 
composition alone (Figure 2 e). 
 Interstitial ‘Randall’s’ plaques are formed in response 
to high urine calcium, and reduced urine volume3–7. Sub-
sequently, and for unknown reasons, regions of plaque



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 100, NO. 2, 25 JANUARY 2011 227

 
 

Figure 2 a–l. Microstructures observed under petrological microscope. 
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Figure 3 a–d. Scanning electron microscopy of uroliths showing different nucleus structures. 
 
are exposed to urine by means of loss of papillary epithe-
lial (urothelial) integrity3. Some urine proteins form a 
layer that covers the exposed plaque; at least in part, this 
layer contains Tamm-Horsfall protein (THP) and osteo-
pontin, two prevalent urine proteins1–3 that have affinity 
for apatite crystals. Within this layer of new matrix, 
amorphous apatite crystals form, driven by urine super 
saturations for calcium phosphate species3–10,12. Addi-
tional urine proteins getting adsorbed to the apatite form-
ing another layer, with repeated bursts of crystallization 
and coating form the ‘ribbon morphology’ observed over 
the tissue plaque. At some point, crystallization is driven 
by urine super saturation that overcomes the moderating  
effects of urine proteins and crystals, and extends out-
ward into the urine space and begins to form a stone, as 
well as successive layers of biological apatite and finally 
CaC2O4 (ref. 4). 
 Under the optical polarizing microscope in plane-
polarized light, strongly few coloured samples of apatite 
displayed colours corresponding to the specimen colour. 
Many apatites were found colourless in thin sections, dis-
playing weak to moderate pleochroism. Under the crossed 
Nicols, colloform, spherulite habit with basal cleavage 
and poor prismatic cleavage were observed. Parallel  
extinction, length fast and uniaxial negative interference 
figure could be identified in large apatite crystals. How-
ever, interference figure in small grains was difficult to 
obtain. 
 Optical microscopic analysis of urolith was supported 
by SEM studies by observing the various types of centre 
which triggers the development of uroliths10. In Figure 
3 a, organic fibres are embedded in CaC2O4 matrix and 

those are observed only in the nidus (nucleus). Laminated 
sheets of CaC2O4 filled with organic matrix are observed 
in the centre of the urolith (Figure 3 b). Radial growth 
bands are observed in CaC2O4 uroliths (Figure 3 c). How-
ever, outside layers of uric acid urolith are developed by 
fused matrix of uric acid and not showed any organic 
crystallization (Figure 3 d). From SEM image observa-
tions, it is revealed that CaC2O4 urolith layers develop 
around nidus with mixture of inorganic (CaC2O4, apatite, 
CaF2) and organic (blood stain, ‘Randall’s’ plaques,  
organic fibres) materials. However, single centred uro-
liths are made of inorganic constituents, whereas nucleus 
of inorganic and organic mixture develops multi-centred 
uroliths. 
 Our observations under the optical and scanning elec-
tron microscope support of uroliths help us to infer, that 
amorphous apatite forms in the matrix. The biological 
apatite crystals form toward the stone interior and exte-
rior and likewise depositing CaC2O4 which latter process 
is exclusively of urine origin3. Plaque abundance is pro-
portional to urine calcium and inverse to urine volume7. 
The driving forces for plaque and CaC2O4 overgrowth are 
more or less the same. We speculate that the Randall’s 
plaque is amorphous apatite because of the matrix bias of 
this newly formed material. In other words, the newly 
formed matrix material (presumed to be urinary proteins) 
that coats the exposed surface of Randall’s plaque has an 
affinity for apatite crystals, the plaque, or both. Amor-
phous apatite forms in the urine matrix, perhaps rapidly, 
and is coated over with urine proteins. Thereafter, per-
chance more slowly, biological apatite grows in the urine 
matrix, and is itself over-coated. Finally, CaC2O4 and or 
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more apatite form, and attract matrix, creating the final 
stone whose overall composition reflects the super satura-
tion present in urine7. 
 Apatite plays a key role in the formation of all kidney 
stones. The crystalline components of the urinary tract are 
CaC2O4, calcium phosphate, struvite, purine or cystine9. A 
majority of urinary stones are admixtures of two or more 
components, with the primary admixture being CaC2O4 and 
apatite9. Fermanor model studies have shown that calcium 
phosphate nidi are always formed initially and may subse-
quently become coated with CaC2O4 or other components8. 
 From micromorphologic studies we show the sequence 
of steps that lead to the formation of the common human 
CaC2O4 urolith stone and this can be presented in four 
stages: (1) Formation of a nucleus or a plaque. (2) Uni-
form concentric rims of blood stain around the nucleus 
with multiple centres of growth bands. (3) Incremental 
growth bands of CaF2 mixed with CaC2O4, and calcium 
phosphate in prominent growth direction forming papillae 
due to the probable availability of space leading into sev-
eral papules. The individual growth bands can be ovoid, 
oblate or elongate, suggesting a driving force of a promi-
nent growth direction and internal available space. (4) 
Development of radial cracks by the growing nucleus ex-
erting pressure on the mineralized bands, thus resulting in 
the development of the cracks. Because of the composi-
tional difference between the nucleus and the surrounding 
zones and the mineralized bands, the tiny papillae are 
more susceptible to deformation, and get dislocated along 
the radial cracks (Figure 2 i), eventually leading to a com-
plete disruption and destruction of the individual  
septums, which float in the peripheral mineralized zone 
(Figure 2 i). These floating pieces possibly breakup into 
smaller pieces that are likely to cause excruciating pain to 
the kidney-stone patients.  
 This study is only a preliminary attempt at understand-
ing the microstructure of kidney stones. Detailed research 
demands meticulous electron microscopic studies on the 
kidney stones, their chemistry, and the dietary habit and 
genetics of the patients. 
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Smallholder farming systems throughout the world 
are believed to be potential sinks to remove atmo-
spheric CO2. Smallholder bamboo farming system in 
Barak Valley, Assam, which forms a part of the tradi-
tional homegarden system, holds promise in this  
respect. Occurrence of bamboo in all homesteads  
coupled with progressive increase in culm density over 
the years reflects its potential for carbon (C) storage. 
Hundred homegardens were selected from the study 
site and the total number of culms from all the differ-
ent age classes per clump of Bambusa cacharensis,  
Bambusa vulgaris and Bambusa balcooa were recorded 
with their diameter at breast height. Harvest method 
was employed to estimate the aboveground biomass 


