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Analysis of the constituents of urinary
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Analytical techniques have been used to determine
constituents of urinary stones of different breeds of
dogs obtained from the College of Veterinary Science
and Animal Husbandry, Anand Agricultural University,
India. Analysis by powder XRD, FTIR and TGA sug-
gests the presence of pure phases such as calcium ox-
alate monohydrate, struvite and calcium carbonate,
and also mixed phases containing calcium oxalate
hydrate, struvite, whewellite and weddellite in the
urinary calculi. The morphology of the constituents
has been studied by optical and scanning electron mi-
croscope. Activation energy and order of reaction for
thermal elimination of H,O, CO and CO, have been
determined.
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UROLITHIASIS and other diseases related to urinary stone
are common in human beings and in small animals like
dogs and cats throughout the world. Various techniques
are being used for the removal of stones found in dogs
and cats'™. Urolithiasis in dogs has also been studied by
several research groups addressing various causes of
stone formation, analysis of the constituents of stones and
also therapeutic aspects of the disease’ . For all of these
studies and follow up treatment, it is necessary to know
the constituents of the urinary calculi and significant pro-
gress has been made in this direction by studying the
removed calculi using various analytical techniques'®'®.
In this regard, the Veterinary Urolith Center in Canada
has done considerable work and has reported analysis of
urinary calculi of dogs; however, details of analytical
techniques used have not been mentioned'®. Analysis of
calculi of dogs has also been reported by other groups
and in some cases ultra-structure of the urinary calculi
has also been reported'*™"”.

The characterization of the constituents of urinary
calculi is not only important for the treatment of stone-
related diseases, but it also helps to understand the
mechanism of stone formation and how it is related to
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food habits and other environmental effects of dogs of
different breeds and regions. To the best of our knowl-
edge no such systematic analytical study has been carried
out in India, though a large number of breeds of dogs are
found in the country. This kind of study has now
become more informative with the advancement of
analytical instruments, which give detailed and accurate
analysis of the constituents of analyte phase, morphology,
structural aspects and temperature-dependent phase tran-
sition'®.

In the present study, analysis of the mineral contents of
nine urinary calculi of dogs has been reported. The analy-
sis was carried out using powder X-ray diffractometer
(XRD), Fourier transform infrared spectrometer (FT-IR),
thermogravimetric analysis (TGA) and scanning elec-
tronmicroscope (SEM). Dehydration data obtained from
TGA were also used to determine solid-state reaction
kinetics of calcium oxalate monohydrate and struvite,
which is a new type of study in the case of urinary cal-
culi.

The urinary stones were obtained from a surgeon
(D.B.P.) from the College of Veterinary Science and
Animal Husbandry, Anand Agricultural University, Guja-
rat, India. The urinary calculi were surgically removed
from the dogs following the standard procedure reported
by Fossum ez al."’.

Optical images were recorded on an optical microscope
(Olympus, model BX 16) Powder XRD measurements
were performed on a Philips X’PERT MPD X-ray powder
diffractometer, using CuKea radiation in the 26 range
10-80°. Phase identification of each of the samples was
carried out using the Search-Match analysis of Highscore
Plus software. The analysis was performed using ICDD
database. FTIR analysis was performed on a Perkin
Elmer Spectrum GX FTIR system using KBr pellet. SEM
images were recorded on Carl Zeiss SMT Leo 1430 VP
with operating voltage of 5 and 15 kV. TGA was carried
out on a Metler Toledo TGA system; the measurement
was performed with the heating rate of 2, 5 and 10°/min
under nitrogen atmosphere.

Optical images of the samples were recorded (40x)
using a microscope. Figure 1 shows the images of two
samples, UC-Dog-2 and UC-Dog-3. It may be noted that
the morphology of the samples is markedly different; the
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Figure 1.
b, UC-Dog-3.

Optical microscopic images of the samples: @, UC-Dog-2;
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Table 1. Phase identification based on PXRD Search-Match analysis
Sample code Breed Age (years) Matched phases Chemical formula ~ ICDD-JCPDF number
UC-Dog-1 Dalmatian - Calcium oxalate monohydrate (COM) CaC,04-H,0 00-020-0231
UC-Dog-2 Dobermann - COM CaC,04-H,0 00-020-0231
UC-Dog-3 Dobermann Pinscher 8 Struvite NH4MgPO,4-6H,0 00-015-0762
UC-Dog-4  Dachshund 7 Struvite NH,MgPO46H,0 98-001-4269
UC-Dog-5 Dalmatian 6 Calcium carbonate CaCO; 01-085-0849
UC-Dog-6  Pug 1.5 Struvite NH;MgPO,-6H,0 98-006-0626
COM 00-020-0233
Calcium oxalate hydrate CaC,04-H,0 04-008-9822
CaC,04 2.25H,0
UC-Dog-7  Spitz 7 Struvite NH,MgPO46H,0 98-001-4269
UC-Dog-8 Dobermann 12 Whewellite CaC,04-H,0 00-020-0231
Pinscher Weddellite CaC,0, 2H,0 04-011-6807
UC-Dog-9 Pomeranian 10 Struvite NH4MgPO,4-6H,0 98-001-4269
5000 - For characterization of the constituents of the urinary
calculi, powder XRD pattern of the samples was recorded.
4000 @ Figure 2 shows the diffractograms of the samples UC-
p— Dog-3 and UC-Dog-6 respectively. Search-Match analy-
3600 sis of data of all samples was performed using Highscore
& Plus software and the results are given in Table 1. The
3 table lists the sample code, sample description, chemical
G name of the matched phases, chemical formula and the
@ respective reference numbers (ICDD-JCPDF). The analy-
1000 + UC-DOG-3 sis revealed the presence of pure phases, viz. calcium
oxalate monohydrate, struvite and calcium carbonate
0 - 2 = > (UC-Dog-1, UC-Dog-2, UC-Dog-3, UC-Dog-4, UC-Dog-
2 0 0 %0 80 5 and UC-Dog-7 and UC-Dog-9), as well as mixed
“Zlheta phases containing different combinations of calcium
Figure 2. Powder X-ray diffractograms of the samples: @, UC-Dog-3; oxalate hydrate, struvite, whewellite and weddellite
b, UC-Dog-6. (UC-Dog-6 and UC-Dog-8).
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Figure 3. Infrared spectra of the samples: a, UC-Dog-2; b, UC-Dog-
3; ¢, UC-Dog-5.

image of UC-Dog-2 (Figure 1 a) shows aggregated grains
of undefined shape and sizes, whereas that of UC-Dog-3
(Figure 1 b) shows crystals with distinct grains of definite
shape and size such as square, rectangular, etc.
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Infrared spectra of all the samples were recorded. Fig-
ure 3 a— shows the spectra of the samples UC-Dog-2,
UC-Dog-3 and UC-Dog-5 respectively. It may be noted
that though all the three samples are urinary calculi, the IR
spectra are distinctly different, which is consistent with
the powder XRD observation. The spectrum of UC-Dog-
2 (Figure 3 a) matches well with the reported spectrum
for calcium oxalate monohydrate'®, and it is consistent
with the observation noted by phase identification of the
powder XRD data (ICDD-JCPDF number 00-020-0231;
Table 1). The broad band centring around 3500 cm™' is
due to the water molecule, while the two sharp and strong
bands at 1625 and 1320 cm™' are due to v(C=0) and
v(C-0) respectively'®. The band at 878 cm™' may be
assigned to the C—C stretching mode. The IR spectrum of
UC-Dog-3 (Figure 3 b) matches with that reported for
ammonium magnesium phosphate hexahydrate (stru-
vite)*®. The broad band in the range 3500-3000 cm ™' is
due to the H,O and NH} groups. The band at 2927 cm s
due to antisymmetric stretching vibrations of NH} group.
While those at 1003, 568 and 455 cm™' are assigned to
the PO;~ group”. Bands in the range 1600-1400 cm ™' are
those of H-N-H deformation mode of NHj (ref. 20). The
spectrum of UC-Dog-5 exhibited characteristic bands of
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calcite® at 724, 878 and 1428 cm'; these bands are
assigned to v, plane bending, v, out of plane bending and
v; asymmetric stretching respectively.

Optical images for UC-Dog-2 and UC-Dog-3 are dis-
tinctly different (Figure 1). To study the morphology, SEM
images of these samples were recorded. The SEM images
of UC-Dog-1 and UC-Dog-3 (Figure 4a and b respec-
tively) clearly exhibited distinctly different morphology,
which is consistent with the finding of different constitu-
ents (calcium oxalate monohydrate and struvite) in
the samples UC-Dog-1 and UC-Dog-3; similar observa-
tion of existence of mixed phases has also been reported
by others®.

TGA of the constituents with pure phases was also car-
ried out to study the changes in terms of mass loss with
increasing temperature. Figure 5a and b shows the ther-
mograms of the samples, UC-Dog-2 (calcium oxalate
monohydrate) and UC-Dog-3 (struvite) respectively. It may
be noted that UC-Dog-2 exhibit mass loss in three stages
(Figure 5a), whereas UC-Dog-3 showed it in a single
stage (Figurer 5b). Table 2 provides details of the mass
loss in different stages. We also determined the
activation energy for the loss of H,O, CO and CO, from
TGA data using the Coats and Redfern equation® shown

Figure 4.
UC-Dog-1; b, UC-Dog-3.

Scanning electron microscope images of the samples: a,
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Figure 5. Thermogravimetric analysis of the samples: a, UC-Dog-2;
b, UC-Dog-3.
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below, following the procedure mentioned in the litera-
ture®*?*.

1-(1-a)™" ) ARY(, 2RT (_E
logno( Tz(l—n)_j_{logm(an(l EJ (2.3RT]}’

(forn=1), (D
log(1- A 2
g | 72 vn| 2 -2 )
(forn=1). 2)

where E is the activation energy of the reaction, A4 the
frequency factor, a the fraction of decomposed material
at time ¢, n the order of reaction and T is the absolute
temperature. The slope of the plot of Y =-logj[{l -
(1—a)' "}/{T* (1 — a)}] versus X = 1/T of eq. (1) equals
to m= E/2.3RT. R is the gas constant and T is known,
therefore activation energy (F) can be calculated from the
TGA data. For the sample UC-Dog-2, eq. (1) is applied
for each rate and for all the three stages, viz. loss of H,O,
CO and CO,. Figure 6 shows the plots and the linear fits.
From the slope of the best-fit plots, the activation energy
can be calculated (Table 3). Table 4 gives the activation
energy determined for H,O elimination for three different
rates.

The optical microscopic images suggest that the physi-
cal appearance of the samples may differ significantly
depending on the constituents present in them. Similarly,
SEM images indicate constituents-based differences in
morphology. The powder XRD results indicate a wide
range of variation in the mineral contents of urinary cal-
culi, which are common constituents usually reported in
urinary calculi of dogs™. The IR data are consistent with
the findings made by the powder XRD analysis. The
three-stage mass losses for UC-Dog-2 are due to loss of
H,0, CO and CO,, which is consistent with the reported

Table 2. Experimental and calculated mass loss (%) by thermo-
gravimetric analysis
Weight loss (%)
Sample-ID Stage-1 Stage-2 Stage-3
UC-Dog-2-1 10.95 1230 1528 19.10° 26.11  30.10°
UC-Dog-3 5024  51.00°

*Calculated % for H,O; ®Calculated % for CO; “Calculated % for CO»;
dCalculated % for H,O and NH.

Table 3. Order of reaction (n) and activation energy (£) for calcium
oxalate monohydrate decomposition

Sample-code n M (slope) E (kcal/mol)
UC-Dog-2-H,0 0.71 2.14 9.78
UC-Dog-2-CO 0.38 2.69 12.30
UC-Dog-2-CO, 0.46 2.16 9.87
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Table 4. Activation energy for H,O removal from UC-Dog-2 stone at various heating rates
Heating rate (°C/m)  Sample-code n Linear equation R? E (kcal/mol)
2 UC-Dog-H,0- 0.66 Y=1.903X+1.684 0.99 8.69
5 UC-Dog-H,0  0.66  Y=2.059X+1356  0.99 9.41
10 UC-Dog-H,0- 0.66 Y=1.590X+2.850 0.93 7.26
6.8 that the rate of measurement of TGA data does not have
@ n=0.71 significant effect on order of reaction (n) and
e activation energy (E) for elimination of H,O.
- 64 The mineral constituents of nine urinary calculi of dif-
y=2.1402x+ 1.1568 ferent breeds of dogs have been characterized on the
6.2 R=0999 basis of powder XRD, FTIR, TGA, SEM and optical
. microscopic studies. Analysis of powder X-ray data
- ol B 26 revealed the presence of pure as well as mixed phase con-
1/T (103) stituents in the stones. The pure phases are calcium
n=038 oxalate monohydrate, struvite and calcium carbonate, and
8% @ the mixed phases contain different combinations of cal-
6.3 cium oxalate hydrate, struvite, whewellite and weddellite.
s 635 The powder XRD findings were supported by IR and
’ y=2.692x+2.6072 TGA analysis. SEM images clearly demonstrated differ-
6.2 RE=0.9713 ent morphology depending on the constituents present in
.15 the stones. The TGA data were used to calculate the acti-
133 134 135 136 137 138  1.39 vation energy for thermal elimination of H,O, CO and
1/T (103) CO, from the stones. The present study demonstrates the
6.3 @ n=0.46 instrument-based analytical methods which can be
6.25 employed for the analysis of urinary calculi of dogs. The
s gt findings also suggest that the constituents of the urinary
615 R?=0.9749 calculi differ significantly in different breeds. Thus, such
61 type of study may help rationalize the observation in terms
— m— — m— ., offood habit, environment, age and breed of the dog.
1/T (103) . .
Conflict of interest statement. None of the authors of
this paper has a financial or personal relationship with
Figure 6. Coats and Redfern plots of sample UC-Dog-2: a, for H,O;

b, for CO; ¢, for CO,.

data for calcium oxalate monohydrate containing
stones'®. As shown in Table 2, the experimental values of
mass loss match well with the calculated values for H,O.
However, for CO and CO, considerable deviation is
noted, which is probably due to the presence of some mi-
nor organic constituents in the samples. Figure 5 b shows
a broad single-stage mass loss of 50.24% in the tempera-
ture range 40-200°C for UC-Dog-3. This is in agreement
with reported data for struvite’®. This mass loss is due to
the simultaneous release of 6H,O and NHj;; the calculated
value for this (51%) is close to the observed data. Table 3
shows the activation energy for removal of each of the
three molecules, namely H,O, CO and CO,. It may be
noted that the activation energy obtained for these three
molecules is considerably low compared to that reported
for some other systems®'. This may be attributed to the
probability of comparatively favourable environment for
mineral decomposition to take place in the presence of in-
terwoven organic matrix. It may be noted from Table 4
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To reduce the greenhouse gas (GHG) emission from
rice and wheat cultivation several mitigation options
have been suggested. However, economic impact of
these technologies has been poorly documented. In the
present study economic analysis of some emerging
GHG mitigation technologies for rice—wheat system of
the Indo-Gangetic Plains has been carried out. The
experiment consisted of six combinations of wheat—
rice crop rotation using eight treatments, including
conventionally tilled wheat (CTW), zero tilled wheat
(ZTW), transplanted puddled rice (TPR), dry direct
seeded rice (DSR), intermittent wetting and drying
(IWD), application of rice straw (RS) with ZTW and
use of neem oil-coated urea (NOCU) in TPR and
ZTW. Cost of various inputs and income from grain
and straw were used for computing the benefit to cost
(B : C) ratio in the different treatments. ZTW showed
higher yield and B : C ratio compared to CTW along
with reduction in fuel consumption during tillage op-
eration. In spite of lower yield under DSR and IWD,
saving of water, labour and energy in these treatments
lowered the cost of cultivation and enhanced B:C
ratio similar to TPR. Application of rice straw and
NOCU also showed positive impact on crop yield.
B : C ratio of rice—wheat system ranged from 1.62 to
1.86 in the first year and from 1.86 to 2.16 in the sec-
ond year. B : C ratio was significantly higher in all the
treatments in the experimented rice—wheat system
compared to conventional system, i.e. CTW-TPR. The
ZTW + RR - DSR (WRS5) showed highest B : C ratio
followed by ZTW + DSR (WR4) in both the seasons.

Keywords: Economic analysis, greenhouse gases, miti-
gation technology, rice—wheat system.

THE rice—wheat cropping system (RWCS) of the Indo-
Gangetic Plains (IGP) is crucial for food security in
Southeast Asia. This system covers 13.5 m ha of land
with high concentration in Indian IGP (10.5 m ha). The
Indian IGP occupies about 53% of the total area under
RWCS, produces about 50% of the total food grains and
feeds almost 40% of the population of our country'?.
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