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ABSTRACT

Kidney stone disease has become a rising problem and the third prevalent disorder affecting the
urinary tract with high recurrence. This disorder involves a complex of events, such as crystal
nucleation, supersaturation, growth, aggregation, retention within renal tubules and migration to the
renal papillary surfaces. Surgery, lithotripsy, and local calculus disruption using a high-power laser
are used to treat calculi. However, these procedures are expensive and recurrence is quite common.
Moreover, traditional remedies are known to contain multiple constituents, acting through multiple
pathways such as antioxidant, analgesic, diuretic, pH neutralizing, etc. Siddha system of medicines
gains paramount importance in treating urolithiasis by its versatile combination of therapeutic
agents, one such formulation claimed for treating kidney stone is Karpoora silasathu parpam
(KSSP). still now there is no literature evidencing the efficacy of this formulation. Hence the main
aim of the present study is to evaluate the anti-urolithiasis potential of KSSP in ethylene glycol (EG)
induced urolithiasis in rats. Result of the study indicates increased urinary crystal with high threshold
of urinary calcium and phosphate were observed in rats belongs to ethylene glycol treatment which
has shown the severity of onset of urolithiasis induced by EG in the experimental animals. There
was significant decrease in the serum BUN, Creatinine and Uric acid level observed in KSSP
treatment group (200 & 400 mg/kg) rats which reveals the anti-urolithiasis potential of the
formulation. It was concluded from the results of the present investigation that administration of
KSSP reduced and prevented the growth of urinary stones. Therefore, KSSP might helpful to prevent
the early stages of stone development in patients with urolithiasis.
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1. Introduction

Urolithiasis or urinary stone, the presence of one or
more calculi in the urinary tract, is a serious,
debilitating problem worldwide, affecting
approximately 12% of the population. It is the third
most prevalent disease of the urinary system that
affects about 11% population in India [1]. The highest
risks of developing urolithiasis have been reported in
Asian countries with lifetime recurrence rates of up to
50% [2]. Due to the very high incidences of recurrence
and detrimental effects on renal functions, kidney
stones have seriously jeopardized the public health and
affected the quality of life [3]. Further, it increased the
risk of developing chronic kidney disorders and is also
associated with different cardiovascular diseases
[4].Among several types of renal stones such as
oxalate, phosphate, struvite, cysteine, etc., the most
common (80%) stones are composed of calcium
oxalate (CaOx) [5].

In India, renal stone have become serious concern due
to its prevalence in majority of the population every
year [6]. Renal stone formation is highly unpredictable
with complex etiology. Various endogenous and
exogenous factors and multivariate pathogenesis are
involved in renal stone formation. Some endogenous
factors like improper metabolism of calcium, oxalic
acid, phosphorus and uric acid. Nitrogenous waste
products like urea also contribute to renal stone
formation. People's food habits, dehydration, hot
climate, hard water usage are involved in exogenous
factors [7]. Supersaturation of urine with components
like calcium, oxalate and phosphate which initiate
renal stone formation which is followed by nucleation,
crystal growth and crystal aggregation process. Many
stone inhibitors are available in urine like magnesium,
citrate which make the soluble complex with calcium
ions and reduces the supersaturation level of CaOx
ions, but its inhibition capacity varies person to person
[8].

The modern techniques available in the management
of urinary calculi depend on the size and location of
calculi, the degree of obstruction, kidney function and
associated functions [9]. Open surgical procedures for
treating urinary stones are currently not used and were
replaced by modern techniques, including
extracorporeal lithotripsy or ureteroscopy. Despite the
availability of these minimally invasive techniques,

with dietary modifications the recurrence rate is still
expected to be nearly 50% [10]. Therefore, alternative
or complementary medicines with minimal side-
effects might be useful.

Since the ancient time of human history herbs and
mineral have been used to treat various ailments, for
the reason that the herbals have been generally
considered to be safe and nontoxic as compared to
synthetic medicine. In Indian traditional system of
medicine, different parts of plants were being used and
their pharmacological properties have also proved
[11]. Siddha system of medicines gains paramount
importance in treating urolithiasis by its versatile
combination of therapeutic agents, one such
formulation claimed for treating kidney stone is
Karpoora silasathu parpam (KSSP). Still now there is
no literature evidencing the efficacy of this
formulation. Hence the main aim of the present study
is to evaluate the anti-urolithiasis potential of KSSP in
ethylene glycol (EG) induced urolithiasis in rats.

2. Materials and Methods

2.1. Experimental Animals

Healthy adult wistar albino rats weighing between
200-220 g were used for the study. The animals were
housed in poly propylene cages and were kept in well
ventilated with 100% fresh air by air handling unit. A
12 light / dark cycle were maintained .Room
temperature was maintained between 22 + 20 C and
relative humidity 50-65%. They were provided with
food (Sai feeds, Bangalore, India) and water ad
libitum. All the animals were acclimatized to the
laboratory for 7 days prior to the start of the study. The
experimental protocol was approved by The
Institutional Animal Ethics Committee of Sathyabama
Institute of science and technology, Chennai, Tamil
Nadu, India (IAEC no:
SU/CLATR/IAEC/XV/164/2020).

2.2. Animal grouping and Methodology [12,13]

The animals were grouped into four groups of 6
animals each. Group | (Control group) -received
normal saline, Group Il — Urolithiatic control received
EG (0.75% w/v, p.o.) in drinking water for 28 days ad
libitum (Dayl and Day 28). Group Il - Received EG
(0.75% wiv, p.o.) in drinking water and treated with
200mg/kg of KSSP for the period of 28 days. Group
IV Received EG (0.75% wi/v, p.o.) in drinking water
and treated with 400mg/kg of KSSP for the period of
28 days.
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2.3. Sample Collection [14,15]
At the end of the study, before sacrifice, the animals

were fasted for overnight with free access to water.
Animals were sacrificed with excess anesthesia. Blood
samples were collected from retro orbital sinus
puncture and stored in EDTA (ethylenediamine —tetra
acetate) test tubes for Hematological analysis and in
clot activator coated test tubes for serum biochemical
analysis. Kidney sample were harvested and carefully
investigated for gross lesions. The organ (kidney)
were preserved in 10% formalin for histopathological
assessment.

2.4. Urine Sample Analysis

Urine samples (24 h) will be collected on the 28th day
by keeping the animals in an individual metabolic
cage. The animal had free access to drinking water
during urine collection period.

2.5. Parameters

The parameters such as serum magnesium, calcium,
Phosphate, uric acid and urine biochemistry such as
BUN, pH, uric acid and Creatinine was estimated.
2.6. Histopathological Analysis [16]

Sample obtained from the study were immersed in
10% formalin for 24 h-48h for histopathological
examination. After standard processing, the cut tissue
was embedded in paraffin (Leica TP1020 tissue
processor) and cut into 5 um thick sections in a rotary
microtome (Leica RM2255 - Fully Automated Rotary
Microtome). The sections were stained with
haematoxylin-eosin (Merck). Histological
measurement and photographs were taken with
Olympus CX31, Trinocular Biological Microscope
(magnification 10x & 40 Xx).

2.7. Statistical Method

The statistical analysis was carried by one-way
analysis of variance ANOVA (GRAPH PAD PRISM
5 computer program). Results are expressed as +SEM.
The data were statistically analyzed by ONE WAY
ANOVA followed by Dunnett’s multiple comparison
test. Probability P values < 0.05 were considered as
significant.

3. Results

3.1. Effect of KSSP on Urine output, pH and
Kidney weigh of EG Induced Urolithiatic rats

It was observed from the result of the present
investigation that there was a significant increase in
the volume of urine output as well as pH and on
average weight of kidney in rats treated with (EG)

(0.75%), whereas treatment with KSSP to group IlI
and IV rats reveals measurable decrease in urine
output, pH and on average weight of kidney at both the
dose level. Results were tabulated in Table 1.

Table 1: Effect of MAC on Urine output, pH and
Kidney weigh of EG Induced Urolithiatic rats

Average
Urine Out pH weight of
Group | Treatment and Dose put Kidney in gms
8.08+0.39 | 6.72+ 1.38 +0.04
Normal Saline 0.37
I
Ethylene glycol (EG)- | 13.65+ 8.3+0.29 2.80+ 0.10
0.75%, p.o. 0.60 *
1l
EG + 200 mg/kg of 1133+ 6.63 + 2.47 +0.16
KSSP 0.49 * 0.24
Il
EG + 400 mg/kg of 10.17 + 6.13 + 2.13+0.09
KSSP 0.79 * 0.36
v
Values represent mean + SEM of 6 experimental animals.
*P<0.05; ** P<0.01; *** P <0.001.
3.2. Effect of KSSP on Serum biochemistry of EG
Induced urolithiatic rats
It was observed from the datas of the present
investigation that there was a significant increase in
blood urea nitrogen (BUN), creatinine and uric acid
level of rats treated with (EG) (0.75%). Treatment
with KSSP to group Il and 1V rats reveals significant
decrease in urine serum biomarkers such as blood urea
nitrogen (BUN), creatinine and uric acid. As shown in
Table 2.
Table 2: Effect of KSSP on Serum biochemistry of EG
Induced urolithiatic rats
Blood urea
nitrogen
(BUN) Creatinine Uric acid
Group | Treatment and Dose (mg/dl) (mg/dl) (mg/dl)
15.33+1.02 | 0.50+0.06 470 £0.32
| Normal Saline
3667 =
Ethylene glycol (EG) | 1.96* 2.28+0.16* | 9.58+0.28*
1l (0.75% wiv, p.o.)
29.83
EG + 200 mg/kg of +1.58% 1.22 £0.20* | 7.52+0.42*
Il KSSP
2467 %
EG + 400 mg/kg of 1.38* 0.95+0.11* | 5.58 +0.34*
v KAAP

Values represent mean £ SEM of 6 experimental
animals. * P<0.05; ** P<0.01; *** P <0.001.

3.3. Effect of KSSP on Urine Biochemistry of EG
Induced Urolithiatic rats

It was observed from the results of the present
investigation clearly that there was a significant

This journal is© IJTRIM
This article can be downloaded from www.ijtriim.com

15




Int J Trans Res Ind Med 2021, 3(3): (P) 13- 19

increase in urine calcium and phosphate level in rats
treated with (EG) (0.75%). Treatment with KSSP to
group Il and IV rats reveals significant decrease in
urine calcium and phosphate level at both the dose
level of 200 and 400mg/kg. Similarly marginal
decrease in the level of urine magnesium were
observed in EG treatment group and the same were
restored back to the normal in KSSP treatment groups.
As shown in Table 3.

Table 3: Effect of MAC on Urine Biochemistry of EG
Induced Urolithiatic rats

Treatment Magnesium Calcium Phosphate
Group | and Dose (mg/24hr) (mg/24hr) | (mg/24hr)
Normal 6.18 + 40.57 +
| Saline 513+ 0.25 | 0.12 2.5
Ethylene
glycol (EG) 1.37 £ 28 * 87.67 +
1 0.75%, p.o.) 0.06* 1.62* 1.87*
EG + 200
mg/kg of 380+ 21.63 58 +
11 KSSP 0.18* 0.65* 2.62*
EG + 400
mg/kg of 402 + 17.72 48.50 +
[\ KSSP 0.34* 1.14* 2.41*

Values represent mean = SEM of 6 experimental animals. * P< 0.05; ** P<
0.01; *** P < 0.001.

3.4. Effect of KSSP in controlling size of CaOX
crystals in urine sample of rats

It was observed from the datas obtained from the study
that there was a significant increase size and density of
the CaOX crystals in urine sample of rats treated with
(EG: 0.75%). Treatment with KSSP reveals significant
decrease in size and number of CaOX crystals in urine
sample of rats belongs to group 111 and IV. As shown
in Figure 1.

Coatnl Eibylene Ghyeol (EG)

EG4200 mgkg of KSSP

EG+400 mg'kg of KSSP
Figure 1 : Size of CaOX crystals in urine sample of rats

3.4. Effect of MAC on Histology of EG Induced
urolithiatic rats

Histopathology of kidney sample retrieved from
control group reveals normal lumen of vessels and
bowman’s space. Appearance of proximal and distal
convolutes tubules was normal with no evidence of
atrophy as observed in sample belongs to group I.
Vascular, degenerative with very mild inflammatory
changes were been observed along with swollen
tubular basement membrane, further increased

deposition of crystal deposition in renal tubule were
observed. Significantly reduced level of crystal
deposition was observed in sample belongs to KSSP
200mg/kg and 400 mg/kg treated rats. Accumulation
of calcium oxalate deposits inside the tubules was
much controlled in treatment group when compare to
EG alone treated grou

Control Ethylene Glycol (EG)

Figure 2: Effect of KSSP on Histopathology of Rat Kidney (H&E)
Staining

4.Discussion

Calcium oxalate stone development is a multifactorial
process involving various etiological factors. Studies
have shown that calcium oxalate crystal deposition
leads to the cellular injury mediated by lipid
peroxidation through free oxygen radical generation.
Studies revealed that these cellular injuries favor the
events of calcium oxalate retention in renal tubules
which is significant for further stone development
[17]. Recent clinical data are also supporting this
finding that formation of urinary stones leads to the
oxidative stress in patients [18].

Oral administration of 0.75% ethylene glycol (EG)
over a period in rats developed kidney stones (or
urolithiasis) mainly composed of calcium oxalate
(CaOx). The pathophysiological —mechanisms
responsible for the alterations elicited in this model
could be related to an increase in the urinary oxalate
(Ox) concentration. Indeed, EG is easily absorbed
along the intestine and metabolized in the liver to Ox,
leading to hyperoxaluria [19,20].

An increase in urinary phosphorus excretion was
observed in ethylene glycol induced urolithic rats.
Increased excretion of phosphorus has been reported
in stone formers [21]. Increased urinary phosphorus
excretion along with oxalate stress seems to provide
an environment appropriate for stone formation by
forming calcium phosphate crystals, which epitaxially
induces calcium oxalate deposition [22].It was

EG+200 mg/kg of KSSP EGH00 mg/kg of KSSP
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observed from the results of the present investigation
clearly that there was a significant increase in urine
calcium and phosphate level in rats treated with (EG)
(0.75%). Treatment with KSSP to group Il and IV rats
reveals significant decrease in urine calcium and
phosphate level at both the dose level of 200 and
400mg/kg. Similarly marginal decrease in the level of
urine magnesium were observed in EG treatment
group and the same were restored back to the normal
in KSSP treatment groups.

It has been reported that, level of inorganic phosphate
and uric acid has been increased in stone formers and
toxin agents induced by urolithiatic rats. Increased
urinary phosphate level along with oxalate provides an
appropriate environment for formation of calcium
phosphate crystals, which further induces calcium
oxalate deposition in renal [23]. Uric acid which
interferes with calcium oxalate solubility, induces the
nucleation of calcium oxalate and reduces the
inhibitory activity of glycosaminoglycans [24]. It was
observed from the datas of the present investigation
that there was a significant increase in blood urea
nitrogen (BUN), creatinine and uric acid level of rats
treated with (EG) (0.75%). Treatment with KSSP to
group Il and IV rats reveals significant decrease in
urine serum biomarkers such as blood urea nitrogen
(BUN), creatinine and uric acid.

Hyperoxaluria and hypercalciuria are considered as
the major risk factor in pathogenesis of kidney stone
formation. Continuing hypercalciuria promotes the
nucleation and subsequent precipitation of CaOx
crystals from the urine. Some studies have suggested
that disorders of renal tubular calcium reabsorption are
the major cause of hypercalciuria. However,
hyperoxaluria is more important risk factor in the
pathophysiology of urolithiasis than hypercalciuria
[25]. Because hyperoxaluria is associated with the
production of free radicals and related oxidative
damage of renal epithelium which provide a nidus for
crystal attachment and ultimately causes crystal
aggregation and retention in renal tubules [26]. It was
observed from the datas obtained from the study that
there was a significant increase size and density of the
CaOX crystals in urine sample of rats treated with
(EG: 0.75%). Treatment with KSSP reveals significant
decrease in size and number of CaOX crystals in urine
sample of rats belongs to group 111 and IV.

Hyperoxaluria is one of the major risk factor in the
pathogenesis of kidney stone formation [27], as it
cause oxidative stress and damages the renal epithelial
cells thereby providing a nidus for crystals attachment
and ultimately cause crystal aggregation retention and
deposition in the kidney [28]. Therefore, decrease in
oxalate may explain its decrease in oxidative stress
and renal crystal deposition. Histopathology of kidney
sample retrieved from control group reveals normal
lumen of vessels and bowman’s space. Appearance of
proximal and distal convolutes tubules was normal
with no evidence of atrophy as observed in sample
belongs to group I. Vascular, degenerative with very
mild inflammatory changes were been observed along
with swollen tubular basement membrane, further
increased deposition of crystal deposition in renal
tubule were observed. Significantly reduced level of
crystal deposition was observed in sample belongs to
KSSP 200mg/kg and 400 mg/kg treated rats.
Accumulation of calcium oxalate deposits inside the
tubules was much controlled in treatment group when
compare to EG alone treated group.

5. Conclusion

Kidney stone disease is a multi-factorial disorder
resulting from the combined influence of
epidemiological, biochemical and genetic risk factors.
Interference with crystal growth and aggregation
therefore seems a possible therapeutic strategy for the
prevention of recurrent stone disease. It was concluded
from the results of the present investigation that
administration of Karpoora silasathu parpam reduced
and prevented the growth of urinary stones. Therefore,
Karpoora silasathu parpam might helpful to prevent
the early stages of stone development in patients with
urolithiasis.
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