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ABSTRACT

The 6-shogaol, is a flavanone type flavonoid that is abundant in citrus fruit and has a wide range of phar-
macological effects. The present study attempted to evaluate the antiurolithic effect of 6-shogaol on ethy-
lene glycol (EG) and ammonium chloride (AC)-induced experimental urolithiasis in rats. The efficacy of 6-
shogaol 50 mg/kg and 100 mg/kg was studied in EG 0.75% (V/V) and AC 1% (W/V) experimentally induced
urolithiasis in rats for 21 days. The weight difference, urine volume, the levels of calcium, phosphate,
magnesium, oxalate and uric acid in urine was observed. The blood urea nitrogen, creatinine, uric acid
in serum and levels of malondialdehyde (MDA) and glutathione (GSH) were also measured.
Histopathological analyses in kidneys were also performed. The rats weights were higher in the 6-
shogaol groups than the urolithiasis group. EG caused a significant increase in serum creatinine
(p < 0.05), BUN (P < 0.001), and uric acid (p < 0.01) while treatment with Cystone (750 mg/kg), and 6-
shogaol (50 and 100 mg/kg) showed the significant reduction in increased serum levels of creatinine
(p < 0.001), uric acid (p < 0.01) and BUN (p < 0.001). Administration of EG and AC showed statistically
significant (p < 0.001) elevated levels of MDA and reduction in GSH levels. Treatment of Cystone
(750 mg/kg), and 6-shogaol (50 and 100 mg/kg) significantly (p < 0.001) reduced MDA levels and an
increase GSH levels as compared to EG and AC-treated group. The histological findings further attested
antiurolithiatic properties of 6-shogaol. The present study attributed clinical shreds of evidence first time
that claiming the significant antiurolithic effect of 6-shogaol and could be a cost-effective candidate for
the prevention and treatment of urolithiasis.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

calcium (Tiselius, 2003). The previous reported studies also postu-
lated that the rate of recurrence of urolithiasis is about 10% per

The occurrence of calculus in the kidney and other sections of
the urinary tract, mainly the bladder and ureter are known as
urolithiasis. Calculi that formed in the urinary tract in the majority
(80%) of the cases is composed of phosphate and oxalate crystals of
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year in cases with the least preventive and precautious measures
(Basavaraj et al., 2007). Epidemiology study postulated that the
rate of prevalence of urolithiasis in males (8-19%) is more than
females (3-5%) in Western countries (Trinchieri, 2008). A previ-
ously reported study identified various pathogenic processes that
are involved in urolithiasis such as aggregation, crystal nucleation,
and formation of insoluble particles (Baumann, 1998).

Clinically observed that excessive accumulation of insoluble
saturated particles as a consequence of the high rate of urinary
execration tends to the occurrence of kidney stones (Evan, 2010).
The rate of incidences of urolithiasis has been drastic increases
globally over the period, as per the previously recorded data it
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some countries as follows in Italy 2.4%, China 2.5%, USA 3.6%, India
4%, UK 4.5, Taiwan 5% and in Turkey with highest rate i.e. 14.8%,
(Alatab et al., 2016) with remarkably 50 of cases showing the
relapses (Bouatia et al., 2015).

The primary idiopathic risk factor for the occurrence of urinary
stones is hyperoxaluria whereas crystal of calcium oxalate is one of
the major identified constituents for the pathology of kidney
stones (Neisius and Preminger, 2013). The major identified primary
risk factor for kidney stones is hyperoxaluria, whereas CaOx is con-
sidered one of the major constituting elements of urinary stones
(Neisius and Preminger, 2013). Increased levels of CaOx crystals
resulted in injuries to the renal tubular cells because of abnormal
formation of ROS and remarkably development oxidative stress
(Zhang et al., 2017). The molecular mechanism involved in gener-
ating reactive oxygen species is carried forward by the enzymatic
process mainly through NADPH i.e. nicotinamide adenine dinu-
cleotide phosphate oxidase intracellularly through various signal-
ing pathways. A principal origin of receptor-linked reactive
oxygen species production is NADPH oxidase in the presence of
high levels of CaOx crystals (Khan, 2013; Sedeek et al., 2013).

In an attempt to prevent relapses and recurrence of urinary
stones, very less significant efficacy regimens are commercially
available, including thiazide diuretics and alkali-citrate. The plant
products listed in the traditional systems of medicine especially
Ayurveda, promisingly decrease the rate of recurrences of renal
calculi (KVSRG et al., 2007).

A well-known traditional medicine, rhizomes of ginger have
been used to deal with numerous ailments. The rhizomes of Zin-
giber officinale known to exert various pharmacological activities
such as neuroprotective and anti-neuroinflammatory as it contains
one of the important bioactive pungent compound 6 shogaol (Seow
et al., 2017). The bioactive principles of gingerols (4-,6-,8,10-, and
12-gingerols) and the shogaols (including 6-, 8-, and 10-
shogaols) are important identified constituents of which are
known to have a variety of pharmacological actions (Semwal
et al,, 2015),(Kou et al., 2018). Recent research reports suggest
the therapeutic values of 6-Shogaol as anticancer (Yi et al., 2019),
potent anti-inflammatory and antioxidant (Dugasani et al., 2010),
antidiabetic (Yi et al., 2019), and antiemetic (Kou et al., 2018).

2. Methodology
2.1. Animals

As per the prescribed guidelines for the care and handling of
animals, the male Wistar rats (180-220 g) were housed and kept
at 12/12 light: dark cycle mode under prescribed laboratory envi-
ronments in specialized cages made up of polypropylene. During
the experimental protocol, tap water with a normal pelleted diet
was used to feed the animal’s ad libitum. Approval for the conduc-
tion of experimental protocol was obtained (RKDFCP/
IAEC/2020/33) from the Local committee of bioethics and all exper-
iments conducted according to the guidelines of Committee for the
purpose of control and safety on experimental animals (CPCSEA),
India. All experiments carried out at RKDFCP, India.

2.2. Induction of urolithiasis

Assessment of antiurolithiatic activity in urolithiasis animal
model induced by EG and AC concurrently in male albino Wistar
rats as per earlier reported methods with slight modifications. In
21 days protocol, 0.75% (V/V) & 1% (W/[V) ethylene glycol together
with ammonium chloride supplied through drinking water ad libi-
tum for induction of urolithiasis associated with the formation of
crystal of calcium oxalate (Bano et al., 2018).
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2.3. Experimental design

In a present experimental study, six animals in each group of a
total of five groups were selected and maintained on standard pal-
let fed. The experimental groups for assessment are categorized
into, normal treated groups, inducer group, standard treated, and
test group respectively. In Group I, animals were supplemented
tap water with pellet fed for 21 days. The Group Il animals have
received a dose of 0.75% for EG V|V simultaneously 1% of ammo-
nium chloride W/V in tap water with pellet fed for 21 days. The
Group - Il animals were given a dose of 0.75% for EG V[V simulta-
neously 1% of ammonium chloride in water and along with stan-
dard drug Cystone with a dose of 750 mg/kg, through gastric
gavage orally for 21 days at the interval of 24hrs. Similarly, in 6-
shogaol treatment groups (Groups IV, and V); animals were
exposed to ethylene glycol (EG) 0.75% V[V and ammonium chloride
(AC) 1% W/V in water and 50, and 100 mg/kg doses of the 6-
shogaol through gastric gavage orally for 21 days at the interval
of 24hrs, along with weekly monitoring and recording of body
weight of all animals. The metabolic cages were employed for
the collection of 24hrs urine samples from experimental animals
on the 21st day of assessment. Collection of blood through the
retro-orbital sinus of rats was carried out for the serum analysis.
As per previously reported data after the completion of experimen-
tal protocols, the animals were sacrificed both the kidneys were
dissected, excised, and stored in formalin and subject to further
histopathological investigations.

2.4. Assessment of antiurolithiatic activity

2.4.1. Body weight

Bodyweight was recorded for each rat by every week, the
recorded body weight expressed in terms of RBW, i.e. relative body
weight. The formula for computing RBW efficiently required two
parameters to get assess which include IBW initial body weight
and ABW absolute body weight respectively (Bouanani et al.,
2010).

ABW (g)
RBW = — x 100
IBW (g)

2.4.2. Urine analysis

The metabolic cages were employed individually for the collec-
tion of 24 hrs urine samples from all experimental animals on the
21st day of assessment. During the period, rats had free drinking
water access. After collection of urine samples in 24 hrs were sub-
jected under a 10X microscope for examination of crystals mor-
phology. The total urine volume, calcium, phosphate, magnesium,
oxalate, and uric acid were analyzed.

2.4.3. Serum analysis

Post 21 days experimental procedure, animals were anes-
thetized and blood was collected from the retro-orbital sinus and
subjected to centrifuge for 10 min. at 3000 rpm. Serum obtained
was stored at —20 °C until further biochemical parameters estima-
tion such as creatinine, blood urea nitrogen (BUN), and uric acid by
using different biochemical estimation Kkits.

2.4.4. Kidney homogenate analysis

The kidneys of rats were excised and isolated. They were
washed off superfluous tissue and swilled in physiological saline
ice-cold and 50% portion of the isolated kidney was kept in crushed
ice. They were crosscut into fine slices with a surgical scalpel and
were chilled with cold 0.25 M sucrose, easily blotted with filter
paper. The homogenate tissues 10% (w/v) was prepared in 0.1 M
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Tris hydrochloride buffer (pH 7.4) in a homogenizer at a speed of
2500 rpm. The homogenate was centrifuged for 20 min (-4 °C)
at 5000 rpm using a cooling centrifuge. The clear supernatant
was obtained after centrifuged and used to estimate Malondialde-
hyde (MDA) and glutathione (GSH) (Lulat et al., 2016).

2.4.5. Histopathology

The histological examination was carried out by preparing dif-
ferent sections of the kidney after each sacrifice; the kidney spec-
imens was taken from all groups and washed with saline, and fixed
in phosphate-buffered formalin solution. The specimen was
embedded in paraffin and subjected to thick sections followed by
staining with eosin and hematoxylin. The specimen was viewed
under the polarized light microscope for histopathological
examination.

2.4.6. Statistical analysis

The readings from study protocols were subjected to analysis by
parametric tests using one-way variance analysis with post hoc
Tukey’s test. The values obtained were expressed in terms of
mean * standard error mean. A value of p < 0.05 was taken signif-
icantly on statistical parameters.

3. Results
3.1. Body weight

Effect of 6-shogaol on RBW in EG and AC-induced urolithiasis in
rats

One-way variance analysis with post hoc Tukey’s test discloses
that except the EG and AC-treated group other test group rats
exerted significant increase in relative body weight (RBW). The
EC and AC- treated group explores a remarkable decrease
p < 0.01 in relative body weight in rats. Cystone standard control
and the 6-shogaol (100 mg/kg/BW) treated group (Table 1) signif-
icantly prevented this detrimental disease progression.

3.2. Urine analysis

Effect of 6-shogaol on urine parameters in EG and AC-induced
urolithiasis in rats

One-way variance analysis with post hoc Tukey’s test postu-
lated that treatment with standard drug Cystone (750 mg/kg)
and, test drug 6-shogaol (50 or 100 mg/kg), on statistical correla-
tion found to be significantly decrease p < 0.001 parameters such
as water intake, the total volume of urine, and pH of urine. More-
over, urolithiasis pathology was associated with remarkably
increased levels of wurinary parameters such as uric acid
(p <0.001), magnesium (p < 0.001), calcium (p < 0.0001), and phos-
phate (p < 0.0001) concentration in urine of EG and AC treated
groups. Whereas dose of Cystone (750 mg/kg), and 6-shogaol (50
and 100 mg/kg) showed a significant antiurolithic property by
remarkably decreasing the levels of the above-mentioned
increased urinary profile (Table 2).

Table 1
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3.3. Serum analysis

Effect of 6-shogaol on serum parameters in EG and AC-induced
urolithiasis in rats

One-way variance analysis with post hoc Tukey’s test also pos-
tulated that significant, high levels of creatinine (p < 0.05), BUN
(P < 0.001), and uric acid (p < 0.01) were reflected in serum of
EG treated group. Dose of Cystone (750 mg/kg), and 6-shogaol
(50 and 100 mg/kg) showed the significant reduction in increased
serum levels of creatinine (p < 0.001), uric acid (p < 0.01) and BUN
(p < 0.001). Furthermore, EG and AC-treated group showed statis-
tically significant (p < 0.001) elevated levels of MDA and reduction
in GSH levels. However, Cystone (750 mg/kg), and 6-shogaol (50
and 100 mg/kg) treatment showed a significant (p < 0.001) reduc-
tion in MDA levels and an increase GSH levels as compared to EG
and AC-treated group (Table 3).

3.4. Histopathology

Histopathologic examinations of renal tissue homogenate from
EG treated group discloses deposition of crystal inside tubules of
nephrons with remarkable deteriorating changes in both kidneys
(Fig. 1 B). Cystone (750 mg/kg), and 6-shogaol (50 and 100 mg/
kg) significantly attenuated elevated deposition of oxalate, phos-
phate, and calcium in renal tissue and ameliorated renal cellularity
(Fig. 1 C, D, and E).

4. Discussion

The super saturation of urine with respect to stone formation
substances is important clinical contributing factors in urolithiasis.
EG-induced urolithiasis model has been generally used as an
experimental and can be moderately inconsistent. However, AC-
induced rats lead to metabolic acidosis. Hence, a high rate of CaOx
deposition in the kidney with a combination of 0.75% of ethylene
glycol (EG; V/V) and 1% ammonium chloride (AC; W/V) has been
used in this study. The objective of the study to investigate the
antiurolithic properties of 6-shogaol on EG and AC-induced exper-
imental in rats.

The previously reported studies postulated that the length of
stone deposition in female rats is lesser as compared to male rats
in EG induced animal model(Prasad et al., 1993; Karadi et al.,
2006). Hence, the present study extensively uses male rats. In
the present study, 6-shogaol treated group significantly improve
kidney function by imparting various urinary parameters as com-
pared to EG and AC-treated groups. Given observations, the EG
and AC-treated group showed remarkable elevation of urine vol-
ume, water intake, and pH. In another experimental animal group,
it was observed that pre-exposure of Cystone and 6-shogaol are
significant decreases elevated levels of urine, water intake, and
pH in EG and AC-treated groups. The presence of urinary oxalate
crystals resulted in increased urine volume through obstruction
in urine flow as a result of this biological waste such as uric acid,
creatinine, and BUN, which important biomarker for kidney dam-
age. Previously reported studies also demonstrated that elevated

Effect of 6-shogaol on relative body weight in ethylene glycol and ammonium chloride-induced urolithiasis rats.

Relative Body Group-I Group-II Control (EG and Group-III (Cystone treated Group-IV (Test-I) (6-shogaol Group-V (Test-II) (6-shogaol
Weight (%) (Normal) AC-1% wjv) 750 mg/kg) 50 mg/kg) 100 mg/kg)

Week 1 115.1+£3.5 1003 £ 25 1003 £ 25 100.5 £ 6.5 109.2 + 2.8

Week 2 1222 45 100.1 £ 5.5%2 1202 +4.07° 116319 122245

Week 3 1482 £ 6.5 108.4  3.9%# 1432 +55°P 130325 140.7 £ 4.17°

Values given are +SEM for (n = 6), *p < 0.05, #p < 0.01, ***p < 0.001vs. week 1 of respective groups; *p < 0.05, **p < 0.01, ***p < 0.001 *vs Normal group, ®vs as compared to

ethylene glycol (EG) and ammonium chloride (AC) control group.
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Table 2

Saudi Journal of Biological Sciences 28 (2021) 3418-3423

Effect of 6-shogol on urinary parameters in ethylene glycol and ammonium chloride-induced urolithiasis rats.

Parameters (Units)  Group-I Group-II Control (EG and Group-III (Cystone treated Group-1V (Test-I) (6-shogaol Group-V (Test-II) (6-shogaol
(Normal) AC-1% wfv) 750 mg/kg) 50 mg/kg) 100 mg/kg)

URINE VOLUME (ml/ 1.82 +0.15 5.70 + 0.59* 2.37 £0.43" 3.15+ 043" 2.87 045"
24 hrs)

WATER INTAKE (ml/ 5.54 + 0.50 26.81 + 1.06* 6.04 +0.77" 11.50 + 0.95" 7.71+1.19™
24 hrs)

pH 6.52 + 0.03 9.88 + 0.22%## 6.88 £0.16" 7.39 + 0.18* 6.95 %020

MAGNESIUM 4.88 £ 0.03 1.91  0.20%## 3.70+0.15 293 +0.10 3.85+0.29"

URIC ACID (mg/24 2.75 + 0.06 6.83  0.12%#* 2.84 +0.03" 5.38 + 0.49* 3.61+£0.26"
hrs)

CALCIUM (mg/[24 1.32 + 0.04 5.50 + 0.03*## 1.49 +0.02" 3.06 + 039" 25140247
hrs)

PHOSPHATE (mg/24 5.64 +0.11 9.24 + 0.19"## 5.80 + 0.06"" 7.71 £ 0.35* 599 017"
hrs)

OXALATE (mg/24 0.27 + 0.01 220+ 0.17* 0.54 +0.02"" 1.43 +0.21* 1.02 +0.14™
hrs)

Values given are +SEM for (n = 6), one-way ANOVA followed by the Tukey test *## p < 0.001 as compared to normal group, *p < 0.05, "p < 0.01, "'p < 0.001.as compared to

ethylene glycol (EG) and ammonium chloride (AC) control group.

Table 3

Effect of 6-shogol on serum blood parameters in ethylene glycol and ammonium chloride-induced urolithiasis rats.

Parameters (Units) Group-I Group-II Control (EG and  Group-III (Cystone treated Group-IV (Test-I) (6- Group-V (Test-II) (6-
(Normal) AC-1% wjv) 750 mg/kg) shogaol 50 mg/kg) shogaol 100 mg/kg)
CREATININE (mg/dl) 0.82+0.01  1.40 + 0.02** 0.90 + 0.06™" 1.00 + 0.01* 0.95 +0.01"
BLOOD UREA NITROGEN 348 £1.27  60.1 % 0.53%## 368 £1.05 40.93 + 0.60" 38.75 + 049"
(mg/dl)
URIC ACID (mg/dl) 1.85+0.02  3.32 +0.06% 2.34+0.03" 3.88 + 0.49* 3513+ 036"
Malondialdehyde (nmol/ 0.58 £0.12  4.78 + 0.12*### 1.01+013™ 3.5+ 0.13* 2.5+0.12"
mg of protein)
Glutathione(nmol/mg of 830+0.90 5.0+ 1.05%** 8.01+1.00"" 6.50 + 0.80" 730+ 0.80"

protein)

Values given are +SEM for (n = 6), one-way ANOVA followed by the Tukey test *#* p < 0.001 compared to normal *p < 0.05, “p < 0.01, "p < 0.001. as compared to ethylene

glycol (EG) and ammonium chloride (AC) control group.

levels of oxalate in urine has been responsible for lipid peroxida-
tion and its interaction with polyunsaturated fatty acids in the cell
membrane as one of the important identified cause for renal tissue
damage (Selvam et al., 2001; Huang et al., 2002; Anand et al,,
1994).

In the present study, EG and AC-treated group significantly
increase intracellular calcium, phosphate, and 6-shogaol treated
group was shown to decrease intracellular calcium. This clinical
hypothesis may be due to increasing levels of nitric oxide intracel-
lularly resulted in activation of enzyme cyclic monophosphate that
is responsible for controlling intracellular calcium levels. In the
present study, we estimated the effect of the EG and AC- treated
group on intracellular levels of magnesium, which revealed that
EG and AC-treatment significantly decreases the levels of magne-
sium as compared to the normal group. Whereas, in another set
of the group it was postulated that Cystone and a higher dose of
6-shogaol 100 mg/kg significantly restore the intracellular magne-
sium levels. EC and AC-induced urolithiasis animal model showed
the presence of irregular polymorphic oxalate crystals deposition
inside the microtubules when kidney sections subjected to micro-
scopic examinations. The irregular crystal may be the contributing
factor for the inflammation of the interstitium and dilation of PCT
(proximal convoluted tubules).

Moreover, EG and AC-treated group showed a significant
increase in MDA levels and decreased GSH levels in our study. An
earlier study reported that oxalate concentration increased in urine
due to inducing lipid peroxidation and caused a glomerular as well
as tubular damage(Lulat et al., 2016). However, treatment of Cys-
tone and 6-shogaol prevented the reduction of GSH and elevation
in MDA levels. This activity could be contributed by 6-shogaol
due to the presence of an electrophilic o, B-unsaturated carbonyl
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moiety, which may show the antiurolithiatic activity against EG
and AC-treated rats (Chen et al., 2014).

Histopathological findings of the present study postulated that
treatment with 6-shogaol remarkably lowers the number and size
of CaOx crystals in different microscopic structures of kidneys and
significantly restores the normal kidney functions by preventing
further damage to the kidneys. Among various other types of
urolithiasis, the CaOx type is identified as the most prevalent and
constantly growing type (Knoll et al., 2011). The previously
reported study of Daucus carota in experimentally EG and NH4CI-
induced hyperoxaluria animal model, CaOx urolithiasis was
addressed in this study (Albayrak et al., 2013; Tugcu et al., 2008).
A well-known commercially available polyherbal formulation Cys-
tone was used for the treatment of kidney ailments and as a stan-
dard control for the present study (Rao and Rao, 1998). The
molecular mechanism involved in the antiurolithic effect of Cys-
tone includes diuretic, smooth muscle relaxant, and its clinical
ability to dissolve the polymorphic crystals, which enables its effi-
ciency as a standard drug of choice for multiple comparison studies
(Kumar et al., 2016). The early warning signs for the pathogenesis
of kidney diseases mainly include the alterations in food and water
consumption (Bouanani et al., 2010; Hunter et al., 2014). The RBW
monitoring among animal groups up to 3-week postulated that EG
and AC-treated group selectively showed aversion towards food as
the RBW relatively decrease in 2 and 3-week simultaneously. On
the converse, regain in RBW of rats was find out in 6-shogaol
and Cystone treated groups showing significance in further disease
progression. Similarly, previous reported data postulated the effi-
cacy of DCRE and Cystone treatment prevented further renal
impairment and recurrence rate by modifying the hemodynamic
changes that were commonly observed with urolithiasis (Drake,
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(A)

(B)

©

(E)

Fig. 1. Kidney Histopathology: A) Normal Control group, B) Ethylene Glycol control group, C) Cystone 750 mg/kg treated group, D) 6-shogaol 50 mg/kg, E) 6-shogaol 100 mg/
kg treated group, Circular sections indicate CaOx crystal depositions in respective sections.

2015; Aggarwal et al.,, 2014; Zhang et al,, 2012). In a previous
study, EC-treated group link to the formation of various polymor-
phic CaOx crystals with the different structural habits in collected
urine samples for analysis (Doddola et al., 2008). On the contrary,
animal groups that received DCRE treatment. These findings are
evidence that the antiurolithic activity of DCRE assigns to the pres-
ence of polyphenolic compounds in extracts that was confirmed
further by employing precision-based analytical evaluation
through HPLC fingerprinting (Khan, 1997).

The various molecular mechanism through which 6-Shogaol
protects against renal IR injury is by attenuating the canonical
NF-kB pathway and activation of heme oxygenase (HO)-1 synthe-
sis via p38 MAPK activation that may correlate clinical evident and

3422

efficacy of 6 shogaol in urolithiasis animal models (Han et al.,
2019).

5. Conclusion

The present study attributed clinical shreds of evidence first
time that claiming the significant antiurolithic property of 6-
shogaol and its ability to ameliorate different biochemical param-
eters alterations caused due to calcium oxalate crystal deposition.
Further evaluation of intracellular enzymes suggested that treat-
ment with 6 shogoal inhibit calcium oxalate crystal induced renal
injuries and protects the kidneys. Hence the current experimental
outcomes inferred that administration of 6 shogaol can prevent the
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urolithiasis and protect the kidneys via inhibition of injuries
caused by the crystal deposition and neutralization of reactive oxy-
gen species. This may prove to develop cost-effective alternatives
for the cure of urolithiasis.
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