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Commicarpus chinensis (L.) Heimert is traditionally used in folk medicine and siddha. Different parts
of this plant are used for the treatment of various ailments in the indigenous system of medicine. The
purpose of this study was to evaluate the free radical scavenging activity and antiurolith potential of
root extracts of C. chinensis. The study was done by using various in vitro methods such as DPPH, FRAC
and nitric oxide scavenging assays. Urolithiasis was induced by administering 0.75% ethylene glycol
orally for 28 days in male Wistar rats. The preventive as well as curative doses of 250 mg/kg were
administered from day 1 to day 28 and day 15 to day 28 day, respectively. On the 28" day, 24 h urine,
and serum was collected and various biochemical parameters were estimated. The results showed that
C. chinensis root extracts possessed antioxidant properties including free radical scavenging, ferric
reducing antioxidant capacity and nitrite scavenging activities. The results also showed a decrease in
urinary volume and urinary pH in nephrolithiasic rats. Administration of C. chinensis root extracts has
significantly increased the urine volume and the level of calculi inhibitor like magnesium and decreased
the level of calcium, oxalate, phosphate and uric acid in urine. Test extract supplement also increased
the glomerulus activity of the kidney by restoring the levels of creatinine and uric acid in serum. The
results of present comprehensive analysis demonstrated that C. chinensis root possess potential
antioxidant activity and could be used as a viable source of natural antioxidant and an effective free
radical scavenger. It also indicates root extracts of C. chinensis have significant activity in urolithiasis.

1. Introduction

therapeutic antioxidants. Many antioxidant compounds, particularly
the flavonoids, and phenolic compounds naturally occurring in plant

Free radicals or reactive oxygen species are linked with many
pathophysiological conditions, such as cardiovascular diseases,
carcinogenesis, ageing, diabetes and neurodegenerative diseases. A
free radical is any molecular species capable of independent existence
that contains an unpaired electron in an atomic orbital and these
radicals are unstable and highly reactive. They have an ability to
damage biologically important molecules such as carbohydrates,
proteins, lipids, and DNA (Young and Woodside, 2001). They are
either produced during the metabolic processes in the body or from
exposure to some sources such as X-rays, smoking, pollutants,
industrial chemicals and leading to oxidative stress, arising as a
result of an imbalance between free radical production and
antioxidant defences (Lobo et al., 2010).

An antioxidant is a molecule that prevent damages caused by the
free radicals by donating an electron so as to neutralize it. Natural
substances present in medicinal plants are being explored as
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sources have been identified as free radical scavengers (Goncalves
etal.,, 2017; Huyut et al., 2017).

Nephrolithiasis is one of the most common urological conditions.
Urolithiasis indicates the presence of stones and calcification within
the urinary tract. The formation of renal stones is a consequence of
increased urinary supersaturation with subsequent formation of
crystalline particles that includes crystal nucleation, crystal growth,
crystal aggregation, and crystal retention (Aggarwal et al., 2013).
Diet particularly dietary calcium and fluid intake influence the threat
of nephrolithiasis and it is now thought of not only as a disease of
morbidity, but as a marker of potentially lethal conditions, such as
diabetes and cardiovascular disease (Ziemba and Matlaga, 2017).
Kidney stone disease is associated, directly or indirectly, with food
consumption (Guha et al., 2019). In India, nearly 12% of total
population reported to be prone to urinary stones (Sofia, 2016).
About 80% of calculi are composed primarily of calcium oxalate
(CaOx) and/or calcium phosphate (Bhat et al., 2018).

Different treatments, namely; extracorporeal shock wave lithotripsy
(SWL), medications, percutaneous nephrolithotomy are used.
However, these treatments are associated with the recurrence
(Kirkali et al., 2015), SWL associated vascular trauma to the kidney
and surrounding organs (McAteer and Evan, 2008). The cost to
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care for stone disease is increasing day-by-day, forcing us to look
for some efficient and economical alternatives. Therefore, it is
worthy to look for safer and effective alternatives by means of
phytotherapy or herbal medicine. Herbal medicines are very
commonly used in India since ages for the cure of various ailments.
Now, Western world and Americans are also adopting these natural
ways of treatment through phytotherapy or herbs. May plants
and their extracts, namely; Hibiscus sabdariffa (Laikangbam and
Damayanti Devi, 2012), Citrus aurantium (Li et al., 2015),
Oldoapur purascens (Mosquera et al., 2020) demonstrated the
promising role in the prevention and management of kidney stones.

C. chinensis is commonly known as diffuse hogweed belonging to
the family Nyctaginaceae (Bougainvillea family) and distributed in
southern China, Pakistan, India, Myanmar, Thailand, Vietnam,
Malaysia, Indonesia. It is commonly used in folk medicine and siddha.
Different parts of this plant are being used for the treatment of
various diseases in the indigenous system of medicine. The leaves
are used for treating scabies and itching. It possesses anti-ulcer
(Madhurkar and Sayeed Ul Hasan, 2014), analgesic and anti
inflammatory (Madhurkar et al., 2014), antispasmodic activities
(Halkai etal., 2012). In addition, preliminary phytochemical screening
has indicated the presence of steroids, tannins, flavonoids, saponins,
carbohydrates and proteins in the leaves of C. chinensis (Boxi et al.,
2010). However, so far no scientific study has been reported regarding
the antioxidant, and antiurolithiatic property of the root extract of
C. chinensis. In the present work, we evaluated the antioxidant
activity and possible prophylactic as well as therapeutic potential
of C. chinensis root extracts in experimentally induced nephrolithiasis
in rats.

2. Materials and Methods
2.1 Collection of plant material and authentication

The fresh roots of C. chinensis (Nyctaginaceae) were collected
from Firozabad, Uttar Pradesh, India and authenticated from
Department of Botany, R.T.M. Nagpur University, Nagpur,
Maharashtra, India. The authentication No. is 9315.2.2.

2.2 Extraction

The Soxhlet extractor was used for the extraction. The powder of
C. chinensis roots was extracted with ethanol. The extracts were
obtained from continuous hot percolation or Soxhlet extraction or
soxhlation. After extraction, the solvent was removed by means of
a rotary evaporator, yielding the extracted compound. The water
extracts were obtained from maceration process. In this process,
the moistened drug is left in contact with menstrum for 24 h. During
this period, the menstrum dissolves the active constituents of the
drug and becomes almost saturated with it and thereafter dried in
oven at 60°C.

2.3 Phytochemical analysis

Both the extracts were screened for various phytoconstituents
(alkaloids, saponins, tannins, flavonoids, anthraquinones, sterol,
glycosides, simple sugars) using standard procedures (Purohit
et al., 2020).

2.4 Antioxidant activity (In vitro)

The evaluation of antioxidant activity of extracts of C. chinensis
was done through various in vitro assays.

2.4.1 DPPH radical scavenging assay

The free radical scavenging activity of different extracts of
C. chinensis and L-ascorbic acid (vitamin C) was measured in terms
of hydrogen donating or radical-scavenging ability using the stable
radical DPPH as per the methods described by Blois (1958). About
0.1 mM solution of DPPH (1, 1-dipheny-2 picrylhydrazyl) in
ethanol was prepared and 1 ml of this solution was added to 3 ml of
extract solution in water at different concentrations (20-100 pg/
ml). The reaction mixture was mixed properly and kept in the dark
at room temperature for 30 min. The absorbance was measured at
517 nm spectrophotometrically. Vitamin C was used as a standard.
Lower absorbance of the reaction mixture indicates higher free radical
scavenging activity. The experiment was done in triplicate at each
concentration.The capability to scavenge the DPPH radical was
calculated using the following equation:

DPPH scavenged (%) = ((A,— A;)*x100)/(A,)
where,
A is the absorbance of the control.
A is the absorbance of the extracts/standard.

Then % of inhibition was plotted against concentration, and from
the graph IC_  was calculated.

2.4.2 Determination of reducing power (Ferrous reducing
antioxidant capacity-FRAC assay)

The ferrous reducing antioxidant capacity (FRAC) of extracts was
evaluated by the method of Oyaizu (1986).Various concentrations
of the extracts (20-100 pg/ml) in 1 ml of deionized water were mixed
with phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and 1% potassium
ferricyanide (2.5 ml). The mixture was incubated at 50°C for 20
min. Aliquots of trichloroacetic acid (2.5 ml, 10%) were added to
the mixture, and centrifuged at 3000 rpm for 10 min. Following
centrifugation, 2.5 ml of supernatant was separated, mixed with
2.5 ml of distilled water and 0.5 ml of 0.1% freshly prepared ferric
chloride (FeCl,) solution.The absorbance was measured at 700 nm.
The experiment was done in triplicate at each concentration.

2.4.3 Nitric oxide scavenging activity

Nitric oxide generated from sodium nitroprusside was measured by
the Greiss reaction as per the method of Marcocci et al. (1994).
Sodium nitroprusside (5 mM) in 0.5 M phosphate buffer, pH 7.4,
spontaneously generates nitric oxide in aqueous solution. Nitric
oxide interacts with oxygen to produce stable products, leading to
the production of nitrites. About 1 ml sodium nitroprusside (5
mM) in 0.5 M phosphate buffer was mixed with 3 ml of different
concentrations (20-100 pg/ml) of the extracts and incubated at 25°C
for 150 min. It was then reacted with Greiss reagent (1 sulphanila-
mide in 2 % H,PO, and 0.1 % N-1-napthylethylene diamine dihydro-
chloride in water). The absorbance of the chromophore formed
during the diazotization of nitrite was read at 546 nm. The same
reaction mixture without the extracts but with equivalent amount
of 0.5 M phosphate buffer served as control. Ascorbic acid was
used as a standard. The capability to scavenge the nitric oxide
radical was calculated using the following equation:



NO scavenged (%) =((A.-A,) x100)/(A.)
where,

A, is the absorbance of the control.

A is the absorbance of the extracts/standard
2.5 Animals

Male Wistar rats (200-250 g) were used for this study. Animals
were housed in polypropylene cages under standard laboratory
conditions and maintained at 25 + 2°C, relative humidity 60 + 10%
and 12:12 h light/dark cycle. The animals had free access to standard
pellet diets and RO water ad libitum. The study protocol was
approved by the Institutional Animal Ethical Committee (IAEC) of
Committee for the Purpose of Control and Supervision of
Experiments on Animals (648/02/C/CPCSEA).

2.6 Ethylene glycol-induced urolithiasis

Animals were divided into seven different groups having six animals
in each group (n=6). Ethylene glycol (EG, 0.75% v/v) in drinking
water was fed to all groups except normal control (Group I) for
induction of renal calculi till 28" day (Afzal et al., 2021). Two
types of studies were performed, viz., preventive and curative study.
Groups IV and V were treated with alcoholic and aqueous extracts
(250 mg/kg body weight), respectively, from day one to day 28"
and served as preventive regimen whereas Groups VI and VII were
treated with alcoholic and aqueous extracts (250 mg/kg body weight),
respectively, from day 15 to day 28" and served as curative regimen.
Group Il served as standard group and was treated with standard
drug cystone (750 mg/kg body weight).

Group | : No treatment (normal control).

Group Il : Ethylene glycol (0.75%) in drinking water + vehicle
(disease control).

Group Il : Ethylene glycol (0.75%) in drinking water + cystone
(750 mg/kg) (standard).
Preventive regimen (day one-to-day 28™).

Group IV : Ethylene glycol (0.75%) in drinking water + alcoholic
extract (250 mg/kg).

GroupV : Ethylene glycol (0.75%) in drinking water + aqueous
extract (250 mg/kg).
Curative regimen (day 15 to day 28™).

Group VI : Ethylene glycol (0.75%) in drinking water + alcoholic
extract (250 mg/kg).

Group VII : Ethylene glycol (0.75%) in drinking water + aqueous
extract (250 mg/kg).

All doses were prepared in distilled water using 10% tween 80 as
suspending agent. The test substances were administered orally
once daily through oral gavage tube.

2.7 Evaluation of antiurolithiatic activity
2.7.1 Collection and analysis of urine

Rats were kept separately in metabolic cages and urine samples of
24 h were collected on 28" day of calculi induction treatment.
Animals had free access to drinking water during the urine collection
period. pH of urine was determined using narrow range pH paper
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and urine volumes were noted. A drop of concentrated hydrochloric
acid was added to the urine sample before being stored at 4°C.
Urine was analyzed for calcium (Mustafa and Medeiros, 1985),
phosphorus (Fiske and Subbarow, 1925). Magnesium, and uric
acid contents in urine was analysed spectrophotometrically using
commercially available biochemical kit and as per the manufacturer’s
instruction. Oxalate content was determined by precipitation
method (Hodgkinson and Williams, 1972).

2.7.2 Serum analysis

Blood was collected from the retro-orbital plexus under anaesthesia
at the end of the experiment, i.e., on 29" day of experiment. Serum
was separated by centrifugation at 10,000 x g for 10 min and was
analyzed for creatinine, uric acid, and phosphorous content using
commercially available biochemical kit.

2.8 Statistical analysis

Data were analyzed by Graph Pad PRISM 9. The data were expressed
as mean * SEM. Statistical significance between means were analyzed
by one-way analysis of variance (ANOVA), followed by “Dunnett’s
test”. P value <0.05 was considered statistically significant.

3. Results
3.1 Phytochemical screening of phytoconstituents

C. chinensis root extracts were qualitatively analyzed for various
phytoconstituents and it revealed the presence of carbohydrate,
flavonoids, steroids, alkaloids, saponin, glycosides and phenolic
compounds. The percentage yield was 4.29% and 5.22% for ethanol
and water extract, respectively.

3.2 DPPH free radical scavenging activity

Figure 1 shows the DPPH free radical scavenging activity of the
extracts and standard. Both the extracts showed nearly similar DPPH
free radical scavenging activity. At a concentration of 80 pg/ml, the
scavenging activity of both the extracts was 59.33 + 0.44, and
60.12 + 0.04 %, respectively, whereas at the same concentration,
the standard was 52.81 + 0.69 %. The IC,, of ethanolic and aqueous
extracts of C. chinensis roots was 57.25 and 59.97 pg/ml,
respectively and the IC_; of standard was 47.09 pg/ml (Figure 2).
Ethanolic extract has a slightly better antioxidant potential compared
to aqueous extract. The free radical scavenging activity was in the
following order: AA>EE>AE.

80+
- Ascorbic acid (standard)
o Ethanol extract

§ 60+ :’//;/"/”/‘F_A + Aqueous extract
2 40-
E
ES

204

0 1 I 1 1 1

0 20 40 60 80 100
Concentration (pg/ml)

Figure 1: DPPH radical scavenging activity.
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Figure 2: 1C,, for DPPH scavenging activity (AA: ascorbic acid,
EE:ethanolic extract, AE:aqueous extract). All
experiments were performed in triplicate. Data are
expressed as mean + SEM.

3.3 Ferrous reducing antioxidant capacity (FRAC)

The ethanolic and aqueous extracts of C. chinensis roots showed
high FRAC with an increase in the concentration of the extracts. At
100 pg/ml, the absorbance of ethanolic and aqueous extracts of
C. chinensis roots was 4.146 + 0.037 and 3.916 + 0.054,
respectively. A higher absorbance indicates a higher reducing power.
These results established that the both the extracts of C. chinensis
roots possessed the FRAC (Figure 3).

3.4 Nitric oxide scavenging activity

Figure 4 depicts the nitric oxide scavenging activity of both the
extracts of C. chinensis roots. Both the extracts showed a moderate
nitric oxide radicals scavenging activity.

3.5 Effect on urine volume and urinary pH

The values reported in Table 1 shows the urinary volume and pH.
Regarding urinary volume, there was a significant decrease in urinary
output in disease group (Group IlI), while extract (250 mg/kg) and
cystone (750 mg/kg) treated group showed significant increase in
urinary output as compared to disease control group on 28" day.
Moreover, a significant decrease in urinary pH was observed in the
untreated disease group, which was significantly increased in extract
treated (250 mg/kg) and standard (750 mg/kg) group.

Table 1: Effect of C. chinensis root extracts on urinary parameters in ethylene glycol induced urolithiasis in rats on 28™ day

Preventive regimen Curative regimen

Parameter Group | Group |1 Group 11 Group 1V Group V Group VI Group VII

(Normal (Disease (Cystone (Ethanolic (Aqueous (Ethanolic (Aqueous

control) control) @750 mg/kg) extract@ extract extract extract

250 mg/kg) @250 mg/kg) | @250 mg/kg) | @250mg/kg)

Urine volume | 11.98 + 0.29 | 5.06 + 0.35 | 11.51 + 1.03*** 13.8 + 0.10*** | 12.1 + 0.63***| 9.6 £ 0.32*** | 8.3 £ 0.02**
(ml/24 h)
Urinary pH 7.35 £0.21 | 5.58 + 0.58 7.36 + 0.81* 7.25 +0.34 7.3 £ 0.26* 7.3+ 0.12* |7.21 £ 0.08
Oxalate 0.32 £ 0.02 | 2.56 + 0.16 0.41 + 0.01*** 0.57 £ 0.05*** | 0.84 £ 0.05***| 0.72 £ 0.03*** [1.06 + 0.05***
(mg/24 h)
Calcium 473 £0.43 | 7.04 £ 0.29 4.44 + 0.36%** 4.47 £ 0.43*** | 5.04 £ 0.29***| 5.8+ 0.057**¥5.41 + 0.038**
(mg/24 h)
Uric acid 460 £ 0.11 | 7.84 £ 0.14 4.71 + 0.21%** 4.0 £ 0.10*** | 5.01 = 0.07***| 4.9 + 0.18*** [5.14 + 0.11***
(mg/24 h)
Magnesium 2.46 £ 0.10 | 0.59 + 0.02 2.32 + 0.09*** 2.38 £ 0.04*** | 1.95 + 0.03***| 2.05 + 0.05***[1.37 + 0.04***
(mg/24 h)
Phosphate 3.64 £ 0.38 | 6.89 +0.16 3.48 + 0.16*** 3.6 £ 0.10*** | 4.03 = 0.05*** 4.12 + 0.04***| 4.8 + 0.05***
(mg/24 h)

All values are mean £ SEM (n=6), one-way ANOVA followed by Dunnett’s test. Group Il was used to compare with all other groups. ***

p<0.001, **p<0.01, *p<0.05

3.6 Effect on urinary parameters

Ethylene glycol feeding resulted in hyperoxaluria, hypercalciuria
as well as increased renal excretion of phosphate. The values for
urinary analysis reported in Table 1, showed that oxalate was
significantly higher in untreated nephrolithiasic rats. However, it
has significantly reduced in rats treated with C. chinensis root
extracts. Urinary calcium and phosphorous level also decreased
significantly in treated rats compared to untreated nephrolithiasic-
rats. For magnesium, there was a significant reduction in its value

that increased to the normal following treatment. Similarly, there
was a significant reduction in urinary uric acid level in all the treated
groups. Treatment with C. chinensis root extracts and cystone
significantly reduced the levels of calcium, phosphorus, oxalate,
creatinine and uric acid along with increased the magnesium level
when compared to the disease control group.

3.7 Effect on serum parameters

In Group I, marked renal damage was seen by the elevated serum
levels of creatinine, uric acid and phosphorous. However,



prophylactic and therapeutic treatment with C. chinensis root
extracts significantly restored the elevated serum levels of creatinine
and uric acid (Table 2).

5-.
-+ Ascorbic acid (Standard)

4- # Ethanol extract
g + Aqueous extract
c 3_
m
g
2
e Z
g

1-

0 20 40 60 80 100
Concentration (pg/mi)

Figure 3: Ferrous reducing antioxidant capacity (FRAC).
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Figure 4: Nitric oxide scavenging activity.

Table 2: Effect of C. chinensis root extracts on serum parameters in ethylene glycol induced urolithiasis in rats

Preventive regimen Curative regimen
Parameter Group | Group 11 Group 11 Group IV Group V Group VI Group VII
(Normal (Disease (Cystone (Ethanolic (Aqueous (Ethanolic (Aqueous
control) control) @750 mg/kg) extract@ extract extract extract
250 mg/kg) @250 mg/kg) @250 mg/kg) | @250mg/kg)
Creatinine 0.51 +0.10 | 1.51 £ 0.13 | 0.51 *+ 0.04*** | 0.55 + 0.09*** 0.9 £ 0.09*** | 0.81 + 0.07*** 1.2 + 0.08
(mg/dl)
Uric acid 255+ 0.12 | 5.13 £ 0.09 | 2.89 + 0.21*** | 2.91 £ 0.07*** 3.24 + 0.07*** | 3.10 + 0.03*** | 3.81 £ 0.14**
(mg/dl)
Phosphate 3.15 £ 0.17 | 596 + 0.17 | 3.14 + 0.06*** | 3.25 £ 0.04*** 4.85 + 0.04*** 4.4 + 0.05%** 5.2 £ 0.05%**
(mg/dl)

All values are mean £ SEM (n=6), one-way ANOVA followed by Dunnett’s test. Group Il was used to compare with all other groups. ***

p< 0.001, **p<0.01.
4. Discussion

Plants are a rich source of large number of bioactive compounds
with high antioxidant activity. Determination of the antioxidant
activity of different plant species and its parts could contribute to
the identification of these plants as a source of new antioxidant
compounds. Different in vitro methods are being used to quantify
antioxidant activities of plant extracts that includes, 2,2-di-phenyl-
1-picrylhydrazyl (DPPH) radical scavenging assay, reducing power
assay and nitric oxide scavenging assay. Oxidative stress is one of
the major risk factor in the pathogenesis of numerous diseases.
Free radicals and reactive oxygen species (ROS) plays an important
role in the pathogenesis of various diseases that may lead to the
conditions like such as diabetes, hypertension, Parkinson’s disease,
cancers and chronic kidney disease (CKD) including urinary stones.

DPPH free radical method is an antioxidant assay based on electron-
transfer that produces a violet solution in ethanol. This free radical,
stable at room temperature, is reduced in the presence of an
antioxidant molecule, giving rise to colorless ethanol solution. DPPH
assay is an easy and rapid way to evaluate antioxidants by
spectrophotometry. The effect of antioxidants on DPPH is
supposed to be due to their hydrogen donating ability. Free radical
scavenging activities are very important to prevent the damaging
effect of free radicals in different diseases, including urinary stone.

DPPH free radical scavenging is a commonly used method for
screening the antioxidant activity of plant extracts. Our results
revealed that extracts of C. chinensis roots had a nearly similar free
radical scavenging activity when compared with standard ascorbic
acid.

Reducing power is broadly used in the evaluation of antioxidant
activity of plant extracts. The reducing power is generally related
with the presence of reductants, which exert antioxidant action by
breaking the free radical chains by donating a hydrogen atom (Rahman
etal., 2015). Theiron reducing capacity of the ethanolic and aqueous
extracts of C. chinensis roots was estimated from their capacity to
reduce the Fe**-ferricyanide complex to the ferrous form by donating
an electron. All the extracts showed a good concentration-dependent
reducing power capacity. The reducing power increase with an
increase in extract concentrations.

Nitric oxide (NO) known as endothelium-derived relaxing factor is
produced by different types of cells, including macrophages,
neurons, platelets and involved in many physiological and
pathological processes (Hou et al., 1999). Nitrite ions after reacting
with Griess reagent, forms a purple azo dye. In presence of an
antioxidants, the amount of nitrites decreases and this decrease in
the formation of purple azo dye reflect the extent of scavenging of
test compounds (Senguttuvan et al., 2014). The extracts possibly
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inhibited the accumulation of nitrite formed during the reaction of
nitric oxide with oxygen. Both the extracts of C. chinensis roots are
found to be a good scavenger of nitric oxide radicals. In a similar
study with the leaf extracts of C. chinensis, a significant antioxidant
potential was observed when compared with the standard ascorbic
acid (Boxi et al., 2010). The antioxidant activity is generally attributed
to phenolic compounds in plant extracts. We assume that the
antioxidant potential and reducing power capacity of the extracts
was probably due to the presence of polyphenols, which can act as
free radical scavenger by donating an electron or hydrogen. In the
present study, the root extracts of C. chinensis roots presented an
excellent free radical scavenging efficacy. It suggests that the extract
is a potential therapeutic agent for the control of oxidative damage
caused by the various free radicals.

Oxidative stress clearly plays an active role in urolithiasis and in
human studies it has been shown that stone formers have increased
oxidative stress and renal tubular injury relative to the non-stone
formers (Boonla, 2018). ROS plays an important role in the
formation of CaOx kidney stones by regulating crystal formation,
growth and retention and antioxidant treatments reduce crystal and
oxalate induced injury (Khan, 2014). A diet rich in antioxidants has
been shown to reduce stone episodes (Taylor et al., 2009). We
assume that the roots of C. chinensis could be a vital source of
antioxidants while combating urinary stone disease. The free radical
scavenging property of C. chinensis roots may help in reducing the
oxidative stress observed during the formation of urinary stone.

Several animal models have been used to study hyperoxaluria, its
consequences and the mechanisms involved in the formation of
urinary stones, Ethylene glycol (EG) induced hyperoxaluria is the
simplest and the most popular model. EG is readily absorbed along
the intestine and is metabolized in the liver to oxalate without
producing metabolic acidosis in rats (Green et al., 2005). However,
the use of EG in experimental models has been criticized as it
produces metabolic acidosis in humans (Evan et al., 2004). Rat has
been found to be a suitable species for study of calcium oxalate
deposition in the kidneys, a process that mimics the etiology of
kidney stone formation in humans (Atmani et al., 2004). Male rats
were selected to induce urolithiasis because the incidence of stone
formation is more common in male than in female. The
pathophysiological mechanisms for calcium kidney stone formation
(calculogenesis) are complex and diverse and include low urine
volume, hypercalciuria, hyperuricosuria, hyperoxaluria, and
abnormalities in urine pH (Sakhaee et al., 2012), as seen here in EG
treated rats.

We observed that urinary volume increased in rats receiving EG and
the root extracts compared to those receiving EG only. The results
indicated that diuretic potential of the extract, which will help in
the rapid dissolution of the preformed stones and prevention of
new stone formation. Treatment with root extracts increased urine
volume ultimately decreasing the saturation of oxalate and calcium
ions and prevented the calcium oxalate crystal formation. Several
studies showed that administration of EG in animals caused
decreased urine output and this decrease in urine volume increases
the saturation level of oxalate, and thus initiating the calcium oxalate
crystal formation (Patel and Acharya, 2020).

Urinary pH is a major factor for kidney stone formation. In the
present study, urinary pH of disease group was significantly

decreased. EG-treated rats without extract treatment has acidic urine.
Acidic urine pH may promote calcium oxalate (CaOx) stone
formation, whereas the basic urine pH may help to prevent CaOx
kidney stone disease (Manissorn et al., 2017). pH of urine in test
extracts treated rats were found significantly increased, which
indicates that treatment with root extract may have increased the
solubility of calcium oxalate stone and decreased the
supersaturation. However, in another study, it was reported that a
low urine pH is the most important factor leading to uric acid stone
formation, whereas the benefit of increasing urine pH in calcium
oxalate stone formers with low urine pH is uncertain (Carvalho and
Carvalho, 2018).

Hyperoxaluria is a more significant risk factor in the pathogenesis of
renal stone (Tiselius, 1997). In the present study, EG-treated rats
exhibited significant hyperoxaluria and an increased renal clearance
of oxalate. The reduction in oxalate excretion was observed on
treatment with C. chinensis extracts. This decreased excretion of
oxalate may be due to the inhibition of formation of oxalate by the
root extract.

High urine calcium is the single most common abnormality of urine
chemistry in recurrent stone formers and increased urinary calcium
excretion, may be due to increased gastrointestional absorption,
increased bone resorption or increased tubular reabsorption (Dawson
and Tomson, 2012). EG caused an increase in calcium urinary excretion
(hypercalciuria) in the untreated group. Supplementation with C.
chinensis root extracts and cystone, restored oxalate and calcium in
urine in both curative as well as preventive regimens as compared to
untreated animals. Increased urinary levels of calcium and oxalate
helps in the nucleation and precipitated calcium oxalate attached to
renal tubules and creates more nucleation centers for new calcium
oxalate crystals (Patel and Acharya, 2020).

EG caused a marked increase in urinary uric acid excretion
(hyperuricosuria). This hyperuricosuria may be attributed to the
physicochemical process to urinary supersaturation with colloidal
monosodium urate-induced calcium oxalate crystallization (Pak and
Arnold, 1975). This increase in uric acid excretion was significantly
reduced following C. chinensis extract treatment.

Magnesium is a known inhibitor of the formation of calcium oxalate
crystals in the urine (Johansson et al., 1982). Magnesium can inhibit
calcium oxalate crystal formations in urine, binding free oxalate and
increasing its solubility (Siener and Hesse, 1995). Urinary magnesium
was significantly reduced in ethylene glycol induced urolithic rats
(Group II). Treatment with extracts restored the magnesium level,
and thereby diminishes the growth of calcium oxalate crystals in rats
treated with extracts. It has been reported that the dietary
interventions with magnesium may results in the decrease of urinary
supersaturation for lithogenic salts (Ferraro et al., 2020).

Increased urinary phosphate as well as oxalate provide an ideal
condition for stone formation by forming calcium phosphate crystals
(Divakar et al., 2010). There was a significant increase in excretion of
inorganic phosphate level in urine. Treatment with C. chinensis extract
significantly lowered the elevated levels of phosphate in both the
regimens, subsequently reducing the chances of calculi formation.

There are significant differences in glomerular filtration rate (GFR)
between stone formers and non-stone formers. In urolithiasis, the



glomerular filtration rate (GFR) decreases due to the obstruction to
the flow of urine by stones in urinary system. Due to this, the
waste products, particularly nitrogenous substances such as urea,
creatinine and uric acid get accumulated in blood. The most
commonly used endogenous marker for the assessment of glomerular
function is creatinine (Gounden et al., 2020). Marked renal damage
was seen in EG treated rats as indicated by the elevated serum
levels of creatinine and uric acid which are markers of glomerular
and tubular damage. Treatment with C. chinensis extract in treated
rats showed to prevent the elevation of serum levels of these markers
both in preventive and curative regimen.

5. Conclusion

This study established that the administration of root extract of
C. chinensis reduced and prevented the formation and growth of
urinary stones in both preventive as well as curative dose regimen;
however, it was more pronounced in preventive regimen. Both
alcoholic as well as aqueous extract shown their antiurolithiatic
activity but alcoholic extract was found to be more efficacious that
the aqueous extract. This anti-urolithiatic effect may be attributed
to the presence of alkaloids, polyphenols and flavonoids which
wields its antioxidant potential, or promotion of inhibitors like
magnesium and reduction in the urinary concentration of urinary
stone-forming constituents.
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