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Abstract: Calcium oxalate is the most common type of urolithiasis. The crystallization process includes
nucleation, growth, and the aggregation of crystals. This study has used Dolichos biflorus seeds as a
functional beverage to explore the role of its bioactive substances on the crystallization process of
calcium oxalate in managing urolithiasis. A human urine model of in vitro calcium oxalate crystals was
used in the study. Phytochemical screening of Functional beverage of Dolichos biflorus seeds was
performed, and antioxidant activity was evaluated by measuring DPPH radical-scavenging activity,
reducing power assay, and Hydrogen peroxide scavenging activity. Functional beverage of Dolichos
biflorus seeds inhibited crystallization process by reducing aggregation of calcium oxalate crystals. The
reduction in crystals aggregation helps prevent urolithiasis by keeping the crystals dispersed in the urine,
controlling their size, and facilitating expulsion from the urinary tract. The results showed that the
Functional beverage of Dolichos biflorus seeds has a significant quantity of flavonoids, glycosides, etc.,
and also possesses a significant antioxidant activity as evaluated by employing different antioxidant
assays. Therefore, our findings suggested that the functional beverage of Dolichos biflorus seeds
exhibited antiurolithiatic activity through inhibition of the crystallization process of the calcium oxalate
process and significant antioxidant potential.

Keywords: Dolichos biflorus; calcium oxalate; urolithiasis; antiurolithiatic; functional beverage;
crystallization; antioxidant activity.
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1. Introduction

Urolithiasis, the process of stone formation in the urinary tract, has tormented humans
from ancient times. Paleopathology reported the incidence of urolithiasis from 7000 years back
in preserved mummies throughout the world [1]. Urolithiasis may occur at any age, although
onset is observed more in young and middle-aged adults [2]. In industrialized countries, 10—
12% of predominantly male people have urolithiasis during their lives [3,4]. Treatment for
renal stones recurrence may eventually lead to deterioration of renal function [5]. Among
various types of urolithiasis, calcium oxalate (75% - 90%) is the most common type of stone
afflicts the Asian population. Its proportion has increased in countries like China, Japan, India,
and Indonesia [6].

Pharmacological and surgical therapeutic procedures have limitations as these do not
overcome the risk of stone recurrence, and treatment like ESWL may also cause hypertension,
renal damage, and impaired functioning [7]. A few years back, medicinal plants were proposed
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for better management of urolithiasis [8]. Till time plenty of research has been done in this
discipline but could not provide satisfactory results. Altogether, few adverse events are
reported using compounds extracted from medicinal plants [9,10]. With the recent
developments in nutrition science, it was suggested as "Let functional food be used as
medicine" [11], and thus, there is a requirement to switch from the nutritional aspect of food to
functional foods as form of dietary therapy to cure diseases [12]. In our Indian traditional
medicine, seeds of Dolichos biflorus (used as food pulse known as kultha/kulthi/horse gram)
are traditionally used to treat urolithiasis [13,14] with urinary diseases. Dolichos biflorus seeds
are rich sources of various natural bioactive substances and can treat various diseases [15].
Many authors reported the in vitro effect of Dolichos biflorus seeds on the crystallization of
calcium phosphate [16- 20]. However, the specific mechanism of Dolichos biflorus seeds and
its effect in human urine calcium oxalate crystal model is yet to be explored; therefore, we
planned this study and used Dolichos biflorus seeds as a functional beverage to explore the role
of bioactive substances of Dolichos biflorus seeds on the crystallization of calcium oxalate
urolithiasis.

The formation of urinary calcium oxalate crystals involves a crystallization process that
includes nucleation, growth, and the aggregation of crystals [21, 22]. Therefore, to explore the
mechanism of Dolichos biflorus we evaluated its effect on in vitro crystallization of calcium
oxalate urolithiasis in human urine. Oxidative stress occurs due to the presence of oxidants
exceeds the concentration of antioxidants, resulting in the production of free radicals. In vitro,
animal, and human research all support the active role of oxidative stress in the production of
urinary stones [3]. Lithogenic crystals generated in urine directly stimulate the formation of
reactive oxygen species (ROS) in renal tubular cells, resulting in oxidative damage and the
release of pro-inflammatory mediators [4]. The formulation is used as a functional beverage in
tea bags, as tea is a widely consumed worldwide [23]. We added some other dietary compounds
to make them more palatable. So the antioxidant and anti-inflammatory potential of Functional
Beverage of Dolichos biflorus and its constituents can be used as a novel herbal formulation to
treat urolithiasis.

2. Materials and Methods

2.1. General experimental procedure.

The chemicals and solutions were of analytical grade, and all the reagents were freshly
prepared before use. All constituents of study formulations were collected from Dehradun,
Uttarakhand, during June 2017. The voucher specimen of all constituents was fixed into
herbarium sheet and deposited at the College of Pharmacy, Chitkara University, Rajpura, for
further reference. All botanical parts of the study formulation were powdered, passed through
a mesh 60, and stored in an airtight container before extraction.

2.2. Preparation of functional beverage (FB).

Study formulation was assessed at various concentrations that is 0.5, 1.0, 1.5, 2.0, 2.5
and 3.0 g per 250 mL. Each tea bag was constituted of: moderately coarse powder of Dolichos
biflorus (seeds) (60 % wi/w), Phyllanthus emblica L. (dried fruit) (10 % w/w), Ocimum
tenuiflorum L. (dried leaves) (10 % w/w), Green Tea (dried leaves) (8 % w/w), Withania
somnifera (dried root powder) (5 % w/w), Foeniculum vulgare Mill. (Seed’s powder) (5 %
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w/w) and Stevia (dried leaves) (2 % w/w). The filled tea bag was dipped in 250 ml hot water
(temperature 90 °C) for 10 minutes. Teabag was removed after 10 minutes, and the extract was
allowed to cool (at room temperature), filtered with filter paper, and used for antiurolithiatic
activity.

2.3. Calcium oxalate crystallization.

Antiurolithiasis activity of Dolichos biflorus based functional beverage was evaluated
on calcium oxalate crystals induced in the normal human’s urine. The study protocol and all
the experimental procedures used in this study were approved by the Institutional Ethics
Committee (ISFCP/IEC/2019/41).

Calcium oxalate precipitation was induced by adding 40 pL of 0.1 M sodium oxalate
per ml of urine (corresponding to 0.536 mg), every 30 minutes, for a total duration of the
experiment 90 minutes at the four-time point, under shaking incubator at 37°C, resulting in a
final concentration of urine (2-2.5 ml). Two aliquots of urine sample were used for the study,
one as the control sample without formulation and the second with Dolichos biflorus based
functional beverage for checking induction of calcium oxalate precipitation to check the
crystallization process. Sodium oxalate was added 30 min before the crystallization process.
Antiurolithiasis activity of Dolichos biflorus based functional beverage was assessed at various
concentrations of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 g per 250 mL, based on a dose-response curve.

2.4. Collection and analysis of urine.

Urine samples were obtained from 10 healthy subjects (05 males and 05 females) with
no urolithiasis personal or family history. 24-hour urine samples were collected from each
subject in provided sterile polypropylene urine bottles. The calcium oxalate crystals obtained
were analyzed at 0 and 24 h after the crystallization process. The turbidimetric assay was used
for the semiquantitative analysis of crystals [24]. For the post crystallization process, urine
sample treated with Dolichos biflorus based functional beverage and without treatment sample
centrifuged for five minutes at 3000 rpm. The urine supernatant was placed on the Neubauer
chamber, and a qualitative analysis of crystals was performed. Crystal images were recorded
with a digital video camera associated with a light microscope (Olympus upright microscopes,
USA).

2.5. Assessment of in vitro antioxidant assay.

Standard methods for reducing power, DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging, and hydrogen peroxide radical scavenging were used for evaluating antioxidant
potential of Dolichos biflorus based functional beverage comparison with ascorbic acid
[25,26].

2.6. Phytochemical analysis.

The phytochemical analysis of Dolichos biflorus based functional beverage was
determined as per the standard methods described in Ayurvedic Pharmacopoeia of India to
determine chemical constituents present in it, like saponins phenolic compounds, glycosides,
flavones and etc. (Table 1).
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2.7. Statistical analysis.

Values were expressed in terms of mean + standard error mean. Differences among data
were determined using a one-way ANOVA test followed by Tukey’s multiple comparison test
(GraphPad Software, Inc., version 6, CA, USA.), and P<0.05 was considered statistically
significant.

3. Results and Discussion

3.1. Effect on calcium oxalate crystallization.

Based on the effect of various dosages of the study formulation on the turbidity of the
solution, a dose-response curve was built using human urine. When illustrated in Figure 1, the
absorbance of the solution reduced as the study formulation dose was increased. Doses above
2 g/250 mL were not able to induce a further change in absorbance, and therefore this dose was
used in the subsequent experiments. The decrease in absorbance indicates a lower density of
crystals. However, the observation of crystals by light microscopy showed that increasing
doses of study formulation produced a lower crystal density and smaller crystals (Figure 2 &
3). After 24-h of crystallization, an intense aggregation of calcium oxalate crystals was
observed in control urine (Figure 2), whereas this phenomenon was considerably inhibited in
the presence of study formulation (Figure 3).

Dose response curve
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Figure 1. Dose-response curve for the effect of different doses of study formulation on the turbidity of the
solution of Dolichos biflorus based functional beverage.

L 2

Figure 2. Intense aggregation of calcium oxalate crystals in control urine.
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Figure 3. Inhibition of the aggregation of calcium oxalate crystals in study formulation treated urine.
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Figure 4. Assessment of DPPH scavenging activity of Dolichos biflorus based functional beverage.
3.2. Assessment of antioxidant activity.
3.2.1. DPPH assay.

Antioxidant activity of polyherbal formulation was evaluated by employing DPPH
scavenging assay. Different concentrations of polyherbal formulation (1-5ug/ml) were used to
determine the DPPH scavenging activity. Dose-dependent percent inhibition was observed
with different concentrations of the polyherbal formulation. At the concentration of 1pg/ml
percent inhibition was found to be 35.56 whereas, in the case of 2 ug/ml, 3 pg/ml, 4 ug/ml, and
5 pg/ml percent inhibition was found to be to 43.97, 43.92, 51.90. 61.94 and 74.92 respectively.
The IC50 of the polyherbal formulation was found to be 2.622. In the case of ascorbic acid
(used as standard compound), percent inhibition at different concentrations 1 pg/ml -5 pg/ml
was found to be 41.12, 55.32, 67.86. 78.23 and 89.69, respectively, and IC50 value was found
to be 1.669 (Figure 4).

3.2.2 Reducing power assay.

This assay was done with different concentration viz 12.5 pg/ml, 25 pg/ml, 50ug/mi,
100pg/ml, 200upg/ml, 400ug/ml, 800ug/ml for both Polyherbal formulation and standard
ascorbic acid. Polyherbal shows the absorbance of 0.266 for concentration 12.5 pg/ml and
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2.081 for concentration 800ug/ml whereas for ascorbic acid absorbance at 12.5 pg/ml was
found to be 0.306 and 2.422 for concentration 800 pg/ml. EC50 was calculated and 61.81 pg/ml
for Polyherbal formulation and 38.42 pg/ml for ascorbic acid (Figure 5).
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Figure 5. Assessment of Reducing power activity of Dolichos biflorus based functional beverage.
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Figure 6. Assessment of Hydrogen peroxide scavenging activity of Dolichos biflorus based functional beverage.
3.2.3. Hydrogen peroxide scavenging activity.

The antioxidant potential of the polyherbal formulation was estimated to be
94.987+0.946% at 400 pg/ml, and for ascorbic acid, it was obtained as 97.24+0.79 % at 400
pg/ml. 1C50 of the polyherbal formulation was found to be 102.967ug/ml, whereas IC50 of
ascorbic acid was found to be 57.443ug/ml (Figure 6).

3.2.4 Effect on phytochemical and physicochemical analysis.

The results of the physicochemical analysis showed the specimen used for the study have
Glycosides, Flavonoids, Saponins, etc. (Table 1). The presence of these phytoconstituents
indicates its antioxidant potential.
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3.3. Discussion.

In our present study, we explored antiurolithiatic activity of Dolichos biflorus seeds-
based functional beverage using in vitro crystallization model of human urine. The
crystallization of calcium oxalate was significantly reduced with our study formulation
(functional beverage) of Dolichos biflorus seeds. Dolichos biflorus seeds are a rich source of
various natural bioactive substances and have the potential for treating urolithiasis, including a
variety of other metabolic diseases [15]. Although a definite mechanism of Dolichos biflorus
seeds is yet to be explored, we planned this study and used Dolichos biflorus seeds as a
functional beverage to explore the role of bioactive substances Dolichos biflorus seeds on the
crystallization phenomenon of calcium oxalate urolithiasis.

Numerous researches have confirmed the antioxidant capabilities of various flavonoids,
glycosides, and saponins found in plants. The presence of these phytoconstituents suggests that
they may be employed as potential antioxidant agents. DPPH, Hydrogen peroxide, and
Reducing power activity results indicate the significant antioxidant potential of Dolichos
biflorus seeds-based functional beverage comparable to standard ascorbic acid, could be
advantageous in treating renal diseases mediated due to oxidative stress [4]. Higher
concentrations of Dolichos biflorus seeds-based functional beverage in these assays have
shown free radicals scavenging activity. Reducing power activity of Dolichos biflorus seeds-
based functional beverage, has shown its reduction potential to reduce potassium ferricyanide
(Fe*") to potassium ferrocyanide (Fe?"), which indicates its role as a strong antioxidant.
Attenuating oxidative stress may be viewed as a significant strategy for slowing urolithiasis
progression. A series of steps along with a favourable environment is necessary for the
development of urolithiasis. The supersaturation of urine, with calcium and oxalate, is a
prerequisite for crystallization to occur but not sufficient to produce calcium oxalate crystals
[21, 22]. Afterward, nucleation, growth, and crystal aggregation occur due to a to favorable
environment, followed by adhesion and internalization of the crystal into the tubular epithelial
cells [27, 28].

Many authors reported the in vitro effect of Dolichos biflorus seeds on the
crystallization of calcium phosphate [16- 20]. However, the effect of Dolichos biflorus in the
human urine calcium oxalate crystal model is yet to be explored.

Our results showed that this formulation possesses antioxidant properties and inhibited
crystal growth, as crystals size in study formulation samples was observed smaller than that of
the particles found in control samples. This fact is also supported by a decrease in absorbance
in study formulation samples than in control samples. The high turbidity is associated with
increased/larger crystals and increased absorbance during the turbidimetric assay. Also, the
samples containing study formulation have shown reduced crystal aggregation. The reduction
in crystals aggregation helps prevent urolithiasis by keeping the crystals dispersed in the urine,
controlling their size, and facilitating expulsion from the urinary tract.

In summary, we showed that Dolichos biflorus inhibited the calcium oxalate
crystallization process by reducing crystal growth and aggregation.

4. Conclusions

Our study showed that Dolichos biflorus based functional beverage possess antioxidant
properties and inhibited calcium oxalate crystallization process by reducing crystal growth and
aggregation. Thus, the functional beverage of Dolichos biflorus seeds being food may be
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devoid of adverse effects and can be considered a potential candidate for treating calcium
oxalate kidney stones.
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