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a b s t r a c t

The methanolic whole plant extract of Biophytum sensitivum (感应草gǎnyìng cǎo) has been found to

possess antiurolithiatic effect. The present study was undertaken to evaluate the antiurolithiatic effect of

some fractions of methanolic whole plant extract of B. sensitivum (MBS) in rats as a step toward activity-

directed isolation of antiurolithiatic component. The MBS was successively extracted with dichloro-

methane, ethyl acetate, ethanol and water to obtain fractions. Sodium oxalate (70 mg/kg, i.p.) was

administered to rats for seven days to develop calcium oxalate urolithiasis. These rats were treated with

two doses (20 and 40 mg/kg, p.o.) of the fractions, 1 h before sodium oxalate injections. Antiurolithiatic

activity was assessed by estimating biochemical changes in urine, serum and kidney homogenate along

with histological changes in kidney tissue. Sodium oxalate administration caused biochemical alterations

in urine which was found to be prevented significantly by the ethyl acetate fraction. Supplementation

with ethyl acetate fraction prevented the elevation of serum creatinine, uric acid and blood urea nitrogen

levels. The elevated calcium, oxalate and phosphate levels in the kidney tissue homogenate of lithiatic

rats were significantly reduced by the treatment with ethyl acetate fraction. The ethyl acetate fraction

also caused significant decrease in lipid peroxidation activity, accumulation of calcium oxalate deposits

and histological changes in the kidney tissue. The results showed that the antiurolithiatic component of

the methanolic whole plant extract of the plant is contained in the ethyl acetate fraction. The effect is

attributed to its diuretic, antioxidant, nephroprotective properties and effect on lowering the concen-

tration of urinary stone-forming constituents.

Copyright © 2017, Center for Food and Biomolecules, National Taiwan University. Production and hosting

by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Urolithiasis i.e. formation of urinary calculi (stone) anywhere in

the urinary tract is one of the most painful and third prevalent

ailments, has beset humans from centuries.1 It is reported as

complaint with an increasing incidence and prevalence worldwide.

It is estimated that it affect about 12% of world population and

expected to rise further with the advancement in the industri-

alization.2e4 This increased incidence of urinary stones over the last

few years, are associated with decrease in age of onset has an

important effect on the healthcare system.5 Recurrence is another

major factor that makes it more serious issue to address. On

recurrence, the subsequent relapse risk is raised and the interval

between recurrences is shortened.6 Common features associated

with recurrence include a young age of onset, family history,

frequent infections and underlying medical conditions.7

The current medical management of urolithiasis involves

administration of symptomatic drugs like diuretics, alkanizers,

anti-inflammatory etc., and other techniques like extracorporeal

shock wave lithotripsy and percutaneous nephrolithotomy.7e9

However, these treatment options have certain hurdles such as

limited therapeutic outcome, comparatively high cost and chances

of frequent recurrence.10 Furthermore, they also causes wide range

of undesirable effects such as hemorrhage, hypertension, tubular

necrosis followed by subsequent fibrosis of the kidney leading to

cell injury.11 The continuous research is going on to overcome these
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drawbacks and to develop more suitable and safe treatment op-

tions, however till today no satisfactory therapy has been devel-

oped that indicates need for effective alternative remedy for the

prevention and treatment of urolithiasis.

In the Indian traditional systems of medicine i.e. Ayurveda, a

number of plants have been claimed to be efficient to cure and

correct urinary stones.12 These plants and their products are also

reported to be effective in the treatment as well as prevention of

recurrence of renal calculi with minimal or no side effects.10 In

Ayurveda, the whole plant of Biophytum sensitivum (感应草gǎnyìng

cǎo) is claimed for its usefulness in the treatment of various health

aliments including urinary stones.13,14 B. sensitivum (感应草gǎnyìng

cǎo) belonging to family oxalidaceae is distributed in tropical Asia,

Africa, America and Philippines. It has been extensively studied for

its analgesic, anti-pyretic, anti-inflammatory, immunomodulatory,

antitumor, antidiabetic, antioxidant, antibacterial, antihyperten-

sive, chemoprotective, radioprotective and antifertility effects.15

We have previously reported antiurolithiatic potential of B. sensi-

tivum (感应草gǎnyìng cǎo) against zinc disc implantation-induced

lithiasis and ethylene glycol and ammonium chloride-induced

lithiasis in rats.16 The antiurolithiatic constituent of the plant is

yet to be isolated. The present study was carried out to evaluate

antiurolithiatic activity of fractions of B. sensitivum (感应草gǎnyìng

cǎo) against sodium oxalate-induced calcium oxalate urolithiasis in

rats in order to determine the fraction containing antiurolithiatic

component of the plant.

2. Materials and methods

2.1. Collection and extraction of plant materials

The plant material was identified, collected and thereafter

extracted as previously reported.16 Briefly, whole plant material of

B. sensitivum (感应草gǎnyìng cǎo) was collected from the local re-

gion of Pune, India. It was authenticated by Dr. J. Jayanthi, Scientist,

Botanical Survey of India, Pune, India. The plant material i.e. whole

plant of B. sensitivum (感应草gǎnyìng cǎo) was washed and dried in

shade for 10e15 days. The dried whole plant was coarsely

powdered, packed into soxhlet column and extracted with 70% v/v

methanol inwater for 22 h. This methanolic extracts of plant (MBS)

was then evaporated at 45 �C and then dried in oven. The dried

extract was stored in airtight container.

2.2. Fractionation of extract

The MBS was subjected to fractionation by earlier reported

method.17 In brief, 5 g of MBS was fractioned by filter column

chromatography over 100 g silica gel 60e120 (S), and eluted with

approximately 3 L of solvents dichloromethane, ethyl acetate,

ethanol, and water, in the order of increasing polarity, until a clear

elute was obtained at the end of the elution. The collected elutes

were subjected to evaporation at 45 �C to obtain dichloromethane

(DCM-MBS), ethyl acetate (EA-MBS), ethanol (E-MBS), and water

(AQ-MBS) fractions of MBS. Fractions were stored at 4 �C until

assayed.

2.3. Evaluation of antiurolithiatic activity of fractions

All fractions (i.e. DCM-MBS, EA-MBS, E-MBS and AQ-MBS) were

evaluated for antiurolithiatic activity at the dose levels of 20 and

40 mg/kg (p.o.),16 for seven days treatment,18,19 against sodium

oxalate-induced calcium oxalate urolithiasis in rats.

2.4. Animals

Male Wistar albino rats weighing between 150e200 g were

used for the study. They were procured from National Institute of

Biosciences, Pune, India. The rats were allowed for acclimatization

for ten days under standard conditions in the CPCSEA approved

animal house of MAEER's Maharashtra Institute of Pharmacy, Pune,

India. The animals were given standard diet supplied by Nutrivet

Life Sciences, Pune, India. The study protocol was approved by the

Institutional Animal Ethics Committee (Ref. No.: MIP/IAEC/2014-

15/M1/Appr/004) of MAEER's Maharashtra Institute of Pharmacy,

Pune, India.

2.5. Chemicals and apparatus

Sodium oxalate (Qualigens Fine Chemicals, India) was used for

the study. All other chemicals and reagents used were of analytical

grade and procured from approved vendors. Apparatus such as the

metabolic cages (New Neeta Chemicals, India), cold centrifuge

(BioEra, India), semi-automated clinical analyzer (Avantor Perfor-

mance Materials, India) and UV-spectrophotometer (LabIndia, In-

dia) were used in the study.

2.6. Experimental design

Sodium oxalate-induced calcium oxalate urolithiasis model was

used to evaluate antiurolithiatic effect of fractions of MBS in

rats.18,19 Animals were randomly divided into ten groups each

containing six animals. Group I served as vehicle control, animals of

this group were maintained on standard rat food and drinking

water ad libitum and were received vehicle, i.e. 0.5% w/v gum acacia

solution (5 ml/kg, p.o.). All remaining groups received calculi

inducing treatment, comprised of sodium oxalate (70 mg/kg, i.p.)

administration for seven days. Group II served as lithiatic control

and received 0.5% w/v gum acacia solution (5ml/kg, p.o.). Groups III

and IV served as DCM-MBS treatment groups and received DCM-

MBS at doses of 20 and 40 mg/kg respectively for seven days.

Groups V and VI served as EA-MBS treatment groups and received

EA-MBS at doses of 20 and 40 mg/kg respectively for seven days.

Groups VII and VIII served as E-MBS treatment groups and received

E-MBS at doses of 20 and 40 mg/kg respectively for seven days.

Groups IX and X served as AQ-MBS treatment groups and received

AQ-MBS at doses of 20 and 40 mg/kg respectively for seven days.

The fractions were suspended in distilled water using 0.5%w/v gum

acacia solution and given once daily by oral route (5 ml/kg body

weight) 1 h prior to sodium oxalate challenge.

2.7. Collection and analysis of urine

All animals were kept in individual metabolic cages and 24 h

urine samples were collected on 0 and 7th day of experimental

period. The pH of freshly collected urine sample was measured and

24 h urine samples were analyzed for its volume, calcium, oxa-

late,20 phosphate, magnesium,21,22 uric acid, citrate,23 and total

protein contents. Commercial kits for estimating urinary levels of

calcium (Transasia Bio-medicals Ltd., India), phosphate (Coral

Clinical Systems, India), uric acid (Transasia Bio-medicals Ltd., In-

dia) and total protein (Transasia Bio-medicals Ltd., India) were used

according to the manufacturer's protocol.

2.8. Serum analysis

After urine collection, blood was collected from retro-orbital

sinus under ether anesthesia. Serum was separated by centrifuga-

tion at 10,000 �g for 10 min and analyzed for creatinine, uric acid
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and blood urea nitrogen (BUN) levels by using commercial kits

(Transasia Bio-medicals Ltd., India).

2.9. Kidney tissue analysis

After blood collection, all rats were sacrificed by cervical dislo-

cation. The abdomen was cut open to remove both kidneys from

each animal. Isolated kidneys were cleaned-off extraneous tissue,

rinsed in ice-cold physiological saline and used for tissue homog-

enate and histopathological analysis.

2.10. Homogenate analysis

The left kidney was finely minced and 20 % homogenate was

prepared in TriseHcl buffer (0.02 mol/l, pH 7.4). The kidney ho-

mogenate was used to analyze tissue calcium, oxalate,20 phosphate

and lipid peroxidation24 levels. Commercial kits were used for

estimating renal levels of calcium (Transasia Bio-medicals Ltd., In-

dia) and phosphate (Coral Clinical Systems, India) according to the

manufacturer's protocol.

2.11. Histopathology

The right kidney was fixed in 10% neutral buffered formalin,

processed in a series of graded alcohol and xylene, embedded in

paraffin wax, sectioned at 5 mm and stained with Hematoxylin and

Eosin for examination under light microscope to estimate damage

index (DI). The histological changes such as congestion, hemor-

rhages, focal tubular swelling, granular and vacuolar changes in

cytoplasm, tubular degeneration, sloughing of tubular epithelium,

cystic tubular changes, necrotic changes of tubular epithelium,

infiltration of mononuclear cells, glomerular changes and intersti-

tial fibrosis were observed for damage index with semiquantitative

grading system as grade 0-no visible changes, grade 1-minimal

changes (<25%), grade 2-mild changes (25%e50%), grade 3-

moderate changes (51%e75%) and grade 4-severe changes

(>75%). The kidney sectionwas also stained by method reported by

Pizzolato method,25 which selectively stains calcium oxalate crys-

tals, and observed under light microscope to estimate total number

of calcium oxalate deposits.

To estimate DI and number of calcium oxalate deposits, a sag-

gital section of each renal specimen was divided into 8 equal sized

regions by four virtual lines according to previously reported

method.26 A 100x field of Hematoxylin and Eosin or Pizzolato

stained slide was then randomly selected from each region, graded

for damage index or number calcium oxalate deposits. The average

of eight readings was reported as damage index and number of

calcium oxalate deposits for each specimen.

2.12. HPTLC analysis of EA-MBS and E-MBS

The most effective fractions i.e. EA-MBS and E-MBS were stan-

dardized for the content of marker compound, amentoflavone by

HPTLC method.27 In brief, sample solutions were applied on pre-

washed and activated pre-coated silica gel aluminium HPTLC

plate 60F254 (20 cm � 10 cmwith 250 mm thickness) in the form of

band of 6 mm width with a Camag syringe (100 ml) using a Camag

Linomat V sample applicator. HPTLC plates were then developed

with 20 ml mobile phase consisting of toluene:ethyl for-

mate:formic acid (5:4:1, v/v/v). Linear ascending development was

carried out in 20 cm � 10 cm twin trough glass chamber saturated

with the solvent system. The chamber saturation time for solvent

system was 15 min at room temperature 25 ± 2 �C and relative

humidity of 60 ± 5%. After chromatography, plates were dried in an

air current. Densitometric scanning was performed by using Camag

TLC scanner III with winCATS software version 1.4.4 at 366 nm.

2.13. Statistical analysis

All the results were expressed asmean ± standard error of mean

(SEM). The statistical significance between lithiatic control group

and vehicle control group was calculated by student's t-test,

whereas one-way analysis of variance (ANOVA) followed by Dun-

nett's comparison test was used to calculate statistical significance

between fraction-treated groups and lithiatic control group.

p < 0.05 was considered significant.

3. Results

3.1. Fractionation of MBS

The yield of DCM-MBS, EA-MBS, E-MBS and AQ-MBSwere found

to be 5.80, 4.80, 2.80 and 7.20% w/w respectively.

3.2. Effect on urine parameters

The basal urinary parameters i.e. urine volume and urinary

excretion of calcium, oxalate, phosphate, total protein, uric acid,

magnesium and citrate of rats were found to be equivalent

(Table 1).

The induction of lithiasis did not show any significant alteration

in the urine volume as compared to vehicle control rats (Table 1).

Preventive treatment with the 40 mg/kg dose of DCM-MBS, EA-

MBS, E-MBS and AQ-MBS produced significant increase in urine

volume as compared to vehicle control animals. The AQ-MBS and E-

MBS were found to be more potent than other fractions, in

increasing urine volume (Table 1).

Calculi-inducing treatment caused significant (p < 0.001) in-

crease in the urinary oxalate excretion from 4.46 ± 0.25 mg/24 h to

6.34 ± 0.32 mg/24 h at the end of experimental period (Table 1).

This increased urinary oxalate excretion was significantly

decreased by the treatment with all doses of EA-MBS (i.e. 20 and

40 mg/kg) and higher dose of E-MBS (i.e. 40 mg/kg). The EA-MBS

was found most effective fraction in this regard (Table 1).

The mean urinary calcium excretion of vehicle control rats was

0.54 ± 0.02 mg/24 h at the end of experimental period, which was

significantly (p < 0.001) decreased to 0.33 ± 0.02 mg/24 h in the

calculi-induced rats (Table 1). This decreased urinary calcium

excretion was significantly increased by treatment with all doses of

EA-MBS (i.e. 20 and 40 mg/kg) as well as higher dose of E-MBS and

AQ-MBS (i.e. 40mg/kg). The EA-MBSwas found to bemost effective

fraction in this regard (Table 1).

Calculi-inducing treatment caused significant (p < 0.001) in-

crease in urinary phosphate excretion from 5.45 ± 0.11 mg/24 h to

6.88 ± 0.22 mg/24 h in the lithiatic control rats at the end of

experimental period (Table 1). This increased urinary phosphate

excretionwas significantly decreased by preventive treatment with

all doses of EA-MBS and E-MBS (i.e. 20 and 40 mg/kg) in dose

dependent manner. On the other hand, only higher dose of AQ-MBS

(i.e. 40 mg/kg) was found to be effective in producing significant

decrease in urinary phosphate excretion as compared to lithiatic

control animals. The EA-MBS was found most effective fraction in

this regard (Table 1).

The mean urinary total protein excretion of vehicle control rats

was 3.67 ± 0.43 mg/24 h at the end of experimental period, which

was significantly (p < 0.001) increased to 6.06 ± 0.35 mg/24 h in

lithiatic control rats (Table 1). This increased urinary total protein

excretionwas significantly decreased by preventive treatment with

all doses of EA-MBS and E-MBS (i.e. 20 and 40 mg/kg) as well as
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higher dose of AQ-MBS (i.e. 40mg/kg). The EA-MBSwas foundmost

effective fraction in this regard (Table 1).

Induction of lithiasis caused significant (p < 0.01) increase in

urinary uric acid excretion from 1.38 ± 0.05 mg/24 h to

1.75 ± 0.07 mg/24 h at the end of experimental period (Table 1).

This increased urinary uric acid excretion was significantly

decreased by preventive treatment with higher dose of EA-MBS

and E-MBS (i.e. 40 mg/kg). The EA-MBS was found most effective

fraction in this regard (Table 1).

The mean urinary magnesium excretion was significantly

(p < 0.01) decreased from 2.44 ± 0.11 mg/24 h to 1.82 ± 0.08 mg/

24 h in the lithiatic control rats at the end of experimental period

when compared against vehicle control rats (Table 1). This

decreased urinary magnesium excretion was significantly

increased by preventive treatment with all doses of EA-MBS and E-

MBS (i.e. 20 and 40mg/kg) in dose dependent manner. The EA-MBS

was found most effective fraction in this regard (Table 1).

Calculi-inducing treatment caused significant (p < 0.05)

decrease in urinary citrate excretion from 5.35 ± 0.29 mg/24 h to

4.30 ± 0.21 mg/24 h in the lithiatic rats at the end of experimental

period as compared to vehicle control rats (Table 1). This decreased

urinary citrate excretion was significantly increased by treatment

with higher dose of EA-MBS and E-MBS (i.e. 40 mg/kg). The E-MBS

was found most effective fraction in this regard (Table 1).

3.3. Effect on serum parameters

Basal serum creatinine, uric acid and BUN level of rats did not

show any significant difference (Table 2).

Serum creatinine level of vehicle control rats was

0.57 ± 0.03 mg/dl, which was significantly (p < 0.001) increased to

0.84 ± 0.05 mg/dl in the lithiatic rats at the end of experimental

period (Table 2). This increased serum creatinine level was signif-

icantly decreased by preventive treatment with all doses of EA-MBS

(i.e. 20 and 40mg/kg) and higher dose of E-MBS (i.e. 40mg/kg). The

EA-MBS was found to be most effective in this regard (Table 2).

At the end of experimental period, serum uric acid level was

significantly (p < 0.001) increased from 1.33 ± 0.04 mg/dl to

1.75 ± 0.05 mg/dl in lithiatic control rats when compared against

vehicle control rats (Table 2). This increased serum uric acid level

was significantly decreased by treatment with all doses of EA-MBS

(i.e. 20 and 40 mg/kg) as well as higher dose of E-MBS and AQ-MBS

(i.e. 40 mg/kg). The EA-MBS was found to be most effective fraction

in this regard (Table 2).

Calculi-inducing treatment caused significant (p < 0.001) in-

crease in serum BUN level from 15.03 ± 0.51 mg/dl to

38.84 ± 2.01 mg/dl in the lithiatic control rats at the end of

experimental period as compared to vehicle control rats (Table 2).

This increased serum BUN level was significantly decreased by

preventive treatment with all doses of EA-MBS (i.e. 20 and 40 mg/

kg) as well as higher dose of E-MBS and AQ-MBS (i.e. 40mg/kg). The

EA-MBS was found to be most effective fraction in this regard

(Table 2).

3.4. Effect on renal parameters

The mean calcium level in kidney tissue homogenate of vehicle

control rats was 0.16 ± 0.01mg/g, which was significantly increased

to 0.25 ± 0.02 mg/g in the lithiatic control rats (Table 3). This

increased calcium level was significantly decreased by the treat-

ment with all doses of EA-MBS and E-MBS (i.e. 20 and 40 mg/kg) in

dose dependent manner. The EA-MBS was found to be most

effective in this regard (Table 3).

Calculi-inducing treatment caused significant (p < 0.001) in-

crease in oxalate level in kidney tissue homogenate from

1.24 ± 0.09 mg/g to 3.53 ± 0.19 mg/g in the lithiatic control rats

when compared against vehicle control rats (Table 3). This

increased oxalate level was significantly decreased by the treat-

ment with all doses of EA-MBS and E-MBS (i.e. 20 and 40 mg/kg).

Both EA-MBS and E-MBS were found to be equipotent, in

decreasing oxalate level in kidney tissue homogenate (Table 3).

The mean phosphate level in kidney tissue homogenate of

vehicle control rats was 1.97 ± 0.09 mg/g, which was significantly

Table 1

Effect of MBS-fractions on urinary parameters in urolithiasis-induced rats.

Days Vehicle control Lithiatic control DCM-MBS

(20 mg/kg)

DCM-MBS

(40 mg/kg)

EA-MBS

(20 mg/kg)

EA-MBS

(40 mg/kg)

E-MBS

(20 mg/kg)

E-MBS

(40 mg/kg)

AQ-MBS

(20 mg/kg)

AQ-MBS

(40 mg/kg)

Volume (ml/24 h)

0 6.43 ± 0.46 6.28 ± 0.57 5.95 ± 0.58 6.08 ± 0.61 6.00 ± 0.65 6.15 ± 0.58 6.23 ± 0.58 6.10 ± 0.58 6.33 ± 0.48 6.45 ± 0.53

7 6.20 ± 0.52 6.10 ± 0.50 10.07 ± 1.37 14.20 ± 2.36* 10.53 ± 0.83 13.78 ± 2.16* 10.20 ± 1.25 17.73 ± 2.85*** 12.47 ± 1.32 21.92 ± 2.02***

Oxalate (mg/24 h)

0 4.55 ± 0.28 4.48 ± 0.26 4.47 ± 0.31 4.60 ± 0.26 4.59 ± 0.23 4.54 ± 0.31 4.52 ± 0.27 4.43 ± 0.28 4.57 ± 0.25 4.48 ± 0.27

7 4.46 ± 0.25 6.34 ± 0.32yyy 6.30 ± 0.36 6.20 ± 0.29 4.94 ± 0.34* 4.60 ± 0.27** 5.41 ± 0.30 4.90 ± 0.33* 5.96 ± 0.30 5.55 ± 0.36

Calcium (mg/24 h)

0 0.49 ± 0.02 0.51 ± 0.03 0.53 ± 0.02 0.50 ± 0.02 0.53 ± 0.02 0.50 ± 0.02 0.54 ± 0.02 0.51 ± 0.03 0.50 ± 0.02 0.52 ± 0.02

7 0.54 ± 0.02 0.33 ± 0.02yyy 0.33 ± 0.02 0.31 ± 0.02 0.40 ± 0.02* 0.50 ± 0.02*** 0.39 ± 0.02 0.43 ± 0.02** 0.35 ± 0.02 0.41 ± 0.02*

Phosphate (mg/24 h)

0 5.78 ± 0.11 5.43 ± 0.12 5.48 ± 0.11 5.51 ± 0.15 5.58 ± 0.14 5.45 ± 0.13 5.56 ± 0.13 5.56 ± 0.13 5.69 ± 0.16 5.74 ± 0.13

7 5.45 ± 0.11 6.88 ± 0.22yyy 6.79 ± 0.17 6.64 ± 0.22 5.91 ± 0.13** 5.61 ± 0.15*** 6.11 ± 0.26* 5.89 ± 0.19** 6.37 ± 0.17 6.04 ± 0.12*

Total protein (mg/24 h)

0 4.01 ± 0.20 3.90 ± 0.34 3.67 ± 0.52 3.71 ± 0.54 3.84 ± 0.50 4.00 ± 0.39 3.84 ± 0.41 4.04 ± 0.36 3.90 ± 0.25 3.98 ± 0.30

7 3.67 ± 0.43 6.06 ± 0.35yy 6.08 ± 0.26 5.38 ± 0.59 3.93 ± 0.15*** 3.41 ± 0.22*** 4.72 ± 0.38* 3.80 ± 0.24*** 4.78 ± 0.33 4.08 ± 0.28***

Uric acid (mg/24 h)

0 1.41 ± 0.06 1.43 ± 0.05 1.40 ± 0.06 1.39 ± 0.06 1.36 ± 0.07 1.38 ± 0.06 1.36 ± 0.05 1.40 ± 0.06 1.38 ± 0.06 1.41 ± 0.05

7 1.38 ± 0.05 1.75 ± 0.07yy 1.78 ± 0.08 1.74 ± 0.07 1.49 ± 0.06 1.40 ± 0.07** 1.57 ± 0.05 1.48 ± 0.06* 1.71 ± 0.06 1.55 ± 0.06

Magnesium (mg/24 h)

0 2.47 ± 0.08 2.51 ± 0.07 2.46 ± 0.06 2.44 ± 0.06 2.39 ± 0.07 2.42 ± 0.07 2.46 ± 0.08 2.44 ± 0.07 2.45 ± 0.07 2.51 ± 0.08

7 2.44 ± 0.11 1.82 ± 0.08yyy 1.80 ± 0.07 1.84 ± 0.07 2.23 ± 0.07** 2.35 ± 0.06*** 2.11 ± 0.06* 2.25 ± 0.10*** 1.89 ± 0.07 2.09 ± 0.07

Citrate (mg/24 h)

0 5.24 ± 0.23 5.32 ± 0.24 5.26 ± 0.21 5.35 ± 0.28 5.26 ± 0.13 5.53 ± 0.26 5.47 ± 0.24 5.30 ± 0.19 5.16 ± 0.25 5.28 ± 0.22

7 5.35 ± 0.29 4.30 ± 0.21y 4.50 ± 0.21 4.48 ± 0.17 5.01 ± 0.31 5.31 ± 0.22* 4.51 ± 0.19 5.45 ± 0.24** 4.74 ± 0.23 5.21 ± 0.29

Values are expressed as mean ± SEM, n¼ 6, yp < 0.05; yyp < 0.01; yyyp < 0.001 vs. vehicle control, *p < 0.05; **p < 0.01; ***p < 0.001 vs. lithiatic control. Values of lithiatic control

group were compared with vehicle control and those of drug-treated groups with lithiatic control. SEM ¼ Standard error of mean.
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(p < 0.001) increased to 3.05 ± 0.12 mg/g in the lithiatic control rats

(Table 3). This increased phosphate level was significantly

decreased by treatment with all doses of EA-MBS (i.e. 20 and

40 mg/kg) and higher dose of E-MBS as well as AQ-MBS (i.e. 40 mg/

kg). The EA-MBS was found to be most effective in this regard

(Table 3).

Calculi-inducing treatment caused significant (p < 0.001) in-

crease in lipid peroxidation activity in renal tissue from

33.39 ± 2.13% to 100.00 ± 5.18% in the lithiatic control rats (Table 3).

This increased lipid peroxidation activity was significantly

decreased by treatment with all doses (i.e. 20 and 40 mg/kg) of EA-

MBS and E-MBS. The EA-MBS was found to be most effective in this

regard (Table 3).

Calculi-inducing treatment caused marked histological changes

such as tubular dilatation and initial cystic changes, tubular atro-

phy, calcium oxalate crystal deposits and interstitial mononuclear

cell infiltration in the kidneys (Fig. 1). This resulted in marked in-

crease in the kidney damage index. The kidney damage index of

vehicle control rats was 0.00 ± 0.00, which was increased to

2.88 ± 0.10 in the lithiatic control rats (Table 3). Treatment with all

doses of EA-MBS, E-MBS and AQ-MBS (i.e. 20 and 40 mg/kg) pre-

vented these histological changes (Fig. 1) and thereby caused sig-

nificant decrease in the damage index (Table 3).

The Pizzolato's staining method showed calcium oxalate de-

posits (stained black) in tubules of all regions of kidney (cortex,

medulla and papilla) of calculi-induced animals (Fig. 2). The mean

calcium oxalate deposits (No.) in kidney tissue of calculi induced

rats was 45.98 ± 2.28 (Table 3). This accumulation of calcium ox-

alate deposits in kidney tissue was significantly decreased by

treatment with EA-MBS, E-MBS and AQ-MBS. The EA-MBS and E-

MBS were found to be equipotent and more effective than other

fractions, in decreasing calcium oxalate deposits in kidney tissue.

The calcium oxalate deposits in kidneys of rats treated with EA-

MBS, E-MBS and AQ-MBS were small and less abundant as

compared to the lithiatic control rats (Fig. 2).

3.5. HPTLC analysis

The Rf-value of reference standard amentoflavone was found to

be 0.48 (Fig. 3). Analysis of EA-MBS and E-MBS showed presence of

amentoflavone in EA-MBS and absence in E-MBS. Based on peak

area, percent content of amentoflavone in EA-MBS was found to be

0.15 % w/w (Fig. 3).

4. Discussion

A number of animal models using rats have been used to induce

calcium oxalate urolithiasis.28 Out of these models, sodium oxalate

induced hyperoxaluria rat model causes rapid formation calcium

oxalate crystals in renal tubules of experimental animals and hence

commonly employed for rapid screening of antiurolithiatic drugs.29

As yield of fractions of MBS was less, we investigated the anti-

urolithiatic potential of fractions of MBS on calcium oxalate uro-

lithiasis using this model. The biochemical mechanisms of sodium

oxalate-induced lithiasis are related to an increase in the urinary

concentration of oxalate. Intraperitoneal administration of sodium

oxalate to rats results in hyperoxaluria.18,19 This causes precipita-

tion of oxalate in urine as calcium oxalate due to its poor solubility.

High oxalate levels and calcium oxalate crystals especially in

nephron damages epithelial cells, leading to heterogeneous

Table 2

Effect of MBS-fractions on serum parameters in urolithiasis induced rats.

Days Vehicle control Lithiatic control DCM-MBS

(20 mg/kg)

DCM-MBS

(40 mg/kg)

EA-MBS

(20 mg/kg)

EA-MBS

(40 mg/kg)

E-MBS

(20 mg/kg)

E-MBS

(40 mg/kg)

AQ-MBS

(20 mg/kg)

AQ-MBS

(40 mg/kg)

Creatinine (mg/dl)

0 0.63 ± 0.05 0.56 ± 0.03 0.56 ± 0.03 0.57 ± 0.03 0.61 ± 0.04 0.57 ± 0.02 0.57 ± 0.04 0.59 ± 0.03 0.59± 0.04 0.57 ± 0.04

7 0.57 ± 0.03 0.84 ± 0.05yyy 0.80 ± 0.06 0.82 ± 0.04 0.66 ± 0.04* 0.60 ± 0.03** 0.69 ± 0.04 0.64 ± 0.03* 0.76 ± 0.05 0.68 ± 0.04

Uric acid (mg/dl)

0 1.35 ± 0.04 1.39 ± 0.03 1.36 ± 0.04 1.38 ± 0.04 1.41 ± 0.03 1.42 ± 0.03 1.39 ± 0.03 1.36 ± 0.03 1.38 ± 0.03 1.33 ± 0.02

7 1.33 ± 0.04 1.75 ± 0.05yyy 1.80 ± 0.06 1.85 ± 0.04 1.48 ± 0.05** 1.40 ± 0.06*** 1.63 ± 0.06 1.50 ± 0.04** 1.69 ± 0.06 1.54 ± 0.03*

BUN (mg/dl)

0 14.80 ± 0.42 15.81 ± 0.47 15.74 ± 0.51 15.81 ± 0.45 16.46 ± 0.70 16.15 ± 0.46 14.54 ± 0.44 16.16 ± 0.61 14.95 ± 0.46 14.85 ± 0.51

7 15.03 ± 0.51 38.84 ± 2.01yyy 35.40 ± 1.88 30.83 ± 1.97 27.06 ± 2.13** 22.83 ± 1.45*** 32.84 ± 2.22 26.92 ± 2.39** 36.89 ± 2.52 27.80 ± 2.41**

Values are expressed as mean ± SEM, n¼ 6, yp < 0.05; yyp < 0.01; yyyp < 0.001 vs. vehicle control, *p < 0.05; **p < 0.01; ***p < 0.001 vs. lithiatic control. Values of lithiatic control

group were compared with vehicle control and those of drug-treated groups with lithiatic control. BUN ¼ Blood urea nitrogen, SEM ¼ Standard error of mean.

Table 3

Effect of MBS-fractions on renal parameters in urolithiasis induced rats.

Parameters Vehicle

control

Lithiatic control DCM-MBS

(20 mg/kg)

DCM-MBS

(40 mg/kg)

EA-MBS

(20 mg/kg)

EA-MBS

(40 mg/kg)

E-MBS

(20 mg/kg)

E-MBS

(40 mg/kg)

AQ-MBS

(20 mg/kg)

AQ-MBS

(40 mg/kg)

Calcium (mg/g) 0.16 ± 0.01 0.25 ± 0.02yy 0.27 ± 0.03 0.28 ± 0.02 0.17 ± 0.02* 0.14 ± 0.01** 0.17 ± 0.01* 0.14 ± 0.03** 0.21 ± 0.02 0.18 ± 0.02

Oxalate (mg/g) 1.24 ± 0.09 3.53 ± 0.19yyy 3.48 ± 0.16 3.56 ± 0.13 1.82 ± 0.13*** 1.60 ± 0.12*** 2.49 ± 0.12*** 2.25 ± 0.13*** 3.46 ± 0.12 3.15 ± 0.12

Phosphate

(mg/g)

1.97 ± 0.09 3.05 ± 0.12yyy 2.90 ± 0.10 2.81 ± 0.12 2.34 ± 0.11*** 2.20 ± 0.11*** 2.66 ± 0.12 2.44 ± 0.10** 2.72 ± 0.10 2.51 ± 0.12**

Lipid

peroxidation

(%)

33.39 ± 2.13 100.00 ± 5.18yyy 92.83 ± 4.93 95.27 ± 4.98 71.57 ± 5.47** 58.36 ± 4.92*** 69.41 ± 4.66** 63.74 ± 5.38*** 90.75 ± 6.27 79.73 ± 6.27

Damage index

(Arbitrary

units)

0.00 ± 0.00 2.88 ± 0.10 2.46 ± 0.13 2.42 ± 0.15 1.79 ± 0.17*** 1.56 ± 0.12*** 2.17 ± 0.14** 2.08 ± 0.14** 2.25 ± 0.17* 2.13 ± 0.16**

CaOx

deposits

(No.)

0.00 ± 0.00 45.98 ± 2.28 42.42 ± 2.04 40.81 ± 1.84 15.00 ± 2.53*** 8.69 ± 1.11*** 26.71 ± 1.64*** 18.58 ± 1.97*** 36.65 ± 2.26* 33.63 ± 2.53***

Values are expressed as mean ± SEM, n¼ 6, yp < 0.05; yyp < 0.01; yyyp < 0.001 vs. vehicle control, *p < 0.05; **p < 0.01; ***p < 0.001 vs. lithiatic control. Values of lithiatic control

group were compared with vehicle control and those of drug-treated groups with lithiatic control. CaOx ¼ Calcium oxalate, SEM ¼ Standard error of mean.
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Fig. 1. Light microscopic images of kidney sections from animals of (A) vehicle control; (B) lithiatic preventive control showing severe histological changes including tubular

dilatation and initial cystic changes (marked as ‘a’), tubular atrophy (marked as ‘b’), calcium oxalate crystals deposits (marked as ‘c’) and interstitial mononuclear cell infiltration

(marked as ‘d’); (C and D) treatment with DCM-MBS at 20 and 40 mg/kg respectively, showing severe histological changes; (E and F) treatment with EA-MBS at 20 and 40 mg/kg

respectively, showing mild histological changes; (G and H) treatment with E-MBS at 20 and 40 mg/kg respectively, showing moderate histological changes; (I and J) treatment with

AQ-MBS at 20 and 40 mg/kg respectively, showing moderate histological changes. (H&E � 100).
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Fig. 2. Microscopic images of kidney sections under light microscope (100x) after Pizzolato's staining from animals of (A) vehicle control; (B) lithiatic preventive control

respectively, showing excessive accumulation of calcium oxalate deposits (marked as ‘CaOx’); (C and D) preventive treatment with DCM-MBS at 20 and 40 mg/kg respectively; (E

and F) preventive treatment with EA-MBS at 20 and 40 mg/kg respectively; (G and H) preventive treatment with E-MBS at 20 and 40 mg/kg respectively; (I and J) preventive

treatment with AQ-MBS at 20 and 40 mg/kg respectively.
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nucleation followed by causing aggregation of calcium oxalate

crystals in the renal tubules of experimental animals.30,31

Male rats were selected to induce urolithiasis because the uri-

nary system of male rats has more resemblance to that of humans.

Furthermore, earlier studies have reported that the amount of stone

deposition in female rats was significantly less compared to male

rats.32

The enhanced urine volume is expected to remove urine stone

especially in early stage. In the present study, Treatment with DCM-

MBS, EA-MBS, E-MBS and AQ-MBS produced significant increase in

urine volume as compared to vehicle control animals. It is reported

that the diuresis hastens the process of dissolving the preformed

stones.32 It also facilitates the removal of small crystals and reduces

the chance of these crystals to grow and aggregate and thereby

prevents the formation of new stones in the urinary system.

Diuresis also leads to urinary dilution of the constituents and

thereby reduced the risk of stone formation by reducing the satu-

ration product of calcium oxalate.1 The exact reason of diuresis

caused by specified fractions may be revealed upon overall results,

however irrespective of mechanism enhanced urine output is

beneficial to restore normal condition.

Calculi induction with sodium oxalate administration results

into hyperoxaluria.29 Consistent hyperoxaluria is a more significant

risk factor in the pathogenesis of renal stone.33,34 In addition,

hyperoxaluria may further leads to calcium oxalate deposition in

multiple organs. In the present study, increased urinary oxalate

excretion was observed in lithiatic control rats which is in accor-

dance with previously published reports.34,35 However, treatment

with EA-MBS and E-MBS caused significant decrease in urinary

oxalate excretion as compared to lithiatic control rats. The EA-MBS

was found to be most potent. This effect is might be due to inter-

ference of E-MBS with oxalate metabolism.

In the present study, decreased urinary calcium excretion was

observed in lithiatic control rats. It is reported that hyperoxaluria

leads to precipitation of the oxalate in the urine as calcium oxa-

late30,31 and this might be the reason of observed decrease in uri-

nary calcium excretion. This calcium oxalate precipitation further

result in damage to the renal architecture at variable range and

thereby induces functional damage too. Precipitation and long term

deposition of calcium oxalate make the system more vulnerable

and elicit onset of complications. However, treatment with EA-

MBS, E-MBS and AQ-MBS caused significant improvement in uri-

nary calcium excretion. Out of all these fractions, EA-MBS was

found to most effective in this regard. The improvement in urinary

calcium excretion indicating potential of EA-MBS to prevent dam-

age and thereby halts possible functional abnormality which is

most widely expected result from any therapy. The effect might be

due to either prevention of hyperoxaluria or inhibition of binding of

calcium with oxalate by the EA-MBS. In urolithiasis management,

prevention of stone formation is considered to be first step espe-

cially during recurrence which can avoid further symptoms and

complications.

Increased urinary excretion of phosphorus has been reported to

be critical step in stone formers.36 It is documented that increased

urinary phosphate excretion along with oxalate stress provides an

environment suitable for stone formation by forming calcium

phosphate crystals, which induces calcium oxalate deposition.1 In

the current investigation, calculi-inducing treatment caused sig-

nificant increase in urinary phosphate excretion. However, treat-

ment with EA-MBS, E-MBS and AQ-MBS caused significant

improvement in the urinary phosphate excretion. Out of all frac-

tions, the MBS was found to be most effective in decreasing urinary

phosphate excretion. Hence control on phosphate excretion by EA-

MBS treatment itself is a limiting step towards stone formation

which is appreciable outcome especially to avoid relapse.

Consistent with some previous reports, urinary total protein

excretion of lithiatic rats was significantly increased as compared to

vehicle control rats.34,35 Supersaturation of urinary colloids results

in precipitation of crystal initiation particle which when trapped

acts as a nidus leading to subsequent crystal growth. This is asso-

ciated with proteinuria that chiefly reflects proximal tubular

dysfunction.1 This elevated urinary total protein excretion was

Fig. 3. High performance thin layer chromatograph (HPTLC) densitogram of (A)

Amentoflavone (peak no. 1); (B) EA-MBS standardized to amentoflavone (peak no. 8)

and (C) E-MBS (absence of amentoflavone peak) scanned at 366 nm.
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significantly decreased by treatment with EA-MBS, E-MBS and AQ-

MBS. The EA-MBS was found to be most effective among all frac-

tions. This indicates that EA-MBS minimize the excretion of protein

and thus might have prevented the nidus formation of crystal

nucleation. The reduction in protein excretion by EA-MBS is indi-

rect indication of either recovery of urinary dysfunction or pre-

vention of crystal-induced damage or both. This action of EA-MBS is

considered as most fruitful outcome because EA-MBS not only

provides its potential towards symptomatic relief but also for its

direct action at membrane level. These both potentially suggest its

possible use in acute as well as chronic cases.

Increased uric acid excretion has been reported in kidney stone

patients and hyperoxaluric rats.1,34 Uric acid reported to interferes

with calcium oxalate solubility. It also binds and inhibits urinary

glycosaminoglycans.1 It is reported that glycosaminoglycans are

inhibitors of calcium oxalate nucleation and calcium oxalate crystal

growth.37 Therefore, uric acid binding to free urinary glycosamino-

glycans blocks their inhibitory activity on calcium oxalate crystal-

lization. The predominance of uric acid crystals in calcium oxalate

stones and the observation that uric acid binding proteins are

capable of binding to calcium oxalate and modulate its crystalliza-

tion also suggests its primary role in stone formation.1,36 In the

present study, urinaryuric acid excretionwas significantly increased

in the lithiatic control rats when compared against vehicle control

rats. However, treatment with EA-MBS and E-MBS reduced this

elevation in urinary uric acid excretion. Out of all fractions again EA-

MBS was found to most effective in improving urinary uric acid

excretion. This indicates that the EA-MBS reduced the excretion of

uric acid and thereby reduce the risk of stone formation.

Normal urine contains many inorganic and organic inhibitors of

crystallization,magnesium is one suchwell knownurinary inhibitor.

Low levels ofmagnesium are also encountered in stone-forming rats

aswell as inpatientswith renal stones. In addition, it is observed that

magnesium levels return to normal on drug treatment in renal stone

patients.1 Diets high in magnesium have been found to protect

against deposition of calcium oxalate in the kidneys of vitamin B6
deficient rats. The beneficial effects inpreventing recurrence of stone

have been shown in patients treated with potassium ammonium

citrate. Magnesium reported to form complex with oxalate and

reduce the supersaturation of calcium oxalate and as a consequence

reduced the growth and nucleation rate of calcium oxalate crys-

tals.1,36 In the present study, calculi-inducing treatment caused sig-

nificant decrease in urinary magnesium excretion as compared to

vehicle control rats which is in consistent with some previous pub-

lished reports.34,35 This reduced rate of urinarymagnesiumexcretion

was significantly increased by treatment with EA-MBS and E-MBS

making it available to form complexes with oxalate and thereby

prevent formation and growth of stones. Overall the EA-MBS was

found to be most potent. The facilitation of natural process of

beneficial complex formation is an ideal way that EA-MBS have

shown and is major outcome towards patient friendly treatment.

Hypocitraturia is the major metabolic abnormality in patients

with renal stones.36 In the present investigation, urinary citrate

excretion was significantly decreased by calculi-inducting treat-

ment during experimental period. This decreased urinary citrate

excretion was significantly improved by treatment with EA-MBS

and E-MBS. Out of all fractions again E-MBS was found to most

effective in increasing urinary citrate excretion. This indicates that

the EA-MBS and E-MBS interfere with tubular citrate reabsorption

which is reported as the main mechanism regulating citrate

excretion in lithiatic patients.36

Nucleation and subsequent growth of renal stone reported to

cause lipid peroxidation and thereby renal damage which is indi-

cated by the elevated serum creatinine, uric acid and BUN levels.34

In the present study, preventive treatment with EA-MBS, E-MBS

and AQ-MBS prevented the elevation of serum levels of these

markers indicating prevention of renal damage. Out of all extracts

again EA-MBS was found to most effective in this regard. This effect

of EA-MBS is considered to be one of the most valuable outcomes

because renal damage may exhibit wide spectrum of functional

abnormality and also may lead to initiation of variety of compli-

cations making complaint more difficult to manage.

Consistent with previous reports, calcium level in kidney tissue

homogenate was significantly increased in the lithiatic control rats

as compared to vehicle control rats.34 However, this elevated renal

calcium level was significantly decreased by treatment with EA-

MBS and E-MBS. The EA-MBS was found to be most potent

among all fractions in decreasing renal calcium level. Initial sub-

epithelial calcification of renal papilla is pre-requisite step in the

development of calcium oxalate renal stone.38 Therefore, elevated

renal calcium level in lithiatic control rats indicates calcification of

renal papilla and development of calcium oxalate stone in the renal

tissue. Furthermore, inhibition of renal calcium level by EA-MBS at

specified doses indicates their role in the prevention of calcium

oxalate papillary calculus formation.

Calculi-inducing treatment caused significant increase in oxa-

late level in kidney tissue homogenate which is in accordance with

previously published report.34 This increased oxalate level was

significantly decreased by treatment with EA-MBS and E-MBS.

Increased renal oxalate level is indication of excessive formation

followed by retention of calcium oxalate stones in the renal tissue.

Therefore, decreased renal oxalate level is indication of potential of

EA-MBS and E-MBS to prevent retention of stones which supports

other findings of the study.

It is reported that majority of calcium oxalate stone formation

starts with an initial calcium phosphate concretion (also called as

Randall's plaque) that originates in the terminal collecting ducts.39

This calcium phosphate concretion further forms a nidus for cal-

cium oxalate deposition. In the present study, renal phosphate level

was significantly increased in lithiatic control rats indicating the

formation of calcium phosphate concretion as well as development

of calcium oxalate mixed with calcium phosphate stones. However,

treatment with EA-MBS, E-MBS and AQ-MBS significantly reduced

renal phosphate level as compared to lithiatic control rats. Overall

the EA-MBS was found to be most effective. This also indicates role

of EA-MBS in the prevention of formation as well as inhibition of

the retention of stone in the renal tubules.

Calculi-inducing treatment caused significant increase in the

lipid peroxidation activity in the kidney tissue homogenate which

is in accordance with previously published reports.34,40 This

increased lipid peroxidation of kidney tissue was significantly

decreased by the treatment EA-MBS and E-MBS. Out of all fractions

again EA-MBS was found to most effective in decreasing lipid

peroxidation activity in renal tissue. This effect might be mediated

chiefly by antioxidant property of the plant.41 The present results

indicate that the EA-MBS act by inhibiting the lipid peroxidation

and thereby provide better control on progress of pathology.

Calculi-inducing treatment caused marked histological changes

such as congestion and hemorrhages, cytoplasmic changes, tubular

changes, infiltration of mononuclear cells and glomerular changes

in the kidneys causing increase in the kidney damage index.

Treatment with EA-MBS, E-MBS and AQ-MBS prevented these

histological changes and thereby caused significant decrease in the

damage index. This indicates that the EA-MBS, E-MBS and AQ-MBS

reduce damage to the renal tubules. This effect might be chiefly due

antioxidant property of the plant.41 The histological changes are

considered to be direct method to evaluate effect of the treatment.

These results clearly indicated potential of EA-MBS to prevent, halt

and restore pathological changes which supports earlier observa-

tions which are of indirect method.
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The Pizzolato's staining method revealed the presence of cal-

cium oxalate deposits (stained black) in tubules of all regions of

kidney (cortex, medulla and papilla) of calculi-induced animals.

However, such deposits were small and less abundant in kidneys of

animals treated with EA-MBS, E-MBS and AQ-MBS as compared to

those in the calculi-induced kidneys. The size and number of cal-

cium oxalate crystals in renal tissue is direct method to evaluate

antiurolithiatic potential wherein the EA-MBS showed significant

reduction which is in accordance with the other biochemical pa-

rameters of the study. These parameters i.e. size and number of

calcium oxalate deposition is also directly related to the progress of

pathophysiology and related severity of complications. Therefore

the EA-MBS showing reduction in calcium oxalate deposition is

suggestive of potential to prevent stone formation which is the

most fruitful outcome of the study.

Overall this significant improvement in urine parameters, serum

parameters and renal parameters by EA-MBS and E-MBS in sodium

oxalate-induced urolithiasis models itself suggest wide spectrum of

activity of these fractions covering all phases of pathogenesis. The

magnitude of action exerted by plant material is largely governed

by prominent presence of phytochemicals and their interaction

with each other. The summary of the result is suggestive of anti-

urolithiatic potential of EA-MBS followed by E-MBS. The presence

of amentoflavone in EA-MBS and its absence in E-MBS suggest that

the amentoflavonemight be the active principle of the B. sensitivum

(感应草gǎnyìng cǎo) for urolithiasis. However, the coexistence of

other biologically active constituent(s) cannot be excluded.

Herbal medicines are found effective for the urolithiasis and

have lesser side effects compared to modern medicines.10 Large

number of plant species is described in the indigenous systems of

medicine worldwide as antiurolithiatic agents. However, it is found

that either preliminary or no scientific study has not been carried

out on these medicines.42 The consequence of this is an inadequate

knowledge of their mode of action, potential adverse reactions and

contraindications of these herbal medicines. Furthermore, herbs

are also commonly used as an adjunct of modern medicines to

reduce recurrence of the disease and therefore herbal medicines

may interact with these modern medicines given simultaneously

for the utolithiasis. The current study indicates only the potential of

EA-MBS as an antiurolithiatic agent. Further studies on isolation of

active phytoconstitutent(s) from EA-MBS along with in vivo studies

are needed for better understanding of safety, efficacy and mech-

anism of action of these active phytoconstitutent(s) of EA-MBS as

antiurolithiatic agent.

5. Conclusion

The present investigation showed that the ethyl acetate fraction

of methanolic extract of B. sensitivum (感应草gǎnyìng cǎo) pre-

vented the growth of urinary stones. It is concluded that the anti-

urolithiatic component of the methanolic extract of the plant is

contained in the ethyl acetate fraction. The mechanism underlying

this effect is mediated collectively through diuretic, antioxidant,

nephroprotective properties and lowering the concentration of

urinary stone-forming constituents.
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