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ABSTRACT

Obieclivc: To study the ciTect on>anana ciiltivar Mnnthan conn extract lor its antililhiatic piUential under in vitro condition.

Method.s: Banana ciiltivar Mnnthan conn extracts of diKerent solvents willi varying polarity were tested for its antililliiatic potential. Kidney stone
formation was studied under in vitro conditions using three crilical assay.s such as crystal midcation, aggregation and growth. The effect of extract
on tlie formation and inhibition of crystals were observed spcctrnphntnmcli ically and the resiilts were presented in this paper.

Results: The results of the in vitro assays performed indicate that ethanol extract of Monthan readily prevented crystal nuclcation, growth and

aggregation.

Conclusion: Monthan conn juice is found to be an effective diuretic, and act as a promoter foi* inhibitors of crystallization.
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INTRODUCTION

Urolithiasis [urinary calculi) is one among the three prevalent
disorders in the urinary system. Approximately 80% of the.se calculi
are composed of calcium oxalate and calcium phosphate, followed by
cystine, struvite and ammonium acid urate stones. It is a worldwide
problem, sparing no geographical, cultural and racial groups. It is a
recurrent disease with a relapse rate of 50% [1]. The techniques for
removal of calculi such as endoscopic stone removal lithotrip.sy and
extracorporeal shock wave lithotrip.sy (ESWL), cause traumatic
effect of shock waves, persistent residual stone fragments, acute
renal disease, possibility of infection, which leads to deci'ense in
renal function [2]. Therefore, antililhiatic drugs from natural sources
have assumed greater importance as herbal alternatives which are
cost effective with least side effects. The medicinal plants find
application in pharmaceuticals, cosmetics, agriculture and food
industry. The use of the medicinal herb for curing disease has been
documented in history of all civilization. The plant medicine arc in
great demand in both developing as well as under dtweloped
countries for the health care because of their wide biological and
medicinal activities, high safety margin and low cost ~ 4).

The market for Ayurvedic medicine is estimated to be expanding at
rate of 20% annually in India. The drugs of herbal origin have been
used in traditional system of medicines such as Unani and Ayurveda
since ancient time. The ayurvedic system of medicine uses about 700
species. Unani 700 species, Siddha 600 species, Amchi 600 species
and modern medicine uses around .10 species.

Banana, an herbaceous flowering plants of the genus Musa. The
generic name is derived from the Arabic word 'mouz’. Mu.sa species
are grouped according to their ploidy level, that is, proportion of
Musa ocuminaCc (A) and Muso holbisiona (B) in their genome [5, 6].
In the present study, we selected a triploid cultivar Monthan (ABB),
most familiar cooking type banana in Southern states of India [Fig,
1). Ancient folk medicines used banana conn juice/ stem juice for all
urinary tract problems including kidney stone.s. In order to ascertain
the nature of bioactive components responsible for antilithiatic
potential in the banana conn, they were extracted using solvents
with different polarity. The study aims at testing the antilithiatic
properties of banana conn extracts under in vitro conditions.

MATERIALS AND MBTHOD
Plant sample collection and preparation of evtract

The conn of Monthan cultivar was collected from the Orch.nd n(
Tamilnadii Agriculture Dniversny. Coimbatore. The conns wi'ce

cleaned ami cut into thin slices and shade dried. The dried conns
were powdered and passed through the coarse sieve [0.2inm). The
powdered samples were used for extraction. An individual
extraction of conn samples were carried out using solvents of
increasing polarity such as petroleum ether, benzene, chloroform,
ethyl acetate, ethanol, methanol and water. The conn extracts were
prepared by hot continuous extraction method using Soxhiet
apparatus [7]. The extraction was repeated until the conn samples
become colourless. The aqueous extract was prepared by the hot
water percolation method [7] addition of 2g of the powdered sample
in 100ml of distilled water and kept in a water bath at 60”C for 2
hours, ihltcrcd and centrifuged twice and the supernatant was
collected. All the extracts were evaporated in a water bath at 60"C.
The residue was stored in an airtight container and refrigerated,
which was utilized for the m vitro assays.

Pig, 1: Banana cultivar Monthan Conn
EXPERIMENTAL WORK
In vitro assays

Formation of kidney stone involves three critical stages wliich
include nuclcation of calcium oxalate crystals, growth and
aggreg.Uion'[U], These three stages can be analyzed under in vitro
comlitions both in presence and absence of the conn extracts. In
order to determine the maximum efficacy of the conn extracts, a
varying concentration of all the extracts ranging from 50pg to
1bnOpg were utilized for these assays.

Nuclcation assay

The stone tormation begins with the occurrence of nuclei, therefore
we' cluvM' ihe rinssical model for the study of oxalate crystallizalion
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described by Hennequin ct al. (1993} [9] with some minor
modifications. Solutions of calcium chloride and sodium oxalate
were prepared separately at a final concentration of 3mM/L and
0.5mM/L respectively in a buffer containing Tris 0.5mM/L and NaCl
0.IsmM/L of pH 6.5. Both the solutions were filtered thrice. For the
assay. 950pl of calcium chloride and varying concentration of conn
extracts (fmal volume of 100pl) were pipetted out against a reagent
blank (without extract}. To this added 950pl of sodium oxalate and
shook well. The absorbance was measured at 620nm.

Growth assay

Newly formed crystals may combine to form a small hard mass,
called calculus. The percentage inhibition of calcium oxalate crystal
growth was evaluated in presence and absence of banana conn
extracts by the procedure described by Chaudary et al. flO], Pak et
al. [11] and Farooq €C al. [12]. 4niM calcium chloride and 4mM
sodium oxalate of 1ml each were added to a 1.5ml of solution
containing sodium chloride (IOmM) buffered with Tris (I0inM) at
pH 7.2. To this 30pl of calcium oxalate monohydrate crystal .slurry
(1.5mg/nil acetate buffer} was added. Consumption of oxalate
begins immediately after calcium oxalate monnhydratc crystal
sluny addition and was monitored for 600 seconds for the
disappearance of absorbance at 214 nm, with and without extract.
The relative inhibitoiy activity was calculated as follows;

% relative inhibitory activity = ((C'S)/C] 100

Where 'C' is the rate of reduction of free oxalate without any extract
and ‘S’ is the rate of reduction of free oxalate with Montlian conn
extract.

Aggregation assay

The crystals in solution stick together to form large particles called as
aggregates. The inhibition in presence of extracts was determined by
the method of Hess et ol. [13]. Calcium oxalate monohydrale crystal
seeds were prepared by mixing calcium chloride and sodium oxalate
at 50 mM/L. Both the solutions were equilibrated to in a water
bath for Ihour and then cooled to 37°C overnight. The crystals were
hai*vested hy centrifugation and then evaporated at 37®C Calcium
oxalate monohydrate crystals were used at a final concentration of
0.8mg/ml buffered with Tris 0.05M / L and NaCl 0.15M / L at pH 6.5.
Experiments were conducted at 37°C in the absence of the plant
extract after arresting the stirring. The rate of aggregation (IR) was
estimated by comparing the slope of the turbidity in the presence of
the extract with that obtained in the control.

IR = (Turbidity of sample/ Turbidity of control} x 100
Statistical Analysis

Data were expressed ns mean values of three independent
expehment.s (each in triplicate], ami statistical evaluation was done
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using one-way analysis of variance (ANOVA) followed by Fischers
LS method [Sigma stat version 3.1}.

RESULTS AND DISCUSSION

For the treatment of urolithiasi.s. there exist a large numher of plant
products as a prophylactic or curative agent in ethanomedicinc, hut
there were vciy few plants which have been studied extensively. The
main tiuwback in the development of standard drug may he
attributed to multi-factorial nature of kidney stones and different
chemical composition of renal stones. COM is the primary
constituent of the majority of stones formed in urolithiasis. In vitro
crystal systems are widely used to study processes of crystal
Muclcalion, growth and aggregation [3].

In the present .study, the inhibitory potential of the banana cultivar
conn extract were tested for the COM crystal formation, which are
predominantly present in most of the kidney stones, under in vitro
conditions. From the graphical representation (Fig. 2), it is evident
that the ethanol extract of banana conn ciiltivars caused
dissolution of CaOx crystal nuclention when compared to
dissolution by other extracts. CaOx crystals appear hexagonal in
shape (control) and the disrupted calculi appear dendritic like and
lose the regular hexagonal shape (Fig. 3}, revealing that the conn
extracts could reduce the size of the crystals formed indicative of
antilithiatic activity. The other extracts such as cthylacetate,
benzene, chloroform and petroleum ether were found to be less
effective in the disruption of calculi. The results were in agreement
with Pachana et al [14] who reported that an extract of Trihulus
terrestris promoted the inhibitors of nucleation initiation, by
decreasing their size and Pareta et al [15] reported that
hydroalcoholic extract of Achyranthes indica Linn, remarkably
inhibits the crystal formation.

In crystal growth assay, various mechanisms have been proposed to
explain crystal retention. As a result of crystal growth and
agglomeration, particles may be formed that are too large to freely
pass tlirough renal tubules. Alternatively, small crystals could be
retained by adhering to the surface of the urothelial lining and grow
to larger size [16]. Figure 2 and Plate 3 demonstrates the inhibition
percentage shown by banana cultivar Monthan on CaOx crystal
growth. All the solvent extracts were inhibiting the growth of CaOx,
at various concentrations. Ethanol extracts (1600pg) shows high
inhibitory percent when compared to other solvent extracts (Fig. 4
and 5}.

Barms cf al. [17], showed that the Phyllantiws niruri extract ilid not
inhibit Ca0>" iHicleation, but inhibit crystal growth and aggregation.
But. in the present study, wc could observe the conn extract could
prevent the calculi formation at all the three critical stages ol stone
formation. As the concemtration increases, the inhibitory effect also
increased.
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Fig. 2: Effect ofbanann cultivar Monthan conn extracts on nucleation of CaOx.



Fig. 3; Effect o/'lianaiin cultivar Moiithan cnrm extract.s on miclcalion of CaOx. (Light niici o.scopy, 400x)
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Fig. 4: Effect of banana cultivar Montlian conn extracts on CaOx crystal growth.

Fig. 5: Effect of banana cultivar Monlhan conn extracts on CaOx crystal growth, (l.igl)t microscopy, 400x)

Stone crystals bind to one another through a process known as
aggregation or agglomeration promoted hy strong chemicals and
electrical forces. Adhered ciystals were held in place and cannot Iu'
easily separated and this plays an important role in lithiasis. The
inlnhitory potential of the different solvents of increasing polarity as
given in Figure 6 and 7 revealed that all the extracts exhibited
inhibitory factor to a moderate level. Among them ethanol and

methanol extract rendered gooti prevention against other extracts.
The number and morphology of CaOx ciystal when observed under
light microscope (400X magnification) showed ethanol extract at its
higher concentration (KiOOng/ml) showed a greater potential
towards crystal growth inhihition. Nirmaladevi et al [18] reported
that cry.stnl aggregation was inhilntcd by addition of aqueous extract
of Hihisciis rosa-sinensis.
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Fig. 6: Fffcct of banana ciiltivar MoiUlian conn ¢xO act.s on CaOx crystal aggregation.

a) Without extract

h) With extract

Fig. 7: Effect of banana cultivar Montlian conn extracts on CaOx cry.stal aggregation. (Light microscopy, 400x)

It is also neccssaiy to compare tlic effect of aqueous extract with
that of the other extracts, .since all the parts of banana plant being
used in day to day life for various treatments and remedies. In this
study, aqueous extract of conn juice was found dissolve crystal
nucleation next to ethanol extract, whereas in crystal growth and
aggregation it is third best when compared to ethanol and methanol
extracts. Further studies need to be conducted in order to
understand the regular intake of conn juice in diet may completely
eliminate the urinary calculi formation.

CONCLUSION

The results clearly indicate that under in vitro conditions, the crystal
nucleation, growth and aggregation, was found to cxpress a
concentration dependent inhibition. The results when compared
among the other non-polar solvents, in all the assays, the ethanol
conn extract of banana cultivar Monlhaii. inhibited crystal
nucleation. growth and aggregation bettor. Critical condition of
lithiasis can be treated using polar organic solvent such as ethanol
which could render maximum protection thereby preventing injury/
damage to kidney by the crystals.

ACKNOWLEDGEMENT

The author would like to acknowledge Dr. SooriyanatliasumuUir.nm,
Professor and Mead and Dr.Auxicilia, Assistant Professor,
Department of Fruit Science. College of Horticulture, TNAU,
Coimbatore for providing the plant samples.

UEFERENCES

1 Prasnbh, G. K and Revikiimar, K G. (2012} Effect of MUSA
tablet on Ethylene GlycoMndiiccd Urolithiasis in Rats,
lutcrnatiniw}Journal of Pharnw and Biosciences, 1251-1254.

2. Chitra, V., Gowri, K and Udayasri, N. (2012] Antilithiatic
activity of alcoholic extract of Boerhaavia diffusa roots on
ethylene glycol induced lithiasis in rats, Internationallournal of
Pharmacy and Phnnuaceutical Sciences, 4 (2): 149-153.

3. llLitterweek, V. and Klian, S. (2009) Herbal medicine in the
management of urolithiasis: alternative or complcmcentaiy.
Planta. Mec/.. 75:1095-1103.

4.  Pawar. AK. Kalyani, D., Chandrasekar, S.B., Diwaker, G. [2009]

« Diuretic activity of extract of Ruhia cordifolia Linn., J. Pharm.
OWOie 1; 597-603.

5. .Santhosh. K. Singh and Geeta, W. (2007) Assc.ssmeiU of

glyccmic potential o( Musa paradisica stem juice, IndianJ Cline.
Biochem., 22(2): 40-52.

6. Uma. S, Kalpana. S., Sathiamoorthy, S. and Kumar. V. (2005)
Evaluation of commercial cultivars of banana [Musa spp.] for
their suitability for the fibre industry. Plant Genetic Resources
NewsleUcrA42\ 29-35.

7. Handa, S.S., Khanuja. S.P.S., Longo, G. and Dev Dutt Rakesh,
Editors (200R) Extraction Technologies for Medicinal and
Aromatic Plants Scientific. Published by International Centre for
Science and High Technology, Trieste, United Nations
Industrial Development Organi7ation and the International



10.

11

13

Centre tor Science and High Technology (ICS-UNIDO) is
supported by the Italian Ministry of Toreign Affairs, 23, 30.
Khan, A, Khan. S. R, Anwar, II, and Gilani. (2012) Studies on
the in vitro and in vivo antiiirolithic activity of Holarrlicna
antidysenterica, Urol. Res., 240-252.

Heiinequin, C., Lalane, V., Daudon, M, Lacour, 13 Drueke, T.
(1993) A new approach to studying inhibitors of calcium
oxalate crystal growth, Urol. Res., 21:101-108.

Chaudhaiy, A, Tandon, C, and Singla, SK. (2009) Calcium
oxalate ci7stal growth inhibition by aqueous extract of
Tamarindus indica, Indian }. Urol, 24:105-111.

Pak, H.Y., Ohata, and Holt, K K (1975) Effect of diphosphonate
on ci”stallization of calcium oxalate in vitro. Kidney
International 7:154-160.

Farooq, A.. Shiekh. E, Madhu Khullar, E S. K. and Singh. (2006)
Lithogenesis: induction of renal ralciHcations by nanobacteria,
Urol te . 240-254.

Hess, A. (1989) Reliable data from diverse regions of the word
exists to show that there has been a study increase in ilie
prevalence of Urolithiasis, World.). Urol, 23:302- 303.

14,

15.

16.

17.

Pachano, K. Wattanakornsirc, A., Nanuom, ). (2010)
Application of small caltrops [Tribulus terrestris] to inhibit
calcium oxalate monohydrate crystallization, Sci. Asia. 36:
16.5-168.

Pareta, S.K. (2011) in-vitro calcium oxalate crystallization
inhibition by Achyranthes indica Linn, hydroalcoholic extract:
An approach to antilitliiasis, International Journal of Pharma
and Bio Sciences. 2(1): 432-437.

Aggarwal, A, Tandon, S, Singla, S. K and Tandon, C. (2010)
Diininuation of oxalate induced renal tubular epithelial cell
injury and inhibition of calcium oxalate crystallization in vitro
by aqueous extract of Tribulus terrestris. Int. Broz. ) .Uro., 36:
"1HO-4R9

niiTos, M. E, Schor, N. and Boim, M. A (2003) Effect of an
aqueous extract of Phyllanthus niruri on calcium oxalate
cryslallizalion in vitro. Urol Res., 30:374-379.

Unui. S, Kalpatia. S, Sathiamooi-thy, 5. and Kumar. V. (2005)
Evaluation of commercial cultivars of banana {Musa spp.) for
lheir suitability for the fibre industry. Plant Genetic Rc.sourccs
Newsletter. 142: 29-35.



