Available online at www.derpharmachemica.com

Scholars Research Library FQ\@‘ma %_'I

S "
Scholars Research . 3 ?
Der Pharma Chemica, 2014, 6(5):128-135 '-K

http://derpharmachemica.com/archive.html
(http://derp ) I ==l

ISSN 0975-413X
CODEN (USA): PCHHAX

s e\

In vitro growth inhibition study of hydroxyapatite crystals in the presence of
selected herbal extract solutions

Bharat B. Parekh’, Bhoomika V. Jogiya+, Poorvesh M. Vya's Ashwinikumar A. Raut*,
Ashok B. Vaidya* and Mihir J. Joshi”

*School of Petroleum Technology, Pandit Deendayabiim University, Gandhinagar, India
*ICMR Advanced Centre of Reverse Pharmacology, dé¢desearch Centre,
Kasturba Health Society, Vile Parle (West) Mumbradja
*Crystal Growth Laboratory, Department of Physicayu@shtra University, Rajkot, India

ABSTRACT

Hydroxyapatite, is the most stable mineral founthady. Hydroxyapatite crystals were grown by thetgehnique
in the form of periodic Liesegang ring patternseTize of fine crystalline hydroxyapatite was foimarder of
microns. The harvested crystals were characterimgdPowder X- Ray Diffraction (XRD). Aqueous, aldaho
hydro-alcoholic extracts of five herbs selecteddoasn Reverse Pharmacology (RP) experiential datayarveda
were used for the growth inhibition study of hydapatite crystallites. These extracts were compavied CaC),
(control) solution to study their effects in terofg¢he particle size of crystallites, the totaffdsion length in the gel
column, the number of rings and the spacing betvwe®e rings. The inhibition in hydroxyapatite ciisgrowth by
the herbal extracts is reported.
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INTRODUCTION

There are numerous technological applications ofrnbaterials and bio-ceramics. One of the most ingmbr
objectives is to develop a new material for bonlesttution. The diversity of the precise chemicainposition of
various calcium phosphates is roughly equivalenthtd of the inorganic matrix of the human bone #mly are
found to be the most suitable as implant matefiglsThe major phase found in bone is hydroxyapatir Basic
Calcium Phosphate (BCP)34PO,)s(OH),, and the other commonly known phases are octawralphosphate , tri-
calcium phosphate, di-calcium phosphate di-hydaat di-calcium phosphaf2]. Hydroxyapatite is not only bio-
compatible but is also a bioactive material; itedity bonds to the bone and favors the implanttifixadue to its
various interesting properties like, osteo-condiisti tissue compatibility and non-antigenic natu@&4].

Hydroxyapatite has been used to study the hardetisalcifications such as bone and teeth and hésoardesirable
pathological mineralization of the articular caje[5,6], cardiac valve§7,8] and kidney stong®]. Apart from

these, hydroxyapatite has several other diversécafipns, for example, in catalyqis0], in drug delivery system
[11], in fuel cells[12] and in gas sensir{@3]. The apatite crystal deposition induced inflaation is a common
finding in bursitis and peri-arthritis, where theosh joints or bursae can be involved, with more gmm sites
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including shoulders, hips, knees and digits. Apatian also be associated with scleroderma and otimerective
tissue diseases like osteoarthritis and erosiveits]14].

It is worth noting that different techniques haweb employed by various workers to grow hydroxyiépatystals,
viz., precipitation from aqueous solutifirb,16], hydrothermal methdd7], flux growth[18] and high temperature
sintering[19]. Also, the attempts have been made to obtgdrdxyapatite bio-ceramics by wet chemical process
[20] and microwave irradiatiofil3]. Except the reported work of Ashodt al. [3] and Parekhet al [21],
notwithstanding, no major study is reported ondbégrowth of hydroxyapatite crystals. Earlier thisl basedn
vitro model was used to mimic the physiological conditand was helpful to identify the potent herbalraots
based as well as certain fruit juice based inhibitf various biomaterials crystals successfullichsas calcium
oxalate[22], monosodium urate monohydr§28], brushitg24], struvite[25] and hydroxyapatite [21]. However, it
is interesting to note that the herbal extract®btashibitors are mainly studied so far for the exdimce of bacterial
colonies on saliva coated hydroxyapatite for demlques, for example, herbal extracts Arfidrographis
paniculatg Cassia alata, Camellia sinensi®sidium guajava, Harrisonia perforatand Streblus aspef26];
seaweed extracfg7] andAzadirachta indicaxtract§28].

The present investigation deals with the growthidition studies of gel grown hydroxyapatite crystalhis study is
important because it uses a simple gel based nfod¢he inhibition of hydroxyapatite under the naingrowth
condition by the herbal extracts. Hydroxyapatitgstals are grown in the silica gel media in thenfaf Liesegang
rings. The effect of five selected herbal extrattisons, viz.Boswellia serrateRoxb. (Shallakigum resin,Tribulus
terrestris Linn. (Gokshura) fruitRotula aquaticaLour. (Pashanbheda) ro@perhaavia diffusd.inn (Punarnava)
root and Commiphora wightiEngl. (Guggul) resin, on the Liesegang ring foioratis studied. As the Liesegang
rings are formed of hydroxyapatite crystals, théeaf of herbal extracts on the Liesegang rings dxithe
knowledge of growth and inhibition of crystals. $hpresent investigation forms an exploratory irgation of
reverse pharmacology.

MATERIALS AND METHODS

2.1 Crystal Growth

Glass test tubes of 25 mm diameter and 150 mmHemgte selected for the growth of crystals. Sodinetasilicate
solution of specific gravity 1.06 was acidified b ortho phopheric acid so that the pH of the nrixtcould be set
within 6.0 to 6.5. This mixture was transferredbimtifferent test tubes and allowed to set intogbkform. After
setting the gel, 1M calcium chloride solution wasuged gently on the set gel. Good quality very $mal
hydroxyapatite crystals were grown in the form afdegang rings as shown in Figure 1.

Crystal size was determined by Master Sizer 200(d@r X-Ray Diffraction (XRD) of the samples wasred out
using PW1710 BASED system with Cy-Kadiation. The powder XRD data were analyzed usiveg software
powder-X.

2.2 Selected Plant Extracts:

Five selected plants with Ayurvedic usage, vBoswellia serrataRoxb. (Sallaki)gum resin,Tribulus terrestris
Linn. (Gokshura) fruitRotula aquaticaLour. (Pashanbheda) ro@perhaavia diffusa.inn (Punarnava) rocand
Commiphora wightiiEngl. (Guggul) resin were extracted with alcot % hydro-alcohol by soxhelet method of
extraction using 50g of plant material. Hot aqueextsacts were prepared by boiling 50g plant matémni 400ml of
water reducing to half the volume.

For growth inhibition studies the 1 % of selectexnildal extracts oBoswellia serratgSallaki) gum resin Tribulus
terrestris (Gokshura) fruit Rotula aquatica(Pashanbheda) rqotBoerhaavia diffusa(Punarnava) rootand
Commiphora wightii(Gugull) resin were added along with calcium chdericontrol solution as the supernatant
solution to be poured on the set gels. All glaseewavere autoclaved before use. The laminar floedheas used to
avoid microbial contamination.

129
www.scholarsresearchlibrary.com



Bharat B. Parekh et al Der Pharma Chemica, 2014, 6 (5):128-135

RESULTS AND DISCUSSION

Since hydroxyapatite is the most stable calciumsphate salt under physiological conditions, the gewn
crystals were characterized by particle size amabsd powder XRD. The crystals were in form of Broiystallites
in the periodic formation of Liesegang rings asvetan Figure 1.

Figure 1 : Hydroxyapatite (HA) crystal growth in the form of Liesegang rings

Table 1 shows the particle size measurement ofdxydpatite crystals obtained from agueous, etharwid hydro-
ethanolic extracts. From this table it can be prteted that 10% of the particles (or crystalliteEhydroxyapatite
were less than 47.25 micron, 43.64 micron and 4éit8on for aqueous, ethanolic and hydro-ethanekitacts,
respectively. While 50% of the particles were I#smn 82.68 micron, 77.01 micron and 46.18 micranafgueous,
ethanolic and hydro-ethanolic extracts, respegtividinety percent of the particles were less th@i.34 micron,
132.08 micron and 135.46 micron for aqueous, etimamd hydro-ethanolic extracts, respectively. sTbiosely
corresponds to our earlier resyii].

Table 1: Particle size measurement of HA crystalshtained from aqueous, ethanic and hydro-ethanolic extracts.( HA -Hydroxyapatite,
d — Diameter )

Sample code d (0.1) micron| d (0.5) micror)  d (0.9)iomon
HA (Aqueous) 47.25 82.68 107.54
HA (Ethanolic’ 43.6¢ 77.07 132.0¢
HA (Hydroethanolic) 46.18 79.47 135.46

It was observed that the minimum particle size feamd in the case of aqueous extracts, which whevwfed by
ethanolic and hydroethanolic extracts. Lookingadtleé 1 for 90% particles size distribution the ampuseextracts
show the minimum size followed by ethanolic androgdhanolic. This study corresponds to our eadiadies on
hydroxyapatite in which we studied the growth intiim in terms of diffusion constant measurememtsthie
presence of herbal extra¢24].

Figure 2 exhibits the powder XRD pattern of hydrapgtite crystals. The crystal structure was foumdoe
monoclinic with unit cell parameters as,=9.4324A, b=18.843A, ¢ =6.9234, « =  =90.0f, y = 119.08. The
values are closely matching with those reporteélbigt et al [29].

Acute, sub-acute and chronic musculoskeletal symgtsuch as bursitis and tendonitis, are also krtovatcur in
association with calcium apatite deposition att®imther than shouldef30, 31]. Therefore, many researchers have
studied the growth inhibition of hydroxyapatj&2-35]. Koutsopoulo®t al. [36-39] have studied the growth and
inhibition of hydroxyapatite by different therapeutrugs and various amino ac[d9-43]. Pampenat al.[44] have
reported the inhibition of hydroxyapatite by ostentin phosphopeptides (OPN).
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Figure 2: Powder X-ray diffractogram of HA crystals

Hydroxyapatite crystals, in the present investmatiare formed in periodic Liesegang ring structur8everal
authors have proposed various theories of Liesegagg and reported in several systgats51]. Among these
theories, Henisch and Garcia-R[#5] suggested a numerical method to obtain thenddion of Liesegang rings on
the basis of Fick's diffusion equation for reageintgel as a function of time; in another theohg same authors
[46] extended the conditions under which two diffigs reagents could form precipitates either corirau or
periodic fashion in a gel media. After forming thesition of the first precipitates, the local selutoncentrations
decreased and as a result further interaction reldoced, after which the interactions could onlyurae until a
second point was found at which the precipitationditions were again satisfied. A precipitate ofmened was
assumed to grow until the next precipitation ocedrrThe precipitates had positions and mass bugxpdicit
thickness; where and when a precipitate would fdirig was the outcome of a complex interplay ofcpsses,
which depended not only on local concentrationsdsuthe steepness of the supersaturating fronttendpeed of
its advance. However, Chervanséiial[48] took into account the effects of super-saiargtcompetition between
nucleation and droplet growth kinetics as welledistribution of matter between particles of préaips.

Small hydroxyapatite crystals were harvested frbwn ltiesegang rings, which were formed due to didiusof
reactants in the gel and the periodic precipitattberefore, any change in the periodic precigtator diffusion
process, it would invite changes in the Liesegang patterns. The effects of the herbal extractutsmhs on
hydroxyapatite crystals were noticed in terms afrades in the Liesegang ring patterns. The growtibition study
was carried out by considering certain parametiens,nstance, the total diffusion lengtiD), the number of
Liesegang rings obtainell and the distance between the two rind)s These distancd3 andd were measured by
traveling microscope of least count of measurer@ed@?lcm. The total diffusion length is defined las tlistance of
the last Liesegang ring from the liquid-gel intedaThe 1 % extract solutions were prepared byrgddD mg
concentrated extracts into 10 ml distilled watdre Belected plants for extraction w&eswellia serratagum resin
Tribulus terrestrisfruit, Rotula aquaticaoot, Boerhaavia diffusaoot, and Commiphora wightiresin The plants
were identified by taxonomists; their phytochemipedperties were studied and reported elsewhergaldth the
details of herbal extract preparati¢b2].

From the experiment it was observed that the pal@wm chloride supernatant solution (control) géviek, sharp
rings with deep diffusion in the gel with comparigo other extracts. In the caseBfserrata the thick, sharp rings
having comparatively less in numbers and compagtikess total diffusion length in the gel wereicetl, whileT.
terrestrisgave spiral rings, which were interconnected wilh other and the total diffusion length was #reesas
that of pure CaGl ForR. Aquaticathe rings were sharp and very thin but the nundbeings was more and the
total diffusion length was comparatively less. Howig for B. diffusa the number of rings was the same but the last
few rings were not completely formed and the tdi#fusion length was also the same. The same tgpessults
were observed in the case @fwightii. The experiments were carried out in the asepédiom in laminar flow
hood to avoid fungal growth and repeated severakgi Table 2 compiles the results in terms of nundfe
Liesegang rings and the total diffusion length. Whiee total diffusion lengtb is small, it indicates the less amount
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of diffusion of supernatant solution in to the gélthe number of rings is less, it also indicates less periodic
precipitation and inhibition of diffusing reactarfits the formation of hydroxyapatite.

MNo. of rings

Table 2: Comparative growth inhibition study of HA in the presence of different herbal extracts

Herbal Extracts | Number of Liesegang Ring| Diffusiorlength (in cm)
Pure CaGl 16 3.8

T. terrestris Spiral ring 3.75

B. serrata 12 2.8

R. aquatica 10 2.75

B. diffusa 12%* 2.75

C.wightti 12%* 2.75

™ Last two rings are completely not formed

Figure 3 : Comparison of growth of HA crystals in e form of Liesegang rings in different herbal extact solution; pure calcium
chloride, B. serreta; T. terrestris; R. aquatica; B. diffusaand C. wightti  (from left to right)

£ 3
> £
5
4 = 2.]
=
3 £
(a]
, 1]
1
0 |
0 . ) . -
pure cacl2 B. serrata T. terrestris R. aquatica B. diffusa C. Wightii pure cacl2 B. zerrata T. terrestriz R. aquatica B. diffusa C. Wightii
Extract Extracts

Figure (4a and b): Histograms of number of rings ad diffusion distance in gel for different herbal exracts

The average thickness of Liesegang rings was 0.09ltcm in pure Caglcontrol solution; except fdR. aquatica

it was of the order of 0.079 cm. It is concludea@ttR. aquatica exhibits comparatively more inhibition of
hydroxyapatite precipitation. The total diffusioength and the number of rings are comparativelg iesR.
aquatica.Figure 3 is a photograph showing test tubes wiitlerent herbal extract solutions. Figure 4 a, hibits
the histograms of the number of Liesegang riNgand diffusion lengttD, respectively, in the presence of various
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herbal extracts and pure CaGblution. From Figure 4 a, b it is clearly indiedtthat the reduction in the number of
Liesegang rings as well as the reduction in thal tdiffusion length occur in the presence of difar herbal
extracts.

Figure 5 shows a set of plots drawn for the spabigtgveen two consecutive ringsversus the number of ringé
From these plots it can be clearly seen Raaquaticagives maximum spacing between the initial two sirmgd
then it increases exponentially, which indicatest th delayed the periodic precipitations in thé. gan the other
hand, all other extracts do not exhibit significamiange in the ring spacing indicating that theyndo bring
significant change in the periodic precipitatiorovever, theB. diffusaextract did not bring large change in the
periodic precipitation but brought better changesthie diffusion length. Similar results were obserfor B.
serrata Single factor ANOVA statistical analysis was apglto the plots of Figure 5, which shows that the
behaviors are highly significant (P< 0.0001).
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Figure 5: The plots of spacing between two conseote rings versus the number of rings

Also, the ethanlolic as well as the hydro-ethanalidracts of the same plants were used. In casethafnolic
extracts, the number of rings was reduced. Allaots had the same number of five rings and theé fiesd
thickness was 2.223 cm. The total diffusion lenigthhe gel was 4 cm foB. serrata, R. aquaticand C. wightii;
whereas, in the case & diffusaand T. terrstrisit was 3.5 cm. For hydro-ethanolic extracts, thildnds were
observed for all extracts and it was not possiblméasure the spacing and other parameters. Tlie gfittand was
in average 4.3 cm for all extracts.

The gel growth of hydroxyapatite at physiologicamperature is important for growth inhibition sesli This
serves as a simple screening model for identifyiregpotent inhibitors of hydroxyapatite for therape purposes.

In the study,R. aquaticaandB. diffusaextracts have been found to be good inhibitorbByofroxyapatitein vitro.
These extracts were also found to be good inhibitorvivo and also through animal model studies, which are
reported elsewhef82]. These herbal extracts are extensively stuftiedlternate medicine, i.e., Ayurveda, point of
view, which may also prove to be useful in the mofl@everse pharmacology. Reverse pharmacologyares+t
discipline, which initiates drug discovery and depenent from the traditional knowledge and practiteough
robust and objective documentation. It also systealty explores Ayurvedic and current scientifieahanisms, as

to satisfy the safety, efficacy and therapeuticditions for developing either an extract or a male@as a new drug
[53-56].

CONCLUSION

Hydroxyapatite crystals were grown in the form éédegang rings in silica hydro gel, the crystate svas in order
of microns. Powder XRD confirmed the monoclinic ste} structure, and the unit cell values correspwitt the
earlier reported values. Pure calcium chloride a@imimig supernatant solution served as a contratisol for growth
inhibition study of hydroxyapatite crystals. Outfofe selected herbal extracts, the aqueous estiid®. aquatica

133
www.scholarsresearchlibrary.com



Bharat B. Parekh et al Der Pharma Chemica, 2014, 6 (5):128-135

and B. diffusahave demonstrated good results in terms of peripdécipitation and less total diffusion length,
respectively. Ethanolic and hydroethanolic extrattsnot show good inhibition in comparison to aou® extracts.
The gel baseéh vitro growth inhibition study of hydroxyapatite was éadr out at physiological temperatures and
could be useful for screening the potent inhibitmreydroxyapatite in physiological conditions.

Acknowledgements

The authors are thankful to the Department of Riot®logy, Government of India, New Delhi, for thesearch
grant and Dr. Shushma Mengi, SNDT University, Muimifar the anti-inflammatory inputs of certain résuand
Prof. Hiren Joshi for his keen interest. The aufBBP) is thankful to PDPU, Gandhinagar, for eneg@ments and
the author (BVJ) is thankful to UGC for JRF undegritorious Student’s scheme. Authors thank Dr. Rafa@ya
(MRCKHS, Mumbai) for useful suggestions and disaussand also thank Dr Nancy Pandita and Dr Ashok
Amonkar for guiding the extraction of selected pdan

REFERENCES

[1]J. C Merry, I. R. Gibson, S. M. Best, W. Bonfield Mater. Sci. Mater. Med1998 9,779.

[2] R. Z. LeGerosChem. Rey2008108,4742.

[3] M. Ashok, N. M. Sundaram, S. N. Kalkur®ater. Lett, 2003 57, 2066.

[4] R. Z. LeGeros, J. P. LeGeros, In:; L. L. Hunch, s (Ed.), Dense Hydroxyapatite. In An Introdoctito Bio-
ceramics ( World Scientific, Singapor&993).

[5] G. V.Gordon, T. Villanueva, H. R. Shumacher, V.ghél,J. Rheumatol1984 11, 68.

[6] A. L. Boskey, P. G. BulloghScan. Electron Microscopl985 28, 511.

[7]1 F. J. Schéen, R. J. Levinn. Throac. Surg2005 79, 1072.

[8] M. Valente, U. Bortloti, G. Thienédm. J. Pathol.1985 119, 12.

[9] G. H. Nancollas). Cryst. Growth.1974 42, 185.

[10]P. A. Kumar, M. P. Reddy, L. K. Ju, H. H. Pl@latal. Lett, 2008 126, 78.

[11]R. N. Panda, F. H. Ming, R. J. Chung, T. S.Cipn. J. Appl. Phys 2001, 40, 5030.

[12]M. A. Varghese, C. F. Gonzalez, M. M. Gallego, J.9olier, I. Cachadita, E. A. Matijevid, Mater. Res
200qQ 15, 33.

[13]M. P. Mahabole, R. C. Aiyer, C. V. RamakrishnaSBeedhar, R. S. KhairnaBull. Mater. Sci, 2005 28, 53.
[14]P. A. Dieppe, M. Doherty, D. G. MacForlane, C. Wittén, J. W. Bradfield, . WattRheumatal 1984 23, 84.
[15](15)J. Arendes, J. Chirstoffersen, M. R. Chifsiden, H. Eckert, B. D. Flower, J. C. Heugheha@rtH.
Nancollas, J. P. Yensinowski, S. J. ZawackiCryst. Growth., 1987, 84, 515.

[16]P. W.Brown, N. Hocker, S. Hoyld, Am. Ceram. Sqcl991 74, 1848.

[17]M. Ashok, S. N. Kalkura, N. M. Sundaram, D. Arivijdl. Mater. SciMater. Med. 2007, 18, 895.

[18]A. C. Tas, Powder Diffract, 2001, 16, 102.

[19]A. C. Tas, F. Korkusuz, M. Timucin, N. Akkad, Mater. Sci: Mater. Med1997, 8, 91.

[20]N. Ozgir Engin, A. C. Tas, Am. Ceram. So200Q 83, 1581.

[21]B. Parekh, M. Joshi, A. Vaidy4d, Cryst. Growth 2008 310, 1749.

[22]V. S. Joshi, B. B. Parekh, M. J. Joshi, A. B. WaidJ. Cryst. Growth 2005 275:e ,1403.

[23]B. B. Parekh, S. R. Vasant, K. P. Tank, A. Rauf). B. Vaidya, M. J. JoshiAm. J. Inf. Dise.2009 5, 225.
[24]K. C. Joseph, B. B Parekh, M. J. Joghiyr. Sci, 2005 88, 1232.

[25] C. K. Chauhan, M. J. Joslirol.Res.,2008 36, 265.

[26]J. Limsong, E. Benjavongkulchai, J. Kuvatanasug¢haithnopharmaco| 2004 92, 281.

[27]Y. Saeki,Bull. Tokyo Dent. Coll1994 35, 9.

[28]L. E. Woolinsky, S. Mania, S. Nachnani, S. LidgDent. Res1996 75, 816.

[29]J. C. Elliot, P. E. Mackie, R. A. Youn§cience.1973 180, 1055.

[30]R. J. R. McKendry, H. K. Uhthoff, K. Sarkar, P.F8/slop,J. Rheumatol.1982 9, 75.

[31]H. K. Uhthoff, K. Sarkar, J. A. Maynar&lin Orthop.,1976 118, 164.

[32] G. K. Hunter, B. L. Allen, M. D. Grynpas, P. T. &hBiochem. J.1985 228, 463.

[33]R. W. Romberg, P. G. Werness, B. L. Riggs, K. GnkBiochemistry.1986 25, 1176.

[34]A. L. Boskey, M. Maresca, W. Ullrich, S. B. Doty,.W. Butler, C. W. PrinceBone Miner. 1993 22, 147.
[35]J. J. Damen, J. M. Ten Catach Oral Biol., 1994 39, 141.

[36] S. Koutsopoulos, J. Demakopoulos, X. ArgiriouPalas, N. Klouras, N. Spandsangmuir., 1995 11, 1831.
[37]S. Koutsopoulos, E. Dalas, N, Tzavellas, N. Klopdahem. Sad-araday Trans 1997, 93, 4183.

[38]S. Koutsopoulos, E. Dalas, N. Tzavellas, N. Klsur®. AmoratisJ. Cryst. Growth.1998 183, 251.

134
www.scholarsresearchlibrary.com



Bharat B. Parekh et al Der Pharma Chemica, 2014, 6 (5):128-135

[39]S. Koutsopoulos, E. Pierri, E. Dalas, N. Tzavellas, Wouras,J. Cryst. Growth.200Q 218, 353.

[40]S. Koutsopoulos, E. Dalag,angmuir., 2001, 17, 1074.

[41]S. Koutsopoulos, E. Dala3, Coll. Interface. ScR00Q 231, 207.

[42]S. Koutsopoulos, E. Dalasangmuir.,200Q0 16, 6739.

[43]S. Koutsopoulos, E. Dalag, Cryst. Growth.200Q 216, 443.

[44]D. A. Pampena, K. A. Robertson, O. Litvinova, Gjdi@, H. A. Goldberg,Biochem J2004 378, 1083.
[45]H. K. Henisch, J. M. Garcia-Ruid, Cryst. Growth.1986 75, 195.

[46]H. K. Henisch, J. M. Garcia-Ruiz] . Cryst. Growth.1986 75, 203.

[47]B. Chopard, P. Luthi, M. Dro3, Stat. Phys1994 76, 661.

[48]D. S. Chernvskii, A. A. Polezhaev, S. C. Mullehysica D.,1991, 54, 160.

[49]Y. Brechet, J. S. Kirkaldy,). Chem Phys1989 90, 1499.

[50]G. K. Kirov, J. Cryst. Growth 1972 15, 102.

[51]K. C. Joseph, M. J. Joshind. J. Phys.2002 76A, 159.

[52]A. Raut, N. Pandita, M. J. Joshi, S. Merifireclinical Development of Herbal Formulation fémflammatory
Arthropathy: Report submitted to Department of BiotechnologgytGof India, New Delhi2002-03

[53]A. D. B. Vaidya., Reverse Pharmacology- a Paradgmift for new drug discovery based on Ayurvedic
epistemology, Ayurveda in Transitions, Arya Vaidyala, Kottakal201Q 27.

[54]A. D. B. Vaidya,Ind. J. Pharmacol.2006 38, 311.

[55]B. Patwardhan, A. D. B. Vaidya, M. Chorghade, SJdshi,Curr. Bioactive Comp2008 4, 1.

[56]B. Patwardhan, A. D. B. Vaidya, M. Chorgha@eyr. Sci.,2004 86, 789.

135
www.scholarsresearchlibrary.com



