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Abstract: The science and technology handling the particles for innovative medicines has attracted the
world in last few decades. Indian government’s idea to apply the technology is appreciating approach. Ayurveda
discloses the already existing practices of nanotechnology with options of improvement. Increased surface
area, enhanced bioavailability, rapid onset of therapeutic actions with reduced doses are expected with this
technology. A detailed structure-based study of compounds from existing formulations as well asinventions
of new formulations with basic formulations are having greater options of researches in this field. Minute
understanding of nanotechnology have options for better application of medicines. DNA or gene-based
responses of these compounds from formulations will guide for more efficacious personlazed Ayurvedic
medicines. Problems of safety and standard of Ayurvedic formulations can be solved using thistechnology in
field of Ayurveda. Nanotechnology can be utilized both in diagnosis and treatment.
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Nature gives cluesfor many phenomena, processes and concepts. Thereal apprehension of human mind
takestime. Sincethe development of earth, nanoparticles arearound human beingsin forms of ashes, smokes, soot
etct. Hemoglobinthat bindsto proteinisonly 5.5 nanometersin diameter whileastrand of DNA isonly measured
as 2 nanometers®. But, the cluestook long time, until the concept wasfirst discussed by Richard Feynmanin
19597, The term, “nanotechnology’ was first time coined by N. Taniguchi in 1974’.

The official website of *United States National Nanotechnology Initiative’ defines nanotechnology as, “science,
engineering, and technology conducted at the nanoscale, which is about 1 to 100 nanometers’2. It imparts new
propertiesto materia s®. Nanoparticles arethosein range of 1-100 nm. The concept of nanotechnology lieswith
ability to control atomsand molecul esfor specific purposesin termsof novel materiasand devices’. Processing for
nanomaterial preparationschangesthe physica, chemica and biological propertiesfromtheir larger counterparts*®.
Nanotechnol ogy has penetrated deep in hedl th sciences since 2010 with nano-enabled pharmaceuticalsand medical
devices. Processesinvolved istargeted to ensure purity, efficacy and safety specificaly for medical purposes. The
nanotechnol ogy isextensively utilized in recent past asddivery vehidesof thergpeutic agentsand imaging techniques.
Engi neered nanoparticlesaredes gned to passthrough the barriers of body. Thegap betweeninteractionsof molecules
and cellular responsesisfilled by nanotechnol ogy™.

Theimportance of nanoparticleswasrealized much beforein Ayurveda, when the qualities of Bhasmawas
suggested to be adjudged based on fineness of itsparticles. Eventhe preparation of Bhasmaincludesthe processes
involving themechanical and therma energy with addition of variousherbalsto metd e ementsin number of cases.
Studieson particlesize of someBhasmasreveal the particles’ size in nanometers. FTIR (fourier-transform infrared
spectroscopy) anaysisof some Bhasmas havediscl osed the attachment of functional groupswith metals.

The Gover nment of India launched themission for promotional activitiesin nanotechnology in May 2007
under Department of Science & Technol ogy™°. Ayurvedaisone of competitiveareawheretheoptionsof gpplication
isdemanding. Applicationsof nanoparticlesisrd ated with enhanced dose-response, improved bioaval aility, increased
solubility etc.
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Concept Similarities with Ayurvedic Formulations

Particlesizerelated: Nanoparticlesare substances of 1-100 nminsize. Dhanyaet. al. (2017) reported the particle
sizesof Yashada Bhasma varying from 311 nmto 935 nm?*2, Similarly, many othershave studied the particle size of
different Bhasmasin rangeof 1-1,000 nm. Resin from oleo-gum-resin or gum-resin of herbal drugsusedinAyurveda
asoreveasthesizeof particlesinrangeof 1-1,000 nm. However, agglomeration of particlesdueto distinguished
physico-chemica propertiesand chemical reactivity of particlesiscommon probleminboth cases of Bhasmasand
resins.
Chemical reaction and bonding related: Bhavana given during preparation of metallic drugswith addition of
herbals’ sap is supported by mechanical energy (Mardana) whichincreaseskinetic energy of ionsinvolved. Geometry
and el ectronic properties of metals and organic networks are governed by the specific bonds on surfaces. The
reactivity of these organometalic compounds depends upon theionic charactersof carbon metd bonds!4. Advances
inligand designing and catalysis have contributed to modern pharmaceutical swith new products'®. A sufficient
amount of energy causes breaking of bonds and formation of new bonds'®. Reduction of metalsoccursduring
preparation of formulation. Functional groupspresent in sap of herbal sget attached to metal sby various chemica
processesincluding substitutional, €l ectrophilic addition etc.
Changesat molecular level: Thesereactionsduring the course of preparation bring the changesat atomic and
molecular level asrevededin FTIR anayssof Bhasmas. Chaudhary et. d. (2015) presented the stretching vibrations
of C-Cl, C-Br, O-H, N-H, C=0 etc. in Tamra Bhasma®®. Sharmaand Garg (2018) exhibited C-H, O-H, N-H,
C-0 and C=HOlinkagesin Kukkutandtwak Bhasma. Number of studies have shown similar changes at molecular
leve in preparation of different Bhasmas. Such changesbring the pharmacol ogicd effectsby increasinginteraction
with target enzymes and enhancing the selectivity for receptors’.

Advantages of Nanotechnology
I ncreased surfacearea: Thesurfaceareato volumeratio isdependent upon radius of particles. Smaller radius
meansincreased ratio™®. Smdler particlesfrom dicesof bigger particlesget moresurface areato exposed to conditions
or surrounding environment. More number of atomsareavailablefor interactions.
Enhanced solubility: Solubility isdissolution of given amount of substance at specified temperaturein particular
solvent. Increased surface enhancesthe dissol ution rate of materia sby bringing more particlesin contact of solvent
used for solution®. Thisresultsin overal increased surface energy of particles. Solubility isasodirectly related to
molar surface areaof particles. It alsoworksto increase saturation concentration of liquid.
I ncreased per meability and retention time: Shape, size, density and surfacefunctions of nanoparticlesaffect the
permeability. The hydrodynamic areas outside and inside the particlesrequired to be handled s multaneoudy, which
disagrees much from those of solid impenetrable particles?. A modification in surface areamakesthe particles
suitablefor permeability. Such modificationsare expected in Ayurvedic formul ations. Thisa soincreasestheretention
timeof drugs. A detailed screening isrequired for confirmation.
Particlesizedigtribution and bioavailability: Khadkaet. a. (2014) hasillustrated thereductionin particlesizeto
partidlesizetoimprovebioavail ability of drugs?. Andrysek (2001) reveal ed relationship of theimprovement of bio-
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availability with particle sizedistribution?. More studies of Ayurvedicformulationsintermsof particlesizeand
combinatoria chemistry of particlesof different ingredientsand vehiclesarerequired.
L essdoserequirement: Required therapeutic dose of drugsin plasmaor bioavailability of drugsisdirectly related
with dose?*. Nanoparticlesare associated with increased dissol ution, so morebioavail ability. Smdler particleshave
more bioavailability with their larger counterparts. So, lessdoseisrequired.
Rapid onset of ther apeutic effect: Dose and bioavailability are positively linked to responsein drug-response
curve. Faster absorption and bioavail ability bringsrapid onset of effects.
Decreased variability: Specialized engineering of nanoparticleschangethe surfacekinetics. Thismakesthemto
opt with specific structure with less variability?. Standard operating procedures of formulations with needed
improvement and measurement of particlesizeat stagesgive chancesof reductionin variability.

Need of Nanotechnology in Ayurveda

Marketing of groupsof medicinesfrom nanoparticlesviz., conjugated drugs, liposomesetc. haveincreased

to billionsin adecade. Various organi zationsthroughout the globe haveforecasted for further jumpsin market of
nanoparticles’ related products. In these circumstances Ayurveda is looking to understand its role in increasing the
country’s segment in trade of nanoparticles’ related products as quality of products can be further improved for
more acceptance acrosstheworld. Some of common problemsexisting with Ayurvedic products can be handled
through nanotechnol ogy.
Ability to over come solubility and stability issues. Kashaya (decoction), Kaka(paste), Swarasa(sap), Hima
(coldinfusion), Phanta(hot infusion) etc. areimportant formulations of Ayurvedaused asmedicinedirectly or aspart
of many other formulationslike Asava, Arishta etc. Solubility of componentsin decoction or sap or pasteiscommon
issueswhich can be settled with sizereduction and changing the surface structure with medically inert compoundsto
avoid the aggregation of component particlesand preci pitation. Further reducing or stopping thenaturally occurring
enzymatic reactionsin these formul ations givesthe chancesto increase the shelf-life. Research isrequired with
modified formul ationsand technol ogies giving thesimilar therapeutic effectswithout reduction in bioavailability.
Asava and Arishta themsel ves produce sel f-generated a cohol through the process of fermentation whichincreases
the shelf-life asal coholsare a so antimicrobid®.

Rasa-shastra, abranch of Ayurveda dealswith mineral or herbomineral products. Particle sizereduction
and consstency ins zeof particlesisabig affair. Manufacturing with traditiona methodsand hesitation of utilizing the
modern technol ogies at appropriate place are main reason behind this. An understanding with pharmacol ogical
mechani smisrequired with completechemistry of raw materia sand finished productsfor gpprehension of introduction
of technologieswithout affecting the therapeutic effects. Nanotechnol ogieshave greater optionsin these casesto
solvetheproblems specifically solubility of these products.

Oil and Ghritaareanother formul ations of Ayurveda whereingredientsare brought to oil and Ghrita(ghee)
vehiclethrough decoction and therma energy application. Fatty acid profileisimportant for prediction of shelf-lifeof
Oil and Ghrita. If primary and secondary oxidation isresi sted to occur, the shelf-life of productsareincreased?’. Int-
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roduction of nanotechnol ogy to maintainthe geometry and configuration of thesefatty acidsgivesoptiontoincrease
theshdf-life.

Many other formulations like Guggulu preparations, Parpati preparations etc. have further optionsto
enhancethe sol ubility and maintainthe stability.
L ocalizedrugdelivery: By adjusting the € ectrospun matrices of compounds changesin physical, chemical and

biologicd propertiesareimported®. Thesefabrications of particlesconvey to desired drug delivery. Hou et. al.
(2017) revealed thelocdized cancer trestment by introduci ng diffusion molecular retention (DMR) using transferrin
modified CuS nanoparticles®.In Ayurveda, Basti procedures are applied aslocalized drug delivery depending of its
types (Niruha, Anuvasana or Brihmana) and components used in Basti. Many of components are absorbed
faster from intestine and act through path of systemic circulation. Variousointmentsand creamsareused inAyurveda
wherethicknessof application isconsidered asimportant for topica application from absorption pointsof view. If
nanotechnol ogy-rel ated rectification isexercised in theseformul ations, optionsof moreand faster absorption cannot
be negated.

Theholistic approach of Ayurvedic medicinesto act on every related system for curing or prevention from
physiologicd dterationscan befurther improved by employing the nanotechnol ogy.

I ndividualized medicine: Charak Samhita imanasthana 8/94 mentions the examination and treatment of patients
based on individual’s Prakriti (physical constitution), Vikriti (morbidity), Sara (tissue elements), Samhanana
(compactness of organs), Pramana (measurement), Satmya (homologation), Sattva (psychic condition),
Aharashakti (power of digestion of food), Wayamashakti (power of exercise) and Vayas (age). These parameters
arebased on methods available a that time®. Even the concept of personaized medicineto diagnoseand treat each
patient smilarly®. Thebasi c difference comeswith innovationsof genetics concepts and their impactson hedth.
Actually theconcepts of personalized medicineare separatefrom traditiona practicesof standard drugsfor standard
diseases. Itismore concentrated onindividua patient. Personalization of treetment with specific dosein distinguished
cased based on genetic make-up iswell supported by nanotechnol ogy. Thistechnology isused to determine DNA-
sequencing us ng nanopores®,

Scopes of Nanotechnology in Ayurveda

Reviva and modernizationislaw of natureto survive. Ayurvedahas never restricted itself from new inclusions.
History suggeststhat many of drugsand techniquesare added timely. Even detail ed screening reveal stheworking or
Ayurveda at molecular levels. Nanotechnol ogy can be utilized to unfurl such details. Optionsaretherefor elaborated
study of drugs. Compounds present with formulationsand their structure are needed to be unvelled. Relationship of
one compound on severa systemsand several compounds on oneor several systems are needed to divulgethe
ingdeinformation.

Size-reduction and maintenance of samesizeindl casesarebig chalengefor Ayurvedic medicines. Possible
uses of nanotechnol ogy may bring thisastrue. Many new formulations on the basis of Ayurvedic conceptshave
optionsto be exhibited for novel and standard drug delivery. Applications of nanosensors, nanorobots etc. may
contributetoidea. DNA-directed drugisahopefor Ayurvedic medicineswith more additional researches.
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