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Delivery of nanosized Tiagabine loaded Bio-ﬂexy films using Bio-film former

~from Solanum _lycdpersieum bio-functional agent for Oro Soft Palatal Route

_ Background of the Invention:

In this work an attempt has been made to explore the potentiality of Soﬁ.Paiate as

- noxr‘ell.drug delivery .pl-atforrrr for management of e'pilepsy.l Due to drawbacks of
-eonverltional oral therap)f of .dose dumping; 1ncreased .dose frequency and .side,‘
- effects .o__f drt.lgs, this novel rot;nte for ‘drug de‘li\rer‘j(. has been explore_d. Soft palate is
- enrictled in abundant ‘blood. (Middle Menirréeal artery, Aecessory Menirlgeall

"artery, Greater Palatine branchﬂ of Maxillary Artery, Ascending Palatine branch_ of

Facial Artery, Ascendmg pharyngeal artery) and nerve supply (Mandlbular branch -

of tr1gem1na1 nerve; Lesser palatme nerve; Greater palatlne nerve; Nasopalatine
.. nerve; Glossopharyngeal nerve; Motor nerves) It has Thlckness 158- 224um pH:
7.34%0. 38 Blood’ ﬂow 0.89 ml/mm/cm Soft palate belng part of oral mucosa
, a.cts as smart -mucoadheswe' site for both systemlc and loc_al -'drug- dehverS/ as well
‘ _as'.fo_.r bra’in-targetiﬁg of drugs. It pre})ides centr'_oll’ed, sustairled, reterrtiyel, systemic

as well as site specific drug deli{/ery and leads to enhanced drug bioavailability.

| | | o
sm_ée Trigeminal nerve directly connects from soft palate to brain, thus, when

* - nanosized drug is administered via this route, it directly reaches to brain via inter

. and intra neural pathways'. First Pass metabolism in liver and Pre-_systemlc

P
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-

elimination in gastrointe'stinal tract gets avoided. Lowest Sali\}ary Secretions, Low
'Enz_jme Activity, avoids acid hydrolysis of drug. Self-medic'ation is possible with
proper patient counseling and termination of the drug delivery is achieved by

removal of the dosage form from the site. .

Tlagabme ant1convulsant drug, BCS Class I Drug (ngh Permeablllty, ngh

-

Solublllty) |
et | -
' Tiagabine

IUPAC name: (R)—l—[4,‘4-b'is(_3-methylthiophen-Z-yl)but—3—enyl] piperidine-3-

" Carboxylic acid - o

Molecular Formula:ConzsNogsg; Molecular Weight:375.55’ gm. mol'l.

Used for treatment of Infantlle Spasms Focal Selzure Part1al Selzure Tlagabme '
Enhances activity of gamma amino butyrlc acid (GABA) the major mhlbltory
' neurotransmrtter in 'CNS. Blocks GAB-A uptake .1nto presynapt1c .neurons,
permitting more GABA to be avallable for receptor bmdmg‘ on the surfaces of

| post synaptlc cells Acts as selectwe GABA reuptake 1nh1b1tor

IP@ @ELHI z@_*s.— Z_"ng 17 :-: A '
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i) .

Effects 1nclude abdommal pa1n nervousness inSomnia, S pruritus,, .inc'rease"d

- : Mechamsm of Actlon of Tlagabme

It possesses plasma tl/z 7- 9hours B10ava1lab111ty 90 95%, Proteln Bmdmg 96%, |

/

Renal Clearance 109 ml/mm Plasma Ehmlnauon tl,z 7- 9 hours pKa 3. 3 9 4, Log

\

" P: 39 3 Onset of Actlon 45 m1nutes Solub111ty Freely Soluble in Methanol Soluble

=

in aqueous base Isopropanol Ethanol Sparmgly Soluble 1n Water (22mg/ml)

Very Sl1ghtly Soluble in Chloroform Insoluble 1n Non Polar Solvents Adverse
3\1

N

appetlte su1c1dal thoughts and sudden unexpected death

- - . L [
$ 4 - :

T1agab1ne 1S avallable in tablets of 2mg, 4 mg, 12 mg and 16 mg L '_

-

/

- In' this -research \’vork,'Novel ﬂbiopolvmer was i_solated'fr-om‘pulp of Tornat_o.It.*"'_‘

{ i

v

~ consists " of '.-ﬁuits'-;_'o'f :_'plantf.'_T'LS'olamim,-_lycope_rsicum .belbng:'ing ‘to family

DR t

- Solanaceae:Chemical .constituents of Solanum lycopersicum -includesCarotenoids -
' :. ™ - . ' 2 . ' . ] i . . ' ¢ . .

Vo
t

: like Liycopene, F ibér-1:6%, F lavono'ids,'_ N‘aring‘enin,‘ Quercetin, \-'/ita"rnin's—l9:*10% t

P, .
1] d -

t
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liké Vitamin C, Vitamin B;, Vit;imin B, B-‘Carotene, Malic Acid, Acetic Acid, . -

~ Formic Acid, Lactic Acid, Fumaric Acid, P-Coumaric, Caffeic, Ferulic and.

Chlo'rogenié Acids; Cérbbhydi‘ates like ClucOse-O-.S)'%,' Fructosé-l%-,P'rotein-

1%, Fat-O..I%,_ | Mihérals like Potassium, Sodium, Calciurr}, Mag‘nes‘ium_, Iron,

Zinc. prevents . cancer, heart attacks, night blindneés and acidosis, - strengthen

Bones, protects the boay from cafcinogens produéed fro'm cigarette smoke, reduces

risk of kidney stones, treatment of GI disorders, lowérs Cholesterol levels, Blood - |

Pressure, .Protecti_on: from Cell Damage, boosts Immunity, redﬁces migraine, lead.

| toxicity, proper Brain functioning, protects from UV rays, treatment of

Vasodilation, Antioxidant, Antidiabetic, Revitalizing Agent, Wound Healing -
Agent, Huniecta_nt. o | ,.

\
/

Bio-poly.mer isolated from Solanum lycopersicum. was 'uséd as Bi_o-excipierit in

- formulating -nanosi2¢d Tiagabine loaded 'Bi'o-F lexy Films. ‘Being'of natural origin .

itis biodegradable, bio-safe, biocompatible, non-toxic, non-irritant in nature, non-

.reactive, and economical than synthetic polymers -that are used. in marketed.
- pharmaceutical formulations.. It possessed mucoadhesivé, film former and

bioretardant properties.

Direcior
culty of Pharmacy
Shradun {Utiaranchal)’




Pfior Art

| .Vossler_:D G et al. ‘ass"esse.d the side e_ffeété and s.ei/z_urlé reduction pr'oﬁle' of
| Tlia,lgabine‘ Advefse effects, éeizure., and assessmenf—of data 1n sequentiai _;pa'tien'ts

. ﬁ'éatéd open label _With Tiagabiné | Were"re:c;)r.déd.. Behévipfa_i‘_ adve.rls'e effects -
occurred in a larger p.rdportion of p'atients c;mpareci to thoSe'repdrtea in Tiagabiné.
preapprO\;al rand'omiz"ed controlled trials. Méderate‘- percentage of patients had
rn'eémi'n_gful feductiqn in séi;ure; .fr_equenéy, Tiagabine remaips as 'usg'ﬁi’l

antiepil'eptic drug.

_Kalviainen» R reviewed Long-Term Safety o:f Tiagébine. Shorf;term safety data of
| Tiag’abir'le\were derived _Inainly from five place.bjo-cqritr(.)lled-,“ _add-o,r'l-studi_e's in
"adulté witﬁ therapy resistant partial fgi)ilepsy, and two. conversions to Tiagabine
‘m-onother*ap'y studiés. Ceﬁtral ﬁérvqus system (CNS)-felatéd advétse'effects, most -
_'hlfr,equently ('iizzi-nés's;‘wé“‘re coinmoﬁ with Tiagabine .tr'c;atment"du:ring' the titration

~period; the risk 'became similar to plécebo rates during fixed-dose periods. Other |

(Title Page)

. ] - - )' . ) . B ) . .. .- ... . P ’ T
adverse events that were more frequent in Tiagabine- than in placebo-treated
patients were asthenia, nervousness, tremor, concentration difficulties, depressive

mood, and language prbblems. Tiagabine doses were titrated slowly and taken with

-

. ‘ 1 Hr ' ’ R ° " ! .
EC onarmacy '
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~ of adverse ever_lt‘s., Overall, >2,500 _patien-ts hav¢ been exposed to Tiagabine during

clinica_l-trial's,' with ‘1-,274 patients treated >12 months, the majority _r.eéeived |
Tiagabine 24-60 r'ng/day; No-i‘dio_syncratic reactions have been liﬁked to the use
of Tiagabine, and no abnormalities in hem'atology‘ or common: chemistry values

were reported. No adverse effects on co_gnitivé abilities were detected when the

néﬁfopsychological effects of Tiaga‘bine add-on th'erépy and monotherapy were

~ . .

evaluated. Tiagabine does not appear to cause an excess risk of psychosis or.

increase the inCidencc of 'status‘epilépticus'or spike/wave discharges. No evidence -

of a relationship between visual ﬁ_eld constriction: and Tiagabine treatment was

found in a study of 15 patients converted to Tiagabine monother.épy (mean dose,

22 mg/day; mean dufatiori, 2.5 years) who had a full 'oph-thalm‘olog.ic', évaluatidn;

. The characteristics - of ‘Tiagabine in the management of ‘partial epilepSy are

T -

P00

enhanced by its favorable side-effect profile in the cognitive area. V-

(51)

]

-

| ‘Pu_lman Js Marson A,G;-.-Hut'ton JL2014 suggested Tiagabine as. an_'.add—on for
- Drug-Resistant Partial Epilepsy. To evaluate the effects of add-on t_,reatmeht with =

- Tiagabiné upon seizures, adverse effects, cognition and quélity of life for people

" with drug-resistant localization related seizures. Randomized placebo- controlled
- add-on trials of people of any age with localization relatéd seizures, in which an

" adequate method of concealment of randomization  was used. were incjuded. The

JELHI 06-083-2019% 17140
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-~

studies could be do'ublé,_ single or unblinded and be of parallel or crossover design. .

' Minimum treatment period wasof eight weéks. Trials using an active drug control
) group were also included. .D_oses between 30 and 5‘6mg per day: are likely to reduce

- thefrequency of se_iz’ufes by 50% or.mbre'for' between 13-and 20% of people.

Wang X, Ratnaraj N, Patsalos P N--2004; _revealed. the PhafmaCOkinetic inter-

| Lrelation:ship of Tiagabine in blood, Cerebrospiﬂal Fluid and Braiﬁ Extracellular . -

Fluid (frontal cortex ahd hippocampus). Adultmale rats were implanted with eithe_r

- a jugular vein catheter and a cisterna magna catheter for blood and Cerebrospinal

F 1uid§amp1ing, fespectivély,- or a blood catheter and a microdialysis probe in the

hippocampus and frontal _cqrtex'(for ECF sampling). Tiagabine was administered

| intraperitoneally (i.p.) at 20 or 40 mg/kg and blood, CechroSpinal Fluid and Brain

Extracellular Fluid were collected at timed intervals. for the measurement of
Tiagabine co,ncent'r\atio_ns by high performance liquid _chromatdgra’phy. Tiagabine

concentrations in blood and Cerebrospinal Fluidro'se‘linear‘ly and dosehdeﬁendéntly

- and.timé to maximum concentration (Tmax) Was 15 and 29 min, respectively. Mean

| _Cerebrbsﬁinal Fluid/serum Tiaga_bine 'concet;fr'ation ratios (rjange,gOiOOS—_—OlOl)

were much smaller than the mean free/total Tiagabine corjcentrat_idn ratios 1in

~ serum (0.045 £ 0.003): Entry of Tiagabine into Brain Extracellular Fluid (frontal

" cortex and hippocampus) was rapid with Tmax values of 3'1%46 min. Distribution



(e
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of Tiagabiné in brain was not bfaitl regioxa spéciﬁc with valaes‘ia the frontal-cortex | |
and hippocatrlpus'laeing indistingaiahable."Whilst eli.mirlation from Cerebroapinal ‘
Fluid was comparable to that of serqrh, half—life (tin) values in Brain Extracellular
Fluid were three times‘ longer. Tiag‘abin’e. was associatad Wltll _linear kinetic
cllaracteristiés atld- tVith rapid brai-n 'penet_ration. Cereljrospi_nal F luid concentrations

are not reflective of free non-protein-bound concentrations  in serum. The

‘observation that Tiagabine elimination from the brain was threefold slower than

that was seen 1n blood, might be due to relatively long duration of action of

" Tiagabine.
| Kalviainen'R 2001 reportéd Long-Term Safety of Tiagabine. Shclrtjterm' safety

. data of Tiagabine were derlved mainly from ﬁv.e placebo_—éontrolled,. add-on

studies in adults with therapy fasistant partial epilepsy, and two conversions to

Tiagabine monotherapy studies. Central nervous. ayétem (CNS)-related adverse

~ effects, most frequently 'dizz_iness, were common with Tiagabine treatment during

the titration peribd; the risk became similar to placebo rates during fixed-dose ' °

. periods. Other adverse ‘events that were more frequent in Tiagabine- than in

placébo-treated patients were asthenia, - nervousness, tremor, concentration
difficulties, depressive mood; and language problems. Tiagabine doses were

slowly - and taken with food “to avoid .rapid ‘increases in plasma

{

titrated

Qoncentfations,. thus minimizing the risks of adverse events. Overall, >2,500




06-Mar-2019/21296/201911008672/Form 2(Title Page)

. patients have been exposed to Tiagabine during clinical trials, with 1,274 patients

. treated _>12 months, the majority received Tiagabine 24-60 mg/day. No

idiosyncratic reactions .have been linked to the use of Tiagabine, and no

.. abnormalities in hematology or common chemistry values were reported. - No

adverse _ef_f"ects d;i cognitive abilities A‘-\_-Nere ‘deteCtéd when théneﬁrbpéyﬁ:h'ologic:al |
et:feéts of -‘Tiag'ablinev add-on tiierapy and monotherapy were _evaluatéd.'._Tiggabihe )
does not :;ippéar to éausg an excess risk of psychosis of‘increase ‘.thé ingidence.of
‘stéms epiiepﬁé:us or'_sp_ik'e/wave discharges. No eviden;;e of a ré-lationlship.between‘ ,

visual field constriction and'l'Tiagabine treatment was found in a study of 15

‘, pafients converted to Tiagabine monotherapy (mean dose,| 22 mg/day; mean

duration, 2.5 years) wh@ had a full ophtha'lmologiq evaluation. The characteristics

i

~ of Tiagabine in the'mana_gement of partial epilepsy,are enhanced byi its favorable

side-eftfect profile in the cognitive area.

NANOSIZING OF TIAGABINE

(1_)S6_l.vent Evaporaﬁon ‘Me_ihod: 100 mg Tiagabine mixed with 10 rrig déxfrose, -

5 mg frﬁctose'an_d 10 mL methanol and triturated. Diluted mixture with 50 mL
hdistil.led' water, 'sonicated for ﬁp' tb 15 éycles (3mins/cycle) inuultrasonic bath

~ sonicator. Absorbance, % Transmittance, % Blockage (100- %Transm'i‘tta'n_ce‘).was

p
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noted -after e'very 5 .cycles of sonication. -After 15" cycle, residue was collected,
dried, packed and stored. Non- aqueous solvent (methanol) was used: Solvent was

evaporated naturally.

\
l

(2) Somcatlon Method 100 mg Tlagabme mixed w1th 10 mg dextrose 5 mg

.fructose and 10 mL d1st1lled water and trlturated Dlluted mlxture w1th 50 mL

}

T -

d1st1lled water and somcated up to 15 cycles (3m1ns/cycle) in- ultrasonic’ bath
J

sonicator: Absorbance % Transmlttance % Blockage (100 %Transmrttance) was

noted after every 5 cycles of sonication. After 15 cycle, residue was collected, N

dried, packed and_,s_'tored. Aqueous solvent was used.

Sirnilar_ly Tiagabine was nanosized by Solvent Evaporatio'n and Sonication

| Methods. -

" \ '. . " - . i
Primarily screening method for nanosized range particles

It- is .2 novel by UV Spectroscopy Transm1ttance 1S based on the conoept of
'_.Tyndall Effect. When hght of spe01ﬁed wavelength passes through the med1a,
‘containing partlcles less than or greater than the spec1ﬁed particle range, the Y%

blockage represents particles beyond the size range whereas the % transrnit'tance s

considered that the particles lies above the size range at particular range
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~ ISOLATION PROCESS OF SOLANUM LYCOPERSICUM BIOPOLYMER:

Procured Tomatoes' from local market. Removed outer peel of SOO gm. Tomatoes by
1mmers1ng in hot water. Pulp + 500 mL of distilled water slurry obtained ﬁltered v

using muslin cloth N

l,L ‘

Filtrate + 1000 :mL.prop,an-:z—on,e (1:2). Refrigeration at 2-8°C for 24 hours, filtered

“ ]

A 4

Centrifuged at 3500 rpm for 15 minutes

| Neituralljz dried obtained biomaterial for 24 hours powdered, passed through.Sieve

no.120. Optlmrzed SIX t1mes calculated.- % yield and stored in well closed container for
further use |

06-Mar-2019/21296/201911008672/Form 2(Title Page) .
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 CHARACTERIZATION =~ OF  SOLANUM  LYCOPERSICUM

. BIOPOLYMER:

l_)'l%yiel‘d‘; 12.4%:0.01

2) Col‘or:.Light Red

3\)‘ Odour: Cllaracteristie |

4) -"l‘extlrre; Powder |

5) Solul),ilit)l: Metllanel,' "part'ial_ly solgble in lvater ._

6) Color Changing Point: 194°C+2

7) Carbohydrates: Present

g 1 | aC\l
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" 8) Spectral Analysis:

- (1) D1fferent1a1 Scanmng Calorlmetry DSC Peak of Solanum lycopersncum

| 'blopolymer was obtalned at 77. 26°C Peak Helght was 1 5'747 mW, Delta H was

67. 3116 J/g, Onset deplcted b0111ng pomt at - 44. 63°C and Glass Trans1t10n |

temperature was 105 90°C

| (11) Infra-Red Spectroscopy IR Peaks of Solanum lycopersncum blopolymer were

0bta1nedat3161 cm-l 1618 cm-l 1942 cml 1398 cm-l 1165 cm-l 1844cm1 |

Wthh 1nd1cated functlonal groups RCOOH RCONH2 C= C COOH $=0, RNH2 -

 RCH20H.

© (111) Nuclear Magnetic Resonance Spectroscopy: IHNMR" Spectra of Solanum

lycopersicum biopolymer confirmed the presence of carbohydrates. residue within

o the'biopolymer extracted'a's.'shift? of carbohydrate protons'We_re 3-6 ppm and the

* spectra when compared reﬂected the peak at 3. 5531 ppm

(1v)Scann1ng Electron Mlcroscopy SEM 1mage of Solanum lycopersncum

o blopolymer_ showed size range of 100 pm, ﬂakes type _Ir,regular structure Wrth'

smooth texture.

IP0 DELHI. 06-03-2019 17:40
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" CELL-LINE TOXICITY STUDY: Safety of Blopolymer

Y

MTT cytotoxnclty assay

MITT [3- (4 5—dlmethy1 thlazol—2—yl)—5—dlphenyl tetrazolium bromlde] 18 taken up
| by the V1ab1e cells and reduced to . formazan by the “Succmate tetrazohum

reductase” system that be_longs to the mit'ochondnal resp‘lrato_ry chain functlo_mng |

in metabolically active cells. Formazan formed, is a purple colored water-insoluble.

ﬁroduct_that' is largely impermeable to cell membranes, thus resulting in 1ts

- aecumulation_ within the healthy cells which .is 'solubrili'zed by adding Dimethyl
- sulphoxide (DMSO). The optical' density (OD) of purple -’.. colored solution
~ developed was read using a conventional ELISA plate reader at 590nm (metximum

- absorbance). The ability of cells to reduce MTT provides an indication of the

mitochondrial _- integrity and activity, which, in turn, may be intefpreted as a

measure of viability and/or cell number.

- The - ability of the cells to Suryiye 'a toxic ihsul't has been the basis of most |
Cytetoxicity 'assays'. This assay- is based on the assumption that dead cells: or their

products do not reduce tetrazolium. =

N

740
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Cell-line thicity data of Solanum ly‘copei'sicﬁm bippolymér' |

Comp(')und'ﬂ) Concentration | Absorbance | % Cell Death | |
-Solamum | 3125 | 026 | -309824
lycopersicum  62.25 - 0.2475 . | -24.6851
-biopolymer . e -
I | 125 ° 0.248 "—24.937
250 | 0206 | -3.77834
00 | 0164 | 17.38035

Cell-line toxicity data of Solanum'lycopersi’cum' ~biopélymer in concentrations
. ranging from 31.25- 500 |.1M revealed. ICS50 (uM) of 253.613 and mean % cell

-V1ab111ty of almost 100% Hence 1solated Solanum lycopersicum blopolymer was

In-Vitro Mucoadhesio;] Stud.y_‘:
- The adhesion strength of the polymer was assessed by Modified Shear Stress
Method at different concentratlonsl%, 2%, 4%, 6%, 8% & 10% of blopolymer |

10% concentratlon showed maximum mucoadhesw1ty

'Isolated Solanum 1ycopers1cum blopolymer was used as bio-filming agent in

i

formulatmg nan031zed Tiagabine loaded bio- ﬂexy Fllms

-~
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FORMULATION OF NANOSIZED TIAGABINE LOADED BIO-FLEXY
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PO DELHEI

- FILMS

FORMULATION - T FSTL | FST2 | FST3'| FST4 | FST5 | FST6
Drug: Biopolymer Ratios 1105 1:1 1:3 | 1:5 | 1:6 | 1:10.
Tiagabine (mg) .| 100 | 100 | 100 | 100 | 100 | 100 -
Solanum lycopersicum | 50 100 300 500 | 600 | 1000
biopolymer (mg) 3 |- | | | o
Dextrose (mg) - |7 10 10 10 | 10 10 | 10
Fructose (mg) - | s |1 5 5 | 5 5 5
Glycerine (ul) |10 | 10 | 10 | 10 10 | 10
Pectin (gm.) 1 06 0.6 06 | 06 | 06 |. 06
Distilled Water (ml) 20 | 20 20 20 | 20 20

Nanosized drug loaded Bi_o-ﬂex’y Films prepafed by Solvent Casting Metho’d.l‘)rug.:
Biopolyméré (1:0.5 to i:lO) \;vere_: mixed to foﬁn uniform .dis'pe‘rsions, e’;‘dded co-

| 'prbcessing‘ a’gen'tsalong w'i_th solvent, Sﬁbjected to Magnetic Stirriﬁg for 15
mi'nutes, folloWéd- by sqnicaﬁon for 5 cycles (éach ’cycle 3 miﬁutes).Transferred

| ‘into pe&idishes. Kep_t_for‘natural dryiﬁg for,i4 houfs.Prépgred Films Were_femoved .

from petridisheéTiag'abine ~was used as 'Antico_nvulsént‘ drug, Glycine max
'b,id'polyr'ner és film former, De'xtroée; and Fructose as *FléXiéizers, Gllyceri.ne as
Plasticizer, Pectin as Film Initiator and Distilled Water as Solvent. Similarly
preparédTizigve.ibine. '1oa_1ded Standard Sédium Carb'oyr;yl '"Methhyl Ceilulose | Flexy
Films. - |

-y .
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FET6 |

FORMULATION } FET1 | FET2 | FET3 | FET4 | FETS
Drug: Biopolymer Ratios 1:0.5 | 1:1 | 1:3. ES | 1:6- [ 1:10
[Tiagabine (mg) 100 | 100 | 100 | 100 | 100. | 100
Sodium Carboxyl Methyl Cellulose (mg) 50 100 | 300 |. 500 | 600 | 1000
Dextrose (mg) S 10 | 10 10 | .10 | 10 10
Fructose (mg) 5 5 5. 15 5 5
Glycerine ) 10 10 10| 10 | 10 | 10
Pectin (gm.) 0.6 | 0.6 06 | 06 | 06 | 0.6
20 20 20 [+ 20 | 20 20

‘Distilled Water (ml)

EVALUATION OF FORMULATED BIO-FLEXY FILMS

- Prepared Formulations were evaluated for following parameters:

IPD DELHI 06-03-2019 17:48@

Thickness, Foldlng Endurance, Surface pH study, Weight Uniforrrlity Study,Drug

Content uniformity, Swelling Percentage "Study,"'Pe‘rcentdge moisture uptaké

. '(.Mucoretention and Mucoadheéion Study), In-Vivo Study by ..Sﬁb-cutaneous

" ' Pentylene Tetrazole (PTZ) Method, _S'tabili'ty Stﬁdies as per ICH Guidelines.

b
/

. Results: Thickness of nanosize’d- Tia'gabine loaded bid-ﬂexy films containing

Solanum lycopersncum blopolymer(FSTl FST6)Th1ckness

Tiagabine loaded bio-flexy. films contammg Solanum

4
] - d
ANt of
. : \
a e i
L o, e
L % AL P RS £
. H s'}_ﬁ'_'.“f—.u"f" 4
) Cparita B P
'r.r'} [P
"

. (PMU), In-Vitro drug release s'tlldy (by Modified M..S. apparatus), Ex-viﬁo Studies .

of ~ nanosized -

lycopersicum
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‘biopolymer (FST1-FST6) was ranging from.0.027£0.003 mm to 0:041:£0.002

mm,; Fc_)ldi-ng' Endurance: 72-86, Sur_face pH: 7.01+0.02 to 7.01:t0.01,- Weight

| Unifornﬁty: 0.012+0.03 to (-).021i0.02,..Drug Content Uniforrhity: 66.6%+0.35 to

74.8%+0.24, Swelling Percentage: 63%=0.4 to 72%x0.2, Percentage Moisture

Uptake (PTU): 2.0%0.15 to 2.5%+0.12. Mucoadhesion by Dynamic method .

' revealed that Nanosized Tiagabine loaded bio-flexy filmis containing Solanum

- lycopersicum biopolymer were mucoadhesive for tiir_le period of 30-120 minutes.

) Mucor_eteritive Study 'revealed that Nanosized Tiégabine loaded'bio-ﬂexy .ﬁlm's ‘-

f

containing Solanum lycopersicum biopolymer were mucoretentive for time period

- of 90-210 minutes. The drug ‘release patterﬁ foi" formulatioris FST1-FST6
contammg Solanum lycopersncum b10polymer based on the T50% and T80%
was found to be FST5S (1 6) > F ST4 (1 5) > FST3 (1 3) > FST2 (1: 1)> FSTI

" .(1:0.-5) > FST6 (1.:10). In_-v1trodrug release was performed for all the formulatlons

Y’

.~ and the data indicate that drug.loaded formulations show the sustained release

‘behavior. _Graph wae plotted between %CDR and time, the R2 yaer,,.T'SO% and

| T80% v&ere caleulated from graph. Based on all ebov.e mention'ed evaluation

_‘ | ‘pérémeter's,'FSTS-(containing Tiagabine: Solanuiﬁ lycopersicum biopolymer (1 :6))
Bio-flexy film having R2=0.9363, Peppas Korsemeyer as best fit model, follows

Fickian Diffusion (Higlichi Matfix) relea-se'mechanism,'TSO%: 26 hrs., T80%:

’31 hrs. using BITS Software 1.12. Stability study revealed stable bio-flexy ﬁl.n‘ls"

‘ 4 :
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o o

~with no s1gn1ﬁcant change in physmal appearance and stable - pH Prepared ,\
formalations of .Tiagabine. loaded ‘bio-flexy ﬁlms containing Solanum

lycopersicum biopolymer were suitabl-e for Soft Palatal Delivery.

T30% and‘ T80% values of Tiagabine;—Solanum lyéopersiéuni polymer

Bio-flexy Films

s

| Ratio T50 % (hours) | T80 % (hours)
FST1 (1:0.5) 146 204
FST2 (1:1) | 168 | 301
FST3(1:3). 221 | 389
. FST4 (1:5) 260 - | 2.73
- |FSTS(1:6) -~ | 451 485
FST (1: 10) 13 | 2.30'

. The two-tailed P value was found to be less than 0.05 thus, extremely statlstlcally Slgmﬁcant

{
N

. T50% and T80% values of Tiagabine—Sodium Carboxyl Methyi.Celluiose

Standai‘d polymer Flexy Films

-

aw,@EL%E@@Br@5+%@l%w3??&@h.

Ratio - T50 % (hours) | T80 % (hours)
FET1 (1:0.5) 13936 14382
FET2 (1:1) 139.65 , 43.30
FET3 (1:3) 9.45 .10.49
| FET4 (1:5) 7.26 1812
| FETS (1:6) 40.66 -~ |43.79,.
FET6 (1:10) 6.67 ~19.14




~Kinetic Release of Tiagabine——Solanhm‘ lycopersicum polymer Bio-Flexy Films

R‘éle.a.se Kinetics Analysis Dynamic Method Formulation of Tiagabine: Solanum lycopersicum

'06-Mar-2019/21296/201911008672/Form 2(Title Page)

IPO ‘@"E’;E’_‘.HI._ 06 -83-20

_Bio-Flexy Films | N . .
Formulations - R’ Best Fit . | Mechanism of
” | Zero | 1% | Higuchi | Peppas | Hixon Model Action
o - | order | order | Matrix .| Crowell K 3
FST1 (1:0.5) 0.8080 | 0.8086 0.8927 0.9138 0.8084" Peppas * |. Fickian Diffusion
- | ' o | Korsmeyer .| (Higuchi Matrix)
FST2(1:1) | 07985 | 07991 |. 09162 | 0.9449 .| 0.7989 Peppas Fickian Diffusion
: ' | o | B | Korsmeyer (Higuchi Matrix)
FST3 (1:3) - 0.8055 | 0.8063 | 0.9297 0.9530 0.8060 Peppas Fickian Diffusion
: g - S . - Korsmeyer (Higuchi Matrix)
FST4 (1:5) - | 0.8317 0.8319 | 09046 | 0.9049. 0.8318 Peppas Fickian Diffusion -
I 1o ' . - - Korsmeyer '(Higuchi Matrix)
FSTS'/(I:G) 0.8454 |- 0.8455 0.9213 10.9363 0.8454 Peppas’ Fickian Diffusion
| , . . | | Korsmeyer | ‘(Higuchi Matrix) .
FST6 (1:10) 0.6784 | 0.6793 0.9150 | 0.9277 0.6790 Peppas Fickian Diffusion
3 - ~ | Korsmeyer: (Higuchi Matrix)
{
;
Director _ 3
DLT Eaculty of Pnarmagy. -
Danagun tmanshal
19 17:40
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Kinetic Release of Tiagabine—Sodium Carboxyl Methyl Cellulose Standerd

polymer Flexy Films'
Release Kinetics Analysis Dynamlc Method Formulations of Tlagabme Sodlum CMC
Flexy Films - .
Formulations | R’ Best Fit Me_ehamsm
~ Zero 1% Higuchi | Peppas | Hixon | Model of Action
' . |-order | order | Matrix | Crowell | = | |
FET1 (1:0.5) | 0.8894 | 0.8897 | 0.9356 | 0.9300 | 0.8896 | Higuchi- | Anomalous -
| L - | | | Matrix Transport
FET2 (1:1) | 0.8852 | 0.8853 | 0.9324 | 0.8424 | 0.8853 | Higuchi- Anomalous
| o | | | | Matrix . Transport
FET3 (1:3) 0.8868 | 0.8868 | 0.9377 | 0.9550 | 0.8868 | Peppas | Anomalous
| | - - - | Korsmeyer | Transport
FET4 (1:5) | 0.8906 | 0.8908 | 0.9361 | 0.9514 | 0.8908. | Peppas Anomalous
. - _ I . - Korsmeyer | Transport
FETS (1:6) 0.8360 | 0.8363 | 0.9301 |-0.9084 | 0.8362 | Higuchi- Fickian
| L B | | |  Matrix Diffusion
" (Higuchi
: ) | o Matrix)-
FET6(1:10) | 0.8960 | 0.8962 |-0.9372 | 0.9692 | 0.8961 Peppas Anomalous
| - | Korsmeyer | - Transport

-

o DELHI 06-03-2018 17:40
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‘The purpose of this study. is to a'tt-ai{n brain -’speciﬁeity by' delivering nanosized- .

Summary of Invention: -

-

Tiagabme loaded Flexy Films. via Oro Trans Soft Palatal route for Epilepsy;

treatment The attempt is made to explore the potentiahty of Soft Palatal mucosa as

| drugdelivery pl_atform being enriohed with abundant n,erVe.and bloOd supply, and_

- . minimizing side effectes_ of oral drug delivery. Nanosized ‘Tiagabin'e loaded bio-

IPO

'ﬂexy- films ~were -formuiated by Solvent Casting method and .evaluated' their

performance, which depicted their suitability to be admi‘nistered‘ by Soft;P_aIatal.

route.

DEL HI _'-‘-.Sgr 33-201L8 17 1407
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DRAWINGS
i 1. ZETA POTENTIAL OF TIAGABINE - . "~
Moan (mv) Aren (%) St Dev (V)
Zeta Potential ohv): -9.00 ' Peak 1: 1900 100.0 6.95
‘ 4 Zetn Dovation Guvy: 6.98 Peakz 060 0.0 ' 0:00 A
- L Comdurctivity (inSiciny:  0.509 Peak 3: 0.00 00 000
' " Result q‘uallty‘: Gaod . .
Apparert Zela %memu (u.mo"
Zeta Potential of Tiagabine: -9
Comparative Graph between %Transmittance and A max of pure Tiagabine
(without nanosizing) with nanosized Tiagabine (by novel sonication and standard
) solvent evaporation methods).
2. NANOSIZING OF TIAGABINE
f m %T (Without Nanosiz'mg)' a2%T (Novéf method)‘-. 2 %T (Std. method)

+ | 120.00% 1, - | AR ) J.oo |
a +100.00%
@ ' '
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T | | - 60.00%
L 40.00%
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> © 200nm  300nm  4Q0ngi  500nm_ 600nm 800nm
§ - TS _ :
N
(o))
N
N
o
-
.
)
S
< EPO
=



06-Mar-2019/21 296/201911 008672/Form 2(Title Page)

H
g

3. DIFFERENTIAL SCANNING CALORIMETRY OF SOLANUM

L'YCOPERSICUM BIOPOLYMER

A
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» Deha H=67.3116 J/g
Pagk =77.26 °C
Paak Height = 1.5747 mW
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4. IR SPECTROSCOPYOF SOLANUM LYCOPERSICUM BIOPOLYMER
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3

LYCOPERSICUM ,

.

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPYOF SOLANUM

- BIOPOLYMER

'\l

j=3zqwate ':-'R -
AVANCE IL 400 NMR
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6. SCANNING

ELECTRON  MICROSCOPY  OF

LYCOPERSICUM BIOPOLYMER
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Director
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7. CELL-LINE

BIOPOLYMER

TOXICITY ~OF SOLANUM - LYCOPERSICUM

Mean %

120

Cell Viability

60

40

20
0

Cell-line toxicity graph between Concentratlon of Solanum lycopel sicum blopolymer
v/s Mean % Cell Viabiliiy

160
140 .

0 100 200 -300 400 500 . 600
Concentration of Biopolymer (uM)

B ama B ey et
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- 8. MUCOADHESIVITY OF SOLANUM LYCOPERSICUM BIOPOLYMZER

06-Mar-2019/21296/201911008672/Form 2(Title Page)

Graph between Solanum ycopersicum Biopolymer Concentratlon (% v&/v) v/s Weight (gm. )
required to slide glass ipli te (SHEAR STRESS METHOD FOR IN-VIT. O
MUCOADHESION STUDY OF BIOPOLYMER) :

450
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~ Con entration of Solanum lycopersicum biopolymer (% w/v)
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F

9. KINETIC RELEASE OF TOPIRAMATE SOLANUM LYCOPERSICUM

BIOPOLYMERBIO FLEXY FILMS

\

Comparative Graph of In-Vitro Release of Tiagabine:Sdlanum"ly'copersicul I3_io-F lexy Films by

J
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10.STABILITY STUDIES- OF BEST FORMULATION OF NANOSIZED |
TIAGABINE LOADED BIO-FLEXY FILM CONTAINING SOLANUM

| LYCOP_E‘RSICUM‘BIOPOLYMER |

Comparlson of nanosized T1agab1m Solanum lycoperswum blopolymer (1 6) Blo-ﬂe y Film (FST5) In- Vztro
Release before (37°C £ 2°C) and afier (25°C + 2°C) Stability Studies

‘0% DRFST5 (37°C+2°C) ~ W% DR FSTS (25% +2°C)
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We‘ cléim: The inv_entio'ﬁ claims:

1. A mu‘c':o.l':-ldhesiye s-ystem‘_c_omprisiﬁg of an antie_pilept'ic moiety With one or more
| Co-pfééessing é.g'ents'derived'from é natural edibie source (Solahum

lycopéfsiéum ie., tomato fruit' pL_llp)' as ‘.a bioretardant cum -ﬁllm former for - |

. Deiivery of API to brain via QrQ. Trans- Soft Palafal platfoﬁn.

2. The fnuc,oadhesive Syst_enﬁ of Claim .1 , where in 1t _colrnpr_i'ses of other éb-

prerssingJ aggnts _dextroée? ﬁfuctose' as. ﬂex'ici_zéfs, pe‘ctin-_as initiator at_'
.-op,tifﬁizqd cofléentre;tion ranging fro;ﬁ 1-3%.

3. The antiepi}epti-c drug of the Claim l,'.where‘in chemica]ly comprises of (R):-_l-
.[4,4_-i)i$(3-méthylthiopheﬁ-2-.yl)but—3-enyl]_pip,eridine-3—'carbox.ylfic acid or |
Tiag‘abirie at.concentration of l‘ug/c.:m2 of f_ﬁe rﬁucc')adhesive deviée.

4. Thé.bioret;ard.ar'lt of 'Claini .1, which was isolated by'a simpliﬁed econbmic -
pfob‘éss usihg op.ti'r'nizéd 'cohcentra_ti@n of non-solvent d‘imeth.yll ketdn_e' in double
prquftion fto -édue_ous eil(tre'lct‘and further b’iofétafdant was‘feéovered,'

' characterized and s‘h'qwed_in-bﬁilt retar’débﬂi_ty, filmability and muléoadhesivi‘ty;

. due to functional groups like RCOOH, RCONH2, C=C-COOH, $=0, RNH2, -

| RCH2OH and GTTIa't 165.§0°C: l | |

5; The bio_matefial ‘spécfr.alcharacteﬁzation-of Claim 4 .where‘in_cor:-lprises of
-ﬁluco‘adhes'ive ﬁinéti'onal agents. The prblqngabijity in Tiagabine felease from

the bio-flexy films was extended to 48 hours,

2o

/
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[

6. T‘iagébine bio-flexy films of Claim 5. wherein show promising.éigh'iﬁcant |

mucoadhesivity and mucoretentivity over a prolonged duration.

i




Delivery of n“anosized-Tiagabine loaded Bio-flexy films using Bio-film .f,oi'm'er'

from Sblangm lycopersicum bio-functional agent for-'.(')r,o Soft Palatal Route. =
ABSTRACT S

The research work explores novel delivery apprOach for deli\}eriﬁg" Thiagabine via

.Trans.‘S'oﬁ. Pal-atal route in form of B.ilo.-ﬂexy films for tr_leatrr:_l.ent of epilepsy. The
for;nulatibhs compr‘iiges of 'na'nosized-. ‘Ti-ag_abine',v | Solarzlum’ '.lycop'ersiCum
n){ucoad}le'sive, bio-film f’orri;ér, Flexicizers, »AF 11m initiator and" other coiproCé‘ssing |
L lag.’erits' gmd _éj\‘ralueitéd;1 for _various‘ p‘grérh'eters: 'T.helpre.paréd F-ormulaf.iohs‘show,ed
' promié_ing,f\nucoadhesiyity,' ﬁl'mability along wi_th sién’iﬁcant Pharmaéokinetibs and
-Pha'rmacovdynarhics Anf[iconvulsar\l’;. aétivit? an eXperimentall animals.
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