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CHAPTER |

INTRODUCTION
17p-esreadiol (E)gis" __ rogen and mainly prescribed in
case of postmenopausal Sy as a pa eplacement therapy (HRT),

either alone or m-ﬁ"ﬁﬁr_naﬁen-‘wnh Qﬁothe#famﬁl‘rone (Mittal et al., 2007).
Furthermore, Io

isease and OStEODOFOSIS

[@m.but poor bioavilability,

of advantages®over 4 but ifF £CO/TIES ete ‘then patient will not
receive optimumgfeat tar eou del L8ystem may be favorable

choice for HRT. E ‘ first-passimete ‘ of tranditional oral route

Matrix implant con ater-soluble drug and using an inert
polymer as the matrix i ‘-q.? has bee Avestigated. The polymer using

carrier in coptho
poly (ethyle
d to acrylate polymer

etonogestrel, F:ﬁ:ctl tterme
i.e Eudragit and Eudragit RL as release controlling ag‘ in 17-B estradiol and

norethindrone mﬁﬂ:hutlma 2549). How@gdt, it has been continuously reported

AN
QRISSATMIII NN

system. Polyvinylacetate (PVAC) is water-insoluble polymer. It is slightly hydrophilic

ilicone elastomer and
Jj

ﬂavonorgrestrel and

and able to absorb water to a slight extent. PVAc has been reported to be effective in

controlling the release of various chemical entities, including theophylline and



chlorpromazine hydrochloride (Feng and James, 2000; Niwa et al., 1994; Novoa et
al., 2005). PVP is water soluble polymers often used as tablet matrices. The

mechanisms and the extent by whi e polymers might affect drug release have

subjects of some recent studieshR@ it have been show that PVP increased
the dissolution rates of £t % ispersion systems of this drug
with PVP (El-Arini~aad 3 ﬁelease characteristics can be
controlled by cop‘ly-Lmer__‘ djusted by varying the

chemical or physical pr. f atrix.“Gheplasticizers increase the amount of

drug released it ingpefsi J/Cain Mok ; by altering polymer

icaligolymer to facilitated

thermal processingg i r Y ‘ J‘xﬂ_ system and to enhance
mechanical an v \ e fu ions by weakening the
intermolecular attragfic et {,‘ - polyme ‘h R€sult in drug release from
polymeric system was ifyis e ' ed fo '\., ! and matrix system. Wu and

McGinity (1999) :- the o methylparaben, ibuprofen,
chlorpheniramine maleate ﬂ” ?-Jw gminechanical properties of polymeric
films of Eud glt astratee. that increasing the

amount of ibuprofen-and-methylparaben-decreased-ther f reld fise of the ibuprofen

from coate& Fle

e
release rate incregse from

AUBITRN TN

Ieased from subcutaneous implant, which is basically controlled by matrix
dlffusmn Thus, the effect of matm&omponents on druffielease was investigatdle?

LA RPN ERE]

thyI citrate on drug

|’—"l
prepared hol;mflt extrusion method.



The objectives of this study were as follows:

1. To apply PVACc as releasey cgntrolling agents in implantable controlled-

release drug delivery syst d the possibility of utilizing these

polymers in controll& | 4 g-term action.

ﬂ‘NEJ’JVIEWI’iWEI’]ﬂ‘i
RIAINTUURITINYIA Y



CHAPTER II
LITERATURE REVIEWS

1. Implants and Implan

tion therapy was well
documented by Lafar ; ticed the. con eept of implantable systems for
s, \\ —
N (Brsed T0*produce solid implants
containing sterqi ‘ iffitiatingsthe s in table system for long-term
delivery. These tragifti afifeceuticall pllatseonsisted of pure drug with no
added excipie ifed as a by ovelll-shaped, sterile tablets
consisting of the g U rifie \?_. gy USUG X : sed without excipients,
intended for su f ntal i e B&vices thus prepared had
» - 7% W
' e water did not penetrate
the matrix, drug releg e urred  principally Mface dissolution. Due to the
inherently poor solubflity af t'{ ";!i'F od provided a good form of depot

medication. There are su fe) - th iditional implants in commercial use,
. .ff-»’ _-:ﬁ.e‘ P
including yCo B sterone=,
wy YA

For ts with different

physmchemma!J

excipients are nov*used Thus more recent implants usually contain the drug in a rate

AU NS

nafa n acetate in biodegradable pL-lactic and glycolic acid copolymer for one

|
\Broperties a of drug rel Ii a limited number of

month release. Also new on th‘market is a siligBie polymer capsule

RIGSNIURRAT NN $

use. With rapid advances in implantation therapy and excipients to control the release
pattern, the USP XXII identifies a much broader definition of implants, recognizing



the presence of excipients and implantation in the body at sites other than

subcutaneous.

Not unlike other drug- deI system, implants have advantages and
disadvantages. Some of theK /s/clude the following:

1. Less flucts erapy

2. i tratlon through local
(
3. ife may be greatly
4,
5. uced patient care and the

L -
e

1. Possibilitie sof iS “f ....-.r'_
2. Potential toxig -"‘V 't ,-',{'___1 gradable polymers

éof the systems
o s
R nt

5. Coaiﬂ fimp :i.

i % .r?"f L : !"h_l
Potential digfitvaiitag c" table deli s stem are:

to implant

6. Danger pf toxic effects in case of Ieakage or burst release of drug

AUYIMEINYINT

Mechamsms of Drug Release f‘m Implantable D¥iges.

RN IUANDIY #a8

different mechanisms discussed below. Although an attempt is made here to cover the
most important implant types, it is not possible to cover all the mechanisms under
investigation (Chien et al., 1982).



Diffusion Controlled

These devices are based on wlaw of diffusion which states that the rate of

transfer of a diffusing substance tgrea of a section is proportional to the

concentration gradien !!7-: uied no - In this case, the rate of release
is controlled by diffeSion: of= & ric membrane. In general,

nonerodible dlffusiog:_chon L work best for drugs with

molecular weights ¢ I _less < een reported show that the
essential par ter Ctipg meability h a hydrogel are the
volume of solute r,Cohtent-6 e enbean: Salhiigh are correlated to pore

size. Diffusion-con f h be furthe €thinto membrane-permeation

controlled, mattj yii-digsolution.éentrolled.
A \ \

The drug 4\ and because of the presence

of the two distinct drifg-regervé ol e heSe are known as heterogeneous

devices. When the deV|ce ------------- o | drophilic drug is placed in the

?ﬂw

aqueous dissg ut|o and djssolves the drug, and

the conce i‘“‘:'Ef”f’fEf‘f”f”’f’!Ef’!ff: though th 8=PORUNEric membrane. The

release rateefdhe gdisSolution through the
- vy lﬂ- -

polymeric membfane. The'ratesa seman/dt, thou ‘1 spherical membrane-

permeation controlled system with saturated reservoir is given by Eq. 1

ﬂUEJ’W& 81N
q WLl JUURIINAY

coefficient (ratio of solubility of drug in the polymer divided by the solubility of drug

in the surrounding medium) of drug across the polymer membrane, C1 is the



concentration of drug inside the sphere, C2 is the concentration of drug in the

surroundings, it is the inner radius of the coat, and b is the outer radius of the coat.

Mathematical mode 5 of

Ar | v ﬁof the reservoir system, as
; tate, ero-orde ease is possible. If the drug
elimination rate inng rrap e drug-plasma level may be
achieved. On th'Mm—du isrlip X raglein the membrane could lead to

effects in the patient.

pattern have been develdpet

shown by Eq.1, is thaisal

.y

Furthermore, res : anel N nSi@to manufacture.

e ha ed on a biodegradable

polymer. In this cg E dilgis € L ujated. "-.i'n'i'ﬁ;\;_g polymer and the

release rate | ingd e ,-,?' iples igOVeiNg, membrane-permeation

controlled systems. :.-,?' rugs gxNalstedWrom the device does the
s Y3 \ -

polymer undergo signif | Nd € ally disSolves.

..-'3'5'?.; ;

o]

Matrix Controlled

dispersed) OU0 ) n as homogeneous

— |:'
devices. In thelr?ssence of dissolt WErtg at the ﬂace dissolves first and
is released in t issolution medium. In many cases, the dissolved drug creates a

from the drug-

A AT

dep qlan and dissolve the drug at the depletion boundary The drug release rate is
controlled by the diffusivity barrigr provided by thegempty polymer matrix i

qWIRNOIEN AN

all the sides, the surface area of the inward-moving depletion boundary decreases,

resulling in a decrease in drug release rate, which depends on device geoimetry.



There are two principal categories of matrix device. The active agent is
dissolved in the polymer medium, the device called a matrix solution. A device of this

is often used the active agent is a li

igl; ssome polymers can easily dissolve up to 20
|

% or more of these liquids./fi , it bas a more limited solubility in the

polymer medium, then- Pori is#lissolved in the polymer medium

and the remainder is-lisg as'small par ut the polymer. A device of
. . — é

this type is called matrix. n =

- FAatiix Sl COMNSISES OF a OISPEFS : G SO"d aCtiVG agent

in a rate-limitifig 1
— =
Tablel (Grass“ and RobDITSe gSpersion si '; ms are of three types;

Xsgigpersion are listed in

which would be de crlbed latter, depending on the volume fraction of agent in matrix.

i) %M RUNINEINT

7Descr|pt|on Homogenousﬁspersnon of SO|Id m ina polymer

-'f-.& 19 & .,; E'” ' ef ‘] ‘

Can'delive o Olectl|3 Weh o)

Disadvantages Cannot obtain zero order release

Removal of remaining matrix is necessary for implanted sysiem




At low loading levels of agent (0-5 volume percent), the release of the

compound involves dissolution of the agent in the polymer medium followed by

diffusion to the surface of the devic

At slightly

mechanism is more

lume percent), the release

g from the loss of material

these cavities provid s«for.the. escay aterial remaining within

the device.

Beatl, 20Ruolume percent, the cavities
left by the lost efSuffigientlys .. W&, continuous channel to
the surface of they . N Case A theYma ty ofy he entire active agent is

%
\

' Nl . .
MathematiCal eglationg les pini gse hav@been report which predict that
in general, the drug refease! 6 i5-exp F reasBlwith time. In case of damage
to the device, though the -’r"‘ﬁw pay. increase slightly, significant dose
dumping is-got expe refo ave ¢ saz:;design superior to
that of thL ----- brane-controlled systems. Furthermore, —malrix systems are less

expenswe tt *

distribution mdM Ilow a COf

ATEATENEWYINS

qlln these devices, the drug reservoir is made of a suspension of solid drug

f the shape or drug

particles in an aqueous solution @ a water- miscibleggglymer, forming milligpg’

RN #ANHIRY

the release rate is dependent on the solubility of drug in the liquid compartment and
on the polymer matrix. Mathematical relationships for the control of drug release have

been described.
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3. The analysis of dissolution data of controlled release system

rolled release system

3.1 The-release mechanism of ¢

m the matrices, the

equation of Peppas given

)

, ¥ L ¥ 4 ili -I'h ‘
kK i Nstagt | ’* QFating structira “-\ d'gégmetric characteristics of
the controlled device Voless \
n isthed dicative of the mechanism of

release

: w’“"a‘ % of the total

released drug _ imes of release.

lll

Clearly, a desirable mechanism for many appllcatlon

Rl ZE“IW‘%’ e

In non-swelling metrices, the value of n are 0.45 and 1 00 for Flcklan and case

that which leaded to n

I transport respectively. Case I‘transport is specigimgcase readily identifigfl @

RIRIIUWANTINUD A3

nor are they as fundamental in origin as those of Fickian diffusion when the value of n

is > 0.45 and< 1.00, the release was said to be non- Fickian a value of n=1, however,
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mean that the drug release is independent of time, regardless of the geometry. Thus,

zero-order release can exist for any geometry (Ritger and Peppas, 1987).

Table 2.2 Diffusion expone hahi diffusional release from various
non-swellable ¢

— Drug release
Thin film m% mechanism
0.5 0.45 Fickian diffusion

l’7//ll\\
0.5<n<1.00 Anomalous(non-
fickian) transport
1.00 Zero order release
3.2 The rglfase pat ' .

The pattern of delf ery chlev .n Eg lic s stem can vary over a wide
range, but most releasg®pro iles ca i..:ﬁuyfﬂt 7 es

] ’
1. Zero orde T

r
-

e - . ,A‘.
|
Zero o model i I

The zero(rﬁmodel has been to describe drua release from

phr ceta age forn h| model release the same amoun ofdrugby

unit of time. The zero-order mo@ can be used to scrlbe poorly solubl

T ﬂﬁﬂ“ﬁ“ﬂﬁ ﬁWW E8 El

dM; -
dt
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Where k is a constant, t is time and the mass of active agent released was Mt. This

pattern of release is called zero order release models.

Square root of time y/n/}
The Higuchi& g @fusion process based on the
—~ ——

Fick’s law, square ro § gt. This n be used to describe water

(4)
In contrast to fi rémigin@ekfinite as the device
approach exhausti
The release paftern of this ibed®y Higuchi equation
L BN (5)

Where Q = Weﬁ fit in grams o

|
per unit surfacejﬂka

D= diﬁus@gfficient of drug in theﬁase medium

ANEINNINGINS

Cs = solubility of drug in the,release medium

QRIEIAFFUNTIN 8 Y
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The assumptions made deriving equation 5 are as follows

1. A pseudo-steady state is maintained during release

2. A>>Cs, i.e., exces
3. The system is i
zero at all time. >
4. Drugs p ch snﬂler thun-ﬁ'm matrix are
- -‘!E'-’r - -
5.Thed ;
6. No int

(6)
Where ki wag o 84 of amount of drug released
from matrix versi "th squar ""?E o '-  heMincreased linearly if drug
based on release from a singfe-face—it-m e used to describe diffusion-controlled
release from all surfaced ”'”W

released from the maj ugh the above equation was

e 3
- =
| —

|

=
] ﬂj
The firJ)rder model has been originally proposed b I ibaldi and Feldman
and later by Wagr‘rﬂ pharmaceutical dosd@gfform following this model releases

PR IRERINEIN S

2001). The first-order model can bvxpressd as the foll |ng relationship;

wqmmmummmaﬂ

dM: = k(Mo-M
dt
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Where M, is the mass of agent in the device at t=0. On rearrangement, this gave

oeXP ®)
In first order | j// jned exponentially with time,
approaching a releasest -:sz;,;: th de exhaustion.
S i [ = ;’

uiface area of matrix decreased

exponential d i fug release from most
controlled releas [ ] e8€ribed| erttefirst order kinetics, thus:
9)
Where |

4. 17B-estradiol

—_— = Q
Mescribed in the case

-
of postmenopaﬂ?l symp eplacem therapy (HRT), either
alone or in combingtion with another female hormone, progestin. HRT is given for 2-

3y e aim is to
ﬁlt e g (ﬁjﬁs stro@en levels,
henqleatment needs tolast for at least 5-10 years. Apart from postmenopausal

symptoms, estradiol also ha’ therapeutic usgg@s a contraceptivef)#

IR MHRTINEIA

neurons and reducing cerebral amyloid deposition. Estradiol has good oral absorption
out poor biocavailability (~10%), because of high gut wall and Tiist pass imetabolisim.
As a result, oral dose is large with conventional delivery system, leading to undesired
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side effects due to increased levels of active metabolites like estrone and estriol in the
blood circulation. Some of the serious health risk sallied with the use of estradiol are

breast cancer and endometrial canc

the risk coupled with the estradiol is dose
and duration dependent. Althodgh tch of estradiol offers a number of

ute*bud if.pat #ched then patient will not receive
optimum treatment ané -——-Li. esgONtai ing entratlons are often required

for obtaining sufﬁmeﬁfjﬁ tic efficiency: uratlon of the drug in the
transdermal drug Geliv dy Jead Q. SUpersaturated states in the patches

which have thedef _ stalli o Buntil a saturated state is
achieved. Indee ' IFPOSEs o ( - release is to improve
safety and minimiz rug gplant delivery system may
be favorable chgj Jhi ystems .\‘ sim lan ac Vahiages over oral route as

transdermal systemgdut ifCagfover f' | itati Mot trapsdermal system.

r* ad | ’ ‘

It have beenifrepgftee ""i'—:- 0 /. ors haye b
D Wi \ er female hormone. For

) was the delivery etonogestrel,

acrylate copolymer have widely=beer= i gmiclease controlling agents in orally

en used to prepare matrix

implant containi

example, poly (eth

controlled re case n was affirmed, implantaple controlled release
System eg graoit RS and Eul '} as reiease cC e Je0.0¢ ntin 17-[3 estradiol

\J

e

1
L

and norethiRelsOne
ot

M

4.1 Physmihemlcal properties

3L INENINGINT

m[":al formula: sH240,

a»mmnmwmwmaﬂ


http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Oxygen
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Structure formula;

alllae powder or colourless

solllkle in acetone, sparingly

: pthylene chloride.
Melting point: 17 [o% 180 _yr
A Vi

‘l' L

- ".-‘-Ir s

P e - b
e -

5. Polymer ..-;'.:-Hl

S0 Kivinvi-acetate P VAR —_ .)

!' "Dy polymerization of
vinyl acetate u‘ﬂ 0 asunable starter, without solvent or withiwater or 2-propanol. The

vast majority of thc acetate moieties are attaw to non-neighbouring carbon atoms

“ﬁUﬂqwawswanni
ammmtﬁwﬁmmw

Figure 2.2 Chemical structure of polyvinyl acetate
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Description: White powder or colourless granules or beads.

Solubility: Practically insoluble in water, freely soluble in ethyl acetate,

soluble in al 4 It is hygroscopic and swells in water. It

j n:,;:! mic Nt ias ik in® 4ding theophylline and
chlorpromazine h '
2005).

Zhang and Mg igvestigated the properties of

R,
polyvinylaia te 8 t polymer meltextrusion. Due to the
IOW graSS _wl_lllll-l:ullllzlnlllll:-ll:;ii;ﬁiiiiii.iu_.—;;;iiii ;;;; XTI n process Could be

conducted t-teinpe Durmg the processing, the
i o

extrudates was!s bjected to N al“thermal ano mechani&jﬂ'stress. The extrudates

had to be groun& into fine powder and compressed into tablets with directly

co ible. ingy r -~ ip jisycroysigllipesform and
was fele ron t WHMio T EQfﬂrﬁodel and
perb‘ltion theories were appliéd to rtherdi'ssolution data to expla-in the drug release of

RN I INEAY

Synthetic PVP polymer was consisting essentially of linear 1-vinyl-2-

pyrrolidinone groups, the differing degree of polymerization of which results in
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polymers of various molecular weights. It is characterized by its viscosity in aqueous

solution, relative to that of water, expressed as a K-value, ranging from 10 to 120.

) ylpyrrolidone

Description: odorless or almost

Solubility: i gnol, ketones, methanol,
y Aingoluble i ether, hydrocarbons, and
g conGefifration of a solution is limited

e frésulting solution, which is a

DEtho K\/

Meltingpo{i e P

groscopic powder,

lr .
under dgyjor wet conditions. Due

to its hygroscoplc‘;y povidone promotes water uptake and facilitates diffusion and

HULINNINGINT

Plasticizer

soluble in watef, it has goo

A plasticizer is a liquid th‘ls added to materiginaking that material §pffer;

ARRINIUANTIN IR

for the production of pottery, and oils to plasticize pitch for caulking boats. The

development of plasticizer closely follows the development of this commodity
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polymer; however, plasticizers are also used with other polymer types (Sears and

D

Four general. e been
action. Some twtalle@nalyae-oﬁpﬂsolublllty, and interaction
parameters and-the=er f whereas others treat

plasticization as a.gi

Mechanism of Plasticizer

xplaln external plasticizer

ffom each other.

to a polymer product

stages :

e\

31 (MO \ _ads ption step.
hoion@meriparticles-adhesion step

edéh other-absorption step

> w b
o
=
jab)
=

Bithe "@Blar groups on the monomer-

intermolecular p a8 ..;,,.; ¢

5. The structuzes f'f:s" ._-.,m@ ablished, with full retention of

Steps 1md 2
details of how=ls is carried out depends on the appllcatlon
rate at which stept @esurs depends on the pl@ti€izer viscosity, degree of branching,

ARBINBRINDING

Steps 3 and 4, however, caavbe described as chemlcal plasticization singe he

4 RARNTSTM IRTINTINY

plasticizer action must give adequate explanations for this as well as the physical

, and the precise

chnology involved the

plasticization steps.



20

The importance of step 5 cannot be stressed too strongly, since no matter how
rapidly and easily steps 1-4 occur, if plasticizer is not retained in the final product the

product will be rendered useless.

6.1 Theoryo A //
ffon-1 ic theory is based on the

6.1.1 The ~ulbkica] heor N

N — ! ﬂ‘ - - - - -
assumptlon that the rgiat s olecular friction binding the
igi ' ' sfrictional forces are weakened to

allow the plastigi?® e/ 10/ ubxicate ‘theychains, Onée. incorporated into the

polymer, the plast gCules shieltl the e ainsifico 1“-,__- other, thus preventing

6.1.2 The Theo "":ﬂ_ ~ ation theory by having the

—.;" ‘!_ | ! h
plasticizer breakgthe rein-g€sin _;_:":t of 3 gsBimensional honeycomb or gel
i b e o .
structure and by maeking' these*centerSs@iattachr flom each other, preventing
their reformation. “This el is fasmes byl pttac '\,’ nt Occurring at intervals along

the polymer chain. #his ,{"""’*’ the: nt Of plasticizer molecules, thus
imparting flexibility. o :
LA,

":':*":”:’"':*"'::::——————i?———Tf:i;——f———,‘,ﬂv I5 a future extension

xternal and internal

of the lubrisk

3
—

—
plasticization. ﬁr e volume al space 11 ilable in a polymer for

the movement e polymer chain, which imparts flexibility to the resin. Plasticizers
efr oLt fre ainfaiped as the
Iaugxﬁ ﬁ E} ylrﬁnﬂtﬁ between
neiglitibring polymer chains. For the plasticized resin, free volume can arise from

motion of the chain ends, side ch‘n or the main c The fact that free

ISt AR INHAIRY

free volume of the system is increased.
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The introduction of a plasticizer, which is a molecule of lower molecular

weight than that of the resin, has the ability to impart a greater free volume per

volume of material because there is }crease in the proportion of end groups and

i
the plasticizer has a gIaSS@Q\ | /7% (Tg) lower than that of the resin
tself. 2\ /&,

6.1.4 Thegpoﬂﬁ =

migration of plastiCiz

From the observation of

i molecules are not bound

permanently hai ra equslibrium exists between

salvation and de . Different families of

plasticizers are attr g polymer AyNOkCes, ofiifferent magnitude but the

“exchafige where a plasticizer

molecule becomesgfitagfied @Bn p 0‘ chain only to be

dislodged and replacedfby @hotheriplasticizér moledulay
| P AWV
6.2 InteractionParamgters: \
6.2.1 The c,'{‘r‘* ibility- br. This parameters, defined by o

(eg.10), can be estimated based=BrFdatafe gls@f additive constants F, for the more

COMmMON groups i : bs%d magnitude of the

SO|Ubi|ity tl'--r'.;""f """" .“-)

nJ

Il 'ﬂ (10)
whegas . represents lugoe bilj eters, ca, beusedyto classify
A VBT

6.2.2 Polarity Parameter. T‘s parameter, defingdgby @ (eq.11), shows ghod
Y RINEAIUUNTINE R
fin v VYN . o
9

® = [M(Ay /Po)}/1000 (11)
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where M is the molar mass of plasticizer, A, the number of carbon atoms in the
plasticizer excluding aromatic and carboxylic acid carbon atoms, and P, the number of

polar (eg, carbonyl) groups present 000 factor is used to produce values of

‘ 1
convenient magnitude. Polacitypagameter
of monomeric plasticizersBltnot ac

f puvige useful predictions of the activity
from different families.

6.2.3 The Soli ansiti @permure or clear point,
Tm, is @ measure OF i ityl and. s’ ature at which a single grain
of polymer di WES | ici ( i asticizers show lower

values of T, as

_‘ S8Biceas, based on a study
of polymer miscibjiity, favg héer _ 10 plastici cording to the following
equation (eq.12 ch@V/, is : e
molar mass figureg§fant dﬁ!‘l

parameter.

volL \-5 1e Plasticizer, obtained from

\
: \o X represents the interaction
(12)

. i on and interaction
o .
between PVCW d plas astici4ﬂto be retained in the

polymer after proc ssing

AUHINBNINBIANT

tlon since pharmaceutical polymers are brittle rather than ductile materials.

Plast|C|zer may be classified as in fal and external. Aihg, internal plasticizer figdify

RSO IRAN TN TRE

plasticizers change the mechanical and adhesive properties of the film i.e. adding

suitable substances 1o the coating formulations.
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The basic requirements of plasticizer are permanence and compatibility.
Permanence dictates that plasticizer has a low vapor pressure and low diffusion rate

within the polymeric film, a requiyegnent that favors high molecular weight

glemands that the plasticizer be miscible

i KhibitShmilan _ es to those present within the
polymer (Sears and Daklyl08 agel 1997).
—— 'V ‘-‘ - — "‘"’.

The pla

secondary v

\=attributed to the intermolecular

e polymer. Different

plasticizers at thegséme @ONgENEratioR=wi -“\\;~ '\.1-\“ Seffapsition temperature and
hence the mechanicg¥prg ey’ different e ot \'«i;ﬁ degree of plasticization of
the polymer is d¢Pendg f 3 f ' the ar :'»\« Sblasticization in the film
and the interactiongety 1the ‘ cizera ° P ‘,H\: For a plasticizer to be
effective, it mug . H 3 It i\ the polymer and have
minimal or no teng' - or ¢ aff \ \the polymer. The decrease in
the Tg of a poly eric st - conrat on increase is a common

This result_aliowing the “polymer ovegore readily which

increasing “inr freefilmelongation,reductionin—elastic—me , tensile strength,

polymer mal Vise eng temperature of the
polymer. The@lymer [oug VIS impr'—'_d and lower thermal
processing temper ure can be employed. For mstance pharmaceutical polymers used
oatin i I d ducg, brittleness and
ﬁeu%} @e e a%] ﬁrm OW Eﬁﬁeﬂuc both the
glasmansmon temperature and the minimum film formation temperature MFT) as a

result, the temperature requires for@im coating is redugggh,

AN TUSRIINAAY

important criteria to consider since, for example, acetyl triethyl citrate will plasticizer
HPMC during process but it is immisible with Eudragit L100. Tributyl citrate seems
to be the first choice for plasticize the Eudragit E film (Lin et al., 2000). The
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efficiency of a plasticizer was related to its functional groups with those of the

polymer (Gutierrez- Rocca and McGinity, 1997). A strong interaction between a drug

and a polymer has been reported o

?mflcant influence drug release through a

The physical-mechanical properties
/ nt factors and the chemical

the polymer will include

d amount of plasticizer, and
presence of additives orfMErs# = ntdifactars.infiuencing polymer properties
er, pressure, stress and

strain amplitude v Fof niat and the'Rat reufiding atmosphere.

ers to modify drug

] Y 4 : , A S\ A :
released from polynpge lem'and’to-enbs : f.“‘ ghical properties and surface

appearance of dgage forn tone-e -i_',' jemonstrated the type and amount

of plasticizer influgl vdrug-releasepere of \pelletYoated with latex aqueous
A , 21T ;

dispersion of ethylcell nd acrylicipolymer by altering the water permeability.

Rey et al. (2000) she ht -.'_ lutidh rate from minitablet when
Triethyl citrate was mcorp ﬂ** garch have demonstrated plasticizer
modified d Paeratakul, 1990;
Frohoff-He ! ann et al., 1999; Mulye and Turco, 1994; Okar _‘ Singla, 2000).

t N NS

.—i
Howevﬁ most pha

[ Ielee

liquid state and

ers are japjf
homogeneous Ie d of plasticizer with the powder blend containing the active

”.ﬂ w%‘www

eedq’ mlxture (Tate et al, 1996) Several reports have focus on the evaporation and

loss of plasticizer during a high telfperature operationgtls causing stability pg@pem
Y TNRIATURARTINYIRY
q 87) , 1 '

Zhu et al. (2002) shows the eifect of triethyl citrate levels on drug release rates

were dependent on the thermal processing method used to prepared the solid
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composite. As triethyl citrate levels increased the drug release rate decreased for
tablet prepared by either direct compression or from granule made by high shear hot

melt granulation. In contrast, drugyrelegse, rates increased with increasing triethyl

citrate levels for the hot melt, eXcrilde JFujimori et al (2002) were successfully

developed the polymer. (i rialsha ¢ sensitive and high biological
safety, Eudragit® RSsail " 3 W repared. The Eudragit® RS
and PEG400 blend_p Ay = he body temperature were

prepared by the additi , = GADD:IY it~ RS. The acetaminophen
e v ‘  th ' : ed slightly below the
Tg of the tablet @t thgf cl Anbetl markedy Tg." gcorporation of Diethyl
Phthalate or Trietgyl cijfatg’ ifite solid, dispers of the Propanolol and

Eudragit® gffecied’ dofig Jrelea f 8 l'”'xl ‘ B crushing strength of
matrices and provig £d hettey Jﬁff -of ditig relea A [ flect was more pronounced
for higher conce iohs g ;’-:’Ef ‘S he ~I\-,\- atfikes to retain their shape
throughout the dis ¢ iQy teSt ‘:V ghi ¥ ., 200 \‘ giplasticizer was used in this
study are generally clagified. as \water-sc and Weer insoluble. For the organic

system, dibutyl phth ate "f{?..’:;h:u" A& by

effect of drug release. Trig 19- ; v ple plasticizer is one of the most

popular pla@ze ge mel Cess.
g et etk o

many researchers to investigate

6.3

&
6.3.1 ﬂethyl citra

USP/NF : Triethyl citrate

ﬁuaﬁmmwswswns
qmmn

Figure 2.4 Chemical structure of triethyl citrate
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Appreance : Clear, odorless, practically colorless, oily liquid
Boiling point 1288 C :
Solubility : . 4y 1 in 15 of water, miscible with
M n-2-ol
Toxicity C i &
=
6.3.2 Dietyl
USPINF

Formular

' | 1 dl
Appearance : A clear, colorless, oily liquid. It is prg‘cally odorless, or with
‘ &ery slight aromatic offband a bitter, disagreeable taste.

R TNEANELND...

solvents; pra‘ically insoluble i |n

QW"‘IMﬂ"ﬁ”ﬂmWﬂ NYIQY



CHAPTER IlI
EXPERIMENTAL

Wy

ained frog

1. Materials

The followin sources were used.

L1 Model 6™, | S—.

.120667)

Co.,Ing/OSAN Lot.N
- Polyvinylp; ‘;.‘*T“_-'_“, Bhenighl Industrial, China, Lot. No.

00087527) e
Diethyl phthalafe-(Fil Lot.N0.4070731)

- Jristhyl citrate (Flt Ka Chermic 425;71m>
\J

W)

1.3 Chemi;ﬁ

- AcetoWM—IPLC grade (Lab Sca&&o., Ltd., Thailand)

AU INENINGN

- Ethanol absolute (Lot no. K37461883726, Merck, Darmstadt, Germany)
- _Methanol HP gre.ahoHVB'n ell ‘rd'k&u
QRS TINE A e
q -~ PotasSium dihydrogen phosphate (Ajax Finechem, Australia Lot.NO.
3A2822631)

- Sodium hydroxide (Lot no. B131198214, Merck KGaA, Damstadt,
Germany)
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2. Equipments
- Analytical balance (Model PB3002, Mettler Toledo, Schwerzenbach,

Switzerland and Model A20PS, Satorious GmBh, Goettingen, Germany)

L-10A VP, Shimadzu,

) , Japan)

- Ciquid girorpétqBrant (M L G- 1A hShimadzu, Japan)
- Deg#Sser fMogel PG _;, :
-Autoict &S ;ﬁv“ P, _} Japan)

- Co nvn lodel 70~ Japan)
UVVI gt t.' V W(-é A \ dzu, Japan)
- Hot air'oveniiModekil '*'éé"v 2rt, Garfany,

- Hotplate -':-_.fr:’:"fﬁf' AT, %Germany)

- Hydraulic press equiprrent (Vi gd@, CAT, Germany237)
ey

- D -r. ‘met L y)
5¢ é}lma, Singen,

- igpinn® e
ﬂUﬂ?V]EW]'ﬁWEnﬂﬁ

a»mmnmummmaﬂ
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3. Methods

3.1 Preparation of E; |mplant VAc as the controlling agent containing
PVP with plast|C|zer

3.1.1 Prepa 80I$D|s

AT w and high MW PVAc
! | ‘_ Bvdheoncentration
range of 2-6 Sow/w aregl by sl ventievep hy, Specific weight of E; and
7 0l ndle get clear solution and
then poured onto
30°C and dried

) off overnight at

3.171.2 Rifeparatiar- 2%\ E, usiflg low and high MW PVAc as
the controlling agentvithiplasticize ‘

Solid dlsper ﬂ;,; iﬁw dalow and high MW PVACc with
plasticizer were preg plid digpersion compositions
are presente = Srmeiesye Weigh Ep-and-low-and.nigh MW PVAc were
dissolved ir‘ off

ot
added and mix}ﬁ to the Clea

matrices was the S e as 3.1.1.2.

AUHANERTHEIRT -

the Qtrolllng agent containing various weight percent of PVP and plasticizer

i€ Plasticizer 10-20% were
od of evap‘;&tion and stored of the

Solid dispersions of 2 using low and higlyMW PVAc as descrilggdii

RIRSNIEU HRTINLIRY

preparation was the same as described in 3.1.1.2.
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U/
Table 3.1.Formulations of implants containing E, TW_I_ ' Ve -

pp— \A@lth @olymer and various types and percent by weight of
plasticizer used in components . .

W

"DEP)\( Ratio of PVAc(low and high MW):PVP

Formulation 0 100:0 90:10 80:20 70:30

E,-implant v 4

Eo-implant 10TEC % 4

E,-implant 10TEC-10PVP A v

E,-implant 10TEC-20P\VP v g = ' v

Ez-implant 10TEC-30PV/P 2 v

Eo-implant 15TEC “h (ple [+ v

E,-implant 15TEC-10PV/P A A% v

E-implant 15TEC-20P\/P L v

Eo-implant 15TEC-30PVP i, v

Ez-implant 20TEC p— : v v

E,-implant 20TEC-10PVP | s v

E,-implant 20TEC-20PV/P ' | v

E,-implant 20TEC-30PVP i 4

Ez-implant 10DEP _'-;;-l =y

E,-implant 10DEP-10PVP

E,-implant 10DEP-20P\V/P

E,-implant 10DEP-30PVP

0€

ARIANTAUNNIINYAY
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Table 3.1.Formulations of implants conw s
of plasticizer used in components (cont //
L
(TECEDE] \\ Ratio of PVAc(low and high MW):PVP

f polymer and various types and percent by weight
Formulation 0 ""J[JE} EF p\ N20R 100:0 90:10 80:20 70:30

Eo-implant 15 DEP Y J/J = ‘\\\\ v

Eo-implant 15 DEP -10PVP ' "’ “r@ m \\ v
/4 A\

Ex-implant 15 DEP -20P\V/P A,

E,-implant 15 DEP -30PVP ’ m - j- "\ ‘\ v
rm

Eo-implant 20 DEP

E-implant 20 DEP -10PVP

E,-implant 20 DEP -20PVP

E,-implant 20 DEP -30PVP

ﬂummmwmm
ammnmummmm

1€
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3.1.2 Preparation of Implants

E. implant was produced by compressing solid dispersion into a mold

’f r mold implant assembly), at a constant

/ h a compression force of 1,000 to

of 2 mm in diameter (see Flgure

pressure for 60 seconds usi --

2,000 psi and heat mo e__;_ !

plant assembly used

implants with 2 mm

mplal : ely Weighed and then soaked in
~Ateasure dals, the sample was carefully wiped

with filter pa er an absorption was monitored

gravimetrie m from the difference be the initial-and-the.periodic weight of the
sample divided by Sam

— ol

I qj
% Water Absorption = Weight of sample at time — Weight of sample at initial X 100

ﬂ u n V] EJVVTM?W agr]lﬁ n 5
3 2.2 Differential scanning calorimetry and thermograwmetnc anaIyS|s

Thermal analyses w‘e performed usinggdifferential scanning

RIAINAU AR

using a TGA with a refrigerated cooling system and nitrogen as purge gas was used.
E, of approximately 3.0 mg was added 10 cover pan and scanned from 0°C to 250°C

at 5°C/min. A DSC with a refrigerated cooling system and nitrogen as purge gas was
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used. The calorimeter was calibrated using indium. E, of approximately 3.0-5.0 mg

was added to standard aluminium pan 40pul with cover, sealed and scanned from 0°C

ﬂ,7led down to 0°C at 20°C/min; heat up again

cto etry _,..-?‘

to 200°C at scanning rate of 5°C/m
to 200°C at rate of 5°C/min

323Xray

Crysta ‘ in sokd dispersig; amined using X-ray
powder diffractometry. ord filled Suzet-background quartz holder and

exposed to C r i Y KX AO A u : ay diffractometer (D8
Discover, Bruke ‘ i Aent W2 ad Jsifigythe step-scan mode, in

increments of 0.02%20/sf€ hesarigulbrira Mo 407 20 and counts were

E, and solid dispersions

A -Gl“'

containing 2 % wih vand high AClvere prepared with a Perkin-

r

Elmer FTIR Spectru #One it "W

33 Eviﬁtio of "‘,"'W

. e
olid dis f ions was

=
éﬂje E, an
quantitatively' termined by mean of absorption peak area using high performance

HUANEMINgIng

3.3.1.1 Content of E, in Solid Dlspersmns
E, was anal;‘%d by reversed phaggghiPLC. The design

q W‘”I’ RNIRMAINEIN Y
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HPLC analysis
HPLC chromatographic condition:

- lngysil® BDS (C18) column (250x4.6mm)
\% ripohypersil, UK) equipped with guard
/ ith BDS(C18), 5um particle size

DA cet 50 50

Column

-
the K ‘-.i :
s—.rf
-ty a%m *"-ﬂ 1e%ers 6 ba Sansidered for assay
validation are specificityf lineauifyacCurs d preciSion

Fl‘"‘:-r
,pi-_-.a ‘

Pre aratl -ofintern: gakd solution for validation:
- ﬂiw'
? 'sol(ﬁwas placed into a
otee: JTie’ final concentration

l“ i 'II.
P

eparation of standard solutions for validation:

00 ml
? %It w i sol tign %ed as the
stanqld solutlon and final concentration was 0.5 mg/ml. the standard stock solution
0f0.1,0.2,0.3,0.4,1.0and 2.0 mI‘/ere transferred injgs@> ml volumetric flaskgLh

RN TAMARHIRY

pg/mi

100 ml voli -'-‘f--

of internal
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Assay preparation:
An accurately weighed 25 mg of matrix implants was placed into a

25 ml volumetric flask. The sol gor E, content analysis was prepared by

e with mobile phase. Content
of E; in matrix impleat egression equation obtained

calibration curve of star

embrane filter before

analysis and inje

il iSithe ability to elicit test

results that are t of'dkugs in samples within a
given range. Triplifat ach At O staflgard solutions in various
concentrations range fr ), A0g/min analy '1 The linear regression analysis

of the peak area ratio | .','K heentra calCulated.

< .7 s
...... of an vtical method is the @e of agreement

among indmei D i&. peatly to multiple

samplings of Hﬂ 0genous Samg antage o coeffnant of variation (%CV)
or relative standard, deviation (%RSD) values of peak area of standard solutions both

AuAvEVERET

Within run ‘recmon

q m ANNIRUARIINUINY

assessed using a minimum of six determinations. The percentage of relative standard

deviation (%oRSD) value of peak area of £, was determined.
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Between run precision
The between run precision was determined by analyzing the

standard solution at 100% of the test ;\centratlon which prepared and injected on

different days. The percen \ deviation (%RSD) value of peak
area of E; was deterr&\

—— D
Accuracy; -
e closeness of the test

t\

results obtainedds¥ thagffepdg/i the §rue firee C tration levels of drug

solution (80, 10 ffas eancentre A faey was calculated as the

percentage of recowv - drug Solution. The lercentage of recovery of 95-
105% with per offiglent af.vallation (%R SD), <*2180% indicates the high
accuracy of the metifod. & & ¥ A

: A ALl 5 .
he spe fana al meth@d is"the ability to assess the

t |

peak of drug from thé sam Nithout ir by Other components, presented in
the sample. To determlne e specificil method, the contents consistin

p J?‘:ﬁ’w} g
excipients withou faulatiop-was prepared in 25
ml of mobHEg :‘ ase. This solution was injected on column afts @ration through 0.45

pum nylon # #iL3 Ratogram of excipients

—" —1
blend was com ed wit chrc pItRE Crug solu]ﬂr
LC. The
% E, content Actual Egontent  x 100

QxW’]MﬂiﬂJﬂJWWW’]&H

3.3.1.2 Content of DEP in Solid Dispersions
DEP was analyzed by reversed phase HPLC. The design
chromatographic condition was the same as described in 3.3.1.1.
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Validation of the HPLC method

The typical analytlc i eters to be considered for assay validation
are linearity.
Preparatlo solut ons
eig d 10 as DEP placed into a 100

ml volumetric flask I ctha /0 . This solution was used as
" ‘ 0 Thgiml. the standard stock
solution of 1.0, : 3 LG8 M [ ! S to 100 ml volumetric
flask. Then |
mobile phase. Ei

dilute to volume with

tien in the concentration

An ac ratel sighe 125 of mathix irmplants was placed into a
25 ml volumetric flaSk. Thesselution fi content analysis was prepared by
dissolving the matrix |m lants-with metl gd@ Ml and 50 pl of internal standard
9 e fw i
solution was.gdded.al : trﬁbile phase. Content
of Eo in matrix implants was calculated from the linear regres , equation obtained

calibration G .

Il solutions were filtered through 0.45 pum membrane filter before

ﬁﬁ“ﬁfﬁmmwmm

Linearity:
The linearity of ‘analytlcal methodgissthe ability to elicit tesgy¥f

q Wﬁﬁ WARIARTINHARS

concentrations range from 10 to 200ug/ml were analyzed. The linear regression

analysis of the peak area ratio versus the concentrations was calculated.
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3.3.2 In vitro E; release studies
Release studies of E, from matrix implants were conducted in
phosphate buffer (PB) pH 7.4 with 5

implants were |nd|V|duaIIy

/v BAC under sink conditions. The matrix
v ped test tube containing 3.0 ml of
release medium. The - tIy shaken at 120 rpm in a
shaking incubator a s taken out periodically and
replaced by freshﬁ—" ! ﬁiltered through 0.45 pm
membrane filter 1 - neen tign, by HPLC method. The E,

concentration

, ! Wedite, comtpare drug release
profiles of differenl imglanf’ ferm __, ‘ on by the Center for Drug
Evaluation and, . NG ’ luma ‘-"~.,5 _in Evaluation Unit of the

European Agency foifthelF v "‘f?" FIVIegcine PraduCtSy(EMEA) can be defined as

|Rj — leﬂ] ~05 « 1001

ynenniisthe sampling o R]2 arethe’ percent dissolved of

two compargeta. .
=

raIIy f, values greater than 50 (50-100) ensure sameness or

”Ffﬁfﬁ“) TS WeTY

Release rate constants were determined E2 release from different types
of |mplants formulation with the r&ase models and wé@subjected to ANOV Alits.

LRI UANIANETRY



CHAPTER IV
RESULTS AND DISCUSSION

Hormone replacamjeltathe , s widely been recognized in
controlling early mepopatiSalesy advocated as the estrogen
replacement of ch ) y occurring estrogen and it
is the major es se during droduct . HRT was available in
several forms, Sk et/ trans A \dhsuOCuigReous implant. Previous

studies attempted t@#fe: And develop plant by preparing matrix

polymers.
This study aifmedy antusing VA C as the controlling agent
prepared by soluéht ey -; ion a _'_, > effe £ Sizers nd water soluble
R S NN {5 %
polymer in matrix in@plan¥ondrigsreleasSe

oy

i F,
NG [ h”:n:'),»’ Nter
JdeVIiUe G

The present s ! dy was: s which were preparation of E;

implant, evaluation of phys och nical cha mistics and evaluation of drug release.

An B mp
—!‘

=
into a mold is ﬂpwn in Figy ere rod m@x and translucent with
diameter of 2 mm 3;md length of approximately 10 mm. Furthermore, the E, implant

GYL: Weﬂ%’wm N9
qmmnmummmaﬂ

press solid dispersion
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Figure
agent (@) Eo-i

C as a release controlling
implants after in vitro

v immers the medium (phosphate
of \ ant'using low and high MW
S Jestigated. After 28 day in medium,
the matrix |mplant sample ------------- :, atain their integrity and slight swelling
observed. The perceg 'due. to er"on of implant using
low and higl C and-without plasticizer-at variols time intervals are
shown in Phguf
reached the rrﬁ.imum Va

without plasticizer
|

5 with'|1 24 hrs, after that the

|mplants weight decreased until 28"™ day of observation, which might be caused by

VBT WEARS

and qer 28 days the weight of implant declined to be lower weight than the initial

pol erpsion,
petent of wlat

weight as shown in Figure 4.3. Th‘proflles of water ygtake and weight loss calilgl

RIRING B TINEAES

plasticizer was higher than those of high MW PVAc with plasticizer. In cases, the
amount of material lost from the matrices polymer might be due (o the solubilization

of plasticizer and polymeric erosion into the medium (Gutierrez- Rocca and
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McGinity, 1993). The results obtained showed that the type of plasticizer did not
affect water uptake and the material loss, but different MW PVAc polymer gave
different amount of material lost fgon

he matrices polymer. The result of water

uptake and weight loss was, gleafly ‘ e t the decrease weight of polymer

matrices at day 28" wi > of plasticizer from 0, 10, 15to

20% are shown in Figuke:

18 =
16
14
12
10

D N & G 00

) 30
F . F Y ' Time (da
i i v - \ '!’]'
o Tl ) Pvacsp D S M i (i R A 1 3000
' rAayes" \

Figure 4.2 Wdlter ":'Er:f *F’ plaft using low and high MW of

PVAc without plasticizer & a,t ithin 28 days.

* TEC

o RS -’ﬁ
0 B 1 l | 15 :
) m DEF

Lngar (TEC)

Linsear [TEC)
s | N f}

LEnear (DEPD

ﬂummmwmni

(a)

el NI URIANLIAY

low (a) or high (b) MW PVAc with 0%, 10%, 15% and 20% of TEC (T) and DEP
(D).
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%% water uptake and
weight loss

——T10
—W—T15

T 30 —ir—T20
L ’ — —— D10
e 1] 5

—i— D20

——T10
—il—T15
30 —tr—T20

————10

D15

—a—D20

Figure 4@& uptake and erosion Wplant using low (a) or high (b) MW

FUBINEMINEITS™

m 2.2 Thermal Analysis

1_DSC and T ‘ = o
q’ run, |Lree endothermic peaks were observed. The first: endothermic peaks

corresponded to the weight loss around 3.5 % as shown in the thermogravimetrical
(TGA) curve of E, (Figure 4.5 b). The weight loss around 3.5 % indicated that the
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stoichiometry of E; should be CygH,40,.%5H,0. The third endothermic peak at 179°C
was the melting point of E,. This corresponed with that of E, hemihydrate assigned to

EA form. However, it might be contg
to exhibit endothermic peak-af'"de9’C ;} , Jacob, and Dinh, 2000). The DSC
curve during cool do ted gla Mzaround 84°C corresponding to

~econo heaslg r i ted that E, changed to an

ted with ED form which has been reported

This result indicated that the

m M2005) which melted at
J+
1 7B-esfradipl 4 = ryMallization
| — - _.I
. Lo o = glass transition
agt-1 -ff J
t 4 Ll J melting
. i
I Il
| melting |
‘-1+1+4‘4&lﬂ4tb1l+v‘1ﬂ4~+¥l 1t+i+++1++rrr-+1r1r#

UL “’;"’E?EE!%}@&: o
ammnmmﬁwmé’m

\ 5°C/min and TGA curve (b) of E, scan
with heating up to 250°C at 5°C/min



http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Oxygen
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2.2.2 DSC of matrix implants

2.2.2.1 The glass transition temperature of implant using

the following he [ C/min; and cooling down to

0'C at 20°C/min; lgatify ypfp/200/C lt'Q C/miNagiETge,low and high molecular
- - | \ \ Ny . o .

weight of PVAC wi efiming J 46:98,C, respectively, as shown

and high MW PVAc

were not differen

Wi n 10%, #5%, 4,/ ) orporated to high MW

PVACc implant, the I% oters , .""«._I following order: 29.80°C,
f 1 \

24.64°C, 18.48°C f6r TB and.ﬁl 84 Gifor DEP, respectively. For

low MW PVAC implaht, thie-Tg-values BleteMflined in the following order:

'25.89°C, 20.89°C for DEP, as shown

he increase in plasticizer from

29.56'C, 23.81°C, 18.98°C for*
in Table 4.1 and Fig :
0% to 204,cased a decrease in T, :

m‘ es omwplants using PVAc
containing wetght percent of PVP and plasticizer

AUNANENINGARS

tem[q‘ature of PVAc implant containing PVP in the ratio of 90:10, 80:20 and 70:30
are shown in Table 4.1 and Flgures‘7 and 4.8.

R AN YA Y

with 0%, 10%, 15% and 20% TEC or DEP decreased as a function of percentage of
TEC or DEP level iIncreased. A linear relationship between the giass transition
temperature and percent of TEC or DEP with high correlation was observed. The
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glass transition temperature decreased 1.38°C for each percentage of TEC and 1.27°C
of DEP of low MW PVAc (both of R” = 0.983). A decreased value of 1.42°C for TEC
and 1.28°C for DEP were observed far hi MW PVAC as shown in Figure 4.6.

From DSC thegme ra: | i0] sz between the glass transition
temperature and p€ sef_plastici #® that TEC or DEP could

plasticized PVAC.i

‘ e.addition of the plasticizers
had a significant effegt lecpease - @n.] , decrease could be related
to a flexibilit . e, {irg’ 6ff polym "He compatibility of the
plasticizers wit | g , | CORRYmIR _ lites of implants of low and
high MW PVACc plasticizen _afte IESioM inSedium for 28 days were
/ cbmbariden ofdl, values obtained from

the matrix implantgfbefafé afid &f er;:"i : 18rSetl imthedium, in all cases, the T

¥ y | iy’ A 9 .
values of matrie€s pgl/mg b} -u:,-r easethaftariilpmelsionsin medium for 28 days
which might be dugio aj Ecrease -;g.;e} (S I t 1‘." atriges and are shown in Table

42. Y \

o rgre)
45
a0
15

. TIC
30
5 m D
0 [ | Lin EL]
15

Linear [DEPY

10
5

[

ATANINININT

Flgure 4.6 Glass transition temperature of low (a) and high (b) MW PVAc
with 0%, 10%, 15% and 20% of TI£ or DEP

ammmmummmw
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B owrog

# TIC
m DiP
Lirai [TEC]

Lirstaf (DEF)

transition temperature

: low MW PVAc with
f 90:10(a), 80:20(b)
3 Weontaining 10, 15, 20%
a
(c)
11
B mg
. FRY e
;; - . S ——— . & —— Limear (TECH
S Y A Byt
J-“‘ ﬂ f= ve-1 -"\-I--:J!-I 59
% planticizer .
(ahuzi"Jﬂg il%ﬂﬂqi Ii
-

H Figure 4.8 &ss transition tempera‘y of

RN TUNMIING TN Y

., rmeens70:30(c) containing 10, 15, 20% TEC and
6 plasticizer DEP

1 1] i)

(©)



Table 4.1 Glass transition temperature of matrix |mp “""""“

Sy

a7

Formulation Water-soluble plastigi Water-insoluble plasticizer (DEP)
10% 15% 20%
Low MW PVAc 29.56 25.89 20.89
Low MW
PVAC:PVP(90:10) 28.31 25.31 19.31
Low MW
PVAC:PVP(80:20) 28.23 23.97 19.23
Low MW
PVAC:PVP(70:30) 26.97 30.90 23.39 17.22
High MW PVAC 29.80 3297 26.72 21.64
High MW .L., _)
PVAC:PVP(90:10) 31.40 906 | 32.90 | 27.49 22.48
\
High MW
PVAC:PVP(80:20) 29.23 27.40 15.57
High MW
PVAC:PVP(70:30) 29.69 25.48 20.32

ARIANTAUUNIINGIAY

Ly
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Table 4.2 Glass transition temperature (Ty) of matrices polymer with 0-20%

TEC or DEP after immersion in water at 0 and 28 days

,0 temperature(Tg, C)
Plasticizer PVAc MW 500000
Initial At 28 day
0% ’ 44.64
10 % TEC 35.98
15% TEC 31.97
20 % TEC 30.97
10 % DEP ~ 36.72
15% DEP 35.38
20 % DEP 32.47
This confirmg ‘? - . icizet fre Ikt matrices when immersed
in medium causing the |ght )Ss of previ@usly'discuss in 2.1
(AT AT
2.3 X-ray Powd Diffractor

ﬂ#}
diffract aad high MW PVAc and

E, in PVA *l" |0 QISpersions are snown in tn 2 ’ ge.£haracteristic peaks
could not bL Dse Ofi9% w/w E; in low and
high MW PV/M: as shown

two solid dlsperS|ons did not exhibit a distinct X-ray pattern as same as that of PVAc

but b ed ity_ at a diffraction angle of 26, at
2 [ ni igeRl/ Acksdlidl disgersion but
percq’ of weigh E; Iower than etectlon limit characterized by XRPD. Due to an

amorphous nature of PVAC, hlghfwelght percent ofﬂAc corresponding t

ARIRINIWANTINGIR N8

poWder dif—r ction patterns of these
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intensity
1800
1600
1400 3 |. 4
1200 4 l i v‘
1000
800
600 - —n - -
— —E2
400 - —— high MW PVAc+E2
[ i y low MW PVAC+E2
200 = —— high MW PVAC
o ~—— low MW PVAc
o J// ) “’ (°26)
Figure 4.9 Xgfay rd low and high MW PVAc
and 2% wiw E, #Fsoligfdigfergion
2.4 poliriegfTrhsfor ed Sscopy (FTIR)

FTIR spg€trosc v dto the interaction in solid
dispersions between ¥, ' 3, FiQure 4.10. In previous report
(Barnett et al, 1995, Chuti z i ed broad band centered at 3435.95
and 3232.06.cm™ | I ﬁp adjacent to C-17
and C-3 p ng 2 % wiw of E2
into PVAC, %&b oNd-dispersions were not

ot =
detected. FTII‘JF pectra Cc displ' peaks at about 1732

cm™ are shown In Figure 4.10. It was seen that the following spectra were appear to

AUEAnENS WA

17 aﬂC -3 position of E2 could not engage in inter-associated hydrogen bondlng with
the ester C=0 group in PVACc solloﬁlspersmn

wwmnmummmaﬂ
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10 . low MW PVAC
90 \ r"’_ﬂw’h\‘_\ ' high MW PVAc
80 H_M M ~ Fal . ll-.oi:hMMWwPF\’/\/:::féz
RN
" v A\ /
60 -
E>
50 \
40 !
- - - Y
30 = = =
20 - 7’ - - .
10 —.‘f_,.-“
0- U ; ¥ i .
4000 3800 3600 34}90 200" 300042800 2600 4o?| 0 1 1. 1000 800 600
i i 4 i/ .f" B
Figure 4.19/F T ? ctra'gf'E n PVAc and 2% w/wE2 in
solid dispersioné n the'range,of 400¢ %
)
3. Evaluation@f Dr
3.1 Drug and gl 1 C
Q 0
‘ der W “halyzed by high
performance liguid chromatogr sults are sho H in the Table 4.3. In all

case, E, content irhinatrix implants was well wjthin 95-105%. Moreover, the standard

FUEIMETING T
RIAINTUNRIINYIAE



Table 4.3 The percent drug contents of matrix |mpla

Sy

. Ez onte

q"'hlh.

Formulation
Water-soluble plasti€ize ,’ //‘\\\\\ "Water-insoluble plasticizer (DEP)
10% %, \\ 15% 20%
Low MW PVAc 97.14(0.65) 100.58(404) 98.77(0.30) 98.66(0.86)
Low MW '
PVAC:PVP(90:10) 98.24(1.41) 101.41(145) 99.65(1.80) 101.11(1.46)
Low MW X
PVACPVP(80:20) | 100.16(1.52) 99.40(1.8 99.73(1.08) 97.76(1.90)
Low MW
PVACPVP(70:30) |  98:46(2.23) 98.43(2.93 #90.57(2.65) 99.77(2.09) 97.13(2.89)
High MW PVAC | 102.40(0.52) 100:48(0 A 98.34(0.68) 98.65(0.65)
h AL )
High MW - =5
PVACPVP(90:10) | 101.85(1.06) A( A 97.70(0.82) 98.16(1.26)
High MW L d
PVACPVP(80:20) | 103.10(1.33) 08, .42) 98.49(1.35) 97.78(1.21) 99.22(1.24) 97.80(1.46)
_ L)
High MW
PVACPVP(70:30) | 97-73(2.90) 48 .02) 98.02(3.13)

QW’]Mﬂ‘SﬂJ&JW}’mmﬂﬂ

TS
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3.1.2 Plasticizer content
The plasticizer contents in the implant samples before and after

immersed dissolution medium at 28,d

?/ are shown in Table 4.4. It was found that
|

plasticizer loss from the implag \ # igh MW PVAc were about 35-40 %
ol 25.27%, respecti@ Ahith Bal ﬁ?asis from the amount added

to the initial T, values --~$t" l8ss from low MW PVAc was

.v-." '\\
N S

Table wfo ofou\ hin
before and after im jo utio -Q i

%
qi;‘ i high MW PVAc
Phtdiate,(DE
AN

WY \
W

R)(%)

S O S SBigh Mw PVAC
| J 20 AN 10, W& 15 20
Before 87 L0 4N T\ "80.91% 92.22 90.21
After o544 1N 64¢sN  67.20 63.51
Plasticizer 4 @ EL\% ' 25.02 26.70
loss = 4 Y \«

The dissolutionrdata of all filations were studied in phosphate
=L e
buffer pH 7Agvithe / C were -54@~<Appendix C). From
these data,. ’ mmmﬁm::mm:ﬁ.ﬁ.. of amount of
drug releas® _. d to%describe drug release

phenomena a

rﬂe zero-order moder ~order modeljﬁ\d the Higuchi model.

The release profile?were fitted to those models, it was found that Higuchi model was
beﬁsw E]jrﬁel l I g il IC i I E(][FT I i)i
3.2.1 Effect of Pe‘ent Weight of E,4BMlow and high MW Pia€

QARSI TE A

containing 2, 4 and 6% w/w E, in low and high MW PVAc polymer (low
MW=113,000 and high MW=500,000) are shown in Figure 4.11. E; release profiles
exhibited about 14 % of E; released within 28 days in all cases. The increase in weight
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percent of E, in PVAc matrix implants did not significantly increase E; release rate.

In order to compare E, release profile obtained from implant matrices containing

is between 50 and 100:] . f weight percent of E; in the
implant matrices obta %e"in Vi e presented in Table 4.5. In
all case, f; valw 50. The release profiles of implant
matrices containing E ip«tfe séhde ¢ \\ WAL IR C matrix implants were not

different. In ; : ase/ifl waight)per - Bsih. matrices, the porosity
upon drug depletigf is jfCrabise dethe e redlliecd, so that rate of drug
release should incrggfe. ey rate 0f E) \not increase when weight
7 - his YaBests that the increase in
porosity and decrea$€ ingfortifiosth L ant na s elevate E; release rate.
The porosity r,. o X 5 ctors in controlling E;

: \
release from this systém ;

% cummulative
release

::li'-re .

a.\J

i—— Lo

——E11 I' WEI4%  —aElE%

Wmmmﬁmm

within 28 days

el ANNIAUNRIINYIN Y

intrinsic solubility of poorly water soluble drug affects the duration of drug release
from this system. The porosity and the tortuosity did not play the leading role in
controlling E; release. The solubility (E, solubility in 3.5 % w/v BAC in PB 7.4 at



54

37°C was 891.29 pg/ml) of drug in the release medium predominated in controlling

the E, release. So the difference of the MW of polymer used as carrier did not

significantly changed E2 release profil
. |

Table 45 f,v )
PVAC obtained from™ ase-slud

&

)ﬁent of E; in low and high MW

— im|I ity FaCtt
Weight percent of Eg v \ t of E; in high MW PVACc
(2% vs. 4%) 0 Vs g670) 4 (4% ¥fs. 6%) ' _ S. 6%) | (4% vs. 6%)
98.64 3% 9.4 8 n85.88 97.34
f 'ty moultiaf PlastiCizer in low and high

MW PVAc matrixgmplgintg/of, Yele

3.224 1 WPV AGH 0,159 d 20% Plasticizer

g '\ WA

' e dis . ‘, 7 E, f matrices of low MW PVAc
with 10 %, 15% and 20 %@k )in Tables 27-32 (appendix C).
The dissolution profiles were.piot e ent cumulative drug release against

time. The d,iﬁluti

"
-

= | ) ) ; )
ugdelease 8 day gjl‘nﬁjlssolutlon time, it was

noticed that 20% plasticizer had the fastest drug release, whereas 0% plasticizer had
the t drug re in Fi rdhere shown that the
E.[teldasalfr M g i gj laslicize incigase in the
fol (mng order: 20% > 15% > 10% >

q W:rlv aﬂnﬁmmm ajegﬁ HChI Ioﬂﬁ

10 % of DEP (2.938 % hr*/) was similar to 10% TEC (2.860 % hr™/?). Whereas the
Higuchi constant of 15 % and 20% of DEP (3.527 % hr*/%,4.032 % hr?) was slightly
faster than 15% and 20% of TEC (2.914 % hr'/2, 3.656 % hr?). These results

mer resulted in

increase in dr

Y.
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indicated the influence of different types and various weight percents of plasticizer to
drug release rates and an increase of plasticizer causing a decrease of polymer in the

formulation might also influence the grug release. For the plasticizer of DEP, the

[/ K
pattern of release profile w ’ e same percent weight level and the

pattern release of plastjci . lulation without plasticizer.

IIIIE aﬁ- i
//AZEANNN R OE
00 a= 3 \\\ VN
k(% hr') 2.7 ‘Wu[b IJ\‘L 938 3.527 4.032
% o7 ‘ﬂ :ﬁ, "‘c‘\ 0999 | 0998
Figure 4.1 : g"‘ Iease ‘ ,4:::E=v B from %'\. VWV PVACc with 10 %, 15%
and 20 % of TEC (a) @ _ iptcAiBls within 28 days.

"'"l I EI0). -’! ﬁ(a)

—0—TEC 10% ——TEC 15% '—>»be—-TEC 20%

QW’]MﬂﬁﬂJNWYJWFJ'mEI
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25

% cummulative
release

20

15

10

Time(day)

(b)

30

#— DEP 20%

10%, 15% ang?0 %FTEL gF. DE
dissolution profilegfere sifowh in Figeres

| ‘;;
w

¥/ | . o BB :
Incrg@Singithe pla ¢ ' p IR polymer resulted in
increased in drug releaged h--;—"? mule At theR28 day of dissolution time, it
_"*J"- ' -
was noticed that 2096 plas Cizer-had ug release, whereas 0% plasticizer

had the slowest drug ﬁjl;{*}ﬂi {8hshown that the E, release from high
MW PVAcgontai JIIRY) ti(‘:'E;r) increased in the

following Oftlefm0%-—etbYort0% 0% - J
W \

- ] i
‘Me effect of 10 %, 159 and 20% of TEC wajﬂ,fferent from 10%,
15% and 20% of?EP (see Tables 4.7). Thwguchl constant of all level of TEC

AUH ﬁ%ﬂﬂﬁaﬂﬂﬁﬂ‘ﬁ?&ﬁ

and ious weight percent of plasticizer to drug release rates. In the plast|C|zer of

TEC, the pattern of release proflle,(/vas faster than DEPat the same percent
RN IRE RS
asticCizer.
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Table 4.7 The effect of 10 %, 15% and 20 % plasticizer on Higuchi constant
(k) and coefficient of determination (r?) of high MW PVAc

[ ight plasticizer
' DEP
0™ o 10 15 20
k(% hr*'%) 695 | 3.950 | 4.498
r’ 0.997 | 0.996

implants containinggari ioht percents of, Tk Gishowed that f, values were higher

than 50 in all Wh in<Fabl P 8 Thesd, radultsiglicated that E, release

profiles obtained fgfm BYVAE implaitse ing, 20k 15%0d 20% TEC in low MW

PVAC were sin in¥case af'E57¢ ‘\ Oktained from low MW PVACc

implants containingdari@ls off DER, a8 the same f, values of TEC.

Furthermore, f, values @btaincd¥ffom-E; e profil@s of high MW PVAc implants
# fﬁf;-rr M

were the same resultslow NAAEPVAAC as'S| abl@4.9

Tabley. jes as a function at of F» in low MW PVACc

,,,,,,, %

S. 0 ] .0 Q kﬁf A‘»“'l .;
m " -7 » l" .,l,
Phild ADAP D AN

MR TN NN Y
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35

30 % cummulative

release

25

20

15 +

10

30 (@)

35
30
25
20
15

10

Tirne(t.:!ay) (b)

30

—ie— DEP 20%

Figlre Qc with 10 %, 15%

and 20%0‘ i NtRip28 days

-’ﬁ‘ | —
Table M f, values as a function or weight percent @Fz in high MW PVAc

obtained from relefe study
LI IAR )

Q0% 15% and 20% of TEC 10%, 15% and 20% of DEP
(15%\(.20% 10%vs.15989(10%vs. 20%) | (15%6V8i20%
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3.2.3 Effect of percent weight of PVP in low and high MW PVAc

polymer with plasticizer on E; release profile.

2.3.1 LoiMW PVAY .15 and 20% of TEC or DEP
containing 10%, 20%_artok30%, of g;

from matrix COITIpOSItIOﬂ

EC or DEP are shown in
Figure 4.14 , 4.

from the matri

Tanle ' A of40%. 15% a10,2C EC or DEP on E, release
from the high | ' A %

Ratio of
PVAC:PVP DEP
| | 15 20
90:10 24617 | W 4 24.68 34.84
80:20 2471 =1 2786 | 3669
70:30 3313 |7 - 0.88 38.28

. unt of TEC or DEP

= ags
from 10, 15 ary}O% P Ievels@tween 10-30%, the E;
release from matfes at day 28" increased from 24.61-26.26%, 31.44-33.13% to

ARSIV WY

S|gn antly alter the drug release rate from the matrices. The E; release rate of all
formulations were presented in Talﬁ 4.13

wwmnmummmaﬂ
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% cummulative _F#_._'__a___d__—-—

e /
. \ 7 | i

(@)

30

. Time(da\,ﬁlI (b)

25 30

—ir—TEC 20%
as
40
as
Q)
25 N
20 ‘
i

10 4
!

%% cummulative
release F

Time(day)

qﬁ By NEInS

igure 4.14 The release profues of E, from low MW PVAc containing

QRIRATANMI T TA
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45
40
35
30
25
20
15 +——
o |

% cummulative
release

Time(day)

30

o W
35 - ¥ ’Tﬁ' Y.-\\ %
30 : h.“ !‘; h Y

Time(day)

2|5 30 (b)

EQ10% .44« o —a— DEP 20%

45
40
35
30

25
20
15

10
J ¥ ol ) B9l ¥o ()

f18 :

“ —g—DEP 10% = DEP 15% e DEP 20%

RIAINIRENATNH Y

various time intervals within 28 days.
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In addition, calculated f, values obtained from release profile of the
matrices with different percent TEC or DEP of the same amount PVP closed to 50,

which indicated , the release rate of E,jngall case were different as presented in Table

4.11. In case of the increase, ifiy € plasticizer in the matrix, the glass

2 - the diffusivity of drug was
' t the calculated f, value of

aini :.'Qi'/. 0 i
co | |n|>_ 0/o PVP were higher than
ese veslfagindicated that E; release profiles

increased, so that ratesefsdrtig=release shou

the release profile ﬁf EEE i

iy,

of the matrices.e0ftainipd differeAtambun PWeie ar. This indicated more

similarity amon : tainin § | weight of PVP than of
those compose of yfri réent ‘welghts Yof\plasticizer. This indicated that the
porosity of cop igrdid — e lealingyrolg,in B@hirolling E; release. The

solubility and the gffugtvity : ~ predominates the in

Table 4.11°f, vallfies as.ailite ction’ Bicent of plasticizer in low MW
PVAC and PVP obtain€d fromelease stue

Percent AV PVAC :PVP)
weight of k , ————— FFE— —— : ,-J.JibEP
e I
plasticizer .4 ) d30:20 70:30

| —
83.08,]-"]' 71.56 63.03
54.36 51.07 49.53

Wl

-]
10% vs. 15% Mes.so
10% vs. 20% | 4

MR TN NN Y
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Table 4.12 f, values as a function of weight percent of PVP in low MW PVAc
with plasticizer obtained from release study

Percent \\ hi’ ight of plasticizer

weight of '."\ EC, I DEP

PVP : E_‘ja 15% 20%
10% vs. 20% | 99.73 m 82.51 84.49
10% vs. 30% 70.07 79.39
20% vs. 30% 4 83.91 94.86

7, ﬁf:\ N
Table 4.13 Jifie effecifof . 207650 '30 %, 0T P\P on Higuchi constant (k)

and coefficient@F detgfmigatigr f fow 15 and 20% of TEC
and DEP 4 1 A

Formulationgf’ .

TEC DEP
10 % plasticizer- 10% PVPY L;"::l'.:s' : 0.996 0.997
10 % plasticizer-20% PVR#= .--” _,W ' 0.997 0.989
10 % plast er-36 0.997
15 % plasti Efi 0.997
15 % plasticiZer=0 0.994
15 % pIasUmzéj:lL}O% PVP | 0.990

0.993

0.996
I | ©@0.99%

MR TN NN Y
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3.2.3.2 High MW PVAc with 10, 15 and 20% of TEC or DEP
containing 10%, 20% and 30% of PVP

from matrix composition

The cumula i/ releases of E;
of PVP 10%, 20% and 309 1 20 % TEC or DEP are shown in
Figure 4.16, 4.17. Th and f TEC or DEP on E; release

from the matrix Was

Table 4. 1 1| %, 13%, %50 or DEP on E; release from

the high PVA
Ratio of
PVACPVP DEP
15 20
90:10 41.22 45.43
80:20 41.76 47.73
70:30 42.36 48.13
ed the amount of TEC or DEP
from 10, 1 els between 10-30%, the E2
release from. matrices at day 28" increased significanth 7-fron W31 64-36.50%, 36.24-
41.18% to A4+480- -/0, 41.22-42.36% to
e

45.43-48.13% Mpectivey or'S

did not 5|gn|f|cant alter the drug release rate from the matrices. The E; release rate

°f¢f“ﬁt@]@ﬂw%’ NYNT
qmmnmummmaﬂ

|
ound that inc;%ing PVP into matrices
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Figure 4.16 The release profiles of E; from high MW PVAc containing 10(a),
20(b) and 30% (c) PVP, respectively, with 10%, 15% and 20 % of TEC at various

time intervals within 28 days

WNIT 74
R — \ \\\ || § 77 &7 B
40 releass NQuSWWNI 1/ /7
b = >

———
30 -

25
20
15 +
10
5
o]

—

0 ¥ 5y '

e —

‘—“,_ | S
= 2 J/7/] & LR N
[ g S B AN RN W Timeea

Iy

S =——

.

(@)

30

= TEC 20%

PR e T o ¥

Time({day)

(b)

30
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Figure 4.17 the release profiles of E, from high MW PVAc containing 10, 20,
30% PVP, respectively, with 10%, 15% and 20 % of DEP at various time intervals
within 28 days

a : P Timeldn\r]l (a)
: 30

DEP 20%

I v'Time(day) (b)

30

—e&—DEP 10% —i— DEP 15% —i— DEP 20%
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In addition, f, values obtained from the comparison between different

percent TEC or DEP and PVP found that f, value for comparison between different

of PVVP showed

These results i

cases as shown in Table 4.16
urthermore, f, values
ariSewere higher than that of
s, indicated more similarity

cigh of PVP than various

Table 4.15 f, y
PVACc and PVP obtaine

AWof plasticizer in high MW

Percent igh™MW PVAC :PVP)

weight of DEP
plasticizer; \ T[T8020 [ ' 80:20 | 70:30
10% vs. 15§ (4 77— —74.89 —'ﬁ . 74.04
10% vs. 20;‘1 ¥ SRd5413 54.25

15% vs. 20% Mu59.54 71.80,'L|'J[ 64.67 64.09

ﬁmmmmn gamnd

Perc ercent weight of plasticizer
L Qs
ﬁ a i /0
10% vs. 20% | 91.53 74.07 98.45 90.42 98.27 85.41
10% vs. 30% | 70.62 73.30 96.08 93.11 95.49 84.30
20% vs. 30% | 75.25 99.04 97.10 98.94 98.17 99.57
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Table 4.17 The effect of 10 %, 20% and 30 % of PVP on Higuchi constant (k)

and coefficient of determination (r’) of high MW PV Ac with 10%, 15% and 20% of
TEC

Formulation

TEC DEP
0.997 0.995
0.995 0.999

10 % plasticizer-10% PVP
10 % plast|C|zer 2% P

10 % plasticizer®80% B l" Sgoal | =3, 0.997
15 % plasticizer38% Ii@ " \ \‘ : 0.997
15 % plasticizer-208 "’lk: d*\\\ 0.997
15 % plasticize 0% my m" |'\ \\ 0.997
20 % plast|C|zer 19% P J ad : h/ 0.996
20 % plasticize#20% 0.993
20 % plasticizer-30%¢ P’ 0.994

ﬂNU’JVIEIVI’B'WU’]ﬂ‘i
QW’]Mﬂ?ﬂJNWYJVI?J’mEJ



CHAPTER V
CONCLUSIONS

-l

implantable controll g deliv e E, implants using PVAc

alone released apm % Q E, m The difference of MW

PVAcC as release-M\‘h"J t of E, in matrices did

. dietyl phthalate (DEP)

level and percen i ' _ matrices implant were

release controlling agent in

investigated. § conclusion could be

drawn.

1. T6€ ang/DE 1{"'," ‘ fiClizatigh efficiency when
ﬂ" = %\ ¥

incorporation in Iow d ORAVIWEP VA
2. The effect g Ia .ya,_“ drug ncatesWvas dependent on the type and
amount of plasticizer. When -::_.._:f ®(S increased, the E, release from low

and high MW PVAC img "’:‘I?W

,dhigher drug release

than of low M\ﬁj’ g ofﬂastlmzer

4. An mc‘aﬂhe proportion of PVR@igfmatrices resulted increasing drug

FUBIRENINGIAT -
QRIsNATHINAINE TR Y
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6. The drug release data were fitted to the Higuchi equation and the drug
release rate constants was calculated and determines to be diffusion-controlled

processes for all formulations.

AUINENINYINS
RIAINTUNRIINYIAY
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The HPLC method was used to determine the E, and DEP content of PVAc

implants. The validation of HPLC methods used was presented as follows:

1. SpeC|f|C|ty

chromatogramsaelé N o i tha | \ litic 8ed in the study had a

suitable specificity

Lo —— oo _ S | C A A .  CHESCCSNET . _ ;N R T S i __

_______________________

________________

__________________________

___________________

------------------------------------------------

—————————————————————————————————————————————————————————

-------------------------------------------------

ﬂuﬂ'mamwmnﬁ
QW’]Mﬂ‘itMﬂJW\’Jﬂﬂ’mﬂ
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ﬂUEl’JVIEWﬁNEI’]ﬂ‘i

Figure 1A I?LC chromatograms of mobile phase

QRN IWIRIININE

(c) Excipient and DEP matrix formulation
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Table 1A Data for calibration curve of E; by HPLC method

Concentration SD %RSD
(Hg/ml)

2 0.0020 0.50
4 0.0129 1.59
6 0.0068 0.58
8 0.0288 1.74
20 0.0521 1.34
40 0.1055 1.33
R? - -

B y=0.1979x + 0.0185

= R?=0.9998

v

50

N |
concentration of E; {ug/mil) I

AU 5N zrmwm 79
QW’]Mﬂ‘itMﬂJW\’Jﬂﬂ’mﬂ
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Table 2A Data for calibration curve of DEP by HPLC method

) Peak height ratio
Concentration , Mean SD %RSD

(ug/ml) Setl
2

0.36 1.71
0.82 1.51
1.44 1.32
2.38 1.01
9.82 1.88

4
6
8

Peak arearatio

y=2.6235x- 2.6299
2 = 0.9997

250

ﬂUEﬂ“‘WfEiﬂ?Wﬂ"‘Tﬂ‘i
QW’]MT]‘?W&JWYJVIEI’]&IEJ
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2. Accuracy
The accuracy of an analytical method is the closeness of test results

I e Accuracy is calculated as percent recovery

obtained by the method to the true
' es. The percentages of analytical
ges analytical recovery of E;

method could be used for

7/EN
cocarstf /PN

om0 2 F T TR AN
3 ¥ 1010 n ¢ .65 % 101.55 100.84+0.93
20 \ 076 10050  100.85+0.73
35 S04 8 2100, 0! OB 9970  99.94:1.33
" Yk ) )

3. Precision —
The preci ‘f e method were determined both
within run@' ’_» ables 4 and 5. All
coefficientsL U . 3‘) and 0.93-1.26%

respectively. Efli coe méthod should generally be
less than 2%. refore, the HPLC method was precise for quantitative analysis of E;

in the range studllﬂ

i ngmingng
HIRH

2.96 2.97 2.98 3.05 2.97 2.99 0.04 122
20 19.69 2029 1959 19.97 1991 1989 027 1.37
35 3515 3589 3576 3506 3573 3552 038 1.08
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Table 5A Data of between run precision by HPLC method

Concentration

(ug/ml) Mean SD %CV

2.94 0.04 126
1995 024 122

35 3514 033 093

;;;;;;;

AuEInEmingng
QRIAN TN ING 1Y
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' PVAc TEC10%

'
. |
Tg = 18.48°C high MW PVAC TECﬂ@

Tg =32.97°C high WPVAC DEP10%

UEJL’J V}Ejiﬁﬂﬂﬂﬂi

Tg = 2864°C high MW PVAGRE] EP20%

m a;‘lmmummmﬂﬂ
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Figure 2B Tg of matrices implant low (a) and high (b) MW PVAc with 10,
15and 20% of TEC or DEP

Tg 23. 97°C DEP 15% PVP 20%

Uﬂ?ﬂﬂﬂ‘m UINT

: ’ Tg=19.31°C I?P 20% PVP 10%

9 mnmmmmma EJ

(b)
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Figure 3B Tg of matrices implant low MW PVAc containing 10, 20 and 30%
PVP with 10, 15and 20% of TEC (a) or DEP (b)

Tg=27. ZLO°C_I§E’ 15% PVP20%. .. - —

mnﬁﬁiwm NYINY

Tg =15.57°C DEP 20% PVP 20%

Tg =20.32°C DEP 20% PVP 30%
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Figure 4B Tg of matrices implant high MW PVAc containing 10, 20 and 30%

w-1

Tg = 31.97°C high MW PVAc TEC ![UL

ol ﬂﬂﬂlﬂ&ﬂiﬂ&ﬂ na

Tg= %72°C high MW PVAC DEP 10%

Wﬁ NTUIMIINGT ﬂFJ

Tg = 32.47°C high MW PVAc DEP 20%

#
£



91

(b)

Figure 5B Tg of matrices,i oy (a) and high (b) MW PVAc with 10,
I/
15and 20% of TEC or DEP \ ir

ﬂuﬂ?ﬂ8ﬂ§W81ﬂi
RIANTUUMINGINY
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Table 1C Percentage amounts of 2% wy/w, 17p-estradiol from matrices containing low

1

MW PVAc
time(d) | time(Nd) ‘ Mean SD | In(%E2remained)

0 0 0 = 0 0.00 4.60

1 1 3.4 _ 60 0.14 457

2 1.414 4.9% 5- 06 0.16 4,55

3 1:7 : 0.19 4,54

5 2.236 4 0.17 453

7 : 46 0.15 452

9 3 . 0.12 451

14 184 1 15 0.08 4.49

21 4583 4 26 N8.15 | 0.09 4.46

28 By 52 0.16 4.44
Table 2C Percenta@le angounfs of -estl frei, matrices containing low

MW P¥/Ac b, A
! . ,‘

time(d) | time(\e i 3 )23 3 ean | SD | In(%E2remained)

0 0 0 = 0 0.00 4.60

1 1 368 6 3.76 | 0.8 457

2 1.414 5. - 21 512 | 0.16 4,55

3 1.732 6.26 | 0.23 4,54

5 236 7.47,~] 0.38 453

7 3. ) 0.48 452

9 1/ 048 451

14 72| 0.54 4.49

21 45 1@ 0.66 4.47

28 5.292 15.36 13.84 14.15 14, 0.80 4.45

 3C Percentgp@ounts of 6% w/w 17

1k
3 . ' ) 54
5 2.236 7.40 7.54 7.68 754 | 0.14 4.53
7 2.646 8.54 8.61 8.76 8.64 | 011 4.51
9 3 9.29 9.33 8.82 915 |0.28 451
14 3.742 11.08 | 10.98 10.40 10.82 | 0.37 4.49
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21

4.583

12.94

12.05

12.57

0.46

4.47

28

5.292

14.70

13.61

14.22

0.56

4.45

ipl from matrices containing low MW

time(d) | time(Nd) SD | In(%E2remained)
0 0.00 4.60
1 0.17 4,556
2 1.4 0.20 4538
3 1.732 ' 0.21 4527
5 2 9, : 0.22 4,509
7 2.64 1 ) 37 | 0.24 4.496
9 . L 1 il 0.27 4.485
14 3.742 . 18, 3.30 | 0.32 4.462
21 45 485 7 | 0.40 4.439
28 2 13 i 0.46 4.413
Table 5C Percep#élge afhoulfits of 14 ol fr icagigontaining low MW
PVAC with 5 -
time(d) | time(\ Teng -3 ean | SD | In(%E2remained)
0 0 J i 0 0.00 4.60
1 1 6. - *75 659 | 0.21 4537
2 1.414 8.4777] 831 | 013 4518
3 1.732 : 9.43__] 0.19 4,506
5 ' ' Q6. | 0.22 4.488
7 =] 0.23 4.473
9 3344 | 0.23 4.462
14 3-712 1585 | 0.30 4.439
21 45383 17.29 17.20 11! 0.28 4414
5. 292 19 36 19.75 19.05 19.39 | 0.35 4.390

;[

i mﬁw yInT"

tlmem

time(Vd)

In(%E2remained)
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21

4.583

19.93

20.00

20.56

20.16

0.35

4.380

28

5.292

22.52

22.64

23.17

22.78

0.35

4.347

Table 7C Percentage amounts of17 estradiol from matrices containing low MW

1

time(d) | time(Nd) W\ Mean | SD | In(%E2remained)
0 0 ' ~ 0 0.00 4.60
1 1 vi'ssisa— ; el Guia®3 20 | 0.05 4.546
2 1414ttt T ¥, 743 ST 77 | 0.02 4528
3 1.73 771831 00 555 | 0.03 4517
5 2.2 11/ / 10.35'\) 0.20 4.498
7 2.646 it ¥ /11 8.16 | 0.23 4.484
9 ; 1 0.24 4.473
14 742 29 ey 1 1T 0.28 4.449
21 4.58 6, T 28.34 | 0.36 4.425
28 5 1873). L 1 0.31 4.398

N :
Table 8C Percenig@fe agfougts of 1 iol fr I ontaining low MW

PVAC with BEP g\ o7
time(d) | time(| 1 Iz 3 ean | SD | In(%E2remained)
0 0 Qued 0 0.00 4.60
1 1 6.40: ¥ 3 5.83 | 0.54 4,545
2 1.414 8. . 84 752 |0.72 4527
3 1.732 ) 8.63 | 0.83 4515
5 923 32~ 0.73 4.496
7 | % 6>/ 0.69 4.481
9 ~B ; 0.79 4.467
14 7 585 | 1.02 4.439
21 4583 ; : 1§f|£ 0.97 4.401
28 5:90? 2243 | 21.27 20.13 2% 1.15 4.366

MW

In(%E2remained)

Q260
T

2 4.

3 . | . | 4!

5 2236 | 1140 | 1197 | 1060 | 11.32 | 0.69 4.485

7 2646 | 1296 | 1384 | 1224 | 1302 | 0.80 4.466

9 3 1419 | 1529 | 1355 | 1434 | 088 4.450

14 3742 | 1677 | 1830 | 1637 | 1747 | 1.02 4.417
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21

4.583

19.44

20.84

20.76

20.35

0.79

4.378

28

5.292

22.14

23.75

23.76

23.21

0.93

4.341

Table 10C Percentage amounts of17p-estradiol from matrices containing low MW
polymer PVP 10%

PVAc with TEC 10% wiw 8

time(d) | time(Nd) SD | In(%E2remained)
0 0.00 4.60
1 0.54 4,526
2 0.63 4,502
3 0.68 4.486
5 0.65 4.463
7 0.64 4.442
9 0.62 4.427
14 0.63 4.392
21 . : 0.74 4.352
28 5.29 96 | 0.75 4.323

Table 11C Percentgfe agho ts"'o'f I athi@es containing low MW

PVAC with TBC 18% w/ olym

time(d) | time(Vd it 3% ean | SD | In(%E2remained)
0 04 0, 0 0 0.00 4.60
1 1 W75 1 7.42 |0.18 4528
2 1.414 9. 9. 1 9.61 | 0.26 4,504
3 1.732 113 6 11.01 | 0.31 4.489
5 2.236 1 13.11 [ 0.35 4.465
7 | A\B4E 9f | 0.40 4.444
9 _ 20~ 0.47 4.428
14 837 82J| 0.59 4.390
21 4583 2248 | 0.63 4.351
28 5.}3‘92 24, 90 2@1 0.72 4.321

4.60

4.524

Imn&mmrelm
Aodod Whes§ dui [

ﬂ?497

7 2.64 h ; . .

9 3 15.92 17.72 17.72 1712 | 1.04 4 417
14 3.742 19.14 21.21 20.78 20.38 | 1.09 4.377
21 4.583 22.55 24.86 24.05 23.82 | 1.17 4.333
28 5.292 24.82 27.38 26.58 26.26 | 131 4.301
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Table 13C Percentage amounts of173-estradiol from matrices containing low MW
PVAc with TEC 15% w/w and copolymer PVP 10%

time(d) | time(Nd) 24 Mean | SD | In(%E2remained)
0 0 NIl IR 0 0.00 4.60
1 1 ;\;\'Lﬂll', 10.07 | 0.31 4.499
2 1.414 R V%o | 1294 | 032 4.467
3 1.732 98 {LMD4 g 14.67 | 0.38 4.447
5 2.236 \ —1i6:80uat 7.29 | 0.43 4.415
7 2.646 b, 1978 18 48 | 051 4.389
9 24 86 05 | 0.58 4.369
14 3.7 /582 3 | 0.59 4.318
21 583 29, . 0.62 4.266
28 5.2 3 4 | 059 4.228

= &
Table 14C Percenigfe amhouht H‘ i a containing low MW
PVAcith T nfw/ ol 0

time(d) | time(y ' ean | SD | In(%E2remained)
0 A U 0.00 4.60
1 1§ 36 ] V. 1.18 | 0.17 4.487
2 1.41 4.38 14. 434 | 0.06 4.450
3 1.732 6.0 46.0 16.10 | 0.10 4.430
5 2.236 13465 2 18.72 | 0.14 4.398
7 2.646 20. - .86 20.99 | 0.15 4.370
9 3 2 22.56 | 0.16 4.350
14 74 6.26~| 0.23 4.301
21 . 0.29 4.249
28 &7 || 0.34 4.210

A}

L1 B

Table 15C Per; ﬁ\tage atricé_,' ontaining low MW
PVAcWwIth TEC 15% w/w and copolymer PVP SOOKM

time(d) | time(\ 1 2 3 Mean | SD | In(%E2remained)

t 4.60
4.489
! 2860 | | 4.454
1.732 16.21 . . . . 4,433
5 2.236 18.98 ‘8.41 18.00 18.46 0.49 0401
2.646 4 4 !

2 91 1.9 p 4,

14 3t 2 | 5.98 12 7 4
21 4.583 30.47 30.25 29.92 30.21 0.28 4,245
28 5.292 33.42 33.08 32.89 33.13 0.27 4.203
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Table 16C Percentage amounts of173-estradiol from matrices containing low
MW PVAc with TEC 20% w/w and copolymer PVP 10%

Table 17C Perce

|
Table 18C Peé}g

PV th YW/ w

time(d) | time(@#®d) A

0 0 | _

1 1 4.40

2 1.414 8.632

3 1.732 2

5 2.236 24,

7 2.646 2i

9 34

14 '

21

28

time(d) | time(Nd) Mean | SD | In(%E2remained)
0 0 0.00 4.60
1 1 0.65 4,454
2 1.414 0.82 4.409
3 1.732 - 0.97 4,381
5 2.236 1.06 4,337
7 2.646+ 1.15 4.300
9 1.16 4,272
14 3.4 1.20 4.206
21 ; 1.27 4,135
28 52 1.55 4.083

containing low MW

%

n | SD | In(%E2remained)
_ 0 0.00 4.60
14. 452 |0.13 4.448
19.0 18.77 | 0.25 4.397
4 21.12 | 0.36 4.368
33 24.77 | 0.48 4.321
27.70 | 0.55 4.281
9.79~| 0.56 4.251
)| 0.60 4.186
"""" 1] 0.69 4.119
<1084 4.070

T—

PVAC wigff E 20% wiw and copolggngr PVP 30%

~ SAL BNen) BopEsIn(oE2remained)

htage amounts of 17p-estradiol from matricﬁontaining low MW

0 F W EJo F ool 460

1Q) . . . | : 4.443
2 1414 | 1948 | #9.03 | 18.69 u 19.07 | 040 q394
1.732 4 3 Z |

1] 2 M !

7 26861 | 2 | 844 2 5 4
9 3 3063 | 3032 | 3067 | 3054 |0.19 4.241
14 3742 | 3519 | 3491 | 3528 | 3513 | 0.9 4172
21 4583 | 39.58 | 39.30 | 39.67 | 39.52 | 0.19 4,102
28 5292 | 4259 | 4240 | 4280 | 42.60 | 0.20 4.050
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Table 19C Percentage amounts of173-estradiol from matrices containing low MW
PVAc with DEP 10% w/w and copolymer PVP 10%

time(d) | time(Nd) A Mean | SD | In(%E2remained)
0 0 o\ P0. 0 0.00 4.60
1 1 Moo / : 7.47 ] 053 4528
2 1.414 el BO=l¥ 924 " 931 | 0.54 4507
3 1.732mpidi@B=F 100 | 0061047 | 0.55 4.495
5 2,236l B4 1201 ST 16 | 0.60 4.476
7 2.6 /703 BTk 3.86 | 0.59 4.456
9 3 no V1483, 5 |0.17 4.442
14 3.742 1 V14 7.37 | 0.61 4.414
21 45 1 9 |0.68 4.381
28 2 2 2 27, 0.66 4.355

Table 20C Pergéhtaggfam dig icég@ontaining low MW

PVAC wi E iF om

time(d) | time®d) 4 A n | SD | In(%E2remained)
0 0 § 0 0% 0 0.00 4.60
1 1 ] .02 7.1 7.24 | 0.35 4,530
2 1.414 9.27 .15 941 | 0.44 4,506
3 1.732 1 ’ 8 11.01 | 0.56 4.488
5 2.236 12. - 41 12.68 | 0.50 4.475
7 2.646 Z 14.39 | 0.46 4.455
9 3. 68~ 0.45 4.440
14 [ Y ) 051 4.414
21 l 2l J| 058 4.385
28 2247 | 0.64 4.530

u
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Table 22C Percentage amounts of17p-estradiol from matrices containing low MW
PVAc with DEP 15% w/w and copolymer PVP 10%

time(d) | time(Nd) Mean | SD | In(%E2remained)
0 0 AN 0 0.00 4.60
1 1 Oy W\ 8.86 | 1.46 4512
2 1.414 RN 10.85 | 1.44 4.490
3 1.732 ALY 1166 @ 1213 | 1.43 4.476
5 2.23 et 1 38 —14-9-1—7-7:3 91 | 1.39 4.455
7 2.646 P78 4 1584 | 75 | 1.37 4.434
9 3 A6 67000 17.02 | 1.34 4.419
14 3.7 867 )/ £9.26'\) 0 | 1.26 4.388
21 4583 2 ¥ 122 240 | 1.17 4.352
28 5, F 8 | 1.01 4.322

Table 23C Perceni@ge amount: o?}r. adi at containing low MW

PVAeRith BEP 54 w/w | p 20%

time(d) | time( an | SD | In(%E2remained)
0 | 0.00 4.60
1 1§ 6 8. 9.13 | 0.43 4.509
2 1.414 2.11 | 11.2 1.55 | 0.49 4.482
3 1.732 13, 71 13.06 | 0.49 4.465
5 2.236 1 9 15.33 | 0.34 4.439
7 2.646 17. 52 17.60 | 0.23 4.412
9 3 ¢ 19.14 | 0.10 4.393
14 8,74 96~ 0.24 4.357
21 | Ye @_: 0.18 4.313
28 : 0.27 4.279

4

—
Table 24C Percentage a
PVAc with DEP 15% w/w and copolymer PVP 30%

l—'

matrlceﬂﬁontammg low MW

e D _L.In(%E2remained)
0 00 4.60
. 0% % .98 ¥ 8066 4511
2‘] 1414 11.17 12.42 12.05 11.88 | 0.64 4.479
3 1.732 13.17 | @4.29 13.80 13.75 | 0.56 Q4457
24 -1 4424
7 1 9 9.1 1l i 4,
9 20 i 0.93 21 146 4.
14 3.742 23.93 24.99 24.11 24.35 | 0.57 4.326
21 4.583 27.42 28.55 27.61 27.86 | 0.61 4.279
28 5.292 30.70 31.88 30.06 30.88 | 0.92 4.236




100

Table 25C Percentage amounts of17p-estradiol from matrices containing low MW
PVAc with DEP 20% w/w and copolymer PVP 10%

time(d) | time(Nd) Mean | SD | In(%E2remained)
0 0 9 0 0.00 4.60
1 1 LI 10.26 | 0.30 4.497
2 1.414 2. 9% | 13.29 | 0.30 4.463
3 1.732 ~umd 05" 1531 @ 1521 | 0.14 4.440
5 2.23Grammim@e@pt 150 —1-9-3-7—’[-718 37 |0.13 4.402
7 2,646 @59+, 2177 | 56 | 0.22 4.362
9 3 7728890 23.64 | 0.29 4.335
14 3.7 P67 V7 26.82°\\ 1 |041 4.296
21 4583 3 31 1.48 | 0.54 4.227
28 5, . 3 4 | 0.64 4177

Table 26C Perceni@ge amount: o?}r. adi at containing low MW

PV AeRith BEP ZO% w/w ; p 20%

time(d) | time( an | SD | In(%E2remained)
0 | 0.00 4.60
1 1§ .0 . 2.13 | 0.27 4.476
2 1.414 5.00 15.3 5.04 | 0.27 4.442
3 1.732 16. 18 16.93 | 0.23 4.420
5 2.236 1 9 5 20.04 | 0.29 4.382
7 2.646 22. 34 22.95 | 0.38 4.344
9 3 Z 2496 | 0.34 4318
14 8,74 87~ 0.35 4.265
21 | Ye 49~J 0.50 4.197
28 : 0.51 4.148

4

Table 27C Perﬁ:- tage amo

Aﬁ; m matric
PVA®4with DEP 20% w/w and copolymer PVP 30

|

(ﬂkontaining low MW

& e (%E2remained)
0 0 00 4.60
: 2820 b 778 WONA 4.480
2‘] 1.414 14.19 15.08 15.43 1499 | 0.64 4.443
3 1.732 16.45 | @7.30 17.60 17.22 | 0.60 Q4416
24 1 4818
7 2 3 4.0 2 5 4
9 2% : 6.1% 2572 52 4.
14 3.742 29.50 30.05 30.28 29.47 | 0.40 4.256
21 4.583 34.71 34.80 35.85 34.68 | 0.63 4.179
28 5.292 38.43 38.34 39.31 38.28 | 0.54 4.123
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Table 28C Percentage amounts of 2% w/w 17p-estradiol from matrices containing

high MW PVAc
time(d) | time(Nd) 1 2 3 Mean | SD | In(%E2remain
. ed)
0 0 0 0.00 4.60
1 1 3.20 0.25 4.57
2 1.414 4.57 ¥4 4.77 0.23 4.56
3 1.732 54 5.55 0.26 4.55
5 2.23 6.9¢ - 19 | 0.24 4,53
7 2,646t 2, 1.4 6 |0.21 4.52
9 3 A7y 9.08 0.20 4.51
14 3. > 4 1 0.24 4.49
21 4.583 " 138 34 | 0.27 4.46
28 o4 15 1 0.27 4.44
Table 29C Percegifige aMmouyht 0?7' v17 matrices containing
high PWAC A Y
‘ ™
time(d) | time an | SD | In(%E2remain
- ed)
0 0 4 ; 0 0.00 4.60
1 19 .36 3.2 3.34 0.08 4.57
2 1.414 4.9 4. 72 4.87 0.13 4.56
3 1.732 S Hasfiaei B, 1 5.68 0.15 4.55
5 2.236 7.30 — .03 7.26 0.19 4.53
7 2.646 » 8.13 0.23 4.52
9 3 94~ | 0.27 4.51
14 0.32 4.49
21 0.63 4.47
28 458" | 0.94 4.45

Table 30C PeiMﬁtage amounts of 6% w/w 17p-estradiol fro'thnatrices containing
high MW‘PVAC
2

F] n(%E2remain

ed)
4.60

ﬁ?

P .
7 2.646 8.24 7 7.51 7.74 1043 4. 52
9 3 9.06 8.27 8.30 854 |0.45 451
14 3.742 10.86 9.76 9.77 10.13 | 0.63 4.49
21 4.583 13.12 11.77 11.77 12.22 | 0.78 4.47
28 5.292 15.06 13.41 13.39 13.95 ] 0.96 4.45
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Table 31C Percentage amounts of17p-estradiol from matrices containing high MW
PVAc with TEC 10% w/w

time(d) | time(Nd) 1 2} 3 Mean | SD | In(%E2remain
1 ed)
0 0 I 0 0.00 4.60
1 1 , 573 | 0.38 4,55
2 1.414 8.04 4, 7.76 | 0.52 452
3 1.73 - . 9 = 2009 | 055 451
5 2.236 e b 1196 SN 1.10 | 0.67 4.49
7 2; /i385 a8 03 | 0.75 4.47
9 3 ! 1/ /14954 44 | 0.84 4.45
14 . 6 8.3\ : 0.97 4.41
21 4,58 ; 2 AN 2 4 |0.92 4.37
28 2 b 2 1.16 4.34
Table 32C Percgfftage Iinis of LZp-estadio ric@Sigontaining high MW
PVAC withdt EQF1590 iy 1 |
time(d) | timeg@¥d) .| .- n | SD | In(%E2remain
RIS ed)
0 0§ 0" L% 0 0 0.00 4.60
1 11 49 : , 6.8 67 | 0.20 4.54
2 1.414 [ 8.35 . 2 8.65 | 0.29 451
3 1.732 9. - : 35 10.04 | 0.33 450
5 2.236 11,8 T 0 12.21 | 0.32 4.47
7 2.646 1 14.69 | 0.48 4.45
9 AY | 0.50 4.43
14 -3 < 0.53 4.39
21 846 20J| 0.79 4.34
28 5290 2626 | 0.96 4.30

c
Table 33C Pe'h%ntage amounts of 17p-estradiol from matrices containing high MW

20% wiw [ ¥,
tim & A ' . (%E2remain

) 0 = 0 ¥ ¥ B0 § 80.80 4.60
i, | 1 6.61 | 699 686 | 682 | 0.19 4.53
2 1414 | 875 | #.20 043 g 012 [035| @bl

L 9 15 Y-
5 . 1 3 3.7 1 6 4
7 2 1901 WMoY ¥ 633 W19 71 !
9 3 1665 | 1716 | 1814 | 17.31 | 0.76 4.42
14 3.742 | 2047 | 21.04 | 2239 | 21.30 | 0.99 4.37
21 4583 | 2446 | 2488 | 2649 | 2491 | 1.07 4.32
28 5292 | 2793 | 2874 | 3102 | 2850 | 1.60 4.27
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Table 34C Percentage amounts of17p-estradiol from matrices containing high MW

PVAc with DEP 10% w/w

time(d) | time(Nd) 1 2k /1 3 Mean | SD | In(%E2remain
1 ed)

0 0 0 0.00 4.60
1 1 , 545 | 0.15 4,55
2 1.414 761 7.44 | 0.18 453
3 1.73 Ll 838 __ 76 | 0.16 451
5 2.236 e L 1053 - 0.44 |0.35 4.49
7 2 A7 1293 4 85 | 0.27 4.48
9 3 ! SN 22 | 0.34 4.46
14 . 716 6.47 : 0.35 4.43
21 4.58 o 1 ' 6 | 0.15 4.39
28 2 2 0.12 4.36

Table 35C Percegtage ' hof di triggscontaining  high MW

PvAC withdDERF5Eh Wiy U= '
time(d) | timeg#d) ar ) n | SD | In(%E2remain
b, yhda-f+ ed)

0 0 § 0 S 104 0 0 0.00 4.60
1 1 91 46! 6.6 33 | 037 452
2 1.414 W 79857 9 10.36 | 0.34 450
3 1.732 9.80~ = 30 12.04 | 0.37 4.48
5 2.236 11 4t 6 13.58 | 0.37 4.46
7 2.646 1 15.06 | 0.42 4.44
9 AY [ | 0.45 4.43
14 -3 < 0.55 4.39
21 4 J] 075 4.35
28 5292 2683 | 1.00 4.31

i

=P 20% w/w

L

Il
Table 36C Percéntage amounts of 17p-estradiol from matricjé'él‘containing high MW

Al (%E2remain
' ed)
¥ ¥ =f0 § 80.80 4.60

D

1“ 1 7.08 6.63 7.55 9.63 0.46 450
1.414 9.57
1 3 - n,
X[ | ]

9 3 16.95 16.27 17.80 19.55

14 3.742 20.04 19.31 20.95 22.64

21 4.583 22.94 22.17 24.05 25.80

28 5.292 25.65 25.15 27.20 28.81
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Table 37C Percentage amounts of17p-estradiol from matrices containing high MW
PVAc with TEC 10% w/w and copolymer PVP 10%

time(d) | time(Nd) 1 Mean | SD | In(%E2remained)
0 0 W\ NFFR 0 0.00 4.60
1 1 -h\\\ﬂ J46 F # 67| 857 | 0.90 4.52
2 1414 : ._, 1142 | 0.61 4.48
3 1.732 ==k — 13.86 - ~13.27 | 0.59 4.46
5 2.236;3597—1 16. —ﬁﬁ’ﬁne 07 [037 4.43
7 2.646 8" ¢ 16.43 | 57 | 1.49 4.40
9 3 ' AR 20.24 | 0.02 4.38
14 3.4 ' TR 2 | 0.40 7.33
21 4.583 p) 21440\ 8.22 | 0.82 4.27
28 5; 50% 4 | 1.14 4,22

Table 38C Perce ount 171 s containing high MW

PVAeRVith JJEC 0% w/w and €pp 20%

time(d) | time( an | SD | In(%E2remained)
0 b U 0.00 4.60
1 1 § .990", v 7 8.18 | 1.57 4,52
2 1.414 13.35, 11 1.79 | 149 4.48
3 1.732 1 3. 13.84 | 1.63 4.46
5 2.236 1 899 16.89 | 1.81 4.42
7 2.646 18 : 6.89 | 1955 | 181 4.39
9 3 28" 21.33 | 1.99 4.37
14 874 497 2.20 431
21 | & = /| 2.40 4.25
28 : 2.56 4.20

4

—
Table 39C Perq:ﬁa tage am
PVAc with TEC 10% w/w and copolymer PVP 30%

“Hy
=

|
matricgs|containing high MW

e D _L.In(%E2remained)
0 0 4.60
2126 R\ 97k 1185 4.49
zﬂ 1414 14.95 1579| 1247 1440 | 1.73 4.45
3 1732 | 1715| @ 1807 | 1453w 1660 | 181 @R42
2 1 |
7 7fL |12 1 4
9 j . 2241 W 24148 §=2l03 |
14 3.742 | 29.07| 30.13| 26.09| 2852 | 2.09 4.27
21 4583 | 3341| 3449 3042 | 32.86 | 2.1 4.21
28 5292 | 37.04| 3809 | 3410| 3650 | 2.07 4.15
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Table 40C Percentage amounts of17p-estradiol from matrices containing high MW
PVAc with TEC 15% w/w and copolymer PVP 10%

time(d) | time(Nd) Mean | SD | In(%E2remained)
0 0 AN 0 0.00 4.60
1 1 WM 0| 10.80 | 0.27 4.49
2 1.414 14,08 14.00 | 0.25 4.45
3 1.732 ~elmab0:325}s .04 - @ 16.22 | 0.15 4.43
5 2.23 G54~ W 33 | —=fi:6@u#10.50 | 0.15 4.39
7 2.646 =l DL 1,  1D.33 Sy : 29 | 0.15 4.35
9 3 1 2B.95 24.15 | 0.22 4.33
14 3.4 J0h 8 | 0.25 4.27
21 4.583 3449\ 2.69 | 0.32 4.21
28 5, 08" 4 | 034 4.16
Table 41C Percenig@fe a S f:} adi atMtes high MW PVAc with
TEC#5Y% 00l P2l |
time(d) | time( an | SD | In(%E2remained)
0 ] 0.00 4.60
1 1 9,57\ 9.95 2.34 4.50
2 1.414 12.79, 13 460 | 2.95 4.45
3 1.732 1 B 17.70 | 2.82 441
5 2.236 2 619 2176 | 2.99 4.36
7 2.646 20 9.61| 25.12 | 2.99 4.32
9 3 26, 6| 2737 | 3.13 4.29
14 874 1™ 3.17 4.22
21 | & — 25>/ 3.13 4.14
28 ; 3.05 4.07
Table 42C Per’ﬁjtage am matriﬂcontaining high MW
PVAewith TEC 15% w/w and copolymer PVP 309
o/ Me D L In(%E2remained)
0 00 4.60
D.18 h=e¥ 058 §189 4.50
1561 | 1525 | 1.73 4.44
18.5 18.03 | 1.84 u.41
/ 1 ‘
22W1 | §2 1489
9 ! : 2805 W 2 189
14 3.742 33.49 30.30 3344 | 3241 | 1.83 4.21
21 4.583 38.17 35.18 38.54 | 37.30 | 1.84 4.14
28 5.292 41.90 39.09 42,52 | 41.18 | 1.83 4.07
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Table 43C Percentage amounts of 1 7f3-estradiol from matrices containing high MW
PVAc with TEC 20% w/w and copolymer PVP 10%

time(d) | time(Nd) 1 3 Mean | SD | In(%E2remained)
0 0 0.00 4.60
1 13.55 | 0.50 4.45
2 . 18.05 | 0.45 4.40
3 /’ 4 | 21.04 | 0.68 4.36
5 e 2521 | 1.01 4.30
7 —30:08==p#23 63 | 1.29 4.27
9 . 91 | 1.48 4,22
14 35.90 1.70 4.15
21 2 | 1.86 4.07
28 480 | 1.97 4.00
Table 44C Perentaggfim ic ntaining high MW
PVAC wifh T )t ol
time(d) | time(\d 1 ean | SD | In(%E2remained)
0 0 0.00 4.60
1 1404 1382 | 0.76 4.47
2 1414 .86 . 8.28 | 0.60 4.42
3 1.732 1.83 20.5 1.18 | 0.66 4.38
5 2.236 26.] 85 25.39 | 0.71 4.33
7 2.646 2 : 6 2896 | 0.72 4.26
9 3 32406 86 31.34 | 0.72 4.25
14 3.742 7.3 36.44 | 0.77 4.18
21 %58 A4 0.75 4.10
28 | \ha 0.76 4.03
Table 45C é |q5}0ntaln|ng high MW

PVAcL ith TEC 20% w/w and copolymer PVP 30"4”[

time(d)

In(%E2remained)

4.60
4.47
441

4.37
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Table 46C Percentage amounts of 17p-estradiol from matrices containing high MW
PVAc with DEP 10% w/w and copolymer PVP 10%

time(d) | time(Nd) Mean | SD | In(%E2remained)
0 0 o\ 0 0.00 4.60
1 1 b % W, ' 11.66 | 0.23 4.48
2 1.414 4. 8% Y 14.78 | 0.21 4.45
3 1.732 el 0" 1661 @ 1691 | 0.30 4.42
5 2.23 @05 18 49-4-1—7-720 06 | 0.37 4.38
7 2.646 @I+, 2200 | 43 | 044 4.35
9 3 77289100 24.39 | 0.49 4.33
14 3.7 B4 VP78 4 | 0.58 4.27
21 4583 3 32. 3.11 | 0.83 4.20
28 5, 3 6 | 0.88 4.48

Table 47C PercenigiQe aghout 1’1 atglees containing high MW

PVAeRNith BEP JO% w/w | p 20%

time(d) | time( an | SD | In(%E,remained)
0 | 0.00 4.60
1 1§ 6 M 0.61 | 0.98 4.49
2 1.414 3.33 14.3 3.29 | 1.07 4.46
3 1.732 15, 58 15.47 | 1.15 4.44
5 2.236 1 0 18.83 | 1.26 4.40
7 2.646 21, 64 21.45 | 1.35 4.36
9 3 Z 23.76 | 1.38 433
14 8,74 44 1.47 4.27
21 | ¥ ) 1.72 4.19
28 : 0.98 4.13

4

—
Table 48C Per¢entage am
PVAc with DEP 10% w/w and copolymer PVP 30%

“Hy
=

|
matricgs|containing high MW

e D _L.In(%E2remained)
0 0 4.60
. AN~ A OE 4.49
zﬂ 1.414 13.73 1345 | 1340 | 1353 | 0.18 4.46
3 1732 | 1604 | @571 | 1570 g1582 | 019| @R43
2, 0 . |
7 2 1 1.9 2 19 4
9 oW i 420 Wi 18 |
14 3742 | 2869 | 2831 | 2875 | 2858 | 0.24 4.27
21 4583 | 3408 | 3387 | 3454 | 3416 | 0.34 419
28 5292 | 3715 | 3741 | 371.84 | 37137 | 041 4.27
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Table 49C Percentage amounts of 17p-estradiol from matrices containing high MW

PVAc with DEP 15% w/w and copolymer PVP 10%

time(d) | time(Nd) Mean | SD | In(%E2remained)
0 0 0 0.00 4.60
1 1 2 1256 | 1.90 4.47
2 1414 .,_ E. F| 1578 | 2.09 4.43
3 1.732 . T @ 18.19 | 2.17 4.40
5 2.236 ¥ 20 20l B 1.87 | 2.23 4.36
7 2.646+ b 23P5 a0 72 | 2.23 4.32
9 725 ¥ 3 08 | 2.22 4.29
14 3.7 2671/ 2081\ 1 ]212 4.22
21 003 4 36.8( 3. 2.00 4,13
28 5.2 4 2 1.97 4.07

-
Table 50C Percenigfe a P‘I s containing high MW
PVAGMIth DEP #5% w/w pols %

time(d) | time( an | SD | In(%E2remained)
0 ) 0.00 4.60
1 1 4 X . 13. 227 | 0.67 4.47
2 1.414 ©.19 _ 16.5 560 | 0.81 4.44
3 1.732 7. 9 18.07 | 0.77 4.41
5 2.236 21 p: 6 21.87 | 0.63 4.36
7 2.646 24 137 5= .56 24.46 | 0.97 4.32
9 3 26.98 | 0.93 4.29
14 74 74~/ 0.90 4.21
21 27 1.29 4.12
28 1.25 4.06

Table 51C Per Jtagea

-l_‘

matncﬂcontammg high MW
PVACc with DEP 15% w/w and copolymer PVP 30%

74

=2 Me D L In(%E2remained)
0 00 4.60
. - . 3EAN hed®. 390 BON4 4.47
Zﬂ 1.414 15.10 14.93 16.49 1551 | 0.86 4.44
3 1.732 17.39 | ¢7.16 18.87 17.81 | 0.93 Q4
2.286 3 ‘
7 2 3.41 4.9 2 9
9 2 ' 7.28 12 '35
14 3.742 32.58 32.01 33.40 32.66 | 0.70 4.21
21 4.583 38.39 38.61 39.80 38.93 | 0.76 4.11
28 5.292 41.76 41.96 43.36 42.36 | 0.87 4.05
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Table 52C Percentage amounts of 17p-estradiol from matrices containing high MW
PVAc with DEP 20% w/w and copolymer PVP 10%

time(d) | time(Nd) Mean | SD | In(%E2remained)
0 0 0 0.00 4.60
1 1 > : 15.24 | 0.60 4.44
2 1.414 el L—‘S 02 " 18.67 | 0.85 4.40
3 1.73 2@ 2180 | —10w0dm#?1.14 | 1.02 4.37
5 2.236= 63ty 2589 23 87 | 1.20 4.32
7 2.6 190 97 | 1.11 4.28
9 3 . 1400} 5 | 1.25 4.24
14 3.742 36499/ |/ J36. 594 | 1.43 4.16
21 45 . 4 9 | 153 4.06
28 2 46" - 45 1.60 4.00

Table 53C Perggftagegmatint§ of di tric@8icontaining high MW

PVAC wi OWM

time(d) | time®d) 4 A n | SD | In(%E2remained)
0 0 § 0 0% 0 0.00 4.60
1 1 ] 4.66 15.7 5.39 | 0.63 4.44
2 1.414 8. TEE 19.21 | 0.88 4.39
3 1.732 2 8 2219 | 1.16 4.35
5 2.236 24, - 36 26.67 | 1.61 4.29
7 2.646 ' 30.03 | 1.87 4.25
9 3. 69~] 1.98 4.21
14 [ Y g6~ 2.16 4.13
21 l 25 ]| 241 4.02
28 =13 | 2.47 3.96
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2

Table 1D Correlation of determinatigny(ry) of relationships between percentage drug

nstant), log percentage drug
#rug released versus time( Zero

and copolymer PVP

Formulation cod€

N | O

J’Y/I"%\\ N . Kn R?

ii‘ﬂ ?‘&\\K‘L 60 5:325 0:997
VLN LN\

E,-TEC 10%
“PVP 10%
“PVP 20% |
“PVP 30%

5.750 | 0.995

F “:rzf "‘\\ k 92 5.824 | 0.994

E2-TEC 15% m,, 09 “t\\ 0965 | 4.953 | 0.998

- PVP 10% [ y0.889: ﬂ@w y 0.01 \‘ D.954 | 5.875 | 0.995
. A

- PVP 20% 1, 0.91; « u\ 0044 | 7.146 | 0988

- PVP 30%
E>-TEC 20%

0.938 7.047 | 0.985
0.967 5.049 | 0.999

e

7.102 | 0.990
0015 | 7.094 | 0.983

7539 | 0.981

E,-DEP 10% 4J 0.566 | 0.954 3.695 | 0.998

O 856 0 934

“w Ol
E,-DEP 15%
4
§ [pvP3ow 1094 | 0955 | 0015 | 0975 | 7.150 | 0.997
E,-DEP 20% 0.684 0.938 0.008 0.954 4.498 0.996
- PVP 10% 1.090 0.940 0.016 0.965 7.169 | 0.996
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- PVP 20%

1.150

0.927 0.017 0.958 7.608 | 0.993

- PVP 30%

1.171

0.930 0.017 0.961 7.738 | 0.994

Table 2D Correlation of determi

atign(rg) of relationships between percentage drug
|

nstant), log percentage drug

Urug released versus time( Zero
WQ&? and copolymer PVP
3

-

Formulation code * gl (Q = kyt™?)

- . K R
E,-TEC 10% ' 1 2.860 | 0.995
“PVP 10% 089 56 | 3.931 | 0.996
“PVP 20% L 0 4.026 | 0.997
- PVP 30% 050 52 | 4.275 | 0.997
E,-TEC 15% 441 : 0.940 | 2.914 | 0.994
-PvP10% 0753, ha0ss 0.0 953 | 4.963 | 0.995
“PVP 20% ’ i : 000l 0946 | 4932 | 0993
“PVP 30% 5=+ 010 | 0953 | 5.116 | 0.995
E,-TEC 20% : 0.936 | 3.656 | 0.991

| -
-PVP 10%, X 4"6_‘ )| 6156 | 0992
- PVP 2008, / PR J| 6195 | 0985
-PVP30% = 0985 | 6371 | 0985
E,-DEP 10% 0.446 | 0937 | 0005 | 0 2.938 | 0.995
- PVP 10% ‘ —Y Q0006
of & L AL .

- PVP 30% 0.761 0.918 0.009 0.938 5.055 | 0.990
E.-DEP 20% 0.614 0.948 0.007 0.960 4.032 | 0.998
- PVP 10% 0.861 0.929 0.011 0.951 5.691 | 0.993
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- PVP 20% 0.872 0.937 0.011 0.957 5.752 | 0.996
- PVP 30% 0.956 0.938 0.013 0.961 6.297 | 0.996

ﬂuﬂqmﬂwﬁwﬂwns
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Table 1E One-way ANOVA analysis of E; release rate from E, implant with varying
amount of E;

—

—

——

- q ,"" ifovA, = apiro-Wilk
Pt NN
Release rate of E2 = A'Ilﬂt l

a. Lilliefors Signiff€ance Cafrectign Jf ’EY~

df Sig.

18 210|

*. This is a lower boupg?of thefrugfSiggfifica
Nz
/

y o
; r 'y v Ao
..hL JI c’rb g
- A L sl ¥
Test of Homogeneityf Vriahdd -é

te g
o "r

; =y

Release rate of E,

Levene Statistic dfl

2.578

Q

9¢1ﬁ1uares
||
Wit e,l oupe ® ¥ 585
Total 8.447 17
- —

RIANINANINGA Y



Multiple Comparisons

Dependent Variable:Release rate of Ez ‘

115

PVAc 500K E?d% 43000

PVAC 113K E2 4%

.10333

PVAc 113K E2 6% .32667 .56542

99% Confidence
& ' Interval

- ] ‘ Lower Upper

(1) Formulation__(h«Ferfulation 1 Sig. Bound Bound
Scheffe  PVAC 113K E2 29, ‘ 949 -2.2586| 3.4319|
- .833 -2.0352| 3.6552
1.000 -2.7919| 2.8986
977 -2.3619| 3.3286
.609 -1.7586] 3.9319
PVAc 113K .‘ ; -3.4319| 2.2586
| 2.6219| 3.0686
-3.3786| 2.3119
-2.9486| 2.7419
-2.3452|  3.3452
PVAC 113K E2 6% PVADGJLL2S -3.6552| 2.0352
-3.0686| 2.6219|
-3.6019| 2.0886
-3.1719| 2.5186
PVAc 500K E2 6% .27667 .5654. .998 -2.5686| 3.1219]
PVACc 500K E‘Zﬂ/AC 113K E2 2% -.W .56542 1.000 -2.8986 2.7919I
ﬂ WY IRBNINENNT
566 ] .3 i .87 886 3.6019)
3.2752

3.1719




PVAc 500K E2 -.43000 .56542

116

PVAC 500K E2 6% ol 56542

og6| -32752| 2.4152
56542| 043 -2.2410 3.4486

600 -3.9310| 1.7586

0000] abesi2|  o74| 33452 23452
7Ty — 998| -3.1219| 25686
655 -3.8786 1.8119

043  -3.4486| 2.2419

* The mean differencey

ﬂﬂﬁl’)?l&l“/ﬁﬂﬂ']ﬂﬁ
qmmnmummmaﬂ
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Table 2E One-way ANOVA analysis of Ez release rate from E, implant with varying

genew of

—

ﬁ//m
A/ ED

JRANN
- n. i L
ﬂ. o_,g,)u_ h\\ ¥apiro-Wilk
- T F i !
fistf | 7= i Stausy o

1068
e e

a. Lilliefors Significan Co ;-,r, tion.-

Release rate of E

Levene Statis

.054

Sig.

Release rate of E2 36 .702

*_This is a lower bound oft

a»mmﬂmummmaﬂ
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Multip e Comparisons
Dependent Variable:Release rat OREZ | I'
Scheffe ,

99% Confidence
Interval

Lower | Upper

() Formulatio Sig. | Bound | Bound

PVAc113M TE@ .002(-9.2978( -.7222
.000| 2.4688|11.0445
002 .5455( 9.1212

.000| 1.2255| 9.8012

.001| 1.0588( 9.6345
.000| 5.1622|13.7378
.000( 3.2388(11.8145
.000| 3.9188|12.4945
.000( 1.3488( 9.9245

PVACc113M TEC

PVACc113M TEC 20 PVA ----------- L663337| .73495] .

3.3755|11.9512

il 7349 1.3422| 9.9178

---------------------------- 49 7.4788|16.0545

= , 5.5555|14.1312
el - =

M B 45333 .73@5 . 2.1655(10.7412

PVAC500M DEP 10 | 10.52333"| .73495| .000| 6.235514.8112
7 12.2412
10.3012

PV@13K DEP 10 PVAC113K DEP 20 | -4.43333°] . | .007| -8. -.1455

PVAC113K DEP 15 PVACSOOM(EC 10 | 6.13667m3495| .000| 1.8488§d@%4245

q t-1 LY . a'v- "ar "“:1 ;3."£ :. ‘:‘3'-
q BvALL 13K DEP 20 Py RESHONT e 353667 ¥ 73405| 000| 4.9438| 1> 897

PVAC500M TEC 15 | 6.61333"| .73495| .000| 2.3255(10.9012
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PVAC500M E 7.29333"| .73495( .000| 3.0055(11.5812

P\ ) j J 73495 .003| .4355| 9.0112

PVACc500M TEC 1QPVA® TEC 20 » (3495| .001|-9.6012( -1.0255

'. Dgzo —57833sM=P73,105| 000 -|-1.4655
S 10.0412

PVAC500M DER4 fﬁ i" \ "ﬂqh 006|-8.7978| -.2222

ﬂumwamwmm
qmmnmummmaﬂ
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