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ABSTRACT

The elfect of beta-¢
triameinolone acetonide
complex was prepared b
methy! cellulose
carbopol 934 con
in vivo study w

— — -

yelodestrin (B-CyD)) on the solubility, release chiracteristics and'nculnr binavailability of
(TA) from ophthalmic pels and ocuserts were investigated. Triameinolone ncclpnidc-ﬁ-L)D
¥ kneading method in a molur ratio of 1:1. The aphthalniic gels |earbopol 934. hydroxy propyl
(HPMCY. sodium alginate] and ocuserts (11PMC and carbopol 934 combination. sndlu‘m algtnalu and
bination) were prepared using 0.1% of the drug or its cquivalent amount u.l curr-mlc:\.?ulh [1-(.)!)_.. e
as performed on mule albing rabhits. The drug concentrations were Jetermined in different cye tissues

and aqueous humor of the rabbits atter 1. 2. 4. and 6 br of the application by 1PLEC method.

The obtained vesulis r
lollowing A type
frec TA could be arranged in the following ord
carbopol 934 combination ocuse
the percent released of the dru
significantly higher than that of
highest C,., of the drug in conj

evaaled that, the solubility of TA was inereased linearly as a function of [+-Cy I') cnnc\:nlrullpn
phase solubility diagram, he pereent released of the drug from the prepared tormulations contaming
er: HPMC and carbopol 934 combination ocuserts > sod.. alg!n:uc and
s > HPMC gel > carbopol 934 gel > sod, alginae gel. Moreover. at al! time intervals.
g from ophthalinic gels and ocuserts continine the drug complex with B-C; D was
the lree drug. Concerning the ocular bicavailability. ull tested formulations provided the

unctiva followed by cornea. i is-ciliury body, then the aqueous humor. except that afier 6
hr, it was high in cornea followed b iris-ciliary body. corjunctiva

and then the agqueous humor. The peak time of

maximum drug concentration (1,1 m rabbils” eyt tissues and agueous humor was 4 hr for all ophthalmic gels and

ocuserts. The wtal ocular bioavailability of triameinolone acetonide w

B-CyD.

as improved when the drug was complexed with

INTRODUCTION

Triamcinolone  ucetonide  is  a  synthetic
corticosteroid. It is a sale and cflective drug used for
‘the treatment ol diseases requiring long term ocular
steroid application such as uveitis. macular edema. and
intraocular proliferations ",

The  anti-inflammatory
corticosteroids has been proposed (o be through the
induction ol lipocortin synthesis. Prostaglndins and
leukotrienes. mediators  of  inllammation.  have a
common precursor, arachadonic acid which is released
from membrane phospholipids by phnsphnl‘ipasc A
whose activity is inhibited by lipocortins * ¥ The
relative  anti-inllammatory  strength o various
corticosteroids is as Tollows:
desoxycorticosterone (1.0, cortisone (1.8, hydrocortisone
1.0, prednisone  4.0.  methylpiednisolone 5.0,
triamcinolone acetonide 5.0. Nudrocortisone  10.0,
betamethasone 25.0 and dexamethasone 25.0 %,

“Mora er al.™, reported that. the human sclera is
permeable to triameinolone acetonide and Il“" i sclclml
permenbility coeflicient of LA7H17 > 10 emfs. The
drug has a relatively small molecular \\'(’!I!_.'.Ill (434.5
Da), high lipophilicity. and thus. it can casily penetrate
the sclera, .

- Most ocular diseases are treated by tapical drug
application in the form of aqueous eye drops. Rcccpl
studics have shown that. cyclodentrins are .uscltjl
additives in ophthalmic formulations for h.\crcm‘smgl the
aqueous solubility. aqueous stability and bioay :.nl':\hil.ily
of ophthalmic drugs and to decrease drug. irritation
(547, _Cyclodextrins are eyelic oligosaccharides, with
‘hydrophilic outer surfuce and & somewhat lipophilic

mechanism ol

central cavity, (")-'clndcxlrim. are uble W form waler
soluble inclusion  compleses  with many  lipophilic
poorly soluble  compounds . The abiliy  of
cxclodentrins (CyDs) 10 form inclusion complexes. by
taking up a whole drug molecule or non-palar part inlo
the hydrophobic cavity. may considerably alers drug
solubility. size of dilfusive molecules and the release
behay ior of polymeric systems ¢,

© Drug release from the CyD compley is mainly
caused by dissociation due to dilution in Nuids. 1n the
case ol topical applications. such as ocular, nasal. or
dermal. with minimal dilution mechanism. the putential
mechanism ol drug release from CyD complen is
preferential drug uptake by tissue ", They reported
that, 1" the druy substances possess physicachemical
properties that allow it 1o penetrate into or through
bivlugical membranes (skin, mucoss, or cornen). the
tissue aets as a sink causing dissociation of the
complex. Only a free lraction of drug that is in
equilibrium  with the  complexed  fraction may  be
available for absorption, thus CyDs are able 1o increase
bioovailability raher by deliver the drug substance 1o
absorption st and by minimization  of
hydrophabicity than permeation by itself.

Fhe carrent researeh study aimed 1o investigate the
elleet of inclusion  complexation of  wiameinolone
acetonide with B-CyD on the solubility. Formulation of
this complex in different ophthalinic preparations was
of prime interest. Morcover, the suggested lormulations
containing the drug or its compléx were subjeeted 1o in-
vitto  release  evaluation,  In addition.  ocular
bicavailability: o TA  Jrom selected ophthalmic

drup
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Jlations in different tissucs of rabbils’ cyes was
getermined by 1IPLC weehnique aller its application.

EXPERIMENTAL

1. Materials
Triamcinolone acctonide was supplicd by Wako

pure Chemical Industries. Lid. (Tokyo. Jopan).
sethanol (HPLC grade) was purchased from Sigma

chs, Switzerland). Bela-cyclodextrin (Molecular
weight = 1135) (Nippon Shokuhin Kako Co., Tokyo.
Japan). Benzalkonium chloride, sedium metabisulphite.
disodium edetale and prednisolone (Memphis Co.,
Egyp!). Carbopol 934. hydrox) propy | methyl cellulose
ond sodium alginatc (BDI1 Chemical Lid, GB.
Liverpool, England). Disodium hydrogen phosphate
and n-butanol were supplied by Prolabo. Chemicals.
Paris, France. Potassium dihydrogen orthophosphate
and propylene glveol (Adwic. El Nasr, Pharmaceutical
Chemicals Co.. Egypt). Cellophane membrane.
Spectrapor: M.W. CutofT: 12000-14000 was supplied
by Fischer Sci. Co.. Pittsburgh. USA. Albino rabbils of
1.8-2 ke
2. Equipment

Ultraviolet  spectrophotometer  (Shimadzu, UV-
150-02. Sersakusho. Lid. Kyoto. Japan). pll-mcter
(Beckman Instruments fullerton. CA 92634). MSI=
Minor Centrifuge (MSI: Scientific Instruments, Manor
Royal. Crawley RH/0200 susscx,  England).
Thermostatically controlled shaking water bath (Grant
Instrument Cambridge Lid.. Barrington Cambridge
(B2, 5002, Cngland). Mcmbranc filters (Millipore
Corporation, Bedford. MA 01730, Germany) ol pore
size 0.2 pm. Modilicd dilfusion” cell. Rikugu. model
Dmax 2500 PC X-ray difTractometer USA. Shimadzu
FTIR-8300 spectromeler USA. Rotary viscomeler
(Haake Inc.. Germany). Vortes mixer  (Snijders
Scientific Tilburg-Holland). Iligh performance liquid
chromatography (11P1.C) equipment (Perkin  Llner.
- USA). -

3. Methodology

3.1. Solubility study

The solubility of triameinolone acetonide (TA) in
distilled water alone. in 0.2% w/v ugucous solution of
the polymers (HPMC or sodium alginaic) and in (0.2%
w/v aqueous .solution of the polymers (HPNMC or
sodium alginate) and f3-CyD was determined by the
method of Higuehi and Connors. *'". Lacess TA (40
mg) was added 10 screw-capped vials containing the
aqueous solutions mentioned before. The screw-capped
vitls were shaken for 7 days at 8 cycles/min in a
thermostatically controlled water bath at 37+0.5°C. The
concentration of TA in samples passed through 045
Km millipore lilers: Wils determined
spectrophotometrically at 240 am. The experiments
were done without drug and served as a” blank. All
experiments were done in triplicate and the mean was
Tecorded. : ‘

3.2, Phase solubility stody : )
Ihe solphityy of TA in distilled woter in the

presence ol various concentrations of p-CyD from 0.10
17.62 mM. was Jdetermined by the method of Higuchi
and Connors®'* The stability constant (Ky () was
calculated fiom the slope and So using the following
cquation:

K,.. = Slope/ ., (1- Slope )

Where; 3
Sy is the inirinsic golubility of the drug. L€ the

solubility when nu cyclodextrin is present.

3.3. Determination of partition coeficient
Ten ml ol n-bulanol were added 1o an equal

volume of distilled water and placed in & screw G2ppe
bottles. Triameimulone  acclonide (200 mg) O s
equinalent amovat of the drug complex with B-CyD
was added o the partitioning system. The tubes were
shaken on thermostatically controlled water bath a
37£0.5°C. The iqueous phase and n- butanol phase
were separated and assayed for drug content at 240 nm.
When no difterenee was observed betwecn repetitive
sampling. the ayuilibrium was attained (after 3 days).
The eyperiments were triplicated and the mecan was
culeulated.

3.4. Preparation of triameinolone acetonide-B-CyD
compley

The drug complex was prepared by kneading
method "' in . molar ratio of 1:1. Triamcinolone
acetonide (0.1 gm) and B-CyD (0.26 gm) were mixed
and kneaded in . mortar with an adequate amount of
dectone-water moture (3:1 V/V) Tor 45 min and kept
over night in o Jark place. The resulted masses were
dricd under reduced pressure at 2520.5°C. The products
were then sievey and the fractions of average particle
size 10 pm were collected and stored in desiccators
until usc.

1.5, Characterization of TA-f-CyD solid complex

3.5.1. Neray dilfractometry (XRD) :
Ihe XRD measurements were performed for the
drug  alone.  betaseyelodextrin - alone,  [A-f-CyD
phasical mintre (1:1) and TA-B-CyD complex using
X-ray diffractometer with a 2@ range between 2 and 50
using Cu Ko radintion (A = 13406 A). The NRD
patterns were recorded At room temperature (23 °C),

3.5.2, Infraved spectroscopy (IR)

Infrared spectroscopy was performed on the same
samples oy N-ruy  diffractometry ol ambiem
tempersture. in the range of 400-4000 em™. using KBr
pellets in a Shimadzu FTIR-8300 spectrometer.
3.6, Preparation  of  triamcinolone  acelonide -
“ophthalmic pels ‘ . '

The calculmed amounts of carbopol 934 (2%
wiw). HPMC (20% w/w) or sodium alginate (5% w/w)

“containing  0.01Y%  benzalkonium  chloride.  .03%

sodium metabisulphite and 0.1% EDTA were dissolved
in distilled waier. Then. TA 0.1% (w/wW) or its
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Cquivalent umoant of drug-f-(a 1) comphes, was
dissolved in 20 m| rPropylene ghiad and wdded o the
Previous mixtures. The mixtures won completed o 100
em. and then filled in chean. dr ound serile glass
3.7, Preparation of
ophthalmic ocuserts
Triamcinalone acesonide 0.1% was dissoled in 20

ml propylene glycol. This solation was added 1o 1IPMC
(6% whn) and carbopol 934 (0.03% ww) mistere,
sodwum alginase (1.5% win) and carbopal 94 (0. (4%
wiw) mixture. in disilled wuicr containing 0.01%
benzalkonium chioride. 0.63% soxdivm mictabisulphite
and (J.1% EDTA. Equal volimes from the preparcd
solutions were transforred into poly tetra Tooretin fene
f"'lﬂ“"l muulds, Fach nould was covered with an
inveried funnei (stem ariffce dizmiawr 69 mm) Lo
conrol the solvem cvoporation (he solvent was
permitied 0 evaporate for 4% hr @ ambient
temperature, The formed films were transferned 1o
desiceators containing silica gel, where w was stored for
anather 24 br before wse ', he prepared ocusents (0.4
- 03 mm thickness) nere cut in the form of circular
discs. cach of 6 mm diametars, The ocuserts were
individually sealed in foil sachets until wed. All
ophthalmic preparations used tzcls and acuserts) were
sterilized by sutielaving "',
3.8. Determination of the viscosil A

The ophthaimic gels were suhjcaed o viscusily
determination using rotary viscometier which has been
calibrated before use. The temperatore was maintained
21 37=0.5"C. Onc gram of each formulation comtaining
TA 10.1% w/w) was placed on the plale of viscometer
{wilth a diameter of 2.9 cm) and come with 2.8 ¢m in
diameter, The torque value "S™ were datermined for
cach "N* value (speed). viscsity is calculaled using the
following equa.iom

triamcinnlpne  acetonide

Where, o

n: Viscoslty in mpas (mpa. S = | contipoise)

G:  Instrumental factor ( 14200 mpas'scatagrad Min)
S:  ‘lomue (scale grad.)

N:  Speed (rpm)

39. In-vitro drug velease study from different
formulations _
The rlease of TA Jrom ophtlaimic gels and
ocuserts in phosphate bufler salution of pil 74 was
" camicd out according o the nrctlad udopied by Leny
and Benila''’. Accurute weights 5 gm) of 2ols or
(three ocuseris) contaning 53 mg ol the Jdrug or its
equivalent amount of complex were placed in diadysis
g]m whes (diameter. 3 em). whose kower cod 15 closed
by a semipermeable membrane which is made tight by
rubiber band and immersed in U relcase medium. To
each wbe, 1.5 ml of phosphate bufler was added. Fily
m! of phosphidte bufier solution (pli 7.4} were placed in
150 mil capucity beaker. and the iemperatore of the
medium  was  adjusted Al S7E05C using

ISSN 1 ’"“5019 |

thermostaticatly cuatrolled water bath with mygn.,.
wirrer. Al predeiermined time infervals of S, 1, 3, 30
o, 120, 150, 240, 300, 360, 420 and 480 min_ liene,
a eme wl were withdrawn and diluted the !
Jissolution mediume. which s r.cp!acul with the
valimre of Irsh bufler 0 maintain it a Cunsian
vidgmre. 1 he pereent released ol TA Irom cach formulg
were analy zed spectrophotometrically at 240 nm, Blank
evperimems were carried oul using non-medicaied
forvwlations and senved as blank. “The experim cuts
were tniplicaied and the mean was cilculated.

3.10.  Ocolar  hioavailability of  triamcinolgne
acctonide in ralilils® eves

310,10, Te-vive study

Ovular broaaibability o e selected formalatiog,
on the oses ol Jdrog release was perlormicd on g
New Zaland alhino mbbits weighed 1.8-2 kg The
fulkasing tesed tormulations were used: carbopol 934
ge! contaiming free TA, carbopol 934 pel containimg
TAf-Cy ) compdex. HIPMC gel containing TA-P-CyD
complexn.  THIPAIC and  cerbopol 934 combinaion
vewserts contaimng TA-f-Cy D complex, sod. alpinate
and carbopad 931 combination ocuscrts coataining TA-
-y comples. Animals were divided into five
groups. cach of 12 rabbits. and 100 mp of each
formulation contiining 0.1 mg/ml TA or its equivalent
amoant ol cemplex. was placed in the cul-de-sar of
alvinw cabbits. 1he lower eyclid was genty moved to
sprcad the dose on comeal surface during dosing. care
should be when not W imitate the eye or touch the
comcadl sorlsee. All rabbils were kept in up-right
Posilion in restraming boxes. Three rabbits were used
for the Jetermination of the amount of drug depesited
m ditierent ey e tissues and aqueous humor at each time
mtenal.

Tnameimolone acetonide ocular concentration
was determined at 1. 2, 4, and 6 hr efter dose
application. Therefore. three eyes which receive the
medicament in cacli tested formula were usad tor the
determination of Jrug concentration. For cach animal.
one ere was bincled with the tested formulation. while.

the ather was fosded with the plain base and sened as @
control.

3.10.2. Separation of eye lissues

A dilTerent time intenals (1. 2, 4 and 6 b aiter
dise application. rabbits were sacrificed and the eves
e poplosed and rinsed with normal saline. The
conuncivg was separated. ane ml of aqueows humes
W apiatad fom the anterive chamber - using
WicTometla xyrnge. Then, o single incision was mak
with 3 scalpel at the comeal margin and the entirt
CONZ was evvised. The anterior scgment s
SO G, comea and iris-cilir body was oblained
' thit order. 1 ne whole comea and conjuncliva Were
su_hscqmu,\ dJisected in- situ. Each tissue was fi -
with nemisl aline. blotted dry 10 remove any adhenne
drug and weighed, The exciscd lissue was minced With
methamol 10 cumet TA and methanol was ' the?
Claporiicd. Thea another 300 ul of !“l—‘“'““‘i “"‘.s
added, voresed oy 3 min, - centriluged and m.l
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through 0.2 pm millipore filters. A portion (50 ul) was
analyzed by HPLC. The surgical procedures on each
eye were completed within 10 min of saerificing the
animal. Consequently. any errers due 10 redistribution
of the drug during the time vequired 10 obtain oeular
tissue samples were minimized. Haeh individual tissue
was transferred into scintillation vial and the net weight
ol tissue was determined using an analytical balance
(this is performed by cooperating with an associated
professor of ophthalmology. laculty of medicine.
Mansoura University). '
3.10.3. Extraction of the drug from different tissues
and Muid of rabbits® eyes
The amount of TA was measured by 11PL.C

technique using  a  C-18  reverse-phase  column
(Nucleosil C-18. 254 mm x dmm * Spum. Macherey
© Nagel, Switzerland) at a flow rate of | ml/min and
detected with a UV supecetrophotometer at 250 nm. The
mobile phase was composed of a mixture of’ methanol
(60%) and water (40%) v/v. Analysis was perlormed at
room temperature, Prednisolone was used as an internal
standard (1S) ).

" Aqueous humor samples (100 pl) or iris-ciliray

body (100 mg) were added 1o 25 ul (5 pg ml”’) of

prednisolone by mixing with vortex-mixer for 30 s.
Then 175 pl of methanol was added und mixed using
vorliex-mixer lor 2 min, The samples were centriluged
at 5000 rpm for 10 min & [liliered using 0.2 pm
millipore filters, 150 pl of lilterate was translcrred into
micro vial and 50 pl ol the solution was injected into
the column %, In case of conjunctiva and cornea, the
excised tissue was minced with methanol to extract TA
and the methanol was then cvaporated. Then anather
500 pl of methanol was added. vortexed for 3 min and
centrifuged. Then filtered using 0.2 pm millipore
filters, a portion (30 pl) ol lilerate was analyzed by
HpLC "7,

Data management and siatistical :nml_\'sis.

~ Statistical analysis was carried oul using one wiy
analysis of variance (ANOVA) I'nlltw\\‘uld by I‘uk.cy-
kramer multiple comparisons test . Statistical
calculations were carried out using instite 2- computer
program (Graphpad  sollware Inc.. V2.0 San Dicgo.
CA, U.S.A).

RESULTS AND DISCUSSION

1. Solubility study _
The solubility-of TA was increased in
ol both polymers (0.2% wA HeMC o
sodium alginate) and also in the presence
(0.2% wiv HPMC or (1.2% w/h sodium alginate) & p-
CyD combination. This is may be due to the lormution
of water soluble comples **.

- The abtained results revealed
the drug increased from 4.8£0.1 mg /100 ml {I
alone) to 6.4x0.3 and 7.1%0.5 mg/100 mi by
02% wiv sod. alginate and 02% W !
respectively, Also. the solubility of TA was g
increased in presence of both sod. alainate.ond f-

(he presence
ro0.2% Wi
ol polymers

that, the solubility of
A or drug
adding
HPMC.
catly

Cvi2,

or HPMC and p-CyD. The amount dissolved was

 25.520.01 and 26.7+0.04 mg /100. respectively.

The obined results were analyzed using T test
which indicates o significant difference between the
solubiliy: values in water, 1IPMC or sod. alginale
individuully and HIPMC or sod. alginate with 3-CyD.

2. Phase solubility study

The phase solubility diagram of TA in aqueous
solutions containing B-CyD are illustrated in Fig.1. The
data revealed that. a soluble TA--CyD complex with a
stability constant of 2720 M and complexation
efliciency of 0,114 was formed. The phase solubility
diagram was following an AL type. The solubility of
TA inereased lincorly with f-CyD concentration, The
solubility of the Jrug increased Jrom 4.8 mg /100 ml
(for drug alone) 1 70.9 mg / 100 ml by adding B-CyD.
Also, the stoichiometry of B-CyD complex was
determined 1o be 1:1 (guest / host;.

o

o
c
2.,
EE™ /
g... ] /
[Tl
53 D
= Son ‘,’/
G .
. 3t .
g ﬂ‘.":i» . .
8 na
ax .
-
o 3 0 = r
Cone. of f-cyclodextrin ( i)
Fig. 1. Phase solubility diagram of TA in presence of 8-
CyD -
3. The partition  coefficient of triamcinolone

acctonide and its complex
The partition coellicient values of the drug

and ity comples with B-CyD using n-butanoliwater
sastlem aller thiee  days were 227 and 2,02,
respectivels.  According 1o dhese  sesulis.  the
lipophilicity of Iree TA was higher thun that of TA-f3-
CyD comples. These results are in agreement with that
obtained by Nigner ef al 2", who stated that. n-octanol
/ water partition coelficient ol tenoxicam decreased and
waler solubility  increased  with  the addition ol
erelodestrine,
4. Charactevizition of TA-P-CyD complex
4,1 Xeray dilTrictometry -

Figure 2. llustrates X-ray  ditTraction  patierns
obtained lrom samples containing dilTerent powders,
By comparing the patterns ol TA-B-CyD physical
minture. 121 (¢) and TA-B-CyD complex {d) with the -
patterns from -0y D (a) and TA (b), it was found that
the seattering peaks found in patterns (c) and (d) are
similar 1o cach other, while different from that of -

‘D (ay or FA (b This is an indication that a new

entity is being observed in patierns o TA-f-CyD
phy sieal miste (@) aed TA-B-CyD “complex ()
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relative 1 patterns of -y D (a1 and 1A (h) and thus
corresponds o the inclusion compley, The absence ol
peaks from either 3-CyD or TA on the patierm of ['A-[i-
CyD (d) means that, the amounts ol these substances il
exist) are beyond detection and this arises becouse [i-
CyD remains in a oo small fruaction Tar detection due (o
a high inclusion yield. By observing the scaticring
pattern of TA-f-CyD physical misture (¢). one linds
that all the peaks found in the pattern of TA-f-CaD
complex (d) correspond to the inclusion comples and
exira peaks that were registercd nlung with peaks from
f~CyD (pattern a) corresponding to the free i-CyD. The
absence of peaks from non-complesed TA is caused by
a low percentage of this component in the powder *™.

WM 'wmwﬂ’*"f‘”mﬁmw’

b o

11 TP

............_._MWi-h"}V‘f'r‘fnf.‘c*.-&\'-'-*'«f." ’

Relative Intensity (cps)

a A4 W
- gy
Fig. 2. X-ray ditfraction patterns ol
a- 1A
b- p-CyD
¢ TA-P-CyD physical mustare (1.1

d-  TA-p-CyD comples

4.2. Infrared spectroscapy (1R)

The infrared speviroscopy  (IR) unalysis  was
performed 1o conlirm  the tesulls  from  X-ray
diffiectometry. The IR spectra for all samples are
shown in Fig. 3. The characteristitie hands observed
from the IR daw of TA included the O group in the
range 3390-3362 ¢m ', C=0 bhandls at 1708 cm ! C=C
bands in the range 1603—1600 cn and C-11 stretehing
of sr_g and sp2 carbons e the mnge of 300D and 2900
em . The analysis of the speciiu of TA-A-CyD comples
‘shows OH gmr.ip and C=0 bum|| shified W a lower wave
pumber {3380 ond 1700 em . nespectively) and the
ahsence of peaks cammespond 1o dree fi-C v DL The shifl ol a
" pand on the comesponding carbomy | group proved the
noe of the solid comples formation sugpested this

;ﬂt$¢ ’ :
" . group was not fully. included within ‘the CyD cavity

=) The spectra from TA-f=CyD_physical misture shows

- the OH group band broadening which shilled w « lower
wave sumber (3384 cn L This teadening is an eviden)
for the presencc of tree [FOD. Ale the carbuny)

16

group i

ISSN 1110-5089

o« shilled o a Tower wave number (1703 ¢,

“nd the characteristic band Tor B-CyD at T160 em * vy
)
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Fig. 3. Infrared spectra of?
a-  TA
b- [I-CsD)

c-  TA-B-CyD physical mixture (1:1)
d-  1A-N-CyD complex

5. Fhe viscosity of the prepared formulations

Ihe viscosity values of the prepared ophthalmic
eels were deennined and it was 1498, 1387, 1276.
165, 1051 and 943 m Pas lor 1HPMC gel. HPMC gel
contuining  I'A-(-CyD)  complex.  carbopol 934 gel.
carbopol 934 gel containing TA-B-CyD compley, sod.
alginate gel. sod. ulginate gel containing TA-B-CyD
complen,  respectively,  The  tested  ophthalmic
formulations can be arranged as follows according 10
their viscosity: HIPMC gel > carbopol 934 gel > sod-
algimate pel, Generally, the gel containing TA=p-CyD
complex has low viscosity relative to gel containing
free AL this may be due 1o hydrophobic interaction
between polymer chains and CYD cavily. thus polymer
swelling propenties deereased @9,

6. In-vitro q rug release from the tested formulations

e release characteristics of (riameinolont

acctonide and iis complex from different "P'“h:_'lmlc
gels and ocuserts were studied and illustrated in Fig 3
8 The pervent drug veleased alier 8 hr of the it drog
I HIPNC and carbapol 934 combination ocuseris:
Soud. alginate and carbopol 934 combination ncuscrls:
”P'_“C gel. carbopol 934 gel and sod. alginate g;! m:n.‘
94.5. 36.2. 27.0. 25.8 und 22.6. respecetively.
pereent released after 8 hr of the drug comp!
HIPMC and carbopol 934 combination ocuse(ts 3o
alginate und  carbopal - 934 combinatio :
HPMC gel. carbopol 934 gel and sod. alging
99.5. 56.2. 533, 46,4 and 30.9. The oblained
Clarifiad that, wriameinolone scetonide release ““.“Ih:m »
Comples with -Cy 1) i a rate significandy bighe” T

feget ™
ed rL'.\'ll_I
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e free drug, This indicates o hi;‘:hcr solubilizing elfeel 60
of PCYD- [Furthermore. ll‘w naximum pereent relensed
after 8 hr increased l\\'p-lold \\'I\pl_l lormulated with f3-
oD compared (o the [ree ‘drllg. Phe tested ophithalmic
jormulations contnining TA-.B-( VD ocomplex cun be
ananged 08 [ollows uucnrdm}-. 1 the release rate:
HpPMC and carbopol combination 934 ocuserts > sod,
alginate and carbopol 934 cambination  ocuserls =
HIPMC gel > carbopol 934 gel > sod, alginate gel,

There was a linear relutionship between the
percent drug released Trom various ophthalmic gels and
ocuserts and the square root ol time exeept tor carbopol
034 gel containing lree  drug.  sod. alginue  pel
containing  TA-R-CyD complen,  (sod.  alginae &
carbopol 934) ocuserts containing free drug. (HPMC &
carbopol 934) ocuserts containing TA-f-CyD> complex 10~

50-

40 -

30+

20 —m=—~ Carbopol 934 +

p-CyD complex
—£~ Carbopol 934 +

The percent released of TA

and (sod. alginate & carbopol Y34) acuserts contnining free drug
TA-p-CyD complex which show - lincar relationship
between log percent ol drug released per unit surface 0 ; -
area and log time. The correlation coellicient (r) ranged
. - & 0 200 400 600
from 0.9697 1o 0.9902 and [rom 09521 to 0.9853 lor : :
‘ i . Time (min.)

first and second plot. respectively, The first plot
indicates a typical-root ol time  release  patiern . . '

yP ! Fig. 5. In-vitro release profiles of TA

according to Higuchi equation while the second plot

indicates Fickian-dilTusion mechanism. from carbopol 934 gels

150
60
~#~ Sod.alginale
+ B-CyD complex
< 50- , p-Cy I <
- -5~ Sod.alginale -
N S
13) + free drug ’ e} 100
o 40- ° ]
- 7]
b ©
2 o
a —
£ - )
S £
g 8
. a 20- C  50-
© & HPMC/carbopol 934
L } + (1-C .
= 10 2 -CyD com plex
- == HPMC/ carbopol 934
+ free drug
0 l. - T ' )
0 200 400 600 - 00 T s ‘ .
| : ' : 600 .

Time (min.)
S ‘ ~ Time (min.) =
Fig. 4. In-vitro release profilesof TA o e ‘ ;

from sod. alginale gels. - - Fig. 7. In-vitro release profiles of TA from
| L HPMC/carbopol 934 ocuserts,
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200

~7 peas
400 600

Time (min.)

600

60
50+
R
©
©
8 404
@
2 .
2 3p-
= .
8
2 20+
' ~=— HPMC+ }-CyD
- complex
10 ~= HPMCe free
drug
D [] L
0 200 400
Time (min.)
Fig.6. In-vitro release profies of TA
from HPMC gels
100+ T Sod.alginate/carbopol 934
' + [-CyD complex
< &~ Sod.alginate/carbopol 934
~ B80- + free drug
o
o
-
ﬁ 60-
E
8
404
G
o
.o
F 20

' K Fig. 8. In-vitro release ';iroﬁles ol TA from

- sod. alginatelcarbopol 934 ocuserts.’

T chllilr bioavallabilily of the dvug In rabliits” eyes
« The  concentration  of triumeinolone  acelonide
" uptaken by cye lissues and uquecus humor from
-« gphthalmic gels -and ocuserts which  determiined

HPLC method, is illustrated in Gitblos 1-4.

-0

- Under these g;pcfimmltyl conditions. retention
time of TA was 5.1 min. The obtained resulty showed
R U A & (AR =T L

N

“

.

by

BT

SN 19 f4- $tmg

"

et pead (o of mamen b oo, -

i carboped V34 gel antaining free 1A Carbopg

014 gt JMC gl HPMC and catboped gy

comdbnpatin: oirerts, sod. alginme snd cartomd g1y

cmibinaticey ovserts. bomtaining TA-fHCyD comple, -
o 4 b i ol Lesuca e .iﬂi-ﬂ:ﬂtﬂ of u“:

Eewinnbaim (08l fy B ' ‘ )
Ihe tetal rcular Fessoslabeliy of the !iug b

raivmty” 3o s ahier 4 b was Fm'ﬂ bl 7
wd illustruted e iz 4. were 6368 :"-Si"" 29m s,

2%7).0 anl 31563 eglgm fur cwrhopel G =l

vembaiig Tne 1A cartequl 34 gel am“!.— A4

G 1ML gl aomtaining. TA-P-C3D. soul. aigingse

and carbopol 34 combination ocwscris comMining TA-
fRCsD. HPMOC and carbopnl 934 combination ocumery,
contaiming | A-f03 0. rospociney. '

Ihe €. of TA was: 2599, 785.1. 909, [1Se

and 10622 ny/gm in conjunctiva. 1365. 6873, 8114, -

166 and 27 ) ng/gm in comea. 177.2. 610.4.

Y222 and VUK ng/gm in iris-ciliary by, 2ad 132
685 707,77 and K2.7 ngml = agueous henor e
the same lonsulations. respectively (able 61 Dhese
ohigined resulie shoved thal the higher concentrasion
of the drug upiaken was in conjunctiva follovied be
comuat. ifis-ciliony body and then sgueous bomor [
alt teMed prepanitions except afier 6 br. where #t s m
vomea followed by iris-ciliary body. conjuncing ¢
then syueows humor. These results were similer ]

those obained ™ Gan & @™, who found dm -

cyclsporine A fndls in the conjunctive decressed
much luster than in the comea afier 6 br. This oo be
aftributed 10 1he uptake of the drug Iy | aagorhons colls
and miacropluacs ®9 or to'the dilfirsion of the dree mfo
the blod amd 1y imphatic vessels underiying the fine and
leaky comjimetival epithelivm.

Carbopol 934 and HPMC combination ccusens
contuining 13 complen provided the highest C, in alf
Ussues of eye il the peak time 4 b followed by sod;
olginate and  carbopol 934 - combination  Oeusers
wiaaming 1A-l-CyD complen., while, carbapol 934
g_cl wontining fnge drug provided the least Cow ™ all
Lissues, - '

\reu uniber the curve (IALIC) was nlculﬂfd ..

tsing Graphi®al Prisny 4 cumpuler program Versitm 4. -

New Ykt I was found to be 789.7, 2472, 2969,
BT I IR T he/gm in conjunctiva, 7453, 2406

M0, 3512 wnd d0n3 nehe/gm in comea $33.7. 2072

2479 2864 and 124% ng.hr/gm in irs-ciliory hody and

A77. 3724 296.7. 345.1 and 398 ng heiml in agucoss
vartopol Y34 eel  omaining - e ]'r\l.' ) N

humaor  Jor

carfiopil 934 [.'."I:'mnm‘ming TA-f-CyD. IPMC gl

conLiining: | A1-('yD, sod; alginate and carbopol 934
vombinstion ocisens contsining TA-B-CyD, HIPMC
and carhopol 934 combination ocuserts conlaining TA*

Eﬂ‘-‘": eyl Table 5 represents the dg
bionaidabili o cach  fissue (rom  the bphtnalmi
e

e AUC was caleulated  and found to X

b 3':16 .

Lo®

?

- 2O TIRLL KTMT. 11596 and 10166.) agbrEn -
- -"I'f :Ihl.' t.‘gmc hmulﬂlﬁm‘ rL.'SF.'CﬁVct} ﬂ:ihk‘ 7’ ]niﬂ'ﬂs_. s
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- qudy  also, the tal  bioavailability ol TA  from
preparations  Was in the following order HHIPMC und
carbopol 934 ocuserls containing TA-B-CyD > sod,
alginate and carbopol 934 ocuserts containing TA-p-
cyD > HPMC gel containing TA-[-CyD) = curbopol
934 gel containing TA-B-CyD) > curbopol 934 pel
containing free TA. This linding was in agreement with
the results obtained by Shaker. . who Tound that. the

wlal bioasailabilie of Ciprofoxacin-HCT was i the
following order: 1IPMC gel > MC gel > sud, nlginate
gel.

e results ol statistical  analysis — were
iMustrated in table 7 and showed thul. there is an
eatremely  significant difference between the tested
Tormulations. ‘

Table 1: Concentration of trinmcinolone acetonide in cnnjuncllvn.fj'_t_l_n_l_uph_lI»;glgylcprcparnlions

Formula Concentration ol triamcinolone acetonide (ng /gm) £ S.D
Gels —___ L ) Ocuserts
Carbopol 934 + Carbopol 934 + | HPMC + Drug- | HPMC Sod. alginate
: free drug Drug-p-Cy 1) poyy o earbopal 931 cahop 9
Time * £ r ’ Drug- -CyD PDrug- (-CyD
(hr)
1 43.6 3.1 209.0+ 22,7 242. 7240 | 3280+ 17.3 2825 = 14.8
2 127.4 £ 8.8 303.0+ 15.5 3973 £32.7 | $33.3£23.5 4642 = 211
4 259.9 £ 26.1) 7851+ 70. 6 909.0 + 20.8 ' 1130.0 £ 55.0 1062279
6 35.2 % 3.2 238.6% 208 312242323 A4 =301 3424 = 335

Table 2: Concentration of trinmcinolone acetonide in cornea from aphthalnie preparations

Table 3: Concentration of trinmcinolone

Formula Concentration of triamcinolone neetonide (ng /gm) = S.D
Gels - Ocuserts
WC 3§ .
Time Carbopol 934 + | Carbopol 934+ | HPMC + Drug- TIPMS, + Sod. alginate
(hr) Irece drug Drug-p-CyD f-CyD ' carbopol 934 + carbopol 934 =
) : ‘ Drug- f-CyD Drug- f-CyD

] 353£8.1 1715+ 3.5 2082=19 1 286.5%9.1 2439=318

2 112.933.0 | 25384394 357.64224 1938 13.7 4162312

4 236.5 = 1.8 687.3 % 8.1 BIT8+22  (066.6%117.1 |927.9+39.2

6 67.7%214 . 530.3£4.3 6774£257 2.8 %43.2 788.4 = 69.9

acetonide in iris-ciliary body from ophthalmic preparations

Formula Concentration of triameinolone _:Egcluuitlc (ng /fgm) £ S.D
- Gels . Ocuserts
» alot .
cﬂrt?l,pgl 034 + C ur!mpul 21: +7 l-ll)l'vlc'(‘*'ll))rng- [i- cm':alclapr::l(:);.l N :ll:t;“;ﬁlg:;l:-:
Time free drug Drug-p-CyD ) Drug- f-CyD Drug- p-Cy D
(hr) L B '
1 3223 3194 5.7 1598 % 1.6 203.9£03 1858+ 24.6
2 SR12300 | 210.1%17.2 | 2033104 352.8£13.3 3093 £ 42.8
3 7732155 | 604170 [ 6066 922.2¢182 798.5 £ (0.7
5 TI8£29 T 300,60 £14.7 543.04 234 60704 211 617.5+353,1

ectonide i aqueous humor fram ophithalmic preparation;

Table 4: Concentration of triamcinolone ac

an3+39

-

Formula Concentration of friameinolone lugqlu_grlnjtlc_(r!g /ml) = 8.D
T Gels . o Ocuserts
. T | 1IPMC + Sod. algi
Lo Carbopol 934 + [ Carbopol “33'?' + IQU)MCC'F l?l‘llg- ' carbopol 934 + {i\orilgitﬁll';?‘r‘fi
- -'u::-')m Tree drug I)rug-ﬂ-t} 1 B-C t Drug- fCyD | Drug- B-CyD
— o T TewEid | aarlg 0 30227 284£2.7
2 6a=05 40,12 3.0 5204 1.0 M.5+4.9 61,182
3 173273 "— T o854 4.9 -~ 71,7+ 201 - 97 £97 8274 8.0
. 6 7.6 + ”'9’ = 5 | ( _’:‘ .'_"” (‘7.3 * .4.(] 50.7 ES .('l
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Table 5: Area under the curve

ISSK (105089

(AUC) of triamcinolone acetonide aphthalmic preparations

for difTerent eye

e —— - —

Sod. slginate
carbupol 9+
Drug- -CyD

34450

—

15120

|
{__ PO S I—.
!
1

tissues -
o AUC,, (g arfpm) &l
Formula oo Gels T , ____Ocuserts
_ ' Drnpe Heme + |
Carbopal V341 | Carbopal 934 + A lang : 94
Tie ree deus - ' (100D carbopot Y
issue ree drog Drug-f-CyD ’ Drug- 03D
i
Conjunctiva 789.7 B 24720 U] : -—3RH_7_‘;(|
Cornea H5S 20600 wien 0630
Iris-ciliary body 5537 720 00 32480
Aqueous humor 47.7 2734 0.7 ‘ wEn o ; 5.1

Table 6: Peak concentration (€,,,,) and peak time (V) of teiamcinolone neetonide for different eye Gisues

Wedn

e

Formula Peak concentration () anmd peak time( 1,,,.) of triamcinolone acetonide for different cye
o lissues _ —
- Gels : Ocuserits }
T - - 4
‘o . | - Sod. alginatc+ |

C-ll'b“" | ‘).‘-’ -i g U2 l”'hl( ’)rub 1 '”’M( + =
+ ﬁ‘t:llt(:ll'll“' ‘ ||)'ll::;r_“[;l.3::)+ f-CvD ' curbopol 934 + carbopol Y34 +

- - . l Drug-f-CyD Drug-f-Cv) |
- SR ]
Cmn .rm.l\ Clll.h I wan (.“, " I s l ) L-m " -I e (.w ‘ e i
pe/gm | (hr) pgl/am thr) pe/em they | uwgm thr) pg/gm thr) |
Conjunctiva | 2599 | 1 | T78SI|" 3 [wooo | 3 [ visio | 0633 | 4 |
Corneca 236.51 4 O87.3 4 8118 4 | 10666 4 Y17.9 4 1
Iris-ciliary body | 177.2 I al0d 4 (4904 1 | 9333 1 7953 E
Aqueous humor | 13.17 1 68.5 4 717 1 4 ‘,- v17.7 4 827 4 |

Table 7: Total ocular bioavailubility of triamcinolone acetonide from various ophthahnic prepnralfons in

rabbits’eyes R
Formula - . ) ) ™
Fotal ocubar bioavailability of trinmeinolone acetonide (ng. hr /gm).
) Gels Ocuserts
Time e
(hr) Carbopol 934 + | Carbopol 934+ [ HPMC 1 Dryg- HIMC + Sod. alginate+
free drug Drug-f-CyD -ty zarbopol 934 + carbopol 934 +
. Drug-p-Cyb Drug-f-Cyv)
| 107.2 532.3° 63,1 R40, 47 740,67
2 3348 81 ").“" Iﬂ'i(.l.}""' o o T:l,:() "'Ih I)jn xﬂmd. :
; TTTRTEI A gy gl e - -

4 656.8 JEIEES 24829 3230.5 T
6 1533 121880 AR AT T e
AUCes 31366 | 72320 ¥, | T T Trseem l’U“I“-’“’ —

Data are expressed as mean. - ' - 06|

-a- Significantly different at < 0.0001 compared with carbopol 934 el 4 liee

drug.

b- Significantly dilferent at P= 0.0001 compared with carbopol 934 gel rdrug-B-CyD

c- Significantly difTerent at < 0.0001 compared with HPMC

d- Significantly difTerent at 1=
ocuserts + drug-p-Cy)

(ANOVA) followed by Tubey-Kramer Multiple comparisons et was

gel + dryp- []'.()[)_ .

0.0001 compared with HPMC and carbopol V34

n

adapied.
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CONCLUSION
From the obtained results. it could be concluded

The solubility of triameinolone acetonide had been
greatly improved by the complexation with f-CyD.
Also. the rate of drug release from the ophthalmic
gels and ocuserts was improwved

The peak time of maximum drug concentration in
rabbits® eye tissues and aqueons humor was 4 hr
for various ophthalmic gels and ocuserts.

All tested formulations provided the C,,.. of the
drug in conjunctiva followed Iy corne, iris-ciliar
body then agucous humor exc.opt after 6 hr where it
was as . follow. cornen. iris-ciliary body.
conjunctiva then aqueous humor.,

The total ocular bioavailakilin of wiameinolone
acelonide ‘was improved when (he drug was
complexed with 3-CyD.

- The total ocular bioavailability of the drug Trom

the tested formulations. was found 10 be in the
following order: 1HPMC and varbopol 934 ocosuris
containing drug- f-CyD sod plginate and
carbopol 934 ocuserts containing drng- f-CyD) >
HPMC gel containing drug- [i-Cy 1~ carbopol 9341
eel containing  drug-fi-Cy D) carbopol 930 gl
containing free drug,
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