CHAPTER III

MATERIALS AND METHODS

Materials

Drug: -

Zidovudine (AZT) : 10 | de, was from Brantford Chemical,

Ontario, Canada)

/

0
.I By
.

Disodium hydr : \ oride, sodium bicarbonate,
b = j \\
sodium carbonate anhy r‘s‘.;,_. phosy ere obtained from Farmitalia
. 'H-.-"" ¢ : \
Carlo Erba, Milano, Mil qﬁ% % \ ‘
n .

de, sodium dihydrogen phosphate,

Sodium acetate anhydra L {is, 50
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&
~L |
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e (trib

- -
Lauric acid was. n \any.

and sodium phospha armstadt, Germany.

Monobasic pomsium phosphate was obtained mm Ajax chemical, Auburn,

Ausisie. 349 ] Effj NeN %uw N9

Sodium hydroxide was from ;ka Nobel, Bohus Sweden

ARIANN I 1NIINYIAY

Reagents - Almost all reagents were AR grade, unless they were mentioned
otherwise.

Bis (d — ethylhexyl) adipate purum, Isopropyl myristate, n-decanol,
n-heptanol, n-hexanol, n-nonanol, n-octanol, n,n-dimethylacetamide were obtained

from Fluka Chemie, Buch, Switzerland



34

Isopropyl palmitate and medium chained triglycerides were from Unigema,
Selango Darul Ehsan, Malaysia.

Absolute ethanol was from E. Merck, Darmstadt, Germany.

Ci2-15 alkyl benzoate was from Finsolv TM TN, Fintex, USA.

Glacial acetic acid was from F16828, J. T. Baker, USA.

UnitedDispensary co., L

Membranes:.-

Controlled ¢ ')F R

"'tr

A) membrane (3M™
Cotran™ 9702 Membmne) and microporous polyethylme film (No. 9711 Cotran™

e B ATEN NN T

Porous Polycarbonate memgrane (Isopore ot Membrane filter was from

senei o PARIR A ) INYAY

Newbom pig skin was generously supplied by, Local farm in Nakornpathom,

Thailand.



Equipment: -
Analytical balance (Model A200S, Sartorius GmbH, Germany and Model
PB3002 Mettler, Switzerland)
High Performance Liquid Chromatography (HPLC) (Thermo Separation
Product Sanjose, USA) consists of Autosampler : AS 3000,
Pump: Spectra S W} V absorption detector: Spectra
SYSTEM datz st ted by software P1000.

Magnetic stirre ' , Thermolyne, USA)

Modified Franz di vn ( ; pany, Inc., New Jersey,

HPLC column (w, '=' m, 250 x 4.6 mm,
MA, USA)

Ultrasound transonic digital sonicatc 900,-Elma, Germany)

Ultraviolet-visib S&tsonic 3000, Milton Roy,

USA) !B JB
Vortex ﬁ)u ﬂxta( ﬂxﬁmw Efq mntlﬁc Industries

., Bohermia, New xork USA)

aamamm T TR DI Bl . e

24224565
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Methods
There are three experimental steps for developing AZT transdermal drug

delivery by membrane controlling system, they were as following:

1. Determination of physicochemical properties of AZT

2. Preformulation study of AZT

3. Evaluation of AZT tran

\\“‘“:

Physicochemical § of dtug “\\
(pKa) and partition coefficignt Lt %\

\ rmation about the dissociation

uch as dissociation constant

ng transdermal drug delivery

AZT, it was necessary to these

1.1 DetertnafiONOEaISseiio e Dof AZT

L7 ,\‘ |
The  dissoe "L was determined by

|
i
spectrophotometric metlp%(Martin 1993)Jhe standard solutions of 1 x 10" M of

Az i umw:lfﬁm sl id sob o i Tt 5.

’Q‘W’m\ﬂﬂiﬁu URIAINYAY
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Table 5 Buffer solutions for pK, determination of AZT

Buffer solutions pH range
Glacial acetic acid / sodium acetate 5-6.5
Dihydrogen sodium phosphate / 7-8

disodium hydrogen phosp

e //_/{‘f.r 8.5-10.5

—
| | 115

Sodium bicarbonate / sodi
Disodium hydroge

sodium phosphate

(A \ \
\\\ lobe 5.0,5.5,6.0,6.5,7.0,7.5,
: le, the ionic strength (1) was

% (i7F
The pH values of AZT buffeg'so &m.

Eﬂ
8.0, 8.5, 9.0, 9.5, 10.0, 1015, 1@:’1

fixed at 0.1 M by utilizing s odidf ehioride:
z :J“H:‘f b ) )
A 60 mcl of A nda : M) was mixed with a 3 ml of

Bk orbance of AZT buffer

various buffer solutiois
solution was triplicatelmdetermined at 267 nm through ]\ﬂton Roy Spectronic 3000.

The abﬂbﬂﬁ %’lﬂaﬂlﬂﬁ‘gwmﬂﬁnd the absorbance of

the unprotonatea"l(Ao) and protonated (A, ) species were determl from this plot.
=X p

he il Gl rorshd e ind mmanamdpm For

more accurate determination, these pK, values were transformed to K, and then

substituted into eqn.8 for calculating the absorbances of AZT
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A = (AJKa] +A[H]) /(HT+Ka) cevennnnen. (8)

where A is the calculated absorbance at any given pH value, A, is the absorbance of
the unprotonated species, A, is the absorbance of the protonated species, and [H'] is

the concentration of hydrogen ion.

The similarity factor f5, ‘ used for comparing the absorbance-

............................ 9)
where f, is the similari 3 th .»'.'n \: absorbance, and A’ is the
experimental absorban % -pH Valug as noticed that the higher the f,
value, the more similari
1.2 AZT partition
The partition coefficient (K, [ AZ iﬂrucial factor for designing

suitable co-solvent systemsfor AZT to pemmeate through the skin. Therefore, the

—y Qd‘l{lﬂﬂgﬁ,ﬂﬂ i o g i ozt
| T’ﬁ NI e g

bath. Nifie organic solvents with different in polarities values were employed, they
were n-hexanol, n-heptanol, n-octanol, n-nonanol, n-decanol, dichloromethane,
chloroform, carbon tetrachloride, and hexane. The phosphate buffer pH 7.4 was

saturated by organic solvent and organic solvents were also saturated by 0.01 M
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phosphate buffer pH 7.4 overnight before using. An equal volume of AZT at 20
mcg/ml in 0.01M phosphate buffer pH 7.4 was added into a glass stoppered flask.
The flask was then shaken at 50 rpm for 24 hours in a shaking water bath with
temperature controlled at 30£1°C. At the due time, the separated aqueous phase was

spectrophotometrically analyzed for AZT. The concentration of AZT in the organic

phase can be calculated from t ZT between the initial time and at

the equilibrium. Therefor _ s then calculated from eqn.10

where Cy is the concen 'Iﬂ! the organi ase; C,, is the concentration of

2. Preformulation's (

§ — Y

In order to” de al —delivery

system various

preformulation techmque? were conducted. The effect of various the vehicles on

solibility of Aﬁ u E}t%‘ﬁdﬂrﬂﬁew E'}ﬂ@vems 35 ithe vehicle

for AZT were se ected and permeation characteristics of the drugsthrough the skin
were eﬁ mf] a ﬂiﬂ ivmum f[] luﬂ@ﬁnﬂoyed into the

formulatlons and the in vitro permeation studies were therefore investigated.
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2.1 Solubility characteristic of AZT in variety of solvent systems
The purpose of this experiment was to study the solubility character
of AZT in various solvents with a wide range of dielectric constants as tabulated in
Table 6.

The non-equilibrium method (synthetic method) was utilized for

approximating solubility ‘-.\“‘.“ AZT / Fhis method is simple and less time

consuming (James, 1986 en milligra as accurately weighed into a
| ——

10-ml test tube. The :  solvent was gradually added by using a
w

: completely dissolved. The

experiments were perfo ontfolled temperature of 30+1°C using a water

its were triplicately determined. The

¥’

where S is the solubilim of AZT (mg/ml), Q is the amount of AZT added (mg), V is

the total voluﬁﬁlﬁﬁeﬂﬂ ln%’ NN
PRI TUAMINYAE



Table 6 Solubility study of AZT in various solvent systems

Solvents Dielectric constant (g ) Polarity classification
according to €
Mineral oil 2.1
Silicone / Non - polar
| Z
Isopropyl mysirtate (IPMjw.f _-""_.ﬂ
PEG 400
Isopropyl alcohol (IP e
Ethanol . Semi - polar
Propylene glycol 24639#:
n,n-dimethylacetamide 3 ‘,’;
DMSO J.ai
w )
Water ‘ lar

* From the pharmaceuticalmdex principles and practice of pharmaceutics 12

1994

M NEN TNEIN
T ARTRH T
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2.2 Determination of appropriate combination of vehicles for AZT
From Section 1.2, the log partition coefficient (log K) value of AZT
between octanol and phosphate buffer pH 7.4 was determined be 0.02 that implied
the difficulty in partitioning or diffusing of AZT through stratum corneum. From

Section 2.1 AZT could be more solubilized in many semi-polar solvents. An attempt

to increase the partition of AZ eum and also to enhance diffusion

through the skin in order-te. ine: ‘ ﬂux was then conducted by

determining the potenti \
IPM, PEG 400, 3 \\\ osen for combination study.
_;-_,; - $\\§ atio 50/50 and the dielectric
ﬁ‘ o+

cording to eqn.12

gca = ( FFAB XERYE oo, (12)

The € g is t '?‘: \ ! he volume of solvent A ;

€a 1S the dielectric conwant of solvent A; %B is the volume of solvent B,

isthe “‘e‘eﬁu‘ﬁ@%‘il’ﬁiﬂﬁw BIN3
Wil SRR BAANEINA Bl 70 o

saturated AZT in the volume ratio of 50:50 as shown in Table 7.



Table 7 Preformulation of AZT in various binary vehicles
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Composition

Formulation ( binary vehicle, V/V )

Ethanol

Water

[PA

PEG 400

IPM

AZT

k> F4
50

50

50
50
N

V' = 70% of saturatemZT in each binary vehicle

AULINNTNYINT

The solubility of AZT in these binary vehlcles were determmed using the

s QAR RN ] 3 o1

was added into a screw-capped test tube containing 5 ml of a solvent or a binary

vehicle. The test tube was continuously rotated using the top to bottom rotator

(Higuchi and Connors, 1965) for 24 h at 33£1°C that was the ambient temperature

for in vitro permeation studies at the donor compartment of diffusion cell. The

saturated AZT solution was then centrifuged at 5000 rpm (relative centrifugal force =
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5245 g) for 10 min. A 500 mcl of supernatant was pipetted to a 10-ml volumetric
flask and adjusted to volume with absolute ethanol. This solution was diluted with
HPLC mobile phase (methanol: water; 60: 40) containing internal standard (methyl
paraben) to obtain the final AZT concentration of 2-10 mcg/ml. The solution was

then injected into HPLC for AZT determination in triplicate.

.

High-per ‘ ch@phic technique for AZT

analysis : —

The HP as processed through an

Spherisorb® ODS colu Vater) with methanol:water
(60 : 40) as the mobile ‘min and detected at 267 nm .
Analytical

The analyti nethiod used T determination was validated

under USP criteria. & ¥he analy Bleh suitability, specificity,
accuracy, precision, litmarity, and limit of quatitation. The standard solutions of AZT

in the concenﬁiﬂﬁiéio%ﬂ Wﬁ%r WrﬂngﬂTls validation. The

validation resultﬂare given in APPEPIDIX A.

In vitro Permeation study

The in vitro permeation study was a tool for determining the most
suitable combination of vehicles for AZT, which could provide the highest flux and

permeability coefficient of AZT.
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Preparation of skin

The newborn pigs (local pig, 1.1-1.4 kg.) were obtained from the
province of Nakornpathom, Thailand. Abdominal skin of a newborn pig was
carefully excised and inspected for any defect; e.g. scratches, bruises, or bites.

Subcutaneous fat and other extraneous tissues adhering to the dermis were

completely removed and trimm

-\\ ’w using forceps and scissors. The skin

was cleaned with the phosphate buffer iall (PBS). The skin specimen was
e —

cut to the size of 4x4 cmm—' i i stored at -20°C. The frozen

The donor compartrrimt that faced the stratum

corneum surfaFT:ﬁEj‘dijﬂ Etjﬂ %’wﬁﬂ]ﬁﬂjbinary vehicle. The

receptor compartment, which faced tk;e dermis side, was filled w1th 12 ml of PBS pH

ra il R GINF G SV INYAY

The donor compartment was covered with polyester film laminate occlusive

varied between 11.5m.1 ml.

(Scotchpak TM, 3M, St. Paul, MN, USA.) and aluminium foil to prevent the
evaporation of donor solution. The temperature of donor solutions was 33 + 1°C. A

2-ml sample solution was withdrawn from the receptor at appropriate time intervals
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up to 12h period. The sink condition of the receptor was maintained by adding PBS.
The internal standard was added into the withrawal solution from the receptor

compartment and analyzed for AZT using HPLC.

Calculation of permeation parameter

, ’,yy"as calculated by multiplying AZT

concentration with the rec -Fo i specimen, drug permeated per

The amount of

unit area was plotted a (Jss) and lag time (L) were

calculated from the slop X-i \N,\ rp ortion of the plot that was
fitted through the regressi ', — \\

The permeability [ 'was calculated from eqn.13

where C4 is the satura " : : m icle (mg/ml).

1] :

For pre ﬂgﬁ %’(Wuﬁ\miqrrﬁ the steady state flux

(Jss) can be relatg to steady stat plasma concentratlon as shown below:

wwmnim UANAINYAY

If the maximum surface of transdermal patch are supposed to be 100 cm?” (A),
the standard human body weight (BW) is 60 Kg, the therapeutic AZT level (Css)

equals to 0.2672 mcg/ml, and AZT total clearance in human (Cl,) is 1.30 L/Kg/h.
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Then flux ( Jss) can be calculated to be 208 mcg/cmZ/h. This is the expected flux that

being targeted for the proposed AZT transdermal delivery system in this study.

2.3 Preformulation of AZT in suitable binary vehicles

To preformulate AZT Wuitable binary vehicles, two steps were

@ate volume ratio of combination

vehicles from 2.2. The w:’_* tchted volume ratio from the

first step for determiniW i

Saturated soluti

preformed. The first step wa

lations in order to obtain

maximum driving forc _ /6). ) mixtures were visualized

"’lf dl" ‘ ,'
vehicles at 20/80-volume ratio Wwe: e low ethanol concentration could

hydrophobic cosolvents could synerglstlcally enhance AZT penetration. The

importance orﬂ ulg ’}Pﬂa&]x%‘ijp&] ']dﬂg‘iemeatlon had been

documented, an}| most researchers had paid attentien to hydrophilie.vehicles whereas
the use%fw;:lpab}a Qim ulmr};g Mr&pl-fo-l}i@oﬂnts that have
ever been studied were tricaprylin, triacetin, squalene, liquid paraffin, isopropyl
myristate, silicone fluid etc. (Goto ef al., 1993, Lee et al., 1993, Jin et al., 1996; Kim
and Chien, 1996). In this study, four hydrophobic vehicles, with polarity indexes are

close to IPM (24.3 mN/m), were chosen in order to mix with ethanol at 20/80, and
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the permeation parameter will be compared with IPM. They were medium — polar
and non-oleaginous emollients usually in various topical pharmaceutical
formulations and cosmetics with difference in polarity index. The Cps5 alkyl
benzoate (FIN), medium chained triglycerides (MCT), isopropyl palmitate (IPP), and

dioctyl adipate (ADI), the sequence of polarity index of these vehicles are 18.8, 20.2,

The solubility ow-’ urated coneentration in each binary vehicle was
determined as stated in 4 pre s were freshly prepared by

accurately weighed A solubility, into a 10-ml

"

volumetric flask. The bi icated until AZT completely

&
dissolved and the volume

In vitro permeatio ed according to the method
mentioned in Section 2.2. iate time intervals for sampling

AZT from receivin h’f;yj u e Steady-state flux.

g §
AULINENINYINT
RININIUUNININY
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Table 8 Preformulated AZT for volume ratio selection ethanol and IPM

Composition Formulation (binary vehicle, V/V)
F5 F6 F7
Ethanol 20 30 40
IPM 60
AZT v

Table 9 Preformulated A th ethano her hydrophobic vehicles

o AU
~ARIRINTUUNTINY QY
AZT v v v v

V = saturated AZT in each binary vehicle, FIN = C,y s alkyl benzoate; MCT = medium chained

triglycerides; IPP = isopropyl palmitate; and ADI = dioctyl adipate
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Statistical analysis
In order to select the suitable binary vehicles, the statistical analysis
was performed. The one way analysis of variance was operated under SPSS version

9.0.

2.4 Study the addition of enk into preformulated AZT

represent a hydrophili ith unsaturated fatty acid

and saturated fatty aci iree enhancers with three

different concentratio \ preformulated AZT to obtain

the different AZT formulati displaye \ . The permeation of AZT in

these formulations were then defe 0ss newborn pig skin in vitro. Any

enhancer solution thatican . MAMI“-_ ation rate. of AZT through pig skin
i~ . )

y system.

ll 1
ﬂumwﬂmwmm
qmmnmumwmaﬂ

would be mcluded in pi



51

J01Y2A ATRUIq YOBD Ul [ 7V PIjeInjes —

~a) i
u____ﬂl
A A A ~ ~ A A~ A~ ~ a ulﬂ_ A LZV
* N L 01
" = ¢
2 I
m o (A/A%)AIOV ORINVT
A.ﬂ- 01
* S
- I
o (A/A%) 41DV 21910
* ; AEPstally o 0l
* A A MR _-..,-. , N.M S
* e : ¢ oy ok I
- |3 (A/A%) JNN
0L 0L 0L 08 08, dI
0¢ 0¢ 0¢ (4 . \ 0 Iﬁ 0z" TONVHLY
€td ed 174 0zd I A qd Sl dE o 4!
suonen a1d .m 3 EIRILEYN
«F C

=

SIOUBYUS JUSISJJIP 321y} YIIM 17V vm.ﬂ:_ﬂuo.«o& 01 2198l




52

3. Evaluation of AZT transdermal delivery system

The effect of controlling synthetic membrane on the release and permeation
of AZT from the prepared transdermal delivery system was investigated. The
candidate formulations, which had provided the highest flux of AZT formulations,
were selected from section 2.4. Two types of controlling synthetic membranes were

/ s membranes (polyethylene (PE)

n-porous membrane (9% ethyl

used in the study. They

membrane, 3M, average

EVA nonporous membrane
were utilized instead of i € h ‘modified diffusion cell. Either
the receptor compartment of

ained PBS pH 7.4 which was

e donor compartment was

exposed to ambient perature. A 2.0-ml from the'meceptor compartment was

withdrawn at ﬁeﬁtﬂ‘nfjnwzsl ﬂfﬁ‘fwﬂ'arﬁﬁvla HPLC. The sink

condition of recéptor compartment s maintained usmg freshly [gjpared PBS. The

two%@ﬁﬁwmwwmag e hor catcuaton

of permeatlon parameter as in Section 2.2.
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3.2 Effect of controlling membrane on the permeation of AZT in in
vitro
In vitro permeation study of AZT was performed using a modified
diffusion cell (as already described in Section 2.2). The controlling synthetic

membranes were equilibrated over night before use by soaking in the formulation

without AZT. They were then a born pig skin and clamped between

the donor and the receptor ¢« iffusion cell. The procedure for

the in vitro permeation was thea-followed as / des ribed in 3.1. The previous

investigation it was foundsthz -/ thy en \~ ICropo! us membrane retarded AZT

flux so polycacbonate mieropor. \erage pore size of 0.4 mcm)

-

was used to observed thé offet ‘of mie s membrane on AZT permeation
mu-i
nl. f o .' .
together in order to confirm effect of micropo 1embrane on AZT permeation.

,-’“

Statistically analysis™ w .,é,.b'f‘-h 31 5S 9.0. The parametric tests,

L o )
independent T-test was used. ==~

S~ |

r

!D 9
ﬂumwﬂmwmm

ammnim URIAINYAY
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