Chapter II

Materials and Methods
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Ltd., England)

e Lactose hydrous (Wyndale, New Zealand)

e Magnesium stearate (supplied by Pharmaceutical
Sciences, Thailand)

+~ Fhoophyliincanhydrous5#; Hatch No. 890314



1.3 Commercial Products

e Theo-Dur® 300 mg, Batch No. SA754

PBlerck, Darmstadt,

Germany) .,
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Vivo Evaluation
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2.1 Pooled Plasma
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After the whole blood of the rabbits without
drug given was collected in heparinized tube, it was centrifuged at a
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speed of 3000 rpm for 20 minutes. All separated plasma from >
three rabbits was then mixed together and kept refrigerated at -10°C
until subsequent analysis.

2.2 Internal __=_l"
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Zinc sulfate anhydrous, AR (E. Merck, Darmstadt,
Germany)
e Heparin sodium 1000 iu/ml
Membrane filter 0.45 um
Commercial rabbit food (Gold Coin Mill, Singapore;
Distributed by F.E.Zuellig Ltd, Thailand)
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Methods

The various procedures performed in this study can be divided
into two main sections with the sequential steps as follows.

1. Formulation aﬂ_ siantLin Vitro Evaluation

First of alltHEsbri¢s of tablets con ' osed of active ingredient
and retarding agené®wefe! pre :‘:_ 2 \-\\ s of conventional wet
granulation and I' re \ ofiles in two dissolution
medium, 0.1 N HCldand { ‘ .- ffer. The most suitable
formulation was then gelafté @ velopment by adding various

1.1 ”*U haration o

The g:g.nules of thegphylline w1th varying quantities of

Methocel E4M {Tabic 2) Wefel Brepardd| 6y meis f wet granulation.
Both ingredierits were firstly weighed and mixed in a moriar by geometric
dilutio|njélhod; Théd bbjohité éthatiol eb Kddet grédudlly as the wet
granula;lmn process was carried out until a subjunctive end-point. The wet
mass was next pressed through a 16-mesh screen and placed in the air for
15 minutes to evaporate ethanol before ﬁry'ing in a hot air oven at 50°C
for one hour. The dried granulation was finally milled by pushing it

through a 18-mesh screen.
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Table 2 Formulations of Theophylline Granules with Methocel E4AM

Ingredient Quantity
Theophylline,

300 mg

y 3,7, 10%*

* represenisthefoii ‘3respectively

\bout 5 g of sample was
. feti P16 moisture determination
balance (Mettler, USA),@ﬁ«' 4 ried by an IR lamp until
constant weight s obt . tent was automatically
calculated in pe uﬂ:hmdatemunmns

simmdysﬂtlg proxim | ranule putonthetopufa
www"mrrmwﬁ g 19

pectively. The nest of sieve (Endocotts, England) was placed on the
sieve shaker ( Josef Deckelman, Germany ) for 20 minutes. The results
averaged from two determinations were reported as percentage of weight
retained on each sieve and pan.

accurately wclghed onffa pat_o
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123 Angle of Repose : Angle of repose was
determined by fixed-bed cone method. An appropriate amount of granule

was filled in the funnel of suitable diameter and allowed to flow freely
onto the center of a petridish of known radius until its perimeter was

touched by the granule heap We of repose was calculated
4

..Eq.1

from the following equa

where d R are the height and
radius of heap ported as an average of
three determinations.

accurate wmght 37abo 20g ulation was slowly poured
into a 100-mL graﬂated m volume was measured.

The cylinder woed.surface from a height of
TS
5 cm until a ;

5d. The bulk and tap density
were 1 ﬁg‘ volume and
NN aw PNy
tap volume respectively. Both parameters were averaged from three trials
and was employed to calculate the compressibility by using the following
equation :
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% compressibility = “"f’ x100 .................. Eq.2

where T = Tap density
and B

Bulk density

to determine theophyllific-— confent —Was-smodified from the one

described by sadhyay, - a ~ Gupta (1990). An

approximately 100 \ y weighed and after that

al50 mL of 0.1 N or. an hour using magnetic

stirrer. The solution wolume of 200 mL with 0.1 N

of discarding the first 10 mL of
filtrate, an aliquot of 10,/m nsierred into 50-mL volumetric flask -
and adjusted to volume _ IiThe absorbance of final solution

was measured at)i 2685 n sin -..,- m spectrophotometer

(Spectronic 2000, f’ ausch & tent of theophylline

was then calculated” Tom absnrba.nae-mncentraﬂun calibration curve.
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The granules of each formulation were mixed with 0.5 %
magnesium stearate and then compressed into tablets of about 10-kp
hardness by Carver Laboratory Press (Perkin-Elmer, Model C, Fred &
Carver Inc., USA) using 3/8-inch round flat-faced punch. The

HCI in volumetric flas
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compression pressure was maintained for 10 seconds and quickly
released.

1.4 Evaluation of Tablets

= hardness of compressed tablets
was measured by Schleuniger-ZE haslness stﬂr (Model 2E/205, Dr. K.

in kilopound unit (kp).

\% calculated from ten

1.4.24
to the method for uncg
disintegration apparatus
test was perfurmed with di{ ‘
time was calculated from ;

Vs

¢

| determined according
ad ip USP XXII with the USP
H{anson Research, USA). The
ied Water at 37 + 2 ° C. The average

m
1.5 Eﬁ'ec;,of pH on Dissulghun Chammnshcs

ﬂUEJ’JWEJWﬁWFJ’]ﬂ‘i

Y Since the different pH values of the mgdium may affect
the m@mm;mma HM&&L reloase was
thercfure studied in two dissolution media i.e. 0.IN HCI and pH 6.8
phosphate buffer. Following the paddle method of USP dissolution test,
900 mL of the dissolution medium was placed in a glass vessel and
equilibrated at 37 + 0.5 © C. One tablet was immersed in each of the
vessel and the dissolution apparatus (Model SR2, Hanson Research,
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USA) was then immediately operated with the center-positioned paddle
stirring at a speed of 50 rpm. 5 mL of sample solution was taken at
appropriate time intervals up to 12 hours and the same quantity of the
medium was added at once after each sampling to keep the volume of
dissolution medium cunstant, mfing the whole test period. Each sample

theophylline disso
calibration curve.

was calculated fmm the
also made for the

buffer to produce the‘stock solution. Standa:d solutions which had the

known concsiioF A ] 9] 13 44 i, wer the

prepared in nqﬂuphcata by dilution of the.stock with the medium and

analysed spictiophotoméimvali in.a Viont cbilh i dae avelength as

used in ?hc dissolution study. The absorbance of each concentration and
the calibration curve in both media are presented in Tables 34, 35 and
Figures 21, 22 of the Appendix B respectively.
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1.6 Modification of Drug Release

1.6.1 Addition of Channeling Agent : The formulation
which provided the most similar dissolution profiles in both 0.1 N HCI

and pH 6.8 phosphate buffer was s¢ for further study by reason of
its constant release over that wide - However, it was found that

phosphate buffer. Tg
a channeling agent

g release, lactose as
nio, the formulation in
various quantities as &hot Table 3.\ All tablets were evaluated for

physical properties by fhefSafn - a3 deseribed in 1.4.

i
Ar ou.ﬁ per tablet

* represents the formulation 4, 5, and 6 respectively
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1.6.2 Dissolution Test by pH Change Method : As oral

sustained-release tablets were supposed to pass the entire upper
gastrointestinal tract, it would be ideal when the active drug was released
at a constant rate over a wide range of pH values (from 1 to about 7).

Therefore, an in-vitro dissolution tesg ould at least cover this pH range
to reflect the real condition of ¢ , m vivo. For this reason, pH

pH was increased 2 sufficient volume of 0.1 N HCI
containing 4.41 g 61 & .‘; oxide and 6.12 g of potassium
dihydrogen phosphaié. Puy ’5 ‘water was to deaerate before use.

Other procedures werg tl % s describediin 1.5. Six tablets of each
formulation were evaluated and com ‘with the commercial product,

Theo-Dur® and Nuehn “,..,,f:,-‘y;_w,ﬂ,,

ﬂwawﬂmwmm
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fnnnulanons of theophylline prepared by techniques of spray drying
(Vipaluk , 1993), fluidized-bed coating (Sudarat, 1994) and conventional
wet granulation which possessed the most satisfactory dissolution
characteristics were selected to be evaluated. All tablets were newly
prepared by individual condition and investigated for the pattern of in-
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vitro drug release. The commercial products such as Theo-Dur® which

used as a reference and Nuelin® were also tested.

2.2 Subjects and Drug Administration

._..J
: 3 vere acclih ili
between 2.8 and 3.5 jool ame research facility for one
week before the stug ' i} -‘. cceived a single oral dose of
theophylline as an intaet tablér in the morning afier being fasted overnight

with water ad [ibi
administration of the
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T.t_‘f W 5 -:"*“:':"' ina balanced incomplete block
design which had 1

s-general that l' received an equal

number of ﬁmnulalﬁls and cach pair o unn&ﬁuns occurred together
in a block (subject) af the same fti ake, 1988). One
tablet of mh%mg mﬁmm mmt in a crossover
e SRS T e
dnsingm le’ 4. mp[e n second replicate

was conducted to minimize any uncontrolled variations.
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Table 4 Dosing Schedule in a Balanced Incomplete Block Design

Subject number

Week 1

Week 2

1, 11

2,12

3,13

4,14

5,15

6, 16

7,17

O |0 |Ww

tr1

B |
L TriE) ML TR

» |0 |w = |0 | »
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prepared by spray drying, fluidized-bed coating, and wet granulation

respectively
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2.4 Sample Collection

3 mL of blood sample was collected from a marginal ear
vein using a disposable needle No. 21 at 1, 2, 5, 7, 9, 12, 24, 36, 48 and
72 hours after each dosing. Blood se
through the needle into a lepar
centrifuged at a speed

ple was allowed to flow directly
i . Then, it was immediately
-:4&;1' 20 minutes. All of the

i} subsequent analysis.

plasma was separate

oo //,é, \\ >
=2\
,.,"F.;f f’" .‘ s in plasma samples were

Concgnt; n :
¢ fiquid \ chromatography (HPLC)
(Milton Roy, LDC Divisfon, & :‘ »wing the procedure modified
from that dcscnbod by Bet %* d Karmen ( 1984 ).

determined using hig

Vo Y
B-Hydre 0 m ich chemical structure

was similar to theuphgllme was used gsan internal standard.

ﬂﬂﬁl’l‘l’lﬂﬂ‘ﬁ“ﬁm’]ﬂ‘i

Yasi PLBMOH of Plasma Samglg

oGy AV 565, W AR G e i

by depr%temmahm using zinc sulfate in combination with methanol as

follows.
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0.3 mL of plasma sample (allowed to reach room temperature, vortexed)
add 0.1 ml of 10 % | w/v zinc sulfate
vortex for 5 seconds
add 0.8 ml of methanol mntainlng 25 mcg/mL of internal standard

2. Programmable wavelength detector,

ﬂuﬂqwﬂﬁﬁW%ﬁﬂi

putmg integrator, Model CI4000

quﬁﬂﬂ‘im URIAINYIA Y

:  Rheodyne 7100 Injection Port (Rheodyne,
USA)

TA3%%4510
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Column :  Bondclone C18 with particle size of 10 um,
300 x 3.9 mm, serial no. 30038
(Phenomenex, USA)

Guard column :  Bondapak C18/Corasil with particle size of
Mobile phase

Flow rate
Pressure

Injection volume

7 |
Detector 1 m ]

cnt s A UE AN UHANEINS
e AN TRUNING VA Y

Retention time : about 5.3 min for theophylline
about 6.1 min for internal standard

Temperature ¢ Ambient
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The area under the peak of theophylline and
internal standard were calculated by the integrator and theophylline
concentrations in plasma were subsequently quantified from the

calibration curve of peak area ratio against known drug concentration.

Dissolve the drug and"a( vith tridistilled water. This was
used as stock solutiefi 0! which had the known
concentration of aboutf 3 :f' 180,600, 900, 1200 and 1500
meg/mL were thefi pfep lilutio I‘I\e stock with tridistilled
‘ sy standard solution was individually
added, using micropipetft otorex ISBA S.A., Switzerland) , to 0.3 mL
of pooled plasma and f to make the plasma

-
P .--‘ﬁ-*‘
TN

concentrations nt‘,h 12, 24, 32,
il and analysed following the

These plasma stan@iar
Calibration curve was

constructed ﬂ m -ﬂsﬂw ?wmlﬂﬁm the ratios of area

under the pegk o h}r]llge to that of B-—hydmxx"ﬂlyltheuphyihnc

seind 5 ) P b THE R of these o

variablés was fitted to a straight line using linear regression as presented
in Table 36 and Figure 23 of the Appendix B .

same procedure mentioned prmrinusly
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2.6 Pharmacokinetic Analysis

Theophylline concentration (C) versus time (t) curves
from each treatment were plutted and the pharmacokinetic parameters
method. The peak plasma
' c peak (tma) were duectly

were determined using

concentration (Cpa) and.the '~ 1

The agsessment of thvompamﬁve bioavailability of the

five formulatiﬂsu %% %@wwﬁﬂs was established

employing the Yhree relevant pharmacokingtic parameters; i.¢. Cpax tmax
and. ABC|vaigh e Sitenbad] il hebt Eparkiobéss among al
pmducts were found out by one way analysis of variance at 95 %
confidence interval (o = 0.05). If the results showed statistically
significant difference, the difference of those values between each pair of
treatment, especially the comparison with Theo-Dur®, would be examined



39

by the method of Duncan’s new multiple range test. Provided
that there was no significant difference, the two formulations would be
considered to be bioequivalent.

2.8 In Vitro-In Viy W/ I
S\

c-dissolution thte constants, as the in vitro parameter,

d AUCg of all tablets were

e correlation coefficients

and the bioavailabi TS NS
subjected to hnear 1/ / / :k\\\\‘\\\"\

were calculated.
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