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ABSTRACT

The release of theophylline from microcapsules prepared by
using different concentrations of ethylene-vinyl acetate (EV4)
copelyper as a coacervatlon-inducing agent was Investigated In simu-
lated gastric and 1ntestinal fluids. Also the bicavailability of
theophylline from its microcapsules following oral administration [n
volunteers using the saliva drug concentration was investigated.

The results peinted out that the higher the concentration of
EVA  compolymer used, the more sustainment of theophylline from ni-
crocapsules, The investigation pointed for a good correlation be-
tween the In-vitro release rate characteristics and the Ip-vivo
sallvary broavailability parameters of theophylline wmicrecapsules.
The prepared theophylline microcapsules were proven to achieve ex-
cellent sustalament pattern and could be used to avoeid sub-/or/super

therapeutic levels of conventional theophylline products.

INTRODUCTION Theophylline has been popularly used as a bron-

chodilator for the treatment of chronic asthma and ob-

- Controlled-release formulations function as effec- structive lung disease in both children and adultsl.

tive carriers for prolonging drug release for sustained The parrow therapeutic range of serum theophylline con-

bioclogical action, These drug products are designed as centration (10-20 ug/ml) often resuited in poor drug

that the rate ol systesic drug absorption 1s 1imited by response or many adverse effectst 3, The desirability

the rate ob drug release via the drug delivery systen. of maintaining theophylline plasma levels within this

The objective of controling the release rate from the narrow range had led to the development of several sus-

delivery system 1s to achieve a stable serum con- . :
| tatned-release formulations.  Therefore, many sus-

centration.

talned-release dosage forms are now available commer-




cially, and extensive researches®™8 on their hioavail-
ability and dissolution characteristics have been re-

ported. El-Yazigi and Sawchuk?, found a good correla-

tion between the biocavailability parameters and the
dissolution characteristics of theophylline from sus-
tained-release dosage forms. Brockneir!! compared [n-
vitro dissolution rates with Zs-vrve dissolution rates

in  humans.

rrrrrrrrrrrrrr

tween bioavailability parameters in the beagle dog and

ig-vitro dissolution data. Good correlation between

theophylline concentration in blcod and saliva his heen
reported12r13.

Lena et g114 and Sharma et gllS suggested that

saliva can be wused in control of compliance only in
children and adults, after administration of sustained
release preparations of theophyliine. However, Kelly

et gllﬁ confirmed that, saliva can be used in pharma-
cokinetic assessment of elimination phase of theo-
phylline. Investigations in adults!’ and in childrenl®
have confirmed the wuse of saliva for therapeutic moni-
toring of theophylline instead of plasma, due teo high
corretation of theophylline concentration in saliva and
plasea and low inter and intraindividuval difference in
the PB/S ratio.

cluded that saliva can be considered of practical value

Moreover, Danhof and Breimer!d  con-

in investigation of pharmacokinetic of elimination of

theophylline, as well as, its absorption,

prepared from
(EVA)

copolymer as a coacervation-inducing agentza, or pre-

Theophylline nmicrocapsules were

ethylcellulose using ethylene-vinyl acetate

pared 1in the form of a drug-resin complex and coated
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with paraffin or encapsulated with ethylce110105921 for

sustainment.

The wusefulness of EVA copolymer as a drug delivery
fluo-
rideions®, macromolecuies such as proteinZSbe and hy-

systen for pilucarpinezz, progesteroneza,

drocortisone?/ was reported.

The purpose of our research wes to prepare a sus-
tained-release product of theophylline in the form of
nicrocapsules Dby using various concentrations of ethy-

lene vinyl acetate (EVA) copolymer as coacervation-in-

~ducing agent. Also the aim was to investigate the pos-

sibility of measuring salivary instead of plasma levels

of theophylline after oral administration of sustained-
release attempt. In addition, it was an assess the re-
lation-ship between the Jmvifro release rate and /n-

vivo human saliva concentration of theophylline from
sustained-release microcapsules.

EXPERIMENTAL
Materials
Theophylline supplied by CID Company, Assiut,
Egypt. Ethylcellulose {BDH Chemical Ltd. Poole Eng-

land).

Ethylene-vinyl acetate copolymer (Mitsui Polychemical,
Tokyo, Japan).

Disodium hydrogen phosphate (Prolabo, France).

sodiun dihydrogen phosphate (El-Nasr Co., for Pharma-
ceutical Chem., Abu-Zaabal, Egqypt.)

ENOAB theophylline enzyme immunoassay kit No 181 (USA).
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Egquipment
Spectrophotoneter-UV-150-2¢ Shinadzu, Japan.

Thermostatically controlled shaker unitromic 328-OR

ﬂ (Seleca).
pl-neter (UgN Tacussel Electronique. solea, Aust;alia).

Standard sieves of 63 um, 90 um, and 108 um (England).

Methods

Preparation of Theophylline Microcapsules.

Theophylline nmicrocapsules were prepared by phase-sepa-
ration method, using EVA copolymer as a coacervation-
inducing agent, with the composition in Table 1.

Table 1 : Percent Concentrations of Ethylene-Vinyl Acetate(EVA)

Copolymer in Sustained-Release Theophylline Nicrocapsule

Formulations.
Forpulations EVA copolymer conc. (% w/w)
f ¢
A §.43
B 8.83
C 1.2
D 2.3

S A B TR S W RS g el ey el ey ks i Syl A d i Sy e Bk e ik nlie S N JRE NS Sy B S Sk S e v L r -1 4 b o a2 1 d B K 4 0 1 "1 B 4 L & B L X 1 ]

Three hundred milliliters of cyclohexane
froo 8 to 2.5% of EVA copolymer were separately placed
in a 1088-nl three-neck, round bottomed flask equipped
with a stirrer, a thermometer, and a reflux condenser,
Three gqrams of each of theophylline and ethylceliulose
were added to the stirred cyclohexane-EVA copolymer so-
(15 rpm) The system was

fution at room temperature.
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containing

then heated to 82°C with continuous stirring to give a
homogeneous suspension. Then, system was allowed to
coel to 249C and was then stirred for another 11 nin.
During the cooling process, a phase separation oc-
curred. The microcapsules were separated from the so-

lution by decantation, rinsed with n-hexane, and dried
at 469C in a vacuum drier for 24 hr. Theophylline mi-

crocapsules were used for further studies.

Release Studiles
Release of theophylline from microcapsules in sim-

ulated gqastric fluid and simulated intestinal fluid
were determined using 158 ng of theophylline microcap-
sules (equivalent to 25 mg of theophylline).  These

apounts were dispersed in 200 ml of the medium at 379C
+ 0.59C in the shaker water bath. The rate of stirring
was 9% rpm. Five nilliliters of each sample was re-
moved at predetermined intervals and 5 ml of each fresh
nediun was added to the beaker to maintain the original

voluge. The drug concentration was analysed spec-

trophotometrically at 273 na.

Saliva Bioavailability Studies

(23-31 years old) were se-
The volunteers were asked not

Five healthy volunteers,

lected for this study.
to drink any caffeine containing fluids before and dur-
ing this study. Also they were asked not to smoke to-
bacoo by any mean.
Collecting Saliva Samples

Blank saliva samples were collected few minutes
before administering the preparation. After overnight
fasting, a single 100 ng dose of sustained-release
preparation containing 59 ng theophylline was adminis-

tered, with 100 =l water,

Saliva samples were col-




A spall

apount { {9 ng) of citric acid, a salivary flow stimu-

lected at appropriate intervals up to 8 hr,

iator, was put on the tongue and held in the mouth for

1-2 min. then a Z-ul sample of the saliva was collected
Theo-

phylline concentration was assayed in utilizing a ho-

in a test tube and kept frozen until analysis.

EOgeneous enzyee immunoassay technigue wusing ENDAB
theophylline enzyme immunoassay kit for the quantita-

tive determination of theophylline in saliva.

RESULTS AND DISCUSSION

The in-vitro release studies of the prepared theo-

phylline microcapsules in USP simulated gastric fluid
and simulated intestinal fluid at 37°C was carried out

Re-

sults pointed out that, microcapsulation retarded the

and the results are shown in Table 2 and Fiqure 1.

release of theophylline as a function of ethylene-vinyl
acetate copolymer concentration. Moreover, the reiease
of theophylline from microcapsules in simulated gqastric
fluid indicated that, ethylene-vinyl acetate (EVA) sig-
nificantly control the release rate of theophylline in
the following arrangement for the tested formulae:

By B O D,

tardation 1in release with a release rate

However, formula D showed minimal re-
(9.3587) as
shown in Figure 2, the rate of release of theophylline
from ethylcellulose microcapsules was related to the

The

higher the concentration of EVA copolymer used, the

concentration of coacervation inducing agent.

slower the release rate of theophylline microcapsules.
This night be attributed to the Ilower porosity and
thicker wall of the wmicrocapsules reflected by EVA
" copolymer??, -
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There was no correlation between EVA concentration
[Slope=2.9662, in-

The effect of EVA concentration was

and release rate constant r=08.6758
tercept=14.3178].
ranifested clearly in Table 3 and Figqure 2 indicating
that the order of decrease in release rate is as fol-
lows :

> & B O D.
tion coefficients between different concentrations of
EVA

release rate constants of theophylline.

The kinetic data showed a good correla-

in theophylline microcapsules and the first-order

Aso, it was found that, the higher the concentra-
tion of EVA copolymer used, is the more sustained the

release behaviour of theophylline microcapsules, More-

over, theophylline microcapsules prepared by using a
higher concentration of EVA copolymer gave the slower
the release rate in the simulated intestinal fluid as

shown 1n Fiqure 2.

A comparison of the release in simulated gastric
fluid with simulated intestinal fluids shows that the
release of the drug in pH 1.2 is slightly faster than
in pll 7. These results were in agreenment with conclu-
sion that, any change in the pH of the release mediun
affected the release rates of different sustained-re-
lease theophylline preparation in opposit directions,
resulcing in either a decrease or anm increase in the

reléase ratesil 29,38,

Pharmacokinetic Studies
Theophylline saliva levels for mean of five sub-
3 for oral and absorption

jects 1s presented in Fig,

step. The saliva concentration versus time curves of

theophylline in humans correspond to a one-compartment
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~open model as shown in Fiqure 3 by comparing the ab-
sorption of theophylline from microcapsules prepared
with EVA and without it,

higher the concentration of EVA copolymer wused, the

Fiqure 3 indicates that, the

pore sustained the release bebaviour of the theo-
phylline microcapsules. Moreover the theophylliine mi1-
crocapsules prepared by usinq the hiqhest concentra-
tions of EVA copolymer gave a transient steady-state
plateau level of theophylline in the saliva after ad-
pinistration without producing a sharp peak of saliva
concentration. DSaliva data following oral dosing were
fitted to one compartment model with first-order elimi-

nation step. Theophylline saliva levels were fitted

for both absorption and elimination kinetic model.

Absorption of theophylline following oral adeinis-
tration of theophylline microcapsules in five volun-
teers were presented in Table 3. From the results it
vas observed that apparent first-order elimination rate
is obtained since the rate of theophylline degradation
is reported to be proportional to theophyliine saliva
levels.,
elinination rates were highly correlated with three

concentrations only of copolymer EVA 8%, §.43% and §.83
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Also, it was found that calculated saliva

(r=0.9971, slope=1.5175 and the intercept=%,3224; while
there was a good correlation also between all concen-
trations of EVA with absorption rates of theophylline
after oral administration i.e. r=0.9663; slope=1.3912
and intercept=5.5188. These results indicated that as
the concentrations of EVA decreased im the theophylline
icrocapsules an increase in the absorption rate of the
drug was observed, thus, the effect of EVA copolymer
was nanifested sharply at each concentration and at

oral administrations after one dosing step.

From the results it was concluded that there was a
good correlation between in-vitro and in-vive results
of release rate constants of theophylline microcapsules
containing #% 0.43% and 8.83% with elimination rate
constants after oral administration of the nmicrocap-

sules i.e, r=4,9756;  slope=1.312) and 1nter-

cept=16.2034.

On the basis of the results obtained, it can be
concluded that, saliva cam be reliable to be used in
bioavailability assessment of theophyliine microcap-

sules.

Table 2 : In-vitro Release Kinetics of Theophylline Microcapsules im Simulated Gastric Fluid.

B el e L T ——
N et R —
wlly.

R g -
ke il L L T S — L D U —— il

Diffusion
Formulation -—------
Correlation
coefficient
r K(hr~1) Intercept

F 8.9416  8.5728 8.8148
A 8.9897  9.5238 §.6474
B 9.9876  4.,2611 §.601]
¢ .9843  8.2839 §.522¢
D 0.9858  €.3561 0.1127

First-order
Correlation
coefficient
r K(hr 1) Intercept  tk (br)

$.9694  16.9448 1,956  48.9
0.9868  14.5533  1.9637  47.6
§.9941 1.0467 19721  98.3
$.9980  7.676) 1.974 9.3
$.9948  9.3587 1.9876  74.4
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Tahle 3 : In-vitro Release Rinetics of Theophylline Microcapsules in Simulated Intestinal Eluid.
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Diffusion First-order
Forpulation ==-mmmmm e S S
Correlation Correlation
coefficient coefficient
I K(hr‘l) Intercept r K(hr'l) Intercept tY% (hr)
F 9.9664  0.5268  0.7641 $.9913 15,4536  1,9598  4.0448
A $.9360  9.4271  @.6914 0.9883 13.0934 1,9651  d.98%1I
B 8.9944  0.4345 8,689 §.9728  11.7296  1.9671  @.8%9]
C 8.9987  0.353%  8.5508 8.9765  9.4573 1.9698  4.4713
D 0.9683  0.2577  0.5534 0.9733  6.9879  1.9739  4.899

Table 4 : Pharmacokinetic Parameters of Theophylline Microcapsules after Oral Administration in Han.
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Absorpticn Elimination
Formulation == oSS S
Correlation Correlation AUC
coefficient coefficient
r K(r'l) t (hr) Intercept r Kr'l) t (hr) Intercept (ug.hr.al.)

i vinly A A VT i e e ek e B P g e wmy mey ll ville sloF Y S ﬂnﬂﬂﬂ_--n--ﬂnu—_--_ﬁ-ﬂ--l-__----ﬂu-ﬁm-ﬂ----ﬂ-ll-l—-ﬂ--ﬂ-h---li_ﬂ--_'-_'-‘--------n-‘h--ﬂ---hﬁ_ﬁﬂ--ﬂ—

] 8.9081 1.8813 0.3684 @.744) 8.9730  9.3491 1.9851 1.6393 7,742
A §.9659 5.9634 8.1369 9,861 8.9727  8.9196 8,753 4.2182 20.2215
B 8.9659 4.4291 0.1565 0.8523 2.9885  1.6187 9.4302 7.1748 24.098]
¢
D

0.9464 2.6749 09,2398 0.9408 8.8797 11727 0.590% 5.7782  22.648)
B.9655 2.3302 0.2974 9.0634 §.9720  0.3593 1.9288 4.858  24.3100
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