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ABSTRACT

Gelatin-acacia coacervation was employed
: to microencapsulate paraffin oil and soft
paraffin droplets containing suspended nit-
rofurantoin, and for direct encapsulation of
the drug. Dissolution characteristics of the
encapsulated paraffine suspensions of nitro-
furantoin , the directly encapsulated drug and
nitrofurantoin powder were compared in buffer
golutione of pH 1.12 and 7.2, The most rapid
dissolution was shown by the nitrofurantoin
powder followed by the directly encapsulated
drug, the emulsified paraffin oil suspenaion
of nitrofurantoin.

The drug was rei. ised from oil-containing
microcapsules in 81 .:esgive stages pepresenting
inittal release fro:: capsular layer followed
by sustained releas. from the oily core ma-
terial.

Formalization of the gelatin-acacia coace-
rvates should be allowed for enough time in
. order to obtain enteric protection.

No correlation was found between the equili-
brium solubility of the drug itn the buffer
and the corresponding release profile in the
same buffer.

The rate of release was slower as the
vigeosity of the core oil increased.
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INTRODUCTION

Nitrofurentoln is & bactericidal to most urinary tract
pathogens” , Its clinical use was accompanied by gastroin-
Lestinal sxdl effects, speci:2’.ly nausea and vomiting . The

o

crvscal s1

£
v

¢ of nitrofuranta:i affects 1ts dissolution rate,
& . . . . : 3=
roaveilablillity and the i1ncidence of side effects . The

er

iarge crystal sizes provoked less emesis 1in dogs than the
“ine powder, However, larger crystals were less well ab-
sorbed and excreted in the urine in man and a suitable

compromise was found 1n macrocrystals of 75 to 180 um size

fraction which produced enourh urinary concentration with

. | : . 4
satisTactory total urinary e¢xcretion .,

The biological half-life of nitrofurantoin in man
appeared to be 30 minutes‘or lessg’?.

To overcome the difficulties in obtaining the drug in a
specified crystal sizea, nitrofurantoin was suggested to

be coated tc retard its release using sodium carboxymethyl

celluloseg.

Microencapsulation of vwater-insoluble drugs using gela-
tin-acacia ceacerveation is an attractive tool for the pro-
longation of drug releaselo. Various studies were reported
11,14 on the effect-of different factors on coacervation
behavicur. However, few attemptis h&ve.been made to study the
release of a drug suspended in an emulsifiable 1nert carrier
‘enclosed in microcapsules., By changing the carrier proper-
ties, such as its viscosity, or changing the globule size of

the dispersed oil, it may ve possible to control the drug

relegse.
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The work presented here represents én attempt to study
the release of nitrofurantcin as & model drug of limited
water-solubility (1: 5000)1 from an encapsul_ated o1l carrier
system, in comparison with the raw drug and the drug directly

encapsulated.

EXPERIMENTAL

Materials:

.Nitrofurantoin: courtesy of Kahira laboratories,Cairo,
Micronized to mean crystalﬁﬂize 40 u at maximum length of
the crystal, the size rang... between 12-60 p as determined
microscopically. _

Gelatin: 250 B acid prucessed pigskin(Hodgson Ltd.).

Acacia: Acid insoluble ash, not more than 0.25%. Ash
not more than 4% (May & Baker).

Paraffin oil and white soft paraffin: were pharmace-
utical grades available in the local market.

- Formaldehyde solution: 37% HCHO, (El-Nasr).

Other chemical used (Buffers components) were analy-
tical grade reagents. _

Microencapsulation of Nitrofurantoin: The microcapsules
were prepared by complex gelatin—acacia coacervates,using

& technique similar to those reported previously12’13. In
the procedure employed for this study, the drug (0.5g)

was suspended 1in acaciavdispersion, 3% w/v, or suspended
first in paraffin oil (2.0g), or in liquefied soft paraffin
at 500, then the 01ly suspension was emulsified in the acacia

dispersion at 50°and pH 6.0 using mechanical homogenizer

which produced homodispersed emulsions of fairly regular

particle size and particle size distribution. Two minutes
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of homogenization was suffi:ient to result in the desired
particle size reduction. Th. gelatin dispersion (3% w/v)at
560 and pH €.0 was added to the previously prepared

irug suspensions in gum acacia with continuously stirring
at 600 rpm of the two colloids. The pH of the system was
lowered to a value of 3.8 using dilute hydrochloric acid
solution to cause maximum complex formation between acacia
annd gelatin to encapsulate the nitrofurantoin or its oily
suspensiocn by the resulting coacervate,

' In all experiments, the volume of acacisa dispersion was
ﬁqu&l'to the volume of gelatin dispersion and calculated to
give a theoretical core: wall rati1o of l:h by weight. The
wall was considered to be'composed of equal weights of the

two colleoids.
ml per each 100

\

Formaldehyde solution in a volume of
ml of the working system, was added while stirring for 10
.or 60 min to harden the coacervates. The system was rapidly
cocled to 50 using &an immersion cooler (Julabo, Ft 200).
The hardened coacervates were filtered and washed with cooled
distilled water. The wet mass was dispersed in T70% isopro-
pancl solutian13 , previously cooled to 5, The obtained
microcapsules were filteredi and air dried for 24 hrs to
yield free flowing discretc particles.

Phe same procedure was run to produce batches of micro-
capsules, but with no formaldehyde treatment and similar

batches devoid of the drug were also prepared as a blank
for analytical purposes.
Determination of Nitrofurantoin: To determine the total

content of nitrofurantoin ian the microcapsules, they were

extracted with dimethylformamide by shaking an accuratel/

weighed sample containing about 50 mg of nitrofurantoin
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with 25 ml dimethylformamide in a 100 ml stoppered flask by
_— mechanical shaker for 1 hour. The contents were centrifuged
at 5000 rpm for 5 minutes,

_ An accurately measured volume of the extracted nitro-
furantoin solution was diluted quantitatively with water,
and the amouat of nitrofurantoin was determined spéctro-
phoctometricually at 3¢7 nm (Pye Unicam SP6-400, 1 cm cell)
using the corresponding pla.:=2bo batch similarly treated as

-the blank.
cgqullibrium Solubilit y Determination: The equilibrium sol-
ubllity of nitrofurantoin at‘370, was determined i1n pH
1.12 hydrochloric acid buffer an& pH 7.20 phosphate buffer
media (USP XX) and in the same media containing 1% w/v gela-
tin—-acacia or formaldehyde separately added to each buffer,
Excess quantities of nitrofurantoin powder were placed 1into
30-ml stoppered tubes toget . c¢r with 20 ml portions of the
solvent system. The tubes were shaken mechanically 1in &
covered water bath protected from light and maintained at
370 + 0.2O until equilibrium was attained. The tubes were
contrifuged, reequilibrated and a sample was diluted with
buffer solution and assayed spectrophotometrically at 36T
nm, using the solvent system as the blank.
Dissolution Rate Determination: The dissolution apparatus
(Erweka DT-6) consisted of set of 1-liter, three-necked
rcund bottom flasks, containing 900 ml of pH 1l.12 hydror=.
-éhloric scid buffer solution (USP XX) or pH T7.20 phosphate
buffer solution (USP XX). The dissolution medium was main-.

tained at 3To + 0.2° and agitated at 100 rpm by means of

PTFE-coated stirring blade.

An accurately weighed saumple equivalent tO 50 mg of
All the bat-

nitrofurantoin was introducsd to the medium.
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ches studied were freely suspended in the dissolution medium
under the conditions of the test. After 5, 10, 15, 30, 45,
60 min., then at 30 min intervals, 2-ml samples were with-
drawn from the flask using a filteriﬁg pipette, diluted with
the dissocltuion medium and asoayed spectrohotometrically at
367 am using e Llank obtained by similar treatment of the
~appropriate placebo microcapsules. Immediately, the samples
were replaced with fresh medium kept at 370, and appropriate
corrections were made for such dilution effect.,

All the studies reported here were done using the micro-
capsules that passed through 630 um sieve but were retained

on a 400 um sieve.

RESULTS Ai:0 DISCUSSIONS

The encapsulated system showed the characteristics pre-
sented in Table 1. Dissolution studies of nitrofurantoin
are shown in Fig. 1,2. All samples at different pH values
showed the familiar pattern of a rapid initial release
followed by & slower sustained release with the encapsulated
systems, The plain powder ubviously gave the most rapid
dissolution, followed by the directly encapsulated nitro-
furantoin. The encapsulated mineral oil or soft paraffin
systems, containing nitrofurantoin, showed two successlve

release rates, the .initial repid rate is attributed to the

drug contained in the capsular layer of the coacervates.

The s econd rate period followed a lag perqid; then the drug
was slowly released., This slow rate may represent the drug

releas e from the 6ily core. This explains the slower releas:
n soft paraffin

of the drug from system of nitrofurantoin 1
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than from nitrofurantoin in'liquid paraffin, while no signi-
ficant difference was observed in the initial release rate
period. The effect of the viscosity of the o0il on the diff-
usion of the drug 1s expected, as nitrofurantoin slowly mig-
rated to the attrition wall of the 011l droplets due to the
high viscosity . The reduction 1n the permeation rate of
nitrofurantoin from drug Bus;mnsions prepared with viscous

methyl cellulose solutions was previously re;mrted14’15.

With all systems studies the fastest release occurred

at pH 1.12, except with batches hardened by formalin solution
for one hour. It appears that the shorter periad of trea-

tment with formalin, as well as the untreated coacervates do

not produce enteric coating effect. It 1s interesting to
note that the release rate of the drug did not depend upon
the equilibrium solubility of nitrofurantoin 1in the buffer
(Table 2). This may be due to the swelling and other physical
properties of the coat 1n the buffers.

The hardening time using formalin solution should be in-
creased enough in order to o®tain the‘desired enteric coa-
ting. This finding agreed vith those of Madan16 who found
e linear relationship between hardening time and the time for
50% release for clofibrate microcapsules made from simple

coacervates.
In conclusion, the microencapsulation of the drug suspen~

ded in oil may be of value in the design of sustained release

1:dosage forms. Formalization of the gelatin acacia coacervates

should be allowed for enoug.. time in order to obtain enteric

Solubility of Lthe drug in the buffer system of
i1t s

protection.
the dissolution media is not the determining effect 1n

release. The more the viscous the 0il, such as soft par.{fin,

the lower the dissolution rate.
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The results obtained seem to Dbe of great value to
formulate nitrofurantoin powders in the form of micro-
capsules to overcome the gastrointestinel side effecis
encountered with the oral administration of nitrofura-
ntoin dosage forms. This sustained release form of
nitrofurantoin 1is of great help to increase the biologlc . )

half-life of the drug, and so the doSage regimen of ;

]
L

nitrofursntion cen, thus, be changed.
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Table 1: Characteristics of the watrofurantoin €ncapsulated systems

¥

Diameter Wall thicknessd
of o1l

nucleus L
(micrometers) (micrometers)

encapsulated system

‘_r—*wﬁ_“m .

Nitrofurantoin, directly - 16.3 + O,
encapsulate d -

Nitrofurantoin in paraffin 85.7 + 1.21 7.6 + 0.81
01l microcapsules, =
unformalized

Nitrofurantoin in paraffin 8h.1 + 1.43 8.1 + 0.39
011 formalized microcapsules -
Nitrofurantoin in soft 87.8 + 1,12 T.9 + 0,43
paraffin, in unformalized B -
microcapsules R

Nitrofurantoin in soft : Bb.k + 1.73 T.7 + 0,56
paraffin, in formalized

microcapsules

1. Each value 18 the average cf at least 100 droplets, determined
microscopically (x + S.D)

2. Each value is the average of at least 25 determinations (E + S.D)

Table 2: Equilibrium SOlu-blllt'} of nltroiuranto:m in buffer systems
containing various ad: uvives, at 3(

Buffer USP XX) ' Additive EQuzZzbrmum Solubtlity
(1%) mg/liter

HC1, pH 1l.12 none 109.2
acacla 121.2
gelatin 151. k4
formaldehyde 13.2"{ . 8
Phosphate Te2 none 3.5
¥ » B acacla 389.6

formaldehyde 68k4.6
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Fig. 1. Dissolution rate of nitrofurantoin at 37° in
hydrochlofic acld buffer at pH 1.12 from: plain

powder(l); directly encapsulated crystals:

unformalized (2), formalized for 10 min(3), and

formalized for 60 min(4); encaonsulated parmffin

0il suspension: unfo:rmalized(s5), formalized for

10 min(6), for 69 mi.:(7); enca’sulated soft
paraffin suspension: unformalized(8) and formalized
for 10 min(9).
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Fig. 2. Dissolution rate of nitrofurantoin at 37° in

phosphate buffe¢ r pH 7.2 from different micro-~
encansulated systems (key is the same as Fi~.1l).
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