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Using tetracycline-HCl and theophylline as model drugs, polyacrylamide micro- 
beads were prepared by w/o emulsion polymerization technique. Furthermore. 
drug-loaded polymer microbeads were prepared in the presence of different con- 

centrations of gelatin. which were further cross-linked for different time intervals. 
The prepared microbeads were characterized through particle size analysis. electran 

microscopy. and in vitro dissolution. Relatively spherical free-flowing populations of 
microbeads were obtained. The presence of gelatin during the polymerization 

processes led to larger particles proportional to its concentration in the aqueous 

phase. The dried microbeads showed smooth pored or fissured surfaces. In aqueous 

media, they attained equilibrium hydration within 10 min. with 73.5% v/v water 

uptake forming spongy spheres. The products showed slower dissolution rates with 

higher gelatin concentrations and extended cross-linking. 

Autroduction 

Poly;~crylamide microcapsules with a high degret: of cross-linking have been 

widely used as matrices for covalent immc.bilization of enzymes and macromolecules 
(F.kman and Sjiiholm. 1975; Johansson and Mosbach, 1974; Lukasheva et al.. 1980; 

Gloger, 1979). The entrapment of proteins in the polymer network has found wide 

applications in !hc quantitative investigations of drug plasma protein binding 

(Kober e! al., 1978; Ekman and Sjijholm, 1978). Prepared through micellar poly- 

merization technique, polyacrylamide nanocapsules were used as parenteral ultrafine 
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drug carrier (Kopf et al., 1977; Couvreur et al., 1977; Speiser, 1976). and as antigen 

adjuvants (Kopf et al., 1976; Birrenbach and Speiser, 1976). Recently, p~~lyacryla- 
mide was also utilized as a base fo;_ medical films for angina treatment (Babayan et 
al., 1979) ophthalmic medication (Khristenko et al., 1979; Noritdinov, 1980). as well 
as for insulin-containing implants (Davis, 1978). fn addition to the use of acrylates 
as artificial bones, artificial teeth, and as drug coating materials, polyacrylamide is 
literally stated to be orally safe as long as it is used monomer-free (Lazareva, 1967: 
Fritdentkhal et al., 1977). 

In the present study, the possibility OF using poiyacry~anlide n~icr~~bca~~s, with or 
without cross-linked gelatin, for the preparation of sustained release closagc forms 

was explored. 

Experimerntal 

Tetracycline-HCi, anhydrous theophyl~ine, Arlacel A, gelatin, type II, from S\vin 
skin. Sigma Chemicals, F.R.G. Acrylamide and N-N’-methylene hisscrylamide (Fluke 
AC;. F.R.G.). Other chemicals were of analytical grade: all chemicals \vt’rc usctf ;1~ 
provided witi~~~ut further purificati~~ll. 

Using either tetracycline-HCl or theophylline as model drugs, ~ir~~~l~~aded pnly- 
ncrylamide (PAA) microbeads. polyacrylamide microbeads containing 0.8 g gelatin 
(PAA--gelatin), as well as polyacrylamide microheads containing different con- 
centrations (0.8 or 1.6 gf of gelatin and cross-linked for different time intervals (2 or 
8 h) were prepared. 

The same procedure was followed after dissolving cithcr O.fi g or 1 .(I g pchtln 111 

the aqueous phase together with the drug and monomer, Cross-linking of the 
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product was done after complete polymerization by addition of 3 ml of 25% 
glutaraldehyde solution, the system was left in the refrigerator for 2 or 8 h. Phase 
separation, washing and drying were carried out as stated before. 

(~1) Ekeclrcz,~ microscopic stunning 

The microbeads were fixed to a metallic plate by spraying the powdered product 
on a very thin adhesive layer attached to the metallic slide. The samples were coated 
with carbon-gold layers (about 50 nm thick) under vacuum befo -e they were 
photomicrographed. 

The dimensions of the microbeads were measured from the scanning electron 
micrographs; at least 150 particles were randomly measured. Furthermore. dry 
microbead specimens were measured with an g>ptical microscope, left for 30 min in 
itquc<)us dispersion to swell and particle size measurements were done for the 
completely hydrated microbeads. 

(c) 111 tjirro dissol.rtiorl 

The in vitro rerrase of the drugs from the microbeads was studied by the beaker 
method. in both 0.1 N HCI and phosphate buffer of pH 7.2. To avoid the effect of 
variation of the surface area exposed to the dissolution media, specific bead size 
ranges of the prepared products were utilized for the dissolution experiments. 
Tetracycline-HCI microbeads in the mesh size range of 100-400 pm, and theophyl- 
line microbeads of 300-600 pm mesh size range v*cre used for dissolution investiga- 
tions. 

To 1000 ml of dissolution medium in a beaker, maintained at 37OC. 500 mg of the 
medicated microheads were added. The system was magnetically stirred at a rate of 
IO0 rpm. Aliquot samples were tvithdraun at fixed time intervals for analysis. The 
samples ivithdrawn were replaced by the same volume of dissolution fluid. Total 
drug content was measured from the 24 h sample anaiysis. 

Tetracycline-HCI and thcophylline were determined spectrophotometrically at 
360 nm and 270 nm. respectively. Dissolution resuits \ieere computed from calibra- 
tion c’urvt’~ for either of the drugs in the respective dissolution media. 

Ncitrlv tn~nnqeneous microbead populations were harvested in each case of the 
f;\rmul;ttit 11s stated. The scanning electron micrographs in Fig. I show in different 
I~l~lgnili~illrl,t~s of the plain p~~lyacrylamide microheads (A), as well as microbeads 
c..cjnt;tining tctritcvclinc HCI (B). The plain microbe;rds were generally spherical with 
porous sm~~oth surfaces, while the medicated microbeads showed irregularly cracked 
surfaces d.te to the embedded drug particles. It is also of interest tc note the 
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prance oi minute drug particles on the WC kx of the medicated microbeads. 
Fig. 2 d~ows the size distribution curxa of the poiyacnlamide microbeads. as 

well as of those: treated with glutaraldehyde. In comparison to the plain polyacryla- 

mide tnicrobcxis. the presence of drugs and gelatin increases the particle size and 
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particle size distribution of the medicated products. Furthermore, increasing the 
concentration of gelatin led to large particle diameters and a widening of the bead 
size distribution (Table 1). Both findings could be expected from emulsions of larger 
globules due to increased viscosities. On the other hand, cross-linking does not 
influence particle size or particle size distribution of the microbeads, because 
cross-linking is carried out on already polymerized microbeads. It was also noticed 
that polyacrylamide-theophylline microbeads are generally larger than those contain- 
ing tetracycline-HCl. Such findings may be attributed to the fact that the former was 
suspended in the aqueous phase while the latter was dissolved before the polymeriza- 
tion process. So, the suspended theophylline particles hindered the rate of globular 
subdivision, thus leading to relatively larger microbeads. Water influx experiments 
showed that equilibrated hydration was attained throughout the first 10 min with a 
water uptake of about 73.5% (-+28) of the initial volume of the dried particles. The 
wet particles under the optical microscope showed a spongy structure but still 
retained their original form. 

Fig. 3. First-order plot of tetracycline-HCI dissolution in 0.1 N HCI solution nt 37T by the beaker 
method from its PAA microbeads, C: PAA-gelatin microbeads, $ ; PAA-C.-I. gelatin, 0.8 8, mrorclbeads 
(2 h, C.-L). A: (8 h. C.-I.). A; and PAA-C.-I. gelatin, i&g, microheads (2 h, C.-I.). U; (8 h, C.-L), l . 
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Fig. 4. !Square-root of time plot of tetracycline-HCI dissolution from its polyscrylamide microbeads in 
phosphate buffer solution of pH 7.2 at 37°C by the beaker method. Key as under Fig. 3. 

The variation in the total drug content (Table 1) demonstrated whether the drug 
was dissolved (tetracycline-HCl) or suspended (theophylline) in the aqueous phase 
before the polymerization process. The drug content in theophylline microbeads was 
generally about 10% higher than the corresponding tetracycline-HCl products, due 
to the higher solubility of tetracycline-HCI in either the cross-linking solution or in 

the washing liquids. The presence of gelatin decreased the microbead drug content 
as a function of gelatin concentration. 

The results of the in vitro drug dissolution studies are sho .n in Figs. 3 -6. In both 
drugs investigated there was a high drug dissoluticn during the first 5 min. followed 
by a relatively delayed release which differed according to the formulation product 
investigated. This behaviour is characteristic for most monolithic dissolved or 
suspended devices (Kim et al., 1980). due to the rapid dissolution of the minute drug 
particles dried on the microbead surface (Fig. 1 R). In addition, drug diffusion 
through pores and cracks, detected on the microbead surface, might contribute to 
drug mass transfer during the first stages of drug dissolution. It is of interest to note 
that the presence of non-cross-linked gelatin in the microbead formulation products 
showed enhancing drug dissolution effects to the polyacrylamide matrices in both 
acidic and alkaline dissolution media. Such a finding may be explained as being due 
to the channelling action of the rapidly dissolved gelatin through the polymeric 
devices. On the other hand, hardening cf the products through glutaraldehyde 



Fig. 5. Square-root of time plot of theophylline dissolution from its polyacrylamidc mxrnheods in 0.1 N 

HCI solution at 37°C by the beaker method. Key as under Fig.*3. 

cross-ijn~ng led to the gradual dissolution retardatios~ as fu~~ct~ons of diss~~luti~~l~ 
medium, gelatin concentration, as well as hardening time. 

It was found that the dissolution of tetracycline-HCI from the different micro- 
bead products was more defayed in phosphate buffer than in acidic dissolution 
medium (Figs. 3 and 4). This can be explained by the high solubility of the drug in 
acidic media. Comparatively, theophyiline behaved iu an opposite way. although 
slight differences could be detected between its dissolution in acidic and phosphnte- 
buffered media. 

It was also stated that in acidic medium, the release of either of the two drugs was 
retarded as a function of gelatin concentration, as well as its cross-linking time. In 
phosphate buffer, on the other hand, the dissolution pattern increased by increasing 
the cross-linked geiatin content of the beads. This finding may be cxpiained to be 
due to the high channelling effect of the solubilized gelatin in basic medium. 
Furthermore, such a channel~ing effect was more apparent in the products with 
shorter cross-linking times, probably due to its rapid solubility in the dissolution 
medium. 

In order to study the mechanism of release of both dissolved {tetmcyciirre-Hf’It, 
or suspended (theophylhne) drugs from their polymeric matrix microbeads, several 
release kinetic ~lechanisms were examined. Regarding tetr~tcyclinc-HCI dissolut~l~~~ 
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Fig. 6. Square-root of time plot of theophylline dissolution from its polyacrylamide microbeads in 

phosphate buffer solution of pH 7.2 at 37T by the beaker method. Key as under Fig. 3. 

in 0.1 N HCI, the log percentage retained drug showed a linear relation with time 
(Fig. 3). hence an appxent first-order dissolution pathway was proved according to 
the equation: 

108 0, = log Q,, -- $- _. _ 
where Q, is the amount of the drug retained undissolved at time t, Q0 is the total 
drug content, and k is t!~e first-order dissolution rate constant. Otherwise, theophyl- 
line in either of the dissolutio:: media, as well as tetracycline-HCI in phosphate 
buffer of pH 7.2 showed linear relations between their percentage dissolution and 
the square-root of time, indicating a typical square-root of time dissolution pattern 
according to Higuchi equntiou ( 1963): 

Q=[ :L(2A-CS)C,t 1 ’ ’ 
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where Q is the amount of drug released per unit area at time t; D is the diffusion 
coefficient of the drug in the dissolution medium; C, is the solubility of the drug in 
the dissolution medium; E is the porosity of the matrix; T is the tortuosity of the 
matrix; and A is the total amount of the drug present in the matrix. Considering the 
relatively constant surface area of the drug microbeads exposed to the dissolution 
medium, the percentage dissolution of the drug can simply be taken as representa- 
tive of the amount of drug released per specific surface area, and hence as a function 
of Q. Taking k as the square-root of the time dissolution rate constant and 
representing the other variables, the equation can be simplified as: 

Percentage of dissolution = k - t’lZ 

therefore. 

k = percentage of dissolution S . 
tl,;2 

min_ ,,,? 

Thus. excluding the first drug flush. the dissolution kinetics of both drugs (except 
tetracycline-HCI in 0.1 N HCI) from such polymeric monolithic microbeads was 
found to follow the equation proposed by Higuchi (1963) describing the drug release 
from an insoluble matrix. Although this equation was developed for drug release 
from insoluble plastic matrices, it has also been applied to drug release from 
hydrophilic matrices (Lapidus and Lordi, 1968). Table 2 shows the dissolution 
mechanisms, the dissolution rate constants and the time of 50% dissolution of the 
model drugs from their polymeric devices in both acidic and alkaline dissolution 
media. The t,,, values computed showed that. in acidic dissolution medium, the 
retardation of drug dissolution is directly proportional to gelatin concentration and 
its cross-linking time, On the other hand, in phosphate buffer medium, increasing 
the gelatin concentration in the microbeads decreased the sustainment of drug 
release. 

Based on the z tated discussion, drug-loaded poly(acry!amide-N.N’-methylene 
bisacrylamide) microbeads, with a controlled particle size range, could be prepared. 
Being dense and free-flowable. they display promising characteristics for 
pharmaceutical solid dosage formulation purposes. In addition the cross-linked 
gelatin- polyacrylamide microbeads developed have potentials as time-release oral 
dosage forms. 
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