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Copolymer Films and Kinetics of Nitrofurazone Release
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Methyl methacrylate-butyl methacrylate copolymer (MMBM)-dibutyl phthalate (DBP) films were
investigated as a potential topical drug delivery system for the controlled release of nitrofurazone.
The kinetic analysis of release data indicated that drug release followed a diffusion-controlled
granular matrix model, where the quantity released per unit area is proportional to the square root of
time. DBP of several hydrophobic plasticizers selected was found to give the highest release of
nitrofurazone. However, hydrophilic plasticizers such as propylene glycol and polyethylene glycol
400 had no controlled release properties and acceptable film formation. The effects of changes in film
composition, drug concentration, film thickness, pH of release medium, and temperature on the 7
vitro release of nitrofurazone were analyzed both theoretically and experimentally. The release rate
constant (k') was found to be proportional to DBP content, pH, and the temperature of release
medium, but independent of film thickness, and drug concentration in a range of 0.1-0.4% by weight.
The linear relationship was found to exist between the log k' and DBP content. The release of
nitrofurazone from MMBM-DBP (8:2) films was found to be an energy-linked process. Two energy
terms were calculated; the activation energy for matrix diffusion was 13.45 kcal/mole, and the heat
of drug crystal solvation was 27.26-29.34 kcal/mole. Observation of scanning electron micrographs
and microscopic photographs showed that the incorporation of DBP in films increased markedly the
particle size of nitrofurazone dispersed in the film matrix, comparing with the fine dispersion of

nitrofurazone in pure MMBM film alone.
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Figure 1—Comparison between first-order release treat-
ment and Q' versus t!/2 treatment of data from a film
containing 0.2% nitrofurazone at a 8:2 ratio of MMBM-

DBP.
Key: @, log Q’ versus t and 0, Q' versus t1/2




Table I—Comparison between Linearizations of Release Rate Data by First-Order and Diffusion Treatments for a

0.2% (w/w) Nitrofurazone in MMBM-DBP Films.

MMBM-DBP First-order Diffusion control
ratio, w/w K x 104, tiags Correlation k* x 102, g Correlation
min-1 min coefficient mg/64cm?minl/2 min coefficient
10:0 0.207 -660.5 -0.9098 0.223 -183.3 0.9104
9.5:0.5 0.645 -232.0 -0.9854 0.374 -1.422 0.9704
9.0:1.0 1.281 -273.4 -0.9853 0.738 -5.673 0.9940
8.5:15 2.396 -260.5 -0.9905 1.295 -6.692 0.9978
8.0:2.0 2.776 -200.8 -0.9903 1.665 1.187 0.9989
7.0:3.0 7.228 ~-159.6 -0.9925 3.310 -13.180 0.9993
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Figure 2—Plots of release rate into pH 6.90 buffer of
0.2% (w/w) nitrofurazone from MMBM-DBP (8:2) film
against the amount of drug release (Q’) and the
reciprocal of the amount of drug release (1/Q’).

Key: ®, dQ’/dt versus Q" and 0, dQ’ /dt versus 1/Q’
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Table II—Comparison of Parameters of Linearity Ob-
tained from Plots of Release Rate against
the Reciprocal Amount (1/Q’) and the
Amount (Q’) of Nitrofurazone® Released.

MMBM-DBP Correlation coefficient
ratio, w/w Rate versus Rate versus
Q’ 1/Q’
10:0 -0.7220 0.7569
9.5:0.5 -0.8305 0.9490
9.0:1.0 -0.9120 0.9552
8.5:1.5 ~-0.9400 0.9946
8.0:2.0 -0.9455 0.9989
7.0:3.0 -0.9684 0.9965

3 Nitrofurazone was incorporated into films in 0.2% by
weight.,
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Figure 3—Effect of several plasticizers on the release of
nitrofurazone from MMBM-plasticizer (8:2) films at pH
6.90 and 37°C.

Key: m, MMBM film alone; o, dimethyl phthalate; o,
diethyl phthalate, A, N,N-diethyl-m-toluamide; a, di-2-
ethylhexyl phthalate, and 0, dibutyl phthalate.
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Table III—Effect of Several Plasticizers® on the Release Rate Constants (Q*/t'/2) for MMBM Films containing 0.2%

(w/w) Nitrofurazone at pH 6.90 and 37°C.

k' x 102, t Correlation
Plasticizer? log’ ..
mg/64cm2minl/2 min coefficient
No plasticizer 0.223 -183.3 0.9104
Dimethyl phthalate 0.417 -1.15 0.9806
Diethyl phthalate 0.546 0.19 0.9926
Dibuty! phthalate 1.665 1.19 0.9989
Di-2-ethylhexyl phthalate 1.383 -0.02 0.9954
N,N-Diethyl-m-toluamide 0.975 -0.02 0.9980

a)Plasticizer concentrations were all 20% (w/w) of dry film weight.
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Figure 4—Drug release into pH 6.90 phosphate buffer
from films containing 0.2% (w/w) nitrofurazone at dif-
ferent concentrations (%, w/w) of dibutyl phthalate in
dry films.
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Figure 7—Microscopic photographs of MMBM films
containing 0.2% nitrofurazone.

Key: A; pure MMBM film before drug release(a) and
after drug release for 8 hours (b); B; 8:2 MMBM-DBP
film before drug release (a) and after drug release for 8
hours (b); C, 8:2 MMBM-PG film after drug release for
8 hours and D, 8:2 MMBM-PEG 400 film after drug
release for 8 hours

Table IV—Effect of Storage Period on Nitrofurazone Release from MMBM-DBP (8:2)Films at pH 6.90 and 37°C.

Storage k’ x 102, tug Correlation
period, hr mg/64 cm®mint/? min coefficient
15 1.678 -0.067 0.9981
43 1.665 1.187 0.9989
87 1.650 5.610 0.9983
158 1.526 0.140 0.9991
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Table V— Relationship of k*(Q’ /t1/2)2 to the Initial Nitrofurazone Concentration in MMBM-DBP(8:2) Films.

Drug pH 6.90 Phosphate bufferc) Water®

conc.,» Kk’ x 102 tip Correlation k' x 102 tug Correlation

% (wi/w) min coefficient min coefficient

¥0.05 0.850 0.076 0.9993 0.818 0.004 0.9966
0.1 1.565 -0.033 0.9981 1.359 -2.900 0.9968
0.2 1.665 1.187 0.9989 1.309 0.405 0.9974
0.3 1.700 -10.357 0.9927 1.549 5.914 0.9957
0.4 1.635 1.572 0.9993 1.485 -7.290 0.9947

DAl the release rate constants (mg/64 cm?mint/2) and correlation coefficients were computed from the linear regres-
sion analysis. ® Drug concentration by weight in dry film. © Release into pH 6.90 phosphate buffer and water at 37°C.
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Table VI—Effect of Film Thickness on Nitrofurazone Release Rate Constants and Half-Life for MMBM-DBP (8:2) Films
Containing: 0.2% Nitrofurazone at pH 6.90 and 37°C.

"t79, MIN

Wet film Dry film k% 1(2)2, Correlation
h- kn 3 a) ¢ H R .
;elt(t:ing?sjlm ;l;rkness, mg/64 cmimin Calculated Measured® coefficient
0.79 68+1.6 1521 962 807 0.9847
1.57 145+2.1 1.665 3,666 3,739 0.9989
2.36 218+2.6 1.396 11,787 11,966 0.9992
3.15 288+3.4 1.417 19,944 19,819 0.9990

A Thickness was the mean =+ standard deviation of six measurements. PCalculated according to Eq. 14.9Measured from
Q'/t1/2 graphs at the point corresponding to the exact 50% release of initial drug content of the film.
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Table VII—Effect of pH on the Drug Release Rate Constants from MMBM-DBP (8:2) Films Containing 0.2% (w/w)

Nitrofurazone.
k’ x 102 tiag Correlation
pH Y . -
mg/ 64 cm®min!/? min coefficient
1.41 0.291 4.645 0.9424
2.55 1.010 0.008 0.9942
4.00 1.350 2.979 0.9946
6.90 1.665 1.187 0.9989
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Table VIII—Calculation of the Heat of Crystal Solvation
{4H) at Various Temperatures.

Temperature, (T, DIT,? A Hfb)
°C kcal/mole
22 0.423 27.26
30 0.407 28.33
37 0.393 29.34
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Figure 10—Linear relationship between the logarithm of
lag time (t,,) and the reciprocal of temperature
(T} following Eq. 20. From the slope of line
[y=2939.9x-7.599 (r=0. 9999)], the activation energy

(E,) for matrix diffusion was calculated to be 13.45
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