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ABSTRACT

A matrix-dispersion-type transdermal drug delivery system of propranol was devel-
oped using different ratios of mixed polymeric grades of Eudragit. Formulations
were evaluated for in vitro dissolution characteristics using a Cygnus’ sandwich
patch holder. Selected formulations followed zero-order release kinetics. In vivo
evaluation was carried out on healthy human volunteers following a balanced in-
complete block design (BIBD). In vitro dissolution rate constant k and pharmacoki-
netic parameters generated from plasma and urine were evaluated statistically. Sta-
tistically excellent correlation was found between percentages of drug absorbed
from patch versus Cmax, AUC0–24, and AUC0–~. A highly significant difference was
observed when Cmax and AUC0–~ generated from plasma and urine data were com-
pared, but when ke, t1/2e, ka, and t1/2a were compared, the difference was not signifi-
cant. Urinary excretion data are suggested as a simpler alternative to blood-level
data in studying the kinetics of absorption and deriving the absorption parameter.

INTRODUCTION

Topical administration of therapeutic agents offers
many advantages over conventional oral and the more
invasive methods of drug delivery. Transdermal delivery
not only provides controlled, constant administration of
the drug, allowing continuous input of drugs with short
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biological half-lives, but also can eliminate pulsed entry
into the systemic circulation, which often causes undesir-
able side effects (1). It has the advantage of bypassing
hepatic first-pass metabolism, thus achieving higher sys-
temic bioavailability of drugs (2–4).

The present work aimed to develop a matrix-disper-
sion-type transdermal drug delivery system of pro-
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pranolol, a nonselective beta-adrenergic blocking agent
widely used in the treatment of various cardiovascular
disorders (4–6). Oral administration of propranolol has
the disadvantage of low bioavailability due to an exten-
sive and highly variable hepatic first-pass metabolism
(4,7,8). In addition, propranolol has a half-life of 2 to 6
hr (9,10) and requires frequent dosing. Owing to these
disadvantages, a transdermal patch of propranolol was
designed and developed using mixed grades and ratios of
rate-controlling polymers, Eudragit RL100 and RS100,
Eudragit RLPO and RSPO, and Eudragit RLPM and
RSPM with a plasticizer, dibutyl pthalate.

EXPERIMENTAL

Materials

Eudragits (RL100, RS100, RLPO, RSPO, RLPM,
RSPM) were gifts from Rohm Pharma, GmBh Weiter-
stadt, West Germany. Propranolol was provided by Sarab-
hai Chemicals, Baroda, India. All solvents and reagents
used were of AnalaR grade. The spectroflurometer was a
Hitachi fluorescence spectrophotometer model 650-10S,
Japan.

Methods

Fabrication of Transdermal Films

The transdermal films of propranolol were made using
mixed grades of Eudragits RL100 and RS100, RLPM and
RSPM, RLPO and RSPO, each in the ratios of 100:00,
80:20, 60:40, 50:50, 40:60, 20:80, 00:100. Polymer
solution (10% w/v) was made by dissolving the respec-
tive amounts of polymer in acetone as a casting solvent,
except Eudragit RL100 and RS100, for which a mixture
of methanol and methylene chloride (in the ratio 80:20)
was used. All films were cast from a 10% w/v solution
of film former and the plasticizer dibutyl pthalate (10%
w/w based on polymer weight). The films were cast on
mercury substrate (11). The films were cut into small
patches containing the equivalent of 10 mg of the drug and
were stored between sheets of wax paper in a desiccator.

Physicochemical Characterization of
Transdermal Films

Drug Content

The patch was dissolved in 2 ml of the casting solvent,
and the volume was adjusted to 100 ml with distilled wa-
ter. The solution was suitably diluted, and fluorescence

was measured at the excitation and emission wavelengths
of 315 and 340 nm, respectively (12). For each formula-
tion, 10 films were assayed individually.

Thickness

The thickness of the patch was determined using a
traveling microscope at 5 separate points of each patch.
For each formulation, 10 randomly selected patches were
tested for their thickness.

Weight Variations

The patches were subjected to weight variation by in-
dividually weighing 10 randomly selected patches. Such
determinations were carried out for each formulation.

In Vitro Dissolution Studies

To ensure the patch-to-patch in vitro release reproduc-
ibility of transdermal films, a newly developed Cygnus’
sandwich-patch holder, a slightly modified Food and
Drug Administration (FDA) sandwich-patch holder, was
employed in dissolution testing (13,14). The dissolution
vessel (covered with black paper) contained 500 ml of
deaerated water maintained at 32°C 6 0.5°C, the temper-
ature of the skin surface (13). The paddle speed was set
at 50 rpm. The patch assembly was carefully placed at
the bottom of the vessel and was centered using a glass
rod. Sample (5 ml) was withdrawn at 1-hr intervals until
the completion of drug release. The withdrawn sample
was replenished with fresh media (5 ml). The propranolol
content of the sample was estimated spectrofluorometri-
cally (12). Three such determinations were carried out
for each formulation. The content of propranolol was
computed from the standard curve (r 5 0.999; p , .001)
prepared in the dissolution medium. The in vitro dissolu-
tion profiles, namely, cumulative drug release and disso-
lution rate constant, were calculated.

In Vivo Studies

The test formulations were tested for their bioavail-
ability on nine healthy human volunteers (23.67 6 2.16
years, 58.22 6 6.15 kg) following a balanced incomplete
block design (BIBD). The formulation was applied to the
chest 24 hr after hair removal. Blood and urine samples
were collected prior to application of film. Thereafter,
blood samples were collected at 1, 3, 4, 5, 7, 9, 12, and
24 hr, and urine samples were collected at 1-hr intervals
up to 12 hr and then at 24, 28, and 36 hr. Each blood
sample (2 ml) was centrifuged for 15 min at 500 rpm and
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20°C. The supernatant plasma sample (1 ml) and col-
lected urine sample (5 ml) were stored in well-closed test
tubes under refrigeration for the analysis of propranolol.
The plasma and urine samples were analyzed spectroflu-
orometrically (12). For the purpose of computing the pro-
pranolol content of the biological fluids, a standard curve
(r 5 0.999, p , .001) in the concentration range 10–100
ng/ml was prepared in the same manner.

The pharmacokinetic parameters area under the curve
(AUC), maximum plasma concentration Cmax, time to
reach peak plasma concentration tmax, absorption rate con-
stant ka, absorption half-life t1/2a, elimination rate constant
ke, and elimination half-life t1/2e were calculated. The
pharmacokinetic data Ka, t1/2a, ke, t1/2e, and AUC0–~ were
calculated by a graphical method (15). AUC values (0–
12, 0–24, and 0–36) were computed using the trapezoidal
rule. Urinary ka and t1/2a were calculated by the Wagner-
Nelson method.

Statistical Evaluation

The relevance of difference in the in vitro dissolu-
tion rate profile and pharmacokinetic parameters was

Table 1

Characteristics of Transdermal Patch of Propranolol

Drug Dissolution
Test Contenta Thicknessa Weighta Percentage Rate Constant
Product Composition (mg) (mm) (mg) Dissolvedb (mg.cm22hr21)

A RLPM:RSPM
100:80 9.97 0.605 74.91 99.98 12.267

(0.026) (0.001) (0.034) (0.00) (0.059%)
B 80:20 9.95 0.598 74.88 99.58 12.188

(0.016) (0.001) (0.027) (0.049) (0.055%)
C RLPO:RSPO

80:20 9.98 0.598 70.38 99.98 12.513
(0.019) (0.002) (0.101) (0.001) (0.087%)

D 60:40 9.96 0.599 70.28 99.93 13.207
(0.017) (0.001) (0.048) (0.049) (0.045%)

E RL100:RS100
100:00 9.98 0.600 70.12 99.89 11.279

(0.015) (0.001) (0.058) (0.00) (0.077%)
F 80:20 9.94 0.596 70.08 99.92 12.403

(0.016) (0.002) (0.047) (0.050) (0.090%)
Two-way p , 0.01, h.s.

ANOVA

Values in parentheses indicate standard deviation and %CV (coefficient of variation).
h.s. 5 highly significant.
a Mean of 10 readings.
b Mean of 3 runs.

evaluated statistically by two-way analysis of variance
(ANOVA) and t test.

RESULTS AND DISCUSSION

The mixtures of Eudragit RL and Eudragit RS have
been reported to provide very hard films, but in the pres-
ence of plasticizer, these mixed polymers form films with
good elasticity. From the various formulations made, six
formulations (A–F) were selected on the basis of drug
release pattern. The drug content, thickness, and weight
per patch were similar for all grades and ratios of the
polymers, but percentage drug dissolved was slightly
greater for formulations containing a higher proportion
of the RL (permeable) type (Table 1). In vitro release
followed zero order as its coefficient of correlation (r 5
0.958–0.994; p , 0.001) predominates over first-order
and Higuchi-type release kinetics. The calculated disso-
lution rate constant showed a significant difference be-
tween the test products (p , .01), but within the test
products, a significant difference was not observed, indi-
cating that the six sets of data differ significantly (Table 1).
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Hence, it may be suggested that the test products differ
in their formulations.

A skin irritation test performed on the six healthy hu-
man volunteers showed that neither the polymer nor the
drug caused any noticeable irritation or inflammation on
or around the patch area. Also, none of the volunteers
complained of skin irritation or inflammation after the
removal of patches.

The pharmacokinetic parameters Cmax, tmax, ke, t1/2e, ka,
t1/2a, and AUC data generated from plasma and urine were
taken into consideration for comparative bioavailability.
Cmax values ranging from 123.668 to 206.335 ng/ml were
achieved in 4 hr (tmax). The variation in the Cmax may be
attributed to the variation in nature and concentration
of polymers used in patches. On the basis of Cmax and
AUC values, the test products could be ranked
A.C.E.D.B.F (Table 2).

From the urinary profile data (Table 3), the test
products (A–F) could be ranked on the basis of Cmax,
AUC0–36, and AUC0–~ as follows: A.C.E.D.B.F
(but F.B in the case of AUC0–36). The time taken to reach
maximum concentration tmax in urine was found to be 5–
6 hr, which is well after the time taken to reach peak
plasma concentrations (4 hr). The average values of ke,
t1/2e, ka, and t1/2a were found to be similar to the values
obtained using plasma data (Tables 2 and 3). ka and t1/2a

Table 3

Pharmacokinetic Characteristic from Urine Profile of Propranolol from Different Transdermal Films

Test Cmax Tmax ke
a t1/2e

b Ka
c t1/2a

d AUC0–36 AUC0–~

Product (mcg) (hr) (hr21) (hr) (hr21) (hr) (mcg hr) (mcg hr)

A 414.086 6 0.1032 6.7286 1.1805 0.5870 5024.740 6109.652
(0.023) (0.185) (0.000) (0.038) (0.037) (1.109) (0.323)

B 323.945 6 0.1452 4.7777 1.1653 0.5947 2502.188 4000.425
(0.017) (1.429) (1.497) (0.050) (0.050) (0.073) (0.8250)

C 386.679 5 0.0959 7.2369 1.2109 0.5723 4428.036 5531.813
(0.138) (1.775) (1.778) (0.123) (0.123) (0.046) (0.598)

D 331.630 5 0.0896 7.7300 1.1367 0.6097 3532.800 4991.317
(0.032) (1.714) (1.469) (0.093) (0.094) (0.142) (0.236)

E 359.006 5 0.1006 6.9000 1.1552 0.5999 4176.364 5023.728
(0.029) (0.385) (0.579) (0.171) (0.171) (0.054) (0.831)

F 281.664 5 0.1333 5.2077 1.1461 0.6046 2638.807 3450.247
(0.014) (0.236) (0.461) (0.114) (0.114) (0.087) (1.889)

Two-way ANOVA p , .01, — p , .01, p , .01, p , .01, p , .01, p , .01, p , .01,
h.s. h.s. h.s. h.s. h.s. h.s. h.s.

Values in parentheses indicate %CV; h.s., highly significant; n.s., not significant.
a 0.111 6 0.023 (20.21%).
b 6.4301 6 1.173 (18.23%).
c 1.166 6 0.027 (2.30%).
d 0.595 6 0.014 (2.27%).

(absorption parameter) were calculated by applying the
Wagner-Nelson treatment to the amount excreted during
absorption.

On statistical evaluation (two-way ANOVA), pharma-
cokinetic parameters generated from plasma and urine
samples showed significant differences (p , .01) among
the test products, but did not (p . .1) within the test
products (Table 2 and 3), except ka and t1/2a (plasma data),
for which a statistically nonsignificant difference (p .
.1) was observed. Spearman’s rank correlation, a nonpa-
rameteric statistical test (16) when employed for rank
correlation, showed a high degree of positive correlation
(p , .02, two tail), showing complete agreement in the
order of ranks between percentage drug absorbed from
patch and Cmax and AUC values (0–24 and 0–~). The
increase in the amount of drug absorbed was thus associ-
ated with the increase in peak blood level (rate of absorp-
tion) and area under the plasma curve (extent of absorp-
tion). This was further quantitatively confirmed by
regression analysis showing an excellent correlation
(p , .001) between the percentage drug absorbed and
Cmax, AUC0–24, and AUC0–~.

The average Cmax and AUC0–~ calculated from plasma
data were statistically significantly greater (p , .0005)
than average Cmax and AUC0–~ values from urine data (Ta-
ble 4). There was no significant difference observed when
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Table 4

t Test Values

Cmax AUC ke t1/2e ka T1/2a

Blood versus urine 7.564 6.097 0.275 0.629 0.076 0.931
Degrees of freedom 10 10 10 10 10 10
ttab

Two tail 4.587 4.587 1.812 1.812 1.812 1.812
One tail 3.169a 3.169a

Level of significance p , .001, p , .001, p , .1, p , .1, p , .1, p , .1,
h.s. h.s. n.s. n.s. n.s. n.s.

a Average value of Cmax/AUC for blood was significantly greater than for urine.

ke, t1/2e, ka, and t1/2a data were compared (Table 4). This
study indicates that urinary excretion data may be used
as a simpler alternative to blood-level data in studying
the kinetics of absorption and deriving the absorption pa-
rameter.

CONCLUSIONS

The results of this study indicate the polymeric-
matrix-type transdermal films of propranolol prepared
with different grades and ratios of Eudragit hold potential
for transdermal delivery. A slow and controlled release
of drug is indicated by the fact that the percentage cumu-
lative amount of drug release versus time is linear, thus
supporting the test products for transdermal films. Cmax

and AUC data were found to be greater than the corre-
sponding values from the urinary profile, whereas no sig-
nificant difference was observed when ke, t1/2e, ka, and
t1/2a data generated from plasma and urine profiles were
compared. Urinary excretion data therefore may be used
as a simpler alternative to blood-level data in bioavail-
ability studies.

ACKNOWLEDGEMENT

S. S. Iyer gratefully acknowledges financial assistance
from a Junior Research Fellowship provided during the
period of study by the University Grants Commission,
New Delhi.

REFERENCES

1. J. W. Wiechers, Pharm. Weekbl., 11, 185–198 (1989).
2. Y. W. Chien, Drug Dev. Ind. Pharm., 9, 497–520 (1983).
3. T. Loftsson, N. Gildersleeve, and N. Border, Pharm. Res.,

4, 436 (1987).
4. M. Carbo, J. C. Liu, and Y. W. Chien, J. Pharm. Sci., 79,

584–587 (1990).
5. D. G. Mc. DeVitt, Drugs, 17, 267 (1979).
6. D. G. Shand, N. Engl. J. Med., 293, 280 (1975).
7. R. Gomeni, G. Bianchetti, R. Sega, and P. L. Morselli,

J. Pharmacokinet. Biopharm., 5, 183 (1977).
8. J. I. Ademola, C. A. Chow, R. C. Wester, and H. I. Mai-

bach, J. Pharm. Sci., 82, 767 (1993).
9. J. E. F. Reynolds, Martindale, The Extra Pharmacopoeia,

29th ed., Pharmaceutical Press, London, 1989, p. 803.
10. Moffat, Clarke’s Isolation and Identification of Drugs in

Pharmaceuticals, Body Fluids, and Post-Mortem Materi-
als, 2nd ed., Pharmaceutical Press, London, 1986, p. 936.

11. B. V. Iyer and R. C. Vasavada, J. Pharm. Sci., 68, 782
(1979).

12. B. M. Trivedi, M. Gohel, and H. Chawda, Indian J.
Pharm. Sci., 5, 142 (1986).

13. V. P. Shah, N. W. Tymes, L. A. Yamamoto, and J. P.
Skelly, Int. J. Pharm. 32, 243 (1986).

14. M. M. Connic Chang, P. H. Lee, C. T. Bromah, and G. W.
Cleary, J. Controlled Release, 27, 59 (1993).

15. W. A. Ritschel, Graphical Approach to Clinical Pharma-
cokinetics, 2nd ed., J. R. Prous, Barcelona, 1984, pp.
19–25.

16. J. T. McClave and P. G. Benson, Statistics for Business
and Economics, 4th ed., Collier Mac Millan, London,
1990, pp. 1198–1212.





Copyright of Drug Development & Industrial Pharmacy is the property of Taylor & Francis Ltd and its content

may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express

written permission. However, users may print, download, or email articles for individual use.


