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Abstract 

Bioavailability of danazol-hydroxypropyl-fl-cyclodextrin complex was investigated in rats and dogs using different 
routes of administration. The complex was administered buccally in an aqueous solution form to rats in which the 
esophagus had been ligated to prevent swallowing of the complex, while oral administration was by gastric gavage. 
In dogs, the complex was administered buccally in the form of rapidly dissolving adhesive patch formulation, and 
orally in the form of hard gelatin capsules. Buccal absorption of the complex was evaluated in an attempt to bypass 
presystemic elimination. Buccal absorption of  danazol in rats was slow and mean plasma concentration exhibited a 
plateau for 5 h. However, the extent of absorption was higher than the oral route, and bioavailability was 186% 
relative to oral administration. The absolute bioavailability was 26.4%, indicating incomplete absorption of the 
complex after buccal administration. Plasma profiles and pharmacokinetic parameters obtained in dogs were similar 
in the orally and buccally administered doses, suggesting that drug release from the buccal patch was not slow enough 
and the drug was consequently swallowed rather than absorbed across the buccal mucosa. Copyright © 1996 Elsevier 
Science B.V. 
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1. Introduction 

Danazo l  is a synthetic steroid used in the treat- 
ment  o f  endometriosis,  hereditary angioedema,  
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fibrocystic breast disease, and has high potential 
for the t reatment  o f  au to immune  diseases such as 
acute myeloid leukemia and HIV-associated 
th rombocy topen ia  (Dmowski ,  1990). Danazol  is 
practically insoluble in water (Bakatselou et al., 
1991), is known  to undergo hepatic metabol ism 
(Davison et al., 1976), and has low oral 
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bioavailability (Hooper et al., 1991). Conse- 
quently, danazol is usually administered in a rela- 
tively high dose range in order to reach effective 
blood concentration. Recently, a soluble dana- 
zol-cyclodextrin complex has been prepared that 
significantly increased oral bioavailability of 
danazol in rats (Badawy et al., 1996). However, 
the oral route of administration is subject to 
first-pass metabolism, and oral absolute 
bioavailability of the complex is still low in the 
rats. Administration of danazol via another route 
that bypasses presystemic metabolism can in- 
crease the efficiency of danazol delivery to the 
systemic circulation. This would result in a lower 
dose, and might reduce side effects and increase 
tolerance to danazol. Administration of danazol- 
cyclodextrin complex through the buccal route 
may achieve this goal. Aside from the fact that 
compounds delivered through the buccal mucosa 
reach the systemic circulation directly (Hussain et 
al., 1986, 1987; Pitha et al., 1986), the buccal 
mucosa is also an easily accessible and convenient 
site for drug delivery. In addition, it has the 
advantages of being a robust mucosa, and has 
high patient acceptability and compliance (Nair 
and Chien, 1993). 

The purpose of this study is to test the feasibil- 
ity of delivering danazol in complex form with 
hydroxypropyl-fl-cyclodextrin (HPCD), through 
the buccal mucosa. Buccal absorption of danazol 
was studied in rats using aqueous solution of the 
complex and compared with the oral absorption 
of the complex as well as intravenously (i.v.) 
administered danazol reported previously 
(Badawy et al., 1996). In dogs, the complex was 
administered buccally using adhesive patch for- 
mulation, and orally in hard gelatin capsules. 

2. Materials and methods 

2.1. Materials 

Danazol was purchased from Miat Chemical 
Company (Milan, Italy). Hydroxypropyl-fl-cy- 
clodextrin was donated by Roquette Corporation 
(Gurnee, IL). All other chemicals were of analyti- 
cal grades. 

2.2. Methods 

2.2. I. Preparation of inclusion complex 
Danazol-HPCD coprecipitate (l:10 w/w) was 

prepared by mixing 1% w/v ethanolic solution of 
danazol with an equal volume of 10% ethanolic 
solution of HPCD and the resulting solution was 
stirred at ambient temperature until complete 
evaporation of the solvent. The resulting copre- 
cipitate was kept in a desiccator for at least 48 h 
and then ground in glass mortar for size reduc- 
tion. Particles passing through a sieve size of 150 
/zm (mesh # 100) were used for bioavailability 
studies. 

2.2.2. Buccal dosing of rats 
Five male Lewis rats (300-350 g) were fasted 

overnight, and dosed buccally with danazol- 
HPCD complex. The rats were anesthetized with 
pentobarbital (50 mg/kg, intraperitoneally) and 
the esophagus was ligated through a small inci- 
sion on the neck, which was then closed with 
surgical staples. The trachea was also cannulated 
with a polyethylene cannula to allow free breath- 
ing of the animal. Rats were maintained on their 
abdomen with their lower jaw on the surface of 
the bench. An aqueous solution of the complex 
(approximately 100 /tl) containing the calculated 
dose (6.75 mg danazol/kg) was applied between 
the cheek and the lower gum using a syringe and 
a blunt needle. Ligation of the esophagus prevents 
the dosing solution from being swallowed, allow- 
ing it to remain in the buccal cavity. Blood sam- 
ples (0.35 ml) were collected into heparinized test 
tubes after cutting the tip of the tail at 0, 0.25, 0.5, 
1, 2, 3 and 5 h after dosing. Blood samples were 
centrifuged immediately to obtain plasma which 
was stored at - 2 0 ° C  until analyzed by high-per- 
formance liquid chromatography (HPLC). 

2.2.3. Oral dosing of  rats 
Another group of rats, fasted overnight, was 

dosed with aqueous solution of danazol-HPCD 
complex (13.5 mg/kg) by gavage. Blood samples 
(0.35 ml) were drawn through a jugular vein 
cannula at 0, 0.25, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 
8.0 and 12 h after dose. Blood samples were 
treated similarly as above. 
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2.2.4. Intravenous dosing of  rats 
Danazol solution in ethanol/water/propylene 

glycol (1:1.5:7.5) equivalent to a dose of 6.75 
mg/kg was administered i.v. to a third group of 
rats. The solution was administered through a 
jugular vein cannula followed by flushing the 
cannula with 0.5 ml of saline. Blood samples were 
drawn through the jugular vein cannula at the 
time intervals specified under oral dosing and 
treated similarly. 

2.2.5. Buccal dosing of  dogs 
Buccal bioavailability of the complex was also 

determined in a group of four female beagle dogs 
each weighing about 10 kg. The complex was 
administered in a rapidly dissolving adhesive 
patch formulation (Hussain et al., 1988). The 
patches were composed of the following: complex/ 
hydroxypropylcellulose/polycarbophil (carbopol 
934)/polyethylene glycol (PEG) 400 
(63.75:28.4:2.5:5.35 weight ratio). The dry pow- 
ders were triturated in a mortar and after a uni- 
form mixture was formed, the PEG 400 was 
added and levigated with the powder mixture. The 
powder was then pressed in a hydraulic press at 
220°F under 25 000 psi for 7 min. From the thin 
films, patches were cut to an oval shape (roughly 
5 × 3.5 cm) containing the desired dose of 3.25 
mg/kg of danazol. This dose, which is approxi- 
mately half of that used for the rats, was chosen 
to reduce bulkiness of the administered patch. 
Dosing was performed by placing the patch be- 
tween the cheek and the lower gum after moisten- 
ing the dog's mouth with water. The patches 
became adhesive when wet. The mouth was held 
closed for approximately 7 min during which the 
patch dissolved. Blood samples (5 ml) were col- 
lected by jugular venipuncture after 0, 0.25, 0.5, 1, 
2, 4, 6 and 8 h. Plasma was separated by centrifu- 
gation and the samples were stored at -20°C 
until analyzed by HPLC. 

2.2.6, Oral dosing of  dogs 
A calculated weight of the complex equivalent 

to a dose of 3.25 mg/kg was placed in a hard 
gelatin capsule and administered orally to a differ- 
ent group of four dogs. Blood samples were col- 
lected at the time intervals specified under buccal 
dosing, and treated similarly. 

2.2. 7. H P L C  assay method 
The concentration of danazol in plasma sam- 

ples was quantified by a reverse phase HPLC 
method using testosterone propionate (TSP) as an 
internal standard (Nygard et al., 1987). TSP, 0.1 
ml solution in methanol (5 /~g/ml), was added to 
0.2 ml of plasma in screw-capped glass tubes. 
Hexane (4 ml) was then added and the tubes were 
vortexed for 40 s and centrifuged for 20 min at 
3000 rpm. The organic layer was transferred to 
another tube and dried under a gentle stream of 
nitrogen at 37°C. The samples were reconstituted 
in 0.1 ml of methanol and transferred to sample 
vials for analysis. A 50 /tl sample was injected 
into a C18 column (Phenomenex, Torrance, CA). 
The mobile phase consisted of acetonitrile/water 
(68:32) and the flow rate was 1 ml/min (Shimadzu 
Liquid Chromatography LC-10AS). Ultraviolet 
absorbance was measured at 286 nm for danazol 
and 240 nm for testosterone (Shimadzu UV-VIS 
Detector SPD- 10A). Chromatograms were 
recorded and analyzed using EZChrom software 
(Shimadzu Scientific Instruments, Columbia, 
MD). Day-to-day reproducibility of the assay was 
tested by analyzing danazol samples of known 
concentrations on different days. 

2.2.8. Pharmacokinetic analysis 
Pharmacokinetic analysis was carried out by 

nonlinear regression curve-fitting. Danazol con- 
centration-time data were analyzed according to 
a one-compartment open model and a two-com- 
partment open mode[ by nonlinear regression 
(PCNONLIN, SCI Software, Lexington, KY), 
which uses the Gauss-Newton algorithm for min- 
imizing the sum of squared residuals. All danazol 
plasma profiles were found to be better repre- 
sented by the two-compartment model as shown 
by higher correlation coefficient value, lower 
Akaike information criterion (AIC) and Schwartz 
criterion (SC) for that model. Both AIC and SC 
are model selection criteria functions based on 
residual sum of squares. If a model attains a 
solution with a lower weighted sum of squares of 
residuals than any other model, then it is consid- 
ered to be a better model (Nerella et al., 1993). 

Plasma concentration-time data obtained after 
oral or buccal administration of the complex were 



sorbed across the buccal mucosa. Once in 
solution, cyclodextrin complexes dissociate and 
equilibrium exists between free and complexed 
drug. The absorption of the free drug leads to 
reduction of its concentration in solution and, 
therefore, more drug has to dissociate from the 
complex to maintain this equilibrium. The dissoci- 
ation of the complex is a very rapid process; the 
more the drug is absorbed, the more the complex 
dissociates until absorption of the drug is com- 
plete (Szejtli, 1988). 

analyzed by nonlinear regression according to a 
two-compartment model with first-order absorp- 
tion and lag time t*, which accounts for any delay 
between drug administration and its systemic ap- 
pearance. All pharmacokinetic parameters for 
oral and buccal administration, including Cmax, 
Tmax and AUC0_~, were obtained from the curve 
fitted through data points by nonlinear regression. 
AUCo ~ was obtained from the integrated form 
of the corresponding model equation shown be- 
low: 

A B A + B  
AUC0 ~ - - t  

fl Ka 

where A and B are constants, fl is the terminal 
phase rate constant, ~ is the distribution phase 
rate constant, and Ka is the absorption rate con- 
stant.Similarly, AUC0_o~ after i.v. administration 
was obtained using the equation: 

A B 
AUC0 co- + 

F 
For concentration-time data obtained after 

buccal administration of the complex in rats, 
AUCo .... was calculated by the trapezoidal rule 
only, using the mean value of fl obtained from i.v. 
data, since convergence was not obtained due to 
slow absorption. The ratio of mean AUC0 
value after buccal administration to that of 
AUC0_~ after oral administration was used to 
determine the extent of buccal absorption (b) of 
the complex relative to oral absorption (o) using 
the equation: 

AUC b Dose ° 
F = AUC---- % x ~ x 100% 

Absolute bioavailability of the complex after buc- 
cal administration in rats was also calculated us- 
ing this equation: 

AUC b Dose i-v. 
F = - - x - -  x 100% 

AUC Lv- Dose b 

3. Results and discussion 

Cyclodextrin complexes do not permeate bio- 
logic membranes and only the free drug is ab- 

3.1. Accuracy and precision of  assay 

10000' 1 

The HPLC assay method showed good day-to- 
day reproducibility; the concentration of danazol 
was 17.9 +2.3 ng/ml (accuracy = 89.5% and 
RSD= 12.8%) for the 20 ng/ml solution, and 
414.2 + 22.4 ng/ml (accuracy = 96.5% and 
RSD = 5.4%) for the 400 ng/ml solution. 
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Fig. 1. Danazol concentrations in rat plasma (mean + S,E.M.) 
following the administration of danazol intravenously (6.75 
mg/kg, n =  5), and danazol hydroxypropyl-fl-cyclodextrin 
complex orally (13.5 mg danazol/kg, n = 6) and buccally (6.75 
mg danazol/kg, n = 5). 
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Table 1 
Pharmacokinetic data of  d a n a z o l - H P C D  complex in rats 

Oral (13.5 mg/kg) Buccal (6.75 mg/kg) 

Mean ~ S.E.M. Meanb S.E.M. 

Cm~ x (ng/ml) 
Actual 453.2 77.0 
Normalized ~ 33.6 5.7 

Tm.x (h) 0.51 0.06 

A U C  (ng. h/ml): trapezoidal rule 
Actual 677.3 133.8 
Normalized ~ 50.2 9.9 

A U C  (ng-h/ml):  nonlinear regression 
Actual 706.9 143.6 
Normalized ~ 52.4 10.6 

174.1 38.7 
25.8 5.7 

2.3 0.8 

643.4 149.4 
95.3 22. 1 

a n =  6, 
bn=5.  

Normalized data = actual value divided by dose. 

3.2. Bioavailability in rats 

Absorption of  danazol after buccal administra- 
tion of the complex to rats was much slower and 
extended over a longer period of  time than after 
oral administration (Fig. 1, Table 1). The mean 
value of Tm~ x was 2.3 h compared with 0.51 h 
after oral administration. The mean value of Cmax 
was 174.1 ng/ml after buccal administration and 
mean plasma concentrations exhibited a plateau 
up to 5 h after administration. This slow absorp- 
tion precluded convergence of the algorithm used 
for nonlinear regression and, therefore, modeling 
of the buccal data was not achieved. The absolute 
bioavailability of danazol after buccal administra- 
tion was found to be 26.4%. Buccal bioavailability 
of danazol relative to oral administration was 
186"/0. Although bioavailability values calculated 
using individual animal data would give a more 
accurate estimate, such calculation would require 
a cross-over design that was not feasible due to 
technical difficulties. Compounds that permeate 
through the buccal mucosa do not go through the 
hepatic portal vein. Instead, they reach the sys- 
temic circulation directly; thus, this higher 
bioavailability of danazol after buccal administra- 
tion could be due to avoidance of  hepatic first- 
pass metabolism. This finding supports the 

conclusion that the low absolute oral bioavailabil- 
ity of danazol in rats is due to presystemic elimi- 
nation (Badawy et al., 1996). Buccal absorption of 
danazol, however, was not complete, which might 
be attributed to the slow permeation of  danazol 
through the buccal mucosa in rats, as demon- 
strated by the extended absorptive phase. The 
buccal mucosa of  rats, unlike human buccal mu- 
cosa, is keratinized (Harris and Robinson, 1992). 
In order to investigate the possibility that this 
slow absorption is due to keratinization, buccal 
absorption of the complex was studied in dogs, 
which have nonkeratinized buccal mucosa. 

3.3. Bioavailability in dogs 

Oral absorption of danazol in dogs was also 
rapid; the mean value of Tmax was 0.52 h and the 
mean Ka-value was 4.2 h -  ~. The plasma profile 
also followed two-compartment kinetics with a 
mean a-value of  2.9 h ~ and mean •]-value of 
0.29 h ~ (Table 2). Although a lower dose was 
used for oral dosing in dogs than in rats, com- 
parable mean plasma concentrations were ob- 
tained in both cases. Plasma profiles obtained 
after administration of  buccal patches showed 
close resemblance to those obtained after oral 
dosing (Fig. 2). The mean value of  Tm,x was 0.39 
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Table 2 
Pharmacoklnetic data of  danazo l -HPCD complex in dogs 

Buccal Oral 

Mean a S.E.M. Mean" S.E.M. 

(h 1) 3.9 0.35 2.9 0.6 
fl (h I) 0.28 0.05 0.29 0.06 

K a (h -  1) 4.9 0.43 4.2 0.2 
Lag time (min) 10.3 5.7 9.5 7.0 
Cm. x (ng/ml) 750.4 179.2 705.8 59.1 
Tma x (h) 0.39 0.04 0.52 0.17 

AUC (ng.h/ml) 1340 331 1376 200.8 

a n = 4 .  

h and the mean Ka-value was 4.87 h '. The 
mean a-value was 3.9 h - l  and the mean fl- 
value was 0.28 h - ' .  The difference in the mean 
value of either AUCo ~ or Cma× after oral or 
buccal administration was not significant by the 
t-test. 

The buccal administration of rapidly dissolv- 
ing adhesive patches resulted in plasma profiles 
that exhibited pharmacokinetic parameters that 

Mean oral 

m 
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o 

10 

1000 

Time  (hr) 

Fig. 2. Danazol concentrations in dog plasma (mean + S.E.M., 
n = 4) after the administration of  danazol-hydroxypropyl-fl-  
cyclodextrin complex, equivalent to 3.25 mg danazol/kg, orally 
and buccally. 

closely resemble those obtained after oral ad- 
ministration. Also, the extent of absorption was 
not increased after administration of the 
patches, as shown by AUC0 ~ values that are 
very close to those obtained after oral adminis- 
tration (Table 2). This suggests that the complex 
was mostly swallowed and not absorbed 
through the buccal mucosa. Unlike the rat ex- 
periment, this system is not closed (the esopha- 
gus is not ligated) and the complex can be 
swallowed if absorption is not fast enough. 
Therefore, buccai absorption was not observed 
due to rapid drug release from the delivery sys- 
tem and consequent reduced contact time of the 
drug with the buccal mucosa. 

4. Conclusions 

Buccal absorption of danazol across the kera- 
tinized mucosa of the rats was slow and the 
absorption phase was long. Administration of 
the complex in the form of rapidly dissolving 
adhesive patches in dogs did not result in buccal 
absorption of danazol and the complex was 
mostly swallowed. Clinical utilization of this 
route requires the development of a controlled 
release delivery system that will remain in con- 
tact with buccal mucosa longer to allow for ade- 
quate absorption. This investigation of the 
buccal administration of a water-soluble danazol 
complex can shed more light on the feasibility 
of this route for the delivery of similar drugs. 
Work is underway for a delivery system that 
will allow for adequate buccal absorption in 
dogs. 
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