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Abstract The bioavailability of three different brands and three 
different dosage forms of doxycycline was studied in normal 
subjects. Single doses, equivalent to 200 mg of doxycycline, were 
administered to six subjects in a crossover design as the innova- 
tor’s intravenous solution given orally (Treatment A), the innova- 
tor’s capsule product (Treatment B), a noninnovator’s capsule 
product (Treatment C), the innovator’s oral suspension product 
(Treatment D), and a second noninnovator’s capsule product 
(Treatment E). All dosage forms contained doxycycline as the hy- 
clate, except the suspension which contained the nonhyclate form. 
Serum levels were determined periodically over 48 hr, and cumula- 
tive urinary excretion was measured concurrently over a 120-hr 
collection period. No statistically significant differences were ob- 
served in any in uiuo indicator of bioequivalence when the three 
capsule products were compared. Consequently, they were judged 
to he bioequivalent. When these capsule products were compared 
to the oral solution, no statistically significant differences were ob- 
served. However, when the capsules and the suspension were com- 
pared, statistically significant differences were found in the rate of 
absorption. I n  uitro dissolution tests were also conducted on the 
three brands of capsules, and times required to achieve 50% disso- 
lution showed rank-order correlation with corresponding absorp- 
tion rate constants. 
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In recent years, numerous products introduced by 
pharmaceutical manufacturers have been chemical 
equivalents rather than innovator products. Conse- 
quently, the biological equivalency of the available 
solid, oral, multiple-source dosage forms of a given 
drug entity has become important and comparative 
bioequivalency studies have become a means of eval- 
uating the quality and acceptability of such noninno- 
vator products. The tetracycline analog, doxycycline, 
recently became available on a multiple-source basis. 
Since cases of bioinequivalence for some chemically 
equivalent products of the tetracycline antibiotics 
have been documented (1-4), bioequivalence of dif- 
ferent sources of doxycycline cannot be merely as- 
sumed. 

Two tetracycline antibiotics for which a substan- 
tial bioequivalency literature exists, tetracycline and 
oxytetracycline, were recently classified as “drugs 
whose solid oral dosage forms it is not possible a t  this 
time to state categorically there is, or is not, a poten- 
tial for bioequivalence . . . problems” in a report of 
the APhA Academy of Pharmaceutical Sciences (5). 
In a recent study (6), the 50- and 100-mg capsules of 
one of the two noninnovator’s brands of doxycycline 
capsule dosage forms were compared and determined 
to be bioequivalent to the innovator product. 

The objectives of the present study were: ( a )  to 
evaluate the bioequivalency of the two currently 
commercially available, chemically equivalent, non- 
innovator brands of doxycycline capsules, using the 

innovator’s capsule product as the standard; ( b )  to 
study the bioavailability of all three brands of cap- 
sules in comparison to equivalent doses of an oral so- 
lution and an oral suspension of the drug; and (c) to 
determine the correlation, if any, between the disso- 
lution profiles of the capsule dosage forms and their 
relative bioavailability. 

EXPERIMENTAL 

In Vivo Bioavailability Study Protocol-Six healthy, normal, 
adult male volunteers, 21-30 years old, with normal creatinine 
clearance values were employed as subjects. Five different dosage 
forms or brands of doxycycline were administered with approxi- 
mately 240 ml of water. Each of the five treatments provided a 
dose of 200 mg of doxycycline, calculated as the base. 

In Treatment A, reconstituted doxycycline hyclate for injection’ 
was administered as an oral solution; Treatments B2, C3, and E4 
consisted of different brands of capsules, each containing doxycy- 
cline hyclate equivalent to 100 mg of doxycycline base. Treatment 
D consisted of an oral suspension5, which contained 25 mg of doxy- 
cycline base, present as the monohydrate, per 5 ml after reconsti- 
tution. 

Each treatment was administered using a complete crossover 
design, which was randomized to minimize any possible sequential 
effects. A time interval of a t  least 1 week elapsed between treat- 
ments, allowing adequate time for essentially complete doxycy- 
cline elimination. The subjects fasted at least 3 hr prior to dosing 
and continued to fast until 3 hr after drug administration. 

Blood samples (4 ml) were collected in evacuated glass contain- 
ersfi just prior to dosing and at 1, 2, 3,4,7,  12, 24, 28,34, and 48 br 
after drug administration. Urine voids were collected a t  specific in- 
tervals and pooled for 120 hr postadministration. 
In Vitro Dissolution Studies-In u i t ro  dissolution determina- 

tions were conducted on the three brands of capsules. Although 
doxycycline has no compendia1 monograph dissolution require- 
ment, the general Method I of NF  XIV (7) was used to establish 
and compare dissolution profiles. The mesh screen hasket7 was ro- 
tated a t  25 rpm in a dissolution fluid of 0.1 N HC1. Samples were 
taken a t  3-min intervals, filtered through a 0.22-pm membrane fil- 
ter*, and analyzed spectrophot~metrically~ a t  a wavelength of 268 
nm. Doxycycline concentrations in solution were determined from 
a standard calibration plot prepared using doxycycline base”’ as a 
standard. 

Potency Determinations of Test Products-Maximum con- 
centrations of doxycycline achieved in the dissolution medium 
were employed as an indicator of the actual potency for each brand 
of capsule, thus providing information concerning content unifor- 
mity. Six oral suspension and intravenous solution products of 
identical lot number were analyzed by the method used in serum 

’ Vibramycin Intravenous, Lot 28286, Pfizer Laboratories. (This solution 
also contained 480 mg of ascorbic acid.) 

Vibramycin Hyclate Capsules, Lot 31570, Pfizer Laboratories. 

Doxy 11 Hyclate Capsules, Lot 5570563, USV Pharmaceutical Corp. 
Vibramycin Monohydrate for Oral Suspension, Lot 27387, Pfizer Labo- 

Vacutainers, silicone-coated interior, Becton, Dickinson and C o . ,  Roth- 

,’ Doxychell Hyclate Capsules, Lot 5530133, Rachelle Laboratories. 

ratories. 

erford N .I 
Model 53 stirring motor, rotating-basket assembly, 65-212. Hansen He- 

Millex disposable filter unit, SLGS02805-0.22, Millipore Corp., Bed- 
search Corp., Van Nuys, Calif. 

ford. Mass. 
9’DB-G spectrophotometer. Beckrnan Instruments, Fullerton. Calif. 

’“A sample of doxycycline base, Lot. 70681.S8052, was generously donat- 
ed by Pfizer Laboratories. 
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Table I-Derived Pharmacokinetic Parameters from Both Serum Level and Urinary Excretion Data 

Parameter 

Treatment  

A B C D E Statistics0 

Peak value of mean serum 3.65 3.57 3.53 4.12 3.51 N.S.6 

Mean value of peaks of 3.86 3.68 3.55 4.29 3.69 p < 0.05 

concentration-time 
curve, pg/ml 

individual serum con-  
centration-time curves, 
Pg/ m! 

Mean time of peak values 2.50 2.83 2.83 2.67 3.00 N.S. 
of  individual serum 
concentration-time 
curves, hr  

individual serum con-  
centration-time curves, 
Fg/ml x h r  

urinary excretion of 
unchanged drug, mg 

Mean of area under 80.89 79.08 93.39 94.96 77.97 N.S. 

Mean of individual total  97.69 92.93 85.20 100.16 90.21 N.S. 

UAnalysis of variance for repeated mrasurcs design. N.S. = iiot statistically significant at 0.05 level of significance ( p  > 0.05). 

and urine concentration determinations because of excipient inter- 
ference in the UV spectral analysis. 

Fluorometric Determination of Doxycycline in Biological 
Samples-The analytical technique employed for the determina- 
tion of doxycycline in urine and serum was based on the fluoro- 
metric" method of Kohn (8). This method yields results compara- 
ble in accuracy and reproducibility to microbiological methods (9). 

Statistical Evaluation of Results-Serum concentrations a t  
each time period, peak serum concentrations, areas under the 
serum level-time curves, and total urinary excretion of doxycycline 
were analyzed by analysis of variance for a crossover design, using 
a computerized statistical program (10). This program utilizes a 
repeated measures design to allow for treatment interactions in the 
same subject, which would not he seen if each treatment was given 
separately to different subjects (11). 

Any statistical differences found among treatments were further 
compared to determine differences between treatments by Tukey's 
Allowable Difference Test (12). Differences in calculated absorp- 
tion rate constants for each treatment were tested for statistical 
significance using the Student t test for each possible combination 
of treatment pairs. 

RESULTS 

A summary of the average serum concentrations of the six 
subjects for each treatment a t  each of the 10 sampling times after 
drug administration is shown in Fig. 1. The insert in the figure de- 
picts these same values but on an expanded time scale from 0 to 12 
hr postadministration. Derived pharmacokinetic parameters from 
both serum levels and urinary excretion data appear in Table I. 
The results of the analysis of variance among treatments are re- 
corded in the final column of this table. A significant difference 
was found among treatments for the average peak values of the in- 
dividual serum concentration-time curves (Table I) and also at the 
2-hr postadministration time (Fig. 1) when the mean serum con- 
centrations were evaluated. 

These differences among treatments were further compared by 
means of a multiple-range test, Tukey's Allowable Difference Test, 
to determine significant differences between treatments a t  the 0.05 
level of significance (12). A t  2 hr postadministration, a statistical 
difference was noted between the serum levels produced by Treat- 
ment D, the oral suspension, and Treatment E, a noninnovator 
capsule product. A borderline difference was also observed be- 
tween the suspension serum levels and Treatment C, the other 
noninnovator capsule product. All other paired comparisons did 
not produce statistically different results. 

When comparing the mean peak values of the individual serum 
concentration-time curves, a statistically significant difference 
was observed between Treatments D and C. Borderline differences 

1' Model 110 tluorometer, 'I'urner Asscxiates. Pall) Alto, (:alil'. 

were noted between the suspension and both Treatment B, the in- 
novator's capsule, and Treatment E. No statistically significant 
differences were observed in other paired comparisons. 

Absorption rate constants, k,, were calculated for each treat- 
ment by fitting the mean serum level data for six subjects to the 
classical one-compartment pharmacokinetic model (13), using a 
nonlinear least-squares regression computer program (14, 15) 
adapted for use on the PDP-10 system12. The k ,  values deter- 
mined were as follows: Treatment A, 1.38 hr-l; Treatment B, 0.91 
hr-I; Treatment C, 0.87 hr-l; Treatment D, 1.32 hr-l; and Treat- 
ment E, 0.88 hr-'. No statistical significance was observed when 
these values were compared using a two-tailed Student t test at  
the 0.05 level of significance. 

A summary of the in uitro test results is provided in Table 11. 
Six  capsules of each manufacturer's product were studied, and the 
dissolution profiles of the three capsule products are presented in 
Table 11. The mean cumulative amounts of doxycycline dissolved 
are reported for each time up to one interval past the maximum 
amount dissolved. The time to achieve 50% dissolution was calcu- 
lated after the dissolution data were fitted to a model describing 
the dissolution profiles of conventional capsule dosage forms (16). 

Table I1 also shows the actual amount of active drug present in 
each capsule dosage form. These values were derived from the dis- 
solution profiles. The maximum amounts of drug in solution were 
averaged for each of the six capsules used to study a certain manu- 
facturer's product. For the oral solution and suspension, six con- 
tainers with identical lot numbers were assayed by the method 
previously described, and the average amounts of active drug 
present in the solution and suspension dosage forms were 107.2 f 
3.4 and 112.9 3.2 mg, respectively. 

DISCUSSION 

Bioavailability involves both the rate and extent of drug absorp- 
tion. In this study, the bioavailability of two chemically equivalent 
capsule formulations was compared to a recognized standard, the 
formulation of the innovator whose efficacy has been documented 
by clinical experience. Chemically equivalent products that 
achieve the same bioavailability profile as measured by appropri- 
ate in uiuo parameters are generally assumed to produce the same 
therapeutic effects (17). 

Parameters used to compare the extent of bioavailability or the 
amount of drug absorbed from the formulations are the area under 
the serum concentration-time curve and the amount of unchanged 
drug excreted in the urine. According to an evaluation of these two 
parameters, the three different brands of doxycycline capsules did 
not produce any statistically significant differences. Therefore, the 
amount of drug absorbed from each was essentially equal for the 
subjects tested. 

'" Digital Equipment Corp., Maynard, Mass. (The assistance of the Uni- 
versity of Pittsburgh computer staff is acknowledged.) 
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Figure 1-Mean serum concentrations for six subjects following 
five trmtments (0-48 hr).  Insert shows expanded 0-12-hr data. 
Key: 0 - - - 0, Treatment A; O--O, Treatment B; O--O, 
Treatment C; - - - m, Treatment D; and A--A, Treatment E.  

T o  be effective, doxycycline must be present in the blood and 
tissues a t  certain concentrations for certain durations of time. In 
comparing the three brands of capsules, no statistically significant 
differences were observed in serum concentrations, including the 
peak serum concentrations, a t  any sampling time period studied. 
The peak serum concentrations were compared both for the means 
of the six subjects and also on an individual subject basis, with no 
observed statistical difference. 

Differences in rate of absorption can be compared by evaluating 
differences in peak times. The insert in Fig. 1 shows that mean 
serum concentration plots for the six subjects result in peak times 
of 3 hr for the three brands of capsules. Analysis of mean peak 
times of the individual serum concentration-time curves for the 
three capsule formulations tested revealed no statistically signifi- 
cant differences for this parameter. Therefore, on the basis of bio- 
availability profiles, these three capsule brands were judged to be 
similar in both rate and extent of absorption and may be termed 
bioequivalents. 

A conclusion of bioequivalency for doxycycline products was 
also determined in another recent study (6) involving the 50- and 
100-mg capsules of the innovator and one noninnovator13. Plasma 
levels were determined by a microbiological assay in 12 volunteers 
from 0 to 12 hr postadministration of a 100-mg dose of the drug. 
Each capsule was administered after a 1-hr fast in a randomized 
crossover design. No statistically significant differences were ob- 
served in mean plasma levels, areas under the plasma level curves, 
and the times for attaining the peak plasma levels (6). Although 
there were differences in the protocols and the observed peak 
times, both studies show bioequivalence for the brands of doxycy- 
cline capsule products studied. Differences in the protocols of the 
two studies included the number of subjects tested, assay method- 
ology, biological samples tested, sampling times and duration, fast- 
ing period, dose of drug given, and number of different brands and 
dosage forms tested. 

In comparing the bioavailabilities of the capsule dosage forms to 
those of the oral solution (Treatment A) and oral suspension 

l 3  Doxy 11 Hyclate Capsules, USV Pharmaceutical Corp. 

Table 11-Zn Vitro Dissolution Data for Three 
Manufacturers’ Capsule Dosage Forms of Doxycycline 

Mean Cumulative A m o u n t  Dissolved fo r  
Six Capsules (mg t S D )  

Manu- Manu- Manu- 
Minutes facturer 10 facturer 26 facturer 3C 

3 1.5 f 0.9 3.1 i- 1.3 1.9 t 1.3 
6 30.6 2.7 40.4 6.4 35.9 t 8.8 
9 50.8 5.4 67.9 t 5.3 58.2 f 10.4 - 12 63.0 f 6.7 87.7 i- 10.0 72.2 t 13.0 

15  72.3 8.5 99.8 f 7.5 81.0 i- 13.4 
ia 82.4 f 9.8 104.4 i- 7.9 88.7 t 14.1 
21 88.6 t 10.6 106.0 + 6.1 92.7 t 12.7 

94.4 t 11.2 104.9 f 6.1 96.5 f 11.1 
99.2 i- 10.2 - 24 

41 97.7 t 9.9 - .  
30 10013 ?r 816 - 101.6 i 8.7 

102.6 t 7.0 
102.6 t 6.9 

33 101.1 t 6.6 
102.9 t 5.7 

- 102.0 t 6.1 
36 

102.4 f 5.7 

- 
- 

7.12 7.77 3 9. Time (minutes)  9.33 
for  50% 
dissolution 

potency,  mg 
t SD 

Mean capsule 103.4 t 6.2 106.1 t 6.0 103.3 i 6.5 

a Rachelle Laboratories. b Pfizer Laboratories. C USV Pharmaceuti- 
cal Corp. 

(Treatment D), the parameters ‘evaluated were the same as those 
used in determining the bioequivalence between capsule products. 
Statistically significant differences ( p  < 0.05) were observed for 
two of these parameters. The first parameter occurred a t  the 2-hr 
postadministration sampling time, with a statistically higher mean 
serum concentration produced by the oral suspension (Treatment 
D) as compared to one generic capsule (Treatment E). Differences 
a t  this early sampling time, which is prior to achieving the peak 
concentration, reflect differences in the rates of drug absorption. 
Since a drug must undergo dissolution before it can be absorbed, 
the suspension may present the drug in a form that permits it to 
undergo more rapid dissolution, leading to a higher serum concen- 
tration in the prepeak time periods. Another possible explanation 
for this result may be related to the fact that  the suspension dos- 
age form contained the nonhyclate (nonsalt) form of doxycycline, 
whereas all of the other dosage forms in this study contained the 
hyclate (hydrochloride salt) form. 

The second statistically different parameter resulted from the 
peak serum coqcentrations produced in the individual subjects. 
Statistically higher ( p  < 0.05) concentrations were produced by 
the suspension (Treatment D) than by one noninnovator capsule 
(Treatment C). Although the peak serum levels of Treatment D 
showed a trend toward higher levels as compared to the other two 
capsule products (Treatments B and E), these differences were 
just short of statistical significance. These differences could be re- 
lated to the different forms (salt uersus nonsalt) of doxycycline in- 
volved or to other formulation differences between the capsules 
and the suspension. Since there were no differences in the com- 
pared areas under the serum concentration-time curves betwyen 
capsules and suspension, a faster rate of absorption might have 
been responsible for producing the higher peaks, rather than dif- 
ferences in the active amounts of doxycycline present in the differ- 
ent dosage forms. 

When the dissolution rates, as measured by the time required to 
achieve 50% dissolution, and the corresponding absorption rate 
constants of each capsule formulation were compared, rank-order 
correlation was observed. The innovator’s capsule formulation 
(Treatment B) corresponded to the shortest time to reach 50% dis- 
solution and the greatest absorption rate, as indicated by the k,. 
The noninnovator’s formulations followed in numerical ranking, 
with Treatment C corresponding to the longest time to reach 50% 
dissolution and the smallest absorption rate const,ant. However, 
since there were no statistically significant differences among any 
of the in uiuo parameters studied, including the calculated rate 
constants of absorption, for the three capsule products, dissolution 
data could presumably represent a range of acceptable values. 

This study was undertaken to ascertain the bioequivalency of 
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the three currently commercially available capsule dosage forms of 
doxycycline hyclate and to compare their bioavailability profiles 
with those obtained from oral administration of an equivalent 
amount of doxycycline hyclate in solution form or an equivalent 
dose of doxycycline base in suspension form. Through the use of 
serial serum determinations and cumulative urinary excretion data 
collected in a single-dose study of crossover design, in uiuo param- 
eters were compared. 

No statistically significant differences among the three capsule 
products were found, and the products were judged to be bioequiv- 
alent. This finding corroborates one other study (6)  which con- 
cluded bioequivalency between two of the three brands employed 
in this study. When these same capsules were compared to the oral 
solution and suspension, differences were found in one prepeak 
mean serum level. In oitro dissolution tests were conducted on the 
three capsule products; time for 50% dissolution showed rank- 
order correlation with corresponding absorption rate constants. 
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Stability of Aspirin in Liquid and Semisolid Bases V: 
Polyglycerol Esters 

C. W. WHITWORTH” and A. F. ASKER 

Abstract 0 The stability of aspirin in decaglycerol tetraoleate, de- 
caglycerol octaoleate, and decaglycerol decaoleate was studied a t  4, 
26, and 45”. Degradation of aspirin in these polyglycerol esters was 
temperature dependent. Aspirin demonstrated the greatest stabili- 
ty  in decaglycerol octaoleate and the lowest stability in decagly- 
cerol tetraoleate a t  all temperatures studied. The hydroxyl value 
and the viscosity of the polyglycerol ester appeared to influence 
the stability of aspirin. 
Keyphrases 0 Aspirin-solubility and stability in polyglycerol es- 
ters, effect of temperature, hydroxyl value, viscosity 0 Poly- 
glycerol esters-as solvents for aspirin, stability, effect of tempera- 
ture, hydroxyl value, viscosity 0 Stability-aspirin in decaglycerol 
tetraoleate, decaglycerol octaoleate, and decaglycerol decaoleate 

In previous reports (1-4), the stability of aspirin in 
various liquid and semisolid bases was investigated. 
The decomposition of aspirin in polyethylene glycols 
was due, a t  least in part, to a transesterification reac- 

tion between 
Blocking free 

aspirin and polyethylene glycols (5). 
hydroxyl groups on the polyethylene 

glycols retarded the decomposition of aspirin (1). 
Polyglycerol esters are synthetic products and may 

be hydrophilic or lipophilic, depending on the num- 
ber of hydroxyl groups that are reacted with the fatty 
acids andlor oils in question (6). The consistency of 
these esters varies from waxy solids and semisolids to 
liquids (6). Feeding studies (7) indicated that such 
esters are completely nontoxic and are degraded fully 
by the body to yield glycerol and the fatty acid. The 
Food and Drug Administration approved the use of 
polyglycerol esters ranging from 2 to 30 moles of glyc- 
erin and placed no limits on the amounts for use (6). 

Decaglycerol tetraoleate, decaglycerol octaoleate, 
and decaglycerol decaoleate are liquid at room tem- 
perature and possess viscosity values of 6000-8000, 
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