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 vivo 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 vitro 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 O The stability of aspirin in decaglycerol tetraoleate, de-
caglycerol octaoleate, and decaglycerol decaoleate was studied at 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 at all temperatures studied. The hydroxyl value
and the viscosity of the polyglycerol ester appeared to influence
the stability of aspirin.

Keyphrases O Aspirin—solubility and stability in polyglycerol es-
ters, effect of temperature, hydroxyl value, viscosity O Poly-
glycerol esters—as solvents for aspirin, stability, effect of tempera-
ture, hydroxyl value, viscosity O 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, at least in part, to a transesterification reac-

2018 / Journal of Pharmaceutical Sciences

tion between aspirin and polyethylene glycols (5).
Blocking free 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 and/or 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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Figure 1-—Appearance of salicylic acid versus time for aspirin suspensions in polyglycerol esters at 4°. Key: A, decaglycerol tetraoleate;

and @, decaglycerol decaoleate.
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Figure 2—Appearance of salicylic acid versus time for aspirin suspensions in polyglycerol esters at 26°. Key: a, decaglycerol tetrao-

leate; @, decaglycerol decaoleate; and 0, decaglycerol octaoleate.

800, and 400 cps, respectively (8). The hydroxyl
values of these esters are 210-250 for the tetraoleate,
70-90 for the octaoleate, and 25-50 for the decaoleate
(6, 8). The moisture content of these esters runs
about 10%. The solubility of aspirin in the vehicles
was determined and found to be 2.76, 2.19, and 2.01
mg/100 mg of vehicle for the tetraoleate, octaoleate,
and decaoleate, respectively.

EXPERIMENTAL

Materials—Aspirin' USP and salicylic acid! were used as re-

! Merck and Co., Rahway, N.J.

ceived. The polyglycerol esters? were supplied by the manufactur-
er. Chloroform? was spectrograde.

Sample Preparation—The samples were prepared by suspend-
ing 0.3 g of aspirin in 9.7 g of the polyglycerol ester contained in
airtight amber glass vials with screw caps. The suspensions were
stored at 4, 26, and 45°.

Analytical Method—UYV spectrophotometric analysis, as re-
ported by Tinker and McBay (9), was employed to measure aspirin
and salicylic acid. Samples were taken at specific intervals and dis-
solved in 100 ml of chloroform containing 1% acetic acid. A further
appropriate dilution was made, and the absorbance of the dilution
was read* at 280 nm for aspirin and at 310 nm for salicylic acid.

2 PVO International Inc., Boonton, N.J.
3 J. T. Baker Chemical Co., Phillipsburg, N.J.
4 Cary model 118 spectrophotometer.
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Figure 3—Appearance of salicylic acid versus time for aspirin suspensions in polyglycerol esters at 45°. Key: A, decaglycerol tetrao-

leate; ®, decaglycerol decaoleate; and O, decaglycerol octaoleate.

Standard curves were prepared for aspirin and salicylic acid at
these wavelengths. The quantification of aspirin and salicylic acid
was based on the standard method of simultaneous spectrophoto-
metric determinations.

Solubility Determination—The solubility of aspirin in each
liquid was determined at 26° by adding 1 g of drug to 5 m} of vehi-
cle and mixing with a mechanical stirrer for 24 hr. The mixture
was then transferred to a test tube and centrifuged at 5000 rpm for
30 min. Three drops of the supernate were transferred to a 10-ml
volumetric flask and accurately weighed.

The sample was dissolved by adding a 1% solution of acetic acid
in chloroform, and the absorbance of a diluted sample of this solu-
tion was read at 280 and 310 nm. Three samples were used in each
determination. The concentration of aspirin was determined by
the standard method of simultaneous spectrophotometric determi-
nations.

RESULTS AND DISCUSSION

The overall profiles of aspirin degradation in decaglycerol tetra-
oleate, decaglycerol octaoleate, and decaglycerol decaoleate at 4,
26, and 45° are shown in Figs. 1-3. Aspirin demonstrated the least
stability in decaglycerol tetraoleate at all temperatures studied.
Decaglycerol tetraoleate had the highest hydroxy! value (210-250)
of the polyglycerol esters studied.

A previous publication (5) reported that the decomposition of
aspirin in polyethylene glycols was due, at least in part, to a trans-
esterification reaction and that the blocking of free hydroxyl
groups retarded aspirin decomposition (1). Therefore, it appears
that the lowest stability of aspirin in decaglycerol tetraoleate could
be due to the highest hydroxyl value possessed by this vehicle.
Moreover, decaglycerol tetracleate is dispersible in water, while
the octaoleate and the decaoleate are immiscible (6). Therefore,
water that might have contaminated the aspirin powder or the de-
caglycerol tetraoleate during sample preparation would be distrib-
uted throughout the vehicle to react with aspirin particles.

Aspirin in decaglycerol octaoleate showed no detectable decom-
position at 4°, about 1% at 26°, and 18% at 45° after 8 weeks. Al-
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though decaglycerol octaoleate has a higher hydroxyl value than
that of decaglycerol decaoleate, aspirin was more stable in the for-
mer vehicle. This finding could be explained on the basis that the
degradation-enhancing effect due to the higher hydroxyl value
would be outweighed by the stabilizing effect due to the higher vis-
cosity possessed by decaglycerol octaoleate. This higher viscosity
would hinder diffusion of any moisture that might have contami-
nated the aspirin powder during sample preparation and, there-
fore, retard the degradation reaction. The solubility of aspirin in
the vehicles was very similar for all three liquids and does not ex-
plain the differences in stability.

REFERENCES

(1) C. W. Whitworth, H. W. Jun, and L. A. Luzzi, J. Pharm.
Sci., 62,1184(1973).

(2) C. W. Whitworth, L. A. Luzzi, B. B. Thompson, and H. W.
Jun, ibid., 62,1372(1973).

(3) C. W. Whitworth, H. W. Jun, and L. A. Luzzi, ibid., 62,
1721(1973).

(4) C. W. Whitworth and A. F. Asker, ibid., 63, 790(1974).

(5) H. W. Jun, C. W. Whitworth, and L. A. Luzzi, ibid., 61,
1160(1972).

(6) V. K. Babayan, T. G. Kaufman, H. Lehman, and R. J. Tkac-
zuk, J. Soc. Cosmet. Chem., 15, 473(1964).

(7) H. Kaunits, C. A. Slanetz, and V. K. Babayan, J. Amer. Oil
Chem. Soc., 41, 434(1964).

(8) Bulletin published by PVO International, Inc., Boonton,
N.J., Mar. 1972.

(9) R. B. Tinker and A. J. McBay, J. Amer. Pharm. Ass., Sci.
Ed., 43, 315(1954).

ACKNOWLEDGMENTS AND ADDRESSES

Received June 24, 1974, from the School of Pharmacy, Universi-
ty of Georgia, Athens, GA 30602

Accepted for publication March 31, 1975.

x T'o whom inquiries should be directed.



