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Abstract

Objective: The degradation of aspirin (ASA) was investigated to reveal information about the influence of
complexation with fulvic acid (FA), as a new complexing agent and compared with hydroxy propyl-B-
cyclodextrin complex. Materials and methods: ASA was complexed with FA in the molar ratio 1:0.5, 1:1, and
1:2 by different methods through lyophilization, solvent evaporation, and spray drying. Spray-dried (1:1)
ASA-hydroxy propyl-B-cyclodextrin complex was prepared and compared with optimized complex of FA.
All the complexes and ASA alone were packaged in well-labeled sealed polythene-lined aluminum
pouches and stored in stability chamber at 40 = 2°C and 75 £ 5% relative humidity for 120 days. Samples
were analyzed for salicylic acid content at 0, 30, 60, 90, and 120 days. Results: Overall 4.31% salicylic acid
was formed in 1:1 ASA-FA spray-dried complex, which was optimized stable complex among other com-
plexes of FA prepared by different methods in different molar ratios. However, 2.35% salicylic acid was
measured with 1:1 spray-dried ASA-hydroxy propyl-B-cyclodextrin complex. Stability of ASA increased
more when complexed with hydroxy propyl-B-cyclodextrin as compared to FA. Conclusions: A novel com-
plexing agent in the form of FA was investigated to increase the stability of ASA. A marked improvement in
stability of ASA was observed when complexed with hydroxy propyl-B-cyclodextrin (1:1) by spray drying

as compared to 1:1 spray-dried ASA-FA complex.
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Introduction

Aspirin (ASA) is a very old drug that still has excellent
medicinal value, and its health protection function,
such as analgesic, anti-inflammatory, antithrombotic,
and antipyretic, has received more and more
attention?, The ASA molecule has a carboxyl group
and an ester group. The ester group can be easily
hydrolyzed, which reduces the medicinal usefulness
and has gastrointestinal side effects on humans®. A
need exists to learn how to inhibit the hydrolysis of
ASA. A number of literatures are available describing
decomposition of ASA*®, ASA is degraded into sali-
cylic acid and acetic acid by influence of moisture?,
The decomposition of ASA complexes with cyclodex-
trin has been studied and significant degradation has
been found during 6 months of storage as compared to

ASA*. In another study, influence of cellulose powder
with lower crystallinity index exhibited lower degrada-
tion rate of ASA than the sample with the higher crys-
tallinity index°. The degradation of ASA increased by
increasing the specific surface area of excipient (dical-
cium phosphate dehydrate powders)®.

Shilajit is a pale-brown to blackish-brown exudate
obtained from layer of rocks in many mountain ranges
(especially the Himalayan ranges of the Indian subconti-
nent) of the world. Its curative potentials were found doc-
umented in ancient books and were used to treat many
ailments since antiquity days”8. Major portion of Shilajit
was found to consist of humic substances [humic and ful-
vic acids (FAs)]. FAs are the major constituent of shilajit,
having relatively open, flexible structure punctured by
voids (micropores) of different diameters>!?. These
compounds were, presumably, loosely held in the core
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structure of Shilajit'!. The plant’s secondary metabolites

that are trapped in the internal voids of FAs are spared from
and become resistant to common chemical and biological
decomposition!?. Taking a clue on this point we started to
investigate the potential of FA as a new complexing agent
to increase the stability of ASA. These FAs provide the pro-
tective layer around ASA in which water is excluded as
much as possible and reduce the decomposition.

Materials and methods

Acetylsalicylic acid was procured from Sigma Aldrich
(New Delhi, India). Rock shilajit was kindly provided as a
gift sample from Dabur Research Foundation (Ghaziabad,
India). Hydroxypropyl-B-cyclodextrin was purchased from
Sigma Aldrich. A slightly modified reported method'
was used to extract FA. Finely powdered shilajit was
extracted with hot organic solvents of increasing polarity
(chloroform, ethyl acetate, and methanol) to remove the
bioactive components. The residue was dissolved in 0.1 N
NaOH with intermittent shaking in presence of nitrogen.
The suspension was filtered and the filtrate was acidified
to a pH of less than 3 to precipitate the humic acid. The
filtrate thus obtained was shaken with macroporous ion-
exchange resin to adsorb the FA, which was then eluted
using 0.1 N aqueous sodium hydroxide solution. The FA
obtained in 0.1 N NaOH was passed through hydrogen-
saturated cation exchange resin to exchange the
sodium ions with hydrogen ions. The final FA solution
was concentrated and freeze dried to obtain amorphous
FA'"14, Complexes of ASA with FA and hydroxypropyl-B-
cyclodextrin were prepared using different techniques such
as solvent evaporation, freeze drying, and spray drying in
the molar ratios 1:0.5, 1:1, and 1:2 (ASA:FA/HP-B-CD).

ASA and FA were dissolved in double-distilled water
and the solution was sonicated for 2 hours to get a clear
solution. The solution was frozen in ultrafreezer by
keeping for 24 hours and freeze dried over 12 hours in
Lyph-lock apparatus (Drywinner, DW-8-85 Heto Holten,
Allered, Denmark). The resulting amorphous powder is
powdered in glass mortar and pestle and passed through
100-mesh sieve to obtain a uniform size fine powder.
Complexes of ASA-FA were also prepared by dissolving
the required quantity of ASA in 50 mL of chloroform
and FA in 100 mL of water. The FA solution was then
added to ASA solution with stirring and the solution was
sonicated in the ultrasonicator bath for 2 hours. The
solution thus obtained was dried in a rotary evaporator
(Scientific System, Bangalore, India) under reduced
pressure on boiling water bath. The complex was then
dried in oven, collected, and passed through sieve no. 60.
It was stored in vacuum desiccator till use.

Spray-dried complex of ASA and FA was prepared by
dissolving the required quantity (in the molar ratios

1:0.5, 1:1, and 1:2 of ASA:FA) in 100 mL of double-distilled
water. Solution was sonicated in the ultrasonicator bath
for 2 hours. The solution thus obtained was then spray
dried (S. M. Scientech, Calcutta, India) using the follow-
ing optimized condition flow rate, 1.6 mL/min; outlet tem-
perature, 135°C; atomizing air pressure, 3 kg/cm? Same
method was followed to prepare ASA and HP-B-CD in
the molar ratio of 1:1.

All the complexes and ASA alone were packaged in
well-labeled sealed polythene-lined aluminum pouches
and stored in stability chamber at 40 + 2°C and 75 £ 5%
relative humidity for 120 days. Accurately weighed pow-
der equivalent to 18 mg of the ASA present in complex
was dissolved in 100 mL of ethyl alcohol (180 ug/mL).
The solution is vigorously shaken putting the conical flask
in sonicator bath for 15 minutes. Samples were ana-
lyzed by high-performance liquid chromatography'® for
salicylic acid content at 0, 30, 60, 90, and 120 days. A
mixture of water:methanol:acetic acid (65:30:5, v/v) used
as the mobile phase and detection were done at 280 nm
for high-performance liquid chromatography analysis.

Results and discussion

The overall profile of ASA degradation in the two com-
plexes like FA and HP-B-CD was studied at 40 = 2°C and
75 + 5% relative humidity for 120 days indicated by the
rate of appearance of salicylic acid. Degradation of ASA
was more in lyophilized complex of FA as compared to
solvent-evaporated and spray-dried complexes. How-
ever, very less content of salicylic acid (4.31%) was
determined in 1:1 spray-dried complex among other FA
complexes and optimized. This same optimized tech-
nique was followed for the preparation of complex of
ASA with HP-B-CD and compared with optimized com-
plex of FA. However, maximum stability was observed
with 1:1 spray-dried optimized complex of HP-B-CD
(2.35% salicylic acid content after 120 days). It was con-
cluded that a significant improvement in ASA stability
was observed with both HP-B-CD and FA when com-
pared to ASA alone (Figure 1).
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Figure 1. Degradation pattern of ASA in HP-3-CD and FA complexes.
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Conclusion

A novel complexing agent in the form of FA was
extracted from shilajit to increase the stability of ASA. It
was observed that the degradation of ASA was more in
lyophilized complex of FA. This was ascribed to partial
entrapment of ASA inside the void of FA'S, A significant
amount of salicylic acid was formed when ASA alone
was stored at 40 £ 2°C and 75 + 5% relative humidity for
120 days, whereas a marked improvement in stability of
ASA was observed when complexed with HP-3-CD (1:1)
by spray drying as compared to 1:1 spray-dried ASA-FA
complex.
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